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ABSTRACT 

The impacts of environmental contaminants on amphibian populations 
have not been extensively studied. Amphibians, with the exception of 
a few specialized species, utilize both the terrestrial and aquatic 
ecosystems during their life cycles. 

This report reviews the published literature on the effects of 
environmental contaminants on amphibians. Acute toxicity studies, 
other laboratory studles, field studies and residue data are summarized 
in Tables l, 2, 3, and 4 respectively. 

Amphi bi ans are parti cul arly sensi the to metal sand to 
acidification. They are considered to be useful indicator species for 
measuring the effects of local changes in environmental studies. 
Several species are readily reared in the laboratory so that 
experimental studies can be undertaken. 

Les répercussions des contaminants sur les populations amphibies 
nlont pas été étudiées à fond. Les amphibiens, à l 1 exception de 
quelques espèces spécialisées, ont besoin des deux écosystèmes durant 
les étapes de leur vie. 

Ce rapportpas·se en revue 1 es éèrits sur l es effets des contamtnants 
environnmentau~ sur les amphibiens. Des études de pointe sur la -
toxic; té , différentes recherches de l aboratoi re, . des observations sur· 
le terrain et des données sur les résidus sont relevés sommairement dans 
les tableaux l, 2, 3 et 4 respectivement. 

Les amphibiens sont particulièrement vulnérables aux métaux et à 
l'acidification. Ils sont considérés comme des sujets témoins tout 
indiqué pour mesurer les effets des changements locaux dans les études 
.environnementales. On peut facilement en élever plusieurs espèces en 
laboratoire à des fins de recherches expérimentales. 
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l INTRODUCTION 

The impact of environmental contaminants on amphibians is a subject 
that has received limited attention. This review is an attem~t to 
present the toxicological data that exists. The majority of the 
toxicological research conducted using amphibians is centered around 
the anurans and urodeles.The apodans, due to a lack of knowledge 
concerning the biology and secretive lifestyle have not been studied in 
relation to toxic chemicals. 

Amphibians, with the exception of a few specialized species, 
require moisture in some form, whether it be a permanent lake or leaf 
that has collected dew, in order to complete their l ife cycle. Tt is 
this requirement and their subsequent metamorphosis to the combined 
terrestrial/aquatic adult stage that is the major route of exposure for 
amphibians to toxic contaminants. Thus, in order to fully comprehend 
the possible implications of environmental contaminants on amphibians a 
brief discussion of their life cycle is necessary. ' 

Amphibians fall into three general categories with respect to their 
breeding habitats. The first category is composed of those that breed 
in permanent water; the second breed in temporary or seasonal pools; 
and the third group breeds out of the water (Porter 1972). The latter 
group still requires a moist location to deposit its eggs in order to ~~ 
ensure the development of the embryos. Thus all amphibians rely upon -"l; 

seasonal and geographical patterns of precipitation which govern their 
distribution (Romer 1959, Porter 1972). In general, the amphibians of 
North America breed in spring o'r early summer (Romer 1959, Porter 
1972). The ra,te of development of the eggs and embryos i s species 
dependent. Eggs deposited in seasonal pools or othe~ moist areas 
develop more quickly to avoid dessication. Eggs laid in permanent 
water bodies need not develop as fast due to the unlikelihood of~ 
dessication (Porter 1972). 

Anurans congregate in leks in a pond where the males call to 
attract reproductively active females. The female, upon hearing the 
mating calI of her species, will move in the direction of the call. 
The male mounts the female and clasps her inducing the deposition of 
the eggs, which are immediately fertilized. The number of eggs 
deposited by a female during a breeding season, ranges from a single 
egg (Genus Sminthillus) to 30,000 or more (Genus Bufo) (Porter 1972). 
Anuran egg masses are of three generalized types ~positions enabling 
them to maximize oxygen availability in different habitats and water 
temperatures. One type is deposited as a flattened egg,mass at the 
surface of the water such as those of R. catesbeiana; the second type 
is globular and attached ta submerged vegetation as in P. triseriata 
egg masses; and the third type is characteristic of the~rue toad 
species (Genus BufO) , and are deposited in elongated' strings (Otto and 
Towle 1947, Romer 1959, Porter 1972). Depending upon the species, the 
eggs take between 2 and 30 days ta hatch. . 
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Other species exhib;t more specia1ized breeding behav;ouro Sorne 
fema1e anurans protect their eggs by carrying them on their backs or 
under the skin. Others bui1d nests whi1e some 1ay eggs enve10ped in a 
ge1atinous material that hardens and reduces moi sture 10ss. For the 
most part these specia1ized adaptations are found in amphibians 
inhabiting the tropics, whi1e the genera1ized 1ife cycle described here 
is more characteristic of the species located in North America (Vil1ee 
et al. 1958). 

The embryo hatches out as a larvae equipped with a wel1 developed 
tail for swimming. This aids it in foraging for submerged vegetation 
upon which it browses (Villee et al. 1958, Romer 1959, Porter 1972). 
The anuran 1arvae respire by gulping water and forcing it over the 
gi11s 10cated in the future neck region. Some gaseous exchange is a1so 
accompl ished through the skin (Romer 1959, PO.rter 1972). The 1 arvae or 
tadpo1es transform to the adult stage via metamorphosis. This occurs 
two weeks to three years after hatching, depending upon the species 
( Po rte r 1 972) • 

Metamorphosis involves radical structural changes of the body: the 
g;11s disappear, lungs and 1imbs deve10p rapidly (h;nd 1 imbs first), 
the taï1 is absorbed and the digestive tract shortens. Eventual1y the 
adult frog becomes an air breather (Romer 1959). Respiration is 
accomplished via internal lungs as we11 as via the skin. 

The l ength 0 f the metamorphi c period i s al so spec i es dependent. In 
the case of the Spadefoot toad (Scaphiopus holbrookii), metamorphosis 
into a terrestrial toad takes only twelve to thirteen days from 
fertilization. Spadefoot toads breed in temporary pools and must 
develop quickly to avoid dessication (Porter 1972). Some species 
require a year, (R. catesbeiana) (Cecil and Just 1979), whi1e others 
require still moretime. Several amphibian species are' 
non-metamorphosing and retain both larval characteristics and their 
aquatic lifestyle (genus Necturus) (Porter 1972). 

Adu1t anurans, unlike the larvae, are carnivorous, consuming almost 
any moving prey of the right size. This inc1udes worms, insects, other 
amphibians, reptiles and occasional1y mammals. Throughout its 1ife 
cycle an anuran can occupy several different positions within the food 
web (Curtis 1968, Porter 1972). . . 

The urodeles a1so follow a general pattern of breeding behaviour. 
Du~ing courtship the male either c1asps or b10cks the path bf the 
female and begins lashing with his tai1, bumping or rubbing to 
stimulate the female. The male then deposits a spermatophore (a 
capsule containing sperm). The female either follows the male or is 
pulled by him into a position where she can pick up the spermatophore 
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with the cloaca, where it ;s stored (Romer 1959). The eggs are 
fertilized internally and may be depos;ted in decaying vegetation, 
logs, pools or other moist environments. The eggs can take up to two 
months to hatch. Aquatic salamander larvae differ from anuran larvae 
in that they develop adult appearance quickly, they possess external . 
gills and their diet is primarily insectivorous (Romer 1959). After 
several months and under the correct environmental conditions the 
larvae transform into the adult stage and may leave the water. Sorne 
species have lungs whereas the Plethontidae, known as the "lungless 
salamanders~, respire via the skin. Another group, the Necturidae, 

. are neotonic, retaining their external g111s and aquatic l1festyle 
ev en after sexual maturity. 

Adult urodeles, like adult anurans, are carnivorous. Their diet 
consists of arachnids, annelids, insects, amphibians, small fish and 
their eggs, and in the case of Cryptobranchus, mammals. Adult urodeles 
inhabit moist locations under logs, rocks, and leaf litter, returning 
to the water in spring to breed (Porter 1972). 

Interruptions of this life cycle by toxic contaminants can have 
disastrous effects on amphibian populations (Paulov 1977). Amphibians 
are of significant economiC importance to man. Due to their 
carnivorous adult stage they consume insect pests harmful to crops :;. 
(Schwabe 1977). Sorne cultures use amphibian skins for leather goods," 
amphibian venom for hunting and medicines~ while frogs legs (R. 
catesbeiana) are considered a delicacy by sorne humans. Amphibians are 
also the perenlJial biological specimen in;instit.utions due to their 
relative abundance and availability (Otto and Towle 1947). Several 
species have actually benefitted from man's agricultural practices by~ 
taking advantage of irrigation ditches and new habitats th~t have been ~ 
created, but many mo~e species have been detrimentally affected by ~. 
habitat destruction and the use of toxic chemicals. Amphibians are not 
only important to man, but also to other animals within the community. 
They make major contributions to community biomass (Burton and Likens 
1975a. 1975b, Cecil and Just 1979. Debendictis 1974), as well as 
playing significant roles in competitive and predator~prey 
relationships (Orser and Shure 1972, Burton and Likens 1975b, Lynch 
1979). It is of interest to note that amphibians are the only class of 
vertebrates that do not include any pests or species harmful to man. 
Amphibians do not compete for harvests, nor are there any ferocious or 
destructive species (Porter 1972). Even so amphibians are victimized 
by man's attempts to control pests w1th toxic chemicals, primarily 
insecticides and herbicides (Fashingbauer 1957, Hazelwood 1969, Porter 
1972, Cooke 1973a, Curtis 1968). 

The toxicity of these contaminants to amphibians in lab bioassays 
and field experiments as well as their general effects on populations, 
will be reviewed in order to identify specifie substances that pose 

, .. 
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potential hazards to amphibianso From this information an evaluation 
will be made as to whether amphibians ean be employed as useful 
indieators of environmental qualityo 

II INSECTICIDES 

a) ORGANOCHlORINES 

AlDRIN AND DIElDRIN 

Short-Term Effects 

In statie bioassays dieldrin was highly toxie to Bo woodhousii 
tadpoles with a 96 hour LC50 of 0015 mg/L (Sanders 1970) (Table 1). 

In static bioassays, complete mortality of adult ~ cyanoph1yctis 
(an Asian frog species) oceurred within 215 minutes of exposure to 
0.006 mg/L aldrin (Rane and Mathur 1978). Although sample sizes were 
small (2 to 4 frogs per treatment with 6 different treatments) no frogs 
survived longer than 120 minutes when exposed to 0.125 mg/L (the 
highest concentration tested) (Table 2). Preceding death, the frogs 
swam erratica11y exhibiting a 10ss of equilibrium. A coagulation of 
mucous occurred over the body with the belly becoming bloated and the 
skin turning pale (Ibid 1978). These results indicate that aldrin is 
very toxic to the adults of B...:.. cyanophlyctis and that the. 96 hour LeSa 
would be much lower than 0.006 mg/L eonsiderably less than the 96 hour 
LC50 reported for.ê..:. woodhousii by Sanders (1970) (Table 1). 

r1ulla (1962, 1963) found R. catesbeiana tadpoles experieneed 100% 
mortality within 24 hours when-maintained in ponds and treated with 0.1 
kg/ha dieldrin (Table 3). Since the aetual concentrations of dieldrin 
in the ponds were not measured it is difficult to compare these results 
with other studies. 

long-Term Effects 

Short·term exposures to dieldrin can have long-term effects on 
developing amphibians. When groups of 150 Limnodynastes tasmaniensis 
(an Australian frog) embryos were exposed. to 0.0, 0.01 and 0.1 mg/L 
dieldrin for 7 hours, the 0.1 mg/L exposure resulted in aceelerated 
growth and abnormalities later in development (Brooks 1981) (Table 2). 
No mortality occurred during the exposure, but 21 of the tadpoles . 
treated with 0.1 mg/L dieldrin as eggs, exhibited some degree of 
deformity later in development. Nineteen days after exposure some 
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severe cases had cephalic pigmentation disruption resulting in two 
large transparent spots on the head of the tadpole. These spots were 
swell ings situated over the otolith which was also abnormal. The 
affected tadpoles also had constricted guts indicating lack of 
feeding. In general the tadpoles exposed to 0.1 mg/L tended to feed 
less and frequently rested on the bottom of the aquaria (Ibid 1981). 

At a concentration of 0.30 ppm aldrin in solution, ~ pipiens 
suffered 40% mortality after thirty days (Kaplan and Overpeck 1964) 
(Table 2). In the same study at 0.10 ppm dieldrin in solution the 
frogs suffered 50% mortality after thirty days (Table 2). 
Neuromuscular changes were evident in all insecticide concentrations 
studied, but were more pronounced in aldrin and dieldrin. These 
changes included coarse tremors, rigidity, abnormal reactions to 
stimulation, convulsions and a reduction in the ability to orient 
themselves (Kaplan and Overpeck 1964). 

Vinson et al. (1963) examined a number of populations of A. 
crepitans and ~ gryllus to determine if these species had developed 
cross-resistance to aldrin after being exposed to DDT, toxaphene, 
methyl parathion and endrin. Six populations of ~ crepitans from six-,~
localities in Mississippi were chosen, with three localities being free!:· 
of pesticides and three heavily treated with pesticides in the past :~ 
fifteen years. Adult frogs were exposed to 1 ml of either 30,000 mg/L~ 
or 50,000 mg/L aldrin. The aldrin was pipetted ontd fil ter paper and 
t~en the adult frog was placed on the paper for 36 hours. For A. 
crepitans, mortality varied from 0% at both 30,000 and 50,000 m9lL for, 
individuals from.populations that had been treated with other 
pesticides, to '30% mortality.at 30,000 mg/L, and 57% mortality at 
50,000 mg/L for individuals fram populations that had never been 
treated with other pesticides. These results indicate a 
cross-resistance to aldrin which was thought to have occurred by 
natural selection for a physiological mechanism to confer resistance 
to pesticides. This resistance was ~on-specific enough to be effective 
against aldrin (Ibid 1963) (Table 2). 

Residues 

Aldrin can be bioaccumulated by amphibians and passed up the food 
chain (Korschgen 1970). Korschgen (1970) measured aldrin residues in 
soils, plant and animal tissues from a Missouri corn field that had 
been treated with aldrin at 1 kg/ha for at least 15 years. Adult 8. 
americanus had 0.03 mg/kg aldrin (wet weight) although young of the
year had no measurable aldrin residues. The garter snake (Thamnophis 
sirtalis), a species that preys upon B. americanus, had very high 
residue levels ranging from 10.3-14.4rng/kg indicating that residues 
bioaccumulate as they are passed up the food web (Ibid 1970) (Table 4). 

• ...:..ls. 
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Niethammer et al. (1984) a1so found evidence of accumulation up the 
food chain in an area of Louisiana characterized by oxbow 1akes. This 
area had been subjected to heavy organoch10rine pesticide use due to 
the fertile alluvial soi1 in the area. Ninety-five percent of all 
animals tested including ~ catesbeiana, ~ pipiens and the Bronze frog 
had residues of one or more organochlorine insecticides (Table 4). 
Ohlendorf et al. (1981) reported a die-off of herons (Ardea herodias) 
probably due to insecticide poisoning. Frogs represent a large 
percentage of a heron's diet and thus, even though frogs appear to be 
able to mobilize and excrete these insecticides, there is the danger of 
serious effects occurring through bioaccumu1ation (Niethammer et al. 
1984). 

Collections from agricultural areas in Iowa revealed residues of 
die1drin and other organoch1orine insecticides in the viscera of 
~ bufo and ~ pipiens (Punzo et al. 1979) (Table 4). The values were 
low or absent due to the method of analysis employed and thus may not 
represent accurate values contained in the amphibians from this area 
(Punzo et al. 1979). 

Aldrin and dieldrin's moderate water solubi1ity was used by Kaiser 
and Dunham (1972) to explain the passage of these two insecticides 
through ~ pipiens skin, explaining the rapid excretion of these 
compounds by amphibians. 

Hechanism for Toxicity 

The primary site of action of aldrin-transdiol (the active 
metabolite of die1drin) is somewhere in the central nervous system 
(Akkermans et al. 1975~). In preparations of spinal cords of X. 
laevis, Akkermans et al. (1975b) measured an augmentation of -
polysynaptic reflex activity and a reduction of orthodromic 
postsynaptic inhibition in dieldrin poisoned toads. Direct application 
of aldrin-transdio1 to spinal cord preparations resu1ted in a 
potentiation of spinal reflex activity and a marked reduction of spinal 
inhibitory mechanism (Table 2). These excitatory effects were fol1owed 
by a reduction of spinal excitability. Similar effects have been 
measured on the motor end-plate of the sattorius nerve with increased 
synaptic transmission (Akkermans et al. 1974) (Table 2). 

Akkermans et al. (1975a) examined the effect of dieldrin and 
aldrin-transdio1 on the sense organs of X. 1aevis. These two 
substances fai1ed to induce any sign of repetitive activity (Table 2). 
Aldrin-transdio1 caused anincrease in the rate of firing of the 
lateral-line organ followed by a complete blockage of this'firing (Ibid 
1975a). 
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Webb et al. (1979) examined the short circuit current and 
resistance in isolated intact R. pipiens skin to determine if dieldrin 
was affecting the sodium balance. Oieldrin caused a significant 
increase in short circuit current while resistance was decreased. 
These results were interpreted as indicating that die1drin was 
producing an increase in permeability of the outer skin membrane (Ibid 
1979) (Table 2). 

CHlOROANE 

long-Term Effects 

Kaplan and Overpeck (1964) examined the survival of R. pipiens 
adults in response to varying concentrations of chlordanë: At a 
concentration of 0.50 ppm, 40% of the frogs were dead after thirty days 
(Table 2). Sorne of the symptoms of poisoning were neuromuscu1ar 
changes, excessive thrashing and tremors (Kaplan and Overpeck 1964). 

Field studies to examine the potentia1 threat of ch10rdane ta 
amphibians were conducted by Mulla (1962, 1963). When app11ed at 
0.56 kg/ha a.l. tadpo1es in the pond reached maximum mortal ity within 
48 hours (30%) p1u11a 1963) (Table 3). At a 10wer application (O.ll 
kg/ha a.i.) no mortality was observed (Ibid 1963). 

Residues 

Up to 1,036 days after a 1ake in British Columbia was sprayed with 
technica1 grade chlordane at 0.010 mg/L, residue 1evels were measured 
in T. torosa ('Albright et al. 1980). Residues were high within the"'" 

. first 14 da ys (8.9 ppm mean whole body without 1 iver and stomach, 26.3~;:; 
ppm liver, 2.2 ppm stomach) (Table 4). After 1,036 days residue levels" 
declined to 0.2 ppm body without liver and stomach, 0.3 ppm l iver, and 
only a trace in the stomach. Up to 93 days after treatment residue 
levels in T. torosa were much greater than in the water (Table 4). Of 
the chlordane constituents ana1yzed trans-nonachlor was most 
persistent. Although trans-nonachlor was present in the technical 
grade chlordane at 5.26% it accounted for 10-17% of theresidues in 
newts after 14 days. Residue levels in T. torosa were compared with . 
Salmo clarki and it appeared that the newts were more capable of meta
bolizing and eliminating chlordane residues (Ibid 1980). 

Mechanism for Toxicity 

Several chlorinated hydrocarbon insecticides have been shown to 
inhibit ATPase enzymes including those activatedby sodium 'and potasium 
(Hebb et al. 1979). Webb et al. (I979) measured sodium (Na+) transport 
by measuring the short-circuit current across B..:. plplens skin. At 2 X 
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10-4 M a- chlordane and y-chlordane produced no significant change in 
the short-circuit current and thus it was concluded that sodium 
transport is not severely affected by chlorinated hydrocarbons based on 
suggested application rates (Webb et al. 1979) (Table 2). 

CHlORDIMEFORM 

Short-Tenm Effects 

Chlordimeform was used extensively in Japan against rice stem borer 
larvae. Most of the research conducted on amphibians has been in 
physiological or biochemical studies to elucidate the mechanism of 
toxicity (Martin 1968, Wang et al. 1975). 

Watanabe et al. (1975) conducted toxicity experiments by injecting 
adult ~ nigromaculata with chlordimeform. At 300 mg/kg, 80% mortality 
was observed. and at 100 mg/kg no mortality was recorded (Table 2). 
Watanabe et al. (1975 1 1976) also showed that chlordimeform at 
concentrations of 10- 4 to 10- 3 H causes the contraction of the rectus 
abdominus muscle (Table 2). 

Mechanism for Toxicity 

The effect of chlordimeform on the muscle of the frog is the 
suppression of contraction induced by acetylcholine and potassium. 
This occurs due to a blockage of neuromuscular transmission by the 
depression of motor end-plate sensitivity to the transmitter (Wang 
et al. 1975, Watanabe et al. 1975, 1976) (Table 2).' 

DOT 

Short-Term Effects 

In static bioassays with B. woodhousii tadpoles and P. triseriat'a 
tadpoles, DOT was one of the Tëast toxic insecticides teSTed, resulting 
in 24 hour LC50s of 2.4 mg/L and 1.4 mg/L respectively (Sanders 1970) 
(Table 1). Examination of DDT toxicity to B. woodhousii at different 
lifestages indicated an increasing sensitivlty with age with the most 
sensitive stages being tadpoles at 3 to 7 weeks of age. The 24 hour 
LC50 for two-three week old tadpoles was 5.3 mg/L but by seven weeks 
this had drapped to 1.4 mg/l (Table 1). The increased sensitivity ta 
DDT was thought to be related to develapmental changes associated with 
metamorphosis. These changes include the disappearance of external 
gills as the internal lungs begin to function; an increase in thyroid 
activity leading to an increased rate of metabolism, the alteration in 
the permeability and ion transport of the integument and an increase in 
weight (Ibid 1970). . 
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In contrast Marchal-Segault (1976) reported DDT to be slfghtly more 
toxic to B. bufo tadpoles with the 95% confidence limit of the 24 hour 
LCSO lying-between 0.7 and 2.3 mg/L, although some mortality occurréd 
at concentrations as low as 0.03 mg/L (Table 1). This worker confirmed 
the finding of Sanders (1970) that the sensitivity of tadpoles 
diminished after metamorphosis. 

~ temporaria tadpoles exposed to 0.1 to 10.0 mg/L DOT exhibited a 
lack of coordination and hyperactivity. This behaviour returned to 
normal when the tadpoles were removed from the test medium, older 
tadpoles recovering more rapidly. At concentrations of 1.0 and 10.0 
mg/L the tadpoles suffered mortality of 20 and 60-70 percent 
respectively (Table 2). In all tadpoles, growth was reduced and large 
tadpoles frequently surfaced to breathe, sometimes developing a hole in 
the snout between the nostrils and up~er mandible (Cooke 1970, 197~). 
These abnormal behaviours after exposure to DOT were in part dependent 
on tadpole size and density. Small tadpoles at high density (50 
tadpoles/L) exhibited more severe effects than larger tadpoles reared 
at a density of 10 tadpoles/L (Cooke 1979). 

B.:. temporaria adults force-fed DDT dissolved in olive oil had a 96::. 
hour LD50 of 7.6 mg/kg (Harri et al. 1979). (Table 1). 

Ellis et al. (1944) reported one hundred percent. mortal ity afte·r 
injections of 150 mg/kg of DDT. Some mortality was observed following 
injections of as little as 10 mg/kg (Table 2) .• 

Treated frogs displayed hyperexcitability, tremors, and a lack of 
locomotion and co-ordinatibn. Frogs that survived for at least 10 
days, lost all observable signs of poisoning and their behaviour 
returned,to normal (Harri et al. 1979). 

Issacson (1968) conducted experiments to examine peripheral nervous 
system involvement in the behaviour associated with DDT intoxication 
(Table 2) and found ~ pipiens exhibited increased activity until the 
time of death. He theorized that an increase in activity of this type 
would place the frogs at a selective disadvantage. In studies exposing 
DOT intoxicated ~ temporaria tadpoles to a predator Triturus 
cristatus, the newt made significantly more lunges at hyperactive 
tadpoles (Cooke 1971) (Table 2). 

Mortality of amphibians following field applications of DDT varies 
and is.dep~ndent upon the amount of chemical, the weather at the time 
of application, the depth of pond, mode of application and the amount 
of canopy coyer. These parameters render field results difficult to 
compare (Herald 1949, Cooke 1973b, Pearce and Price 1977). In field 
applications of DDT to ponds, 0.11 kg/ha caused no mortality of R. 
catesbeiana tadpoles (of varying sizes and stages) whereas 1.0 k9lha 

.~. 
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caused 80% mortality within 48 hours (Mulla 1963) (Table 3). In 
Minnesota. Fashingbauer (1957) reported a serious reduction in a local 
population of ~ sylvatica following an aerial spray operation aimed at 
the reduction of forest tent caterpillars (Table 3). He noted no 
immediate adverse effects, but 60 hours after the application 
discovered large numbers of dead frogs. It was not known if the 
accumulation of DDT via the caterpillars or contact with the surface 
film caused the mortality but 94% of frogs had ingested caterpillars. 
Routine spraying of a forest in Georgia with 0.11 and 0.56 kg/ha DDT 
resulted in some tadpole and frog mortality (Tarzwell 1950) (Table 3). 

long-Term Effects 

~ temporaria tadpoles exposed to 0.001 mg/L DDT exhibïted 
uncoordinated hyperactive behaviour durïng the period day 5 to day 3 
post-exposure (Cooke 1970, 1971, 1972a). The onset of the behaviour 
coïncides with DDT levels having reached 2 ppm in the tissues. These 
hyperactive tadpoles developed at a slower rate than the controls, 
presumably due to the elevated pesticide residues in their tissues 
(Cooke 1973a) (Table 4). 

When ~ temporaria tadpoles were exposed to 0.0001 mg/L they 
behaved normally ev en though, from day 15 onward, the tadpoles and 
small frogs contained between 2 and 5 ppm DDT (Table 4). This is in 
contra st to tadpoles receiving an acute dose of DDT, which resulted in 
hyperactivity when tissue levels reached 2 ppm (Cooke 1973a). An acute 
dose can result fn high residue levels in the blood and thus d build up 
in the nervous system, causing hyperactive behaviour. The slower rate 
of intake induced by chronic exposure, results in lower residue levels 
in the blood and does not cause an overload (Cooke 1973a). Differences 
in response to acute and chronic dosing were considered to be related 
to the storage of residues in the fatty tissues (eg. tail) (Cooke 
1973a) • 

Long term effects of DDT in the field were examined by pearce and 
Price (19.77) in New Brunswick forests (Table 3). Substantial residues 
were discovered in four species of amphibians while other species had 
lower levels. No long-term effects on the populations of these 
amphibians were reported. 

The effect of DDT on tail regeneration of R. pipiens and R. 
catesbeiana was examined by Weiss (1975). The two species exhibited 
both different rates of regeneration and vulnerability to DDT in terms 
of direct mortality. ~ pipiens experienced slower and retarded tail 
regeneration at 0.005 ppm with 30% mortality after 12 days, while 
regeneration in R. catesbeiana at this concentration, was not different 
from controls (Table 2). At 0.025 ppm, ~ pipiens suffered 95% 
mortality and retarded tail regeneration after 12 days. R. catesbeiana 
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experienced 60% mortality and a reduced regenerative capability at this 
concentration. Weiss (1975) suggested that a retardation of 
regeneration may increase the susceptibility of the organism to 
predation, causing an increase in the concentration of a contaminant at 
higher levels in the food chain. 

Residues 

A large portion of the research into residues in amphibians has 
centered around DDT. The 1eve1 of residues accumulated in amphibians 
is dependent upon a number of factors. One factor is the stage of 
development during exposure. Cooke (1972a) was unable to detect DDT 
residues in ~ temporaria, ~ bufo, and Triturus vulgaris spawn after 
24 to 48 hour exposures to DDT~oke 1972a). ~ temporaria and ~ 
bufo tadpoles exposed to DDT prior to or during hind limb bud 
development, had tissue concentrations of 2-3 and 3-4 mg/kg 
respectively. During tail resorption the frog was susceptible to 
levels that had been accumulated and 'stored during exposure at the 
larval stage. In general ~ temporaria was mor~ sensitive to DDTthan 
B. bufo, indicating species differences in the ability to accumulate 
residues (Cooke 1972a) (Table 2). 

The absolute amount of DDT taken ,in by ~ temporaria tadpoles 
exposed to 0.1, 1.0 or 10.0 mg/L DDT waslndependent of size. Smaller 
tadpoles had hJgher tissue content of DDT, and higher mortality than 
larger indivi~.uals (Cooke1970). ' ,'" 

~ ~ 

Licht (19i6a) studied the effect of length of exposure and ;~. 
temperature on accumulation. Subacute exposure of ~ sylvatica:~,:, 
tadpol es fO,r 7 days to 0.001 to 0.002 mg/L DDT reached max imum tissue ". 
leve1s in 24 hours (Licht 1976a) (Tables 2 and 4). After 24 hours 
exposure to 0.003 mg/L DDT at 15°C the l iver had the highest level with 
27.04 mg/kg (Table 4) while who1e body residues were 0.7 mg/kg. These 
levels declined to less than 18 mg/kg in the liver and 0.6 mg/kg whole 
body after 80 hours. When treated with 0.003 mg/L DDT for 7 days R. 
sylvatica maintained higher DDT levels for longer at 15°C than tadpoles 
at 21°C (Licht 1976a) (Table 4). 

Feeding also influences DDT accumulation. Fed R. temporariaadults 
had 10wer DDT residues than starved ~rogs in tissues other than fat 
(Harri et al. 1979). Loss of DDT residues from body tissues can vary 
depending upon previous exposure to DDT and the physical environment 
(Harri et al. 1979, Licht 1979). Previous exposure to DDT can increase 
the 'rate of 10ss of DDT after re-exposure in ~ temporaria adults 
(Harri et al. 1979). It was speculated that previous DDT exposure 
leads to increased activity of drug-metabolizing enzymes that increases 
DDT excretion (Ibid 1979). ~ sylvatica adults treated as tadpoles for 
1 week with 0.003 mg/L DDT,lost DDT much more slowly when maintained in 
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an aquatic environment for 3 to 4 weeks than adults ma;nta;ned in a dry 
terrestr;al environment (L;cht 1976a, b, Licht 1979)0 DDT in the fat 
of the terrestrial adults was 3704 mg/kg compared to 4093 mg/kg in the 
aquatic tadpoles (Ibid 1976b). Adult ~ temporaria, however, were 
found to eliminate DDT at the same rate in both aquatic and terrestrial 
environments (Harr; et al. 1979). 

Niethammer et al. (1984) found frogs from a contaminated area in 
Louisiana had low levels of DDT and suggested that this was due to 
efficient excretion and their mObility, which allows them to flee 
unsuitable areas (Table 4). 

Finleyand Pillmore (1963) found traces of 000 in ~ pipiens in an 
area where only DDT had been sprayed. This suggests that DDT is 
converted to 000 byanimal tissues and thus possibly establishes 
another route of excretion. 

Residues vary greatly in different parts of the body (Harri et al. 
1979, L;cht 1976a, b). Fat had the highest residue concentration in 
~ sylvatica tadpoles exposed to 0.001 to 0.003 mg/L DDT for 7 days 
with up to 60 mg/kg, the liver had up to 20 mg/kg while the heart, 
head, gut and lungs contained only a trace (Licht 1976b). R. 
temporariaalso had maximum DDT residues "in fat, tissues with high 
concentrations of fat and the liver (Harri et al. 1979). 

" . 
DDT residues have been co~related with mortal ity and behavioural 

and developmental abnormalities (Cooke 1970, 1972b, 1973a, Harri et 
al. 1979). The LD50 for adult ~ temporaria was 7.6 mg/kg (Harri et 
al. 1979) (Table 1). Chronic dosing of ~ temporaria tadpoles in the 
field and 1ab both showed that residues up to 5 mg/kg DDT resulted in 
m;ld hyperactivity (Cooke 1973a) (Table 2). Acute doses of 2 to 5 
mg/kg caused severe hyperactivity. weight 10ss and de1ay in development 
(Cooke 1970, 1972b, 1973a). 

Size may a1so influence the severity of effects from residues. 
Cooke (1979) found R. temporaria tadpoles of the same age, but larger 
weight (x = 689 ± 44 mg) had no behavioural abnormalities at 2.5 mg/kg 
DDT while much smaller tadpoles (x = 363 ± Il mg) exhibited 
hyperactivity with only 2.2 mg/kg DDT (Table 2). 

DDT residues can be retained for a long period of time after 
appl ;cations are stopped (Dimond et al. 1968). Sampl ing of P. cinereus 
in sprayed forests in Maine showed that it took 8 to 9 years before DDT 
residues in adult salamander returned to pre-spray levels (Ibid 1968) 
(Table 4). 
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Hechanism for Toxicity 

DDT enters the organism at different life stages via several 
routes; at the early spawn stage (Cooke 1972a) (Table 2), via prey 
species and water intake both orally and via absorption through the 
skin (Kaiser and Dunham 1972-73) (Table 2). Having entered the body, 
the mechanism for toxicity of DDT, although mainlj due to a 
physiological response, can in part be due to behavioural aberrations. 
The morphological abnormalities observed in ~ temporaria tadpoles 
after exposure to DDT were due to a disruptionof glandular development 
in the external skin of the snout (Cooke 1970, Osborn et al. 1981). 
The disruption of glandular de~elopment coupled with the hyperaciiv~ 
behaviour, causes the lower mandible to strike the inner surface of the 
upper mandible. This damage, in conjunction with the disrupted 
external skin gland, can cause the loss of the upper mandible in some 
individuals. These deformities were sometimespermanent, resulting in 
a blunt snout and brain deformities (Ibid 1981) (Table 2). . 

DDT has been shown to significantly decrease the shortening time, 
twitch duration, contraction and relaxation time of the skeletal 
muscles of Rana hexadactyla (Rajendra et al. 1980). DDT may also 
increase nerve acetylcholine by enhancing liberation from bound 
reserves which play an important role in the dynamics of contractile 
tissues (Rajendra et al. 1980, Craciun et al. 1981) (Table 2). 

Akkermans ·et ~l. (197Sa) studied another physiological response to 
DDT. They rep'orted 'DDT caused repetitive activity in the cutaneous 
touch receptors of X. laevis (Table 2) which may affect the toad's 
reactions and behavTOur to external stimuli. 

ENDOSULFAN 

Short-Term Effects 

In static bioassays with endosulfan, R. ti rina tadpoles had LCSO 
an order of magnitudelower than juvenilecatfish Clarias batrachus) 
and damselfly nymphs (Enallagma spp.) (Gopal et al. 1981) (Table 1). A 
reduced swimming capacity, lack of physical stamina and a thinning and 
transparency of the gills were the observed symptoms of endosul fan 
poisoning (Ibid 1981). 

Long-Term Effects 

In an aerial application of 0.014 kg/ha a.i. endosulfan on a 
savannah woodland in Zimbabwe-Rhodesia, no mortalitywas recordedfo~ 
adult Chiromantis xeampelina adults maintained in cages for 19 days 
after treatment (Cockbill 1979) (Table 3), although mortality was 
recorded to some shallow water fish (Tilapia spp.). There are no data 
for residue accumulations of endosulfan in amphibians. 

. ;::: 
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ENDRIN 

Short-Term Effects 

Endrin toxicity to amphibians varies depending upon the species and the 
lifestage. ~ sphenocephala eggs in continuous flow bioassays were 
sensitivity of ~ temporaria tadpoles to endrin in static bioassays 
gradually increased during development with two-day old tadpoles having 
a 72 hour LC50 of 0.425 mg/L while for 107-day old tadpoles (with fore 
and hind limbs developed) the 72 hour LC50 was 0.015 mg/L (Wohlgemuth 
1977) (Table 1). The increase in sensitivity to endrin during 
development was thought to be due to changes in respiration and meta
bolism (Ibid 1977). 

Wohlgemuth (1977) conducted a comparison of the toxicity of endrin 
to seven species of amphibians. The results are presented on Table 1. 
All species were in the tadpole stage except Ambystoma opacum. 
~ sylvatica and ~ opacum were most resistant to endrin but the high 
LC50 for ~ opacum was thought to be due to the older age of these 
individuals. R. catesbeiana was the most sensitive to endrin 
toxicity. Behavioural abnormalitiesduring the exposure were all 
associated with mortality (Ibid 1977). 

In static bioassays with 4-5 week old B. woodhousii tadpoles. 
endrin had a 96 hour L.C50 of 0.12 mg/L andwas the second most toxic 
pesticide tested (Sanders 1970) (Table 1~. One week old P. tri~eriata 
tadpoles had a similar 96 hour LC50 of 0.18 mg/L endrin (Table 1). 
This 96 hour LC50 cannot be compared directly with those for the 
species used by Hall and Swineford (1980. 1981) because the former used 
continuous flow dosing. while the latter used static dosing (Table 1). 

Field applications of endrin have also been shown to be highly 
toxic to amphibians. Appl ications of 0.11 and 0.56 kg/ha endrin caused 
100% mortality to R. catesbeiana. B. boreas and S. hammondi tadpoles 
within 5 days of treatment (Mulla ï962. 1963) (Table 3). Endrin was 
one of the most toxic of the organochlorine insecticides tested (Ibid 
1963). 

In an experiment designed to study the effects of endrin orr an 
artificially evacuated pool with no inlet. 0.5L of 20% endrin was 
poured in at one end. Immediatelya white turbid cloud was formed 
which moved off due to the wind. Concentrations of endrin were found 
to be 0.047 mg/L 10 metres from the point of entry (Wohlgemuth and 
Trnkova 1979) (Table 3). Aquatic invertebrates died within five 
minutes of contact with the endrin. The indigenous population of R. 
esculenta adults began ta emit high shrieks and experience severe -
cramping and paralysis. This was followed by death. Caged R. 
temporaria tadpoles died within thirteen minutes of contact W1th the 
endrin. The concentration of endrin over the volume of the pool was 
calculated to be 2.5 mg/L (Ibid 1979) (Table 3). 

/ 
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long-Teno Effects 

Kaplan and Overpeck (1964) placed ~ plplens adults in varying 
concentrations of endrin and recorded their survival after 30 days 
(Table 2). Frogs exposed to 0.03 ppm endrin in solution suffered 30% 
mortality after .30 days. Endrin caused neuromuscular changes to occur 
including excessive thrashing and tremors (Ibid 1964). 

Webb et al. (1979) examined the effect of endrin of the 
short-circuit current and active sodium transport across the skin of 
~ pipiens adults (Table 2). They found endrin did not produce a 
significant effect on the short-circuit current or resistance of the 
frog skin at a concentration of 2 X 10-4 M. 

Residues 

~ sphenocephala accumulated endrin residue.s up to 2.8 mg/kg which 
was 94 times water levels (Hall and Swineford 1980). Frogs 'which 
survived endrin exposure~ however never accumulated more than 
0.06 mg/kg which was a concentration factor of only six (Ibid 1980). 

Accumulation of endrin residues in amphibian foods can cause 
mortality when ingested. An endrin resistant population of mosquito 
fish (Gambusia affinis) exposed to 2 mg/Lendrin for 7 days and then 
force fed to R. catesbeiana adults resulted in 100% frog mortality 
within 24 hour..s (Rosato and Ferguson 1968) (Jable 2). A pooled sample 
(N=4) of field collected mosquito fish contained 9.65 mg/kg DDT and a 
pooled sample (N=4) of endrin treated mosquito fish exhibited residue 
of 8·90 mg/kg of endrin. 

Niethammer et al. (1984) analyzed three species of frog from 
alluvial cropland in Louisiana that had been sUbjected to heavy . 
pesticide use (Table 2}. The low levels reported for amphibians were 
considered to be due to an efficient ability to excrete these 
contaminants. 

LINDANE 

Short-Teno Effects 

In static bioassays lindane was the least toxic of 14 insecticides 
to 1 week old P. triseriata and 4 week old B. woodhousii tadpoles 
(Sanders 1970)tTable 1). r10rtality was preceded by irritability and 
loss of equilibrium. These effects were noted at concentrations lower 
than the 96 hour Le50 value and were irreversible (Ibid 1970). 

--
• ~,.I.. 

--i.~, 
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Long-Term Effects 

In chronic exposures to lindane, the egg stage of X. laevis had 
lower hatching success at all the lindane concentrations tested 
(r~archal-Segault and Ramade 1981) (Table 2). When the tadpole stage 
was exposed to the same lindane concentrations, mortality increased 
with time and after 6 weeks' exposure was 100% (Table 2). Tadpoles 
exposed to lindane at lower weights, showed morphological deformities 
in comparison with the controls. The morphological deformities 
included lateral deviation of the body axis and a dorsal lump on the 
cranial area. A darkening of pigmentation also occurred in treated 
tadpoles and persisted in the surviving adults (Ibid 1981). 

Mulla (1962, 1963) found lindane caused the lowest mortality of 
R. catesbeiana tadpoles in comparison with ten other organoch10rine 
insecticides. Lindane caused on1y 10% mortality after 7 days at an 
application rate of 0.56 kg/ha (Table 3). 

Residues 

Whitacre. and \~are (1967) examined the chronic effects of vapori zed 
l indane on .!h pipiens adults. Lindane residues in the brain, l iver 
and fat were measured during 38 day exposures. Residue accumulation 
increased with increased exposure to lindane (Table 4). Residues 
contained in fat actually declined over the exposure period and·were 
not detectable after day 38 (Table 4). No frog mortality occurred 
during the exposure but residues were much greater than in carp, 
guppies, mice or rats. The high residue levels in the frogs were 
thought to have been caused by the frogs not eating during exposure. 
This could have lowered the rate of metabolism and excretion resulting 
in accumulation of high levels (Ibid 1967). 

Lindane has also been shown to readily pass through the skin of R. 
pipiens (Kaiser and Dunham 1972) (Table 2). The high water solubility 
of lindane and simple diffusion through the skin were speculated to be 
the cause of l indane being -readily accumulated (Ibid 1972). 

Hechanism for Toxicity 

Subacute chronic exposures to lindane during growth and development 
have effects analogous to those reported for eggs and tadpoles intoxi
cated with fungicides (Bancroft and Prahlad 1973), herbicides (Cooke 
1977), and fenthion (an organophosphorous insecticide) and so may be 
caused by similar mechanisms (Marchal-Segault and Ramade 1981). 
Marchal-Segault and Ramade (1981) suggested that the delays in growth 
and development they observed due to chronic exposures of lindane, 
indicate some endocrine dysfunction of the hypothalamo-hypophyseal 
axis. This dysfunction did not appear to be complete, since some 
surviving animals attained the final stage of metamorphosis. An 
increase in the pigmentation, which was also noted during the tadpole 
stage, indicated a dysfunction of the intermediate lobe of the 
hypophysis that controls pigmentation (Ibid 1981). 
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In adult frogs lindane has been shown to cause damage to skeletal 
muscle (Publicover et al. 1979). The damage was cau~ed by a ris~ in 
calcium concentration resulting in the dissolution of muscle 
myofilaments. In vivo, the increased calcium also caused a marked 
increase in theïTIiniature endplate potential frequency at the 
neuromuscular junction with the threshold for an observable response at 
0.0003 M (Ibid 1979) (Table 2). Publicover and Duncan (1979) 
speculated that if lindane has similar effects on other synapses of the 
central nervous system then hyperexcitability, tremors and convulsions 
coul d be produced. These effects 9 however 9 have not been reported for 
amphibians exposed to lindane. 

The increase in calcium concentration appears to be caused by 
lindane decreasing the permeability of the outer skin membrane to all 
ions except sodium. Sodium permeability is actually increased, 
promo~ing calcium release from storage sites such as the mitochondria 
(Publicover et al. 1979 9 Publicover and Duncan 1979, Webb et al. 1979). 

HETHOXYCHlOR 

Short-Term Effects 

~1ethoxychlor was moderately toxic to P. triseriatata tadpoles in ._ 
static bioassays with a .48 hour LC500f 0:42 mg/L while B. woodhousii ~, 
tadpoles had a 48 hour LC50 of 0.11 mg/L (Sanders 1970) {Table 2). 

Resldues 

Methoxychl~r wa~ much more readily accumulated in B. americanus 
adults after exposure in water than through ingestion of mealworms 
containing methoxychlor residues (Hall and Swineford 1979). Feeding 
tests in which adult toads were fedmealworms containing 0.024 mg/kg of 
methoxychlor for 6 days revealed an accumulation of 0.008 mg/kg in the 
whole body of the toads. Conversely, toads that were exposed to water 
containing 0.069±0.036 mg/L methoxychlor for 6 da ys accumulated 0.244 
mg/kg in the body (Table 4). Residue levelswere not correlated with 
duration of exposure suggesting equil ibrium is reached rapidly. There 
were no changes in organ weights, feeding, behaviour or survival due to 
the exposure to methoxychlor (Hall and Swineford 1979). 

HIREX 

Residues 

Mirex is a chlorinated hydrocarbon insecticide used specifically . 
for control of the fire ants (Salenopsis saevissima) in the . 
southeastern United States. In separate studies in Florida (Wheeler et 
al. 1977), Georgia (l-Jojcik et al. 1975), ~1ississippi (Naqvi and de la 
Cruz 1973) and Louisiana (Niethammer et al. 1984) reported the levels 
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of mirex in amphibians. 140jcik et al. (1975) reported that the highest 
levels occurred one to three months after treatment and Wheeler et al. 
(1977) found that amphibians still showed low levels a year after a 
single application of mirex. Naqv; and de la Cruz (1973) found 
residues in some organisms in an area not treated with mirex, 
suggesting widespread movement in the environment and evidence of some 
biological magnification. Niethammer et al. (1984) considered that the 
low residue levels in frogs might be due to their high turn-over of 
fatty acids (Brown 1964) which could increase their ability to mobilize 
and excrete chlorinated hydrocarbon compounds. 

After an application of mirex to a fish pond in Mississippi the 
residues found in ~ gryllus reached a maximum after 6 months and 
declined to 0.05 ppm ~ithin 16 months of treatment. The initial 
increase in residues was partly attributed to an accumulation through 
the food chain (Collins et al. 1973) (Table 4). 

TOXAPHENE 

Short-Term Effects 

Differences in toxicity of toxaphene to amphibians have been shown 
to vary with life stage and species. In continuousflow bioassays, R. 
sphenocephala eggs were resistant to toxaphene in comparison with the
tadpole stage, which in turn was more sensitive than the two sub-adults 
tested (Hall and Swineford 1980) (Table 1). Behavioural aberrations 
(mainly hyperirritability and prolonged stupor) and growth retardation 
were observed for toxaphene treated tadpoles with effects on growth in 
96 hour exposures, occurring at 0.013-0.018 mg/L (Ibid 1980). 

Species differences in sensitlvity to toxaphene were observed in 
continuous flow bioassays for seven species, although the species were 
at varying li festages (Ha 11 and Swineford 1981). The species and 96 
hour LCSOs are presented on Table 1. ~ opacum and ~ sylvatica were 
most tolerant while ~ crepitans and ~ maculatum were most sensitive 
to toxaphene. The high tolerance of ~ opacum was thought to be partly 
due to age as they were field collected as adults as all other species 
were in the larval stages (Ibid 1981). 

In static bioassays Sanders (1970) measured the 96 hourLCSO of 
toxaphene for B. woodhousii and P. triseriata (Table 1). The variation 
in sensitivitYlmay have been a result of species differences and/or 
differences in age (Sanders 1970). 
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The seven species exhibited a range in severîty of behavioural 
abnormalities which were caused by exposure to different concentrations 
of toxaphene (studied by Hall and Swineford 1981). R. catesbeiana 
exhibited only subtle behavioural abnormalities withmfld loss of 
equilibr;um and disorientation where ~ opacum displayed debilitating 
contortions and immobilization. Some species exhibited behavioural 
abnormalities at concentrations much lower than their Le50 values. The 
independence of the behaviou~al abnormalities and mortality led Hall 
and Swi neford (1981) to concl!ude that the mechani sms for these two 
effects were acting separately. 

In field trials. using R. catesbeiana. ~1ulla (1962, 1963) found 
toxaphene to be among the most toxie substances that were tested. At 
an application rate of 0.5 kg/ha the tadpoles suffered 100% mortality 
within 24 hours (Table 3). No mortality was observed when toxaphene 
was appl ied at 0.1 kg/ha (r1ulla 1963) (Table 3). 

Lang-Term Effects 

Kaplan and Overpeck (1964) examined the survival of ~ p'p,ens at 
different concentrations of toxaphene (Table 2). After 3Œ days the ~' 
frogs exposed to the highest level (0.60 ppm) suffered 25% mortalityoM .,. 
Neuromuscular changes were observed in treated frogs in conjunction ~' 
with thrashing and tremors (Kaplan and Overpeck 1964). 

Residues 

Organochlorine residues were measured in the fauna of oxbow lakes 
in Louisiana that have acted as sumps in accumulating residues from y~ 
nearby agricultural land (Niethammer et al. 1984) (Table 4). Toxaphenè' 
was found to be one of the principal residues detected. The levels in 
~ catesbeiana. ~ sphenocephala and the Bronze frog were low (Table 4) 
when compared to their trophic level. These workers related thi's to 
the high turnover of fatty aeids in these species (Brown 1964). 

Hal,l and Swineford' (1980) reported that frogs (~ sphenocephala) 
were able to concentra te toxaphene residues by a factor of one 
hundred. These results are based on animals under constant exposure to 
the toxicant and for comparison. it was also noted that some fish 
concentrate residues by factors of one hundred thousand under these 
conditions (Hall and Swineford 1980). ' 

OTHERS 

ThiS section deals with several organochlorine insecticides for 
which there is little information available concerning their toxicity' 
to amphibians. 
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Kepone EC2 is utilized primarily for agricultural pest control. 
When applied to ponds at 0.11 and 0.56 kg/ha it produced no mortality 
among ~ catesbeiana tadpoles (Mulla 1963) (Table 3). 

Thiodan I is also an agricultural pest control insecticide. An 
application of 0.56 kg/ha to a pond resulted in 100 percent mortality 
of tadpoles within 24 hours (Mulla 1962, 1963) (Table 3). When Thiodan 
II was applied at the identical rate the result was the same to 
tadpoles of ~ catesbeiana (r1ulla 1963). 

Trichlorphon injected into ~ temporaria adults at a dose of 50-300 
mg/kg caused a reduced red blood cell count and shifts in the 
composition of white blood cells (Szubartowska 1979) (Table 2). 

Benzene hexachloride, an"insecticide closely related to l indane, 
was reported as being moderately toxic to Bufo woodhousii tadpoles 
(Sanders 1970) (Table l). Kaplan and Overpeck (1964) observed the 
survival of ~ pipiens adults in varying concentrations of BHC and 
reported that they suffered 40% mortality after exposure to the highest 
concentration (Table 2). 

Residues of BHC were not detected in any amphibian sample from 
contaminated oxbow lakes in Louisiana (Niethammer et al. 1984) 
(Ta b le 4). 

Heptachlor, another insecticide, was also found to be moderately 
toxic to B. woodhousii tadpoles (Sanders 1970) (Table 1). At an 
application rate of .56 kg/ha heptachlor caused 80% mortality two da ys 
after treatment (Mulla 1962, 1963) (Table 3). No further mortality was 
observed 5 days after treatment. Albright ét al. (1980) analyzed 
Tarichia torosa in British Columbia and found heptachlor levels in the 
newts 4 days after treatment with chlordane. Subsequent samples taken 
from the same location had non-detectable amounts of heptachlor epoxide 
(Albright et al. 1980) (Table 4). 

b) CARBAMATES 

Short-Term Effects 

In static bioassays using Rana clamitans tadpoles. aminocarb had a 
24 hour LC50 of 247 mg/L for small tadpoles and 234 mg/L for larger 
tadpoles. The 96 hour LC50 for small tadpoles was 118 mg/L (Lyons et 
al. 1976) (Table 2). Treated tadpoles had extensive hemorrhagic 
regions and exhibited jaw-twitching. ecdysis, difficulty in swimming. 
buoyancy problems, colour change, mouth deformities, edema and bent 
tails. The mouth deformities were thought to have occurred through 
direct contact of the snout with aminocarb that had adhered to the 
sides of the treatment container (Ibid 1976). 
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In other toxicity tests involving carbamates, Marking and Chandler 
(1981) reported a 96 hour LCSO of 8.7 mg/L for methiocarb, employing 
lh sphenocephala larvae (Table 1). Marchal-Segault (1976), exposing 
B. bufo tadpoles to various concentrations of sevin, found a 72 hour 
LCSO of between 16.8 and 20.6 mg/l (Table 1). Tucker and Crabtree 
(1969) estimated an LOSO of 283-800 mg/kg in a single oral dose of 
zectran to adult R. catesbeiana (Table 1). They considered that 
zectran would not~e toxic to adult amphibians at the current field 
application rates. 

Marian et al. (1983) obtained a 96 hour LCSO value of 6.2 mg/L of 
. carbaryl for .ta"dpoles of R. tigrina. Rzehak et al. (1977) conducted 

static bioassays using diTterent concentrations of carbaryl and both 
R. temporaria and ~ laevis tadpoles. Exposure to a concentration of 
0.1% caused an increase in mobility of X. laevis tadpoles. Hhen placed 
in tap water after exposures of 30, 60 and 120 minutes the tadpoles 
gradually returned to normal. Histological examination of the group 
exposed for two hours revealed contraction of miomers; partial 
separation of muscle fibers and oedema of the intestinal epithelium 
(Rzehak et al. 1977). Tadpoles of ~ temporaria when exposed to a 
concentration of 0.1% and then returned to tap water after 15 minutes,5 
reacted in the same manner as X. laevis. None of these exposures seem; 
to affect the development of t1ië" organisme t1arian et al. (1983) found" 
~ tigrina tadpoles to be moderately resistant to cçrbaryl in 96 hour 
toxicity tests (Table 1). However, prolonged exposures using 0.01% and 
0.001% carbaryl produced different results (Table 2). 

After an èxposure of 24 hours to 0.01% carbaryl tadpoles of R. ~ 
temporària were smaller than the corresponding controls and exhibTted j; 
bent tails, causing the tadpoles to swim in tight circles (Rzehak et . 
al. 1977) (Table 2). When transferred into tap water, 90% of the 
tadpoles survived, though sorne with severe abnormal ities that 
restricted their movements died later. Under the same conditions, 
tadpoles of X. laevis exhibited a reduced heartbeat, bent tails, 
partial separation and contraction of muscle fibres and appeared 
moribund. Eighty percent of these tadpoles died within a week after 
exposure. Exposures of 10 days for ~ temporaria and 8 days for ~ 
laevis to 0.001% carbaryl led to permanent tail malformation in both 
species • .!h temporaria also exhibited growth inhibition, with 90% of 
the tadpoles dying between day 7 and day 10 of the treatment and the 
"remainder dying within 2 days following transferral to tap water •. 
After 8 days of exposure to 0.001% carbaryl, further growth and 
development of X. laevis tadpoles was inhibited. Upon transferral to' 
tap water many mdividual s died and mortal ity for the first week after 
treatment was 20% (Ibid 1977) (Table 2). 
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In general both species exhibited behavioural changes immediately 
after exposure to carbaryl. Their activity increased and then, after a 
period of time, their movement slowed until they lay motionless on the 
bottom of the test vessel. The length of time for this behaviour 
varied with the concentration of carbaryl (Rzehak et al. 1977). 

Application of carbofuran to rice fields in T~xas had severe 
effects on ~ crepitans blanchardi adults (Flickinger et al. 1980). 
Frogs were found paralyzed or exhibiting abnormal behaviour as early as 
15 minutes after application. Four out of 19 frogs observed one half 
hour after treatment were paralyzed. Only one frog was found dead 
nbid 1980) (Table 3). 

~ temporaria tadpoles maintained in cages and suspended in 
seasonal ponds in ditches near farm fields sprayed with oxamyl. 
exhibited a significantly higher incidence of vertical curvature 
deformities and tail tip defects than tadpoles maintained in ditches 
near fields not sprayed with oxamyl (Cooke 1981). In the lab after 
exposure for 1 hour to 100 mg/L oxamyl, 90% of the tadpoles exhibited 
vertical curvature deformities similar to those observed in the field. 
The deformities appeared not to be spinal, but rather of muscular 
origin (Ibid 1981) (Tables 2 and 3). 

long Term Effects 

Field applications of zectran in New Brunswick over several years 
produced no adverse effects on the population of R. clamitans and posed 
no serious hazard to either larval or adult frogs-rPearce and Rick 
1969, Pearce and Priee 1977, Rick and Price 1974) (Tables 2 and 3). 
Matacil (aminocarb) produced no adverse effects on individual 
amphibians or their populations. Bracher and Bider (1982) found no 
significant change in populations of ~ sylvatica and ~ pipiens 
following aerial application of matacil in Quebec (Table 3). 
Similarly, following spraying in New Brunswick Rick and Price (1974) 
observed no mortality of frogs, toads or tadpoles and Pearce and Price 
(1977) concluded adult and larval amphibians were unaffected by matacil 
(Table 3). 

In experiments to determine the effects ofcarbaryl on growth and 
metamorphosis of ~ tigrina, r1arian et al. (1983) raised tadpoles from 
hatching to metamorphosis in sublethal concentrations. It was found 
that carbaryl does not affect the larval or metamorphic periode During 
metamorphosis mortality was significant at the 2 mg/L level (Table 2). 
It was concluded that any level below 5 ppm may be considered as 
su b let ha l (r1a ria net al. 1983). 
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Residues 

Bullfrog tadpoles were analyzed for residues of carbofuran 
following an application of 0.025 ppm in conjunction with an 
application of atrazine at 0.3 ppm. Residues of carbofuran were not 
detectable (less than 0.4 ppb). 77 days post-treatm~nt (Klaassen and 
Kadoum 1979). 

Hechanism for Toxicity 

Carbamates are systemic insecticides that act by inhibiting 
cholinesterase activity (Corbett 1974, Przézdziecki 1976). The 
cholinesterase inhibition caused by carbaryl led to contraction and 
partial separation of muscle fibres and the eventual immobilization of 
tadpoles (Rzehak et al. 1977). Carbaryl also had an effect on frog 
skin where it increased the sodium (Na+) uptake suggesting that the 
outer border of transporting cells is the area of action of externally 
applied insecticides (Webb et al. 1979) (Table 2). Takeno et al. 
(1977) found the response of ~ pipiens nerve muscle to indirect 
stimulation was suppressed more effectively than the response to direct 
stimulation in the presence of 2 X 10-4 M carbofuran. Various . 
concentrations of carbofuran also suppressed muscle contractions in 
frog nerve-muscle (Table 2). 

Prolonged exposures to carbaryl leading to long-term contraction of 
trunk and tail muscles may lead to secondary changes in other organs 
such as the tai l . bones (Rzehak et al. 1977) •. Carbaryl derivatives can 
be detoxified,~which explains why tadpoles re~overed from short expo
sures in the experiment conducted by Rzehak et al. (1977) (Table 2). ~; 

c) ORGANOPHOSPHATES 

FENITROTHION 

Short-Term Effects 

Lyons et al. (1976) using R. clamitans tadpoles, establ ished a 96 
hour LC50 of 4._ 9 ppm (rabl el )-.- Feni trothi on was more toxi c to 
amphibians than two other compounds tested simultaneously (Matacil and 
Orthene). Symptoms of fenitrothion poisoning were characterized by 
swimming difficulties, bent tails, jaw twitching, ecdysis and gulping, 
apparently in an effort to move more water over the gi11s (Lyons et 
al. 1976). The authors speculated that altered physical behaviour 
stimulated by reduced cholinesteratic activity induced by 
organophosphates would place the tadpoles at a selective disadvant~ge. 

Long-Term Effects 

Folithion (fenitrothion) drastically altered the length of the 
larval period of ~ tigrina and reduced the number that metamorphosed 
(r1ohanty-Hejmadi and Dutta 1981) (See Folithion, Table 2). Concentra-

/ 

v' 
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• tions of 4 ppm reduced the number of larvae that metamorphosed and 
extended the larval period by approximately 40 days compared to the 
control group (Table 2). 

In field studies on the effect of fenitrothion on amphibian popula
tions two distinct results have been reported. In two separate studies 
conducted in New Brunswick no mortality or unusual behaviour was 
observed in frogs, toads and tadpoles (pearce and Price 1977. Rick and 
Price 1974) (Table 3). However, Thirumurthi et al. (1973) observed 
100% mortality of frogs in Indian rice fields (Table 3). The 
application rate on the rice fields was 0.5 kg/ha and in New Brunswick 
it was 0.14 kg/ha applied twice. in one study. and 0.057 kg/ha. applied 
twice. in the second study. 

FENTHION 

Short-Term Effects 

Using 26 to 37 day old B. bufo tadpoles. t1archal-Segault {l976} 
reported a 48 hour LeSa of 2:'"0-2.2 ppm for fenthion (Table 1). It was 
also reported that development of the larvae was retarded byexposure 
to fenthion,(Ibid 1976}. Hall and Kolbe (1980) calculated a 96 hour 
LOSa of 4.9 ppm for B.:.. catesbeiana tadpoles (Table 1). 

long-Tenu Effects 

A'single aerial applî.cation of fenthion at 0.5 kg/ha on Indian rice 
fields produced 100% mortality of frogs in the field (Thirumurthi et . 1 

al. 1973) (Table 3). 

Johnson and Prine {1976} reported that fenthion., when used at 
one-half of the usual field concentrations. produced a pronounced 
reduction in the temperature tolerance range of B. boreas (Table 2). 
Sublethal effects of this type may render the organism more susceptible 
to environmental temperature shifts causing death within a much 
narrower range than non contaminated healthy toads. Fenthion produced 
the largest reduction of the six insecticides tested (Johnson and Prine 
1976). 

Residues 

In two experiments to test whether Rana catesbeiana tadpoles could 
accumulate fenthion to levels that would be lethal to r1allard (Anas 
platyrhynchos) duckl.ings, Hall and Kolbe {l980} found that 8 of""1"O 
ducklings died after being fed exposed tadpoles (Table 2). In the 
first experiment. tadpoles placed in water containing 2.2 ppm of 
fenthion and thenfed to ducklings killed 4 of 6 ducklings. ~1ortality 
was 100% within 5 hours in ducklings fed tadpoles dosed at 5 ppm 
fenthion (Table 2). Significant reductions in cholinesteratic activity 
were reported for the ducklings (Hall and Kolbe 1980). 

/ 
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GUTHION 

Short-Term Effects 

In static bioassays using B. woodhousii tadpoles Sanders (1970) 
reported a 96 hour LC50 of O.l~ppm for guthion (Table 1), the 
organisms went through a period of irritability followed by a loss of 
equilibrium and finally death. 

Long-Term Effects 

Mulla (1962) reported that guthion at an appl ication rate of 1.8" 
kg/ha, resulted in 100% mortality of R. catesbeiana. Mulla et al. 
(1963) also reported thàt at rates of---.11 and .45 kg/ha a.i. no 
mortal ity was observed within cages containing B. boreas and S. 
hammondi (Table 3). ---

MALATHION 

Short-Term Effects 

- ~ .. 

In static toxicity tests Sanders (1970) found 96 hour LC50 ' s of 
0.42 and 0.20 ppm to B. woodhousii and P. triseriata respectively. 
When exposed to a conce~tration of approximately 5 ppm malathion for 
hours, fort y percent of R. catesbeiana tadpoles died (Hall and Kolbe 

96 

1980) (Table 1). ---

~1alathion also caused abnormal development" in Microhyla ornata a't .. 
the yolk plug stage when exposed to concentrations of between 1 and 20~ 
ppm (pawar et al. 1983) (Table 2). Observed abnormalities included 
head, trunk and tail defects, behavioural aberrations, loss of balance;"" 
poor pigmentation and retarded growth. Mortality increased with 
increasing concentrations of malathion (Ibid 1983). 

Long- Term Effects 

Mohanty-Hejmadi and Dutta (1981) also reported that malathion 
affects growth of amphibians. In tests using B.=.. tigrina it was found 
that malathion caused a prolongation of life history and smaller 
animals after metamorphosis (Table 2). The concentrations used in this 
experiment, though introduced via chronic exposure, were much lower 
th an levels recommended for field applications of malathion. 

The effects of malathion at different concentrations ranged from a 
decrease in white cell counts, and depression of red blood cells to 
physical lethargy causing reduced avoidance response (Kaplan and 
Glaczenski 1965) (Table 2). 
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Aerial applications using Ambithion (malathion and fenitrothion) 
effectively eliminated frog populations in sprayed areas (Thirumurthi 
et al. 1973) (See Ambithion, Table 3). 

ResldUJIes 

Hall and Kolbe (1980) studied the accumulation of several 
organophosphate insecticides by amphibians. R. catesbeiana tadpoles 
were dosed with malathion at 5 mg/L and then force fed to ~1allard 
ducklings. No mortality among the ducklings was observed and it was 
concluded that symptoms of malathion intoxication would only be 
observed if the insecticide was massively accumulated (Ibid 1980) 
(Tab le 2). 

PARATHION 

Short-Term Effects 

In static toxicity bioassays using P. triseriata the 96 hour LeSO 
for parathion was 1.0 ppm (Sanders 1970r-(Table 1). Hall and Kolbe 
(1980) ca1culated the L050 for R. catesbeiana tadpoles to be 1.32 ppm 
and the LOSO reported by Edery and Schatzberg-Porath (1960) follow;ng 
injection into the dorsal lymphatic sac, was 967 mg/kg (Table 1). In 
the latter study ~ vulgar;s was found to be more resistant to 
parathion than either the frog or mouse used as comparative species. 

Guzman and Guardia (1978) conducted experiments on th~ short-term 
and long-term effects of exposure to parathion. B. arenarum were 
exposed to parathion in twa groups. Group 1 receTVed constant exposure 
and Group 2 was exposed for 2 hours. Both groups exhibited an initial 
10ss of cholinesteratic activity and subsequently recovered 
when removed from the contaminated medium (Ibid 1978) (Table 2). 

Long-Term Effects 

Kaplan and G1aczenski (1965) noted the same results in 
hematological tests with parathion as those exhibited by frogs exposed 
to malathion, though to a slightly more severe degree (Table 2). 

Field studies examining the effect of parathion on populations of 
amphibians revealed that aeria1 applications of 0.11 to 1.12 kg/ha did 
not adverse1y affect amphibian populations in several different 
habitats (Mulla 1962, Mulla et al. 1963, 1966) (Table 3). 

Residues 

Amphibians are generally resistant to cholinesterase inhibitors 
(Potterand OIBrien 1964). This coupled with the fact that 
organophosphates have a low persjstence in the environment may indicate 
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that adverse effects from utilizing these insecticides may be a result 
of the ability of certain organisms to accumulate the contaminantsand 
move large concentrations up through the food chain (Hall and Kolbe 
1980). Several studies have been undertaken to test this idea using 
amphibians ~nd organisms located at higher trophic levels. 

Hall and Kolbe (1980) fed r1allard ducklings tadpoles that had been 
exposed to 1 ppm parathion. Accumulation in the tadpoles was estimated 
to be 64 times the level at which they were exposed. The ducklings fed 
these tadpoles all died. Similarly ~ll ducklings died within one half 
hour after ingesting tadpoles dosed to 5 ppm of parathion (Ibid 1980) 
(Ta b le 3). 

Fleming et al. (1982), fed American kestrel s (Falco sparverius) 
frogs (~crepitans) that had been exposed to concentrations of 0.1-10 
ppm parathion for 96 hours. One bird of four died 3 hours after eating 
5 frogs exposed to 10 ppm. No mortality of kestrels was recorded from 
any other group (Table 2). The authors noted that 10 ppm was an 
unreal istic exposure rate for field applications (~eming et al. 
1982). However, frogs canaccumulate parathiorr from water as ~eming 
et al. (1982) found that after 96 hours parathion was not detectable f~, 
the water but was present in frogs (Ibid 1982) (Table 2). This may be,!; 
due to the constant availability of parathion to the frogs which is a : 
situation that is unlikely to be duplicated. tn the field. 

ORTHENE (Acephate) 

Short-tenu Effects 
1~~~'. 

ln tests using R. clamitans tadpoles Lyons et al. (1976), from the 
maximum likelihood regression analysis, established a 24 hour LCSO of 
6433 ppm (Table 1). Similarly, Geen et al. (1984) reported an equally 
low toxicity for the salamander Ambystoma gracile. Sixty-nine day old 
l arvae had a 96 hour LC50 0 f 8816 mg/L (rabl e 1). Amphi bians woul d not 
be affected by control programs using Orthene as the maximum surface 
residue from current field application rates would be less than 1 ppm 
(Ibid 1984). ' 

long-Teno Effects 

Geen et al. (1984) found that 798 mg/L of Orthene did not produce 
significant differences in mortality to Ambystoma gracile (Table 2). 
There was sorne decrease in the growth rate and the appearance of 
abnormalities in salamanders exposed to 382 and 798 mg/L (Table 2), but 
these are well abave the levels likely to be encountered in the field 
(Geen et al. 1984). 
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Buckner and McLeod (1975) monitored ~ sylvatica, ~ crucifer and 
Ambystoma laterale for 7 days after an aerial application of Orthene in 
two mixed wood stands in Ontario. It was concluded that the amphibians 
"were not affected by the insecticide treatment H (Ibid 1975) (Table 3). 

Residues 

When ducklings were force fed tadpoles exposed to 5 ppm Orthene no 
adverse effects or mortality were observed (Hall and Kolbe 1980) 
(Table 1). 

OTHERS 

Short-Term Effects 

Using P. triseriata in static toxicity bioassays Sanders (1970) 
determined-rhe 96 hour LC50's of a number of organophosphate 
insecticides. Carbophenthion was found to be the most toxic of the 
sixteen substances tested with a 96 hour LC50 of 0.028 mg/L (Table 1). 
Naled, another insecticide, was moderately toxic with a 96 hour Le50 of 
1.7 mg/L (Sanders 1970) (Table 1). 

In 96 hour flow through experiments exposing R. catesbeiana 
tadpoles to 5 mg/L of dicrotophos no mortality waS-observed though 
there was evidence of adverse cholinesterase effects (Hall and Kolbe 
1980). 

Injection into the dorsal lymphatic sac of amphibians yielded the 
following LD50's for B. viridis; 188 mg/kg paraoxon, 540 mg/kg TEPP, 
1,410 mg/kg Dimefox and 1,450 mg/kg DFP. LD50's for R. ridibunda were 
only conducted with paraoxon and TEPP and were 91 mg/kg and 34 mg/kg 
respectively (Edery and Schatzberg-Porath 1960) (Table 1). Symptoms of 
poisoning were reported as a generalized paralysis followed bya 10ss 
of ability to right themselves and finally coma. Recovery was observed 
after removal from the contaminated medium. Edery and Schatzberg
Porath (1960) stated that amphibians show an unusually strong 
resistance to organophosphorus intoxication. 

long-Term Effects 

Chronic exposures to Abate, chlorpyrifos-ethyl, chlorpyrifos-methyl 
(0.03 or 0.06 ppm) and methyl-parathion (0.025 or 0.05 ppm) caused a 
reduction in the thermal tolerance of B. boreas (Johnson and Prine 
1976) (Table 2). The levels employed only represented fifty percent of 
field concentrations (Ibid 1976). Johnson (1980) also tested 
temperature tolerance in the presence of temephos and chlorpyrifos and 
found it was significantly reduced even at concentrations less than 
recommended field application rates (Table 2). 
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Development of B..:. tigrina affected by DDT and methyl-parathion was 
studied by t10hanty-Hejmadi and Dutta (1981) (Table 2). The toxic . 
effects caused by exposures of 1-7 mg/L varied depending upon the 
tadpole's developmental stage at the time of treatment. The limb-bud 
and well developed hind 11mb stages were the most sensitive to these 
insecticides. Complete developmental arrest occurred at higher 
concentrations and all treated frogs were smaller than controls at 
metamorphosis. In general, all the insecticides caused an extension of 
the life histories, even at concentrations lower than recommended field 
application rates (Ibid 1981). These effects were also observed by 
Dutta and Mohanty-Hejmadi (1978) in studies using different 
concentrations of Rogor (dimethoate) and B..:. tigrina (Table 2). 

In field studies conducted by Mulla et al. (1963) insecticides were 
applied to ponds and the resulting mortality of amphibians recorded. 
Applications of 0.11 and 0.45 kg/ha of methyl-parathion resulted in no 
mortality to B. boreas and S. hammondii populations (Table 3). No 
mortality was-observed for R: catesbeiana tadpoles following an 
application 0.56 kg/ha of naled, however applications of 1.8 and 0.45 
kg/ha carbophenthion resulted in 100 percent mortality within 
twenty-four hours (Mulla et al. 1963) (Table 3). 

Several other insecticides were tested (See Table 3 for data on 
Bayer 38920, G-27365, Bayer 34042, Ethyl Guthion, G.C.-3582. Bayer 
44831. Bayer 29952, Bayer 22408, G-28029, Bayer 37289, Methyl
parathion, G-30494, G-30493 and Ronnel) and only G.C.-3582 was toxic to 
R. catesbeiana"-with 100 percent mortal ity when appl ied at 1.8 kg/ha 
T'Mu 11 a et al. 1963) ( Ta b l e 3). 

Field studies invol~ing leptophos and phosphamidon concluded that 
these insecticides were highly toxic to frogs, causing 100 and 75 
percent mortality respectively (Thirumurthi et al. 1973) (Table 3). _ In 
contrast Pearce and Price (1977) concluded that phosphamidon. due to 
relatively low toxicity observed in toxicity tests. would not present a 
major direct hazard to amphibians. Pearce and Teeple {1969} also 
examined the effects of sumithion spraying on amphibians in New 
Brunswick and concluded that at 0.14 kg/ha it had no effect on frogs 
and toads {Table 3}. 

Resldues 

Hall and Kolbe (1980) studied the ability of R. catesbeiana to . 
accumulate dicrotophos (Bidrin) tolevels lethal to ~1allard ducklings. 
Tadpoles dosed with 5 ppm and fed to duckl ings caused sorne reduction -in 
cholinesterase activity but resulted in no mortality of ducklings 
suggesting the tadpoles could not accumulate dicrotophos to levels 
lethal to duckling consuming one meal (Table 2). 
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Mechanism of Toxicity 

Organophosphate insecticides are toxic to most organisms due to the 
inhibition of acetylcholinesterase enzymes that are essential for nerve 
impulse conduction and transmission (Corbett 1974). This inhibition 
can lead to erratic altered behaviour (Lyons et al. 1976, pawar et al. 
1983, Sanders 1970). Erratic behaviour may place the organism at a 
selective disadvantage and lead to increased predation (Cooke 1971, 
Hall and Kolbe 1980, Lyons et al. 1976, Mohanty-Hejmadi and Dutta 
1981). Direct effects of this reduction of cholinesterase activity 
have been studied by Dekin et al. (1978) who observed inhibition of 
muscle response caused by exposure to organophosphates (Table 2). Guy 
et al. (1977) showed a reduced amplitude of the response to stimulation 
of the sartorius muscle in the presence of OMPA (Table 2). These 
studies suggest that organophosphates may exert their toxicity by 
affecting the cholinergic receptor-channel complexe 

Several studies have shown that amphibians can recover from this 
reduction of cholinesterase activity if returned to contaminant free 
media (Dekin et al. 1978, Guy et al. 1977, Guzman and Guardia 1978). 

Potter and O'Brien (1964) attempting to explain the relative low 
toxicity of organophosphates to frogs in contrast with some insects and 
mammals concluded that the insensitivity of frogs to paraoxon was due 
to its insensitive cholinesterase which may account for the low 
relative toxicities to many organophosphate insecticides (Ibid 1963). 

d) PYRETHROIDS 

Short-Term Effects 

Pyrethroids are a group 0f insecticides developed from a natural 
substance (Pyrethrum) and are of particular interest due to a short 
half life in the environment and their high toxicity to insects. 

In static bioassays, permethrin had a 96 hour LCSO of 7.03 mg/L for 
two week old R. catesbeiana tadpoles (Jolly et al. 1978) (Table 1). 
Cole and Casida (1983) found frogs highly sensitive to eleven different 
pyrethroids. In general the trans-isomers were less toxic than the 
eis-isomers. The eis-isomers of permethrin (IR S)-Cypermethrin and_ 
Deltametrin were the most toxie to adult ~ pipiens (Ibid 1983) 
(Table 1). (S)-Fenpropathin and (SS)-Fenvalerate were also highly 
toxie to adult frogs (Table 1). Tadpoles of R. catesbeiana were 
espeeially sensitive to (IR, S)-Cypermethrin-With an LOSO of 0.04 
mg/kg (Ibid 1983) (Table 1), (See Table 1 for data on Pyrethrins, 
S-Bioallethrin, (IR)-Tetramethrin, Kadethrin, (IRS)-Resmethrin and 
(IR)-Phenothrin). 
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Mechanism for Toxicity 

Pyrethroid insecticides are recagnized as typical neuratoxicants 
(Vijverberg et al. 1982). 

Allethrin, decamethrin and 5-benzy1-3-furylmethyl{+)
cischrysanthemate (NROC 119) acts on the peripheral nervous system 
inducing repetitive activity in sensary nerve fibres, sense organs and 
the distal portion of mator fibres resulting in repetition in the motar 
end~plate (Evans 1976, van den Bercken 1977, Wouters et al. 1977, 

. Vijverberg and van den Bercken 1979) (Table 2) •. The repetitive 
activity of nerves occurs due to a transient increase in the 
prolongation of sodium permeability. The effect of pyrethraids on 
nerve fibres is temperature dependent with more pronounced effects at 
lower temperatures (Wouters et al. 1977, Vijverbergand Ruigt 1981) 
(Table 2). The effect of pyrethroids on nerve fibres can accountfor 
the symptoms of hyperexcitability, convulsive tremors and paralysis 
prior to death, noted in pyrethroid treated frogs (van den Bercken 
1977) (Table 2). Pyrethroids have no direct effect on muscle fibres 
( Wo u ter set al. 1 977) (T a b 1 e 2). 

Akkermans et al. (1975a) compared the effects of allethrin and 
severa l arganochlor;nes and found DDT produced effects simi 1 ar to thosë;
of allethrin (Table 2). DOT and allethrin produced repetitive firing . 
in both the lateral-line organ and cutaneous touch receptors (Akkermans 
et al. 1975a, van den Bercken et al. 1973). 

The frog nerve is not as sensitive to pyrethroids as crayfish 
nerves (Takeno et al. 1977), which could explain the' lower sensitivity. 
of R. catesbeiana tadpoles to permethrin.in acute bioassays reported bj
JOllY et al. (1978) (Table 1). 

MANEB 

Short-Term Effects 

III HERBICIDES AND FUNGICIDES 

a) CARBAMIC ACIDS 

Maneb (Manganese Ethylene bis dithiocarbamate) is a widely used 
fungicide in several parts of the world. Oithiocarbamates are known ta 
cantaminate plants, soil and water to certain degrees and thus present 
a hazard to public health (Arias and Zavanella 1979). Little is known 
of their taxicity and toxic effects to aquatic vertebrates. In tests 
ta examine the survival of T. cristatus in maneb, Zaffaroni et al. 
(1978) found the fungicide ëaused 100% martality within 15 days at 50 
ppm (Table 2). It was alsa noted that maleswere slightly less 
susceptible than females (Ibid 1978). 
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long-Tel"'m Effects 

The effects of maneb on the forelimb regenerative ability of newts 
T. cristatus was examined by Arias and Zavanella (1979) and Zavanella 
et al. (1979). Both studies found that limbs regenerated in maneb 
exhibited delayed growth, reduced melanogenesis and malformations 
(Table 2). An overall delay in growth was also observed in newts 
exposed to maneb (Zavanella et al. 1979) (Table 2). 

Delay in development was also noted by Bancroft and Prahlad (1973) 
for X. laevis embryos placed in maneb solutions (Table 2). At levels 
of 1:5 ppm, maneb caused reduced melanogenesis, shortened tail and 
notochord waviness in developing embryos (Ibid 1973). At these levels 
no tùmors were found in any test animals (T. cristatus) though the 
spleen welght increased and there was some-edema of the soft tissues 
(Zavanella et al. 1979) (Table 2). 

Mechanism fol'" Toxicity 

Though little is known about the precise mechanism of lethal 
effects, Zaffaroni et al. (1978) hypothesized that the toxic effects of 
maneb are caused by the impairment of cutaneous respiration and 
osmoregulatory function of the skin. 

NABAM 

long-Term Effects 

In experiments to determine nabam's effect upon amphibians. it was 
found that X. laevis embryos exhibited reduced melanogenesis. growth 
delays, shortened tail and notochord and a difficulty in swimming at 
various concentrations (Bancroft and Prahlad 1973) (Table 2). 
Ultrastructural changes were also induced by exposure to nabam (Prahlad 
et al. 1974) (Table 2). Anderson and Prahlad (1976) examined the 
synergistic effect of diquat (a herbicide) and nabam and noted Many 
ultrastructural changes and à high mortality rate (See Diquat, Table 
2). Thus, nabam,. when applied at low concentrations may represent a 
serious embryotoxic and teratogenic hazard to developing organisms 
(Bancroft and Prahlad 1973, Anderson and Prahlad 1976). 

OTHER CARBAMIC ACID FUNGICIDES AND HERBICIDES 

It was reported that preparations of carbamic acids were the most 
toxic substances in comparison with nine groups of herbicides and 
insecticides (Zazhivilov 1972). 



- 33 -

Sodium diethyldithiocarbamate (NaDEDC) at concentrations of 1-3 
mg/L caused severe embryo malformation, growth delay, notochord 
abnormalities and curvature of the body axis. At levels higher than 3 
mg/L. NaDEDC was lethal within 24 hours (Ghate and Mulherkar 1980a). 
Valan and eptam are two herbicides used to control weeds in 
agricultural fields. Though the y both exhibit relatively low 
toxicities to tadpoles (Table 1). it was noted that they produced a 
decrease in acetylcholinesterase activity in fish similar to the 
effects induced by sevin (Perevozchenko 1977). 

b) DIQUAT AND PARAQUAT 

Short-Term Effects 

paraquat was the least toxic of a number of pesticides and 
herbicides tested using B. woodhousii and P. triseriata tadpoles 
(Sanders 1970) (Table 1)-. Johnson (1,976) aTso reported that paraquat 
had a low toxicity in assays employing two Australian frog species 
(Adelotus brev;s and limnodynastes peron;) (Table 1). The large 
difference between the two species demonstrates the wide range in 
species sensitivitytQ paraquat. 

Exposure to diquat during the egg stage can reduce survival later 
in development. ~ pipiens eggs exposed to 100 mg/L diquat during 
fertilization or later in development had higher mortality 
post-hatching than controls (Bimber and ~1;tchell 1978) (Table 2). 

Anderson and Prahlad (1976) a.lsoreported diquat to be highly 
embryotoxic to-X. laevis embryos (Table 2). Concèntrations higher than 
2 ppm caused distortion in body shape and 78% mortality while levels .:::~~' 
lower than 2 ppm were embryotoxic (Ibid 1976). 

Long-Term Effects 

No mortality. behavioural or developmental abnormalities were 
observed in ~ temporaria or ~ bufo tadpoles or ~ vulgaris adults 
exposed in ponds treated with 1 mg/L diquat (Cooke 1977) (Table 3). 
Thirty-two days after the pond was treated with diquat. R. tem orari'a 
and B. bufo tadpoles were heavier than control tadpoles TCooke 1977 • 
The Tncrease in tadpole weight was attributed to an algal bloom which 
had occurred due to the diquat. The algae appeared to be an acceptable 
food source for the tadpoles. The algae was, however, thought to have 
reduced the suitability of the pond as a newt breeding site (Ibid 
1977) • 
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Dial and Bauer (1984) speculated that paraquat could represent a 
serious hazard to natural populations of ~ pipiens. Field application 
rates vary from 0.1 to 2.0 ppm for aquatic weed control and it was 
observed that after 12 days no frogs survived when exposed to 2.0 ppm 
paraquat (Table 2). Paraquat also caused growth delays, tail 
abnormalities and poor head development. 

c} OTHER HERBICIDES 

Toxicity data for eleven herbicides have been reported by Sanders 
(1970) and Johnson (1976) for North American and Australian amphibians 
respectively (Table 1). The herbicides tested were: 1) 2,2 DPA, 
2) Amitrole-T, 3) DEF, 4) DSr1A, 5) Dicamba, 6) Fenoprop, 7) Hydrothol 
191,8) t10linate, 9) Picloram, 10) Sodium arsenite, 11) Trifluralin. 

Johnson (1976) noted that fenoprop was the most toxic of the 
substances he tested against anurans. The thermal tolerance of some 
species was reduced when exposed to aIl of the herbicides. Both 
Sanders (1970) and Johnson (1976) found adult frogs to be more 
resistant than tadpoles due to physiological and morphological 
differences. 

t1onosodium methanearsonate U1Sr1A) was used in bioassays with 
Scaphiopus couchii juveniles and adults (Judd 1977) (Table 2). At 477 
mg/L MSMA mortality of juveniles was 87% in 1 week, although at 4770 
mg/L 100% of the juveniles died within 72 hours, while ~dults 
experienced only 20% mortality. High juvenile toad mortality was 
expected to occur when MSMA is used as a herbicide since the 
recommended application' rate is 8.3 mg/L (Ibid 1977). 

A triazine compound, cyanatryn had a 96 hour LC50 of 30 mg/L for 
R. tem oraria tadpoles in static bioassays (Scorgiè and Cooke 1979) 
Tfable 1. At 20 mg/L tadpoles were lethargic with occasional 
spasmodic twitching and did not feed. Body weight declined in 
increasing concentrations of triazine. In 20 day exposures to 
cyanatryn within the range of recommended treatment rates, tadpole body 
weight declined by half from 240 mg to 114 mg (Ibid.1979) (Table 2). 

Long-Term Effects 

Long-term effects of dichlobenil were found to be similar to those 
for diquat (Cooke 1977). In field applications, dichlobenil caused no 
mortality of ~ bufo or ~ temporariatadpoles, but weights were 
increased as a result of elevated food resources due to an algal bloom 
caused by the dichlobenil (Table 3). 

Two compounds with both herbicidal and fungicidal properties, 
Gesagard 50 and Miedzian 50, were introduced ta X. laevis tadpoles ta 
examine the effects on tadpole development (Jordan et al. 1977). At 
both concentrations tested, aIl tadpoles in Gesagard 50 died within 72 
hourS. Those exposed to Miedzian 50 suffered high mortality at the two 
concentrations. Transferai to tap water did not result in recovery 
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from the induced effects (Table 2). Application rates for these two 
compounds are up to 300 times greater than the concentrations used in 
the tests (Ibid 1977). 

Chloranil is a herbicide that causes embryotoxic and other 
detrimental effects on developing X. laevis embryos (Anderson and 
Prahlad 1976) (Table 2). At 2.0 ppm chloranil, only 5 percent of the 
embryos used survived more than 24 hours and these exhibited 
alterations in development (Anderson and Prahlad 1976). 

Oefenuron (N-phenyl-N'-methyl urea) is a wide spectrum herbicide 
that has low toxicity for vertebrates but has been shown to inhibit 
development of mosquitoes (Paulov 1977). When ~ temporaria tadpoles 
were exposed to 100 ppm defenuron development and metamorphosis were 
delayed (Table 2). One observation made by Paulov (1977) was the 
development of "giant" tadpoles. This was due to a multiplication of 
cells coupled with the inhibition of metamorphosis (Paulov 1977) 
(Tab 1 e 2). 

d) OTHER FUNGICIOES 

Malachite green, a fungicide frequently used in fish culture, was 
tested in flow-through bioassays with adult Notophtalmus viridescens, -~ 
~ pipiens and Bufo Spa tadpoles (Bills et al. 1977) (Table 1). Adult 
newts were more resistant ta malachite green than either frog tadpoles 
or toad tadpoles (Table 1). The tadpoles had a sensitivity to 
malachite green similar to most fish species tested (Ibid 1977) •. 

::~; 

Afugan (a fungicide containing pyras·ophos) was lethal at 1.0 mg/L -}: 
ta ~ temporaria tadpoles (Paulov 1981). Exposures to afugan during 
larval development resulted in stimulation of growth but inhibition of 
metamorphosis. Tadpoles exposed ta sublethal doses exhibited 
alterations in enzymatic activity of transaminase (Ibid 1981) 
(Table 2). 

The effects of a number of chlorinated bisphenols were tested on 
grass frog blood (species not stated) (Flores and Buhler 1974). ~1ost 
bisphenols were highly toxic to frog blood in vitro. resulting in 
hemolysis with the degree of hemolysis being-directly related to 
incubation. In vivo exposures to lethal doses of bisphenols did not, 
however, cause-hemolysis (Ibid 1974) (see Hexachlorophene, Table 2). 

Anderson and Prahlad (1976) found dichlone ta be extremely toxic to 
X. laevis embryos (Table 2). Concentrations above 0.2 ppm caused 100% 
mortality within two to four days. Additionally there was inhibition 
of growth and disruptions of the cranial end resulting in headless 
individuals. 

e) PHENOXY AeIO HERBICIDES 

The Phenoxy acid herbicides are related to natural plant growth 
regulators and are widely used in agriculture and park maintenance ta 
control weeds. The LCSO toxicity data for 2,4-0, 2.4.S-T, silvex and 
Weedar 64 are fou~d on Table 1 (Sanders 1970, Johnson 1976). 

. ....... :f!3 .. 
.,.,,-:=, 
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Studies examlnlng the effects of 2,4-dichloro-phenoxyactic acid on 
developing ~ temporaria tadpoles revealed no visible effects or tissue 
residues even after treatment with 50 ppm (Cooke 1972a)o In contrast 
Buslovich and Borushko (1976) found that 1-2 mg/L of 2,4-dichloro
phenoxyactic acid significantly inhibits metamorphosis when in solution 
with its sodium and diethylamine salts (Table 2). 

Tcon (2,3,7,8-tetrachlorodibenzo-p-dioxin) is a highly toxic 
contaminant of commercial supplies of 2,4,5-T and silvexo TCOO causes 
teratogenic effects in mammals and fish, yet Beatty et al. (1976) and 
Neal et al. (1979) reported little if any effect on Ro catesbeiana' 
development and survival (Table 2). Following an acCident in Italy 
which released TCOO. Fanelli et al. (1980) found the TCOD level in a 
toad to be the lowest of the five animal species examined (Table 4). 

IV BACTERICiDES 

FURANACE 

Furanace, a nitrofuran used as a fish bactericide, was highly toxic 
to ~ pipiens tadpoles in static bioassays, compared to the fish and 
invertebrate species that were tested (Marking et al. 1977) (Table 1). 
The egg stage was not as sensitive as treatments up to 4 ppm fai led to 
produce any effect on development. Above 4.0 mg/L few embryos 
survived, either failing to develop or not escaping from the egg mass 
during hatching (Ibid 1977). 

V lAMPRICIDES 

TFH 

The lampricide TFt1 (3-trifluoromethyl-4-nitrophenol) has been used 
to control the sea lamprey in the Great Lakes. In toxicity tests using 
.!il!.! versicolor, .!h pipiens and ~ catesbeiana tadpoles Chandler and 
Marking (1975) found little difference in species sensitivity (Table 
1). TFM 1s applied in twelve hour exposures and it is doubtful that 
this would have any effect on amphibians (Chandler and Marking 1975). 

VI ORGAN 1 CS 

a) AROMATIC AMINES 

Short-Term Effects 

Toxicity studies revealed that of four aromatic amines and two 
methyl derivatives, acridine was the most toxic followed by quinoline, 
and its two methyl derivatives, (2-methyl-quinoline,2.6-dimethyl 
-quinoline). anil ine and pyridine (Dumont et al. 1979, Sloof and 
Baerselman 1980. Oavis et al. 1981) (Table 1). Ali of the compounds 
caused embryos to become malformed in various ways. These included 
exogastrulation, edema. formation of blisters and at concentrations 
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near the 96 hour LeSOls, axial lengthening resulting in short, fat 
larvae with underdeveloped digestive tracts. These effects were more 
severe in exposures to acridine than the three other amines (Davis et 
al. 1981). Electron micrographs of the exposed larvae revealed damage 
to the spinal chord and muscle alterations. In general, l,arvae, when 
exposed to sublethal concentrations, were immobile, slower to develop 
and had abnormal pigmentation (Dumont et al. 1979, Davis et al. 1981) 
(Table 1). 

Greenhouse (1976a,b,c, 1977) assessed the toxicity of a group of 
organic amines found in jet fuels employed by the United States Air 
Force. Only N-phenyl-a-napthylamine was found to be toxic to 
developing frogs (Greenhouse 1976a). Greenhouse (1976c) also found 
this compound to be teratogenic, whereas octyl-phenyl-a-napthylamine 
and dioctyldiphenylamine were neither teratogenic nor otherwise toxic 
to frog embryos probably due to their insolubil ity (Table 2). 

In studies ta examine the effect of hydrazine and its methylated 
derivatives on development of X. laevis Greenhouse (I976b, 1977) 
determined that these compoundswere teratogenic (Table 2). Two types 
of malformation were observed: i) malformations of the axial skeleton 
and tail and il) those of the head and trunk. 

This group of.compounds is readily soluble in water and were found;~ 
to be toxic to X. laevis embryos. At a concentration of 1 mg/L 
hydrazine, methYlhydrazine, and symmetrical dimethylhydrazine caused 
irreverslble toxic effects and 100 percent mortality to Xenopus larvae 
'(Greenhouse 1976a) (Table 2). Greenhouse (1976a,b,c, 1977) noted that 
embryos ~ere able to wlthstand much higher concentrations of these 
compounds than were the larval stages. 

Mechanism for Toxicity 

The meehanism for toxicity of acridine, aniline, pyridjne and 
quinol ine was speculated by Davis et al. (1981) to be through the 
asseciation of the amines with hydrophobie eomponents of cells and 
tissue (Ibid 1981). 

b) , AROMATIC HYDROCARBONS 

long-Tem Effects 

Triturus cristatus adults when exposed to benzene in air at varying 
frequeneies during a 43 day period exhibited a deereasein leukocyte 
number, while the number of white blood eells increased (Garavini and 
Seren 1978) (Table 2). Preeeding a decrease in red blood eell numbers 
,the red blood cells became enlarged and immature red blood cell numbers 
increased. These results were interpreted to indicate that benzene was 
inhibiting blood cell maturation with the degree of inhibition 
dependent on frequeney of exposure (Ibid 1978). 

," 
~, ' 

."~~~ 

'("~ 
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Toluene had sorne of the same effects on the blood as benzene (Ibid 
1978) (Table 2). T. cristatus, after inhaling varying doses of 
toluene, exhibitedinitially an increase in red blood cells followed by 
a reduction in number. There was no change in white blood cell count, 
but there was a reduction in the phagocytic activity of the neutrophils 
(Ibid 1978). 

Aromatic hydrocarbons can lead to high incidences of cancer (Busbee 
et al. 1978). ~ tigrinum collected from a sewage polluted pond with 
high concentration of polycyclic aromatic hydrocarbons were found to 
have abnormal metabolite ratios and a high rate of cancer (Ibid 1978). 

c) PHENOLS 

Res'idlues 

Residues in tissues of B..:.. temporaria adults after injections of 3 
mg/kg of either phenol, 3-nitrophenol, 3,5-diethylphenol or 
4-aminophenol were similar for all four phenol compounds (Nagel and 
Urich 1981). Residues declined with time except in the gallbladder and 
gut, indicating that bilary excretion was minor in comparison ta renal 
elimination (Ibid 1981). 

Hechan'ism for Toxic'ity 

One mechanism of phenol toxicity has been demonstrated for the 
surfactant nonilphenolethaxylate (Celentano et al. 1979). In R. 
esculenta skin, the surfactant inhibits active ion transport-coupled 
water flow. The mechanism for the change in skin permeability was 
thought to accur as a result of the surfactant affecting protein 
structure and activity (Ibid 1979). 

d) DIOXIN 

(See also III e) Phenoxy acid Herbicides) 

long-Term Effects 

No mortality of R. catesbeiana tadpoles could be attributed to 
dosages of 0.025-1.000 mg/kg dioxin applied intra-peritoneally (Neal et 
al. 1979). Histopathological examination of the tadpoles after 
metamorphosis revealed no lesions. After adult R. catesbeiana were 
administered dosages of up to 0.500 mg/kg i.p. dlOxin, no mortality 
occurred during the 35 day observation periode Aiso no 
histopathological lesions occurred due to the dioxin (Ibid 1979). 
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VII . "ETALS 

a) CADMIUM 

Bioassays to determine the toxicity of cadmium have produced 
contrasting results (Birge et al. 1979, Canton and Slooff 1982). 
(Table 1). These discrepancies may be due to inherent differences in 
flow-through and static techniques (Birge and Just 1975, Birge et al. 
1979, Hall and Swineford 1980, 1981), species sensitivity and life 
stage sensitivity. 

Miller and Landesman (1978) exposed X. laevis to varying 
concentrations of cadmium and observed atO.OOl mg/L 92% of the embryos 
survived but were severely malformed. In the presence of magnesium (2 
mg/L) the toxic effects of cadmium were greatly reduced (Ibid 1978). 

Long-Teno Effects 

Development and survival were ~everely affected by lengthy 
exposures to cadmium (Birge et al. 1977, Manson and O'Flaherty 1978) 
(Table 2). The most severe effects were noted by Birge et al. (1977) 
when ~ pipiens eggs were exposed to cadmium at the cleavage stage 
(Table 2). No further development took place when the eggs were 
exposed to cadmium at thi.s stage. At 10wer concentrations of cadmlum 
survival was severely reduced (Table 2). 

..:;;. 
At low concentrations .(0.03 mg/L) no mortality occurred, though at~, 

levels above 0.09 mg/L cadmium, development was inhibited (Canton and 
Slooff 1982) (Table 1). 

long-term exposures of Notophthalmus viridescens to 2.0-6.75 mg/l 
of cadmium caused mortality and retarded forelimb regeneration 
sometimes leading to abnormal 11mb regenerat~on (Manson and D'Flaherty 
1978) (Table 2). Mortality was 82% at 6.75 mg/l after 51 days 
exposure, compared to no mortality in the control~. The deaths were 
partly attributed to weight 10ss, since all salamanders exposed to 
cadmi um frequentl y refused food. All sa l amanders had the; r fore 1 imbs 
removed at the elbow before exposure, in order to assess the effect .of 
cadmium on regeneration. limb regeneration was retarded, but after 76 
days, development was similar to controls although severeabnormalities 
of theforelimbs were more common in the cadmium treated groups (Ibid 
1978). 
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ResldlBes 

In areas located near a zinc mill in Poland, five species of 
amphibians were analyzed for cadmium residues (Dmowski and Karolewski, 
1979) (Table 4). The residues in organisms from contaminated areas 
were higher than the control location. Food chain accumulation was 
observed through the different trophic levels in this study. 

Canton and Slooff (1982) observed a concentration factor of 130 
times ln X. laevis exposed for 50 days to a solution of cadmium in 
water (TaTIe 4). 

Mech~nlsm fo~ Toxlclty 

Cadmium exerts its toxicity on amphibians in a number of ways. 
There is strong evidence to suggest that cadmium effects epithelial 
cells by inhibiting active ion transport by combining with sulfhydryl 
groups in the cell membrane and decreasing membrane potential (Kanno et 
al. 1978, Arita et al. 1979, Arhem 1980, Takada and Hayashi 1981a,b) 
(Table 2). The degree of inhibition of ion transport however, varies 
between different epithelial tissue (Hillyard and Gonick 1978, Takada 
and Hayashi 1978a,b) (Table 2). Cadmium appears to affect nerve 
tissue, at least in the heart~ by suppressing the release of 
acetylcholine (Hayashi and Takayama 1978) (Table 2). Cadmium has been 
shown to cause a depression in the rod receptor cells in the retina of 
R. catesbeiana (Fox and Sillman 1979). Cadmium had a much greater 
effect orr the rod cell s than either Pb or Hg (Ibid 1979)- (Table 2). 

Treatment of ~ nigromaculata eggs, prior to the first cleavage, at 
a level of 4 mg/L or higher, has been shown to reduce the number of 
primordial germ cells in the later developmental stages (Hah 1978) 
(Table 2). Reduction of primordial germ cells can lead to smaller 
gonads and partial or complete sterility (Bounoure et al. 1~54). 

b) LEAD 

Short-Term Effects 

Lead was highly toxic to Gastrophryne caro-linensis eggs between 
fertilization and 4 days posthatching in continuous flow bioassays 
(Birge et al. 1979) (Table 1). 

X. laevis, exposed during the embryo stage to 0.001-10 mg/L lead 
in static bioassays, resulted in 100% mortality at la mg/L and 82% 
deformities with 18% mortality at 0.001 mg/L (Miller and Landesman 
1978). The toxic effect however was reduced when 2.0 mg/L or greater 
of magnesium was added (Ibid 1978). 

Adult anurans appear to be much less sensitive to lead (Kaplan et 
al. 1967). ~ pipiens adults exposed to lead nitrate in daily 
renewable bioassays had a 96 hour LC50 of 105 mg/L (Table 1). Frogs 
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exposed to lead had a permanent loss of semi-erect posture (Table 2). 
Other toxic effects observed were a sloughing of the integument, 
muscular twitching,salivation, sluggishness and death (Table 2). 

Long-Terni Effects 

Exposure of ~ nigromaculata eggs to lead, prior to the first 
cleavage, resulted in a reduction of the number of primordial germ 
cells later in development (Hah 1978) (Table 2). 

Dill ing and Healey (1926) reported lead salts had a severe 
inhibitory effect on the development of frogs causing a slow down in 
growth and abnormal development (Table 2). 

Residues 

Field collected R. esculenta from the River Toce had higher lead 
levels in tadpole tissues than the adult stage (Baudo 1976). He 
interpreted the difference in lead levels in the tadpole and adult to 
be the result of the differences in the lead levels of their foods. 
Tadpoles primarily eat vegetation which hàd higher lead levels than the 
insects eaten byadults. Adult females had high levels of lead in 
their liver (7.56 mg/kg) while the highest levels in males were 
found in the skin (3.66 mg/kg) (Ibid 1976). 

Other studies have found similar results for lead accumulation. 

" 
~ .... 

The liver and heart were found to have the highest lead concentrations 
in frogs (species not reported) in Katowice, Poland (Dec et al. '1979) 
(Table 2). Similarly, after ~ laevis had ingested worms containing" .. 
lead for four weeks, adults had the highest lead residues in the liver~ 
(30.75 mg/kg wet wt), kidney (81.32 mg/kg) and bone (55.98 mg/kg) with~~ 
lower levels in the skin and muscle (less than 12.0 mg/kg) (Ireland 
1977) (Table 4). Ireland (1977) compared lead levels in X. laevis with 
Peromyscus and concluded that since amphibians had much hTgher levels, 
amphibians may be important in concentrating lead in the food web. 

Dmowski and Karolewski (1979) suggested amphibians pose a potential 
hazard due to food chain accumulation. Residue levelsin amphibians 
from an area close to a zinc mine in Pol and were high due to 
accumulation via prey species (Ibid 1979) (Table 4). 

Hechanlsm for Toxiclty 

Binding of lead in amphibian skin has been shown to' be the result 
of the affinity of melanin for metals (Ireland et al. 1979) (Table 2). 
X. laevis adults exposed to similar lead levels were either dark 
adapted to increase the rrielanophore number, or light adapted to 
decrease melanophore number. Toads that were dark adapted accumulated 
significantly more lead than light adapted toads, implicating melanin 
as the lead binding site in the skin (Ibid 1979) (Table 2). 
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Lead exerts its toxic effects on amphibians in a number of ways. 
Kaplan et al. (1967) concluded that a reduction in red and white blood 
cells in ~ pipiens adults exposed to lead nitrate was l ikely the 
result of an inhibition of the hematopoietic tissues. 

Discolouration of the liver reported for Necturus (Dawson 1933), 
~ catesbeiana tadpoles (Barrett 1947) and ~ pipiens adults (Kaplan et 
al. 1967), is thought to indicate either that phagocytosis of red blood 
cells is occurring or that lead is being metabolized and excreted 
through the gallbladder (Kaplan et al. 1967) (Table 2). 

Lead can also affect vision. Dissected R. catesbeiana retina 
treated with lead caused a depression of the-amplitude of the rod 
receptor cells (Fox and Sillman 1979). The effect was reversible when 
lead levels were reduced (Ibid 1979). 

The main physiological mechanism of lead toxicity is thought to be 
the binding of lead to sulfhydryl groups and disruption of sulphur 
bridges (Celentano et al. 1979). This would change the structure of 
membrane proteins leading ta changes in ionic channels (Ibid 1979). 

c) MAGNES lUM 

Short-Term Effects 

Magnesium is an essential element that can compete with other metal 
ions and reduce their toxicity to developing embryos-(Mil 1er and 
landesman 1978). Magnesium at 2.0-200 mg/l greatly reduced 
teratogenicity in X. laevis tadpoles exposed to mercury, lead, cadmium 
and manganese. Sjnëe magnesium levels in amphibians are constant 
regardless of environmental levels, there may be competition for some 
common carrier mechanism that transports divalent cations into the 
embryos, thereby reducing metal toxicity (Ibid 1978). 

d) MERCURY 

Short-Term Effects 

Tests to determine the toxicity of twenty-two metals to amphibians 
revealed mercury to be the most toxic to Gastrophryne càrolinensis eggs 
(Birge et al. 1979) (Table 1). The toad was more sensitive ta mercury 
than three species of fish that were also tested. Ghate and Mulherkar 
(1980b) reported 100% mortality of Microhyla ornata eggs at the 
gastrula stage when exposed to mercuric chloride at concentrations 
above 3 mg/l (Table 1). r1ercuric chloride al so retarded development, 
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caused blisters on the body and curvature of the spine. The tadpole 
stage had a slightly lower resistance to mercuric chloride. Sublethal 
doses caused the tadpoles to be sluggish and distension of the body 
cavity was observed (Ibid 1980b) (Table 2). X. laevis exhibited many 
of these symptoms when they were treated withlTIercury at the egg stage 
(Miller and Landesman 1978). 

Birge et al. (1977) examined the survival of G. carolinensis eggs 
treated with mercury before hatching. At the lowest concentration of 
mercury (0.146 ppm) 61% of the hatched embryos died within four days of 
hatching. Eleven percent of the hatched embryosexhibited gross 
congenital deformities at hatching (Table 2). 

Studies using ~ pipiens embryos at different stages revealed death 
and serious developmental defects can be induced by trace amounts of 
methylmercury (Dial 1976) (Table 2). Frog gastrulae appeared to be the 
most sensitive embryonic stage of the three stages tested. 

Long-Term Effects 

Mercury caused severe damage to R. ni romaculata germ cells in egg~ 
prior to the first cleavage (Hah 1978) Table 2. Further prolifera
tion of primordial germ cells was much reduced. Loss of primordial 
germ cells can result in reduced gonads and complete or partial 
sterility (Bounoure 1954). 

Residues -. 
",~. 

Mercury residues can be accumulated by most aquatic biota (Cox et ~;;: 
al. 1975). Cox et al. (1975) found Ranidae tadpoles to accumulate 
moderately high levels (up to 6.41 mg/kg) when exposed to low levels of 
mercury. Less than 1% of the mercury residues in the tadpoles was in 
the methyl form (Ibid 1975) (Table 4). . 

In Yugoslavia mercury residues were measured in a number of amphi
bian species from sites with varying levels of mercury contamination 
(Byrne et al. 1975). The liver had the highest concentrations ranging 
from 0.19 mg/kg in frogs collected in uncontaminated areas, to 25.9 
mg/kg in ~ temporaria from a site near a mercury plant. The kidney 
also had high residue levels with lung, egg and muscle tissue accumula
ting almost an order of magnitude less merc~ry. The liver and kidney 
contained only a small fraction of the mercury in the methyl form, 
whereas th~ muscle contained almost 100% methylmercury (Ibid 1975) 
(Table 4). 

Dustman et al. (1972) analyzed organisms from lake St. Clair to 
determine their mercury content. Great Blue herons (Ardea herudias) 
and common terns (Sterna hirundo) had the highest levels while frogs 

~-. 
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(~ p'p,ens and ~ catesbeiana) had the lowest (Table 4). Though frogs 
form part of the diet of herons, the high residue levels were believed 
to have been caused by the fish they consumed which contained high 
levels of total mercury (Ibid 1972). 

Accumulation of mercury in the liver and kidneys is common in other 
animals. In mammals mercury binds to metallothionien and there is 
evidence that this is the primary binding site in amphibians as well 
(Mehra et al. 1980). 

~chanism fo~ Toxicity 

Mercury has a high affinity for sulfhydryl groups and may affect 
enzymes and proteins associated membranes with the most severe effects 
occurring at nerve membranes (Dial 1976, Arhem 1980, Ghate and 
Mulherkar 1980b). 

Mercury has been reported to exert its toxic effect on amphibians 
in a number of ways. Lesions in the rods in eyes have been shown to 
occur in the perfused retina of R. catesbeiana when exposed to mercury 
(Fox and Sillman ·1979) (Table 2)-. 

Chang et al. (1975) after observing complete mortality of R. 
ripiens tadpoles within 43 hours of exposure to low levels of mercury, 
b.05 ppm), speculated that the distention of the body cav~ty (Chang et 

al. 1975, Ghate and Mulherkar 1980b) and mortality was the result of a 
di.sturbance of the osmotic regulator system caused by mercury. 

Mercury at low concentrations (0.01-0.07 mg/L) can inhibit cell 
growth while at higher concentrations (0.1 mg/L) actually promote cel 1 
growth and tissue development (Chang et al. 1976). The actual 
mechanism for this dose dependent effect is not yet understood. 

e) SELENIUM 

Short-Term Effects 

Although selenium is an essential trace element it can be acutely 
toxic in high concentrations. X. laevis embryos (at the gastrula 
stage) and tadpoles exposed to ïOw levels of sodium selenite in daily 
renewal bioassays had increased survival compared to controls, but 
mortality rapidly increased at 2.0 mg/L and higher (Browne and Dumont 
1979). Although toxicity of selenium to tadpoles was not high 
(Table 1) 50% of those hatched from exposed eggs exhibited 
abnormalities in development. Exposures to selenium during the egg 
stage caused spine curvatures, tail flexures and malformed heads. 
Tadpoles treated with selenium exhibited erratic swimming behaviour and 
sluggishness as well as epithelial blisters, abdominal edema and 
degeneration of muscle cells (Browne and Dumont 1979, 1980). 
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Although toxicity for the egg stage was not measured, eggs 
experienced a lower rate of mortality than tadpoles. The gelatinous 
coating of the egg was thought to present a permeability barrier 
affording partial protection to the egg. 

In continuous flow bioassays, G. carolinensi.s eggs were much more 
sensitive to selenium with a 96 hour LC50 of 0.09 mg/L (Birge et al. 
1979) (Table 1). 

Residues 

x. laevis eggs exposed to 5 mg/L of selenium exhibited a rapid 
uptak'ë for the first 24 hours (Browne and Dumont 1979). Up to 50% of 
these residues were retained in tadpoles for extended periods of time 
(Ibid· 1979). 

f) ZINC 

Short-Term Effects 

Zinc was the second most toxic metal of twenty-two metals tested 
using G. carolinensis eggs (Birge et al. 1979) (Table 1). B. boreas 
tadpolëS exhibited higher resistance to zinc concentrations-.-Concentra-, 
tions of 39 mg/L of zin~ caused complete mortality within 12 hours 
whereas exposure to 0.1 mg/L caused no mortality even after El days of 
exposure (Porter and Hakanson 1976) (See Acid Mine Drainage Table 2). 

Birge et al. (1977) found G. carolinensis eggs exposed to sediment~ 
bound zinc, did not suffer highmortality or teratogenesis at hatching\~,;y 
(Table 2). 

Residues 

In laboratory exposures, the zinc residues accumulated by T. 
granulosa had a half life of 3 1/3 years (Willis and Valett 1978). 
Loss of zinc was temperature dependent with higher temperatures. 
shortening the half life. The skin, muscle, blood and liver had" the 
highest residue levels and together these tissues accounted for 70% of 
the total body burden (Ibid 1978) (Table 2). Dec et al. (1979) stated 
that zinc accumulated in the heart of frogs taken from the environs of 
a s tee l pla nt in Po land (Ta b le 3). 

Hechanism for Toxicity 

Zinc appears to exert its toxic effect in a manner similar to other 
metals. In myelinated nerve fibres zinc has been shown to slow the 
kinetics of the potassium system and alter sodium permeability (Arhem 

: '~{~~t 
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1980). Zinc can also change the sodium and potassium kinetics across 
epithelial cell membranes (Kanno et al. 1978) (Table 2). These results 
were thought to indicate that changes in membrane permeability are in 
part due to zinc combining with sulfhydryl groups in the cell membrane 
(Kanno et al. 1978) and in part due to the tendancy of the zinc to form 
complexes with certain ligands. 

g) OTHER METAlS 

Short-Tenn Effects 

In continuous flow bioassays Birge et al. (1979) measured the 96 
hour LC50s of a number of metals to ~ carolinensis eggs (Table 1). 

Components of acid mine drainage (iron, zinc, copper) were tested 
to determine their toxicity to amphibians (Porter and Hakanson 1976). 
Larvae were able to tolerate 20 mg/L of iron but at 30 mg/L there was 
complete mortality. Copper was toxic to B. boreas at 3.7 mg/L. When 
zygotes were placed in a solution of mine~rainage 100% mortality 
occurred within 12 hours (See Acid Mine Drainage, Table 2). 

~ pipienseggs exposed in static bioassays to copper sulfate at 
low levels, exhibited no toxic effects (Landé and Guttman 1973) 
(Table 2). The tadpole stage was much more sensitive (Ibid 1973) 
(Table 1). Higher mortality in the tadpole stage has also been 
reported by Kaplan and Yoh (1961). 

Resldues 

Residues of chromium, manganeseandcoppermeasured in R. esculenta 
from the Toce River, Italy, were 0.42-9.22 mg/kg, 23-958 mgfkg and 
7.63-32.4 mg/kg respectively in the tadpole stage (mean annual 
concentrations: chromium 0.01 mg/L; copper 0.005 mg/l; manganese 0.06 
mg/l) (Baudo 1976). Neometamorphosed frogs had significantly lower 
chromium and manganese levels (0.47 mg/kg and 25.0 mg/kg respectively) 
than the tadpole stage. The significant drop in chromium and manganese 
residues in the neometamorphosed frog was attributed to a change in the 
metal levels in their food, as the tadpoles shift from being primarily 
herbivorous to being mainly insectivorous adults. In adults copper was 
most highly concentrated in the liver (61-63 mg/kg) while chromium and 
manganese had the highest concentrations in the skin (1.27-2.47 mg/kg 
and 30.3-67.9 mg/kg respectively) (Ibid 1976). . 

Hechanlsm for Toxiclty 

Nickel and copper have been shown to slow down the kinetics of the 
potassium system in myelinated nerve fibres with copper having the 
greatest negative effect (Arhem 1980). Manganese and cobalt had no 

! 
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effect. Al 1 four metals, however did alter sodium permeability with 
copper causing the greatest decrease and nickel the smallest. The 
toxicity of these metals is thought to be due to a similar mechanism as 
described for zinc, where the metals combine with sulfhydryl groups in 
cell membranes and alter membrane permeability (Ibid 1980). 

Pytasz et al. (1980) reported a decrease in the general metabolic 
rate of frogs in an area close to a metallurgic worksite (See Metals, 
Ta b 1 e 2). 

Res'idues 

VIII RADIOACTIVE ISOTOPES 

a) CESIUM 

Radiocesium content was measured in ~ cinerea adults collected 
from a contaminated swamp in South Carolina (Dapson and Kaplan 1975) 
(Table 3). Variability in body burdens was attributed to an inverse 
relationship between body burden and body size plus a large' degree of 
variability in radiocesium content of food items. The biological = 
half-life for unfed adult frogs at 20-30°C was 30.1 days (Ibid 1975) : 
(Table 3). «.' 

b) COBALT 
.' 

LQng-term Effects 

Two B. canorus adults affixed with tags containing cobalt60 and ~ 
released1n the field for 41 weeks exhibited no ill-effects froln the 
exposure (Karlstrom 1957) (Table 3). 

c) STRONTIUM 

Short-Term Effects 

Birge et al. (1979) reported strontium to be one of the less tox;~ 
metals tested using G. carolinensis in flow-through toxicity tests 
(Table 1). -

Long-Term Effects 

~ granulosaadults exposed to radiostrontium for 25 days at 10°C 
exhibited an initial rapid uptake for 72 hours which declined without 
reaching equilibrium at day 21 (Willis and Valett 1971, 1976) 
(Table 2). The biological half-life was 136 days which was similar to 
the half-life in acute exposures using intraperitoneal ln je ct ions. 
Significant concentrations were found in the blood, liver, skin and 
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muscle although the bone contained the largest portion. The biological 
half-life of radiostrontium for ~ pipiens at 10°C after 
intraperitoneal injections was 22 days (Ibid 1971) (Table 2). 

d) IO~IZING RADIATION 

The effects of ionizing radiation on amphibian development have 
been comprehensively reviewed by Brunst (1965). 

IX OTHER COMPOUNDS 

a) IMDUSTRIAL EFFLUENTS 

~ laevis embryos exposed to sour water from a coal-gasification 
process exhibited high mortality and teratogenic effects (Dumont and 
Schultz 1980) (Table 1)0 The teratogenic effects ranged from tail 
flexure to gross distortions of the longitudinal axis, as weIl as the 
optic, cephalic, visceral and pericardial tissueso Loss of balance and 
reduced pigmentation were also common. The sour water was typical of 
most coal gasification processes and contained straight chain carboxyl 
aCids, and varying amounts of aromatic hydrocarbons, aromatic amines 
and sulphur compounds (Ibid 1980)0 

Ro rldibunda collected near the Katowice ironworks in Pol and had 
signTficantly reduced metabolic rates that were inversely related ta 
the distance fram the mi.ll (Pytasz et al. 1980). The reduction in 
metabolism was directly related ta metal residues in tissues (Ibid 
1980) (See Meta 1 s, Ta b 1 e 2). 

D) ACID DRAINAGE 

Short-Term Effects 

Runoff fram some rock types (particularly those containing pyrite), 
can be very acidic and have elevated metal levels which are highly 
toxic to amphibians (H~ckabee et alo 1975, Mathews et al. 1976, Mathews 
and Morgan 1982). Eighty-three percent mortality of Leurognathus 
marmoratus larvae occurred in Anakeesta acid metal leachate (Huckabee 
et al. 1975). The 72 hour LC50 for L. marmoratus larvae exposed to the 
1 eac hate from the same roc k depos it was 33% ( Ma thews and r10rgan 1982 J 
(Table 1). The combined effects of acidity plus elevated metals, 
particularly zinc, copper and aluminum, were considered to be the toxie 
components of the leachate (Huckabee et al. 1975. Mathews and ~1organ 
1982). The toxicity of the leachate was reduced by the addition of 
sodium hydroxide (NaOH) (Mathews et al. 1976). The sodium hydraxide 
raised the pH and reduced the metal levels by decreasing solubil ity and 
inducing the formation of metal complexes. Neutralized leachate had a 
72 hour Le50 of 113% (Mathews et al. 1976). 
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Porter and Hakanson (1976) attributed the absence of B. boreas from 
a creek in Colorado to a combination of toxic effects fromlacid mine 

'drainage that was entering the stream. The stream water was non-toxic 
only after a 1,000 fold dilution. The toxic components of the drainage 
were hydrogen ion, copper, zinc and iron (Ibid 1976) (See Acid Mine 
Drainage, Table 2). 

Short-Term Effects 

x ,VATER QUALITY 

a) NITRITE 

Toxicity values for Ambyostoma texanum larvae suggest that the 
salamander is extreme1y sensitive ta nitrite (Hueyand Beitinger 1980) 
(Table 1). Near1y 100% morta1ity was observed at leve1s as low as 2.5 
mg/L nitrite. However, when chloride concentrations were increas~d, ' 
larvae suffered no mortality in exposures to 10 mg/L nitrite. 
Ch10rides appeared to compete with nitrite in ionic uptake on 
respiratory surfaces, resu1ting in reduced uptake of nitrite (Huey and 
Be it i nger 1980). ",c 

b) pH 

Acidity is an important water quality parameter that can affect 
amphibians directly and indirectly by inf1uencing the toxicity of other 
contaminants. On1y the direct effects will be discussed in this ~ __ 
section. Indirect effects of pH are referred to in the section for the
chemical where an effect has been nated. 

Short-Term Effects 

The direct short term effects of e1evated hydrogen ion 
concentration have been observed at all 1ifestages~ Ferti1ization of 
~ pipiens eggs was reduced be10w pH 6.5 (Schlichter 1981) (Table 2). 
Be10w pH 4.8 complete failure of egg development was attributed to low 
sperm moti1ity. Fertilization was more susceptible to depressed pH 
than either activation or cleavage. The optimal pH for normal egg 
development was concluded to be above pH 6.0 (Ibid 1981). Gosner and 
Black (1957) estimated levels of pH that would allow 50% or more of 
embryos to survive in lab bioassays with tap water acidified with 
hydrochloric acid. The species and pH levels were as follows: 

/ 

Ac ris c re pi ta n s 
H. versicolor 
Rana catesbeiana 
R. pa 1 us tri s 
H. crucifer 
~ clamitans melanota 

4.7 
4.3 
4.3 
4'.3 
4.2 
4.1 



~ p'plenS 
Pseudacris nigrata 
~ sylvatica 
~ andersoni 
~ virgatipe 
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Gosner and Black (1957) also reported the observed lethal level for 
all these species (Table 2). 

Acid stressed embryos exhibited morphological and behavioural 
abnormalities that appeared to be a result of shrinkage of the peri
vitelline membrane. Embryos were cramped in the eggs and had diffi
cult Y hatching (Ibid 1957). Short-term pH depressions were also toxic 
to developing embryos. ~ sylvatica eggs exposed for short periods to 
pH 3.5-3.7 exhibited increased mortality with the degree of toxicity 
dependent upon the lifestage an~ length of exposure (Ibid 1957). 

A. maculatum and A. jeffersonianum had marked reductions in 
hatchTng success in lab and field exposures to pH less than 6.0 (pough 
1976, pough and Wilson 1977) (Table 3, Table 2). Tolerable pH for A. 
maculatum was 6 to 10 while ~ jeffersonianum tolerated pH 7 to 9 -
(pough and Wilson 1977) (Table 2). A. maculatum experienced greater 
than 60% mortality in ponds with pH ~O. Developmental abnormalities 
at pH 6.0 included stunted gills, swelling near the heart, failure of 
yolk plug retraction and curved spines (Pough 1976). 

Optimal development of amphibians is dependent upon both pH and 
temperature (Punzo 1983). Punzo (1983) by exposing Ambystoma texanum 
to varying temperature and pH values discovered that optimum hatching 
occurred within a temperature range of la to 15°C with a pH range of 7 
to 9 (Table 2). Beyond these ranges hatching success dropped to no 
survival at the extremes tested (Punzo 1983). 

Dunson and Connell (1982) observed a marked inhibition of hatching 
of X. laevis eggs at a pH of 3.9 (sulfuric acid) and a pH of 4.3 (bog 
water) (Table 2). In natural breeding ponds A. maculatum hatching was 
completely arrested at a pH of 3.6 caused by aëid precipitation 
(Niel sen et al. 1977) (Table 3). However, Cook (1983) found no 
significant correlation between pond pH and embryonic mortality for two 
species of salamander inhabiting ponds in an area of acidic rainfall 
(Table 3). 

R. catesbeiana eggs and larvae exposed at sites in a stream 
drainTng a bog which exhibited a natural pH gradient from 3.9 to 6.6, 
showed a positive relationship between mortality and pH (Saber and 
Dunson 1978) (See Bog Water, Table 3). R. catesbeiana embryos and 
larvae between stage 18 and 26 (Gosner 1960) were extremely sensitive 
to pH, whereas R. catesbeiana and ~ clamitans larvae beyond stage 26 
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were not sensitive. Mortality of R. catesbeiana and X. laevis was also 
greater in coloured water than clear water at the same-pH, indicating 
some other toxic component of the bog water (Sa ber and Dunson 1978) 
(Table 3). 

~ bufo and ~ Temporaria exposed to pH 3.75-8.0 exhibited dramatic 
increases in mortality between pH 4.25 and 4.75 (Beebee and Griffin 
1977) (Table 3). B. calamita was much more sensitive with increased 
mortality of eggs and larvae below pH 6.0 and complete mortality at pH 
4.75. Two abnormalities were observed preceding sorne instances of 
mortality in· the acidic exposures, an inhibition of growth beyond stage 
5 (Taylor and Kollros 1946).and a bloating of the body late in 
development (Beebee and Griffin 1977) (Table 3). 

long-Term Effects 

pH affects the distribution of many amphibian species (Gosner and 
Black 1957, Cooke and Frazer 1976, pough 1976, Beebee and Griffin 1977, 
pough and Wilson 1977, Hagstrom 1977, 1980, .Strijbosch 1979, Beebee 
1983) (Tables 2 and 3). Most species avoid acid waters, although s'ince 
there is a range in species sensitivities to acidity, some species such 
as R:. sylvatica and B..:. clamitans which are more tolerant, will be foun'èr 
in more acidic habitats (Gosner and Black 1957, Saber and Dunson 
1978). Other species such as A. jeffersonianum will be founa only in 
circumneutral habitats (POUgh and Wilson 1977). Although vegetation 
and other physical/chemical parameters are important in amphibtan. 
distribution,_pH was found by Strijbosch (1979) to be one of the most 
important habi-tat characteristics. Amphibians can detect sail pH 
gradients and so can actively select acceptable habitat acidity 
(Mushinsky and Brodie 1975). 

Mechanism for Toxicity 

~romm (1981) examined osmoregulation across R:. plplens skin ~ 
vitro at varying pH levels •. He found at low pH that the outer skin 
surface experiences a decrease in the flux of sodium ions into the 
skin, reducing overall sodium transport. He concluded that there was 
an ionoregulatory failure as a result of decreased uptake rather than 
an excess loss of ions. 

Oisruptions of ionic balance were speculated by Gosner and Black 
(1957) and Pough (1976) to be a cause of egg mortality. Gosner and 
Black (19~7) suggested that this was the cause of shrinkige of the 
perivitiline membrane during egg development (Table 2). 
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c) SAlTS 

The toxicity of three chloride salts (potassium chloride, sodium 
chloride, calcium chloride) were measured using ~ breviceps tadpoles 
in static bioassays (Mahajan et al. 1979). Tadpoles were most 
sensitive to potassium chloride with 73% mortality in 72 hours when 
exposed to 3000 mg/l. Sodium chloride above 5000 mg/l was highly 
toxic. Calcium chloride did not produce significant mortality until 
exposure to concentrations of 6000 mg/l and higher. All observed 
mortality was associated with respiratory failure and possible 
osmoregulatory imbalances resulting in sluggishness and loss of balance 
(Ibid 1979). 

Sea water is highly toxic to amphibians. ~ pipiens adults died 
within one hour of being placed in sea water (Bentley and 
Schmidt-Niel sen 1971) (Table 3). Post mortem analysis revealed that 
the frogs had accumulated large amounts of sodium through the skin and 
by drinking (Ibid 1971). 

XI EVALUATION OF AMPHIBIANS AS MONITORS 

a) CHEMICALS REPRESEfHING A POTEIHIAL HAZARD TO AMPHIBIANS 

Wildlife toxicological concerns can be divided into two broad 
areas, direct concerns for wildlife health and the use "of wildlife as 
indicators of envionmental quality. In both cases, it is important to 
be able to carry out controlled laboratory experiments and as well as 
field studies. 

The relative toxicity of various chemicals to amphibians are 
summarized in Table 5. Among the most toxic are the salts of heavy 
metals. The most sensitive life stage to ~etal toxicity is the egg 
followed by the larval and then adult stage (Birge et al. 1979). Birge 
et al. (1979) re~orted that treatment of the egg stage with metals 
(mercury, cadmium) produced mortality and teratogenisis in larvae at 
hatching (Table 2). r1ercuric chloride, at less than 1 ppm, caused 
mortality, abnormal development and retarded growth (Ghate and 
Mulherkar 1980b) (Table 2). Though differences in species sensitivity 
have been observed, tolerance to pollutants must also be a" function of 
the sensitivity of specifie life stages. Birge et al. (1979) reported 
the sensitivity of G. carolinensis eggs to cadmium, but x. laevis 
larvae resistance was two orders of magnitude greater (Canton and 
Slooff 1982) (Table 2). Adult ~ pipiens were more resistant to lead 
than Q.:. carol inensis eggs as reparted by Birge et al. (1979) (Kapl an et 
al. 1967) ~Table 2). Thus different life stages display greater 
resistanee ta contaminants than others within the life cycle of one 
species. 
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Meta1s are not on1y toxic to amphibians but are also readi1y 
accumulated in body tissues and can be concentrated as they are passed 
up the food web (Byrne et al. 1975, Baudo 1976, Browne and Dumont 
1979). Metals can be concentrated in amphibian tissues many times 
environmental 1evels and in some,instances the metals are retained for 
long periods of time (Ire1and 1977, Browne and Dumont 1979, Canton and 
Slooff 1982). Dial (1976) stated that in most environmental situations 
mercury stresswoul d not be a factor due to 10w envi ronmenta l l eve1 s, 
but that at point sources. such as industrial effluent disposal, 
populations ~ pipiens could be seriously affected due to their acute 
sensitivity to mercury. 

Of the insecticides the cyclodienes are the most toxic (Table 5)., 
In particular endosulfan (Korschgen 1970, Gopal et al. 1981) endrin. 
toxaphene (Sanders 1970, Hall and Swineford 1981, 1982). and dieldrin 
(Sanders 1970) are the most toxic (Table 1). Cyc10diene toxicity not 
only can result in mortality but can have long-term effects on 
behaviour, morphology and development'(Rane and ~1athur 1978, Hall, and 
Swineford 1980, Marchal-Segault and Ramade 1981). There is some 
indication that the tadpole stage is more sensitive to cyclodienes than 
the egg stage~ For lindane x. laevis experienced greater morta1ity in 
exposures as tadpol es than d"üring egg stage (r1archa l-Segau1 t and Ramade;< 
1981) (Table 2). Hall and Swineford (1980) reported ~ sphenocephala' 
experienced no mortality at the egg stage but increased mortality at ~ 
the tadpole stage when exposed to endrin (Hall and Swineford 1980). 

Larval amphibianshave exhibited an ability to store organochlorine 
insecticides i.n their fatty tissues, most impDrtantly the tail (Cooke ~ 
1970, 1973a, 1'974, l1cht 1976b, Lyons et al. 1976). During resorption > 

of the tail at metamorphosis, these residues are mobilized and result _ 
in mortality among young frog~ (Cooke 1970). Thus the hazard presented 
bysome organochlorines affects all stages of the amphibian life cycle 
up to the adult stage, where mobiliiation and excretion of residues is 
more efficient (Niethammer et al. 1984)~ 

Organophosphate insecticides presented the widest range in toxicity 
to amphibians (Table 5). Many organdphosphates had extremely hi~h 
toxicity (carbophenthion, parathion, malathion) (Sanders 1970) while 
others such as orthene were toxic onlyin large amounts (Lyons et al. 
1976, Geen et al. 1984) (Table 1). 

Symptoms of organophosphate poisoning were abnormal behaviour and 
development (Lyons et al. 1976, ~1archal-Segault 1976). and a1terations 
in thermal resistance (Johnson and Prine 1976) (Table 2). 

Organophosphate residues can be concentrated above background 
levels (Lyons et al. 1976). Parathion and fenthion can be accumulat~d 
to levels le'thal to ducks (Hall and Kolbe 1980) suggesting that 
organophosphateconcentration in the food web could represent a serious 
hazard at higher trophic levels. 
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Carbamate, organochlorine (except the cyclodienes) and pyrethroid 
insecticides were all moderately toxic to amphibians resulting in 
behavioural and developmental abnormalities as well as mortality (Cooke 
1970, 1979, Sanders 1970, Rzehak 1977, Jol1y et aL 1978, Hard et aL 
1979) (Tables 1 and 2). 

Cooke (1972b) suggested that the levels of some insecticides 
necessary to produce slight hyperactivity in amphibian larvae are not 
encountered in the field in Britain and that hazards from insecticides 
would only occur due to misuse or accidents. 

Acidification alone can impair egg and larval development (Gosner 
and Black 1957, Pough 1976, Pough and Wilson 1977, Schlichter 1981). 
The lowest pH that embryos can survive are l isted on page 82.- In view 
of the acidification of lakes and other smaller water bodies in eastern 
North America and much of Europe the effect on a number of species of 
amphibians should be a matter of concerna In addition to the direct 
effects of increasing acidification there are chronic effects on the 
ecology of the pond, changes in habitat structure, predator-prey 
relationships, food resources etc., which may profoundly affect anuran 
populations. 

Amphibians which breed in temporary pondS may be the group most 
vulnerable to ac1dic precipitation. These temporary bodies of water 
often refill with rainwater and snO\\ffielt during the early spring. 
Acidic water entering a dry pond is not diluted and may encounter 
little buffering as it enters through surface flow rather than as 
ground water. Semkin and Jeffries (1986) found that ionic 
concentration in the sno\\ffielt was 2 to ten times greater than that of 
pre-melt material, the so-called "acid-shock". 

The herbicides and fungicides include chemicals with a wider range 
in their toxicity to amphibians (Table 5). Malachite green had a 96 
hour LC of 0.068 mg/L while OSMA had a 96 hour TL50 of 271 mg/Le 
Behavioural and developmental abnormalities have been observed after 
short or long term exposures to some herbicides (Arias and Zavanella 
1979, Scorgie and Cooke 1979, Ghate and Mulherkar 1980) (Table 2). 
Herbicides may exert indirect effects by altering the environment, for 
example the use of 2,4-0, which'has low toxicity to amphibians, has 
been considered to reduce the diversity of prey species in an area and 
thus cause a reduction in amphibian numbers (Cooke 1972b). 

A symptom of toxicity common to many of t.he compounds discussed in 
this review is an alteration to some degree of normal behaviour. This 
has been shown to put amphibians at a selective disadvantage which 
could result in depletion of som~ natural populations by overpredation 
(Cooke 1971, Lyons et al~ 1976, Hall and Kolbe 1980, Mohanty-Hejmadi 
and Outta 1981) (Table 2). 
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TABLE 5 
RANKING OF TOXICITY OF POLLUTANTS BASED ON THE 96 HR LC50 

CHEMICAL SECTION SPECIES STAGE 96 HR LC50 RE' 
mg/L 

Mercury Metals Gastrophryne carolinensis egg 0.001 19 
Endosul fan Insecticide Rana tigrina tadpol e 0.0018 5 
Endri n Insecticide Rana catesbeiana tadpole 0.002 10 
Zinc Meta l s Gàstrophryne carolinensis egg 0.01 19 
Carbophenthion Insecticide Pseudacris triseriata tadpole 0.028 2 
Chromi um /1eta l s Gastrophryne carolinensis egg 0.03 19 
Arsenic ~1eta l s Gastrophryne carolinensis egg 0.04 19 
Cadmi um Meta l s Gastrophryne carolinensis egg 0.04 19 
Copper ~1eta 1 s Gastrophryne carolinensis egg 0.04 19 
Lead /1eta 1 s Gastrophryne carolinensis egg 0.04 19 
Aluminum Metals Gastrophryne carolinensis egg 0.05 19 
Coba 1 t Metals Gastrophryne carolinensis egg 0.05 19 
Germanium Meta 1 s Gastrophryne carolinensis egg 0.05 19. 
Nicke l Metal s Gastrophryne carolinensis egg ::- 0.05 .. +,,9;1 
Toxaphene Insecticide Rana sphenocephala larval 0 • .:9.32-0.054 ,;Ji 
r1alachite green Fungicide Bufo lP..:.. tadpo le .. - 0.068 1)3 
Selenium r1eta l s Gastrophryne carolinensis egg 0.09 19_~ 
Tha 11 i um Meta 1 s Gastrophryne carolinensis egg 0.09: .-: 19 
Tin r1etals Gastrophryne carol inensis , egg O. 09~; 19 
Dieldrin Insectic ide Pseudacris triseriata 1:adpo le 0.10 2A 

Tr i fl ura lin Herbic ide Bufo woodhous i i tadpole .- 0.10 -'--': '''2:-~ 
Guth ion Insecticide Bufo wàodhousii tadpo 1 e -" 0.13 'C::-t~ 
TDE Insecticide Bufo woodhousii tad po le 0.14 r 
Aldrin Insecticide Bufo woodhous i i tadpol e 0.15 · .. ·t 
Strontium Metals Gastrophryne carolinensis egg 0.16 19 
r1alathion Insect lc ide Pseudacris triseriata tadpole 0.20 2 
Antimony Metals Gastrophryne carolinens1s egg 0.30 19 
~1ethoxychl or Insecticide PseudacriS triseriata tadpo le 0.33 2 
OEF Herbic ide Bufo woodhousii tadpole 0.42 2 
Heptachlor Insecticide Bu fo wood hous i i tadpole 0.44 2 
Furanace Fungicide Rana pi pi ens la rva l 0.77 17 
DDT Insecticide Pseudacris triseriata tadpol e 0.80 2 
Parathion Insecticide Pseudacris triseriata tadpo 1 e 1.0 2 
Oiperonyl butox ide Insecticide Pseudacris triseriata tadpole 1.0 2 
Nitrite Ni trite Amb,lstoma texanum larval 1.090 6 
Hydrotho1 191 Herbicide Bufo woodhous il tadpo 1 e 1.2 'J 

'-

/1anganese Metal s. Gastrophr,lne caro1inensis egg 1.42 19 
Nal ed Insecticide Pseudacris triseriata tadpo le 1.7 2 
2.2-0PA Herbicide Limnodynastes peroni tadpole 2.0 l 
Lindane Insecticide' Pseudacris triseriata tadpole 2.7 2 
Tungsten r1eta 1 s Gastrophr,lne carolinensis egg 2.90 19 
Ami troJ e-T Herbicide Adelotus brevis tadpol e 3.0 l 



Benzene hexachlor1de 
Acridine 
Fen i trothi on 
Permethri n 
~101 inate 
Fenoprop 
Paraquat 
Qu1noline 
!>1 cl oram 
Sodium arsenate 
Dlcamba 
r1a tac i 1 
An 11 i ne 
2.4.5-T am1ne 
2.4-D amine 
DSMA 
Pyridine 

References: 
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Insecticide Bufo woodhous 11 tadpol e 3.2 2 
Organics Xii10pus laevis egg 3.5 13 
Insecticide Rana clamitans tadpol e 4.9 7 
Insecticide Rana catesbeiana tadpol e 7.033 15 
Herbicide Bufo woodhousii tadpole 14.0 2 
Herbicide tlmnodlnastes peroni tadpo le 22.0 1 
Herbicide Bufo woodhous il tadpole 26.0 2 
Organ1cs Xii10pus laev i s egg 79.0 18 
Herblcide . Ade10tus brevis tadpo1e 95.0 1 
Herbicide Adelotus brevis tadpole 96.0 1 
Herb1 c ide Limnodlnastes peroni tadole 106.0 1 
Insecticide Rana clamitans tadpol e lla.O 7 
Organics "X'ë'nOpus laevis tadpole 150.0 18 
Herbicide Limnodlnastes peron; tadpol e 169.0 1 
Herbicide Adelotus brevis tadpole 200.0 1 
Herbicide Limnodlna~tes peroni tadpol e 271.0 1 
Organics Xenopus laevi s tadpole 1090.0 18 

I=Johnson 1976. 2=Sanders 1970. 3=Marchal-Segau1t 1976. 4=Dumont and 
Schultz 1980. 5=Gopal et al. 1981. 6=Huey and Bejtinger 1980. 7=Lyons 
et al. 1976. a=Hall and Swineford 1980. 9=Wohlgemuth 1977. 10=Hall 
and Swineford 1981. 11=Mathews et al. 1976. 12=landé and Guttman 1973, 
13=6111s et al. 1977. 14=Browne and Dumont 1979, 15=Canton and Slooff 
1982, 15=Jo11y et al. 1978. 17=Marking et al. 1977. 18=Davis et al. 1981 
19=Birge et al. 1979. 
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b) TOXICITY TESTINGTECHNIQUES 

Several spec;es of amphibians are readily available from the field 
or from commercial distributors. Adult anurans can be housed at low 
temperatures, without food, until they are to be used. They can be 
induced to spawn readily (Rugh 1962, Browne and Dumont 1979). Spawn 
can be collected from the field and developed under laboratory 
conditions. Development .in lab aquaria can easily be observed and 
amphibians do not generally require a large amount of water or space. 
Some studies have shown that anurans require less attention during 
these processes than urodeles. Urodeles require live food and can be 
difficult to handle, making anurans more attractive as a test organism 
(Slooff and Baerselman 1980). 

Amphibians have several other attributes that make them useful test 
organisms. A short life cycle which involves physiological, 
histological and anatomical changes (Cooke 1981), allow observations of 
the complete cycle over a short period of time (Birge et al. 1975). 
They respond to environmental contaminants in manydifferent ways and 
these can be monitored over the life of the organisme 

Some concerns that are evident after reviewing the amphibian 
toxicological literature about methods and techniques that should be 
evaluated prior to any toxicity testing are as follows: 

1. Section of species. There 1s a certain degree of species 
variability in response to environ~ental pollutants (e.g. Sanders 
1970, Cooke 1972a,b, Rzehak et al. 1977, Birge et al. 1979) (Table 
1). Although it is generally recommended that the most sensitive 
species be used in any toxicity testing, so l ittle is known about 
the sensitivity of most amph1bians that it is difficult to choose a 
single indicator species. ~ laevis and ~ pipiens are often used 
in toxicity testing. X. laevis does not naturally occur in Canada 
and may not reflect thesensitivity of native species. ~~henever 
possible a number of species should be tested and results from 
single species should not be generalized to cover a11 amphibians 
until species sensitivities have been more extensively investigated 
(Hall and Swineford 1980, 1981). 

2. Lifestages sensitivity. There is a wide range in sensitivity of 
lifestages to the same toxicant (e.g. Cooke 1972a,b, l.Johlgemuth 
1977, Lyons et al. 1976, Hall and Swineford 1980, Davis et al. 
1981). In general, adults are more tolerant than either the egg or 
larval stages. The egg and larval stages exhibit wide ranges in 
sensitivity (Hall and Swineford 1980, Davis et al. 1981). The 
sensitive stages vary greatly between toxicants presumably 
dependent upon the physiological processes that are occurring in 
the organisms du ring the developmental stage and the phys·iological 

t.··~ 
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mechanism causing toxicity (Davis et al. 1981). One process that 
has not been considered, except with respect to pH. is toxic 
effects on fertilization and egg cleavage. Schlichter (1981) found 
fertilization of ~ pipiens eggs to be highly sensitive to pH 5.8. 
Species may be experiencing high mortality during fertilization 
which is not measured in standard egg bioassays. In all bioassays 
as many lifestages as possible should be tested and in all 
instances. the exact stages when exposures were intiated and 
terminated should be reported. 

3. Toxic effect. Mortality. as measured in bioassays, is not the only 
toxic effect that can be induced by a poll utant. Behavioural, 
morphological and developmental aberrations that occur during 
chronic dosing at levels much lower than the LC50, can also be 
important measures of toxicity (e.g. Cooke 1970, 1973a, 1981, Lyons 
et al. 1976. Rzehak 1977, Harri et al. 1979. Hall and Swineford 
1980). Residues are an indirect toxic effect that should be 
considered, particularly for pollutants that have little effect on 
amphibians but that may accumulate and pass up the food web (Rosato 
and Ferguson 1968. Collins et al. 1973, Baudo 1976). 

4. Dilution water. Although dilution waters should vary to represent 
conditions where the pollutant is a concern, the water 
characteristics should always be reported, particularly pH, 
alkalinity and oxygen content. Generalizationscannot be made 
about the effects in all water qualities. pH is an important 
parameter that can be toxic by itself (Gosner and Black 1957, Pough 
1976) and also can infiuence toxicity (Hashimoto and Nishiuchi 
1981). Dissolved organic carbon levels are also important because 
some toxicants, such as metals, can interact with organics and 
modify the toxicity (Baker and Schofield 1980). Hardness or 
alkalinity is closely linked with pH, but alone it can influence 
toxicity (Porter and Hakanson 1976). For example, metal toxicity 
is greater in soft water than in hard water at the same pH (Ibid 
1976). 

s. Temperature. Toxicity can also vary with temperature during 
exposures (Licht 1976b, pough and Wilson 1977). Temperature.should 
always be reported and experiments should be conducted at a 
temperature comparable to what would be encountered in field 
conditions. 

6. Holding technique. With only a few exceptionsi aquatic amphibians 
inhabit lentic waters, often small temporary pools or ponds with 
very little water flow. Flow-through experiments may therefore not 
represent an accurate field situation. To maintain toxicant levels 
and avoid build up of waste product a flow-through system is often 
preferred to static bioassays. Hall and Swineford (1981) found 

/ 
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flowing water, with a five hour replacement time, caused moderate 
mortality to B..:. septentrionalis tadpoles and in later experiments 
reduced the flow to a 24 hour replacent (Ibid 1981). In comparison 
with Sanders' (1970) methods Hall and Swineford (l980) found that 
continuous-flow methods yielded lower LCSO estimates than static 
methods. However, flow-through methods with a rapid renewal time 
do not duplicate conditions in the field. Further investigation is 
necessary to fully assess the implications of static and 
flow-through bioassays on different l ife stages •. 

7. Rearing density and body size. Rearing density can affect size of 
tadpoles with high densities (50 tadpoles/L) producing tadpoles 

8. 

half the size of those reared at low densities (la tadpoles/L) 
(Cooke 1979). The significance of size is that large individuals 
can be more resistant to pollutants than small individuals. For 
example body si~e was negatively correlated with T. cristatus 
sensitivity to Maneb (a fungicide) (Zaffaroni et are 1978) and 
copper toxicity to B..:. pipiens tadpoles (Landé and Guttman 1973). 
Bioassays should therefore include either a random sample of sizes. 
or should be designed to incorporate any effects of body size. 

Observation periode The observation period to observe lethality ~~ 
after exposure to different chemicals needs to be determined for _ 
different groups of pollutants. Hall and Swineford (1980) reported 
much lower LeSas for toxaphene based on a 30 day observation period 
than Sanders (1970) did based on a 4 day observation periode Hall 
and Swineford (1980) attribùted their lower LCSO mainly to the 
longer observation period because most mortal Hies were observed '." 
after the 4 day dosing between 1 and 26 dQYs after exposure. 

There are no generally accepted standardized techniques for 
toxicity testing using amphibians. The wide range of bioassay 
methodologies used in measuring LCSOs makes comparison between studies 
very difficult. The United States EPA (197S) has published a detailed 
methodology which is recommended for use in toxicity testing of 
amphibians. However, it 1s designed mainly for fish, and to a 1esser 
extent, aquatic invertebrate testing, and it does not fully address 
amphibian toxicity testing. 

c) AMPHIBIANS AS MONITORS OF ENVIRONMENTAL POLLUTANTS 

Ideally indicator species should be both representative of a 
specific trophic leve1 within the ecosystem and capable of being used, 
at reasonable cost, under laboratory conditions. The latter 
requirement has a1ready been considered under section XI b). 

The requirements for indicator species were 1isted by Moore (1966) 
as fo 11 ows : 

/ 
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(a) The species should be widely distributed. relatively abundant and 
easy to collect. 

(b) If monitoring ;s to be carried out by chemical analysis of organs. 
these should be large enough for adequate sampleso 

(c) It should be possible to ascertain the age of the individual. 

(d) The level of residues in the species should be between the limit of 
detection and the limit of crude toxicological effecto 

(e) If measurements of locâl changes are required~ the species must be 
sedentaryo If the degree of contamination of a large area is to be 
measured, species with more extensive ranges can be usedo fn 
either case the range of the indicator species must be known. 

Dumpert and Zietz (1984) considered that the platanna (X. laevis) 
could be used as an indicator species for determining embryotoxic 
effects of environmental chemicalso It met their criteria that it was 
available in sufficient numbers and at an acceptable cost at any time 
of the year and was adequately sensitive. 

Cooke (1972a) has stated that under normal usage patterns that most 
insecticides would probably not be likely to reach levels high enough 
to induce toxic effects in the field. Meeks (1968) and Niethammer et 
al. (1984. 1985) believed that adult anurans would not be useful as 
indicators of organochlorine compounds as they do not accumulate 
residues in proportion with environmental levels. 

The toxicity and toxic effects of organophosphate insecticides to 
amphibians varies greatly (Table 1) and due to the low persistence of 
these compounds in the environment, results are difficult to compare. 
Pearce and Priee (1977) reported that spraying operations using 
fenitrothion represented little hazard to amphibians when used 
according to recommended field application rates. In contrast, Johnson 
and Prine (1976) reported that fenthion even when used at hal f the 
usual concentration caused marked physiological changes. These 
results, the apparent tolerance to cholinesterase inhibitors by 
amphibians (Potter and O'Brien 1964) and the generally low toxicity of 
organophosphates (Edery and Schatzberg-Porath 1960), indicates 
amphibians would not be adversely affected by many organophosphate 
compounds in the environment. 

Arias and Zavanella (1979) presented data indicating the 
feasibility of using forelimbregeneration in newts as a model for 
assessing the risks incurred by the use of pesticides. However, the 
applications of this method may yield results difficult to apply to 
environmental situations. 
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Birge et al. (1973, 1975, 1976,1977, 1979) have studied the 
effects of metal contamination on amphibians and the possibility of 
using amphibians as bioassay and bioindicator species based on the 
sensitivity Of some amphibian species. Birge et al. (1975) considered 
that amphibians are an ideal test organisme The authors noted that due 
to differences in species sensitivity, that conclusions should be based 
on results from two or three test species. Birge et al. (1979) noted 
significant differences between urodele and anuran sensitivity based on 
individual ecological requirements, and concluded that sensitivity to 
environmental stress may be related to individual life cycles and 
requirements. 

The sensitivity of amphibians to metallic contaminants may allow 
environmental monitoring of these compounds using amphibians as 
indicators, once standardized techniques and repres~ntative species 
have been established (Birge et al. 1975, 1979, Niethammer et al. 
1985). . 

Amphibians can be used to monitor the effects of acidification. 
The survival of embryos has been related to pH, under both experimental 
and field conditions (see Section X b)). Fish are widely used monitor, 
species for the impact of acidUication. Amphibians could be used to .. c. 

broaden the approach and might be particularly valuable for assessing i1 
the impact on temporary water bodies. 
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~ """"" 26.0 pp:> AnICo14 not (ad dur ll"q ln,. 1987 

dQill' (6.86-
6.94) 

I_old , 2.62 2.48 1.58 
(2.lI- (2.0.- (1.4-
Z.8) 2.81 1.8) 

l_ old 2.78 Z.66 1.81 
( 2.11- CZ.2- (1.4-
'.0) Z.81 2.0) 

... ..... -- - -

. 

'.Ie 1 - _ '.kit, (_'d) 

t .... r_UI Condlh ..... lC ,gc 

Cont.Min __ t· Speeiee Stage/_ FI"'" ,_. Mol_log, Allcoollnlty 24 hr 48h< 96 hr {(racle" " __ ,ka A.rer~H 

'C (pli) 

C-... (cont'dl - !l!!!. rogular'a tdlÛt f •• l_ - - 51""11 .. 1 ... - - - . 241>.-22 tUl.y et .1"9 1996 • 
25 : ".J q injecUon 4' h. - 18 

CdCIZ 96hr-6.Z 

7 dey 

... G .. t~!l!!! .-bryo .. 8 - 811'11_ • 1".0 ! 0.0- fllPOaur. ft • . ; 14 • I:Urqe et 81 ... 191'111 
c&nUÎnenaJ.. lar •• ! 11.0.- Siock '.4- f.rtilh .... Uon 

7.81 197Je.b he_ t •• daya 90al halch 
.. c"tlI, 

2'" hr 48nr " hr 

- !!!!!!!!!!!!!:!! , ... - c 20! 1 Dutcll 1.7 _I/~ 
'" '.1 - .... '_le ['(ec:t le .. e' ". :Ii 10. Canton .., Sim", St __ 1-

hard_ tl6) (n.8) ro. Z4 G' l8 nr -Z.2. Valuea are corrected I98Z • 
.. U .... (b_ on ocl ... 1 laal 
°1'11 .. 1_ 

carc.nttattona) t 
tian 1980 tllCortl!lliCted v.tuse 

.re in per.,lhe_lI .. 

C-... HUrlllA -~ , ... - A 20!' 1 - - - 1.' . - N :1: 10 (or iNCh ~a.. sl .... 'r .... 
.!!!!!!S!!!!! 

poet -
!JI'Ijani_ .... l tell dur I.nq e.erwl .... 1980 
.. pt. . !!!!!!I!!!!. !!!!:!! , ... - . . . - 'Z -

90al hetell 

/ 
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(wperiMntel ConditioN LC lO" 

Coot_ln.,t- Sc;aeci •• St "'lei "'le fi.,.!> ,_. ,.,t_ol"", AhaUnity 24 nt 48 nr 1% hr 96 n, (rr""toC R .. arlte References 
·C (pH) 

Cadrlll.II HUr ete .. ~!!!!!! , ...... aka A 20: 1 · · - lO.Z - · ,.. !! tO pet c:oneentr.Uon~ d1t : •• r1 end 
(cont!d) • Id 1.ty .. 5100((. 1981 

C •• tan Cr) .. Bure buta t..d90~_ - · · · · '.0 . · nhl MI Inert lftinq (unI .. l.lttd Ih'~lh! .. d U '.h' 
J!!pO!!lc .... Ptod~t~ NilhiuchÎ. , 1981 , 

C."" ... ,I (Cl .. !!.!:!!. hgtin. lodpol .... A · · - Mltdt .. Re.l.t....:. f l_. H , 1U pet qto\.O. Mar,." et el., 
.. l.qht.. (or o.S CI t.ldpola, lC'50 10 .. lqht de".""ent 1981 
0.1 9 n.8 8.%5 - &.1 'SI,., _in .. 10 Ppclt rector. 
0.D2 g · . - &.% 1 '0 _in et 

10 _. 

1.29 · - - 11.1 

-!!!2 !!!!!!. Z&-}1 da, A tO! 1 - · ZO.~ 18.Z- 16.8- · Oevel~t slowed. 9..,,, eonfidence lnter.a's_ Harehal ~S~l'IIu' t" 
old todpol .. Z, .8 ZO.8 ZO.6 1914 

.. Buro b,,(o l_l .. - · - · 7.2 - · Obt.ined ,.,inq fo,,",ul .. tr.4i ".""'imnlo arld 
J.".."ICUO product .. ,'Ü5hluchi.. 1981 

Z4 hl' 48 ht " hl' 

Carbophenthion (OP) .. ~ t ..... ald A U.S t - '0_ 0.10 O.O~ 0.028 • : la. Senders" 1970 

~ l_l .. ~ ...th,1 (0.0'0. (0.010. (O.DO&- 91'S!: c:onft.denee tiJtite 
(7.11 ora"'Je 0.20) O.lSI 0.117) ln bre1cete. 

Ex.-rUltlntel ConOiUOf\8 lC SO" 

Cof\t .. 1n.-.te Specle. Staqe/"'la n.,.I> ,_. Het_lèIj, Alqlln.t.t., 24 nt 48 hl' 96 hl' (ff""toC A .. al'ke Re(el'enc~$ 

·C (pH) 

Cart> ... ,.al'" 1- -~~ }-\ ... ek8 _1- 21 ~ 2 - · - - 1,800 .. lest i!)Olutlona col'l'ectt!ld Canton And 
et.CC:1nate st_tic J,2oo for 0_'9'" content. Sloo". t'fflZb 

Cart*9 - 8ufo buto t"poh. - - · - ~.4 Ohlllll''''. l~HM, f",w".'.tftff Urt·d"" ... to "M' 
J!!Pon1cua prudu.:t. N1ShlUChl. t'/IH 

'-thloto ... )- -~ l.!!.!.!! J-4 .... k oid A ZO !' , - - 41 - N , lO flttr cont:eul ratIon. ,h- ' .... rI "M' 
b~topa1e 1er .... Slnorf • 19tH 

'-0.10'0-2- .. ~l!!.!!!. , .... -en old A 20!, , - - - 10 . N , 10 pttr C()f"renl ratl<)o. LI ... l .. arl t1nû 
_u" l propane lat ... 5100('. 1981 

6-0.1 ...... 2_ .. ~ '_.Id A I~.S ~ . '0 p~ le tz 4.0 H :: '0. S.nchtts, Ino 
pu:ollnlc Acad (H) ~ t_l .. ., ......,1 (9.0. (6.0. (2.0. 9". confidence lialte 

(7. ') atq. 27) 24) 10.01 ln brckete .. 

J~loro-I,2 .. - ~l!!.!!!. , ... _ ald A 20 ! 1 - · - se, . N : ta per conefWltretUJA_ de 1 •• "t end 
p"o,.,_lal lu ... Slooff, 1987 

'-0.10 ..... 1- - .!!!:!I!!!. l!!.!!!. , ... _ ald A ZO:t , - · . %nO - I\C :' 10 pet ConcfWltt.ti.On. de l •• l't and pr_, 1 .. _. 5100(( , 1981 
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Exparil:lc:ntoi CondiUono Le ~ 

CantccuncntO Sjlecl •• StlD9o/ "le rI.JI r_. Mat_l"", Alkalinit, %4 ft, • 8 nr 96 " • urecta" Rnlark9 Referencn 
'C (pli) 

J...ctalonlorop8no -~~ , .......... olcl 4 20,! 1 - - . O.J4 - t4 s 10 pel" concentration .. de ZW.ft. and 

lDum S1oo". 1981 

7 clay 

Otro::31tCt (K) - GtlDtr!!l!!!%Œ _rya- 8 - Bl._, t-n.O! 0.0' (.~ rru::;l f.rtilile- N , '4. Ul('ll'" nl .. 1., 

COI'OI inoncuQ lorvo1 (7.0- 81",11 l.' pp::> lion t.o 4: da.,. post note". 1~79g: 

7.81 1977.", ho..-
ca CoCO, 

24 .... 48 hl' 96 .... 

- l!!!!!! l_l .. A 29-JO APMA al QI. 120-160 H.97 H •• ' '9.29 ln hlqh cuncentrotiono 9~~ confio8I"M:o 1 ml\. 1(h~orot ..... 
ro:olcnctJ;t1ct!e 1 .... 2.2 "" (7.1- 1976 "911. o. (49.1A- (49.21- (.,.,,- ..... 'cc.tnq •• trOlie body in brcckoto. A_'f. 1981 

7.61 CoCO, 65.48) 61.61) li.") ~t.. 1000 of Analo nul ree! %4 hl" 
eqwHibriu:l rut" .. -priar to or OUfV'q test'S .. 

Cit ... -l-S -~~ M_ _1 21 ! Z - - - - 10,0IIII leet mlutiot'tS eoftected Catlton W1d 

stoUe 18,0IIII for pH and OIlyqen content. SI..,rr, '9320 

7 cio, 

C ... eit (II) ... Ccctr!2!!!lno --- B . 81"'10 , '.'.0 '! 0.05 [~c=asure rr= rert i 11'0- N • 14. 8irq. et eL. 

ca.roUncnJlS 10,,,01 (7.0- 81"'11 5.4 pp::> tian to 4 do." poet hOtch .. 1,"19. 

7.8) 1977.01> ""-... CoCO, 

EJl:perillllllnt.l COACÜtionw LC 'ri' 

·Cont .. i.nant - Spacin St_l_ H.,.!> r_. Met_loqy Atlr.Unit" 24 t'Ir 48 "r 96 nr f'fect..c o~tIra 
'r. (pH) 

°f'!rerence, 

C .... it .. L t.!x!7natn - n Colbolt-60 - - - - LOSa .. lues (G,I: N = 100 - 120. 
(6Or;o) 

Pant.r~ 1986 
t-.nienlil g-

r.at1_ f,. _ 
lker.trort 
unit ot 
dose reta 
or o., Cyl 
,.1n. 

r.rtilhed egq 0.6 4U da., ubser •• tton .. 
(.lS ".) 

hte cl •• ".,. J. , ((1 da, obllUt,.at ione 
(lOnr) 

taU bud 9.9 40 da" o,baeneUon,. 
(H ".) 

"_.rtbeat. !O •• 60 day Ob.er ... Uon. 
Cl cIIoy.) 

•• rt, Il ... _ 20.% 60 day obser •• U,on .. 
(9-10 de,..) 

t .. 24.9 60 da, obser· .. tiM .. 
cIIo .. l--, 
(40-SO cio,.) 



Cont .. lnant 8 

CoIIoil 
(60Co ) 

(cont 'dl 

Cappor (H) 

Copper (cont"d) 

Copper Su1 hte 

Species 

.. !:!!!!. 
_l..,.Uctua 

... Hlcrohy1. 

.!!!!!!!.!. 

SpecUI. 

.. C .. trophryne 
cerolinenel. 

Stage/age 

met-.rphOS1S 
( 60 do,.) 

YCM.RJ rroq 
( BD' dO,.) 

l_l .. 
1.8-2.2 c. 

t_l .. 

l ""ek old 

" .... old 

Stage/~e 

eabryo

'ar'Wal 

hr'WIIl

w..hatel,. 
poet hIItch 

adulte 

... !!!!2e:!!. l!!!!!. ,.. lII8trk old 

1arw-. 
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, 
ElIp.r~.l CondLUons 

F 10Jl ,_. Metl'lodoloqy AlkalinUy 
'C (pit) 

. 2~ O.J C.,I_in . 

A 29·)0 APHA et 01 • 1211-160 

(7.1. 1976 "'IlL .. 
, 7.6) COCO, 

n- 2'.~· . 97.a 

..- 26.0 9B.a _ 

daii., (6.B6-
6.96) 

F'l~ TNp. Hethadolaqy "'''.Unit., 
'C (pH) 

Bi 1'9. , 

(7.0- Block 
7.8) 19770.h 

1.2 
(7.7) ! 
a.SI 

20 

20 ~ 1 

19).Q !' 
S., pp" 

h.rd .... ' 
ea c.ca, 

290 t )Z 

"'IlL .. 
CoCO, 

26 hr 

. 

.B" 
(.7)1. 

.9)6) 

S.61 
(S." 
S.B) 

6.00 
(S.6-

6.') 

za tir 

LC ,~ 

48 hr 96 hr 

. . 

.... .'2 
( .l6. 
.H) 

,. JI S."'" 
( s.a- ('.7,' 
S.,) S.1) 

S.7. S. '. 
(S." (S.O-
6.2) '.B) 

LC ~ 

0.06 

72 hr 

O.IS 

'0 dey 

.00161 

'8 hr 96 hl' 

1.7 

~rrectsC Aem.arks 

lB.l 160 de." obsllr'Wation. 

lB.7 160 dA, ob~IIr'W.tion. 

IJ~: cun' l_I,.olIe., U .. iltl in 
breckets. 
Anl ... le nul red 2_ hr 

priar ta or durinq tests. 

Ranqe in be-adutta. 
Ani_ls not rad durlnq 

tests. 

ErrecteO 

(_po.ure rra- N = ta. 

'erU lil.hon to 
4 de" paat hatch .. 

N :: ,~ pel' concentration. 
Survive. tUle ... 
positi'WlIl, corralated 
... th .. uqht of tadpole. 

N = la pel' concentration. 

References 

PBnter, 1986 

(cont 'dl 

KIIIII"Jarul ..... J It." 

"B7 

"'80 lIfld Halll.,8~tha. 

1987 

Re.fl!'rences 

BHqll et al •• 1979Q 

Lllnd~ _Ill GulllllAII1. 

1971 

Ka." .. end 'toh. 1961 

de l .. rt .nd SI 00". 
1987 
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Idll .. 1 • ~ IGlu",t, (_'dt 

t.:p:arlDCAtol Condltlona LC 50" 

ContCQlncntO St:;IOClOO St aq .. 1aqa fl.".D T_. ~_lcq, "lkaHnlt, 2_ nt "8 ... " nt (((.cta" R.::ulrlco Rer.une., 
'C (pli) 

~tuol - !lcbyoto::1O '''''''' **'3'Qko A 20 * 1 - - "0 - N ~ 10 ror eccl'1 ,"cuea. 5100" and Ba.rselaen, 

~ poet ""ocn Orqau-s:IID not (ad dutmq 1980 
... pt • 

.!!!!!I!e .!.E:Wl J-4 .. oka · . · . - le --
!>Oct noten 

C,an"tryn (H) ... !.!!::!2 lecpor.oflo tod ... l .... 
No t __ 1"'1' 0_ "0<1 - - ID tfoddOtt et. al •• 197b; 

t.',9 '"' CyelododocQooo .. .!!!!!I!e .!.!!!!! , .... _ old 
A 20 t 1 - - - 1.6 - ~ . 10 pùr cGne.,trollQn. dit l"'Mf't ."1 SlOùff. 

_pt ....... l""co 1987 

l, l,' - C,cIGhopto- .. ~.!!!!U!. )-4 Wlllitek otd A 20 % , - . - ., - N = 10 pet con:rentr.tlon. de l ... rt 8II'Id Slooff, 

tu""" lCl'lII= 1'181 

1,5 - Ctelo-ccto- .. .!!!!!I!e.!!!!U!. , .... _k alel A za ~ 1 - - - 20 - ~ ; la pet coneenU atton. de I ... rt and SJ 00(( f 

dl0n0 l.v= 1981 

. 

Ilbl. 1 • _. lanclt, (_'d) 

Cxpetwsttal COnditlO .... LC 50" 

Cont ... n.,tâ Stlsclea St.,./.,. f1oJ> T_-. IMothodolcqy Alkallnlty 20 nt .. nt " nt 
(((ache R~.r'" Referenees 

'C (plll 

1R, .5 .. _ R_ tod""l .. - 20 l"tt_rl- Z4 nt LO'101 N ::: 1%-40;. (QI. a'\d Cselda. 198} 

Cypel"lNlthrln cateabttl..,. .0--15 9 tone.l . - - .U!!!! .5.!.! 9S-S conf ldence luuta ln 
(PY) iftjection 0.20 0.00 parentheHs. 

(0.116- (0.01-
O.>, ) O~211) 

.!!.::. p'pl_ adulte - la elbcut ... - - . ZO hr LO'101 N • 28-10. 

Zo--)O 9 ......... tt .... E.!.! 9': eonhdenc" Il''lte m 
InJ_Uon """DM O.lh pnt"..,tt. ..... _. 

1nto tNiJ (0.0.- (O.IZ-
<Ior_ 1.01 0.20) 

1,4-0 (HI -~ A App .... AI'HA 19110 no "'III- ".11 '.Ol 8.05 h1C'l,uent LlttN' ,~, (Idtllé' la. h_Ue ln Var""l_ ftt .I.~ 198. 
U.4-thChloro- .. l..,.tlctua n tot_1 (11.81 (S.U- (7.19- Le~.l ... 6 .. t .. parentNiJMe .. 
~_.tlc cldl (8.JI ... teI ...... 16.IJ')) '.'11 8.811 

2.&-0 _1Re .. ~~ t-2 _etc old A 11-21 Stll'lde,,* - 25~ U8 ZOO Jotnaon, 1976 

tod""l .. 1970 

ll!!!!!!%natn 1 ... 2 ... k GlG · . · . III )00 281 
perON tod!»l .. 

!!!! !!!!!!!!. Z ...... old · . · . '" Hl 288 

tod!»l .. 

.- - -
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t .. pe ...... t., Ccndltiôna I.C lQC 

Co.nt..lnanta Specl.s. Stagel ag .. no,.b l'_p. ""ttoodol"'lY Alkallnlh 24 hl' 4S nt '9'6 ht' ~ Errec'o" Rea.rlte R~ference9 

'C Cp") 

t4~ Mlne -~ 1 .-ak oid - 1~.S '! - }D _ 
100 - 100 ~ = ID. Senders, 1970 

(cont'ô) l!:!!!!:!!!.! tad""l .... .~ .th,1 
(7.1) Of.-t98 

.4-0 110" .. !l:!!!!œ adulte , ... - - - - - l r 1)0 •• Iue$ ( hnh_, Uar. 4ull ... I:I l_ttread "" lult.t'fuil "t .. t*. 
ct}'! .. tar ~ - ror SOS o( tncUwlduala) "qrucQI\ifJ Ij (no: 2.4-0; 1986. 
"'ro ..... SI 2œ!!!!. doil, hrt &J' daluent. • .-.d 

lBu ••• neu)t 
cane !!J..! ~ COR!ent .. eUons (or lfSO's 
TIQ ,. .... art' 2,4..0 coneentr.tlana~ 

(6.8- det.f-
lB.7) Mll\M N > 10 ,Utf' concent. ... t tnn 

9~'.I confidence ll_ltS ln 

pa"altMHtt. 

ilS .... 52 
det.r- O •• }· 
.ined 18.9) 

1S 102 1}2 
(85.1- (l0~.6. 

Ill.}) I6S.D) 

~ 440 -
021.9. 
601.5) 

(lIl"'I'Mlental Conditiona I.C sa" 

Cont._t.nant a . $peel •• Stage/age nowb ,_. ""'_01"'11 llkaUnity 2~ nt .8 lit 72 hr 96 hr EH"".o" R •• rka R.f.rences 
·C (pli) 

2 .... 0 sOGha -~~ 'ad""l .. - - . . . >.0 - - HeShiMOt.o Md 

.!.'!1!2!!!5!!! Nishiuchi. 1981 

001 (OC) .. !!.!2! t!!por."ls .:tutti . 10-15 Otlt 
_ ..... 

0 - - . . 96 hl' lOI)() J01l"t;lly". locre.':u,Û Harr l ftl at • ~ l'H9 

1Itr.Uon (ut1a.ad (rr. b,. stll'.tnq. 
of 001 qn .. n) - 2 •• 
aheohed 2n da, lDIJQ .. 1.b. 

in olbl 
oH.' 

- !!!!~ 26-" 4., olet 4 20!, 1 . . 0.7-1.l 0.5-0.8 0.:1-0. S . 9S!II conh4enee Oe~elopHt1l h slowed .. Mar-cn.l .. SeqauH. 
ledpoleo inter"'lle. DOt aor. tO.dc t.n.n 1976 

Se.,in al' fenthian. 

-~ CM ..... old A u.' ! - )Q- 1.1 0.90 - 0.80 N , 10. Sandere, '1970 

lU!!!!.!!.! t_l .. .5 Mlhyl (0.91- (0.60- (O.lO- ''5!~ conf iClence l.,ïllle 

0.11 oranq:' 2.8) t .~) Z.n in br.ketl .. 

/ 
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E,t>O'li:ICntol Coœu"'NI le ~o 

Contcu.ncnta SpeclBo St "'8/"''' floJ> 18CI1>. 11:0_10111 AII,allnity 24 nt 1\' hl' 96 h. Effeclue R_ortto Referenc:es 

'C (plii 

001 <oont'dl !!!!!. _ •• 
t ... ""I"". A n.~ : - }O PP::> Jrf l:I' 10. Sander.. 1910 

~ l_old .~ ... Ulyl ~.) 1.8 D.n (cont 'dl 

uai.qftt. i« C1.1I o.cngo (Z.9- CD. ,,- tO.28-

IS "9 9.9) }.JI 2.0) 

2 ... ' _ebO 01e1 ~.O 1.1 -
... 19"" r. <l.' • tO.Jl-

S6 CI 101 '.J' 

.... , _"" alll l._ 1.0 1.0 

woi.Qht. : .: (0.1J- (D.Il"- <O.OZ-

""'il 8.0) 6." J.6) 

6_QIII 2.l O." 0.10 

.. j,qht i ;: (O.~ 10.28. 10.oz-

J~ "'il !S, 0.61 0.61 

7_01d 1.4 o.n O.Dl 

"19ht. il • (0.90- CO.61- (0.006 

600"9 2.01 1.11 0.4' 

• 8u'0 buto tadpol"" . . - - - J1 Obtoined: dUnq H.shi~otQ C1d 

J!I!!!!!I"'UO foraulated prOduet . ~ienluchi. 1981 

. 

, ..... , - _ 'aieit, (_'II' 

E.xpe,,..,tal Condition. le ~ 

Cont._",.-t- Specie. St"'le/OQe noJ> I.p. IIIIt_OI"'l1 Alkeluuty 20. hr _8 ... 96 nr EH""t"" Reomarka Re ret'ences 

'C (plii 

ocr (HI .. 8ufo~1l o-S .ek old A "., .. . }O_ I.Z 0.16 O.U N • 1O. Senderll. ,0;,10 
t'owleu t_l .. ., ... tllyl (0.90- (0.46 • 10.16- 9$$ confldence luu.te ln 

(7. " orMCJe 2.61 0.1121 I.1l brekela. 

cu .... De 1 t_thr ln - !!!l! ptptltml adulte 0 tO atbc:ut. .... 0 . - - 20 ht lD)Q: N < l8., •• Cnle ... t Cefttl1a t 19ft 
(P', P'p"'''· ZII-JO 9 - O." CO.19-D.6Zl 9!)~ c:onfLdenee tlluta 

tnJ':::Ucm ln ,Mi,..,l_IM_ . 
.... ta the 
dor_ 

!.=. etatnbe'''' t«4""I .. . 20 tnt.rllCM'fi- - - - 0 z. h. lD~, N ~ JI"',. 
111-15 q _ù o.n (O.O~.,.) 95' c:onfLdenee 1l11Ua L" 

lnj""Uon parenttte.e. 

OfP lOP) -~ !.!!.!!!! adulte - Z5 lnJacUon 0 - . - 1 dey lO~, N < t, .In ..... [dery lr'\Id Schetlberq 
ldheopfOP)'l HI-4) q lnlo donal ,.~. Par.lh, 1960 
(".a rophO""""te 1 l"""'Ue .., 

Oiezlnan (OP) - Buro ""fo t«4""I .. 0 - 0 0 - ,. . Obteined Ultlnq foteul.t.ed H.at'lllaOto .-.d 
J!I!!!!!I'_ prodw:t,. PhlhlUCh\. '981 

/ 
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E_perw..t.al tORUtiOQ: Le soc 

Cont_J.nMtl Speei •• StOll·/ ""_ rloJ> ,_. Mothodaloq, AI •• linih 24 tir 48 "" '6 hr CffBCt.C R •• rq References 

·c (pH) 

Jie:_ba (tU - ~!l!!!! ' lG 2 .. el( A 11·22 Sond ... · IID 102 18S Johnson. ln6 

old todpol .. 1970 

L l'llnOO%nUlM 1 to 1, ..... . . · · lOS 166 106 

peronl 01d UdpolH 

t, .-Olent o-ro.,11 in. - ~J.!!!!! .. 1, dlye "'i- 20 t , · - · . - UJO de,. ftp".ure .., SIDQ" and 

stalle Errect l ••• l. (the Canton, 1"'" 
hlqheet CGnC'lntr.tion 
el .nieh no .ffect or 
lethelit" ..... nh_r"'ed~): 
.."Ulity • 1 
0. •• 1_' • D.ll 
Cro .. n,.. 1 

11 J...oicht oro- .. ~1!!.!!!. J ......... 11 oid A za !: 1 - ~ · 6) - . , 10 pe, eoneentr.Uon. de lw.rt lW'Mi 

prO$)efte lU." 5100" " 1987 

1, J...oicnlaro_ • ~l!!!!!. J ...... etc otd A 20 : 1 · · · ':10 - • 10 per eoncentr.tlon .. de lWltt and. 

pro~l 'u •• Sloaft f 1981 

E.perwenta' ConcUl1one le soc 

Cont_ln.,t- Selecle. StOll·/",,_ noJ> ,_. Mot_I"". AUt.Untl, 2. nt .8 hr '6 nr Erfeet'" Re!ftlrk8 References 
·c (pH) 

0,.1<1.", (OC) -8v'o~u 4-S ..ealr old. A 1S.' ~ - 10_ 1.1 0.40 O.IS . , Ill. Sanders. 1970 
(owl.rI Udpoln .S .thyl (1.4- (0.09- (0.02- 9~1 confldenc:e l'_lts 

(1.1) Ofa"tq. 1.1) 1.1) 0.41) in brll:lret.~ 

~ one .... k old . . . 0.21 0.22 0.10 

!!:!.!.!!ill! tedlJOi ... (0.08) (0.080- (0.0'· 
0.41 0.40) 0.18) 

01 •• fo* (OP) -~~ adulla . n InjectIon - - . - 7 dlY lOljQ",t.4tO .. '" :: 2S .ln~u.. (der, and 

IS .... S q into dar .. ' Scnat :ttHtt"q-PorAtt'~ 
1 ,..,.lhic .-: '''60 

DIa._o.e (OP) - !!!:œ!! l!!!!.! 410_ _i- 10: 1 - - - . - 100 d.., "~$IlI'. Sloort and CMton. 
ototic Ho (H"", ...... 1. (the '911l 

hiq ..... t c:onc .. tret. ion 
et .n,ch net effec-l ot 
let_lit, _5 ~r .. ed): 

""'011" - 1 
0. ... 1_ ... - }l 

Cr_n - '1 
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bCCl'llX::fttal Conditiono le 'lO" 

ConteA l"cnt Q Spec:leo St "".1 """ noJ> 100". P!athodol"'lY "l''''Waty 26 hr _a ... 96 ... crrecta" fteaarka Rer.rencas 
'C (pH) 

OiQott'tooto - RenD _Ho .0- Ut .Z . 60.70 cqll 519nH iccnl q 1 1C09cn 9~~ canfidet1C'e liQita l\JdqoU end PaUl, 

(cont'dl c:r:5!!!e!lZCt.18 """"" (7.'. honlNGQ .10.,otion in lhe". I.n porlmt~seD. 19a7 
dail., 7.al 1CII::JC1o a.o kidney neted" 

taalo SI •• U., ".0 
(49.4- (01.6- 01. S. 
H.SI .'.11 40.51 

fc::lolo . 46.' 16.0 
(U .... OS.e-
41.11 16.%1 

1,Z..oiœt.nyl- - !.!œE!!!! .!!2U.2. , .... _ old A 20 t 1 . . . 11 . N , 10 pel' coneentrotion. de lwart and Sloof 

bon-., larve 1987 

OilaethylhydtQnno • AlI!!y!t .... 10'''0 A 20.S- APMA at al~ 1&S·U% .. 100 55 Z6 SI anlC. 1986 

( ......... trkal. .!!5!!!.!!!!!. n.s 1911 ""l/'1. "" 
IAlIMHl ~OP"""" (1.11- COCO, 

(propollcntl a.tl 

. 20.S. . 1&-la cqll >1l5 ,..,,, .08 
H.S .... CoCO, 
(Ii.'" 
1i.91 

. 
-

I ... le 1 • _ 1 ....... Uy (_'61 

hçer...,t.el Candihon, le SOc 

CDnt.-lIlent.· 5pec.o. 5t_l_ F1....P T ..... "",_ol"'lY Alkal inlt., 24 Il. .. a ... 91i Il • crr""t"" Re-artr:e Referll!'l"lCo 
·c (pHI 

1.1..01 •• 1 ... ,1- • .3!!:!'.!e!! .tJryae A . . · . . . EO~ (teratoqeJ'Httna) Cret:l'lhc:u.1t , '917 

hydt-Iluna l.!!!!! for .. poeur8 rra. 
bleatu1. to .. tctdnql 
7.9, 

Z,~lnnlth,j_ - .3!!:!'.!e!! early cle.w.,. A 20 - · . . 6.S N • 2~. OUlillont et .t. t 1979 
(J.Ilnohne l.!!!!! to _m- U.&- 9~: eonflltllilJlCfl ll.lltt 

bi_ut. 1." in brc"e" •• 
.otyos A:edueed _UUt." 

de .... ! aplen" retarded, 
"'o.JlIenlAt H,n llqhl.e ... 

Otn1 tro-o-ernol .. .3!!:!'.!e!!!!!!!!. 4Z daya S.i- 20!, • . · - - . 100 dey .... paeUC'. N , lS. Sloor, end Cant.on, 
st_he No Erroct levele (the 198$ 

hiqheol concentration 
at .nie" no .f'ec:t or 
lethaUt., •• CIb_r-.ed)t 
"'rt.U~y • 0.'2 
O"'.I_t - O.lZ 
C'_II _ O.lZ 

Haoh_to "'" 
01"0_ (Hl - !l!!!.!!!!!! lad.,.,. . . - · - O." - Hllhi~fti t 198 t 

~ 
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C .. per~t..l C4nchtiona LC ~ 

Cant.lfltn_t* $peel •• St.,./.,. fi ...... r ...... Hel_Iorn AU'alinu.y 24 nr • 8 hl' 96 nr Erreet"" . Re.arka Re (erenc .. 
'C (pH) 

,6..01011:0-1,8 .. -~ , ... wee-k old A 20 t 1 - - - 'OU . Il : 10 par cot'CentraUon .. de l •• rt tnd 

~t",uldlOj, l!!!1!. lu ... SlooH. 1991 

.2.oPA (11) .. ~.!!.!:!!!! 1-2 .. ek ald A n-ll 5andara - Il.I ~.l 'ilL •• 2 .lnh!'u,,,"_ p'1t. 

todll"lM 1910 'ilL 'ilL 

Ll~!nnt_ 1-1 ...... old · · . . l.l 2.' glL 2.0 
petonl Udpoh. 'ilL q/L 

IC-UJ9 ( .. , .. -R_ 1 ....... A 1& ASIM hardneea 6J - iVII 9SS conrtdenê. Martcinq Md 
Jntrol ~lC.i) !l!henOC2 8t• eo-.U •• 14 '"9IL •• (60~) (01-41) inter •• '. ln br.:ket ... Dl_.U ... , 1981 

E-n on C.CO, 
Peetic:idH 

1980 

IC-I'OI ( .. i .... .. !!!!!! 1.ry_ A 1& ASIM hard,... ., - '2 9~'= confldence H.lU'klnq a"Ki 

"ntrot cf'iIDlca') a~«IOC~.l. ec-ttlee lA '"9IL •• (40-42 ) Oo-J.) inter.als ln bra::ketD. Chendl.r," lQ01 
E.H ... C.CO, 
' •• tu:idn . 

1980 

(JCpltrw-tal COndlho .... lC ~ 

Cant .. ,nMta Speelea St.,./.,. fi ...... T ...... Hrtt_loqy .llkal inlt.,. 24 hl' la8 hl' '6 hl' EH""ta" R~.rk. Reference9 
'C (pH) 

I!!C·2698 (n'., .. R..". 'ary_ A 16 _SIM hfllrôneas - - >'0 Marklnq and Chand ler~, 
:onlrol ce...1C.U ~!!!!:!.b eo-ilt_ 10 oq/L •• 1981 

E.n on Cata) 
Peeti.e Id •• 

1980 

I$MA (11' ~.!!.!:!!!! '-2 .. ek old - 21·22 - - 600 ~U OH Juhm.,,", 1'06 
dl_dl. uthyl todpol ... 
1I'1IOnate) 

L lIInOdynaates 1 .. 2 Mlek old · · · . '24 HO 211 
peronl ladpol .. 

. _If., (OC) - !!:!! t 19t1na tlldll"ln A 20: 2 · 9~100 0.0011 0.0020 0.0011 " hl' PI" ... __ lble 95~ conhd~. IldlHe Go!>al et .. l, 1901 
(&.9. oq/L (0.0018· (0.0011- (0.0014- .... "11 ... CDItIC ..... in br.:kete .. 
7.2) 0.002" 0.OO2S1 0.GOZ2) .000)). 

rrog. "'1'8 suse.libl. 
th., fien and ~t..JC: 
Inaect. 

- !!!! A ..... -. _,980 220'"9fL 0.1419 O.U64 O.IHO lneipient let".. 9" tich,,:1.1 I_He Vardl. et el ... 
_l~tlCt_ n tat.l (.165'· (.U1O (.1218- Le .. , - O. lO~. in pIIrent ...... I9B4 

(S.l) .. - .I2UI • IlIOI .1180) 

• eufo buf. todll"l_ · · · - - 9.0 . Obt.tned _'t'ICI H.eflliJIoto and 
Joponi ..... fo .... lot ... prod...,t. Miehlur:hi. 1981 
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'dllo , - _ '""JaitV (_'dl 

EXCJ3ri.ocntol Candltlano LC "'" 

CantaEllnO'ltO Speeieo Steqg/cqo n.,p 'OCI>. I<:Jthodaloq, Allcalinlt., 2' hr OB .... 96 tu ErractsC RSliorko Re (erer1eeO 

'C (pif) 

(ndot""ll (H) - 8uro aoodhouoli O-~ _ old A "., ! · ID pp:> I.Z 1.B I.Z N = ID. Sendoro. 197D 

(CDnD(" ,n- lcdp:aloo .~ "",thyl (1.7. (D.9J· (D.OO- 9~S c:anfldenco lu:nto 
dimothyloU.ylc;:üno) (7.11 orcnqo ~. ~) I.ZI 1.0) ln bra:kets. 
soit) 

(ndrln (OCI - !s!!2 
_0 

B ZD · tatal D.OZ' · . txpoead ror 2& "r. H = 20-10 par 1e".I. Hall atd 5.line(ord, 

aDhcmDc!!!!!alo O.Z. hordnooc ab.,.ed al 96 nr. 198D 
7.~1 lDO pp:> "" 

CoCD, 

a\d»-aiulto · . · · · · D.DO' N : ~10 per 10vol. 

torve · · · · · · D.D06 (.po- for 96 nr, H = 20 .. JO per 1.".1. 
obaoryçd ct. 192 nr. 

.. !!!!!.!!!!!2 toclpoloa · · · . · Il . Obtained lainq Hashillloto End 

l!e!!!!!œ (oNUlaled product. Nlshluchi, 1'181 

B ZD , HaU '"'" hardneso ZO ftr [C5O (cone. "nblala .. re bpoaed Hall G'ld 5.lineford, 
O.Z- Sw1nerard 100_ ... prœucin9 _ .. for 96 hr. GortalH, 1'181 
7.51 1_ CaCO, lourai ... rraUons ... detercuned after 

in 50S or cnimola), 192 hr. 

!!.!!!! torve · . · · · D.D09 D.D11 9S'S canfldence lï.ih 
aDheIIOC!I!!!a10 (D.1I06- (D.D09-O.OZDI in brecketa. 

D.0101 

E:lperiaental Con:HUone LC "'" 

C'4nt_in.,t8 $peel" Steqoleqe naoP ,_. MIIUoxIaloq, Ah.Unit., 2' t'Ir OB .... 96 t'Ir (Hect"c R~.l'ks References 
'C (pli) 

(ndnn (cont'd) !:. cetesbel"O 181' ... _ · · · · · · D.aaz >D.DOD 5a.e diffel'encee 
(D.ool. bet_en l'esul t. \81nq 

D.DO~I st.tic or fla" tt'll'ouqh 
test _thods noted. 

!!.:. .yhahca 1er" .. · · · · · · D.O," -"I.D16 Ite-u".' uf PII=-llc ~dell 
(D.OZ~- (l'''' .. ter b., test 
D.D'H ... u.eh MAS !llqnlflc ... t. 

!!!!2. _rie .... 'ar" .. · · · · · · D.DID D.OOB 
(D.DO'· (D.IlO6-
D.D161 D.DIDI 

~crepit_ 1er" .. · · · · · · D.DID D.OZl 
(D.ooS- (D.DI6-
D.D11 1 D.Dl1 1 

Alllly.t.a lu ..... · · . · · · D.DIB D.DIB 
op.,... (D.II- (D.DIO-

D.Dl11 D.OZII 

Aobyet ... 1 ........ · · · · · · D.D56 D.D08 

~ (D.019- (D.D05-
D.0891 D.ml) 
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ûperUiental Condltion. lC ~ 

Cont_ln.,t- 5peel •• 5l l9"/l9" no'" ' .. p. IIot_1091 AHraUnlt., 26 hl' 48 hl' 72 hl' 9' hl' Erree,"" ftesarke, Re'.rftea 
'C (pH) 

:ndrltl (cont' d) ... !!:!!! WOàdhousll O ... S .. el( old • 1S." ! - '0_ 0.$7 0.A6 . 0.1l N Il 10. Sanders" 1910 
t.opot ... ., _th.,1 (O.H- (o. lI- (O.Jo- 9~: eanflda"Ce 11_1l11 

(1.1) or...,. 1. ,) 0.68) 0.66) În hr.:ket.a. 

~ 1 ......... Id . . . . 0.%9 0.%9 - 0.18 

1!.!!!!.!.!1! tadlOOl ... (0.18- (0.18- (0.09-

O.") O.A,) O.~) 

.. !!!!l! hllpol .. 8 11 .... 'l'HA 1980 • a.DOU R...... in p:w,rWlUIIIMs. fhurston et .1 •• 
eateabel811\8 2_' q %1.2 USEPA 191A " ( .0021- 1911~ 

(8.DO- .002') 
8.Cl') 

. 

hper18eRtal eor.hUaM lC ~ 

Cont_lA.,t.* 5peel •• 5t1901 "'le ri .... ,....,. lIo,hldolO9Y AlkaUl'uty 26 hl' A8 hl' 7Z hf Erree,"" RN.rka Referenct's 
'C (pH) 

End'''' (eont'dl - ~ t!!'l!!!r.r,. tadpolHI A 20 . 2.21-2.)9 r edpoles la., pe'ul yzed Wohlqfftuth. 1911 
,,"th hterne' <6.01 _, lN .. 2.0086 0._, O.AU' on the bolla- of '(JUan •• 
q,lI. (2 doya) HCIIl (1.21DA· (0.J982- (0.299~ 

,. ".11 I.n,,) 0.60611 fully -oblle .. Initial 

Pf't' hui nf l'MfllAt l"nt 
_1 th: tntol'nat 0.9886 0.2268 O.lO' thete.fter • IDe. ul 
gille t no ta .~B98- tO.U"· tO.OZ07. bel.-.c::e .-.d o-t.1.,.815. 
Ii_ba (8 deya \ 1.1IBI) 0.J9J2\ O.D'OJI l.,.inq on ballOli of aOJatta. 

•• th lnternal I.Ul) 0.6149 O. Z81' 
giUa" no (o.nn. (O.'.H- (o.nn. 
lia_ 1.8~8) 1. 11") 0 •• 6112) 
(16 daya) 

_i th intetnat 0.2.11 0.01'0 O.OZ.' 
glUa, (0.11"· (0.0100- (o.on.-
(U do.,.) 0.6691) 0.1-) o.onl) 

Iflth pehu: 0.160~ 0.0'" O.01n 
li_ (0.01O~. (0.0182. (0.0111. 
(B6 dO.,.) 0."81) 0.011") O.OZ~71 

w.th peh'l.C 0.11 " 0.0289 0.01"1 
..ct lhDtClC (0._0- (O.DI~· (0._7_ 
U_ 0.%Z06) 0.11'5" 0.0220) 
(101 dAo.,., 

,. 
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ldalo 1 - """"'" I .. kit, It::ant'd) 

t."".lt:Icntol to .... Uio". le 5G" 

Cont..c:uncntO s.,""I". St 0901 "'0 n"'" 1_. I13t_al"9' Alkolinlt, Z. nt 48 tir 96 ht (rreeto" Rt!lQorka A.f.re:!'f1Ce!I 
'C (pli) 

Ept ... (Hl ... IJn~l.(iod t_loo ro- l1.lo - - - 16.8 - Vol"" ia le 50 or t,.., p.revoœhenka. 
1.1."., - (7.7. œth!o 1nQtedlet1.t. 197) 

do.u, 8.2) 

1 f 2-tlhCWUldl01 .. ~.!.2!!.!.!. ,.a_~ old A lO: 1 - - - '26 - " , la pet cunt'entratlon. d. l •• tt. and SlOOrr f 
larve:;) 19111 

tth,l A ... toto .~ ,.a_ A 20 ~ 1 - - - no . N :z 10 (ur ea:: ... OQ::ICl .... S'ooff end 
~ pool lt:It.cn Of'q01 ,l'Co not (.ct dqr inq 8oeroolDC1l • 1980 

.. pt • 

.!!:!:!!2!e. loovia ,.a_ · · · · - 180 . 
poet lt:It.cn 

la day 

Ethylene 01 ...... 0 - .!!:!:!!2!e..!!!!!! todpoloo S-U A t2 ~ 1 · · ZJO r reataèttt. !:QG Bir." .,..; 
def\i> ald cont.lftUl')tJ$ (or p .. ord_. 1986 

la """', lCJO .... 
deterelned ot 
10 d_ ""st 
npo8ure .. 

E •• rwent.el Canditlon. LC JOC 

Ccnt.ull.,t a SQ:ecl •• St"'lsl"'lS n.,J> {-- Hot_ol""" AU'.Unlh (f(eelsc A!'Ia.r •• Rf!'r.r~lI!s 

'C (pli) 10 doy 

Ethylene lnlour •• • .!!œIœ!..!.!!!!!! t_U. A 2% !' 1 · · 100 h-•• taant. .... Bi te" and Ptahl ai , 

'-12 deys old ContI""""'" rOt 1986 

1Q deys, LC!wO ... s 

d .... rmlned et 
\0 dtr1s pottt 

nposure .. 

z.. hl' "8 .... 96 hl' 

Elh,l • A"'y.t_ '''_ka A 20!, 1 · · . S4 . fit s tO ror ctleh apl!C10~. Sloorr end 

ProtJian.te,' !!!.!S.!!!!! poot hot.ch Org"'l._ t'tOt fed dur lnq s.ersel ..... 19S0 
.. pt. 

.!!œIœ!. l.!!!!! )-A.a ... · · · · . ~6 -
post hot.ch . 

r enittothloft (01') ... !!!!!!.tl!!!!!!!!. tad""l .. A - - · 9.9 7.B •• 9 "S 'iduc lel h.lt.~ lyone ot ct' •• 
%2 •• _ et (8.,..1) 17.1· ( •• Z- in bt.feet ... 1916 

%1 ! 1 B.), ~.J) 

• !!!!!!l!!! lodpôl .. · · · · - 9.0 . Obt.ined \IIlnq rOMUll.lad Hallh •• ota .-1d 

..I.!!I!!!œ!l:! ".-t. Nilllhhc"i. 1981 
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t:.pet~M\t.l Cor.hUo". le ~ 

Conl.ln.,t- $pecus St oqal Olle n .... T_p. KIIU'Gdoloqy Alkal inity 24 hr 48 l'tt 94 hr Hf""tr Ree.,.ka Referencee 
'C (pli) 

renopt>op (H) -~~ ' .. 2 ... _k olet • Zl-ZZ Sner. · 77 &II ~4 JOMoon, 1976 
tedPOlea 1910 

llanodIn_tes ' ... Z wee. old · . · · n Z1 Z1 
p.ront tlklt)Ol .. 

~~ :1 weal( nid · . · · &II 42 14 
t_l .. 

S .. Fenpropat.nt"ln ... ft!!!! plpleNt adultll - 20 lIt.IIeyt.neo ... - - - - 24 hr lD~, Il = 29.J ... (Gia _Id (811'Ô3, 
(PYl 20-JO , injection 0.21 9~$. con{uSenc:e luuts 198' 

ittto tne (0.12-0.6.1) in parenthefta. 
do .... 

r tnthl.cn «j.P) -~~ 26-J1 dey A 20 t 1 · - 2.1-2.6 2.0-2.2 1.0-2.2 9~. confidence ne .. elcq;aNnt elo"'. MaC'ch.l-
old tadCJ01" inte' •• ' •• Sh:! ... lt. 1976 

~ PiPi'" 1 d.,. old - - - · - - ~.O Lewis et al •• 

~!!!!!!! lu ... 190~ 

t.pet • .,Ul CoRhtlOmll le !OC 

tont"lIlt"'t- 'Specula Stege/Olle n ..... f_p .. KIIt_Ioqy Alkalirut'l 2* lU 4a hr "4 hr (((ectse R~.rk. Rt!ft!l"I!!!fIC1!!I 
'C (p~) 

F.nlln .. .:etate - 8ufo ~ t_lee - - · - - D." - H."1II111010 end Ir) ~ l'Hsh;\Chl, 1981 

SS .. ren •• ,h.,. .... 6 Aane ptpl'" adulte - lO "",cut.,tJC:JUa - - . - 2a h,. L()~t ~ ::; 28-)4. '-ott\' l1I~t rll!1htn. 
(PT) 20-)0 q .injection O.U 9';~ confl4ence ~l.llt'll 198J 

inlel.- ttw (0.07-11.19) lat , .... enthelltta. 
do .... 

r.ro. (f) -~~ tallipol .. - - - · - 4.2 - Obtatncd 'ftlflfJ Ha ... iI.ota tnd 
Jaeonu:us fOllWulated Prod....:t. l'\hsl'Ud:hL 1901 

fluctroa.:et_lde -~~ tadpo ... - - · - - ..40 - Ha"i.oto tnd (rod.ntlcld.) ~ HUlhi..ctu. 1981 

1 hr 

fluot'.,t ...... -~ ple~- _r- A - · - 0.07 LC'50 dete"'lned (0,. 1 hQur Kaq.- et al •• 198~ 
st",. H of uposure ta S\I111qht. 
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1d>10 1 - Ao<ao rCllt.ldty (_'dl 

[ac:a:arlDQ1tcl CondltlOno Lt5QC 

ConU::::::SJ.nc:nte $poclee Stcqo/cqo na.P 1..,... Ibt_1G>J~ AJk.aiunty 24 hr 48 lit 96 nr (Uocta" Re'IIIorkû References 
·c (pit) 

r080,1 rU8101 .. ~.!!!!!.!. CQld--latQ A . . . tC50 (e""" •• 110. Ou:wnt et .... 19tH 
bl .... wo indue. toralo "" 
fi:OCOryoo SOS of eurwhof.h 

Cool-dol" lYcd 'u:>1 - . 1.- 0.96: 

011 bhnCl 

Sholo-dora.ed etude . . &.91l1 1.'&1I 

Cool-q_ fio, - - D.8J" 0._ 
crlc::ctto8tat.1C-
prCC'91 totor to.r 

Aro:aehc p::ttrolou:::J - - H.'. )1.1OS 
crudo 

Little affect on 
qroath: notedt 
plqMntal. ion and 
_ility roducod by 

lOIlO of the aetor ,i.o)o. 

; . 

101.1. 1 - -. I_xity (_'dl 

Espert. .. t., Condlhone lC 5QC 

Cont_tnenta Speel.a StlIIe/llla noJ> Te.p. Mot_''''I' Alk.Unlly 14 ~r 48 hr 96 nt rU""toC Remartee Re(~rencI!8 
'C (l'Ill 

r08S11 ru.1a . - ~!!!.!.!!. A R_ - - rC50 (eone. ""lch 9SiJ; confidence J.ntenals Schultz et .l • ~ 
(Coat-qu,ficettan t_l). c .... _1 (o .... t1(l". in (Mrenthet!Jea. l~eJ 
EIKtroat.Uc in SOS of 3u.i.ora), 
Pree 'Pl t.to,l' (CO (,., etrect can:: .. }t 
ter frll:tLonah 

Raw tar blutw. - - J.l'- ~ nt (C50-O.1O 
-ol'yoe (l. ,t- (.H_I.HI: 

•• Z)) ECO-O.50. 

n_1 y hetched - · 16' 
""'Ilet. 

[thor So1o.1o Acld blastula - - ~.l6 " nt (ClQ-l.48 
fr.tlon e.bt)'O. (4.n- (1 •• ' .... 1111 

6.'~J (CO"I.oo. 

'r"'llale - · on 

Etl'ef Sollble bloetw. . - ,.,. 96 nt (ClO-I.1lZ 
e... fr.tion 

_ b ...... 
1.61 _ I.OZ-•• 6111 
lum (CO CO. 50 

'""lat. - · t99 
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E.;lIIrW""ll ConditiON LC 50" 

ContOlll1nlW\t,' $pee, •• Staqe/.:JfJ FloJl Tellp. Hotl'Ddolc:qy IUkahn1t.y 24 t'Ir 48 .... " hr Hfocto" ft ...... rtc. Reference_ 
'C (pit) 

0.al1 fuels (ter A Ro,,", · . Senultz et. al ~ 1 

rEtuna) (cOtlt'ol t_. 198' (CfML'd) 

lano/dl 01utul. · · 11.'1 '16 nI' (C~~Z'.41 
Ir(MHIl.lc rr«tlon _brrol (1l.%0 (I~. 79-19.lOl; 

".001 [CO ... '0.00. 

(raqlttta · · 17& 

::Io!, A.rc.at.te blastul. · · &.76 '6 .r [C:ioO-l. ~S .... fo .... Uo,. ln he ..... qut. 
F'rctl0n erabryoe (5.:'- (I •• 8 .... MlI ed •• Md Q-rowth retal'dat lon 

8.771 ECD .. 1.00. ab_l'v". 

(roqlet.4 - · S19 

rut.,._ -.!!.!l! 21pl- 1er"., A 16 eo-u.t •• total 6.90 . O.no 95$ confidence ll_ltS ln M:n6cinq, et al., 
,ln'lh bc:teruade) on Methode nard"n. ('.S5- (0.590- bneiutta .. "77 

for 11 oqIl B.571 1.011 l't'lr •• te eore a8nlll t, •• 
'a.icHy 
r .... tri.t.h 

... C.CO, then .,ga. 

.... tlc 
Orq"l" 
197' 

t.per ...... t.l Condlt.iona LC 50" 

Cont_m.,t" $peelea .. Sloqo/oq. rtoJ> r_. Hothodolc:qy Alkahtut, 1 dey Crrect.c R~.rk. Referl!'l"fCell 
'C (pH) 

...... 1 ... (M) ... Cutt!!!!!r%!!! 
_r_ 

a - 8itql .. hardnese Q.OS (_po.aute 'r_ H :II lo~ 6irqe .t al •• 
CUOllnen8IS hrve' C7.a- 81_ 19S .. ~ !' ferUhullon t.o 1919. 

1.8) 1977 .... S.4 4 cf.,. t:iOst halCh. _ .. 
CaCos 

24 nt .s or 96 hr 

.... pt ... !or (OCl "'!l!!!. ~1J. 4 ... S, .... " old A n.S * · '0_ Q.a, 0.76 0.00 N , 10. ':;ÎQndet':'l. l'Ilu 

.!.!!!!!.!. tadpal .. • S .lhy1 (0.1' • CO.tJ- (O.JO- 9.,,, çon( ldence hautal 
(7.1) or_ J.S) ·1.11 O.6~) in hrckata .. 

n ... "pt.." • A ..... t ... J ... _101 A 20 .. 1 · - · S2 . If : la for Heh ..-cies. SlooH _ 

~ paol ""<ch Baet .. ' ..... 1980 
Orq.,i •• not fod durinq 
e_.,l .. 

.!!!!!e!!. !!!!!! , ... - . . · . · 00 -
pau ""<ch 
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Expor UlCfttol CondltiQftO LC )OC 

Cent.-tnent4 $f;Jec18fl1 Staçel"l" fl..,t> ,_. ''''_l'''IY Alkoluüty 14 n. o.e .... 96 n. Err""tsC ReQQrtta ft.f.renen 
'C (pli) 

HydrOzLt\Q: - Adrtata::.o l.t.= A U.Z- A_ et 01. lBS-HZ »10 8.a S. , SlORm, 1986 

(p."""U""t) ~, %6.0 1911 "'9IL 00 

~·e"""" 0.8- Ceco, 
8.Z) 

· n.z- . 16-18 "'IlL >'0 S.Z 1. , 

%4.0 .. Ceco, 
(6.J.-
6.9) 

- .!!!!!!!I!!!!!.l.!!!.!.!2. """.",. A - - - - - - EO'lO (te.et .... C.r..,lhousu , 1911 _ .. ) far 
o.JRX)UI'o rr= 
bi_W. ta 

""t_"" -
11.611-12.5. -

Bh( Z-I+!d"'.y- - .!!!!!!!I!!!!!..!!l!!.!!!. , ... _ old A %0 t 1 - - - 1116 - N , 10 pet concentratton .. de lw ... t lflO 5100(( t 

.tnyl) c::::uno 10r.= 1981 

a .. ( Z-I+!d""Y"tnyll .. .!.!œI!!!! l.!!!.!.!2. , ... ....,k ald A 111 ~ 1 - - - )06S . N , JO pet conctntrata.,n. de l •• "t lPi 5(1)0((, i 
eU'I:3t JQI".= 1981 

~ 

' ... 1. 1 - _ '_it., (_'II) 

t::.pe'UHntal CamU\tlone LC )OC 

tant_",.,t- $peel •• Staqe/'"IO n.'/> ,_. ,,,,._l''IY Alk.1inlty %4 n. 48 hr ~ 96 hr EffectaC Retarks AeferC!'l"llC'es 
·c (pH) 

BhO-l+!dro.yetnyl) .. .!!œ.e!a!!!.!!! ) ....... k Gld A %0 t 1 - . . '181 - N : 10 per concentrahon .. d. l •• rt and Slt)(')f 

etner l.r ..... 1~7 

B1S(Z .. Hydrox'l- -~ !!!.!.!!. , .... ""ote alti • %0 t 1 - . - 410 · N HI ,,"r l',,,.·,,,.t r.ll',n~ 'In '."fl ~1I1 ~Jonf 

p."",l) _lne lat •• l'tH 

IBP(S ........ l suro bufo t_l_ - . - - 10 · Ohtn l'''' .ft.",. (nNulalfWi Jtnnht.-nln III,., 
dllmpif'OPYU J.".,..;;;;;; prochct. IItt"ll\JCnt. l?tn 
pnoaphDtutluolate 

1.0nMo_ - Suro buta ted",l .. - - - - . .. 40 - a."ulItOto .. d 

ar .. alo (II) . J.".,..._ .. tet"'uehi. 1981 

Cl.. - KadetlW ln .. !.!!!! P'Pl" adult.e - ZO .... _- - - . - 14 n~ LOSO. N • %8.'6. Cole .'Id CnL-d., 
(PT) ZO-'O q injection into I.Z (O.6J-l •• ) "" confl(lflInICe U_lta 198' 

th!t dar_ in perenthesea. 

iCatklg .. ,clft - Bufo buro tedpol .. · - - - - 6.6 · Obt.alR8d \81.,.., Hal!lhiNto ... 
(FI J ..... .!c:ua ra_etoc! praduct. Ml!hhEhi. 1981 
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(.perwlnt.l Condltlonll ~C 50" 

Cent_ln ... t- Specuta S~IIle/llle r1o.P r .. p. ""~_ol"9' Al".Ulnty 7 d.., [((«'ClaP R ... rks References 
'C (pH) 

~eod (>Il .. C .. t.fo~rlne BIIbT'fO- 8 - 81<90 & Blck l~'.O.~ a.Dl (xpoeura ft_ N. = 1 •• Birge et al .. ., 

carol1nena •• laryel (7.1l- ln] ., b s •• _ (.t'tH Ltatton to 1979. 

7.8) Nlrdnee. _ 4 daya po.t .... teh. 

coeo, 

24 hr 'S ht 96 hr 

L,n.~ Alkylb«uene - .!.!!!!I!!!! 1 .... ....,ka _.- 11 ~ l - - - - 56-100 reat mlut lona carrect. Canton ... Slooff., 
Sul fo,,-t. .!!!!!! atatie roC'" pH end CW'J'f1'" content • lO.lb 

I..t.nd.-.. -~ 4-S ...tes A U.S !' 'D pc:- _thyl 1. S •• . .. N , .0. Sood.er • ., \91U 
(OC, ~ old ladpolee ., or_ (S.1l- D.I- U.8- 9!t4J conhdWlCe hnut:t 

.!s!!!.t.!. (7.11 .1) '.6) S.6) in brcksta. 

~ 1_<>ld . . . · •• 0 I.B 1.7 . 
~ ledpoletl (2.7- (Z.SO- (1 •• -

6.1l S.7) '.1) 

;WIchita .. Mot!l!!!lhal ... od .. lt. B 16 a:-ittee on total t.rd ...... 1.90 - 1.01 9)': confidence 1I_,t. 8111a et el •• 
Gr_ .lfid __ .,. O." "'-ttad. fof' 10 -Vl .. 0 •• 7- (0.6n- in brlC"ta. 1977 
(r) rosic1t~ r •• ta C.CO , •• JIII 1.58) 

.i.ln __ tic 

Ot"q ... i •• 1975 

bpctr ...... t.l ConditiOn. Le 50" 

Cont .. m.,t8 $9ocléa St IIl,,1 III 0 n...J> fellQ_ ""~_olaqy AlkeJinity 24 hr 48 nr '96 nr Eff",,~,. Refttatka Rl!'1ference1t 
~C (pH) 

Hltllcl'uh !.!!!!. p'pum, 1 ••• B 16 ec-ltteIJ on tot.l O.J80 - 0.171 Bills et aL,,"" 
Gr ..... O." Mathod. fOf NifaMls {O."I- (Q.I.9- 1'971 (cont'd) 

(cont'd) ra_ieUr ~e,ts 10 -Vl O •• Il) 0.200) 
_ith !~.tic C.CO, 
Orq.-ti.. 197" 

8"'0 sp. l.r • .., . . . · D."~ - 0.04B0 
lO.llS- (O.OSlO-
0.276) 0.0860 

"-l.thion .~ 0_" _" old A IS.S t - 10_ 1.9 O.SO 0 •• 2 N : UJ. Sandus. 197() 

(OP) _1' tadpol" ., -~",I 0 •• - (O.lS- (0.09- 9~,: eo.tftdet'lC.'lIt l'.1\,$ 

~ (1.11 orange J.SI 1." 0.'l6) in br-=kllta~ . 
PlIeua.:rie 1 ... old . . . · 0.56 D.n 0.20 . 
trla_uata lod,..l .. (O.Z4- (O. la.. fO.09-

O.,.) 0.68) 0.11) 

lSd.-, 

- R .... el!"..,. &duit. 
r ... _ 

2. - - ISO H : 24 par Ka.,t., ..-.cf _. 
900 do.ily (S • .l- concentr.tion~ GlecJenak, " 19'5 

6.~1 
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EMpotUlCnlo1 Concbtiono Le IQC 

Cantar:u.ncntO 5pe(:leo Stcqo'''iIO ncJ> 1_- ""_1"", AUrahnit, Z4 nr .8 ht 96 nt Efree,a" RlHIIorll:8 References 
'C (pH) 

__ (f) 
... frlturuv Cliulta re"_ 18 ! Z - hMdnœa - - - Ll50 Oothal 'ilou (ar N:# U (6 _lH. hrtérotU et el •• 

(Monojen.".. C'tialatYO .-""" dall, (1 •• ) loo ""lI'L .0 SOS 0' individuels) hrl 6 recol ... ) for ec::I!'h 1918 
eth 'llend)la- l""'Ith - CoC!l, concentration .. 
~lUUOCorttQQtG) 1.4 m ~. !!!!!. f.!:!!! 9S'I confidence 1 laU. 

(col 00) • in potentNaG8. 

7.8 CIO 1t, 8 •• t •. ~ , ... 1 •• ~ IfMS 

((""01 .... ) (1.6_ (16 ••• lW$Cept lb le thoR 1001 •• 

9.21 ".6 poillst.,l, due ta lorqor 
bod, siro. 

'00 t8.0 ".~ 
(16.0- (9.'. 
.9.01 40:%1 

l' 19.0 H.' 
(7.0- (11.6. 

'I,n H.a) 

50 76.0 168.0 
(H.6- (".1_ 
loo.n l%9. " 

n a,.o 
(lU." 
441.11 

. 

1_1. 1 - _ I ... klly <_'II) 

Exper u...tal ConcHUcna le IQC 

Cant_in ... t- Speei •• 5t8ll'" 811- fi""" '.p. ""_1011' AI'allnit, 1 do, Efr"",a" ~_ ... k. 
References 

·c (pH) 

Monq .. - .. C .. tr~rz: .. _rro- a - fti"", l III oc, l~~O ! I •• Z ("cpoilUte ft. fertl- III e 14. 8irqe et et ., 
(M) c:.ro1Ineneia 1 ... &1 (1.0- 1971 ., b , .. - UDUon te " lHJ8 197ge 

7.81 Nitdneea as poet.hetc .... 
CoCO, 

24 hr 08 nt 96 nt 

• Micr""ylo todpal ... "n_ lS.'- . 91.0· R....,. in perentheu_. 
A.., _ 

~ ' ... 11t oieS deil, %6.0 98.0_ 16.62 16.0' 1 •• 1Il .l;n"ala not fed durttll' Madh, • .th ... 1 'Ill 7 
(6.86- (16. l. (U.6- (14.6- t •• t. 
6.94) Il.0) 16 •• ) 15 •• 1 

" ..... oid Il.56 16.U 1 •• H 
(11.0- (16.0- (1 •• 0-
17.8) 16.8) 14.8) 

MCI'A (II) -~ adulte 
_ ... 

18: t . . . - - Lr~ (Iethol U •• for 'JS~ cmfidflnll:. l~it. z.rr.roni. et .1 .. , 
Sad .... olt srloht ... ...tle 'OS of incUwid .. l.) hrt ln parent ....... 19861> 
U-eoth'l- ~ AttiJql. not (ad _!no 
·-cI'IIor ............ ' Conc:. Mol. rellah teat. 
tll:eUc cid) 

JZOO 17 tl 
< 16.a.. (19 •• _ 

18.0) n.n I- n ".5 
(lI.O 1".0-
40.91 50.01 
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(xperUNntal toM"tiane lC SO" 

Cant. .. .." .. t· S(Jeclea SL"'I.t*,!a n.oP T_p. ,,"thod.laqy 4UraHnit., 7 dey ~'hctr Remet'" References 

'C (pH) 

Mlrrcut'y - C .. tr~r%ne embrl'O- B - 81r9- & Black 19'~O l' 0.001 (xC'O ...... ftol feth ... tf ::: tA .. 9irqa et tIIl., 

earol"nen818 lanal 0.0- 1977 a. b 
5 •• _ IILation te .\ da.,. Joad ia IIOra MnaUIye 197h 

7.81 htlt'dn ... poatMtch .. tt-.. qotdfish wtd 

.. Caco, rnf~O. trout • 

24 tif • 8 .... 96 t'tt 

- !!!! Udpol .. A 19-'. APMA at al .. Ilo-160 IIIQ/'I. .0528 .0&56 .0&)6 ln hiqh cone ... traUona 9~lJ eOl"ifldenca 1 ~It. Kh8f'W1arot """ 
"' ___ t"clua 1.8.l.l CIO (7.1. 1976 .. Caco, ( .0&J6- ( .0&09- ( .0168- eur(eeltlq, err.h..:: hOB'f in hrek.t. ... RH, • 19,.1 

7.6) .061 ~) .05671 • 0~8~) -.-Mt .. loa Or An ..... not feQ U· nt 
"~l1libri~ noted. pt lot to of dur mg 

teat. 

-~ tadpol ... r_ n.~- - 97.0·98.0 _ Ranq. in bracketa. Rao lIl"tid 

.!!!!!.U '_<>10 daUy 26.0 l.O& 1.68 1.1% Atti,.els not fed dut 11'''' HAdhyastha • t98ï 

(6.86. O.a. O ... (0.9. teat. 
6.'.) Z.U 1.81 1. )) 

"_old 2 •• ' l.07 1.41 
!Z.O- O.B- 0.0. 

Z.B) 2 •• ) 1.8) 

.. 8-"'0 Mult - . - , - - - '6 nr LO,., fol to-.IV} Hl 1 .. ., et 41 •• 

r;g;'arJ.a f ... ln .lnqle l •• ~ lnjec::t1on 1 986b 

H-JO 9 or H9+Z - ~.60 

, . 

(.peu.-enta. Cordlt.tone le 10" 

Cont_ln.nt· S9eele. St*,!",*,!e F1oJ> 1....,. ""L_laqy AlkaUt'llt., 1 da., Effectse ReIflerlls Re rf!ra1C.es 
'C (pli) 

Maf'eur., (cent' d) '" Cut r!i!2!!r%!!! embryu-
r_ 

"-n - Mirdnesll I.J (.po.ura 'ru. 9S~ confidence lunts Bi.rqlt et ... ~ 
c:.tolJ.l"'ftftSu lar ... l ev.ty (7.0- 'IO.IM_ (D.'. fertU hat10n ta in btEket •• 19791> 

12 l'Ir 7.8) CoCO, 1.9) • deys poet ... hlllch. 

!!l!.! · · · · · l •• 

c:hrlsoecall. Il.'. 
J •• ) 

!:!.:. s9Ult'eUe · · · · · l •• 

U.,-
'.BI 

.!!. sr.lu,. •• · · · · · Z., 
(1,7. , .. ) 

l!.. ... reu:olor · · · · · Z.6 
O.Z. 'i 

•• Z) 

~~ · · · · · Z.8 
O.,· 
J.9) 

!!el! plpltJft8 · · · · · 7.1 
( •• 8. 
10.01 
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Ido10 1 - _ , ...... U? (orcCl.'dl 

EsporiQcn,tol CondiUono lC :50" 

CentC=J.nO'tt4 'lime'"" St""e/ajo noJ> 1..,... M:lthodola", Alkllilinlty 7 da, rrr""tr Reccrks Referencn 
'C (pH) 

Marcury (cont' ô) ~ C3brya- ren~ "-22 · hordness 10 •• (x:P:OOfoltO rro;:a 9S" ecnrtdence lia .. t._ Birge et al .. 
craplt ..... lar"wQ.t ...... , (7.0. 90.105 (S.,- rerU 1 iloUon ta ~n bra:keto • 19791> (c".,t'à) 

blt:nC'honll 1%11< 7.S) _ Caco, 1%.6) 0; d'oyo PQat-Mtch .. 

!!!!2 · · · · · l6.B 
punctoLuo (lB. 1· 

~1.1) 

!:.!:.~ · · · · · 40.0 

U'.6-
H.tl 

!!..:. NekSC_EI · · · · · "., 
<U.a-
6~.') 

!.:.~ · · · · · 6'.' 
(<14.0.-
S4.0) 

!!.:. 9r.llo · · · · · 67.% 
(, .. ,. 
79. " 

Amat_ · · · · · 101.' 

""- (72. ,. 

Ul." 

'_1.1 __ '_œity (_'dl 

, 
[xperwent.t CGnditiOM le :50" 

Cont.,nlnta ~18a St "".1 "" .. n""" ,_. MeU_loq, A1II.linit, 14 ~r 48 .... 96 hr (((..ctr ft.". ...... Reference!t 
'C (pH) 

Mef'C1#1 (Mercutte - Am·t .... ,-'_ A 20 ! 1 · · - D •• · . N ;: '0 ror eE" eOI!ICl".~ Si .... " and 

ch10riCS.) ~ poet .. teh OrqM" •• not. (ed dur inq 8ser..,' • .,. l'A 
... pt .. 

~!!!.!!! 'o. ... eka · · · · · 0.1 · . 
poet hIIlch 

• M,crohyl. eJIIOryoa i.n A 11-2' · ~1 '"Ill •• · . 0.1704 N ~ sa SIlbr.,.,. t»r Ch.te ... , 

!.!!!2 Quttul.t tôA (l.1) COCO, clrr.tWlll' al 1''''_ Mllt_rtc~u·. ,'mr 

tlClpol ... · . · · 0.1184 - -8·10 CIeya 

poet-/leb:h 

• !!!!!!!!!!. )-4 ...... 01e1 A %O:t 1 · · · 0.1 · ~ , 10 pe, concentration. de Z_rl met 

.!!!!.!!. , ..... Sloorr, 1981 

Methioc_ - !!!!!!.!l!!!!!:!2:. l.r •• A 16 _SIM o-ittea Iwrà ........ 1.' . 8.7 'I~' confldenc. mter •• ls Hartculq atd 
( ..... r_II.,U ~ E.n on Pallti- Z. '"Ill c. (7.9. O.&- in bracttet •• o,..sleC', 1981 

clAn 1_ Caco, 9.2) 9.6 

Mot_,1 .. ~!!!!!2 tlClpol_ - . · - - .. 40 · H."iaoto .-l 

~ Nllhiw::hl, 198' 
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bpetuaent.l Conditlone LC ~ 

Cont._lntnta Spe(:1 •• Stage/age n.'" ,_. Mot_oloqy Alkal Lnlty 24 h. Uht 96 br (rrect"c AM"''' .References 

'C (pli) 

"'t"".yehlor - !l!!!! 4_" _Ir Dld • I~.~ ! · JO~ 0.76 O. " N :; 10 .. Sanders, \970 

(OC) ~ tadgoles .~ .... t.,.1 (O. ~2- (O.OZ. 91$1, confidencfill liJa&ts 

!2!!!.t!. (7.1) or.nqle 1.11 0.60) ln bucketa .. 

~ 1 _il: old · . · · O." 0.42 D.)} 

~ hdpalee (O. JO- (0.29- (0.19-
0.65) O.&Z) O.HI 

I_thyl_. -~ }", ... Ir: oid • 20 ! 1 · · . s.a . ~ , 10 pet cooc~ntr.t ion. dft lw ... t ..,.f 

( tartlbut.,lbenmna l!!œ! 1 .... Sloo(( • 1981 

Mothyl - A.". adulte .en_ U •• l · 60-70 -;Il S19"1fJ.cant 9')% confJ.\.lenc:e tnt.rvrd _ "'nitrai 1 ... , 
P.,athlon ~lZCtl. daUy 17.J- he_a .. ar laUOnâ obàer""ed ln 93renthct ... ~ Patti • \991 

7.8) ln .aele, li.et -tüdney qlycoqen 
thel_. 

... 1. JO.O 11.7 8.0 
(ZI .... ('6.6~- (7.7. 

U.D) IS.S) S.J) 

r.,..le n.o 24.0 Il.5 

OO.l- Ul.O- (l1.l-
U.4) 26.21 12.2) 

(llpetw.'ltal Condltione Le ~ 

û:mt_in.,ta $Qec:a •• Staqe/Iq" no..l> ,_. Mot_al'"!y llli(aU.rut, 24 hr 48 hr 96 h. (Hecto<: Re'ftIariuJ FtefeC'erw:ea 
·c (pli) 

4_thyl.Z- • !!œl!!!!!. ).-4 "tric old • ZO. 1 . · · 6S6 . N = 10 per concentrat lon. ~e Z .. arl ond 

,pentllOO 1 l!!W. 
ht ... _ 

SI""" • 1981 

Z_'hyl.\- .~ , ..... ilf'8ek oid • la • 1 - IB.J ~ = 10 pttr corw::entrat Ion. de l ... rl Qnd 
prop..-.ol l!!w. 18('v", ~I •• n(r ~ ,,",1\1 

Z,,",,'hyl·Z_ .~ , .......... old • 20 ! 1 . · lUO ~ , 10 per concentratlt>n. de l.art RIf"t 
propamoi .!!!!!!. 1.rvw Slnnff. '9tH 

2~thyl .. quu'lOlm. - .!!!:l!!!!!!! "ariy • lO - · - - 26 •• 9~~ confulence Il_US ~nt .. t at •• 
~ cle ..... to lU ... in nra:ilat •• 1979 

_id-blntula ".11 ~ = ZS. 
_brya& O."eloc-ent retarded. 

reduction ln IIOtllUy. 

!otavlnpnoe '" !.!!! adt.dte - - inJect.ed vie · · . . 96 hf lD~. 9SO JUIre!: end 
10P) .!.!:!!!!D:!!. 1_.Uc .., Cuza ... 19811a 

t1ellCerblte (Cl • !!!lI ,",wHo - . unqll do., .. · Eltu.ated ,. dl.,. An, •• IS f • .,teo for rocliler .le1" 
cet"'alMfl 1181.. inwrhon 0' LD~ • lSl..flOO. l-l4 nr pr'lOr t.a test ~ Cr_t.ee. 1969 

gel.tln c""" ... N : 14 _in. 

1 ... to the SulUroq .,re reaist .. t 
l .. a1 0' U. tr.n bltd ..... _al ... 

""" .... t.leul .. 
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bpor:apçntol CGfttttiono I.e soc 

Contc::::UI'lc:nt4 SpecLeo Stcq"'cqo r!oJ> f_. M::Jt_I<IIIY Alholinlt, U tir 48 ".. 72 tir 96 tir Effect"c RflQOl'kG R.feteJ1CfnI 

'C (pli) 

Mino Draincqo - Leu!:!'.ilnathu:a larwCD a u - . HS US Hlil . Lf50 • SE (ti ... of Mortol1t, rate w;:;ae 0 Hat_ and 

(a:.ct1<:) 1IIt)n::a r ot u.o (J.9) Ioc- 10.,.. 10.,.. ft poGUt' 0 C eus 1 rtq fUf'C'tlon of "poGure MDrgc:n. 1982: 

Choto _ta _to SO'I CIOrtahty); UQ8 cn::t C'Of"CeentrQtum~ Mgthewt .t al., 

H' lo=ncto - 1916 
.\1 !' .,' hrl 
4~: lecchGto -
Jl * .66 tir, 
6511 locd1ot. -
21 ! '.82 tir. 
,_ I .. """"t.-
l' t 2 .. U hl' .. 

-~ ~ A raUnocl_ 96 tir (C» MEttal C'OI'IC.,troUore DOtat" et 01*. 

.1!!!!! Dt 0.\. I98J 001 rQf'Qot.toru .t al tao (Pf=i). 19Bi 

- . . 0.1. 1).I-U.611 re. 292.O-'U.O, 
(, .. , l' .• ln. 178.O-U'.01 

Pb .. 0.00'-0.0081 
Oh O.O'i-O.IOl. 
Cu. '" O .. Ga 

. . . n.7- )O.J-H." ra • .I •• O-HJ.OI 
('.7- S •• JI! ln. 01.2_1).0. 

,." fi'" .. Q"IJO!,..O.OOlh 
Cd • • 0.001-0.006, 
Cu. .. 0.011-0.11/1 

h •• le 1 - _ f ... "jty <_'dl , 

b:pet1Jlental Conchtl0tl8 le 50" 

Cotit_ln.,te S4>ec ... St 1010' lOlO rlowP f_. HathodolOll'l Alblinit, 24 hl' 48 ht '6 hr [Hecto" R •• t'ka Referencn 
'C (pH) 

"-I",.te (HI - !l.!!!.! l_' _" old A I5.S t · JO_ H 2B 1. " : tO. Sendets. 1970 
_11 tedpol .. ., _tIWl (18-60) (n-~H ( •• 2-JiI 9'}1, eont)dence l1_U,e 

~ (1.1l or_ in btk"kets. 

10 .... 

Nab_ (r) - !!!!!!I!!!! tedpol .. A 22 ! 1 · . Z r reet_ent .. _ eao- Slreh t ... .t 

!!!:!!!. S-Il d.Y" t.i.nuoua far 10 deys t Ptahlad. 1986 
old' lC~ " •• det,.,.Uled 

at 10 d..,.. poct 
ftC)dllUl"e. 

lA tir 68 ".. 96 hr 

N.lad (OP) .. Peeudel'la 1 .... At: old A n.' t · lO_ 2.2 1.0 1.7 N = 10. Sander.. \970 
tri.enet. tadpol .. ., ....th" (0.110- (O.,g- (0.'0- 9SS confidence 

17.1) or_ •• 0) ~.Ol J.l) Halte ln btEkete. 

Itaptlthltlone - !!!!!!I!!!! 1 .. ". 
B 18 - . - . 2.1 6 _ EC50 ror la .. 9S1 eonndence ( .. IMen tnd 

.!.!!!!.!. '_old (7.0- (1,).. of pi_t - inter ... l. In brelleeta. Bant,le. 1982 
7.11 J.8) J.7 (J.I ... )). 

2.1 6 '- EC511 for 1 

(1 .... ___ a or ''''''uq ... 
2.') 2.J <0.8,'.lI. 

1.7 (1.1-2.JI. 
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E.per~ ... t.l CondltiOM Le W' 

Cont_ln.,ta Sp"cles St ",!a/",!. fI.oP !_ • ... t_ol'·n Alkahnlh' 1 der [((eetee R.arlnJ ffefe'renees 

'C (pH) 

NU:kel (Hl - Gutroeht:t:ne _br1O- 8 - !li",," & 810ck 19~.D ~ , •• PI>" D.D~ t.po.ur. 'rOM f.rU- I! : 1 •• 8irq. et. al •• 

carol inerrat. tarval (T.D- 1971 et b herdml'lui III let ion to ;\ deys 19790 

1.81 CoCO, poet.nateh .. 

24 hl' 48 nt '6 hr 

- !!!!2 tad""l .. • 29-" APHA ot 01. 120-160 oqIl S).21 "., n.lZ '~'l confidence li_sll K:hW\t)unt """ .. 1 enoetlctue 1.8-2.2 ca 17.1_ 1976 .. CoCO) (09.* 02.'- UZ.8- in D,oeac.te • R • ." 1981 

7.6) S8. )1) )7.21l 18.621 Anl •• ls not (ed 24 ht' 

pt' ior to or dur Inq test •• 

Nitr ils - ..... t"". tetw_ A 2S t.P.A. 197' 140 oq/l - - 1.09 (xpo.ure qr"etet 9'S': confidence Il_Ile Huey end: 

l!!!!:!!! 0.41) ! (7.0) totet (0.'8- th ... lQ ~ producttd Irt I,"rft'lthntlfts. 00 i t Int,er .. 19H1: 

D.as 9 n.ardnftltti 0.2) ~i.t. tltrese. 
tlit gulpinq ~ Itt.CUS 

pf'Oduct ion .. 

frhlro(en - Buro bufo Udpol •• - - . - l.8 - Itbtaln~ UlliU1Q (amulated Hetrhl_oto .,ri ; 

JoponlC .... produet .. "Ilsh.uctn, l~el ! 
1 

Nlttotolr lcetlC -~ '4 .,.ka 
_1_ 

21 ~ 2 . - - - 560- rest $Ulutlon, corr«led Canton IlOrt 

'-cld l!!!.!!. ... tlc 1000 for pH end mtyqen content # Sloutf • 19820 

Expel'taental Cond Il tone le W' 

Cc"'t_.n.,,' Specla. St./'"!" rI.oP f_p .. "',_ol"'n AUr.luut., 14 hr Q8 hl' 96 hl' EffeetsC Rf!'lIterke Refe .. ence~ 
'C (pH) 

p..Nlbo-toh.ne -~ .2 de". _1- 20 t 1 - - - - - 100 dey "pa.ure no " - 15. SI .. " and 

l!!!.!!. steUe affect I •• ele (the renton, 1~9' 
higtteet concentr.tlon 
et 1IIhich no effect Of 

l.t .... l ity ... 

aha"rved): 
I4oft.llty .. lU 

Oeveloptll ... t - J.2 
Crowth .. 12 

15....., 

QM,,, - R.,. ~to 
r .. _ 

U - - 2.900 N : 24 ~f cone-entretlon .. "'-apl., W'\d 
(OP) ë1ëï_ ~. d.Uy (6.Z • Clac:unllkl. 1965 

9 CIl 6.6) 
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C.porwçntol CondittOOO LC 50" 

Contcsuncnta SpeeleO St"'le/""" n.J> 'eap. 113t_ .. logy AlkDhnlty 2A ht A8 nt 96 h. Erreet"" Rftllat'lta Referencee 
'C (pH) 

PA.IA < ... "" .. !2!2 lorYQ A 12 ASI!! Car=IUeo hordncJGo 7.5 - S.9 ,~, canfidenee Helrlrlnq and 

otr"""u"l ""ont) apnOf':8OfiQio E-n an PooU. Z4 CQlL (6.J- (S.J. !.nterYol; 1., bra:kats .. o-cndler. 1981 
cid ... 1980 .. CoCO, 9.01 6.S1 

16 4.S - 6.t 
(4.t- (J.6· 
0.7) 0_71 

tz 2.6 - t. , 
(t.O- \l,a. 
1.41 t.') 

Pn."",_ (CP) ... ~ c:du1to - 16 înjœtlOft lnto - - . - 7 dey lDS!h 188 'N ll: 2:5 1II11R &OU:) • (dery"'" 

~ 18 .... ' q ""'001 I~ Sc:htJtmètq-Pouth. 
t.iJ: sc:c 1960 

R ... o 
~bundo " 

'diola 1 - _ laa_U., <-.t'dl , 

b:per:uaental CandltiOns LC 50" 

Conteolnent.- 5pe!:.e. Staqe/"". naJ> 1_. Mat_nlogy AI ... I ini.ly Z4 h. &8 nt 96 nt Erfeetr R_Otit. Re (e renc:es 
'C (pH) 

Par_t(lt) -~ 1-2 _Il old A 2\-22 S....ar. 1910 - '20 "S 26Z Jomeon. I<Hô 

!!!!!! t_loo 

lllllnOdxnaat..,s 1-2 ...... old · . · . 204 nI '00 
peTonl tlOllpoloo 

-~ 
4-S __ old A IS.5 * - JO ...,.. ,. 25 26 K:: 10 .. ~end ..... 1910 

woodhOual.l tadpol .. .S ... tnyl 00- (9.4-: (11"') .,~~ canhdence , Ulula 
r.,.j.en (7.11 0'_ 100) 6&) ln brecltele .. 

PaeudEr'G t ... oid · . · A' 17 28 . 
trl'.tleta t_1H Ile- (U- (tl-

M) 5tl ") 

... !!!!!!!!! todpolw · - · - . 1. - OIIl.tned r...,. HQshbaoto Cld 

~ (o,.ulot.ed pradet. 'tiahiuehl. 1981 
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t.per ...... t.l Conilitiona lC 50'! 

Cont_lnfnt' Spe.el.ea Stoq./ àq. nooP ,_. MoU.,dOl "'l' AI.,Urut., U hr '8 hr 9& h. Eff""tr Reaerice Referent" 
'C (pH) 

~U'.thlon (OP) ... ~ adulte - 16 inj action 1I1to · - - . 7 do, LO~h 961 N ::: 2' fun ,ri"", .. [der, _ 

.!!!!a! 18-AS 9 dot .. l 1 ;Gph .... Sc::n.t.zberq-Porath. tic _ 
1960 

-~ , .... ola A n.~ ! · JO_ 1.6 1.4 1.0 ~ = ID. S.nders~ 1910 

l.U!.!!:.!.!!.! tCldpaha . ~ molhyl to.40 • 10.91- 10.1{I.. 90;" crw,r.f1N'11r,a 
P.l) otQ8 1.01 Z.B) Z.D) [unta ln brackeh. 

I~ dey 

- !l.!!!:!! cult.. ren_ Zl 10· N = 24 pa, coneentreUOr'l4 Ka",lan ... 
plpllmt 

_. d.'l, (5.0- · · Glaczentlki. 196"> 
9011 &.8 

%4 '" 48 hr 96 hr 

-~ adulte . . tnJected via · - - . 96 hr lDlO: 1. J~Z Juarez and 

.!!!!!!œ I.."...tlc ..., Guaan, 1994a 

- ~!!!!!! tedpal .. - - - - - 1.% - Ha" iJSOto ..,d 

i 
~ Nuhu.ehl t 19'" 

(.ps, • .,t_l CondltlO.,. le 50'! 

Cont_ln.,t' Spect&e 5t"90 /aq" nooP fap. Mot_.loq, Allcalinity 24 br >B hr 9' nr EH""tr Rerurks Aef!'rencn 
'C (pH) 

Pent.aehlorQ~l .. Atlbyat." 1'" _ka A 20 :t 1 - - O.JO - N ': 1() (cr each alJllllClea .. S~oof' and 

~ 1~"lt ... teh Orga'1i •• oot fed durinq BattrSd 1 • .,. 1960 
e.pt. 

~ '-4 ..,.ka 
. . · . . 0.26 . 

l!!!!!. poat. haUn 

.. !!!! t_l .. 8 H.2- 4PHA 1980. - 0.Z01 HttOqe Ul parenttwlttlt15 .. lhtlr15lon l'tl 8 ••• 

cale,"l". 2-~ 9 18.2 USEP. 19TA ( .18~- l'e~ 
(8.01- .UO 
8.DlI 

- !!œil!!! .. z' CiOy1I ... 1- 20! 1 - - - - - 100 dllJ .. paeure na N = 1~. Sloafr and 

l!!.%.!! slaUc- ."ec:t t ...... (the Canton. 1"1tU 

hlqhnt conc_traUon 
.t «lite'" na .,rKt 
or lat""l U, •• 
obear •• U: 

Mortaht, - D.On 
o..el_ont - D.On 

Gr .... " - D.On 

Pentoehl • ...-I .... !!!!!~ todlDl_ - - - - - 0.15 - Obt.etnad 'rc. H'''iooto end 
Sodl .. ~ 'o .... leted pc'Odu:t ~ Jrrfi .... tl,Cht. 1981 
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rdllo 1 -~ r .... ùoitv <_'dJ 

bf);)r~c:ntol Conditlona LC "'" 

Cantcr:un~t.° SQ;eciGO St"'lo/C\lo rloJ> rGDIJ. M:>t_IClJY Alkolln.ty Za bt 48 I>t " h. [Hoct"" Re::lorko Rere .. erteH 

'c (pli) 

PO_th. '" (PY) - !!2!! todllOl .... 8 11.' APHA 1980, 0 - 0 D.IU Range in porenthaœ ... Thur stan et .1 •• 

cotOCOGlcnc Z.~ 9 18.0 USEPA 1914 ( .05'8- 198' 
(7,98- .ZU) 

8.BU 

.. .!5!! t_loo A ZII! 1 Ilo_tott 100 qIl. 0 . 7.0H .. :: 10 pet coneentrotultt .. Joli, ot al., 

eat00b06t::na 6-8 ... (8.4) et 01. 1951 .",..11"""0 (4.127- 9SS c:onfidllJf'Ce llCli te 1978 
0.111 9 8.1J5) in brccltolG. 

rroqo DOr. tolerCAt 
thcft fldl or crayfi. ..... 

OR __ .I>",,) - !.!!!2 pipieno _Ho . 10 --........ . . · . Z4 hr L050. pt :;: ta..).~ Cole End C •• ld_. 

20-'0 9 lnJocUOft tr_ elO 91)" eonfictence .98J 
lnto th:> '"'1:"f" iï.ï. ligUa in porMthattillte. 

daro.c U.2- (0.11-
10.'11 0.111 

l'hanoI • .!!!!!!Il!!! tadpOloo 8 11.2 ! 5 . 40 .... '.5 . · 7S1.1 HoI_ot .10, 

!!!!!! (7.'" ! "'9IL 1987 
.22) Ga COCO, 

'.1. 1 - __ r ... jeU, <_'cil 

(xperwa1tal Condltiona 
Le "'" 

Ccnt._tn~t· Soeele. SteQo/eQo rt'" r_. Mot_I09' AU'al1,ut" 14 hr 48 I>t 96 hl" [HectO< lhe •• " .. References 
'C (plil 

IR-Phenotht'" - !!!!! plplemt .sulta - 10 .-...-.. · . - - Z4 h. L05O. l'j = 18·' •• Cole and CII\!udl, 
{py, 20-'0 Il injection lnla .!!!!!! =.!.! 9~S eonfidtJf'1C' • '98} 

the dor .... 9fe .. e .. 6.0 liaIt. in Plfenthese!ll .. 
tn- ( '.9 
20 9.2) 

Pheny! Hareury .. !!!2~ tlldllOl .. . - - · - O.U Qhllune" \8U'IQ H IUlh l.-ot Il N,.t 
Acetate .I.!!e!!!!!5!!! for-ulote4 pI'oduct .. NI !ihIUChl. t9tU 

N-Phen'I_ .... - !!!!!!el! ln_. A - · - . 2.1_ - Creenh0u9,.. 1911 
napnthyl.",. !!!!!! 1.' 

-fJOO . . · · - . - E050 (to .. toq ... i al 
rOll' e:'S:pofJUI'O froe 
bl_ule to hOtehinq-
l."".8. 

ndoy 

Phoednn .. !!.!œ _to dally 2. · - a H 2 Z' pel' eQf"C'enUeUun .. "oplan and 
(01'1 P1P'_ ~ .. 9œ '_1 (6.0- Clc.atl1l!11kl, '96~ 

6.4) 

P""e __ 
-l!!!!!. _Ile - - lnJ ... tOd vU · - · . 96 hr L050. 1.1" lua .. a • .., 

(01') .!!!!!!!:!!! l,.....,Uc_ Cu._, 1986. 

-
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(xper,w.,1I1 Conditiot'là' LC 50" 

Cont .. ,".,te $peei.,. StOC)./OC)e no'" l_p. MothaclolOll' _l .. llnitr 24 •• 48",. 96 •• trr""tr Rea.les Re fu I:nCH 
'C (pH) 

Plelot. OU .. ~ 1-2 ... " 01d • ZI-%2 S.-ndare ·'910 · 'oJ lU 9' Johnson. 1916 

~ t .... pol ... 

10\ ... ll old · · · · 210 182 1S4 

<lICIpoln 

L lInOdI"ut .. 1-Z _ old · · · · 120 116 10' 
parotu <od",ln 

Plperony! .. ~ 1 ..... 014 - 1~.' t · lO_ 1.8 I.J 1.0 N = 10. S.nders. 1910 
SutOl:lda ~ t .... "'l .. ., ... tllyl (0.40- (O.Jo.. (0.10-. ,~, conftdenCct 
(e,.,etqlet) (1.11 onnqa 8.l1 III 9.01 lutih in br.:keta .. 

, 
Ipoh •• i • • .!!!!!!2!! "'2 daya _.- 20" 1 · · - - . 100 dtry npoau:re No " , 1~. 5100(( and Cantan. 
Oic:nra.at.e l!.!!!!- et.tic ((roct Le.el. (lhe 1981 

hi<)hest concentration 
et "'Ieh no affect or 
1.t .... Uty ... ottMf'led): 

Mo.bolity - 1 
o...l_t· l.2 
Crooth _ l.Z 

, 

(xper...,tel CordlUone Le 5QC 

Cont_lnlW\t.· $peel •• StOC)elOC)e n"'" 1_. Mot_.10ll, llkel init..,. 2. nr 08 hf 96 nt' (ffect.c . ReMetk. Rert!rences 
'C (pit) 

Ptapanl l - Buro buro ladpoln · · - - - l.' · HaShiMoto a"ld 
(H) 

-~ Nl~iuch,. 19A1 

n-Prol*'Ol - A_rst._ )-4 ... ka - 20 ~ 1 - - . _,000 · N , 10 (or ekh spee, ••• Slooff and 

~ poot .. teh RttftrllHthlMll. '''Inn 
Urqlnl,.. lot f4td duC" 1"" 

!!!!!!!E!!! '-4 ... ka · · · - _,DIlO - e."l. 
l!!!!!. post _teh 

Z .... """"yl "11\, -~ , ... _. - ZO ~ 1 - · . 12 •• · No ~ 1 a pet C'oncentrat.t.on. de Z .. rt and 

!!!!.!.! Qld 1 ... ". SI ouf( • 1987 

Bia U-I'''_111 - !!!l!!!!!!! l-4_ • 20. 1 - · - 2S.~ · N • 10 pet c:ancMtr.Uon. de l •• rt and 
Allan_ !!!!.!.! oid: lat .... Sloott. 1981 

1 h. 

Pyrene .. !!.!!!! PIP'" -...,... • - · - 0.1. lC~ detetalnad (ot 1C1Iq.' et al., ot_ n 
1 noUf' a( "'pollUt. 1985 
to IN\l iqht .. 

lr ... - Pyret ..... 1n. ... !!!!! PiPi" .sul ta - ZO 

_cut_ 
· - - - 211 h. lD5Ih 9S1 confidence lt.its Cole and teaid •• 

(PT' %0..'0 " Injection ",to '.8 ( •• ,...7.0) in pIIrent ......... 19'" 
_do .... N • Z""". 
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EaporJt)Cnlol Con:dltlOftO LC )OC 

Contc::uncntO !!pee"", SlcqaJcq8 fi""" 1COI>. Mol_1C9Y Alkollnity ah. 4' lit 96 hr Et'eelaC Reas,. ReferetlC •• 
'C (pH) 

Pyr.dlno - Ar:I>yOlOQO '-4 "",s_a A 20! 1 - - - 9!O - N :: 10 fol' êo:h spac18a. SIHf( ond 

~ poOL hOte" BootMlec:n. 
IOrqcnls:::Hli nol dur inq 1980 

!!œI!!e '-"- l ""pt. 
.!!!!!2. pool IIGtc:h . . . . . 1,lI0II -

211l1r 'III>< 1_ ''h' 
• .!!!!!!1!!!!1. ..-l_ulo A Aoa::s - ".S "'IlL ,- U10 z_ . '.rctoqGiUtuty [C5Q for 9'" confidtlftte llOltO Oo"'a et .t ... 

.!!!l!!. _""0 Icp. U520- (18l1li- Dld-bloatulo a::àDryosl in breeketo. 1991 
H401 "ZO) 

24 hr - 2190 (1)40-"10); 
lOUIIud 9550 "90 2820 2440 48 ... - U!O t600-401011 

_""0 ( 1110- UODO- (U50- (InO- 12 hr - U50 (440-4140); 
5!OOOI '8'01 "80 ,,.0) 96 hr • !ZOO (1'0-19801. 

'r ... 1660· 1590 IZOO 10'10 ...... ...., tU90- (,l1li- (900. , .. ., 2110) 14601 1-

. 

. 

. 

" .. 1. t - _ r_ ... n, (_'dl 

(xperw..t.' Con:Htlons LC ~ 

Cont_tntntl Speel •• Sl"'Jo/"'J" rt...,tl ,_. 1Io_1""r AU,alindy %~ ht 48 ... 72 hr 96 hr tHecle" Reftllarke References 
'C (pH) 

o-unolu.e -~ .ud-I:II_tul. A R_ . 98.5.oj/L 219 lU ., 79 reratoqeru.C'lty [[50 9~, confldmct!' lwila 0 •• ,1 et al., 
1 

'-' (H- (4'- UI- fol' _io-blaslul. in br.:ket ... 1981 -!!!!! 
_ . .,., 

247) 1671 lU) ..tir".,.' 

24 hr - 71 Oa-1l4!; 
tallbu::t zœ ue 129 129 1l h ..... 16 tU-9IIh 
_r.,., (In- t 117- (IOZ- (9a- 96 hr : 29 (14,,(,0. 

U,) 1861 164) 1(9) 

rra U5 111 1111 9' 
•• t-ltt9 (91- U&- (90- (15_ 

tar •• 200) 176) 121) 1201 

-~ ntly A 20 - - . - - 26.' M ': 2i. -.. et 01.. 

.!..!œ! cl'''lIIe to 122.1- 9~' conf'i.dence ... i.t. 1919 
.id-bl_ul. )1.') l ... brckets. -..,.,. 

Ca.....,; red~_ -oliht1. 
ond tetordod 
doNl_l. 
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bp*t&aSltal Cond~Uona Le ~ 

Cont.l1n.,t.· Speç Ut. Stllletllle no.J> '-p~ HoVodol"'lY _Ihl",,'. %6 ht .8 hr 96 hr EH...""" A._rles Re(erence$: 
·c (pK) 

lAS .. Re •• thtln * !!!!! tedpoles - III inUllf;Jltritoneei - - - - 24 hl' LOS(h ~ : n .... '. Cole ..w::I C8i!Ude. 
(PT) eltnbfu". 10-n 9 injection ~ :!.! ,,,: conf iden.:e 1 ~ 1 t s 198J 

S.6 1.1 in pet."t...,., •• 
0.6- (o. BI-
9.B) 1.6) 

~elpi ... .hJlta . . sd)cut..., ... . - - - 24, ht LOSf:h N • 28-14 • 

20-'0 9 inj..,Uan .!I!!!! S!! 9SI, eonfidenee J W1l. 
tftt,o the gre.er 1. , Hl'.t •• U .. ,. .... 

dara ... t ..... 60 0.1l-
1.6) 

Rotenone .. 91.1(0 bu(o tadpolea - - - - - O." - Hashufloto a-td 

J.p"'"" .... Nuhiuchi. '981 

Rotenone (Ho. fiei\- .. !!.!!!! 1er •• A 16 t , c.o-itt .. on III "'!III. 0.'00 - a.SDD 91$" confidence o.andler and 

'!IO ro' ....... ) II)henoc!!2hala (6.61 HoU .. da ror ( ... - ( .4%'. intcu' •• J$ sn bnckets .. Harklfkh 19B1 
TnieU, r •• t.e .69Ill .'91) 
with Aquati.e 
Orq .. t_ 1975 

RotlftOM - !!!l!!!!!!!. tadpol .. 8 11.2 t , - .0.4. - - ,0.040 Holc:a-.be et <Il ~. 
(Rotencnde) .!!!ru.! IJ.J91c '9.) eq/l 1987 

.221 .. c.co, 

"'I>le 1 - _. I .. "'U, ( ........ ·d) 

(.ptt w..tel Cand 11 io.,.. Le ~ 

Cont_lnanta ~i •• SuqatlIIe no.J> rNp. Hothodoloqy Alkaltnity 26 l'tt 48 l'tt 96 hr Err...,t"" Reaarks Fteferenee·s 
'C (pK' 

S.1t.eyl.1d.hyc:t. - Allby.to-. '...0 ... ks A tll t 1 . - 1.0 - N • 10 for eJll!h atleCt ••• 5100;( end' 

~ poet '-teh 0'9"'1_5 not fed durtnQ S.erselfl:an. 1980 
expt .. 

~ 
~ ... _ ... . . . . - 1.1 . 

l!!:!!! poet hetch 

1 d • ., 

Selen, .. (M) C •• tr!:!2!!!:%!!! _bryo- 8 - 8irqe 4 81..,' "'.Il ! Il.09 Elpo.ure r .... fert.t- N , ". th",. et Il' i 

earolil'l1:tmll. 1.,. •• ' 0.0- 1'71 a .. b S.4 _ 
H.nUon to • d • .,s 1919. 

l.n MrdPeea n poetNt.Ch~ 

CaCO, 

12 ht 

S.l.u .... -~ tadpol .. r_ U - - a.a. lUO {M'dtan SUl" .. h.i 9SS conridmce 8rMl1tt ....:J 
(lOdl. _l.uta> l!!!!.! "'"U, (6.", tl_Ir lUtit.e in bt_kets~ t:Maont, 1919 

9.Z) '.7 claye ln 1 _. ~ 2: p.- ptody:ed 
6.0.,. ln ~~, œnotw*' lU ••• 
t." deye in 10 PII'". 

24 tu 4!lht 9' "r 

Si 10er (MI - !!!!! tadpola • 29-l4 APttA .t .1 ~ 120-1611 ooq/l .007l .0IJ6Z .00.1 ln niqh cQlt'lCafttrat 10ne 9!t;: eonfid.-.c::. 11lut. Kh.-.:Jarot end 
_t ___ t'du. 1.8-2.% ca (1.1. 1976 ..'teCO, ( .oatl1- ( .ooso-- ( .00'64- """::J.n9 •• rrHic in breck.t., Ra.,. 1981 

7.61 .0Il80'I1 .00108) .00t611 ~y .....,t. 108. of Ant..ie not rad U nr 
8CJIUibra .... nuted. prior ta or dur .. ,... 

t ..... 
, .' 
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Tâla 1 - -., T_.,,, (_'&1) 

bporltlC:fttoi Conllt.iona lC 50" 

Contc::uncnt. • 5pocleo 5t<90/..,8 Fl...P r_. M:>-IOIIY Alkolinity Z4 "'r 0' Ill' 9' "r EHocto" Fteaorka R.fe"er-=es 
'c (pH) 

SUtQunQ (H) .. a"ro tJ"ro todpol"" - - - · - .. 100 . Obt._ (r ... HastUftUJto 4f"td 

japon .. "'" fOI'lQf.d4ted prOduet .. NiBhlUChl" 1981 

. 
SOdl\J:8 AUu:uni\D -~ , .. - """1- ZI ! Z - - - - '.600- test colutioN Canton end 
SlUcato ~ etoUe 10,GmI corrct,", for pH and Slooff, 1'/!12h 

o.yqcn contont.. 

50<1."" Ar .... lto (Hl -~ 1-Z ....,b old A ZI-U - - 15Z In 9' Jom80ft, \976 

~ tcdpltl"" 

L iJtJ\ach'uc:ll.55!: 1-Z _ old . . . · 108 ft 60 
par ... todpoloo 

!l!!!!. % ""'* "Id 
. . . · 1" 110 1%' 

.!:!!!.!.!!!2. tadploo . 
Sad."" Il ... :l1do -~ oZ doyo -,- lO: 1 - - - - - lau dey .. "" ..... " No Erreel N • 15. SIDO" r:nd 

.!.22!!2 etotùo lo.ole (th:> hiql>Ht Canton. 1981 
CORCcntr at. lOft ot duc", 

na e"eet or let.tw:hly ClS 

DGOr'ltCd) 1 

MarteUt, - l% 
Oo""I_t - )%0 
Groolh _ 'la 

rablo 1 - _ r .. _u., (_'d) 

Exper ..,..,t.al Q:"..:ht.iorua Le 50" 

CanlMt.ntnta %Jec1 •• Staq"/",,. noJ> f_. Mothodolaqy AIk.linU, zo hl' 08 hl' 
" "r 

trrecta': R.,...r .... References 
'C (plU 

Sad ... -U ... _ .... t .. .sul le - - 511'91 •• ", • · - . - LOlO _r"". 60 ..... foIaeUro, et al ~* 
rh.fOi.etlt. t....,1. .... 1.. Z-' Q injochon 1'I8~ 
(1080) r,.,.. t.ntil •• t" 

(_ion _ renq,,) • 

18.0 "r ()6.a.~8.)) 

50<1 ..... or Mot"'l -~ - - Subcut_ - . . - U)~ . ,~. O'll,no."th~ t"49 
rluora.etat. pil>i_ inJtetion 

l!!œ!!!! - - Subcut ....... · . - . LOSO .. ;00.0. 

!!!l!!. Of' l,.Qi. 
injection 

Sad .... 9- _ R_ . . ~c:ut ... 8OUI - - - . lOlO. %S.a. O\enowath, 1949 
rluoror:ratonete ëW_ Injeclicm 

10.., 

Sodl'-- rhioc.,.,..te - l!!œ!!!! todpal .. • 2Z ! 1 - · Z,DIlO rreet.ent _. c .... Bu"" _ Punlld 
.!!!!!!. '-U~ lI_ (Ot 10~. ,-

"Id U:IO _ det ... ined 

et 10 ~ pa.t 

-~ ... 
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bper iII.,tal Condl lIo,.. LC ~ 

Conl_ln.,ta Speeltl8 St"90 /"9" rlaJl 'oop. Mot_ICIIIY AlhlinUy ZA hl' AB hl' 96 hl' [ffectllC ReeI.rka References 
·C (pH) 

Sour .. Ur frC)!l -~ eerl, el ..... A 20 - - 0.69· 0."- - -lev .. l .. in percent N : ZOO pel' tr .. at.ent .. O~ont and 

ea.1 qUI fie.tlon ~ "a). ta _,d- (6 •• for (0.61- (O.lA- sa ... • ter content. 90;:, con' idenee Schultz • 1980 

pl.,t b1 .. tu1. controle; 0.77) 0.l8) lnhr".'. in br.:kets. 
_bryaa 6.7 raI' ~educt.ion ln -atllity, 
Cataqs. 2- lS eaur piq.enUhon .-Id rale 
6.~) _leI') nf ... hrynnll' rt.t""Inr-.. 11 

, .. Led. 

I_r ...... ' 

7 doy 

Strontl" (M) ... G .. t~œ!! B - Blrq. , BI." 19~.O ! 0.16 (.po ..... rr .. f.rtl- N , 1 •• 91 rQe et al ... 

caroll"",. hha! (7.0- 1917 a, b ~.'- liZ.lion ta • da,. 1979. 
7.8) ""r<I_ post .. tch. 

•• C.CO, 

26 hl' '8 ".. 96 hl' 

2,ta,s-r _ln. (H) -~ 1 ... 2 .... k old A ZI-22 Sander. '970 - 2Z8 ZO~ 200 Johnson. 1976 
(2,6, ) ... trlchlaro- ~ todpal .. 
pnena.,..catlc cid) 

L l!!nOdynat .. 1-2 .. etc old . . . . zia 190 169 i 

! peranl led..,l .. i 
Bura 2 .... o1d . . . . .Z~ l82 lllO 

1 .!!!.!!!:!!. tadpal .. 

[xperill.,hl ConditiON LC ~ 

Conl.nn.,t· Specie. Staqe/.qll rlaJl 'oop. Mot_aICIIIY Al'--linit, Z6 hl' 68 hl' 96 hl' [rroct"c Rent.rk. Reference3 
·C (pH) 

'OC (OC) -~ 6.!t .... k old A u.' ! - lO_ 0.70 O.lZ 0.1' N ::r 10. Senders. 1970 

~ tedpol .. ., _thyl (O.Z,- (O.ZI- (0.10- 9,~ eonfidrce il.,ts 

~. (7.1) or~. Z.O) O.U) 0.21l in br.:lceh. 

~ 1 ... Ir. old . . . . 0.61 0.50 0.110 . 
~ tedpol .. a (0 •• 1- (0.21- (0 .• 21-

0.82) 0.7H 0.7H 

,[PP (OP) -~ .!!!lli.!. .suit. - 2~ Injection lnto - - - - Z6 hl' LO~1 ~n N , 'l~ .. ini.,_. rd .. r., ... 1 

!!!!!~ III-O~ 9 dot .. l l_&- ,. Sch.t marq-
tic AC Par.th, 1960 

I~ doy 

. !!!!! P'P'- adulte d.lly Z. - - 60 N , Z6 pet concentr.tion. ".pl., and 
~roa. 9.- ten .. 1 (5.'- Cl.:renakl. 1965 

6 •• ) 

JO .in Z hr 

... r.rttuenyl - !!!:!! plpi_ .tIryoe A ,- - - 0.11 0.018 LC50 deteNlned rar Kaq., et .l., 
""9- n gi • ., l~th or 198. 

ftpo8Ul'. ta ... , iqht. 
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là10 1 • _ 'Cl.ldoitV (_'CIII 

tapooiDc:ntll1 eon,Hhom Le; :la" 

CDnlC:Uncnt° 5p", ... 0 Stcq"'cqo floJ> 1""". 1b_1"" AlkQllftlt, Z4 ho 48 ho 96 h. Efret"" Rec::liorllo Raferenc:H 

'c (pli) 

c-forthlGftyl -!!%.!s.~ todpaloo - - - - .OOJ - - IniUal inc:tibot ian t tClO Kcqc:n al al .. 

("""t'd) =0 1 hl" t irrcdicUcn 1967 
U"" (cunl'9ht ..... UV) 
11;10 1 ht' 1 9ur""'01 
detOfQJ,f"Cd l6 nI" ortar 

oftot' treotcn:nt .. 

Jatrc:chloro- - Bufo bufa tcdpoloo - - - - - ..... - tlbtalnœ lQinq "_1_0 cncI 

III'Ith::!lido Jg!!!!';;;;;; foraulollJd t)C'OduCt .. Ntdthtrhi. 198t 

IR let.CIO_ ... .. !.2!2 paplote <dulto - ZO -""""'" - - - - U ho lO'lO. N • 28-l'. Cala end C081da, 

(PY) 211-JO 9 InJaoU .... 11110 !.!'.5!e. elO 9~S ccnrtdllll"liCe t lotta .96J 
th::! do"""" q:notor T.i in porcnUmc:::ul" 

tllc:n 20 0.2-2.6) 

lotrqoropylc:no -~ __ 2 ""'" eo::>'. 20 * 1 - - - - - 100 dOy 81IpoGUl'O No Pl 1:1: 1'. SlooH ..... 
lion ...... .!.e!!2 &toUe [froct laoolo {th:> Canton, .9IIJ 

S"lphonato hiqh::lat. C'GftC:cntl'oUon 
ot dlleh f'IO .,roet 
or lo1holi .. ,. Cs 

""""'r.....th 
Mortolitv - l.2 
o.""l_t - .0 
C.roc:Ah", 10 

Idl10 1 • -.. I""tctt., (_'dl 

(Jl~riaent.l CondltUIM le 50" 

CantQIIJ.naJla Speel •• StllJa/",e rto"'" ,_. I4IIt_I"'I' Alkallftity 24 hO 48 ho "6 hl' rt(..,to< Rea:.rkS Referenen 
'C (pli) 

!fN O_prU:ldo) - !!xl! 
t. __ 

A nt 1 - hard ...... - - 1.96 '9.4S If .. teeted. 0,_1 •• one! 
U-t.rHhe .... YClnu:otor (6.a. .. '"Ill Il.17- 9'~ confidet'lC'1I lIl~.r •• l. Harkinq, 19" 
.. tllyl-4- 7.01 .. COCO, 2.2U ln ~r.,tt .. _ ... 
nil.o_1 

!!!:!! plpleN S.,. .... . . . · - . Z.76 Di rticult to c..,.,. 
Il. os- r_vU. ar ataUc ". 
J.l0 no. thrOUlR •••• ., .... 

l!.:. tah'_ a 1(;. - · - - ,.~, 

c:.t .... l .. 
r_ 

17 (Z.62-
J U ... ..82) 
perd.., 

7 dey 

!hoUi .. (11) - Il..t!!!2!!!l!!! -.,.... 8 - 811'1l0 A BI"'" 195 .. 0 ! G.11 [_po ... 'ra. 'arti- ~ -: '1\_ Bifq. et el •• 
CUOh .... l. 1.'001 (7.11- 1917 a. b '.4- liloUon to • doyoo 197ge 

7.8) hord ..... """,net.,.. • 
.. CoC:O, 

ZA hr ...... 96 hr 

Ihlr_ IF) - !!!!!!I!!! ., A 20! ., - ZJO_ 0.017 0.014 G.OU ~6 et .1 .. 
l!!!!! (7." toaI, I\J11J 

ne_ 

'J . . . · 0.025 O.IIZI O.IIZI 
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üper*-'tal ConditioM LC ~ 

Cont_ln.,ta S9ecl., Stl9e/oqO FlorP ,_. .. tlDdol .. " 'lk.U .... t, 7 da, Hr ... ta" It .. _rb Ref.r...:" 
'C (pHI 

I1n (Ml - Cutœhrxne _br~ .. B · Birge A 81'ck 195.0 ! 0.119 Ellpoeute frœ '.rti- N = , .. Sirqa et al •• 
1:'Il1'011"..,.1. lat •• 1 (1.0- 1917 at b 

S •• _ 
llntiott tg • da,.. '979. 

7.8) ... _- polit "'teh • 
.. Ceco , 

2. n, •• n,. 
" hl' 

10'_0 (OC) .. !!:!! -- 8 ZO - total MH"... . - 0.651 c.",,_ (or 96 hl'. K :: 2fI ... 'O pet cOI'I:entrattnn. Hal •• "t 
5Phet ..... ""' ... 1. O.t- 100_ mrt.lit, detenllned S_lnelord • 

1.5) .. CaCO, Il 15 do,.. .-
1 .... · · . · - · 0.065 . 

ft : 20-'0 Mf' cane.,U.tton. 
(0.055- 9'S1$ fldue 1.' l .. ,le 
a.OB'1 in ot"aCuta .. 

__ Ih 

· · . · - · 0.n8 (.po .... for 96 hr 1 ft :' ~-10 pol' corc:.,t,..tl.on. 
(O. "0 .rtalit., <fet.NanC f 10. thtOUJb _thod PtOduced 
1.IU) Il 8 d.,.. lo .. r resuits t .... static 

_thOd. 

'": !!!! '.5 ....... old 

_ 

!S.S 't - )0_ .10 0.Z9 O." .. = 10. S_ .... 1970 
~ lad""l .. 0.5 .. th,1 (0.'0- (O.zo- (0.06- 'S~ C'Qnfldt!ll"'W:. 

(1.1) "l'''''. I.Z) D.U) D.nl 1 wu. 't1 br.:nt •• 

~ , ...... old · . . · 1.1 0.70 0.50 . 
tu .. r.at.. tadllOl .. (0._ (0._ (0.10-

'.%) I.Z) 1.11 

bper_tol CandltiOM LC ~ 

CantlJltn .. t. 8 Sp.elo. Stl9"'_ FJo'/> ' .. p. ..thodoloq, Alk.Unn, 2. nt 48 hr. ,96 hr (((ecl.e Rewa .. ka Reference. 
'C (pH) 

fa • ...,. (cant'd) - 8 zo Hall hi 

100 __ 
Z. hl' Ee", (beha",lOUl'al 9~S confidence U_its H.Ù lM 

O.t- S.ln.ford CoCO} aOerr.Uons)1 ln brcket. * S",inefQt'd, 
1.51 1980 he_ 1981 

R.,. lar_. - - O.UO 0.19) 
_\OC!!!!:!ol. (0.095- (0.1).-

0.180) O.Z98) 

!!.:. 
1 ... _ - - 0.099 O.l1Z Otsturbed .qt.d.lihtl .... 

e:attnttel". (0.011- (D.ZZ~- lb,.. ..... po.tut." 
0.166) 0.4)S) .,tt.Uc .. 1_1nq mted .. 

!!.:. l an .. - · 0.199 0.0)6 
1Y1 •• ue. (0.176- (O.OZl-

D.ZZO) 0.05)) 

Bura 'u •• - - 0.01. D.OlS _.te..,. (O.OU· (o.Oa-
0.0lt) 0.0511 

~ 1.,.". - - 0.076 .. 1.00 
crep.lt .. (0.048-

0.116) 

_ ..... t_ 1 ...... - · 0.1.'2 0.110 
op- (O.Z'~ (0.1%%-

0.'101 O.US! 
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râle 1 -~ lct:JicUV (ccXI.'dl 

bporiJx:ntol Corahtlono LC 50" 

Contc:nncntO $pee 100 SL"'la/CJa rlaoP 1_. IbL_laqy AlkoUnlty ZO hr _8 hr 96 hr (HoeLa" Reaorko References 

'C (pH) 

falSc::ptIono (cont 'd) Ac:byotct::lo 1 one:. B ZO Hall end 100 pp::> 0 · . Z4 nr (C!IO, 951 confiden:ee licHa in Hall end 

~ (l.Z· ScdnofOrd CoCO) hordnooa O.OJ" O.Ul brc:clcoto Silinerord. 19B1 

.!2!!.2!.!. 1.') 19110 (0.020- (O. zn- (oonL'd) 
0.11<11) O.Z,.) 

1 PlI - Bura buro t~PDl00 · · · · · 0.16 · 1" .. .nIDuln Iitili 

(tatra:hloralCG- laponlCua Nlsniuctn 1 

phLholanltrUa) 19B1 

r richloraothylato • Ae!!yat""'" , ... """"" A 10: 1 · · · 411 · N, 10 ror oa:h cq:J:OCiao. SI .. " end 

~ paaL hotch Baorc:Jlocn, 198 

Orq01i~o l'lOt r ... durinq 

npt. 

!!!!!!I!!!! , ... - · · · · · 4' · 
.!!!!!!. paal ""ten 

2,4,6-ruchlaro- • !!!!!!I!!!! Ladpalao B n.Z t , 40.4- · . I.Z0 9SS canfiden:ea 1ntenal Ho 1 ctabe et .1. 
~I l!!!!! (1.19 t 49.' lIIJIl (1.04- in porEl1th:aeeo • 1987 

• ZU "" COCU, 1.40) 

'.Ie 1 - __ r ... icU" (_'dl 

(xper*-,tol Con:Iltlon. LC 50" 

Cont_ln.,t· $cJecieG St'"!./'"!" raaoP I ... p. ItIthadalCIII' Alkalinity Z4 nr _a hr 96 nr (HectO< RMarke RererencH 
'C (pH) 

2-U ,4, ,-rri.chlaro- - !!!!2 4-' _ ald A n.' : · '0 ppo ZZ ZO · N 2: 10. Sanden, 1910 

~.y) Praplon.ic .aodhauali todpaloo ., _tllyl (n-JZ) ( O-Z8) 95S canfidence 
Acid, but,. etMr ~ (1.1) aronqe 1 lait. in br.:ketll. 
ooter (H) 

Peeudcu. '_ald · · · · ZO 18 10 

tu •• ra.t. todpaloo ( 14.12) 110.HI (4.0.181 

lurauralln (H) - !!!!!! 4_' _ ald A n.' : · JO ppo O.IB D.n D.l0 N , 10. S .... r •• 1910 
lIIOOdhoua i a todpaloo ., _tllyl (0.10· (0.10- (D.08- 9S'I canf.d...::. li.ll. 
f.,.l.ra (7.1) or..,. O.JO) D." ) 0 •• 9) ln breck.t •• 

.. !!!!! buta todpaloo · - · · · ,. · Obt.,nai fr_ for..l.ted H.tllhi._oto ~ 

..I!I!!!!!!E!! prodw:t. Nitllhi...:hi" • 198 

J,', ,.rriaethyl_ • !!!!!!I!!!! 
, ... _ ald A ZO t 1 · · · !J.' · N : 10 par c~.,tr.tlon. de Z ... rt and ' __ 1 

.!!!!!!. lu" • Sloarr , 1981 

ndey 

Iritman (OP) - !!!!! _n. r_ Z" · - ", " ::1 24 par concentr.tion. KepI., ~ 

pipi_ 
_. 

9co doU, (6.1) Cl lezan.ki, 19 



- 131 -

(a .. r_tal Col'dltio"" Le 5IJC 

CDntMin.,t.· Speci •• St"'!o'"", Flo./> T .. ~. ....t_l"'!y Alkollnlty 1 d.,. [(ractlle ft._far Re r.renctts 
'C (pH) 

''''''let .... (M) - C .. tt!!:!! .. Z_ Mbr",... B . Birq •• 81.," 195.0 :: 2.90 E:JCpoaure trOll fatU- N : 14. 91n;. et al Of l 
eatoli.,..".ie 1ar'llll (1.0- 1911 a., b ~.4_ Il •• Uan ta 4 dO,.,. 1919. 

1.8) "'r~tII •• pootlwteh. 

coco, 

2. hl' lB ... 9' ht 

hlon (H) tedlDl_ r_ n.20 - - . 15.1 - Y.I .. 1. the Lt
so 

of P.r ... ozeh:$nbo l' 
1.1.5 .. d.l1y (1.7. the cu •• tnqnd1ent~ 1915 

8.Z) 

1 doy 

Zinc (II) • C .. t~!l!l! _b..,.... 8 . &Irq •• BI.,M 195.0 :: 0.01 [.po ....... 't'DM fefti- N 0 1 •• B11'91 et .1". 
earoll""'''1 lUval (1.0- 19" .1' CI 

5 •• _ Il .. Uon to 4 doyo 1919. 
1.8) hat'Cftlln ... postheteh. 

C.CO, 

15doy 

,. !!!:!!. mw.t. ton_ 2. . . 1$5 N li:: 24 pel' coneentriKlon. _aphn Ind 

pipl_ _ .... .,"" don, (6.1) ClacDn.tci~ 

19n . 

(a ..... _.1 Col'd.uo."" lt soc 

C'Qnt.ln.,t' Spl/llCi •• St",!.''''!. f1."p T_ • .... ~I"'I' AlkoHnUy 7 d.,. ((roct" ~etI.tk. Reretencel!li 

'C (pH) 

Unc (c:ont'd) .. !!!!! tedlDl .. A 29.'. APHA et Il. 120-160 ~ 41.26 Z5.65 19.86 9'': confidence h • .tta Kh...,.rot and Ray. 
.. , .... t.u:tua 1.a.z.2 .. (1.1. 1916 .. CoCO, U5.48- (U.7I. (17.68· 

in br __ ta. 
1981 

7.6) ~8. 19) 21.1.) U.90) 
InUle'. not 'ed 2& hl' 
ptlor ta or durlnq: te.te. 

.~ todpoloe r""_ 25.5- · 91.0- Ranq.. ln ,..rent ... .., ... R.o .-.1 

.!E!!!S.! dol" 16.0 98.0_ An .. _l. not. fed durinq "-dhy.ottt., 1997 
{6.86- tI,al.. 
6.<J41 

1_ old 14.06 H.U n .• 1 
(U.6- IU.O- (U.O-
Z ••• ) n.B) n.8l 

___ Id 

2'.41 n.Je ZJ.08 
(20.8- (20.0- Ut.6-
n.,) 24 •• ) n .• ) 

Zinc Sulphoto • !!!!!!I!!!! -.,... staU .. ZZ·U · 1011 -.'\. - . ' •• 5 ! Et'" (_lfo ... Uon)- ..,., '! conf1denrc_ O ..... et al .. , 

!!!!!! bi_W.. '_1 (1) c.co, I.Z '.6 t 0.5. int.r •• l. 1'181 -
Unob IF) • But .. bu'" 'edlDJ .. - . · - . 40 - Obtoinod .. i'"l fa,..,l_ed H ..... t_tG and ;;;;:;;;; produet. IU_luchi, 1981 
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ClD6IA11I_f" Sl'teIES Il SfAŒIUSSIII: lE'/Q.S U51:Il/UfEtfS RE_œS flEfCllEI/CE 

Abet.o (OP) - !!9 2!t9.5!. ZO JU_'luo [~aW'O or h,drotod toCdD to 60 P4'b OIqnlfacc:ntl, z, ... z,,·c; 24 Rr •• poGur •• Joh:nGan and Pru'le. 

l'il' _l-_t lQl::OrQQ t.c:::;pcluro tolorcnco .. 1976 

IOI'IIJUI - 19.8 cl 

Aco;oftClto tOP) - Reno cctCllCKl'lC:na lcdpol"" AU t.eâpoloc oapoOOd ta ~ pp::3 outn~od. Contt .......... UOCI apporct.. HaU end kolba. 1980 
roI' 96 hr. erQt" cnoh-
nQot.orllOO: cc:t.ly.ty 01 
""lIord<> (.0 _ tcd-

pol ........ 1!I'l.!! ··tl 

ot controle, l''tYU" . ".' ~ 

-~.r" ... !o ZIIO-6IIII 
_. 

'Dr.co ECJCJ hot.ch tJOQ not. Gupuhoc:nU, oftct.cd b, cvnccntrat lana (ha ._lou:l :ft!tfttce ... aler _.t 01., 1984 

P'" up to 198 r:::::t/L, an hrot ~ paot.....nctcn. cortailt, tXlO conc:ant.rot Lan of ccephate 

t_ dU'8Ct.l, rolctat la c:anc .... 'eUCft ta tdudt ·10 .... 00 0ltP0f)Qd .. utIOd ln ulOICt control proqr __ Id .,. 

.. 1 agit and 9hould na"'. 
C.,.th roto decr ...... and abnan::r.ollt at,a u~r.oHd lIIften litttG affect on 

lar_ "'If" .....- la '82 ..... 198 "9Il. populBllona of !.:. gracile , 

-!!!!!.~ 1 por lcrdO $upuru:ant _1'0000 ln caon Cl;'tl'Wll, tltXJl rec:ordod ut 1_.21! I·C. L ,on. et si w. 1916 
t_ 

!(XII pp!> !MIt _ al XIII _. 
2" hr .. M:c:lIPOtUln. 

AcDtœlo E_lr""t ... R.... t.!!!!!!!al' le t .... lco 
,..go _ e_ 1001 lIIO.t.llty. XIO _ c:_ lOS 

Paulmt and ' .... 10.0""0, 
_ .. ht, , 200 _ pr_ .... I"U"ù o'het dura"" 1 _ 198' 
obMl'''ton. 

At 10 __ 1er"""" _t __ ... Dy 2 deys . 
"' 801 an .... '. __ ,Mdl ZOI dld not C'DIIplot.. _t-.,r-
p ....... , end _nt .alfor-d. 

'1Ib1e 2 - ~ __ , St ..... (_'cl' 

CON r AMINMOla SPECIES Il SUCE/IISSUI: l(Y(lS USEO/EfrECIS RO'MkS RHEIlEICE 

Aldrtn (OC) .. !!!!!. eyenaptti yetle E .. ", "qht 19lh of lU! ~ lenglh of til_ OH - 1.'. Rana and Mathur. 19 
Qf froq f,O<I coneenlnt ton unta1 dealh ROQIfI. tMP .. ~ 1 9""U.· C .. 

(!JII) (",.) (_l (l'li 1") If.ter tetaQ. - 2O.Z4·C. 

4 1 '-4.) 26-" 0.006 .eO-2H 
2 2 2 21-2'.) 0.0' 1)_9' , , 6-8 )2·U 0.06 lAD-ISO 
1 • 1-1 JO-" 0.09 8~-'" 
2 S 6-' ",-,e 0.1 90-110 
4 6 '-10 27-46 D.ln "·120 

- .!.!!:.!!. creeltana )611 fr_ I8-U_ rfOQ8 takm (r_ ant.. lreet ed or ~t re.t lIIId _'th Areae lreat.eo w\th OOf. VHlSon et ,d,. t96} 
snauL-went pethcldQ and ftJrptlM'd ta '0,(1)0 01' ~,OOO *lll aldrUI ,n endl'ln, lCJltaphenlt, 

I_th. "b. J4artsht, recotcted .ner %4 and " hl' .. _thy. par_hwn. Aldun 
not. uaed • thue, rBlust-
• ne. _l re~reaent a 

Perc_t .ttaht., ... 1011*,. ln rr. ft_ lrellt. fUflde ctO$ .... re.lst..-.c:e~ , 
th .. &-1'1 (t'OIqdI fr .. ant •• tnth no or .In .... ,*uor t ... &t-_t. reap. 21-24·C. 

~ 9r %1I118 50 10.000 ~l k • lied ADS or frOljll. 
SO.OOO ~l k.II.o 70s ." 16 /Iouro. 

.. !!!!!. p.p UlM abdOIll"& 011." No en..- ln ahort-cuevlt cvrrtmt .t 2 JI 10--"_ Webb et .l., 1919 . 



Clllr .... UNAHr· SP(CIES 

;\idr," (c:ont'd) .. ~.!!.!!!!.!.!:!! 

- !!!!l!. 2.!.E!.!.!!!!. 

.. !!.!!!!e'p' .... 

Aldt .,.,.tr_dlcl .. ~l!!!!!. 

Ct ....... ! .. NI· SP(CIES 

Aldran .. trenad.ol -!!.!!!! ~ 
{cont'd) R. l!!!l!!oterta 

All.lhrt.n (Pl') 

-!!.!2~ 
!.:.i!.!2.!.!!!!. 
R. t!!!lfJQ.rara. 

N 

20 
ID 
ID 

SI ACE/IISSUE 

_ryoa 

ll\let .1C'r~ 

(adult.) 

adulte &5 , • 
8.9 .. 101'1) 

let.rel-tu. ottpn 

cul __ tauC'h 

feeeptor. 

5 IACE/Ii SSUE 

sp,nal chord 
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lEYElS USEO/EFFECrs 

5 ond 15 _ produc:od tOOS IIOfteht., M de., 1) _ 10. 

r •• .c:tlYely* 
1 4'PI' ... not to.,e~ 

Mtero ..... ' .. ttbOh_ (apparent y .... and lCœ ",.h •• t SE h 

App Y..,. , 0.056 t 0.01 ~1I ... n/""I. 
App K. ' _.) ! l ..... 1I~. 

Aldn .. pH o.r solution 
Ho. of fr __ 

(-) al 25"C al JO d..,. 
0.10 5.90 8 

0.21 5.11 0 

0.15 ).68 0 

2.' C· 10""" ltId 1.S li( ur' .. '«tlled to tnduce repet.t.t .. 
acth __ tt..,. c.......a •• rked uier .... ln lhe rat. of spontaneous 

rUt,.,. foU_d ft)' • block". 

(.1)0""" ta '0""' ,.. '.lled tG tndue. ,...,.ht ''''. ne,,, .. 
splk •• , ~lbla blocktnq .((.et .. 

lEYElS USEOIErrECIS 

2.5 )1 1(r~ ,.. produc::ed anetaaH ,n end-ol.t. pattmta.l to 
A t ... control l.vel et 20 ... n" .fter .nu:h ...,htud. 
deehned end ttanea,naOR COMPl.t.l, blockad. 

Rt_S 

hpooed (te. '.rhlt .. 
tatlon, !IledUft rtrpltced 

d •• ly. 

rr~ pleced ln 200 CC 

of t .. t solutIon. 
HeurtlllUSCule,. cttMqH 
produc:edJ ne ...... 
thr.atung end aOnor'll.l 
r.ctlnt, ta 'lit ... ulà Lon 

.. nt obeer\led. 

r_. 19-2'"C. 

No .,rects of t...,.ntur. 
changes not.od. 

REHAIIKS 

,_. 16 t o.z·e. 

H"f)Oth •• a, that 
l'ddr .. n-t ranadaol 
.ner ..... ...,~t of • 
c.le 1_ enteranq ner •• 
t.CWlnd dur anq ner •• 
• ~lse. 

Conetmtutronlof 10-' to 10-4 e •• tted bath 9r.,- tn:i .,.,.t- 1etft9 18 t O~Z·C. 
Syn.eptiC act,ona, causees "·!Cr •••• an .nd-plat. potenta.l 
(req&.8f'C" and t1eer •••• ln ttuur ,..,lItoo •• 

Apphcatlon of l tG S • nr' H an .,lto c .... aed ,~. 10 t Z·C .. 
potentl.ataon of &pu.l r.n •• .:t .. ,t" 'ner .... an 
epont_ou. .U.lt,. of ..... tul and dor •• l toot .... 
reductlan of 1P, .. 1 ,nb.",tory ..c:h ....... 

RtFER(!l:E 

.lu .... u end Gu_lin, 
198Gb 

RÔrU8 and if.lirer, 
1985 

Kaplan .,.., O •• f't:l8Ck, 

1964 

AIr1r:emans et .1 •• 
19n. 

R(fERENCE 

Alde.,.a". .t .1 ~ , 
1971b 

AkkeraftrnJ ~t al •• 
1914 

Akk.rwane et .L. 
197'le 

lRt..t.I ... II,. Ot'Q" Repetatl" '.ll.,t, It'é..:od b, IPPheetlan of , .. J PP" 

alhthran (or ZO-4O •• n .. 
Akk.raans .t .l., 
1975. 

Produced ,...,.tat 1 •• actant, .ft.r S •• n elll)O"'" to 
10"'~ " or tS .,n ta 10"'" M. 

Sllqht. 'ner •••• an l"KIIbet 
o( retMtlth • .., .. k •• 

Qbw ..... 'Ilhan 

te-p.utures of 
prep.nt .. on lowet.q ftCli 
19-21·C tG 10-1)"C. 
Heqat 1~ tt:lllllp'eT.tur. 
cO-eiffun .. t of aetnat, .. 



IdOlo 2 - LdJo.cl.ary SlIlllIC:> (amt 'dl 

CCHrAMINANIO SfltC[(S 

AJ.lethun (eant.'di 

.. lenopvo 1 .... UI 

Sl'ttlts 

A Uettlnn (cont, 1 cH "!!2! "!!!!p0raua 

!t:.~ 

Altaald (iCII) 
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SIAGtI r ISSL1t lEVELS USED/ErrEcts 

11:I,Q1 uVltcd (Ibn Z JI urS", hardi, o(fectod rot. of t,so. c:pl ltudO: end 
, __ nt l't. 
Com:lu:d4td that ollethran 
caet. an ..., aOOlu::l 
channel. only .. 

(1'= MiDtlC narw d_lInul9 pftllOU of lodu.o cutreot duf'lNJ test ",,100. Upon 
tepo.lotlGotlon. Larg'h el"" soc:hu:::l tatl curtent qtpQt"nt. 

net~lo ""œto canlrc::ctlcm e~ br Mt .. • tu::tUlatIGn C8 femp. ZZ·C. 
~tecl """"""ct al 1 .... concentratIons (urO • 10.5 Ml 
btlt. 'IQQ euppresaod at hlql'ter canc:enttot Ulnlil ('-5 le 10-" "} .. 

p&t&pherGl R3tVOUG h1dYeed repet.al'YIt ~th.tY tn sen_t., nat". rU,t •• (0 .. 1' - Ma., a:c:ount for 

systa J.J uR). ll8I'IOO CM'1JDnO 0-1Q uH) and ln <hatel part of hype~Cltot&on and 

_It. 

tl'lo .::::otor flttreo. lacdlnt te ptonCllùnC8d f8t)Qht lCft 1ft ttsgora llcxhnq to 
thO _ end plal.o 10.1 - 10 .... 1. p •• o1YGlS __ th. 

(~ to S pp:::J couaed •• calot lm and CGnyulatontt aittU" 
tO Dl"' hCllat.uWt also oceurntCt (oUOtta", e.posut. t.o 
, PPII (or )Q Qin. 

Neqot "'a tellperoture 
co.fflclent of acll.,..ty 
ln laterol-lll'tl'iJ aense 
orqon and AOtor ne he 
te"':ilnol. 

letecol hna Of'qon Z ppâ (6.6 • ure 14) ln Vitro caused prO:t'\CainC" repetlthe Su::ulaut, bet...., DOl 
aeh.,.,ty.. and eUet.htln noted~ 

sr AGt/IlSSUI: lEvELS USED/ErrECIS Rt:MAIIKS 

'll'Cft den Barclc&n and 
Vljvetber(J, 1980 

(pena et al., 1911 

yan den a.l'clre", 1911 

.on dftft BttrC'ken 
et al. f '<11j 

REHRt:NCE 

ur7 .. produced pronounr::" reoetltlwe CU'Ilt, tn 'the 
.. tGr end pl .. e, • e'nqle .. he .eU.ulue CO\Ild proyoita 
up ta 1J end plate 'POtentlel.~· 

Sho..d f"IfIIt'q"t~ _uteta et al., 1'977 

20 

26 
1 

jU.,..,l'. 
(i_-_t 
I"""th _ 19.8 _1 

adulte IOD-JOO 9 
braln 

18-46 par ..or.,... 
heel.."t lata ble.tula 

st. 

11 .. )4 ,.r ..,,,yotI 
tte.u.ent .1d-blutula 

41-S2 pat ntttryoa 
tt .. t ..... t .. rly q.etrul' 

st. 

hapel'eture coe" le lent .. 

EXpGtlUI'e of n,dtâed ta". ta 100 ppb slqnlfac.,U'I lQ1lll8NG H-20·C; 24 hl' .sposura.. Jot'wlson and PI' .... 
te.per.ture tolerence~ '976 

Al"l enrlctMld .ater en"lI'OfWant produced no __ ureaole 
changn ln AD\[ l • .,.eh ln br.an • .!.!!.!.!!!!. or .!,!l.!.!!J:!. 

Bet .. .., pH 4~ S .. 6 ... 0 Al had na .((ecta on h.tcturq 

Sur:ctl., et ptt 4.0s f\at.ctung Iu::e ... det:rHMd ft_ Ils 
at O., _ total AI to JI at O." _ and ZII al 0.1 and 

1 .. 1 l'PlI. AU '.n. hatcned at pH '- .. 0 dled .aUtan • re_ 
deYl_ 

No mmnslent ef(ect nn natehtrq 'lU:eeQ at. an, pH ..... re 
hotctu"!l occurred (pli •• ), ~.O. 0.01. 

"-tetu,.. )o9OS et. .U p6t'e end total Al conc:ontrataone 
fr" pit 4.0 - ,6.0. 

pH 4.6-6.6. Marqt.ns, 1982 

h:poeu,e fot H deys at tl.le et al ~, 198') 
21·C. 

EJl9QSUf'e roI' 16 ,,_ys at 
ll'C. 

b:posure fa, 11 dey. et 
lI~t. 
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CCflI ... I ... Nr· S!'CCIES • srAGl:fIlSStA: l('lELS USl:D/UfCC rs R[MMKS R(f(II:NCE 

",""u. feont'(I) Xenopus .!.!!.!!.! la pet ettbryo. 9t lOf to , haleh!,., fI of h.t~Md l.r ..... dead at end of exp!. .n ib:posure (or H d.,.-a at 0.t8 .t .1., .<JIU 

u.a',""' " cell st.,. patentheaee) Ji n 0 h9otroptuc bro'" _t.,. 21"C. h:ont 4 d) 
At .~ - • n p~ Al, hlQh 

Al Contenteat Ion (~) fre:qr,;ency de(otlUd 1er"" 

round at pH ' .. 5, 
pli O.'S 0.20 0.110 0.90 Il.Uo .... d hrow" aho 

found at pH _S.O and 

}.~ a (.) a (.) o (.) o (.) "'gI> AI ( •• SS). 
4.0 o (.) o (.) ·01·) OH 
'.S !l8 (100) '00 ()I) '00 (0) 100 (100) 

S.O .00 (0) 100 (0) 100 (01 911 (100) 

6.0 100 (0) 100 (0) 100 (0) 100 (SOI 

.. !!!!::!! syhatlca 100 per 8998 III. th ln Z4 hl' Pere .... ' hatcl'UNJ suceese: Ah,u,.. tGIClelt,. Clark ... LaZert •• 

treablel,t of QUp081tlQn d...-t on pH. 1985 
_ .... 1 AL 

_'''''1 oH 

(uqIlI S.lS •. n 4 9 1_ (gq .ort.ht, due ta 
nydroqen Ion stree' ••• 

a 91 9J ·81 corteltlte<a _.th .le, ln 

.0 89 " ·14 t._ to ttatch ... 

ZO 9J 81 ·61 re<:kchon '1' eqq eue .. 

sa 9Z ·S6 
100 90 ·'1 
ZOO '40 

• If'tdlCat .... qnaflc.nt dl"eftt1tC1l bet_en treat..-.ts an 
elt"." ~ude of .. terlsk. 

, 

CCflI ... INANIO SPtCIES N SrAGI:/IISSUE l('lELS USl:D/CrrEC IS R[MM.S REHII:NC( 

AIUllf'UIII (ça"t "d) !.!:!!2. .-et lC""'CS 89 •• 60 Itqqs .,IU,," Z. nt Percent Ntcl'unq euceese: Ah"lnloa to'uC lt. y Clark .,., lllierte~ 
pu of o\llpoal1 Ion d~t on pH .. 1905 (conl 'd) 

i tre.t ....... t ,*-:".1 Al N~ln.l ptt 

(uqIll 4.n •• )2 .. 1. 
1 

\ 

0 97 'H (qq .-ortai Il y due ta , hydtoqen ion stress ... s 

la 'DO 'S6 cOrrellltod •• th del • ., 
20 9. ·61 ln tu .. ta hateh Ind 
sa 98 'H teducttor\ ,,, eqq eue. 

'00 99 'H . 
200 }4 

Q 90 8. '40 
S 89 '" . . 

10 66 ·,8 
20 69 '21 
sa 91 ,. 

•• l'Jfufle .. dlrrenH"lCe of tr •• t...,ts twI tnther ude of 
utllln_ ." th. ro- ot' coh ...... 

!:. erIlI.lca sa per todpel .. Surn •• l net .ffectliRt b, "'posute to 0 .. 200 uq!l AI 1...,.,1_ lIIIhu::h nad aho 
!:. _tu: ....... tf'e.t ..... C ln CQIIOtnettOft wath pH 4. , ... S.lS. been ftJtpoNd du t U''lQ eqq .. 

st. aut •• ved .s .... 11 
a. tho.. "''ne'' oewelope<l 
ln eQCJ-st.,. ln non---
8CldlC. 1c1 .. -.l~ ...... 
1It&t., .. 



!;PtclES 

Alu::uf"tUm (eonl'd) .. !!.!:!:!! t!ffiPOrouo 

Q,nlltna 

• roour' 66"(1 
(lDQIna:lOteculo:t 

""!!Ionle sur fa:o 
r.lIIl} 

.trDune (H) 

{Weedea A} 

- r 'a; 

C1IN 1 OMINAH 1" SP(CIES 

~ -.!!.!:!!. t.!!!pOr.rle 
thurlngUntu. 
(.ar .. lera.lemuaj 

BenzltAB 

&enz.... - !!:!! PIPl_ 
1 ....... laradè (OC! 

SIAŒ/IISSUI: 

n pa. tall>Olaa 
treotoont 

1 IN' 
trsMaont 

60 pet 

Lrllot.crant. 

JO PO' 
tr'!ftlQftttt. 

~S pe' 
t ... t 

1"\1'00 

_.yac 

ledpoloo 

1."'" J8 

t_l .... 

N SIAŒ/IISSUE 

J5 

10 

ID 
10 
10 
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lEV(lS USEO/EHECIS 

c • ...u. cIo!J,easod ond aotc:>o'phaC'. delar" by I!OO uq/l 
and c:n,crol lcdpolOlJ daod at (or.leq ec:te'f'CJGtf"Ce. 

fDdpal00 rOloed '" qnen Cu;:::UnG, 198' 
c:oncentrot ton Al t.a 

At 1600 "'1/1. _II t_l"" dUct, la'gG t_l .... 
-ett::::lOrph080G Dt MOU aua but _.t.hOul œta,. 

Saqn,',ecrtt. daereaMl ln MHn ceU.lty t.LOlJ recordad ot 

10 PlI'" ..... no. et S """. 

Caat.rulat. uln UI Q08t retuetont. stcge. 

"li lcdpol" daDd .Ilh ln JO s..:- Mtd 2 deys a" 10,000 and 

1000: ~. raflPOCt&~l.,. 

ID8tc::xJf1JI'toClIS. 

leqI. 21 t ," C. 
Z4 hr ccehoat. ,an. 

[Xt)CMura far 2 ... k •• 

MUXllo •• poaed t.o 90 ppa d,ad .,Unn 12 do, ... anl'; lnase E"PQsurft raI' 90 da.,s. 
hatc1 at -::. 'U pPQ du .. eloped Intn '-oal.. 1 pp:::t tee ... ll" '" 
rocM:ad body lue ln toc::da .. 

Proql"OtRMld l'IOfCOlly rr= l.c:dpOle to 1ldUlt. ln t ..... W.lth 
0.68 "1/,,2 _. 

l"Gmt el ol .. ~ 1916 

Spocn dheloood noraolh ln .-tlova vot_te \I1Mtd a.cept ln fhouqftt thet ~ hcd He.relt«lOd, 1969 
tIIOlo, contt:nnlnq Weedell (0 .. 0' qll ln , llttao) or w:at.er droutao lnto a pond 

eOfttcnnlnq cud frQ::::l 0 con1a:nnated pond. resultlng ln no hot.ct'llRq 
suceeas fol' two yeats .. 

lEV(lS USEO/EH{CIS 

(xpoeur. 1.0 10 eqll decreeaed ,,",lqht, d.layed 
.. t.~phlM;1. by four da,s. 

REMARKS 

Lo;ophal1ntd Itndota •• na 
(rae 9.f.L (28. 1010 
sp. Iq) uaed. 

~(f(R(NC( 

PQulO~t 1981a 

Int.n~uto; of .Uer_l()1A3 t4reYtnl .... Seren • 
.... prooortloo.1 to 1978 

Ollh npo,aure (or 60S d.ys produced transitaI''' 81teretlona freo-ne, g( lr~étflilM'\ta .. 
ln ,....t.OloqlC.l pLcture roUawed b, • retum ta nor •• l.. Onset. of a IIOdlfleatu:Wl 

r.,ee .... Il' ftpcevf1J '(or J9 dey. Dr .lt_mate dey ~po$Ure lnten.l fal10wuq ',rst 
(Dt JI d • .,. ptoduced s ... resulle as abOve tNt. ,10tllt1'. • treet-.nt .. 

AU.rahone Included lnern8e ln tUllbel' 0' cuculfltlRq 
.. ut. olood caUa,. decreaw ln f'ed blood c_Ua preeillt'tktd 
by decrea .. ln ru.oqlotun percent.,. ... lnere... ln 

.",. o( red blaod cella ~ 

I!HI: pH .of 10 lut ton Na ar "a;_ -
(_1 .t 25·( ot. JO d.". 

11.0 6.2l l 
8.0 s.n 0 
6.0 5.n 0 

Fraqa pl-=:ed ln 200 ce 
of t .. t _lut ton. 
froqa Ilttl'tarqlc; ... 
no ett...,t t.o ne..,. 
_lanq. 

Kap 1." ...-.d O~erpeclr, 
1964 



Benm(alpyrene 

B.duo (OP) 

1 
CON IAMINAN lit 

taCÎIIlu- {Hl 

SPEtlES 

.. rroq 

- Pleurod.' .. !!.!.!!J.. 

- ff'oq. 

rrOQlI 

SPf.CIES 

- !!.!!! catesbeia". 

- R..,. c.tftllbeun. 

- Cut tophryne 
c.l'ol il\M1S ia· 

JO par 
dooe 

• 

Inn 
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SIAŒ/IISSlI: LEYELS USED/ErrECIS 

ntarro_ ce' Je lhr .... (oJd lrcr •• 1If!I ln 8uter chrOllatll:S •• charqu at. 0 .. 01 

.Y. 1_ trO:1lnehYl Ho _lctanucle ... ,..ent. ln the e'J,.thel ••• cell cYCle 
.~"ted tWlaUectect ln 'rog, t_r8eÔ 10 ~20.0 ug/_.l 
for t .. eN .. 

erythrocyt .. fr. 
lar ... at.,. il 

,arlot .... a -....elll 

Incld....-e. ot IIlcronuch. ln 1er., ..... po.ad (or: 8 da,_ 
IMttcedly ,"Cre'" .IUi doM up ta D,,01S PP1i. then .te 
gr.e1h .... t'tlrq ua Qet 1000 et 0 .. 7S ppa ••• n:u.. doee 
"\leA prOdUCed • 8.qnlfu:ant tner ....... 0.01 ppa .. 

Oe .. l~ net Interf.red wlth tM'\Ul "/~ ta H/looo ... 

lnJ'IItnt. Ion of 1MMb,_ wltllliJa raeport .. of tfaUaC'e 
tG cartt_ylchoJ ..... .., le" ... dftpendent upon concentra IOR 
end t...-ratura .. 

~ • U,.,,6 M for 2-) hr .m!.!.!2. c .... d only ....,.k 
repet-lt,,,. zUvlly .. 

p4ttlpheral Alr'4e1i ,. 10-6 " cawed ttICMtthve aettYlty •• uun fu'et Z hr 

of Mpoeure .. 

51Ar.1:/lISSlI: t(, vn5 ,,,rn/ErrEC 5 

at'tdminal uin Deer ... ed akin tttSist BnC'e tClOft epirlet •• ' IIOPl leet ion of , .... 
he.l't. Cd teduced zftylchol ine teleeae ft"Ola cauh« nerye .. 
cetrji-=- nenea 10 uM did not alter the ~ .\IC'tion QOtential of 

net •• ttunk or a' f«t o ... e".r dCtivit., of heut. 

"""" Percent MOrt.lit,. and tetatooenr-us at hatchino (H) ..... 
.. d.y. poathetchinct (~J of eQ08 nooeed to eedi.."t-bnund 
c ......... , 

Cd ... - ra" ... "'u. rat ton '! IIInrtlil tt., 
to Mdi_eont in ik'!'ttiJ'ltC'!nt 

(-) (pjlOI) H PlI 

n.l 1 .. 16 21 (t)- H 

l.n 1. tM 1~ (91 H 

In.n t6~" Jt Pl .1 

11111.0 121.ft " (Ill ~2 

REMNIKS 

No e.l~ of 
genotox.c Il y '" 

(.pa.ure for c2 deyS 
dld nat. re_Il ln 

11111:1' .. ' .... Incul~ o( 

.lcr~1.1. 

RfHA,,"~ 

rd _." .:t on the cardutC' 
netv., teNtn.'" 1IIIhere if 
suppreee .. thf!' rel e4P 
nf aeehlc:holinf!'. 

H ... rdn~s - ;mn O~ as 
iCaf:O, _ 

pH- 7. ~ ... 1'.11. 

Percent IftOrtality 
f!'.flrMsed .. rrf!'QIJencv ln 
..... l'H"riMf!'f1t.J aooul at ionl 
contralé .. 

• Percentaoe of 6UfVlYora 
he.1' ino Of"8 COf'IOt!flit .. 1 
rltr(orMit ift et h.tc:hinq .. 

Ce.rd and Soutt.r. 
1986 

Kunq et al ~. 1981 

Cr lnfeld et 81 .. t 1986 1 

Dllhnq and He.hty, 
1926 

Oek ln et aL. 1"178 

VIJve-rberq et al ~, 
1'182 

Rff'(RfNf"f 

_rita f!'t III •• lQ7~ 

t-fave&hi. Af"H1 Iltkav_a. 
tq1M 

Ri l'OP et Ill ... l'nl 



IliA"'" , 

~ 
SIAQ;/IISSII: 

5 p 1""9 
tra 

60-120 ... br",. 2-ceU 

SPECIES 

por st..,., 
treat.lHnl 

_dults 

-~..1.!e!!!l!.5.2 s per ~ult. 

!:.. n.gr....:uJ..to tr.otetent 
Rhacophotos schlegel •• 

sPtCIES N 

10 per 

9'_ 

SIAQ;/IISSUE 

ll".t. kIl2,.,. 
""leen. euacle, 
_le blood 

/ 

- 138 -

ltYElS IJ5[OIUHCIS 

HJ.stopolhoioq:lf!ol laSlottO on lunqs pnav:;:c:n:10 round ln 
..,10018 (te O., ppo Cd+%. 

ln 0.50 .. 4,,00 9P= Cd+2 renqa hlgtt CIOttohtl'. dela,ed 
de~l~t. cuqru rteant .1 torohon_ ln the qliJStrul ot Ion 
and noUI'WOilOA proe .... o observed .. 

ln O.il' 0 .. 2' pp::l rcnqe letnallt., much lor:2tr. 
retardGd grcmth, reducttd body sue, beho.lourai dlsordera. 
and QGl fOfQQtlona abeerv«l .. 

Connot tO:lernt.e,.2 pp!OIl stegea o( ot'qenaqen:aa18 .f. c::oat 1Gfft81t l.e. 

Subc:utcrio ..... Injoc:tlono of 0.12 - 0.211 "91'00 q1de, for 
U1 drI'10 chd "nt c: .. , .... dfI .. lh .. 

HI"" nt.mol ......,,,,,trotlon. CdCI. tO.oo'IlI ,m,b,ted 
actlflt., o( Ma. K ... AfPuo ln skln .~,.th.llu;:::.. 

InJoetaon ('.0.1., 0.2U o:q Cd/kg _y ""ghl 11 ta .... 

dura.., 15 dOyo ,_!Id ... toU.thl_ln ("'h 
... andua:ad Mt eonaUJted af 0 unqle ueofora 
- Indue_ MI aoa Cd. Cu-MJ ln contta8t to nrtt •• e Cu-Mf ~ 

ltYELS IJ5[O/ErrrCTS 

Mn. ICtlntl .. of .1 .... 1"" •• not.t",'eteae9 BlIIpart.te 
_lnotr_f.t __ t alkallne phoephatue, lact.e d.hydro
g_. 

c • • t. not .Hected; 'S.tuIt phCUI~JhotUII, tot.l ~rote.n. 
total b.llf\j)tn ancre.sed. 

F"ollowlnq a Slnqle Injll!!Ctaon 0' 6.2 l1li Cd/kq. 

- ln lnereeaed .lgn.'ICIIIlU, ln ln-.t, kldnen deereaaed 
luqn,'teanUy ln ..nol. blood, no ch .. ln aJeCliItt 
... 1..., 

RtHAllrs RtftRtHtt 

Cantan and 5100(( f 
1982. 

Ea-puouto lIII0. conUnu:ctua Peraz-Col1 et .1. t 
(rD:ill 2'*C'eU stage ont:tal'd. 198'S 

Cotta R8QU8lno, 1980 

VaDd ' ••• at al., 
1981 

No eftect an concentra- Suzuill et .1 .. , 1986 
t.ono of 10 elC!C)8flte ln 
the la .. re lIId ",.4ney. 
e .. eept Cu .. 

Rt"lUIIS 

0.2 _Ie/kq tDIA 
protec:ted to"a tr_ 
INtt.ht, ln up lo 20 MQ 

Ccr2/kg. 

REfERtNtt 

CO-adlUOlGU.t lon o( H,lay et al"" 1986d 
110 ... EOtA/~<I cauoed ln. 
Cu to retum ta no .... , 
1" .,at Un...,. end 
org.,... EOr. the,.." 
cauaed U'llettt.e ln Hill, 

... "-J lnere ••• d ln lI",.r, spieen, .nole blood; no chanq. ln Ca., fe ln aMt tHII' .... 
lud_y, _use:: le .nd org_ • 

.. Cu decres..o ln Illret, .tlftl:le, ..nol. blooo but. not ln 

",.clney, apleen 

.. c. lners,"" ln J her, _usele. aphren: decrt!'lIsed ln 
llllhule blooOl no ch.,. ln kldney 

- re deereaud .n kldne" spleen, ..nole bJood; no <:''''*-1. 
ln -...:le, lnereaeed thttn deereased ln l ",sr. 

6.2 ... Cd/." • 96 ". 
lD50. 



, 
: 
i 

1 

1 

1 

1 

COHIAH[NANrO 

C:adl~ (cant 'd) 

CedIIl\,JI 

(coot Id) 

5PEClrS 

.. ~ plplen. 

-~ requiar.e 

.. !!!! PiPi"'" 

-
- !!:!! c.teaOel .... 

SPECIES 

... !!.!:!! "agrOllecuht. 

'" ..!..!ll!!!:!:! pytthOguter 

• Motoehthalaua 
"1 r Idne.". 

'" 
lCDper 
t r •• t..,..t 

20 per 

gtrJUP 

100 

SIAGE/flSSUI: 

efftbryo-lanal 

Idl.dU 

feelalae, 2~ ! •• } g 

Mlbl"yoa 

oye 

SIAGE/IISSUE 

eqqe, t.tpol .. 

atoach~ 

Itpithahel cella 
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LCY(lS USED/rrrrCIS 

Sun"'I' ut .. at hetetunq end • day. pcItl1thetcntnq _n 
.t or eo",. 991 fol101flnq •• po.ure to Cd-enrtched 
sedJ,a8ftta (1.04 - l01. PpnI). 

6.2 .q ccr2/kg 1 .... lnJtteUon ClUMd decr • ..., in 
.rythrocyte caunt, ha.aoglotun eontM'rt., h ... at.oc:rat .... lue, 
te.chlnq a,n..,. aft,r 4. hr; then quEl ...... Utc:r .... an,r 

9' nt. 

Percent sur", ••••• ntb tr •• tawnt lnu'.6ted at cl ..... ag:. 
(Cil, _ ... 10 (NI _ ro.1 _ (181 st09oo, 

Oa'l 2.~ ... 0.5 .... D.l _ 0 ... 
CI CI N 'B CI N CI N 18 

1 n 71 H 90 9J 7. 97 85 1(0 

Z .8 70 5) 90 85 7. 9. 85 100 
} " 50 S!- 90 78 7. 8~ , U 100 

• 8 H " 90 68 1. 8. n 100 
5 1 JO SI 90 6J 12 7. 8S 100 
6 0 lO SI 90 6J 10 70 8S 100 
7 lO SI 90 6J 70 70 as 11D 

11.) uN c:::crZ deprened tha .-.lltud. of rad receptor 
potent,.l Ul tha retu .. by 50$ ..... sle le •• 11'WJ cane r.e.pontte 
~ffected. S.O uN decr ••• ed rad respan .. 21S. 

LEYElS USED/crFEt IS 

EllpâtlUt'fJ of eqq. te) • ~ Ccs+Z ntoulted ln partul ntduc:

lion of pra_rchal qenl cells et the 9 ... 12, .. body tenqth 
staqe. c""'" fOnoraatat 1" an ....... ..,r1O •• 

1 

IlEHARKS 

ConcentraUons ln _ter ..... 1.0 - 76.~ "'l/L. 

6.2 ooq/I<q • 96 hr LD50. 
(OU thaf...,Y c .... M.d 
,-.duat. reco_Iry .. 

,_. 21.1 - 22.2·C. 

Eff""t fI"eralble. 

IlEHIIRKS 

f rl:.t.."t praor ta the 
faret el".t!lQe~ 

ur' " Cd+Z dld not tntublt aet,s"e soch .... U..,.,rt .:ro.a [Hecte •• ry accorGlrq 
a.laled e~utnahal ceU layer 'r .. 'roq .kan or ~ ta eplthahu. atudled 
.pplaed lo bual-Iatent eurf.:el lniHblted trtill\sOOrt 
Kro .. fr~ unnary bledder and larqe IOteatu ... 

and pr •• eure of potent .el 
carrier 110 leculea. 

10"''' " Cd+Z decreaseCI ~r ..... potent.el ta 66: 0' the Action .ntt!IQOI'1ued b'f 
control ".luet e"ecu". ""r_ r •• satane. and eIKUu:.l cystelnB and 
cot.IPhnq raUl) not ~rec."ly .ffected~ 10-7 _ 10"''' M acet,lpenuaU.lne. 
dad net .ffttCt el ecu acal prO()ert urs • 

IlErCIlENC( 

F'rancui et al •• 

"8 • 

Hllay at .1 ... 1986«: 

8uq. and Jult., 
197'" 

ra. and Sall.an •. 
1979 

R(F(ROCr 

tfillyerd et .l.~ 1919 

Kanno et .) •• 1978 

_ ... 1 c.r2 Mort.l at, 
concent r.aon (S) on 

L .... 
R~rat.on 

Nô aort.) .t'f ln eontrols. ~ and O?f' laherty, 
1978 

(-) 

Z.U 
4.S 
6.7S 

O., SI 

'S 
4S 
80 

onaet dele,od 

""""t delo," 
IlnMt dltl.YflQ -

lonqer th_ 

qt..- ebo" 

0ecreue4 pel1lnblht, conalent ln l( ltf'Id Ma _,el.al 
re .. naDl, atufted Ma aeta • .tIOA cur .. an po.sla .. 
etat_taon al" pat_t'let pu. 



SP(CIES SIAGt/IlSSUt 

- !!.!!!! CllteabcUtmo abdo::u.nol ob." 

- !!!!.!.!! cot flbe l.ena abdc::nncl siun 

ebd:a:;unol etun 

_r"", 

C"'U. Chloflde .. !!!!! hgetlna 
(~aa _ho Cadzll..-, 
Z 1ne eulph.te) 

tartl ... ,1 (C) - !!e!. t!!!pOter.a 50-75 tadpai .. 
C •• rt>ato. Hl !ler .tll!'" 25 

ttn*-"t 
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LEVtlS U5tO/ErrECIS Rtl4AAKS 

Act&\Ilty of audJOlft ... MftQltlWO. A(,cao co:::plotoly Uptc!to of Cd lnto d'cole 'akoda onô Hayo_u, 
IRhU"tod by 1 aM Cd·::. rr= 10'""7_11",,,' M 10l'9Gr docrooooo _lI' aco «:bout 150 uM/lc4 19780 
round ln cc:t ••• tleG or QUCbOln ,. senalt ••• ArPoœ and ~t c::nqftt v1th 2: d4 
OucDOI" - InsenalttwQ AfPno 011 Cd concentrct.lan U'w:roosod .. treotQGAf. for 20 I:UnD. 

f dt Gpldon::uJlh q:J(tl1ed (or 20 cunutee ceuoed 41 .. JS 

af1Cf.aoa ln ohott tarant curr.nl' no chcn&JCt ln sec II!Iben 
:t d4 dol'tloU., cpphed .. 

1 cH lRCreoood ahOrt IHtt:ult current to 126S. Cd+% c:cted 

u:nœ:::potlt h'oly art the tuncht'IIIJ reoc:t tem of No· ",Ut 0 
Na" ontr, _1. 

KIJ Cdlppml 
(_1 10 1 .S .1 .01 .001 

200 0 M-SI. M N .. N 

0 ,. 88 n 9' 94 
ZO 0 M N N N M 

a S9 94 91 91 91 
2 0 S II-S M .. M 

Q JO 100 9' 98 90 
.2 0 D 5 " SL SI. 

0 0 60 96 91 91 

a 0 5 0 5 5 5 
0 2 0 S1 91 91 

o .. Ooathl S ... Se'W .... ly defor-dl Mi - Moderlltely de(o"*,; 
SI. - SIICjht .rrecta, N - No .rrocta, f"UIIbenl # • tNru'Waa 
frœ ba.Lul. to f.ed.f'Ig .t~ .. 

Cdconc. 
, IS 

h_ (hr) 
(ma/I) 45 n 

SO p D 0 Q 

C S, " 80 
!IO P Il JO JO 

C SA 100 100 
100 P 16 }S }S 

C 90 100 100 
ln/Cd 50 P 4 n 

c IJ 40 
!IO P • 5 

C J5 !IO 
100 p 0 , 

C 48 10 

E_ra to 0.1 - a.OS! e __ th •• th.n 10-Z6 hrt 

8f'Grt .. pottu ... oa or n a.n) c ...... rliPld fr.tu: 

-'-1"9" 

}6 .. , 
al 
s 

71 

EI_ to .01S ra" t. hr or .0011 ror 10 d.", e_ ta.1 
.. l' ........ i.ncre ..... .,..tellty. 'lIdOol_ .nc~ 
.. Unt, rar l h' '011_ by 9r_1 _lU_Ion. 

r okodo and HsyoaRl. 
t918b 

Ho lntorect ton bet.., f • ..ta and HQyosin. 
Cd+Z ond oucDOln er(creto 19810.tI 
on Mo trr::naport. 

E"tpocura (or 6 da,. al MtUer end La~., 
IS"C. 1918 

REMIRKS RErERENCE 

Rlehalt et al •• 1911 
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CON r AI4 (NAN ,. 1 SP(CIES ~ SIAŒ/I(S~ 1· L[V[LS U5tO/tHECIS REMARKS RErEREHŒ 

:arblt.,l teont. 'dl ~ Xenopus l!!:!.!.!. 50-15 t_l ... • E .. pu ...... to O. II for up t.o 2 ht eaused contrEt Ion and 
per ot. "-20 ..,uatiân or -..c::le ftbr.a .. 

tr".t..enl 
(.pasute ta O.OSS (ot 6 hl' or O~Ot~ (or la ht PfodUCed 

bent ta.le. reUtd:ed growthl .fter 24 hr O .. ()1S group 

..,pa.red .tlbUl'Jd: end ha.rt b •• t WH ~dow - 80s d,ad on 
(lut ..,"" tnd r ••• nder dUld ln second ... It. 

h;~. to 0.0001S (or e daYB prodl.l:ed bent talla. oed .. _. 

lnftltutN I)rowtJ't lII1d cMvalQCDeOt .. Hortallt., ... 20S ln 

ftut __ • ", ln ucand ...... 

... !!.!!! Ug"n. 6 lM'r ..suU. Hep.Uc .U._ln A atora;e "ICJftlhcenU., lo-eno lII1d .t., Starvt!d rOf' 24 ht befor • Keeh ••• and Ore",....", 

9""" 80 t , 9 ."t_ln A lawet. e ••• .ted at 0.0061: but not .. O.DI .. tnr.~U1' ... "M 

- !!!!! pipi"'. abcto..nal .. in 2' If 1"'-' M prodŒed a.qrufle:ant Il'Ier •• _ ,n the tllœl, t:h.t th. fIOf:f'lIa _.t .1 •• l'''' 
shOrt-cucutt current lt"Id: dacr .. " ••• n the reuat....::: •• pel"lN*Hht., of the outer 

batt lar .... ltetwd • 

... !!!!!! llgran. "'7 par t_l .. Rat .. o( r.~lnq. de(ec:td.I.OR. e.cr.han u'rc:raaaed .lth Older .... larg.r tedQoles Harten et .1 •• 19fU 

treet...,l lncr .. aulIJ concentret..on. (O .. ~ eq/U; con ..... r.lan rate ..... IlOt. retu.tant • 
dee,..", indu .. ta Ptodw::t.1on af ._u ftoq~ete .. 
Mo .wtaht., tI1Ul ~ ..... nee of (oreh_, ~rlfllq: 

1 ... t~r~l1 • .ortaht, .. a uqtuhc .... t at Z *JIl. 
1 

• Ren. tf,qrma p8r'lCt ••• "r~ hpo .... r. o( rr. ta 0.002-0 .. 006' nad no affect on • .,1 .. Oeshll"*h and Kft'$h ..... an. 

Ot hpade .cU'ltl" of elthet tu.~. 1987 

Catborutan (C) ,. !!.!'!! plpleN ne r...........c 1. .... cl. eontr.lIone ew'utd b., Mne or -...:1., stvwlatlon [_rh ZZ·C. f,IJleno et ,1 ... 1977 
.. te .uppresUd b' 1 lt 1(r5- to 1,. 10-' ". 

RttIIfIIGI"W ta lnhtctct ner .... ., .ta..,I.Uon ... ,uppreseed 
IlOt. aft.ct 1 wtl, th... resoonse lo dlrtItCt flUeeja 
et ...... t...., b~ 2.5 • 10-" M. 

~ .. :< 

CONtAMlNANI' 1 SP(CIES N SUŒ"15~ LEV[lS tJ5tO/EffECIS REHAR_S REfERE":E 

Chlarand (H,n - ~l!!!!!. JO etlbryoa eanc...tnllan (_) 24 hr SUr .... "·.1 Survlvlrq ft'IIbr}'Oe 
-:-'-

IbWi.r~' end' 'Prahlad. 
ta.l bud lit. (1.2) • '.7S ..,.1 IlhO...,d 1'97& 

control '(DS ,U..ntlORe- lA lh. 
a.1O IllO'I de"slopaent o( the 
a.75 9SlI oto Uth t opt u: cup and 
1.00 90-95" p1cr-nltlt Ion. ""' .... f!lNnt 
1.25 90S .. a. SCXJr.,c:a1h 
l.S0 65' convulSive. 
1.15 -2.00 S!II 

• t ..... frca IIOrt.J lt., eurva .. 

D'llard_ (OC) - ~Pl!leN adull. &5: 'ii. Ctllord .. pH o( solution No. of frage rroge pl.:ed ln ZOO cc K,plan end Overpeek. 
8.9 .. 1'"1 (-) ,t 25'C dlMlld at JO d.,s of t .. t _:dut Ion. 1964 

Neur~uaeuler ehenqee 
20 0.\0 ~.19 8 produced 1 4Uteeu l'le 
10 O.J!I ~.1~ Il thr..nlng: and atmor •• l 
10 O.2S S.10 0 reeoetIVlt, to stl,.ulatlon 

Wltnt obser.ed .. 

... !!!!!.!!!2!!!!! _r,.,.. S .. 1) pp.- produced 100'S ... taht, on d.y ZO"" 14, (ICpoMd frca fertllll: __ Juarel: and Gu .... 
re",,:U'Ial,. 1 p .... not tO_1C. tlon. _edl\ll repheed 198"" 

del1,. 

Cl'tlorc:l«nt - !!!!! P1P'" ab"1,.1 alun' Pl'OIU:ed na al9f11 (.c: ... t chMq" ln ehort CUWlt current. Webb et Il .• 1979 ( ...... ,-l or rH.ft.nt8 at 2 lt 10-4 M .. 

.. .. --,-- '. ~. .. 



COMIAMINANIO SPECltS 

011otdlDO(OfO ... ~ "'!ltcDœUlotc 

.. !!.5!l2 P'PU:ftS 

... Rc:no cotodtcue:no 
~'!J1"oocrUlAtQ 

CIJN l "" INAMI" SPECltS 

p-Chlofoef"u1 ..... 

Chloro, .. fo_ (00) - !!I..!.!!!9.!.!.!!. 

ChlO1"pyurQlI ... lnyl -!!!!.!!!!:!!! 
(001 

ChlOf'p'f 1 (a ..... ttt' l '" Bufa !!!!!!. 
(001 

Chroo ... (yI) (HI .!!.!l! lOg .. _ 

N SfAGE/flSSIIt 

rectuo t:bda::::unlO 
_10 

_\ta 20 Q 

KU,t.IC n:;Jno-
acrtot'lUO c::u::::elo 

roctuo-t::bda::::)IAlo 

""""la 

N . SIAGE/HSsur 

60 lM< _..,.." 
treètMeftt 

20 

20 

t_ln J __ .Id 

~. 

J, 
JO 

ju"en.l .. (i 

SI*À-.... t ,,,,,,,th 

1'.8 _1 

j ....... l1 ... Ii 
snaut·_t l""'Ith 
19.8 _) 
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lEV(lS USEDlUrECfS II("MKS II(rERUCE 

OtlorGlI:)Ofora end 1tO cctlcbahtca ccuood 0 GIou œnti'œtlon ilaton:::abo et QI., 1916 

al. 1a-4 • 10-J N. Chlorchoerol'Q end 1 c:otdlOl ata 
otranqJ.y .ntub.tod t.ho t:H:tylehOhl13 .. 1ndul:od 
conlf'atiM of tho s:ua:: la d'MIr.OG l other c:;atd:lOHtn 
-=:Jro Il'OCt.'IO ta th.G' AOt-lndLtC:ed contra:t&on al 1r' "_ 

l • .,~ lnJoeUon 0' JOO cq/ftg chlotdu.rom produCed BOl 
_rt411t., 'I:::tIthln 24 hr. 

0.1 d GUS/PntOIlOd OOCIlitUdo or apontcnaClUO .nt'nature C"""I_ tnot the black l1artq et 61.... 19H 
-""_0 potont. .010 I~" of -,trois orter 2Z-H a.nl or n3urc:::lUCCutor 
",tt'laut cftC:n9lrtIJ thon (roqu:an:y .. ttc:n::::taC01Gr'l b., 

ehlOfdlQOfora .e due 

1 dl blocûod t:unlœuro ........ hlto potentlol_ c:o=Qletol.,. Pflcorah to Q depreeolOft 

of tI!o -..plata 
Reahnq ao=brCft::) patent .el not ortectad. SCIftOlt"".t, ta the 

ltcns::uUer. 

10-1 Il cacod a 01 ... contrcctlon ...... 10-5 • 10-' N Errect oro_l, _ ta W.tc:nc:be et .1 •• 1915 
IM'b.tCd lM cotyiCMt.,. ... ndur:ed cuntrs::r.'ttou .n a 
n~lt.YO acnn;:)f .. 

ln fi. cotoottoil:::no .+ ... .-.:fuced contrœt teM -=:JO ol. lntubtt.. 

an 0 ~Utaw. cc:nn::tr. 

L(V(LS USEO/(fT(CIS 

AU .,r';OS ln 100 ~ d,ad ".ttUA J ... ka. 
o. .. lC111M1Rt ln controts end :! 0 .. 1 ~ lita ~ht. arter 
1J ........ Qt th ID U .. 8SS end 20S or en ••• ,. "'ld et t 

end 10~. raspech •• '.,. nad COGICJl.ted lan'.' de.a1ac::-ettt. 

lher_! toh,rlW"lCe SI a'I('MUy 'oweredt 
Canc. lin_et of ~_ ("CI 

(GObi - R ...... 
Cantrol ".s J6.9-H.B 

U )5.) )).4-)6.9 
50 yO.1 50.8-)6.2 

d."OOOlon not onl" Gr 
1IGflOlthtt., or .... lota 
but olao Gr beatdUllty 
of ceU ~rcna. 

o.-rl. 1981 

2A nr •• poe"re. John .... , 1980 
R~ed __ 

ret. 
rOf _cr.uto control 
ln Cahfoma ... <JO ppb. 

(.poaur. or n,dutect tG"a tG )0 ppb fIIqr11rac::anU., lowered 2J-24·C; 24 nI' •• poeUfe_ John .... and Pr'tnft. 
tellllp8fatufe tolerenc::e. 1916 

(aposura ar hydrllted ta .. to )1) ppb elt.pll(lemU, '.,..red U-24·C; %4 nr bpoeure.. Johnson and Pr ine" 
t..,.rature ta 1erance... 1916 

AU du.ct w.Uun 1.2 hoIJt. et .> 2 pp8 (l.,...et ClQRemtrllt lan fectpal_ I.ntoletent ta 
tat .. ,. ..."....hta_ abee; .. an pIÇllaRtet.urn" t8tl ran 1 • ..,18 .,.na.Ued .n 

lttlqet.lon .. ter. 

leop.8-U·C. 

peta ... ru .. ,..,.. 5 Il 10-6 "c ..... ~ht .. e ct .. ut, w .. khan fint 2 ht 
of_o. 

~ro( I~l .. ~r 
trun ... tr .. n durllt .. Oft 

lne""'" .... th œo'lnq. 
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DlIAMIHAH'· SP(CltS N S IACl:/IISSIA: LEVELS USl:O/tFfECrS REM ... 1<5 Rrf[REN:[· 

lit (Cool) (M) 
•• ~ pyrrhOgut..r s~a:" 1IœQ\Ia Conc .... t.rettona of ,.r' .. ta 10'" M dld net. .,feet the K.mo et .1~, 1978 

epltheiui ceU. .lIeusee! "report ... of the caU ... 

.. ~~ IlY'h,.ted -, •• Ocr.Nd per ... i:Uhty c:onet .. t ln It enet ... Iyst ... Ar'"-, 1980 ,.br. r'_NlIHy Ihlfted ,.. tct.t ... tton cur •• ln po,ah ... 
dtr.:tlOtI .lanq pot_ta el hll. 

•• r (H) • fl'09'l "t'fO' ln N"OO.mo • t'ow tldpoJ. .. a"""u .. ed .." 4aya .ft.r 1 .... ,., OUU,nq ..... Helley, 

lh* ...... 1916 

'" ~ prrmag_ter .t_.:h~ 
ler4 M Cu·: _ .... __ r_ IlOt_ •• l te 6711 or the ActtGft .. t.,u.'U.t:ed b, kanna et .1., 1918 

89n.hel1a1 eaU. control ... 1 ..... cyet •• ,.. Md 

E"eet ., ton tncr .. ..ca .. cancflfttr.UJ" ar.:r •• aeô Fr .. ':lt,lpen1C:ll1_Jna. 
ler1 to 10-4 M. 
Shqht ch..,.. ln th. ,r'eet.1 .. ....t)r_ rellatance Md 
e1ectrlce.l coupl .... "" raLla .. 

- auro !!2!..!!!. la, ... '.1 *J/l Cù·Z - .U ched wltt,.n tZ houre. Op tG '1 da". 8.polur •• Porter ... HeIt.~* 
0.01 ~L •• 11 _t_phoad. 1916 

0 

.. ~!!!!!!. ..,llnated nane Slaed ~ lM kt,..tace of the 1( e}"et.., 4ler •• aed Ar ... , 1:980 
hon per-.f)Iht.1 c:ona ...... an II( and .... .,at .... r.",.reably 

etuft .. Ha Ct.I.et.aon eur •• ln 1 POlltl~ dll'1Jetion 110nq 
potentl.l U Il. 

COHIAMINA1\110 Sl'(CIES N SIAIlE/lISSIA: LEVELS USl:D/EffECrS II[M ... 1<5 R(HRI:IC[ 

ppet (<:ont Id) .. ~plpUtnll rectus IiDÔl/au". lero " Cu I\ld IItll •• rr .... lI lero M Cu • 10-).lOI c_ 
Mi 11 er .-.d Macke.,. _1. b .... r cuntrctu'''1 th .. ACh 11_. 1981 

E • .,.,... to Cu • 40. 'or lo...lS eln re.ult. .. ln ~t._oua 
OP.-ad1C contr.Uan.. 

'. 

~r Chlorade - Ren. t."ar.rle '00"". t. ... l .. Just .ner Err8ét of MledHft SO on t.a:Ipol .. ' St.atu: teste. Jorden et al •• 1971 
.od .... )0) tfNtaent. hetehlt'1)l eft.er 

ea-ptehon 0' Conc. [~r. 

os-rcvl tII (._.on) (do,s) Aqe Re.ult 

O.1m! } '0_ [nhlbltUW'I of I)roctl, 
CC ........ lon of' 
PlQlll'ftt ln 11 •• r end 
Ito-ech ceUa. ""at 
dl'" .fter t.r ..... 
f.met t.o t. ... -ater. 
__ of sur ........ 

r.lumed ta no,..' '" 

O.1m! S '- Stopp..,. o( 9roctl. 
ulfo ... etlCJllq .. 

0.01. end 
, _ S 

Old .nn.bltlon of 9C'OlfUt 
O.ms _II, ladu"l tG 

d_Ul. After tr ..... 
f.rnd t.o t ... ".r 
eU Wl'n"lnq tadpol .. 
da-.d _atlun ;) d • ., ... 



Idtl0 1 - l=-=V SI. ..... = (_'dl 

COHIAHIHAN'o SPt:CIES 

Cappot' 5..al (Dte .. ~ R'B"eN) 

'" !2!!. p'paenG 

... !!!œ. C!~l%c:t UI 

CON IAMINAN" SPt:CIES 

Crud:e Ga' 

N SIAOC/USSUZ: 

1. 
Il. 
11 
U 
17 

8 
a 
a 
8 

-, 
MlII',..-.hclchod 
t .... lao 

U per adulte 
troat..,m 

N SIAŒ/I ISSU[ 
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lEYElS USEQ/UfECIS 

No. 0' (rage .ur"hlnIJ 
c-.'l pH 

6 deya JO doyo 

0.1 .. , a 0 
0.OZ5 ~.z ° 0 
0.0115 ~., , a 
O.0II1~ '.6 Z ° o.oon '.6 17 la 
0.001 ,., a 8 
0.000' '.6 8 8 

0.000' '.7 8 a 
0.0001 '.6 B 8 

ForUln'" _ ....... _ o'f""lad by 0.04-1.56 "91\.. 
O.lI Jllll/l or "" .. _ folol to IcdpolllD. .....qhto of 

t ..... lec qtoc::tl ln 0 .. 06 or 0.16 c:w,/l _ra l~t thon 
contl'Oll. 

RDlARrS 

rrqD ln hu~ 

c:onc:enttot. tons Inct'eaaed 
th •• t cul anaauo outpa,tl 
of' QU:CUQ. 

,_. ZO·C. 

Pt09re'UIW toduCUon ln tote. rKIIber bJood ceUa rOUOW1"" rroq. secrotae'" ot end 
,..&lI. lnJ_hOM of 100 a"Id 2Œ uq 0..50. (or 40 deys. of' 7th. I.th, 'Oln. 40th-
."to blaod coUtil U'lCt'oaaod for r.rot 1 da,. thon day_ 
gr_lIy _...-. "_loI .. n """ont _ad. 

L[Y(lS USEO/EHECIS 

Skeleton d:èf'Orwlt ••• 
1----t--------if---------t--------------I.1'Id .... of IbdDI'M' ,U 

ZM 
zn 
ln 
l40 

4Q pet lar". 
lrntlhRt juat 9Olt ... hatcn 

'0 per 
l reat,.aent ritar l._ bucta 

p .. aeM'lit 

ZO per 

t,.t...-nt "'qht .. "e: , *1 
l'und li_ buda 
pr_ 

conttal 
0.Z5 
0.50 
0.1' 
1.111 

'o., 
la.l" ".,. 
69.Z· 
60.8* 

• .U het.cfted lat ..... da" w.Uun a r .. day •• 
•• sas e' hatchlld hr.,.. da" •• Unn 'uat _ ... 

AU .. poaed ta 0.%5 8I"Id O.S Cll/L dl" •• UUfI: 20 d,ysr 'SS 
end 7 SI. raspect •• eh f h.t .,... la.,.. 

Reduction ln qrowth noted at ~. n -Ill .. 

AU a.poaed ta O.S allL daed _IUUn 22 d.,.., thON ln 
O.OS _lIL delayed _t..arpho •• , ..... anaI.la .. found ln 
Ju ..... , ... 

No ef'ect et O.t 4t' 2: pPIIl pyre cy ..... tryn fot' Z4 h .. , at 
20 ps- bette.aour ~, lelharqlc. dlcpl.,ed nÏJ ••••• uc 
tw.t.challg .. a tendenC:y t.o t_Ian .t tn. "at eu,ftJClI, 
d.d nal roed. 

[xpolNta to ZO or zm Pe- ., elo. rel .... peUete led to 
tuatWtvlOUf '''Uer to Ibo ... .,re ct ... th., controle fol' 
first , hl' .. 

e.y.t, oot_ iI'I ".lched 1.' __ . 

REfERENCE 

Kapl"" ond Yon, 
1961 

Pet.a' and Shlvaraj • 
1984 

R[rr~[IIC[ 

Py.stolov. aÎ1d 

O.nllo ..... 1~86 
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CtJHAMINAHle SP(CIES H SIAŒ/IISSUI: LEVUS USEO/ErrECIS REIWIICS RErEREPCE 

yparaethran (Pl) -~l!!:!.!.!. 1 etsr.l ... 1 u .. S .. 10-6 H Induced 101"19-188111"11J t'a. na o( rena Lm""l •••• VaJ..,erberq et al. , 
• .". or9 __ 198Z 

KI.tU: re,..,e. Up ta la-S H (or ,"Z4 hr dld not cauee f81)8tlt • ..,. -=t,w.l, 
aner a 8.rq'. ,It •• ulue. 

,,-0 (HI - R .... t!!!e0rarlB lodpal .. No ."t.1&t, or beha"lour.l changes at c:oncentrllt Ion. up Cooka, '972 
t'und li_ peddl .. to sa ~ for 48 h,. 

al' hlnd 1. 

... R.,. hlllporan8 lodpal .. 1 -vl or t.he .ad, ..... u. .-Id 2 -vl 0(. U'le d.eth,I.,,.. 24 hr .. poaure .. au.lav,ch .-Id 

.. U .,qluflcenU, .r'ubated _t.-.or~I •• 8orUllhko. '976 
An 8ddltlon t.a th,roldln an • conc. o( 1-' -v'L hinden 
t.he cUon of the hor ... et •• ut.tlrq .. t.-.orpho8.a. 

W (UCI .. !!.!!!!. p'plen. abdœIane' elun 2 x 10-4 M c8U8ed • decr •••• ln .k.n ' •• lIIt'-':lI .-Id en Suqq .. t Il thet DDO Webb et .1 •• '979 

- 'ne,. .... ln the short.-clrcult. curt.nt. Incr •• aed the eadu_ 
pe ..... u .. t., o( the 
outer barr .er .. 

DI (OC) ... rrog ""91 • ...:1 • M ... tJr_ h'f1)llrpal.ruatlan reduced .-Id delayed ln K+-free Act Ion pH dependent. CrKlun and 
Il •• slso _t.cld) fibres 

_ ... 
ln presence or s. lr4. Aqr lcoro_1 • '978 

_-=::r.. 

CtJUAMlNANI· SP[CI[S H SIAŒ/IISSUE lEYELS USEO/ErrEC IS REH"".S RE(ERENCE 

JOI {cont.'dJ S.1a-' pr.vented Ca+2 blndll"llJ 
-, 

- !!!!!!!!!!!!!!!!!!! sartauue -...:1. ln the qlabular Cre lun et al •• 1981 
sU"CJl. fibre. pho.."..,ltcudlc IIIC.U •• nd fe IlIt.tad Ca+2 r~ov.l ( ... 

lhe 1_lnar pho",hollpldlc _lceU •• 

.=. R .... plplene ~O - ~nJectaon wlth O.Z ., 00. dilisohad ln alcohol to 100 p.- Controlll Injected luth Ise..:aon. 1968 
Control, b .... on bod, "Iqht c ... ed Incr.iU8d .:tnlty (violent. 0.2.1 .thyl elcohol. 
sa - [ .. p. laJ n.t_lone) arter , hr, Incr ••• "Int.ared untll Cont.rola and e .. per I_entel 

dnt.h. frog. n.hlblted 10. 
ectnlty level. for fHat 
6 hr. 

-~ l!!!.!.!. let.ral-llre orq .. M8rked repOtltl"e EtlVlty eft.r ... poaure to 2-~ p.- for Neqatlve t~pereture A ..... I"I'I.na .t al •• 
18 hr. Co.fflclent of Etlvlty. 1915e 1_. 19-21·C. 

cut.-oull touch sno...s ""rt tru .... of ",Ik •• an r • ...,an_ to e sll"llJle 511qht Incr .... ln r'UIIb.r 
rec..,tor. ...: ..... c • .l .tl .... l .... efter tr .. t __ t wlth la-~ H. for of repetltlve ~Ik ... "'en 

so.9CI .ln. t .... rllture 10tler.d fr .. 
'9-2'·C lo 'O-n·c., 

- .!!!!!!!!!!.l!!!.!!. .".l&nat.t ... ne 1\ • la-S M lndu:ed a eqdl .... tall current .... Ich .a. e"ller 1_. n ~ '·C. v." den Be rc"en and 
flbre r .... 8Cllltle ta ttlat lndw:.t b, .. poaure ta ell.ttlrln_ 5"99 .. ta that al1ethran ViJverberq, '980 ...... and an .".1'8 ~ 

nteehen,_ of etlon. 

. ... -- --
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SfACEfllSSIII 

10 _t., ._100 H doyo 

10 
control 

10 pet 

"'~Ito 80 t ~ 9 

STACEfflSSUE 

..... 1 .. at 
11111b tut st ... 

qroup bud ataEfe 
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LEVELS IlStO/trfECfS 

Actntt, of tIoto-qlucurœud098 ln tDlt hn trGot_ tU. th 
! pp::2 OBf (GIGOn + SE. u:::iOlIq/cnn) J 

TrootOd • 0.0%694 • 0.002" 
ctd • 0.01148' • O.OIlO6J. 
P10fi:)Q 10",," of thymlc mrooneo su:ulor ln Z groupa. 

) cnct 1S pp:l prOduCed 10D'1 oart.aht, Ott dO, 16 end 12. 
teç;lÇC'Uyo11. 1 pp:l rttduz:ed tLQO ta c::atc:::orpf'toCUO .. 

("JJOSed frc::a fettlluo.. Jqore..: lItnd c..._an. 
ta on ta " ctay., oechu::J '986 
rll1llccoa dO.11. 
leU.lt., ln Ueotad toute 
81qnl(ICcntly qreater 

ttum that ln I:;:Qnttols. 

E_9QaH ("00 'ertaln... .:kJortu: and c:...:muan. 
t.lon. 1C8d1u::! regh:ced 19fMt) 
dOll, .. 

ft""" 'e:::p. 

t_pO:OIItO to 0.11 0.2 ondi O." 1M)1ut.0ft0 cOUOOd deerooaod Star.eJd (or 24 hl' "fore Keanowan end Oesf'aukh. 
utclln A ot.aroo ln lI",r. qreotol' dOCroOOQ ..... t.h u\:C'tQQCG •• po.ure.. 1984 
ln tlEX) of n,aouro (24." nr).. Inct'GCOQd .. r!"Ci v,t.eu, A 
tuYOl0 luth ua:reooed tOI noteeS. 

LEVELS U5[D/ErrECIS 

r. ___ 
Cantf"Ob ~ PIII> 

(da.,.) 

~ 1 .. ' ~ .01 1.Z t .~ 

8 Z.7 ! .21 1.8 t .08-

1Z '.6! .J 2.6 t: .. t • 
ODl) 

S 1.1 t .07 t.O t .O~ 

7 2.9 t .14 Z.8 t .16 
(JO!:) 

• 6.S t .. 21 ..~ t .ll 
(JO!:) 

• s.qn.raconu,r dsU"rent (ra- control ... 
•• S .ort.llly. 

nPlll> 

0.9 ! .04· 

1 .. ' t .1.· 
(6D1)·· 

l.S 
(9~S) 

1.0t .06 

2.J t .12-
(JOS) 

'.8 t .09· 
(.lOS) 

Sa."., ln Z~80 ~ (ar '0 _,ft c..-d 8UI'uflctnt 
decr ... ln ohort"'""9 lenqUl. t._UC'h .. ration. h_.' 
cORtr.atlan tlM. h.U rel __ .on t .... 

REMMes RUERtNCE 

'llleu, .97~ 

Rajendr. et al... t9ao 
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U (conl.'d) .. Ran. l!!f!orana 

!!!l! l!!!pOr.rl' 
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~",,19·ru. 

sPECIES 

001 (cent 'dl 
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H sIAGEI! ISSUE lE'<tlS US(O/EFFECIS REMMOCS REFERENCE 

""- rtnh SJ'I'" upoaed la 0 .. S f"tOal.,.l Pf)Ia for ZI\ hr S d.,.. Co""., 1912 
prlor t.O hatcn .ra h1per.ct.lve 8.1) de., •• rler h.cl'ung .. 
Oe".loplUnl WId .alqht qa.ln .te ret..rdDd. 

Expo.u~ la O., _ .nen 0'" bequw'I1nq tG elanqllte or ""-
heU end body of .ch t"4)01e dlStJ.nqulat'ulbla hm na 

."""t. 

tad\lOl .. radpol.a Mael auaceptlbla 8,lhe, jUill barat. or JUIll ane, Durlllq ta11 rellOrpllOf1 
de".lOlunq tund hllllb bYda and at t.h ......... l.ter otages wall froqa euscepl,ble 
they o.c_ hypenctha ..., h ..... cantuMd 24 ~. ta U ..... NI •• duee .. 001 

l' ....... ha. th_ fat .. 

faede .. re .ra ...... t..,l U,., '1'09' et. .11 de .. 1ClPllfJftt.l 
.tege •• 

S- toodo ,uryued CI.s;ut. t'MUIt C'OnCtIntret.lana 
"00 _ • 

...,..1 enout.. noled ..... n rroqa tr •• ted "'lth O.OZ or O. S 
pP. (or 48 hl'. 

, 

tad\lOloa Cane. 
snaut ......... 10.12 _ (nc.:uwl hpoaure Mart,llt., aeh •• lour 

-) (hr) ~ 

0 Z4 0 nQr_l 
08 0 no .... 1 

0.00'} Z4 0 norael!fr ... tlc 
08 0 fr.,tu:: 

O.) 24 la .rlbur'1d 
08 Jl .ribund 

..... " 

N SIAGE/IlSSUE RtMMKs' REfERENCE 

'CI per etmr.,a. No Ibnôraal .ffect, on -arpholoqy or hRehl"" _e." of 
""YO. ln at •• U, 16 or 18 ",po.ad to 0.02' ps- for 
U hU .";na of oor poa..,lrq obHrY84 ln -ctr.,o. tr •• tad 
at. stage %O. 

llcnt. 199~ 

lr •• t-.nt 
e'l(eept. Xl 
(or stag. 

tO 
eMbryo • 

160 2ft or frog. t,..tad ... th O. t pp. oor for ,"'8 tu d ••• loped Aj 1 .rrectad If1rh"lduaj, ÛBbot'n et al ~. 1981 
.. agnt J6J "!: 11 1Iq, tnQUt abnof'.allUea; J~ d,ed. snout,....... la. ~ -

that reac:hed t •• l 
re.arpt Ion et aqa d utd. 
2 (eclou c...,.ed snoul. 

abI'lorl .. ll t., 1 

lt.S.. St .. o( PQil.:IRtrq: 1 ... sk:ao hu rouqh appe.r..-.:.: 
11 ' ....... r...:. o( hote ln centf'e o( snoutl lU - l,O." o( 

rlandlbl. end "'eequent ..,t_r""'." heited .. 

adulta 

.. 19ht H-" 9. 
snaut.....,roatyl. )Q.61 _ 

" or 1J ...... 1. _u:h ale ansec:t.. pcnsoned by 10 : oot 
spr., dlad. 

dlSf'UQt I.e err.ct on 
de •• lor;nent o( sk ln 
q lande abc ... upp.r 
_andlbl • 

.. 1_1' ..rolbl. atrJktnq 
lnner ,,""(e. abo •• 
upper duit to 
hypeuct'''ll,. 

rroq •• ~vt_0U81, lnjected e"hlblted .lugql...... TheM PtUl!JGnlnq: .-,.pt .. " Cooke, 1"H4 

ltrJ,tIlUllt." nt..".u'ft and tr .. rlnQ or hlnd lUlbll, _.., ancr.e .. predM.lon 
IIbnOrMl pn-tUrl"'9, eolDlUr' ch.,. end .n uocre ... ln ln the ft.ld .. 
ero........ hut_ froq. cUa no:t nlete .. oft ..... cant.rol. 
Ha ... Qftlfu:ent en ...... r. noted an (ood mn-..ptlon. 

1 
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CIlI<I ... IHAHI· SP(CIES N SrAŒlIlSsut lEVElS USl:D/ErrECIS REMAA1IS Rt:rER(HJ:( 

001 (_t'd) .. ~ h:::porarul Troot. t.~10'0 beeco hyporœt. • .o. 
_0 cx:dD 

P04cubh core predIt ICA Cooke, 1911 

~~ 1l9f'l"rlcontl" f30fO lunqeo Dt h'90fâ:'lt". tcdpoiOO thon al of tcdpoieo b1 oawts ln 
controle. Accu:::lUlotlan of 001 ln tt:el:1tG "cd no w,s,bl. contc::anoted areoa dl .. 

• rrect. to 01 tetOd bot'ul. tour of ,_o. Nellft8 QO, be ClOtfit 
res,.t __ t th.on rroqs .. 

.. A""o t!!2e::2,ora 0 160 t,edCJOl00 alt" (xpoald'G ta 0 .. 1 pp:::. (or l deyS' Saou tcdpoles hld hlqhef Cook., 1979 
101'1)0; •• tomal 91110 • nô teuue: O'((octo 1" lDrqo t.cdpoloo • r.814Ueo .. 

16O .. "",qltt ("\111 • "yporr::z:hnt" tendcncy t.a noot naDt surfeee, 
SClaU hrqe - 6 .. 89 ~ •• deforc:nt lCO ln 811011 t.edpOleo 

";"011 16J '" 11 

0., ................ 

- !!!:!! t 19 r lno .one ........ Myleoe ecU .. t, ClecteoMd e,q,uf'c4tltly ln froqs e.poaed Ka .. awon, 1981 
t.a 0.2 and 0 .. 1 ~ for 24-96 nFi no ."ect al O. IS e-.:f)08ut ... 
ll~ Getn.t., lneteeMd ~t1qnlfU:DflLl, ln (t0Q,8 ew.poseQ 

to 0 .. 1, 0 .. 2. O.'~ for 'Z4-96 t'tr • 
. .. "'" _"MG ec:tnlty lner.".ad elqnafu:Gntl, ln froqa ew:potted 

tD 0.2.0.1' (or 24 ... '6 n,.; no ,,"ect at 0.1$ _.poll ... ,... 
Ho .nect on Il., ... œtnlly ... ..., conc:entrlllullh 

~ 
. 

, ... 1. 2 - 1. __ , Sl .... _ (_'dl 

C()II Alli HAll," SPECIE5 ~ SIAŒII15sut LEVEL5 us,;DlErrEC 15 RE"""KS R!r(R(NCE 

001 «ont'dl ... .!1!l! i-eôt.t le L_I .. Mottallt., or t"l .... po1jed to •• nau:e cancantr.1Otntt of Cook., 1910 
001, 

No,...1 ConcentretlOtl fIitt.rteltt., 
(-) (:) 

40 pe. 
h, .... 1 __ 

0,0 4) ,_. 20 t ~·C. 

9""'" at.,., S'nOI.It-...... 0.01 a E .. poeur. - 1 hr. 
6.5-9.S. 0.1 0 L ..... th of •• pt.. -

1.0 20 1. dey". 
10,0 la 

40 ... 11 ........ 0.0 • ..r., ,_. 21 • ~'C • 

.BD ",l'MI 1090' 1.0 10 (spo.ur. ... 1 tir ~ 
80 snout ...... - 10.0 50 L.,.,th of tt .. pt. "" 

10-12 _ 22 d..,... 

• - !!.!!! p'p." --..,.1 aIr.n Z • lcr4 M dld nDl. pr.aduee ~ tn short e nCtnt Webb .t .1 .. , "7"'f 
curNmt or r .. uot~ .. 

- rraqs adulte AU ft.,. tr •• ted •• tn no -vlicq: d18l101 .. ln 01 .. 8 011 (lha el el. 9 l',,", 
.,.. u'J.cted anta the dot •• , 1,.,n ne dled ln 4 .. 71 hr~ 

s.a. <lled (o11owu'9 InJectaon of 10 -VicQ. 

DllVI' (OP) - rroq s.rtor .... -..cl. Intu.uhan o( Mlllbr ..... it.,. ~ of ....acl. ta Oekln et 81 .. , '918 ( ____ rlc ... et "orOayJ_h ...... ,,'" _ ........-t __ ......... Ullll. .... _ 
%.% ... dleftJ.MO.ltl,1 t. ... r .. ur •• 
d: .... thy.l a.tar) 
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CtIIINlIHAHI· 1 SPEC!ES " SIAGEIIIS~ LEYElS USEO/EffEe 15 REMMKS RErtREHŒ 

tfenuron {tH .. ~.,. t!!!!!!r.r,. ~O '_1" Dola," _1_' fo_ .n ._1" •• "t ln 100 Pt:* far Pluioy, 1977 

eontrol* 2 de". atd 80 • .,. •• 

20 ...... eontrol. - deye10pH forelegs et '0 da,." .. t_rphoHd 
b'f 40 dl"l • 

•• pen..".tal .. d.vel~ foreleqa al sa d.,., on:ly 40'S 
ww:te,..."t co-plete _t_rllhOl,s, 60S 

" 
da .. lopoQ 1nto (JIMt tr~l .... thout 
forelego, 20'1 d.ed. 

EHI' 
w ~!!:!!ll!. ApprOt. 2.) d.,. old _.yoa Hattfung lice ... deCreaeed _.ln incr".'RII 1 ..... 'CE"Pl OEHP added to .ad....,..t lateaon ...... Thur,". 

'h·Z·.tJ>yl ...... ,I· 100 199" ...... lJUt.h sas htltc:neG ....... npoMd to .ed .... t. "Uh of ... 1 • .,.t .... 1987 

"thallt.e) p.. UO -V9 f .. '" ... Qht. Na Ibnonaht..ft ln 

Lt .... ' .... " Sur .... ' nt .. of tldpOl" d,d not darf,r. d .... lap.ent. no d.1 'W. ln 

h.teftU1q obsened .. 

le 1 t.-e:thr ln (PY) - ~!!!:!!.! llteral·lu. PT'oduC-S lonq tri"" of tllpollsea.!.!!.!.!!!.!. ,.., 11 10'"'0 " Va j .... rberq 1ft. .l.~ 

S80M orqen for' ht. I~8Z 

sc:tatu: ra,,,,," Up ta 10"'" " for _r. th." 1" nt dlG not Induee ntP&tlta ... 

IKtt:vlly aU", a .'f1q:le .tua ... 'WI. 

.. ~~ olun 1Jnder open Clr~lt condttu,.,e" 10-6 M dld not pro\rOke S.lltnen, ,"al 
C"*'9n ,n H.· flU'lll'" III 10"'~ " • sh~t u .. ,tuUon of 

, 
l .... J(o}H.· 8rter '0 .ln noted, no ch .... In. Cl" flUJl .... 

.. ~!!!!!..!. _ye1u8ted ,.rve IIro M • ..- • f ... _, _t _r ... u~n of the Spec::.fu:-.11, .ffeets the y, J Yerberq and 

flb,... acUan 9Qt.MtI.l ~tCh _, "OCtaled .,th • Qroqre ... e "du ... ch ..... l. of th. .an den &!trcken. '979 

..... r .. dIOOI8uaat..on brouqht. tIIbùut. by ..... Ion ~r n.he -or_. 

depo1a"au"l .ft.~-POtentla!a. 

COH,," tNAN r· 5PEC!ES Il SIAGEIIIS51.1: LEYELS !JSED/EFrEC 15 AEIINlKS REFERENCE 

:>'P (OP) - ~!!!!!!.!. ) adult. R.s.duel cnal '1W_t.r~ It. t ... of déetn fOUOWlflq l050 - lt&'iO ppII. (der,. and Senat lb~rQ-
(dllsopropyl InJect ,on of 2. LOSO Into dOu.l l,...,hatle sac! Pot.n, 1<J60 
11uorophOapnat.e) blood Z!lS 

n.rVOUll taMuw . 04S 

'tchlofenlhlOft - !!!!! p'e Ulm. n. n....-.sc 1. Onl, •• _11 êuppre.sue effet on IILI3Cle C'onttctU:IIn tetllp. ZZ"'C. (aklH'O et ai. 1971 
:OP) evoked by duect. or u'.Slt.ct st ... \llat Ion at. 1 • 

to-' M. Jlto etreet et. lowat concentr.tlons. 

)lI::hlone {f' tH} .. ~ !.!!!.!!. JO eftIIbryoa C_rotlon ( .... ) 2.4 hr Sur". 'tel O .. rall ,N'lib Il Ion of Andereon and PraMad. 
te,l...Qud steqe control lODS qrOtfth and ôe .. 1.,....,t; 1976 

0.0" lODS 0.1 - O.1'S pp. d,erUCtt.ed 
D.l ~~I de .. i~t of c:ephel le: 

D.IU ~0-~51 end of enbr'J'O .. 
D.n 15-Zm: 

""'.Z m: 

• taken Tta. .tt.ellt, euf", 

hC:C'Ot.09ho. (OP) - R.,. cattlSbe,'" t_l .. ,tU t.epo1" ftpaeed t.a ~ ppIt sur'tlYed. Contl,..,...e flo. apparatua ... 11 and Ka loe. 1980 
far 96 ht .. , Sreln choll" 

ne.t.er .. a:l1",ly o( 
MoUa.de f ad _ad tad. 
pol ..... 70.1S ot tJ\at. 

. of con.t.rol •• Nono d.ad. 

h.ld .. n ("EOO) • !!.!!!!P'pl .... rroqa piced ln 200 ~ K ap' In .ni O't.rp:eek t 
OC) aduUa 6' q. O •• l*ln ,Qtf of _hllion Ho. of rr_ of le.t ~iuUon. ftteuro- !'M 

8.9 CIO 1""'1 '-' at Z,' C _ al JO .. a,. _uacular Ch..-

ptoducedt ellces. he 
ZO 0.10 '.77 10 t.hr .... nnq: and " ... a' 
10 0.01 '.01 0 reec:tl .. ny to atl.uiat ton 
10 O.II! '.59 0 _n ObSerYed. 
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taeocnleno 10 

SPECIES 

OUlât.n (cont'o) -!!!!!~ 

','. ,. 

"PI>''''', no_ 
po. 
lr.1CWJftl 

1974 

} pu 

ttnt.Jnt 

S'AGlI! ISU 

lcdllOlOII 
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lEV(l5 USED/Erm: IS 

1a""'~ ta 10 .. 4 M eouood no QU,fuf.cent D'fileta cm (~., 
end Cl"htuda of cnnScKura ond-piato potentiel., or on 
end-91oto c::::::Ibrett:) potentlol. 

Appheatlon of up to 10 • '0-1 M ln .. tra (011_ la 
p-rodvco on., s.qnl "cent .Hects .. ---

frootCMlW\t DIUa O., ncglnol ppa produced )S POrtolaty and 

frc:ntu:/real9FlOd bcthouout .. ftet Z' hr. 67S -=orlolat.., oftet 
48 "t. St\ouL mnoraolltlH note<!. 
O.OZ PlI'" ncd no o((cl. 

Expoouro to O., PPD (or 48 hr ceusad no c:arlollty, 
reou;n:)d bot'Iowlour 4II:f1d snout abnaroollt lOG noted. 

.tkkaf'l3DftS et .1 ... 
1974 

Akk.ra ..... et Di •• 
1975e 

Cooka. 1912 

-...,... Olahthy al le ccp.vla and cf/lJhOl u! PI~tot..on 
abnoraoht.lea ortDr •• paevr. la O. t PC= for 1 hourDI 
ccc:olototod qrowt.h ralatlve to controlo. 

Obaar.ad ."'U'Qollt les Brooks, 1981 
rà'OCfdtlo thoao daccrtbed 
for tcdpo lee .,.poaed to 

No .((oeta _Ult ... poelU'D ta 0.01 ppa. ehlOl'c:nll .. 

atJda::),nol c!nn 2 • ,0-4 M ccuaed oaCJfufu::ont IACtaOUO ln the thort 
Cirant rurrent d't,la drecreoalf'IQ the r.sloton::ce. 

~tB oltered the lIebb at el., 1979 

lol..rol-ltft3 ot'qcn heolaont w,th 1 • ter4 " far .. ".rol lit pradtJced no 
Gltpuhecnt. offoct. Pr.arat.ona tek .... (r= c::ncolG 
snotn"4 totrOfO O"aptŒlO of po.sonlnq of ter o.poo,",e ta 
,-, ppCI dl010ru'l dld not shOs:J Cfty' uqn o( repetlthlty. 

SIAIZ/1I551.1: 

No .,19" o( repetlu.e ecUVlty-,. No effecla of 
ter.aparotun enonqeo noled. 

tEV(lS USEO/Eff[C 15 

ÜIO. __ Iop"" ,n O.Z on! 2.0 '"'Ill du". bet_ ZO-ZS 
d • .,., ZS-JO ~ of lt'<lH developed ln Q.02 -.IL hM front 
leqe .. dae .. than conlrais. 

soduc pen:teeblllt., o( 
the oulor bOrr a er • 

RO'AR.S 

frn'-tt 
S Intutut 10ft All dete~l,.t Ion., _ade 

I-----..------Ion Il dllY _ ...... 

1--------+---4------1------1 VelUBS are -*' t: SE. 
Un(art III nd 
oaeyte • 2: aqlL 1 h. \9.1 t 1.8 17.2 t 1.1 

. 4 nr 22.} ~ 1.4 

RecMtl., (artl1llad 
.ocyte • 2 oq/\. 4 n. U.7! 1.Z J'S.' ! 

. contlnuou. 26.7 • 1.4 lS.S. 

R •• tdu.al choh"..,t.r .... t t1ll8 of .. th (oUow."9 
Injectldft of 2 LOSO lnto dotAL l,-phatlc a.:1 

OS 

!Ill 

I.} 

1.8 

lD'II - 1410_. 

~k.eraana at el ... 
1975. 

RErEII[OCE 

d. ll.ell st al., 
1985 

(der, ..., xMl lb.~ 
Poreth, 1960 
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CONI.IIIIIIlNI· 5PECIES Il 51 AGE/IlSSIJE ~(yEL 5 IJSED/EffEC IS REMNlICS REr[A(NC[ 

, •• th.ltl (OP) ... !!!! t Igertnl tqqII o. •• I_t o( E9fI1' Dlopt. o( 1""""1 .. 1_. lIl-Ja'c. Outta and Mohet'lty .. 

t""""l .. HeJ-" 1918 

pre-hllb, %9 .. Cane. h .. tg A •• l""'lth Mo. f." tG h. lonqth 

(sI .. t ........ at .. t ... O.ad .. t .. t- .t .. t ... ,_ 

~ .. lI:ot~." pnoal. pm ••• R_ad __ fo. 

(d..,.) (_1 (deYI) (.) !!!Pt.,.,.. ••. 04S, tuqher 
th., eonc_Ultu,M 

Ct,l n 16.&.<1." D %0 16.a.o.14 C""'lnq da ... lac=wat 
•• 0IIII1 *Ii 16.a.o.6) D 61 16.a.o.14 dei., •• 

0.0IIII% '4 l6.a.o.OZ D I\ol 16.a.o.54 

D.OOI" 6Z 16. a.o. 11 , 60\ 16.a.o.1. 

O.ooœ 6Z 16.a.o.14 , 64 n.a.o." 

O.ODOS 60 n.a.o.n 4 60\ l5.a.o.1. 

0.00II& 65 '4.s.4.5% 4 I\ol l5.a.o.54 

0.0001 60 14.a.o." 5 64 14.a.o.'. 

0.0IIII8 6) u.s.4.n 6 61 14.a.o.14 

0.0009 54 n.'..o." 6 70 14.a.o." 

Ho .".,... lt.aled IIIllh nanrn .. 0 .. 0091 rftllChed _t_rptoaul. 

- !:!!! .. l..,.tu:tus 60 tadpote tll.la • Uter 1 c.ya U\ 0 .. 05 p"e .. 14l"ClfJhor. ead Increa.ed Pende, .... l(llllla" 

•• .,.. .. hc:..-.th. punelo •• tellllla _l*""'Pno .... _re 'II1t .. b~. lM' 
and ... lQPed dendratac: prac ..... and orenetunq. 

CIJiI.IIIIMAM1" SPECIES Il SIlGE/lISSIJE L[ y(~S USEO/trfEC 15 REIIAIIIS RErERE'I:( 

... thoat. ... .!!!!!.! t'gertne tqqII. 1_ bud ,-_._- Melin t ... for _t..arphOa.,1 (doy.i ,_ . lO-lB'C • Mon..-t,-HeJ",ad. and 
(cof"ll'CU st.,. t.fld9Gln Cane. Outta. 1'991 , .", l'Mb bud - 1ulb bud *_" 1 enqlh .t 

.ot_orpho ••• reducGd .t 
0.001 -- 80 -- '9 0.0008 - Q.OOIl9S. 'eqgsl 
0.0009 4D lDO ~. 70 and 0.007 a.DOn: 
0.0008 4D 100 6J 61 (t""""ln). 
0.0001 'D 100 60 64 

0.0006 60 lDO 6' 64 

0.0IIII' 60 lDO 60 64 
0.0004 10 lDO 6Z 64 
0.000' 10 100 6% 64 
O.OOOZ 100 100 ~4 64 

0.0001 lDO 100 46 64 

Control IDO lDO '5 lB 

'Mthy Ihydru .... -~.1!!!!.!.!. _.- cane. (ooq/l. 1 ~ .. Ua"'" Klnlced t.,l ••• *tt:t Cretrnroua. 19160 
ec:.poUlICI UIIOd ln fre~t .. Uotaet.on. ot _ 

roeket 100 t,Z-dw.thylhydr.., ... conttol 1 Maet 1er.. _,th innced 
",,1) 100 10 4 t •• l. _t-.orphoaed lOt.O 

100 20 4 nora.l frOl'f'h 
100' 40 , othe .. _1 for •• t. "'"8 
100 50 lDO ,ncJUded •• croc.."..l.,,, 
100 80 100 fellure of ellll'qeuon 

and ed.a .. 
100 1.1-dw.tnylhydr&ll" controJ '. 
100 1 . ) 

100 2 10 
ZOO , 50 
100 10 61 
100 m 100 

Suc •• Dle dut'lneJ ... uru111t lon .. 



SPf.C1ES 

O.\/CtéU,.,lf'11dro.l'oa -..!!!:!2e!!.!!!.!!! 
{cont 'tU 

U"c)CLyhhpnanyl- .. !.!!!2 ,'pJanG 
ClrD ..!!!:!2e!! !!!!!!!. 
(c~t of .Iet 
"p,t. 

ou::,uot (H} 

C!JIfl\llINANI· SPECIES 

Otqu.t (cont. fd) .. lenapua .!!!.!!! 

O.qual/NIIb_ {Hl - ~!!!:!.! 

lh.t.U.ry .. !!!l! .. 1'-'.1' te:. 
[fn,.nt 

Edrophon". ",!!.!!!!P'PleN 

.. .. 

N SIAGt/IlS5Ut 

S-69 por lor.co 
traot,lftCilftt 

~0-10il _')'00 

per 
treatcont 

- 152 ..;. 

LEYtLS US[D/ErFECIS 

1 CQI1. 1,2. ... OMM lethal ta lelOS lon:QQ DIUU" 1 doya, 
cont t",",UO c:ontat UI th 0.1 cqIL o11œ:::ad norco1 cotc:;;:)Qt
phao ••• t. ...... u ... to ~I ''''l''L 1.1 - DKII f.d not affect 
sur"nol or s::tu:::::.'rcmo •••• tuqhqr œnc:anlrat lGNI lethal. 

~40 ctJIL 1.2 .. OMM not tOClC If &1bfYO& trcnefe,.,.ed ta 
uncontCUf'lCtad walef prlor t.a hotchl,.., ..!~ 8ICJIl 
teretoqenu:. -!:. S c:qIL 1.1 ... ()M)t teratoqanlc. 

cutCR:)OUO PDCtorao 10-4" c:GUOOdi UN ln .,nlctUnt endPlct. potentIel 
ner~10 r~, JO «un ort.r c;aphcotlOR follocnnq reductaon ln 

fuot 20 Qin .. 

)00 po. __ 

treatJ::M:afta. 

Op tG 1 q/L nDt tOlllC tu .u .... , .pee aeo .. 

Aftvr nooOUFO to 100 pp::l for %1 dey. etJIJD ihlh.blted 

r~ed .u:Dlllty end " .. cree .. ," hoqo.trulat \on.. None 
sur • .aVOd boyond 14 da.,. poal .. ttot.Ch. 

Rl:MIIIIUS 

FOlh.re ta el<anqate, t8.1 
XIMO aoot coc::::aa:n 
abnotQolltlea .. 

St.he et al., 1918 

No dolet.faoua .((ec:t. on CrtHtnhouee, 1916. 
dGvelCflCl::lOftt. Controle 
hod ~ aalfof'OlMl e::Ibryoa. 

feap. 18'C. IhfDber and Mitchell, 
1978 

elDbrJOQI '1 Illva 16 da,e poot-tre.tlHltlt after •• Q08ur. et C)Bat.rul. f'fo mncfQolU .• ee obsohed O.al and O.al. 1981 

N 

JO 

JO 

~ pet 
ll'_t ... t. 

oorl, 9""trulo and r.""to:!!lil .. ~(C::.I,-"o .... -,I",S-,d", •• =YI.-,.~(:...=",,,,.:....l.( ... 1~:.:I""~-:-________ -l.n _.,...s. 
I~ fa.,., of _ D ...... l ("'<1/1.) 

SIAŒ/flSSIJE 

esbryoe l •• I-___ 

_r_ 
l.l' .. ~ st..,. 

t .... l .. p .... huù 1." __ -

net".......: 1. 

'. 

_2 I-~ _C_ __c_ 
79.' 70.')0 

o 1 C I~ 

Il.8 90.0 l C 10 

34.1· 

LOtLS US[D/rfrrC 15 

Coneentr.taon (~) 48 hl' Sur ..... el-

control 100$ 
O., 951: 
0.75 90-951: 
1.0 10'11 
1.ZS 1S'1 

1.' 71lS 
Z.O 20'11 

- t.aIren fn. IIOrt.1tty cur"". 

0.15 - 1.1S .... d'_lll.O .... __ Prodl.o:od 1(111 
l'I'tOttaht, .UI ... n , d.,e. 

1 ... _ .n _ ... l.ot .... (D.DI, 0.06, 0.1211 reduc_ 

" 
78.) 

PlU. 0' il.., ~ .. rqane. and t •• l reearptton; el ..... ted 
.,.h ... for l.,....th of li.,.. t •• 1 0fw:I body wt .. of adult •• 

Neur~lar U ...... on .upt ....... t , • ur' and 
1 • 10-' MIO ConlreUQn ..... by -....::1. _UMlll1t&on 
al .. _._. 

No .'(oCl al 1 • 111"4 M • 

• • ~ "< ... 

RCHNIKS 

0.7' - 2.0 ~ redl.E:ed 

bOdy .u" e...s 
pu;-ntaLlonr l .. S ~ 
ptOd&a:MI ... dua.oruon 
.n bOdy..,.. 

Sue of t.r.,. reduced, 
_hnln ."'thee •• 
r.tarded, ...-:1. flbte. 
l ... diI"el~ .. 

1_. U·C. 

REfERl:NC[ 

"nd.non .,.q Prllhltd* 
1976 

_.- and Prehl Gd, 
1916 

Hanlff. at el., 198' 

1_lleno et .1., 1917 
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COfiIAMINA~I' SP(CIES ~ SIACt/IlSSUE lEvtlS USED/ErfECrS REHNIIS REfEIlENtE 

Endrlft (OC) ... Rene eatoabea..-. 10 adulte froq • rote ... r" •• ",nlof.-" .ntC" n., been ... poud ta 2 R.'lt~t •• "ntaftsh Ra.ttta end r.rquson .. 
~ --.inn ao Ivllan for 1 daya; lolar8ta endt'ln le.l. 1968 
"" 1œ1 .".t..l1l, thet w.l1 lull pr"ators 
.. Survive' t.lIH 1S .. 6 ~ S .. O' (i t 50) • .",. t •• es the. r own 
.. Ratio pradetor: pu, lIun .,.."qnt. 4t8: t .. ...qht .. 

... !!!l! p.pt.". ab,*-..... 1 siun 2 • la.-
A 

H produced no eaqn.r,cent affect.. on the llhar t Webb et al ~, 1979 
Clt1:\I.t. current. or n ... t..:e .. 

- !!.!!!!. plplerta _It. 6S 9. [ndrln pH of solut Ion No of fr_ (roq. pl.:ed ln ZOO ct: Kapl." and O ... etpeck, 

8.9 .. 1_ (_1 .t 'Z~.C: daM at JO dey. or tnt _lut ion. 19&11 

m Neur.ulIC'ul.r c:tl..-.qee 
D.OJ S.S6 6 prllXkEedi etlcea.-. 
0.02 S.80 0 thrastunq Md .,no~.l 

10 o.on ~.1II 0 reectlwlt'l ta at ... hllon 

... te ob'.1:"".,o. 

r.thaf'WIl .. RIWt.~ ta pet tApnln 8 da,. oJd Al 1000 .,.,.. aU du~d vlthan 10 .... l; at 'fOO ~. Paulov. 1981b 

!lett" ttdpol .. sutwllfed far up to t dlllfl ... 800 ~ had na effect. 

100 tedpal .. fhe bod, Wight or tlMfpo'" kifl'Pt ln sœ ~ trOll d • ., 7 to 
d., 22. lI'.:r •• "O cwtpat'd ta conttohl onaet of 
celMDtt)haBl8 ECO'.tated b, up to 8 da,a1 aU dled. 

10 .sut ta 6 d • ., .. .,coure t.o UD] ~ 'ctd t.o e'f"1htfteed ftI\ • .,.allc 
blood,'tIUaII!lee 1C1l"lt ... or .. ,rlat, Mlnolr_htue and 

aIM'" _anoU_f.r .... 

COfiIAMIMANI' SP(CIES M SIAŒ/IISSI,I; lEYELS USED/EFHCIS REHAAKS REf(R(M;E 

E'th, leneth loure, • HlcrOhyI. ~ ~ per -...... Conc:. 1 td .. d : Gbno".j:bnor •• lltl ... ,"clud'" Ghlilte • 1986 

(datJt .set Ion trfMUHlnt tl_truia et.,. (_1 fit 96 hr at '96 hl' .,. ... ., notachord. 

product of abnOr-l" j:UqfMt'lt fit Ion 
ttn,lenetus- 0.0 0.0 0 and 1IO;,fMWtt1l. 

dlthaoc,rb.al..e S.O 0.0 22 

funqacldee) 10.0 2.0 100 (,,«te .allUar ta thoae 
20.0 10.0 100 lndueed b, 
JO.O l.O.O 100 dathIOC'lrb .. atn" 
00.0 )0.0 100 

SO.O 80.0 100 

(. th, 1 !leth ........ - !!!!!! plpuml IItlrl'OW celis 7 .. fold Increa. In aillet chr"'lld e.chanq .. al Ceud and Sautter. 

st.llfonl"" O~, "91_1 ln .. tuent .. ler. "'ltat IC u-".. reduc:ed and 1986 

ceU cychnq tl •• lenqthened ln da!le .. d~ent ...... r .. 

- f_ e,.l ... lnet .... In pr ..... ttolu:. C2. popuhllOA and decrel .. ln EVidence of genalaucLt.,; I(unq et 81., 1981 
epalhelu. IIltOllat eu:tcnuelated ceUe presenl ,n ftoq. l ... reed ln .dJq.8l. ce' 1 c,c le 

25-200 "'II'L f.r 1 _. .rreeled. 

Eub" lit N •• .. Rene t.!!!!rar le 20 per tedpal .. fedpaln ._pond to 1.0 ~/l e.hlblted decr •• eed IIOWeDltnt. t~. cftf1Qie 11.) - 1)·C. Ottborn and F reneh, 

(aothproo ring c • ...,.... .... lqftl rOt fuel. .. M, 8lover cte""lopMnt • ..., .... 11t. .... M .... l. flOt fad durlnq 1'181 

-aenl) trglon 21.0 ! 1.0 oog dlC ....... r •• h", rat. lf'Id _uJnt. n.ss _ct.hly. faret 48 ht. 
(. 4) fedpala .. _ to 0.1 oogIl __ 01_ ....... I_t ml 

nO' _rl.ht.,.~ 



SPl:CIU 

fanaprop (U) ... !:..!!.!!:.!!!.!!!S!. 
L .EI1O!!yt>!!l ... 

t .... 'ensul 

renpr_tnfln (Pl) -!!!!!!I!l!!!..!l!!!!!1. 

(onu""" (OP) 

SPEC!ES 

ronu".n (conl'dl - !!I!!!!9.l.!!.! 

Furanac. ('1" 
b.-=tauclde) 

SIAGt/' ISSIJt 

-
7 petr lonc:::t 
tre.lel""t 

20 per 

cone. 

20 

H 

.tetoral-hm 
aenœ orqcn 

Juycful00 (. 

--..:nt 
lonIjtll • 19.8 =) 

5 TActl TIssue 

lM!!>OI ... 
, .. Bka old 

lateral .. 1" .. 
,enA orqcn 
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LEVl:LS UStO/ErrECIS 

r L r L 

O,ODII04 20 ~J.O 

O.OIIUOI 60 ' •• J 
0.000I.l% 60 60 '1.0 ~Q.6 

O.oaool 60 100 ".~ ~9.6 

CQntrol 80 100 )J.' 1S.4 

CG::plolo corlOlal y ct. 0.0000II11. 

Sa9ft1f1c-ant deerODItO Ut DIA" .eU.llr hM reeorcled .t 
Z PI'" but nol Dl , pp:>. 

No doalho aboened ln .tthar ,poel" (011OlflRJ .. po.ure 
t. 8CI-\OO pp:> ro. 96 h •• 

A'to, 1 _ 1.' nr ln .,tro o.poaura la , • 10-6 " trau'" o.' ~h.o recor;;' -;;u; COQn of SJO l&:If;JUheâ "'1' Uatn .. 

E.poauro to up to ter' t:I 'or CiOI'O tnan 2. nt' dlct nat 
.1na.'N:. repaut ,.,. ;cU_al., ortat • l'ngl. IttQulue. 

[xpoout'e or hydrated tocde ta 60 gpb 'Lqna facanth 
10000M le:aporatuto tohrcn:c,~ 

LEVtLS UStD/trrtC rs 

!""p. 1O-18'C. 

MBan 1 engtn at 
13CJtc:::sorpho.e &0 t'1tdurced 

Ln hab bud LGdpal •• at 
O.aooou. 

r.".p. 21 ! 1·C. 
Z4 nr ccehllôlollQn. 

RHEROC( 

Mohonty .. Haj«todl and 

Dutta. 1991 

L)'on. et el ... 1.16 

JoIwoon. 1976 

Uj--arbef9 et eJ •• 
,9a2 

2J-24·C; Z. nr bpaeuro9 Johnson and Pu"". 
1916 

R(ltARkS 

2& t'tr '_poaur,. John.on, 1980 

f--------....,..--------------IR~ed do, .. e t'al, 
Conc:. 
(ppO) 

llnael or Sp_ (·C) 'or .. qua ta control ln 
f-------r--------/c."ror ... - tOO ppO. ...... R""" • 

Control H.' '6.'-)7.8 
lS, ".9 ".J-H.1 
~ }6.1 ".2-H.' 

100 H.1 H.9-H.2 

Act_ .lowlyl Iraq. hM to be tre,ted ln "'1..0 .. ,th 
S 11 1CJ""' .. ror .. to 2} hl' beror. repet7t-;:;-.cthlty 
.reIue •• 

Up to ur" .. rar -.re tn., Z4 nr dld net Induee ",",t \t ••• 
• ll .... t' ener •• 'ngl •• ta.ul ..... 

(x.,o....,. 10 Q.2 - :0 ~ ror 96 nr produc:Dd no .. rt.hty 
.rter 1 de".... Mat., an 10 ...s 2D ~ .fI l.-oballnd 

dun .... '.$IO.ur. but rK'Q .... t1Jd. 

CoAtuu:rue (low weratua H,U ard Kolb., 
ror 96 nr. 1980 

8run chal u.,ler ... 
aeh'flty or •• Uerd. red 
dOMd t...,l.. ••• 16.9S 

of ln.t or controle. 
AU dul:ke dutô _sthln 
) nr. 

'IIJ .... rt.rq el 01., 
Itel 
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CCJ<IA!OINANI" SPEClts N SIAGt/lIS~ LEvtlS USED/EfHCIS ~E_KS f!(fEf!(NCE 

:E (OC) .. !!!l! pip''''' l, ... t 8,ero.,... M1CrDtlOe.t -nlbOh_ (~.rent v ... end Ka ",.h .... l' SE); !torus end __ alker • 

he'dr,n .naloquej <_lt.1 .... V .... 0.00 ! 0.00:1 IWollasn/rÎq I9n 
AQp x. ., 29 % 8 IWoll.q .. 

!9t'-:hlor (OC) .. !!.!!!! ete tON abdOlunet .. ln Z • 10'"4 " prod&l:od no ItlqnlftclIf1t .rrecte an ahort Webb et el •• 1919 

C Ifc"lt Cûrrent or reliltance. 

-~~ 
_r_ 

S Wld l' ppa produc.ld 101lS IIOrtaht, ort o.y 'S end H. (xpoud ft. fetUlln- Jo.tec ~ Cu .... 
re.epect,vet.,. 1 Ps- t1IduCed ta •• to _t_rpho., ... t ""'. lad,. rephced 19_ 

d.,1y .. 

bachlofl,)9he" (f) .. Cr_ froqlt bload . 1.2 • ur· M ptadlM::ed )'" t\Molye •• ln .. tIhed, f"'U:leated reap. 22 '! ,·c~ r 101'''. erd Bunler • 
nd other tuphltnOi. erythrocyteat '1~60 " 10-4 ptoduced ,.. ,..",.18 • n 191 • 

nucl .. t •• f.,throc:ytH 1ft .nol. blood. 

........... -~ !!.!!!.!!!!! 
_r,... 

~ _ n_pr_ad 100 " mortellt, on dey ri end 1,. hpoeed ft. '.rtll ua- Juer., and Gumen. 
tetlflMlCtnel,. tian, aedn_ l'epl.:ad 

,_ 
t ....... not to.le. d.th· 

1 CtJo.1lAMIHANfa SPEClCS M SIAGtIlIS~ lEvtLS USEO/ErrEcrs REHNIKS REF[f!(N(E 

Hydr8Zl ... -~1.!!.!..!.!. 10-86 pel' 1.rware Concent r at aOM ,!:, -Vl produeed lcr ••• re,ble to.te: C(' •• nhou8e~ 1916a 
(cCJftIOII)tWnt or je\. tnat..ent ,,"eete MId deeth wUt"n 24_28 hl'. 
r .... 1l 0.1 -:ail •• e not to.,c 1.0 larw"_ 

56-100 etIbt'J'O. No ... 1 de ... l_t ln ~ lWQ/l but dact t'lot eurwa.,. a. lu".., 
por ,r not tr.,.hrred to ...:.1 .. Il .t hetenanq .. 

i tre.taent ,Malfor •• tlone ,n .a.. Il.tehea of eqqs al. 10 '"l/L. 
i 
1 ! 

-~1!!!!! edbryae Cane""trlll..on ("9Ill ':i •• tror""'" f(anked tal! .es tfIIOlIt Cteenhouse. 1976b 
freqJent .al (or •• taon. 

100 Control 1 Most 1.h8O _a th kU'lked 
100 1 , t •• " •• t.-orphased Into 
llO 10 c 

l~ nor •• l froq!J .. 
100 IS 100 Olher •• 1 for .. t lon_ 
)0 10 100 lne!uded tall âuolu: .. 

1)0 IOQ 100 t ion .... erce..,n.l" 

f~u lur. of elOf"tClat lon 
St..acept.,l. dur ..... oeurul.tlon .. end ed .. a. 

Hydrulne 'Sulfate -~1!!!!! edbrya. Conc:entrlll.u ... ("9IL) '_lfo ..... ICa"ed tall ... lIOt'It ioreenhott84 , 197hb 
(c.pound œed '" rrequent •• lfor.ûlon .. 
Jet end rocket 100 Cmtro& a Maat. I.r". wlth ka"ed 
,r .. 11 100 10 , t.l'a _t..arpha,ed lnto 

,:ZOO .a 100 "oraNl fraçe .. 
other .el (or •• t Ion. 

~,bl. MI .... neuru&.aon. ancludad .scrac ••• ". 
f.slure of elonqaUan 
and ed"a4> 



lâla li - Law"",,,,? Rache::> ("""t'dl 

COlI 1 AM lNAN 1° 

Iron 

LAS 

(Llna.r 
en«un oU"lben..: ........ 
!"Ildpnanot.e. 

Le. Ac.' .... 

SPEC!ES 

.. C8"CI1.orbctro 
c:audllfOrboro 

SPECIES .. 

lU 
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SIAŒ/IISSIII LEVELS USED/EI'rECIS 

<:0110. lumu::::Jo. trrocto ~ncludoJ suppr«tOOCO altoUe œt.nt, of cellAf 
orqcno, .nota bOdy foroct.aon of qlnnt ceUa, torQotlan of wccuoleoJ âc:::K:9o 

ta nm:lOUOJ cftQngoo ." Gtran ecnt"gluc end connoc:t.yO 
t.1BDU::" dc::u:qo t.o CllUCC10. aplNn" CNS. In.t, lnt.eohna, 
8'001 dD.aloo:::-ntcl abnor.ol at 1f'0. 

lar.=, 

I!'IrIbryoa 

OoGO-errect ralGttonaiup daxlnutroted baha,," Iovo! of 
rCdl.otaon (SO-UO redeJ and preSCf'1t:O 01 Ellcro:nuclGOtod 
blood coll •• 

144 CQll .. 011 dl" al Unn 24 hr .. 
)0 "9IL - 0" dlell olthlA ZO daye. 

ZO "9Il - 0" cot"""".....-. 
CCU90d QG' fon::ux. lonG. 

(xpoaute (at 10 daye .. 

Gr.ôter thon )9 dey. 
•• poovre ta r •• 2 • 

eyo ) .. 0 end 12 .. ' uN Pb·: 9fodueed n and :tOI daeroosoo, Erreet revefalble. 
rOllpOCtnotr. ln c:rphtude of rad respan&et. No .ffect on 
C'OftO potent.lal .. 

SUCl/IIS LlVELS USEO/EfflC 15 REMoRK5 

_ryoe Pb (_, b.poallte for 6 de.,.s .t 
Hq 

.001 JIS'C. (_1 10 1 ., .1 .DI 

ZOO D " 5L .... .. N 

D " 88 91 88 
za 0 M-5 " .. N N 

D 81 100 78 96 '6 
Z 0 M-S " N Il Il 

a '9 9Z " 95 97 
.Z 0 5 ".S M-5 SL SL 

a 71 ... 94 " 9J 
a D S 5 5 5 5 

0 59 100 1_ 96 8Z 

D .. o..th' S .. S .... Nh' detotlledl .... Moder •• l, deforaed$ 

Sl"- Sllqnt. .t'eete, ,. - No .ffectSl ....... 1'. :r ~ suru ... ' 
tf1)ll blastule to 'eech..., .t..,.,~ 

_, hdpal. E __ of _ to 70 _ ........ Itell 
ln pert laI terduét lOft 

of pl'UIOrchet q8N ceUe at tn. 9..,U _ body lenqth 
st •• 10 ~ .a. 'ethel to tlldpoln. 

blODd o( l~t.. U ~ Ind te.tete Of le.d nltret. prodl.Eed dntructlcn 
of erytnrocyt ....... ...erAIB 8' 11 ...... "'1 ....... 
Im ..... _l -.:a .. , hl," -.taht.,. Actlen of la.d nJ.lret. 
Mf. f.ld th., cU ... ot lad cet.s. 

Ea_ ..... ta pI -;rIl .1 .... pr_eII I __ ht, .-J. 
ebnOnIIIllt, ... 

Main _1., ln ..or.,.,. "PONd b.fot'e nMII'Ut. et..,. 
.. .., ..... rwuf>el ue., ln t.hoM ....... eft.r .. _w. 
et.,. .. ft __ t, _ .... II" thora and ki,.,. ta&l .. 

tt •• t. ... t prlor ta the 

"l'et cl ........ 

RErEREI<I:t 

Brunot. 191f1S 

Hel."'QOal118 VIÔ 

Corroaco, 198) 

Porter and Hokansan • 

1976 

CoUa RDUalno* 
1980 

fos and Sa 1 h:aen. 19n 

RH(RENC[ 

H'Uet end l.nd~an. 

1918 

"eh. 1918 

9.,nU. 1941 
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ClJI.rAMf"ANI' SPl:CIES H STACE/lISSŒ lE'I!:~S U5(O/EffEC rs REHORICS REFERENCE 

,eact Acet.ate .. !..le! P\e_ddectyl, heart Preoperr ... on by 1fT' 1 H fot 20 .," ~t*' dlqtntln-lndUCed h,pà'SUt' to 6.5 IIIIM c.+2 Krulhn8MJOrthy et et ~ ~ 
c:ont'd) c:arcftototlu:ttyl redul:tton 10 lat.,l dlqG"''' lIt.oo ... re ....:1 .U ........ ted Hue CaNto- .961 

t ... t __ (or 'l,stol le arr.at. tOll,lClt., ..nen pflOt ta Of" 

s,.ult_oual., _Il" Pb 
""'pollUre .. 

.. ~ n bl_ Ne«.1 Mlnt,,, .. d ln bat.h of 20 cc of 1$ lelld «etete Oawson. 19H 

and • L •• t.C' .u'fared .,.trcuon o( •• tut •• rytnrocytes 
1Itu,Cft .tlllul.~ted dlff.rentleleon and prol,'.r.,OA of 
erytntoeytn ln blcod. 

.. rrog. "99'1. , ... , ~ Clft parU., or (ull., lntutut q .... u,.hon of eqge. redQal .. luth '.leme' OUllnq and He,l"". 

t"l •• , _It. kliled Il 100 PpII. qll" _l'. 1Mf\." 'va than ln6 
~lU z .,.. ... tO*Le to ladpal ... lhO.,. w,th tnt,rn,l 

glUa. 

U_ •• ", thtrale - r raqs 
_ .. 

1 .. S pt:. cen parU., or fuU., aMlbd. qerw'Mt ton 0(' t:lq9a. t,dpol .. "at., .. temal Ollhnq Ind Hea~.y~ 

tMpo 1 .. " -.wU. 'llled al 100_. 91111 IIIOte senaltlye then 19Z6 
_lU thoN .. th lotetflel 

g.U •• 

\ 
Z PQIIl ... ta_le ta t...,.,l ... lead .. lta hed h1.qher 

1.t'tublt<ity .Hect. 
on QIINIMtaon df ftoq 

O~ th.n llne. thor,,,,,.o 
capper.o bery lita or 

~- thaU."",. 

1 

-!!!!~ leql lIIun IIr) H l""lbllod uoaeotle. ac t 1 ye t l' antIt)Or t --coup 1 ed Celent.,.., et al •• 
.. oll8e flow .. .919 

.. 

COli 1 AH lHA" T~ SftCIES N SfAIlI:/rISSŒ lEV[lS U5(O/EFfEC'S R[HNllS R(F[R(!C[ 

Le.a Nlt taLe .. !!!!!.! plplene Z. per adulte 9' CIl. lotll Concent-rat Ion Pb tto. of froql dead ,_. S'C ICttpl Wl et .,. ~ 1967 
(cont'd) Qr_ .5 9 ( .... 1 at $Q dey. ~.'~U1Q of t". 

lnt~t 
Control a ~jo .. of poaturel t~ 

Z5 1 "SIUlJ91shneSll 
)0 l -red ttnd Iilhlte coi 1 

100 7 e" .... t. decrea!led pro ... 
UO 11 qteSS1\tely Il' lncrU!lt"'l 
ZOO IZ lead concentrat lorq, 
JOlI 24 ~Iead depol,ttl ln l1ver 

at 2~ pptlll. 

• !!!!!. t'etUbe .. ,..a ,., blood o( tadpol .. , 2~ PQIIl teed .e.t •• or lud rut tata prodleed destrucllon Barr.tl. 19A7 
of arythfoeyt_ end neerOtll1i o( h .. 8f. ~Ieen .,.; 
,nt .. t.lnal -.coll.; 'uqn .,rtellt., .. ActIon of l .. d nUrate 
MOr. -raptd lhlln .:t Ion of leM! acetate. 

l.pt ......... (aPI - !!!!! p.plana Mr\ltt-ausc le No .frect 011 .....:-1. contrlll:tlon ,noked by 
dlrftt ata.u'ltIGn al up ta Z.S • 10-4 M ... 

lnUltect or ,_. ZZ·C. 1 akeno et al ... 1011 

leplOOh080llon (OP) .. !!%.!.! enrle08C'elUI 
_ . .,.. 

Cane. Mort.llt., _ .... 1 Eoobr_ Oe ",_ll., e.polMd for Fulton and Ch8!llbeu, 
1_1 : (S) Z. hl'. no •• utyuara 198) 

Mt .... ,Md 1%0 hl' aH el' 
16 0 1 a ".poaure. 
15 1.0 a a 
16 2.5 l4 0 
114 ).0 85 0 
00 1.' 100 0 



Lu"''''' (UC) 

C()jIAIIlllAllla . 1 

Llttu,ua Salte 
tChlouda and 
Sulprtattt) 

"_ ...... (011 
(_ 8tR leed, 
e ... " ... • ft'~lr, • 
.... ~Qf.,mt) 

SPl:CIES 

- RanG tf!!5)9rauo 

S!'ECIES 

- !!.!!!! teMpOrer,e 

... !!!!! P'P'eM 
and other ,peclH 

'0 par 

9'_ 

,. 
ZB 

" " 27 
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SI AŒI 1ISSU1: LEYELS 1JS(0/EffECIS 

.,sntral .dJda:::ur'lOl lnlhol tato of lIIO.,c::::lOAt of ltndcn:::t (10 pp::;t) throuqh hM 
1$UilC:1o 01' cbod ce",,, 11100 0.680 ppb/hr; at a hl', rotft _re 0,,69. 

end 0.666 p:pb/hr. AcocU."h .. 

0990 Cont.rol llndc:::::ra 
frlol 

* 
_ .. 

Acetortl" O., PlI" 

1 !!D. "'PlO JO ID JO 110. ___ 
17 19 20 11 8 

1\ 
110. _ 

JO l' 4' ., 45 110. ___ 

16 Il 20 2l 11 

1I1!!D._ 15 15 7' 75 n 
110. _ hot._ 17 '2 J8 " 28 

fotal _ U, 120 150 150 150 

lotal """ hot._ 70 62 78 76 

""tet .. "" r_ (l0 n ,~ '2 '1 

cutCft3QUO poetor 10 At 100 uM frequoney of curneture end-plate potenUalc 
net.e-Ql8lCl~ lncroooed by JZ7 ! Z.~ (i t S.E .. ) ... caphtudOll reduced 

to 21 t ,., -or cuntrol!t oftor JO G.n. 

neutobloatooa cella t_100 uN di" not e'qn,fac:anUy God,'y chen pcltOftUola 
el le 1tod or affect colc.u.A dlQnAall:" 

cuton:tOUO poçtcl',a ,. .. urS M cauaed ......., u'ter •••• '" fI,tnalure and plate 
ner...........:l0 potontlal rroquranl:'. 

SIAGEI fiSSIlE l[V[LS IJS(O/ErrECrS 

') x \.,..." " for'" _ln e8U4ed ext.,., .. ci ... to 
.yoft1.....t •• lO _ln a.QGeur. had htU •• ffect. 

47 
JI 

U ~ PlI" 6 ....... old 

t_I"" .... ....s up to 
lODS MOrtollty .. 

O.v.l~t rtC hDtc:n to 
_tGlOrphlHUJ ct o., pp;ôJ 

i:IQO 4 t=lQ8ko lonqer thcn 
control •• Lu,er. ~:;uqht 
10t:1ar ln lt.at. qrOllp:o .. 
'-po .... t_I8O 
fr_tl, hcd 

INJrpholaq1Col 
abt:WJfQQllt \u. 

5 ___ r.aeed 

QlDPlltudGO CR 

reU.hon of deel"tlJaàed 
MnOlt.hlt, of ~lat.. 

Re.ul ta 1Suqqest 

Ce·l pe"""",l,t, tnd 

'o+Z entr, U'.:rmalSe:d .. 

In th. pr.HftCe of c.·2. 
d~ çraater .t 2.,.·C 
Un," _t la·C. 

REfEfI(tG;t 

.... rd!ol-5éc! ... 1t ..... 
Ra::n::do, '981 

Jo, et. al., 1987 

Pub l u:o.er and Ouoean. 
1979 

RtF[RENC( 

Pubhco.e, et • .1.. 1 

1979 

2 )( 1It .. - 14 'f'lCreeàed botn lna short ~ltCult eurrent .... 
tnd 1'8II1et...-:. .. 

Latcel, thel th. *,du... MetJb at al .. t 1919 

S.yant, of errecta ,ncr .. eed w,th ,ncr •• ead duratton of 
tt.peaur •• concantntlOft or ta.peret1ue. 

Magreet. ,ona .... 1' ... tne"toX1Clt.y or 1 .... cad!ilitws. 
........ .,. .rcur, 1Qft4I .. 

pel'lMt.uhh or the outer 
barner .... ltered • 

KscrOCe,JhallC da(eet. 
obeerved. 

' •• ta ru"t for 6 daye 
et 1S·e • 

Z6 hl' .xpotIu ...... 

c-. 
(ppb) 

anat of Sr>- (·Cl R~d08~ l' •• 

I-------,-------Iror _~Ilt. control 
Me ... 

R_ 
an '.1&rOtn' .... ,.. ppI). 

Control 17.' ".9-n.8 
n Ji.' ".9-H.9 
50 16.' n.2-n.1 

100 36.' n.l·n.' 
50D 36.1 n.2-H.7 

HeU. 19_2 

~.196Q 
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COI fAIHNAN la S1'ECIES N SIAGl:/IISSUI: lEVELS USEO/UfEcrs REMAllkS RtrER(NC( 

alathlon {cunt 'd' - Mu:rotwla .2!!!!.!.! l00per I!:f'Il'tt)ryoa 'ercent tbnora.la' Abnora.llltn tnclud:e P8tf8r et el ~ 1 195' 

cane.,... yolk-9luq 0'_ he •• ltunk lIrt(f te,l 

tr fit Ion Our.lOft of treat..,t defecta. behawlour. 1 .... 

0' balllnea. poot 
.one. " _rt.hl." plq.ntat 10ft end 

(_1 24 nt 4a he' 12 hl' 96 hl" .n.r ." tu retarded qrowtn .. 

0 0 '0 0 0 Q 1_. - 2~·C. 

1 0 ~ " 2J 0 

5 100 100 100 100 0 

10 100 100 100 100 J~ 

n 100 100 . 100 

20 100 . 100 

il' A11 anuul'a dted. 

- Pietnoc:ton CltMtr-. la pe. eu:" .. t. Sr.lft ('tohneaur ...... ,Qnlfu: .... Uy Intubtt.cl at S.l ....... ' ••• po.ad ta Baker. 198" 

!.:. 91ut .Ln08U8 tr •• t-.nt ' .. 6 kfVna ln !.:, glutlnoaU8 but not. ln!.:.~. 110 Staat" .... tteated luth 
ettanqea ln reeduq, endurDnCe 01' coordu_taon .. ...l.t.hlon. 

0l0J(AM1NAfrUa SptCIES N 5 r'lZlI ISSUE lE'lnS USED/EffrC IS REHAII.S R(F(R[N!:( 
1 

Hahthlon {cont 'd) - ~ hev.edeetyle 6 per qaatrocnBluUIi fnat.ent fWltct\ Perlod of Resulta! Incllcete that I(~ws.l.,. et el. t 
tr •• ta ... 1 """"'1. ..... lltoo. (.,.1 lat.enc:, (al ectlon of ... latl''IIOn UI 1981 

: " - Control 
'! •• 'ht to th.t of a 

1.6 : .1 .)9(1 : .0ZI phan.eoloqlcall". a:tl .. a 
1 • )~ Z ! ., • .20'S ! .OU • IItyO_ end neuro-to.lc 

10_M 2.2 : .Z .164 ! • 018 • &qent • 

70_M ' .. 0 : .1 • '.02' ! .. 0'6 .. 
)O_M 0 .. 7 ! .2 • .981t !: .020 • 

20~M.A Z.4 ! .2 I.OZ~ ! .016 .. 

U - Contral 1.9 : .2 .91t' ! .OZS 

• 2.6 ! ., . .na: .0)6 • 

70_M 0.4 t .2 • .281 ! .olt2 • 
1 ZO~M+A 0*9 '! • 2 • .Z46 ! .on • 

A .: Atro'Hf/Ie, lot .: "'lathu::w't "alUIH at ..... ! SOa 
• algruhclIfltly chfr.tlPflt (r!)fl: control:s p 4.Q.OS .. 

- ft.,. pipi"". 2_ Plfr adutt.. F'oUOWlf'lg •• poeura to coru:entut.ana of 50, 15. IOD. 12$, K..,htn .,.. 
1 t:onc .... lpf)tOli. 9,. no, ln _ ror 15 day<I. Cl acrenttkl , 1965 

ttfllion lonqth - fre~, of datna roM w]th c:anc:enttllt.lonaJ 70 deod 

.rter " dllyo ... 
11) _ 

- proqrea ... .,..,. and t~l. occutr.d ,,,th aUCCOSII-
.... 1, hlg ... r concent.rat lona 

- .n,t. blood cett C:01.l"lt. ,nowd ptoqtesane neutrQlPllmu 
and l,-phocytoe.a wlth Inct1l~ •• t'lCJ coneent.tlt,ona .. 

. 



lolo % - LdIoo'""","V Stud.c:o (_'dl 

5PECIE$ 

"'a.tot.hlGn (œnt'dl .. ~ hgetano 

""_ eo (n 
(Manq.,. •• 

Ethyleneblsdllh ao
cero_t..l 

SPECIE$ 

• r ut.utua custalus 
carnaf .. ----

- r, aturua et l.t.tua 
ca,nlf .. ----

.. Tt atùf. CrlSlAtua 

e.,n1'" ----

" $IACE/IISSUI 

l per Mbryoo reeent! y 

treatMnt. 'art liled 

" SIACE/flSSIlE 

J6 hpt.. MUnO 
"-Ct,l. 

JO-60 pet _ryotl 
lr •• t..nl yoUc p1uq at.-q. 

'0 por ",Iull • 
tr.atMnt 

- 160 -

lEYELS USED/UrEC IS 

Po ........ t Mo"" l""'ltl> of M3cn t 100 ,_ Cane. , motc::::arphoOGÔ s:otc:;::x)rohOCIO fHt~Otn ln dO,o 

0.0007 
0.0006 
0.000' 
O.aooo 
0.000] 
a.oooz 
0.0001 
Ü>nt,ol 

ZO 
00 
60 
60 
60 

'00 
100 
100 

16.2· 
16.2 
16.% 
16.2 
16.] 
16.' 
16.' 
16.1 

• elq,uflCc:nt.ly oaffonmt thcn controls .. 

'0.0 
28.0 
Z7.D 
JO.D 
Z7.J 
25.S 
Zl.' 
19.6 

No todpolao (1"0:2 aqq. Lrealed ",th 0.otJOO1S ta O.OO.S 

œt, C:=Ol'phOOGd .. 

GOI of tcdpQleQ &'1ft'01lCl'd La , pp:I du,d. 

61.' c::q/1.. prodUCed 100$ .,ctel ,l., wlttlln S d • .,. o( ... po...... 
0.'7 IIII)Il aUCMId lanol 48ve'",*",t .tnd ... t_~l ... 
At 0 .. 47 end 41.l eqll.., .. ""'l'atOn tlQG ancr •• Md, 
l"tUtUt Ion of A[h( auq.ented. 

LEV(lS US(O/ErrEC IS 

5 ~ c_. de1.," qrowth, redueed .. 1~.1 ...... 
lIaUor.atlGft8 ln reqenerat.ed l.aDe ~ 

Expoaure (1 ... ~ ~l proctuced qtowlh ret.rdet lon. lib.....:. 
or rl!ldl.ctlQn ln _1 ........ 1. ,art .ye" short ....... tall. 
dl.taNt not.OChard .. "'1...... At hlqhet conc:antretlone 
orqaR'''' _N unattl. to s ....... u .. control --=-.ne. 

,., t~te _ra found 'Ii any an*-.18 al • concentr.lon 
or s_. 
SàM .. a o( the _ft ha ... tInd en1.~t of apl.n. 
"ueu1_ ~tlOl1 .n gut .. U. foW'd1 g:lyeoq8ft content 
lIw:n •• ad ln t .... ted .el ... 

'''''''' JO.lS"C. Mohmly-Hoj.cdt and 

Dutto", 1981 

tanttnuauo nO. ..,aratus Holl 3"" Kalba. 
(or 9' hl'.. 1980 
Bteln cI'IOllnaster ... 
actlvlty or .DllardG fed 
daNd todaJolea ••• lfO .. 6'1 
of tnet. of contrais. 
Nc:Jna dled .. 

Ho behailloural errlllM!ts. d" Lim •• el al. t 

1ge5 

REHJRKS 

rewtp Z' ! 1"1:. 
(Jl.poeed for 6; de.,.I_ek .. 

'MIlO. n ! ,. c. 
h,po.ed for 1-10 <1..,.. 

At'lH am l."IIlinI'JUa, 
1919 

8111'11Cf'oft .,.. 
Prah1ed. t91) 

Expoaure for 19_1.} .. ekt. .. Z.".,.l1. el al." 
1.., .. t1 ~ ,. C for , _ 1979 

then ZO ! t· t for 

roll ..... nq Z ..... oIi - 1.'. 

;_1. ne .... on1". 

I------..... ---..... ------------Ie~ S d."./_"" 

l."' ....... et .l~, 
1984 r ... _ 

Ho. o( No. of , ...... ' ....... lltlft pore..t_ly. 
Cr_ h_ I------.,..-----~ ,_. Z' ! " C. 

••• atl8d SI~t Se .... 
1------+-----4------l~----.....J C._" del .... d ln __ 

lep .. "ar '0 6 1 '.lI:poaed newta. 
1------+-----4------l~----.....J Seve,. pro .... ' Md 

Olapenwat 
....... U.nq 10 _t J Z 

dl.t.l 1Ulb ilbntK"aalltl" 
ln .u .., .. 18 etep:aeed ta 

.... _eo. 
I-------I-----~-----+----~ ,- ID 0 ID 

_10 

... .. 
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CIJiIAMINAI<I° SPECIES ~ SJACE/IISSUI: LEVELS USEO/ErFECIS REMARKS RHER['lCE 

M"anq"'!lIct (f'II) .. ~.!.!!.!.!!. ... ,.l,,,.ted .... r~ Oecr ... 1td PIU, .. lblhty conet.nt ln 1( and NIt SYlt .. , "rn.. 19BO 

'\br,. r ••• n Ib1., "ufled NI set ''<fIt LOft eut". ln po.lt""e 
dU'8Ct UP"t .1anq: potent,el •• u .. 

-~ . .!!!!!.! èIItOryoa Mq Mn 
(_. 

[xpotlure for" day. M,l1.r lM Llnde.en. 

- et lB"C. 1918 (_. 
la ) 1 .1 .01 .001 

ZOO N Il N N N " '14 9B 9l 9' a. B6 

20 SL Il N Il N. N 

'" 'JO 91 100 'JO 9. 

2 .... 5 Sl-M N N Il Il 

.96 96 88 9) 96 87 

.2 5 5 H-S 5l Sl 5l 

~I 
~ 92 7. 96 9) 

Q 0 5 5 5 5 
0 79 87 87 92 

o ,.. o.,th, S .. S ••• reh d.fo....-d: M .. Hodenteh defor-eds: 
Sl - Sllqht .ffect" N .. Ho .ffectat """.r. = ~ surv,,,.1 
ft. Mut.ule la feechnq staq ... 

"'""",y (H. - .!!!!2. r!QutIU. S-IO pet _Ita S,nql. , ... U'Iject ion a; S~60 ., ttq.2/kq prodtEed uqf11h. 5.60 ""lIkq , 96 nt LD50. th IllJlJy et 01.. 
gt_ '~.l", %S-JO 9 CMt decre ••• ln .. na .U,ellne phoephae, 1telU: dehydrt:)..- 96 hr e.pâllur •• 1986b 

9 .... actlwltl_. (otal 1)l1tr~l"'. seru. tota! 
prote.n. np_etete _lnatr..,..r.raae t .1 .. ' .... _lRO- EDU, not • slqnlhcant 
t.r_far ... u.:reesed. t reat.aent. 

CIlH IOM 1""" 1" SPECIE5 ~ 51ACE/IISSUE lEVEL5 USlD/EFFECIS RE_.5 1 REfERE"!:E 

Mercuty (cont'd) .. Gaatropttryne 100 oqqo PerCOftt .,rul .. t y Ind teutoqenesl. at hateh..,., (II) and H.rdnese -200_ .. Snge et al .. , 1977 
carollnerwlJe 4 dey. paethlltch .. ,.. (ptt) 0' eqqe ellpoSed ta sed.....,t-~ CaCo, • 

"l'eUr';l pH _ 7.5 - 8.0. 

Percent -artel .. t, 
'S P'tortellty ._pr_ed as 'requeoncy ln HoJ _ to 

Coneentret lon ln • .:perUllente' potM.Ilet lonl __ t.(_. 
sad .... t (ppa:) H PlI contra!a. 

• P. reent arqes of 
0.1 0.106 4~ (11)- 61 iliur" ... ors b"ar&nq qrass 
1.0 1.188 ~l (17) Sl conqetutel defOt'ftllt ,es 

10.0 12.08 49 (16) 6" at hetchlnq. 
100,0 112.U 41 (2). 65 

.. Rene ceteebeune eyo Hq~2 ceused lrre"ete,ole decreaee Ln rod tesponae lIIIIPll.- fox ar.:t SI i l'II8n 9 

t.udel dl.d not affect COnttS. 1919 

.. ~l!!!.!!! _,I .. net_ nnr .. Hq+Z .. ue .. t81hl., etufted Na aetl.at,\nn eur .. I.n PQSlt .... Ar .... , 19BO 

' .. or .. dlrectlQt\ e1ang tha potenh.l •• I.a. 

.. !!!!! nlgrc:--=ulat. eqqe. ,tadpal .. r:Jtpasure o~ e1Jq8 to 0 .. 8 ppca Hq+2 cauaed d_eqe tG pr laor- r reat...,t pr t.O~ tG 'Ir4t Heh. '918 
dul CJl"I'II cIUa and ttutu profllerllt.lon reto thol'eeftor cl.,.",.,o • 
• a-ed to bI 10. ... 
Lothal ta lldpol_. Ab.,.,....1 lldpol ... et 0.4 _ 0.8 _. 



SptCIES 

I1areut, Oo\tf'CUriC' .. RonD ,'punm 
ChIOUde) 

CIJOr ..... l ...... r· 

l1en:ut'y ("'r~r le 

ChlOUde. {cont 'cu 

SptCIEs 

If 51A1:UII5S11t 

eclJryoo 

1oo"r ",yac 
treatcent 

51 ActlllSSUE 

100 pttr ler",", 
tre.t .... t aduU. 

t .... l .. 
(8 - 10 deya) 
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LEV(l$ USl:O/ErrECI5 

H9 

~ ("",,1 • 01 .001 

ZOII If Il 

0 19 86 9} 9D 

20 0 M-S M-S Il If 

0 '1 96 9à 91 

2 0 .... 5 "oS Il M 

0 1~ 88 9' 89 
.Z {) M-S "-5 St. S\. 

{) SI 96 " 96 
Q 0 5 S 5 5 

0 70 98 9à ,. 
o _ Dootlll S - snorol, d.'.'-I FI - _.ctel, defo......tl 
Sl .. Shqnt .((ect.OI ,. - No .ffeetG.; nu:::lbCtra :: ~ sur.l.al 
(re blœtulo t.a (eedaflq I!Jttl:që. 

Sur."'II'ol ot • doyG poot. .. hOf..Ch far e=bryoD oolnlouad ln 

0.16 end 0.34 ""II'l o .. r","" ., end zas, r.op""tl.ol,. 
Adulte hctl baen acunteu't8d ln 0.2 UIJ/l for 11 ~tftO praor 
ta !tPDW'lnq .. 

ROWI1IS R(rEfI[l<!:[ 

r_pooura (or 6 deya et Md ter ond lOf1dessu:M', 
IS'C • 1918 

rlow-thrOUQtt srota, Blr., et _1 •• 
pH_7.'. "er "ordnua.. ,91Vb 
102 pp::! caCo,. 

P8t'1!tlt'1t. .... ''''1 •• 1 fallOWlAG 4 devs of Conllnuoua •• nOtlure, r 101'1' tnrouqh s,els. Buq. end Just t 
191~. C_rol,on (ppa) 

10 1 0.1 0.01 0.001 0.0001 Control 

Cl ...... 0 0 0 0 9l 9. " Blastula 0 0 0 0 8Z 78 a. 
e.atrul. 0 0 0 BO n 95 95 

_rula a 0 0 " 88 96 100 
1011_ a 0 20 80 " 95 95 

LUElS USEO/HrEt r 5 

t.pé,.. Concentration (DeMI) 

oun '0 2' 10 1.~ '.0 z., 1.0 
(do,o) 

LAlA LA LA LA l A l A l A 

1 a a 00 a 10 o BO 0 100 100 100 100 100 100 
t 60 BD 100 100 100 100 100 100 
1 1II 80 100 0 100 100 100 100 

1 1II 80 100 0 100 100 100 100 
S 20 80 100 0 100 '0 100 100 

6 ZO 60 100 0 100 '0 100 100 
7 10 60 100 0 100 '0 100 lm 
a 0 60 100 0 100 '0 100 100 , a 60 100 Q 100 '0 100 100 

10 a 60 100 0100 50 100 100 

100 U9Il prodYced al.,.t totel .rtaht y wtthl" Z6. hr .. 
%00-150 ucall c""" body bluteraJ hetehed tcdpol_ .. ,. 
...,.,.,..1 ...... "J cu, .... bod, at., ... tarded qrowtn. 
~rcs. ... 1aped .,.... Moet Ôted _IUun 1Z nt '"' 
1111 ... 1500 uql\. ptodœtlà la. ... t.ht,. Ibno .... htlft ..... 
1_ ... era .. 
No .1qn1he_ "" __ od et 'JO 1IIj/l.. 

'0 ""I/'l e_ total _t.ltt, .,t"l" Z' "'. 

100 
100 
100 
100 
100 
100 
lm 
100 
100 
100 

Sur.nar • .t 100-zm uq/l hlIIdI dlstended t:Jody c.",t ,_ at'id 

.. ,.. alUIJIJ1 •• ft.r 26.-48 hr .. 

REMAIIKS 

Flow throuqh ...... 

REr[fI[MtE 

81rqe .nd Just. 
197'. (cunt'dl 

"" 1 ~ ,.. 01._ and .... lher •• r. 
1~ 
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crtIII111INANI" SP(CIES lOI SI AŒ:/IISSUt lE'ltlS USEO/EFfECIS RtHMICS REFERt:HCE 

"-teur, - !!!! p'plena .-ral eut'._ Dl .. th." .. rcury dld nul alter tn. P.O. or the ahort 'for 10 and 8entle., f 
("- th1' .. ,euty) siun Clf'CUlt C\d'r .... t cro .. the att'R at • c:oncentrKlon of 197} 

10-) M. 

Met.hyl.el'cut'lc chiot ,da at 10-4 H 'od""ad !>otn the P.O. -S.C.C. 
(!ec:telCel r ..... twx:o ra_ U'UlleU, lIt"Id then ctec:hred. 
the _".ct. .... nt Itt ••• r.lble. 
Methyl_rcvrtc chiot ,de Iftta.JGR1.ntd the ct lon of 
ynotocJn on ___ tu: _er tf.,.'.' and the 02 COAIIYlPt.ICJn 

.... teSlMO. 

, pe. adulte Injoch ..... nta dO ... 1 1-" ... 0' 20 "9I'1rc! 
c~ .. tn,MercutlC chior .. de or 18.4 -Vk1J d .... tn'l.rcufy 

c-..eed no detctllb'. lO1UC ."ecta. 

a '_Nlon ln 2) .qIl. dlll.thyl"ratr., for 1 d.,.. c...ctd no 
€Setectllble toue: _"KU. 

"-

ct)< rAMI"'" r. SP!:Clts H SIAŒ/IISSUt: lE'ltlS USEO/EFHCIS REH~KS RUERt:N!:E 

Hltrcuty -~ puuens 200 tadpol .. c.posure Concentrat Ion (_l fadpal" re, sect 11'\ Chang et al •• 197. 
(Mettl,l •• rcury) l'Ju,th,l_reur le (:hlor 14. 

(""", 'dl O.DOI-O.OI 0.0)-0.01 0.)-1.0 _ter. ,- No ClIbMrv- Irrlt.at. .... lrr.ttltue 
able .ffact 1'IO ... .,ts fftO • ...nla. 

d,'heultuM 
ln breattunq. 
«tee.,. IU_pls 

a hOuri . In,tathe AG ""' ... e. Jœl 
tlOY-.nte. mort.llt y 
zoor .. l _,.-

,.tnq posturetl. 
flCSpàlea .-njoetad •• th 

12 f10ura . Ab"...l svua- 7,,~ MOrtal 1t 1 0.02) .• 1 of 0.11 501ullon 
.,"' poeturtle, .etnytaercur"l chlarlde 
dl'''cutues on Itternate day, for 
br .. ttunq. 10 d!ays aM~ eJlten"w~ 

swlhnq anct chatenalon 
2_ ........ Appùrod l&OI _rtlht1 lODS or t'helt leqs. 

letharqlè' IIGrtal,ty 

AS _. 
Lethln)If!, lOOS IIGrtallt, , 
t'l0 other 
ch_ 

anet '" 
aontM of 
o ..... .cton .... 
•• "..ure 



rôlo 1 - Ldtaa>d.c7? stWlc:::l (""". 'd) 

co,n .,.INAHI" Sl'EC!ES N 5IAŒ/lIS5UI 

Marcur, - ~P'pleno H •• , po. -ryao 
~Mratn,ll'1Grc:ur.,) cancon-

(cont 'dJ trotl. 

.. ~!!!.!.!.!. l00pe • 
_.yae 

tr •• t...,..,t 

5IAŒ/1I5SIA: 

14et .. ,d .. Ren. t 'genne 
(DOl • ..u.,1 '_1 .. 
petethlon) 

-
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LEVELS USEO/HFECI5 

("act.o o( cath.,lcereuryo on davelcp;:x2nt of e::::mr'fOQ t.raeted 
(or' da,u, 

, dla~ 000' t .eol""" : and en 
':-.(_1 AbnoHtGl/SurY'.,.lnQ " .",,,,,,,1 

"" day St_. 81ntulc 
0 8/82 la 12 , U/l8 ,. t9 

la Ill.' 29 U 
U 2U41 66 9 

20 ,.1,. 100 S4 
JO 40/0 -- 100 

5'_. Cutrulo 
0 8/81 10 20 , li" 8 20 

la 8/41 20 JI 

n lOIl6 8J 60 
20 18/18 100 91 

'0 2/2 100 100 

S'II, ... _.1lI 'I.u 
0 6/8' 1 Il , 10/4' 22 29 

la 18/4: ., 20 

" IlI4' 29 22 
20 I1/J9 28 &0 

'0 lI/O -- tOO 

C_.(_l No .. Hatcf\erd Oe(lIÇtlV'" D;,pt .. O •• Ut. 

0.1 8 HI 411 
0.05 18 6111 221 
0.01 18 l8: III 

0.002 14 2111 21' 
0.1IQ06 17 ln lU: 
0 U 01 I1l1 

lEVElS USED/HFECIS 

Rate o( req_rKlOft _",.oh lnr:r •• wd Ut eU eoneentr ... 
. llona. lU newt. r.,sed ln O., 8f'd 1 .. 0 p.- ched after t7 

..... & d.,.. redPftCt ha., ~ 
((recta Oft reed."'L.~ (F) ."., IllIIb bu<! O''''llt (ll: 

Cone. : MlHn t .... rOt 

REMARU5 

r_. 21 !. 1·t. 

Salut lonD cnanqed da,". 
Abnoraolll'" obsarvvd 
trlate tell da'.lo. 
e.o;oatrulÇ(t. stuntutq 
and poor g_ 1'01 

de ... I_,. 
Oeath and seyere 43'.t. 
occurred over 0 f'lQrl'Qa 

rllR90 o( cancentrClt, lGa'19 

."., UICteaeeCI "Il'" 
•• poaure t,.. and: 

lncreaaed concentrat lona. 

REMNIKS 

: aet._r~Je .. t_"';-lO (do,e) 
r l . r L 

Redueed 1 enqt.r. at 
t--=:;==T""7:"'-F=7==i::"=~'---im ... _rpho ••• at O.oooll1 

0.000' - &0 - ".6 for f •• chnq etlfCle 
0.0002 - 80 l1.S tadpo, •• 
0.0001 zo 100 H.O ".6 0._ 20 no data S9.0 no data 0._ 80 · &0.0 · 
0.00007 80 · S9.S · 0._ 80 · &0.0 · 0._ 60 · "'.6 · 0._ 80 · "'.5 · 0.0000) 100 · 66.6 · O._ 100 · 66.8 · 
0.00001 100 · 61.2 · 
Cont.o' 100 100 ".6 21.8 

C""". : Si .. t_~_~e Me., ts_ roI' ..t.IMI11'hOe18 0._ zo 62.S 
0._ " "'.Z 
O.ooooJ 80 6Z.' 
0.00002 90 S9.1 
0.00001 100 51 •• 
Cant. ... 1 100 :14." 

REFEI![!<CE 

0101. 1916 

-

~rt.,.. l •• tI:. 

1984 

Cheng et. 81._ 
1916 

Hrohant.,-Kej • .:il rd 
Outt8, 1981 
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COH,llMUllN'O SKCIES N S!Act/flSSUE LEVELS USED/EFrECIS RtHMKS RtF'ERtNCE 

Hot.ho.,...,I ••. (OC) .. .!!..!2 pleU",e 1bdr;wI.Ml .tun l • 1Ir4 " produced no UCJf'I' u:ant _,,«t an th" .t'tort Webb et ai ... ltJ~ 

CUCUlt current or re •• stene ... 

.., !!!:!: p'e·ana adulte 6S q, fC'1:JI91I placed lO 200 ee or K..,lan end O"~eck. 

8.9 .,. 1""'1 Hltno.ycnlor pH or eolutlGn No. of (roq_ te.t ealutlon. 1964 

C_l ot l" C _ et JO doyo r roge ..eucn d,MI hIId 

•• hlblted MUC'QM.dICuler 

la 0.80 4.11 , charq ..... e ... , .. 

ID 0.40 6.10 0 thrah.,., Md "'ncIrw:al 

10 0.60 S.9~ • a reech.'ty to IU.ul ... 
tlon .. Sur.,.ofl .. n 
frn rr~ d,sardere .. 

Ho'''yl_t'''' (01') .. !!.!le! t 1ger Ina - c-.S " Me .... t. .. roI' '_IO-IS'C. HonMty-Hej •• 1l -Met..orptDeu' -~--phn .. (doyo) 00 ... f..IIMtd .. re 1000000r o..,t,t., 1981 

th., eU9Q •• t.ed (lel d 
0.0000) lO 42.0 IppltClt lone .. 

1 0.œoo2 10 46.6 Reduced 'lute et 

O.œool sa n.2 _t.or"""", ot 
Control 1t) Il.1 O.OOOOIS. 

t_l_ c-.S " Me .. tt .. rOf 

r_"., at_ Met......,eu. .. t_phH •• (deys) 

0._ 60 SI.0 
O.œoo) 40 SI.6 , 
0.œoo2 40 SS.6 

0.00001 80 S6.S 

c...t.ol 100 H.l 

Cl»II,llMINANlo SPEtlES N SIAlZ/fISSUE LEVUS USEO/EFrECIS, REHMKS RUE RENtE 

,...,thyld8Mton Am. tage'ln_ tadpal •• Cone. 1 " Meen tt •• for ReGEed .aZe .t M.n_t,.-KeJ.ada and 
{cont 'd, l UIIb bud ,tfllle Met .. ,phoaa, ..,t.-o"PhOl1e (d*,.a. ~et.orphosle et [)utt., "EU 

O.IIOOZS (cont 'd) . 0.0008 60 l'.l 
0.Il001 60 2t.6 
0.Il006 60 lt.) 
0.0D0S 80 22.' 
0.1IOIlII 100 17.t 
O.IIOOJ '00 '8 •• 
O.OOOZ 100 '6.8 
0.Il001 100 18.8 
0;_ t'ID data no d.t.. 
O.OOOOJ 1"10 dat. no d.t.. 
0.00002 no data no dat." 
0.00001 1"10 data no dat. 
Control 100 Il.6 

Hothyl - Crnn rraq Kl.he .f .... 'i "lUoc:ka nef .. an ,-* nr; )0" black. w,tnln 1.~ nr. Ba,. ....... ,. et al., 
r lUOtoac:elale .005 ..... 00111 p.odueod 80 .... nI, ro""""t",ely, 196' 

u'lfub.t ton or f .. net ton .net 2: hl' .. 

.. 



Sl'telES 

I1IJtfty'Plydfn,uf't:) - ~!.!!!!2 
(Co::ooncanc. of JOt 

ruoi) 

l4oU.yl - ~!.!!!!2 
teothlQCyonot.O (fi 

. 

""\"1'l".,.t" 10ft - !!!.!!!2!:!!!. 
(OP) 

(aM 811tô Met.ad) 

- !e eY ........ l1ct 1. 

", .. Orauwqa 
(Iran. hne. 
~r) 

... HYl. reg, Ua 
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lEvtlS IIS[O/EffEcrs 

1 c:;Il produ:ccd ,rro.ortU.I)10 lOXIC of fact.o end doath 

,:nt" 1ft 48 l'tt. 

Norool GOtt:::lOrcmoOUl occurred 1" lotwQII ln C'Or'ltant.m"" 
eonta:t 5fllh 0 .. ' II9Il. 

:!,S CJlL l'IDmieca ,f e=btyOC trlClftG'arred la uneontsunoted Haut c.'œIIICII\ a:bnofQOhly 
wotot by COCIP1.ttan of neurulet.ton. WO'S teul JUNas .. 
toratOQGftiC ot ,!,IO atqIl .. 

\1 ""lfo"- I(,Nred tall ... /IIGal 

I----I--------I------------t-----------;,.._ ..,HOI'OQtlon. 
control , , 

la 
15 

, 
1 

~2 

9J 
100 

Maot Inr.œ o,th k'Nted 
t GII a ClOtc:::lOrphoeed tnte 
nOl'OOl (roqs. 
other caolforcot lanll 

lnclt.lded cuetocepnoly, 
!---~f--------t-----------....... '-----------t(Ollure of alonqot.lOft 

. 
60 por ._ ..... 
trQtlon 

H 

20 

'Suœopt lb 1'1 .r 'na neurul tlllon .. 

eab,roo c-.<IICIIII " Mortollt1' S_I 
",Ik pl",! OL_ ot d~ 10 ot dSl 10 

Control , 0 
0.0111 , 0 
o.am , 0 
0.01 10 0 . 0.0' sa a 
0.1 10 0 o., '10 a 
1.0 100 a 

~ eapoaod to lOD-SOO ppb did not GUI'Y''WO art.r dGy ~1 

tno. qllpoacd to 600 ppb d.ô not ca:oaploto n::M.IIrvlot'GI\. 

Sf./z/IISSUE lEY(lS US!:O/UrECfS 

Ju •• "l .. (i [xpoaura 0' "rdrlted toeds to 2' _ tuqnarlcentl, 
snout, • ."."t .a.red t~rat"r. toler..:e .. 
1."90> - 19.8 _1 

.......-. 

f.-p. ~l-I.·C; 2. "r 
•• penture,. 

6 par t4dpol.. Brlln f.UUCQ.. (byqen Cana~lon b.posure for 24 tU .. 
tr •• _t _rD ••• _. Oldl ______ t-...::;l.::.; ... =I..;(=~""_q..:-:..<..) -1-_--'(.::u""I/=~,/:.:" .... ) __ -l 

_roi 
S_ 

4.16 t O.JO· 
2.' t 0.91 

p .O.OS 
• ",lun .ra .an :: S.O. 

rn.r..l t.ol.rMee eUp'H(lé.,Uy lo-erach 

mJ.81 t 8.' 
.lm.2' ! &S.U 

... 0.01 

24 t'tr OIIposufl § 

-. of Sp_ ('Cl R~ed ... .,. rata 

!-------r--------!for _.to """'rol 
I __ -::--:--:-__ +-_.....:M;.:.:.:: .. ::-__ -t __ --::-:'R~--~_=_--I ln C.ll'on",. ... 100 ppb. 

Contrai ".5 '6.9-Jl.8 
n ".1 ".l.n.O 
~ J4.' 29.1-J6.8 

100 ".6 JO.1_1&.' 

todpaloo h_ rar Z4 ". te I.S _ .ffocot ... the _"tet ... 
appro.. 4 ... old natyre of t..he br.ln lact ... dehydroqerw_ llltU,.... 

REFERENCE 

Creenhouae, 19160 

Stren and PretUId, 
198& 

REFERENCE 

Johnaon and Prlne, 
191& 

.lohnaar>. 1980 

200 - t,gat .. AU IYIJO'. pic'" .n .... dro._ Ipil 2. '19, 2&0 ~ h, l,qat" c:ul tured 1" ••• Porter end Hakanson. 
...t.r (pli 1.1, ",""hCJ.oh 191& 1 t .. t. 

ZOO. 
eantl'GI 

n OQ/\. ltt, J.7 '"Ill ru) d .... _.UU" 12 _n _ befor. 
tMy rl*:hId tM ...... cl ... ., ........ _lU. or .. lolol 1 

d ... l ..... _Uy 
thtGllQh .. t ...... , •• 



CONIAMIIèANI' 

noIOdu .. Mtet.hyl 
MftUe (H1 

ISMAI 

' .... t \92 He) 

lb. (fi (Et"y-
nID,. dlthlocar-
ltb_lC cld 
llOdu. nit} 

I-f'b_a.c ':ld 
L .. :Mh,. •• Ill 

(t:ot'tt'd) 

.cloe_lda 
"U"-:lca.da' 
~yl":ld.t 

ty.r 11) 

Sl'(CI(S 

- !:...!!!!:!.! tnrlnql 

lll'1ft01dyndt •• 

tura"'llH"1sUI 

- Sc:apruap.... S!!:!5.!!.!. 

.. .!!!!2!!!..!!!:!!! 

Sf'(CIES 

N SIAC[/IISSUI: 

ID pet _It. 
cane. 

l _It. ttt,,"t. 
pet S0-61. _-_t 
group, I"""th, 
15 jti""lln 
Ju .... ll_ ''''9 _ onaut-.... t 
pet 9f_ I_th 

10..60 per -rya. 
tr .. t..ent ,..1~-9luq otoqo 

N SIAIOE/IISSUE 

60 per 
_r_ 

canc:en-- ,..I~ pluq o.oqe 
t1''''lOl'll 

10 nbryoa 'St.,. 1Q..11 

stc..m -..coua 
ftP.U'W'.al caU. 

lIyUneted ,..,.... 

'Ibres 

100 _Il. 
50 9 
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LE'ltLS USEO/EFfEC IS 

No _t ... _t.1d follOlllflCl •• poSt,R'e ta 100-400 _ 'Ot 

96 ht. 
No .. l ..... lIr" fo 110.""9 •• poaure ta no..S20 _ 'o. 
96 ht. 

100 ~ (i1.10 PPI MSMA) wu f'KJl tO.l<: la jl,Jvenl1ea. 
1,000 _ (.17.4 _ MSMAI _ ta ... ta ju ..... IH but no< 
ta _n •. 
~at," S ... taltty for J""en,~ .. r 120 hr - 6.6111 

168 ht - S).lli 
192 .r - 86.61 

10,000 _ (4,774 __ 1 .... ~,. ta bath _Ua 

..... Ju •• 'U! .. , _lla -en leu Hn81tna. 

Cu.u'."I." S .. " ... t., for jU'I"'11esi 48 hr - 60.0'1 
72 hr - 100.0'1 

100.000 ~ (41.1.0 pp. M94A, .... tOll.1C la _II _Ile .... 
Ju,","'l" wlt,hll'1 Z hr of ewpoeure. 

1.' ~ U1Iduced ... 11'." of natochard fInd punc:tda 
... 1"""""",,_. 

C"",,· (ppb) No. 

Control 
10 
20 
10 

,. 

40 

LE'ltLS USEO/EHECIS 

sl.lr ...... "'lftq fit dey 10 
Sl 
sa 
16 
S7 
60 

. 

Q 

a , 
62 

REIWIIS 

PaM-lble r •• aona !h.t 
jÜIJet1.11 .. l'lOte 

SUlClIPtlbl. th.., édulta. 
Il lurf Ka areal 

"01-... l'.lao 
Il &kaA paNe •• nlal'! 
1) .. t"'11c: ut. 
,.) tU lor pPOeura 

r.,. U'! '·C .. 
E_ ...... - 1-10 do". 

"otochords • 
St.ar.,. of dllllte Mil_ 

IIOlut.on. for' _au 
g1'esUy enhanc:ed ,t. 

RUERENC[ 

~. 1916 

Judd, 1911 

BlIftC't'oft etId Prehled. 

"" 

sa S8 19 tentoqMlI.C and leth.' 
100 S1 90 potenc...l .. 

1000 ~ 96 

EltpHU,e ta " JI.- (Ot 7 days c......:t .ner.Uone ln 
pu,.entai. raU,... not.oChOtd and skln .t. uill'at.ructurai 
lavel. 

lo .. , coneentl'lt.lon. dld not "'ect th. elctuc.' 
propretUM o( the c.U •• 
la'" M decr ___ 1'_ pot.eM.,., to 82~ <)( COIetrol 

" ...... 
SlQllled dotin kal1lt.u:. o( K • .,sl •• deer ...... per ••• "l1l, 
CoMt..t .n te IRIJ Ha .ya:t._. rayeralbl., Mlft.., Ha .:tn· .... 
tian eut .... lft po.ltlwe dlrectlan .lonq potenUel ...... 

'orea ' .. chnq 0 .. ' *J d.ll, dutltIIJ ncn-tt .... chArJ ._..., 
u'lducw fota8tlan of Illdna., t.t...ot.ar. ln Z to"'. 

ProcNced • dllétll_ an UW Mort ClfQlLt currMt tItId 
inc ....... the ......... ltl'lft!. 

K......., et al.. 1978 

Otn.r r .... rchet. anduced Saitry lnO El-Hoft.,. 
lesaane ln ns o( 1Iu. .. la 1966 
t ... tad dur"", I>t_."'1 
~ .. eon ue'Nf __ don 
and ___ Ioqy. 



ldolo Z - Lc:Il=à .... ' 51."ho (_'dl 

CONf"MINANIa SPECIES 

Hanalpnenalatho.,.. ... RanD eseulenta 
loto (aurrcctont) 

~ROC 119 (P't') ... !!:!2 t!Qf!oraua 

Octyl-_yl- • -
naphth,lout) 

(~nt 0' Jot 
and rackot (u:J1) 

OMPA (OP) 
(Ocl .... oLhyl 
PyrophOaphorGlado) 

O •• yl (C) 

... Rc:no p'pacne 

.!!!!!!P.!!! !!!:!!.! 

... Reno p'paono 

~!!!:!!.! 

... FrOfl 

- rroq 

SPECIES 

- !!l!.! chryeoecelu 

- !!!!! plp." 

200 

SI AGEII ISSU!: 

leq Dlun 

sartor lUO n::::trvo
""",,10 

_ryao 
larvc=J 

100 pol' eabr'fOO 

LrOlltaenL 

~.rtar lua cuc:c 10 
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LEY[LS USEO/EFFECIS 

,x H~'S A lnl'ublted the lSOs:xJtlC, cctlve trcns:part
couplcd wollC1O nCh:l. 

Multaple end-plata potentaals lippe. l'oct artel' •• paBure ta 

>2 cq/L (or 18-4' Oln. 
1.IGD I:IJIL ncd no .'(oct an cuccla reotll"llJ potantlal 01' 

aphtude or t ua course o( the lnat lai eYOk:Gd end-plata 

potDftt lQl • 

Up ta 1 9IL not ta. le ta alther ,pecan. 

zm end 1 ~ "cd no delaterlous affecta an devola:p::x:nt 
o( !:. p'p.ana and .!:...!.!!!.!.!.. respecth.l,. 

10 _ ellcunoled respon_ ta corbcylcholara olcost 

cOIIplololy. 
........ t o( ,,,'ubat.an ... " stronqly .dependent UCNJA 

concentratlon o( OP end t...,.rature. 

adultQ FaUa-lnq e_poeure ta concentrlltlona a( noo, 2800, 
apprGII. 9 al [anq 1100 SJIPIIQ rar 1S da.,.. 

110 per 
d ... 

group 

80 per 
d_ 

group 

SUCE/IISSa.: 

nbr)'08' •• rl, 
gutrul .... n 
d.y. of .,. 

la par l~ and hv.r 
tr •• t ..... t 

_ "'-.a and loueopeftaa pradu:ced, ICOraen:Jd ... th an:craaa.nq 
concentrai .an 

- Praqrena" neut.ropen.a and l)'DPhOeytaa.a e .... dent .. Uh 

Incre .. ".., concentr.t JIIQf'I 

_ Paeture droopal'lQ, actavlt, decreeaed, rlccc.d p.ral.,. ... 

Rech.clld IIIIC»latude or re~onae •• thout ~u"ll(.e.,t1, 
lIIurtll'lQ the dose respon_ curve elonq the abe •• e. 

LEY[LS USEo/ErrEC IS 

[xpoaure ta 100 ~ 0_.,1 ror 1 hour roeulted ln 90s o( 

tldpol_ .lth ... ert lcel cur ... at.ure derar.at lee. 

Nat taille or ter.toqenlc at 100 ~. 

Oewel~t proceeded no,..I1, untal -wrOll_atel, 1 d.,_ 
palt-nateh. 
Crowth r.t. ala.d .n .11 group.1 teal lIbnar.elat ... nated 
.t o.~~. 

1 Il av. 16 d.,. paet-trnt ... t .fter •• poaul'G .t 9_trul. 
ot_ (C) or 15 d.". 0' .... (n,. 

P.roquot ( .. lU 
0.5 

1 

2 
C 

1 
n ..L 

1 
15 

W 66.7 0.0 Di 

Acta.at •• o( antloudant enz.,... ... re decre • ..ct or nat 
.ffectad b, lO~O .njected .nto CI"a.,.1 1,.. uc • 
• ·CI LD1DO rnu.1ted ln a.qn.fac.,t .nc ...... n ectnat., 
for .. t enz.,.... Llp.d pera.adat.on of h"r a.c ....... 
an ~ ta per ..... t •• ·C, lncr..-d.t ZO·CI ln I~ 
lap.d pOl'OIIad8t".an .ncr ...... t bOth t .... r ....... 

REMARIIS REFERENCE 

Ca lenlcno et al., 
1979 

(vans, 1976 

Creenhouse. 19160 

GreenhDuse, 1916c 

Delun et .1. , 197fJ 

Kaplcn end 

Cla:zeft8Iu, 196~ 

Reaulta sugqeat that IlMPA Go, et .1", 1911 

... , b.ncs ta at leGat 1 
a.t_ an recaptor. 

REHAAMS 

0. .... 11' 8'llpoaed ror 
24 hr, no. aur ....... or. 
cauntad 120 hr poet
e.po~ure. 

Al[ faQUree •• qn.rac ... u, 
Ia-r th ... controle. 
R.t.rdIlt1 .. o( qrowth, 
t.al _lfor •• t.ona, poor 
he .. devel.,......t 
oba.rved. 

REFERE>f:E 

Cooke, 1981 

rultan and o,"'er., 
1985 

0 •• 1 .nd 0 •• 1. 
1987 

260 -Vicq : lD~O et 2O·C; a.rlb.8 .t .1., 
'60 -vkq • L0100 et 1985 
20·C • 

Lo.r t...,.rature 
.ncrwea.i ... r ... a".I. 
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roUNlINANI" SI'tCIES M SIAGt/llssut L(ytLS USED/ErrEC IS REHARn RErEII(NCE 

Par.thlOf1 {QP) .. ~crepll ... 72 per &doit. Mort.lat, at '6 ht ftpoaure ... dose-rehted (0, D.I, I.D, pH - 7.6; COCO, - 80 ""IlL (1.1n13 et. al ... 
tr •• t..,..t 10_1. f_ -Zl-24·C. 1982 

1 turcS (!..!.!s.2. ep.ry.ru..' 
dled ... thln , ht aner 

c:o""-'ng 5; ftOCJs 
expoaed ta '0_ 
for 96 ht. 

.. !2!!..!!.!!!!œ t_l .. 9" of t"'" .. posad ta S pp. dutd .. ConhftUOl..tSl Ho_ app.ru .... Holl _ Kalbe, 

for " ht .. 1980 
8'_r ..... , .. tari il' 64 8run chohMatereae 

ac:tl"lt., of .. llarda rad 
_t_l ..... 0.K 
of Utat of controls. 
"11 dueke t:.hed _'th,n 
1 Or. 

- !!!!.!!.!!!!œ n IJ8r ticSult. 10" "PONd to 0 .. 1 81/.2 ' .. tgen1 for ., d • .,. Of Z hl' f...,. 16 t 2·C dur lnq eu ...... end 

tr •• blent braln, h .... r, blood .... n--=_ & pl ... chOltneatet.t.1C aehYlt., _ra_ of htbernatlOR. 2Z ~ ,·c eu,rd' •• 1978 
86S th. ~l ".1 ... Ac:tnity ~u:-Id., recowered 1IIhen dur Irq .et. Irq "'"UIGft .. 

t.oed. repl.:ed lnto norael c:onQLt Lone. 

.. !!!! p,p, .... Z_ ln adulte """ra. f'OllOWlng .. po.ure ta conrentr ... ona of '.10.tS.ZO,ZS p..- "pl ... -."" .. 9 co 1_ (Ot t' da,.l Clez.nakl, 196) .one .... - ............. leuco,," .. a Cllen IIIOr .. ,.d .ltn lnet •••• ,., 

tt.llan Conc:entr .liOn produeed 
- Proqt ... ne NUtrOQeftl. and l~ytO.lS .. 

c:oncemtat.àon lnereaNd 
- "-rtr_ dec ...... ln .:thlt.y" decrftsed _usel. tone, 

ger.rlllu.cl .o.. 
,. 

1 Cl)IINlI NA" l' SPECIES " kSIAGt/lISSUI: LEyEl; USEO/EFrECIS REM4R.S R[F[RE>CE 

Parathlon (eont. '0) .. ~ !..!!!.!!!. ' per t. . RHJ.duei t;flOlu •• t..t ... et U_ of .. th (0110111,., LD50. Eder, and $chat zberq .. e_ 
lnJeetu". of l LD~ 1nto dorsal lrlltph.tlC .':1 p.r.nlon - 967 _. Por.th, 1960 

P .... Unan 
Pa ... ___ 

parlD"on . 188 p..- .. 
bloacl ml 

1 

,,, 
"llu,d ... r..,.. 
haw us .r.: 

- t lv.re Mettbol u.. of p.rtlth lon lOCtbeted lin tn lher .1 LC •• for Pauo"on re«ill., deqraded Potter and olar IM* 
:JO a.n (v.tuea tn,-..ol ! S.C" .. ): t.hue levels qlven are 1964 

dlfrftrenc:e bet ..... 
lia. 'arath.on ParlD_on PToouct Ion end 

reQhealn t'etI8lnlnQ reco\'ered destrœtlon~ 

!!!!! plpUlM • 6 '2.2 ! '.}Il 2.20! 0.01 
Bu(o AD .. • • n.' '!' 4.24 Z .8' ! O~4S 

Pot'IHthrJn (P') .. ~.&.!!!!! lat.ral .. "ne ~ It 10"'" M ln Yltro (or , ht or 1Q"~ H ln ... , \tG ror , hr 1_. S-U·C. Yt j ... etbaf1J et el." 
se".. org ... lnduC'ed ennrt tr'ï'ü'. of t'8rve ~I .... --- Nuaber of ' .... ls .. lMr 199Z 

train and lraln dur.lon 
petàC)het.l net.,.. " " "10-' .. cMJS8d ~Utl"'" acthlt., _lthln "ret 2 Or ancre.sad _lth coohnq ~ 

0' esP'C*lf'ft. 

pH .. ~.&.!!!!! 10-20 ab..,... fot.el ,,,'utntlon of hlltctunq occul'I'ed at pH 1.9 Ln fH.Ilfur'le ,_ - ...... t U·C. Ourtean and Conne 1 a , 
(u. alao aJ~ll'UIj still"" m-IJ .. '" _pH •• , ln bo9 ... t ••• In bOUt t.",... ft. 1_ pH PO"àble cauee .. blorett ln 198% 

...oryoa ..... rwnt a t1Qhl eoal1,., 8II.IIOC.et_ •• t.11 .... r ... tqe f~ttor,.nq of hetehlnq 
or t.hti pertytt.eU .... spce, lIfIften jeU., I..,et reea..:l at cnz,.. .. 
pH •• , the _l'yGS dewelaped nor •• Uy. 

.. !!!!!.! eetl!t8be ...... %6 adulte l00-.IIlO ; 8raln ACh{ actn,t., aUared tn: p~Mt. 'e.,no, .. Sr ... n Aas( levetla nat Har ... u 1982 
An.-1. taL .... at, pH 4.6 d,ad •• Unn: 1_10 daya. Irraeted by preeenca of 

AI>} • 



pH ("""t'd) 

pH ("""t'd) 

SPECltS 

- AMay_lOIR .".raCll'u~ 
!t!! sy .... t1co 

SPECIES 

lO 

10 pe. pli 

la pet pli 

SIAŒ/IISSUE 

lotyCQ 

lut.ca 
• .. tta otd 

10r.00 

__ yoD 

SIACll/IISsu( 
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~E'ltlS USED/EFFECIS 

tcdpal00 producDd by t:dult rtQ:::l c:rld!lC panda aQfQ .::or • 
.c td ... tolorant. 

pK , .. oU d'_ wUtun 12 nt,. 

ptt .. and " - Olqnlfaca'!ltl'l 010aer roto of de •• lop:aont 
.nd qr_h thon __ reG ot pH .. S. 

pH , .. oU dlcd wltt"n 2 ht. 

No d,trot'ttftCG13 .n .n,ol~t NIt'" et r:n, ot.hOr lroClt.C:lOnt .. 

96 hr surw'wnl "8 o .... t 901 oc. pH 7.0 c:n4 about 7QC _ 
pli S,O. .... tcdj>ol .......... "" 24 o. ot pli 4.0 • 

Ac:ute _pa.ute lo ptt 2. S .... 4.0 _tsllOci codu:\:I influx and 
•• tUdl.,. s:eel.rDtOd ..:tlu:::t .fflUII .. roaulttnq not. loas of 
SOS body lia _ ' .... 1. 
O'Iraru.e exposute c....-d 21-62" redt.lcuClll't '" bOdy fkJ 1 ... 1, 
• content d'd nol c:ft8nqe. 

!. '.".ta ..... ".,.. .hd l'lot hate" below pK 4. '50; 
! .. sxhetlce hatc:hed at pH 4.2'. 

LE'ltLS USEO/EFFECIS 

'e:::IfJ. lS·C, QII'Ô".c 

chCRlfOd lied y • 

Stat.1C blO.Q8ll0y. 

Piet'eO one Hunoy 1 

1987 

Li'" et 01., 1986 

Cor l'et 1 et Il *' 'Clll 

rrttd~ and ~lIOn. 

1985o 

REFERENCE 

eqqs urly cln"lIqtt Mortahb Rate ( ..... S • 5D), ""It hatchhrqIJ .t pH ' .. 0 Leuven at 81... 1~86 

J-----~ 1JI'.::-.. __ +_-!:Ho!2!:rt~.!.!I~lt~.~(b~"~'s.C';'_~!!:'''!!!!J)'---l_r. defe ..... h .t. pH •• ~ 
4.0 96.6 t: 2.8 or ',.0 fe. defor.at,lft 
'.S 16.0 ~ '.8 not"". 

1:::::,::,::-:::-::~,:.!.O=::==~=~:::-=-:-"8:.:.~0-,.,-:e7.s:!... ___ -I",,.tohty '.gu ••• for 
....... .,.tel1t.,. aner •••• e.qnt'lcanth lIIht!Jn Al eqgtt of R~ .rn!ts. 
cOllC'lf'ltretlcn of _c:h~ r.,M4 fr. ,~. to 92.5 \8)11\... !~ eecu';"te. !. bufa . 

S MortalllY 
pH a .. 10 ttedlUl Al .adl_ 
4.0 0.1'1 0.0 
•• S 0.1'1 7S.0 
1.0 0.0 8J.J 
'.0 6.J 1(11.0 
4.S 6.7 I(JI.O 
1.0 0.0 I(JI.O 
0.0 2J.8 1 •• J O., 0.0 20.6 
s.a 0.0 ".6 

""...ta '1lven ew.U". etwJlce .ra f'0W'd SOS or tlJle on 
pli ..... ,. HI an pli '.'.'. '''' an pH J.J.'. 

Antaüe .. ld on • ...,.tut.,. of pH 2 .. 2.' d ....... Uun 1 ..... , 
tho. on pH J-6 .... Y1 ...... 

8 .. 11er ,. 

40S .id on ... tf ... of pH } dl ••• ttun • _. aU othe" 8 .... Ul .. poe.,... .. 
INfVI_. 

G."""" ......... _ or&! _SI .n 011.1_ .. 11 •• "'1 ... pli , 

.... ~tl .. h. 
Oz _ ..... ote ...... "" .,., J2$ an .. _le h •• "'1 .... 
pli J. 

""" .. orel _Ie.
loc .. U., 1'981 
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C1lNIAIII .... N'· 5P!:CIES N 51AŒIlISSUE LEVELS USED/EfHCIS I![MoRlCS I![fEI![NC( 

ptt (eont lO) - adulte Selchon of Metr._ 9"' ""otuneky and Broche. 

197' 
f,eld pH , ""I""tu,,! pH ,., " eel.:ttnq pH 7.7 • = .14nlfu~..,t 

dlfferanee .. 

0!!!!!!!lnatnua (.. fl,leçua; 20 6.8-7.0 H.' 12." 
O. f .. aurteulatua J2 ".,-S.' 43.2 56.S-

A;,!';t .... op..,... 28 ,., H.' 62." 

,,~ awcuht..- 16 . 40.0 60.0' 

Eu?.: •• ~.stld19 .. t.tus 10 ,., "7.0 ".0 

b lu, .. f!!!!. 1 -. '2.9 61.1· 

L lancue8Uâ. 4 - '0.0 50.0 

a.tt!5!'!O!!pO .ttenu.tus 18 . "., 46.1 

... A,aorted tlPeca .. /r ... ,_ adulh, ten_, lnt., ... and "'tttllllCMlClhc: 'V.Uatlon ..s antoq_tu: chanqa Pleree. 1985 _.,.,. ln le ld tol.flftC!.' aechenl". of tot.rance r •• l~. 

.. ~~ • per 1_1 .. lO-,,_ pH of _Iut .... Sur.t •• l tun falpa 1a·Cs Jon •• , 19J9 

lest 
2.0 5S atn 

2.8 115 .ln 

1 •• 6.' Ilr 
'.8 18 ... 

! 

•• 0 a •• r 24 hr 
•• 2 no appan:nt .f(eet Ion , day • 

1 
-~~ 21-26 (xpo.ure tG ptt 4 .. D (,...lnaO eaull:Mtd 1:n.c)l,t..,ttoll, lnere.sad Son .... t.r ""Donlld ot ,1 ~ • 1981& 9 ..... t_rphtc 

1..,1.,.. Ju .... l1" tr....., .. tttelui net 10n lau .u na1 ecad upt .... , ...... (C."2 : '00 .~.u .. /l). 

811 ... t lmlbttlon of .ah.a lon tr..,rt. Prlar flCe ".at Lon to pH S 

OUlturOMC" (fl ........ by 7 hr e .. poeura ln t-.,oI •• but d.,d not tedtM::e 
peunted .,n J .............. d'.turba.f'IC .... 

~". 

CONIAMINANr" SP!:CltS H stAŒ/IISSUE LEVELS USEDlEffCC rs RO ...... S RCf(I![H(E 

pH (cont'd) . _.,.,. l4&.n S of hlt.dt Of' coll (tS(): K.m •• 1ge. 

a .. (0/1 •• 2) ren (oH 1.5) lotel ot.Ittber of sqq'l 
Hatm COll Hat.d1 Coal tested ln perenthellH. 

!!.!!!!. !X l .. tu:. 11.0 t 1.15 17.2 t 2.12 96.' ! 0.61 o •• t 0.21 
(1758) (21Z0 Ccut ferara ta SIIbt'f'CIa 

A!b)tat.e .!!!!!!!!. 0 ~,~ 1 ! H. ~1 97.' t D.29 0 'lllhlch de ... elol) bul do not 
(1M 1 (HZ) hatch. 

!!!2 .-erlcanua 0 14.6,: 2.16 9I.O! 2.21 0.2: 0.t6 
1'0.l8) ( 1921) 80q popu l at u,., of 

!!..:. plpl"" .0 0.9 t 0.66 98.' t 0.66 0 !!.:. ar h.ttc. IIIOre 
IAH) (981) tal.rant then .. rsn 

PtUIKJd.:UI tuseneta 0 ° 64 .. S -: 10.'8 0 POPUlation of la- pH. 
(285) (211) sugqeel1l ad_ah.on lo 

~ S!.!!U.!!!. 0 0 11. S ~ 7.H O., ! o. '0 bOQ en"'HDnlMnt. .. 
OH) (019) 

rertlluattoft of !:. nbet.lee. !:.~, !:. plp.ene 
.... ln boq _t.er not.\ uqrHfu::anUy dlf(erent th.., 
contra te .. 

R"'P'Pl'" t_lpolea l.,neer .,ftCt .... ,n eut.l •• ' t ... and t""- pH lolarerca 'rôde tIf'Id 0.....",. 
dtulnq ftrat 8: ...... 'of oe.elaplNlftt .. 198s" 
1_1 .. It pH ••• _ ~.8 q ....... r .... of ,., _ 16.0 24 ct., test pertad .. 

.q!d..,. rnpct.l.ely .. 

-
_r_ 

-ltth.l" pH "trltlea'- pH Se,.,t ,..,tty of 1: .!.!:!!.!.!. t-e:::.-e and Po~, 1982 
OOllll_t.ht,) 150S _tlhty) Atlbyata-e i.fferao.u ..... 

~.!.!!!!!. grater ",n lae 4t~" of 
~ &xl.atKa l.G l.' d ... l~t th.,. dur., .... . l.' 'Alhel cl_.aqe .. 
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CIlH IAIIlNAN.a SPtCI[5 Il SfAct/USSUl: lE'ltlS \lSEO/EFFECIS ADIAAIl$ REFEREIC[E 

pH: (conl 'd) . , of S 0' e::::tàryoc F' roda and 0uM:0n, 
Co ~ nGtcftl"nql • • lied 198'lb 

pH <""",1 hot.chaCI dafo,,-
Carly tet.o 

Aoobyato::lO 20 PO' _.- \.0 1 100 0 0 0 Add lt 10ft of to. ~ end 

jeffe ... Oftu:nc,= t.reotQont ZO 9) 0 ) 0 ,.10 IJP:=) Ho prayent" 
60 tOO 0 0 0 eorly oort.elll, of 
80 0' 0 ) 0 8I:Jbryoo .. .. , 1 10 tOll 0 lO Inc:reocunq coneentt'OUon8 
20 100 , 0 0 of 10ne cousad curllnq 
60 100 0 0 0 a.tact .. 

'.0 1 0 0 100 0 
ZO 0 0 0 1011 !.:. Je"enonumu:;) coula 
60 ZO 0 , " .....,Uy IW>t"" ...... thouqh 

80 60 '0 ) " c:urlod but !.:. .Yhottce 
uDUO-ll, dled .. 

!!.s!2 Dy l.,ot.lea ZQ..IIO 

_r_ 
\.8 1 9) 0 0 , 

m 100 u a 0 
60 n 16 0 , 

'.0 1 100 0 0 0 
20 80 0 20 0 
60 100 10 0 0 
80 100 0 0 0 

'. , 1 90 J 10 0 
zo 100 0 0 0 . 
60 n JI , 62 
80 U 61 20 " '.0 1 10 l' \8 lZ 
m Il 20 1 80 
60 B 0 U 77 
80 a 0 ta 90 

Clin AIUNAN la SPtCIES 1 Il SIAŒ/flSSut lC'ltI.S \lSEO/EFfECIS AD4_S RHEREHCE 

pH (c:ont'dl ... !!!'.!. plf!lena. lar ... Aeute e.poeuro la pH 2:. ij - 6.0 ...... ed No lnfi..,. ..na Net loa of m body fiIlo Fredo end ().,naon. 
ft. c:.t •• UU'-':I. Keeler_ad He .fflVll. lnere.Nd ... ternel C. alowd 104$ .... falel. 1984 
!:.. !.l!!!!!!!! of .... 

ln1t u1 bOdy N. content cali lnver_1v correl8ted wath cld Spitte," dl'f.red ln ~. 

tole"..: ... content unc:iet control 
COndl.tlQNI .. 

-!!œ~ abdDlunel lIun lner .... 11\ lnflua .. be"ll..,. of Cl iW'id ..... '101 .. tn c-trol , .... 1 ••• terreuQ and HLll, 
o_flu. 0' He et pH Z.' ln enort.ocll'CUlt..t "ln .. 1982 
fotat ~tane • ........ t-cueull CUl"teftl lncreaatd 6t 

pH 2. S. 

.. ""yet.._ apllCUO 4-12 -ryoQ Hatdunq _t racud beheen pH 6 Dnd 1. ,_. 22-Z.·C. P.tr .... et d.~ 
1992 

.. ~ eyl".llee .... ... .. li ruot""!!"'l.. S.E .... Pierce et .1 ~, 1984 
i "'"Z -,... 1.2 - 1.6 11.1 ! 6.) 

nI 6.0 71.'! '.1 
! 14' ).0 1It.6! 1.6 

414 •• 0 12.1 ! 6.8 
1 n' l.G Q : 0 

lB 2.0 Q ! 0 

--'!!!. S ....... 1., ... ., 
1 ... ". ( .. rh ':4.0 100.0 
f_",,) ,.n ".J 

l.' 60.0 
.. J.n 0 

10 lat •• I!!J.n 100.0 
(_t_r ....... ) l.' 90.11 

~l.n Il . 
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COlI AM INA" f· SPCCIES " SIAŒ/flSSUt ~EVEI.S USED/ErFECIS REHNlXS REFERENCE· 

H (eont'dl .. AMby.tc..~ IDO p.o. --- Hatcfuf1IJ lRC'Cea. ,_. - 17" C 'n_ PunIO • 191u 

t.r •• t.aent •• tet Ira. COllectIon 
Pereant Suty ••• l 1llt ... pH <""10 &.4 -

pH 6.7. 

r~. ·t l S 6 7 a 9 la 11 

S a 0 a a a a a 0 
10 Il 21 1S al 81 71 69 19 

IS 17 '0 9S 9% 90 78 )) 29 

20 9 20 64 7l 66 S9 50 2 
ZS , 1. '0 l' n 19 7 0 
'0 a a a a a 0 a a 

Joh.f'l'iMt oa:yqM ~t.on rat ... t 914 6.61 •• gnl'1Cent 
<tecru .. at pH .. .,., 11,. 

- !!!!! pipi""'. .- .. ... .atahl., deCrea..o _.th dec:r ... lnq pK bel,", 6 .. 5 ln Sct'lllétef, 1981 

eohltlana -=uh(led "..th HtSO, or tfrtO]. below S., ln 
1I01utlOM clchfled ",th Hel .. 
No ooi9. de .. l-", .t ~ pH 4.8. 
r.l'tthnUan W (or .... lOft of he.U.hy ~rya. deereeaad 

bol .. pH 6.'. 
let.r IUitt tor ~t .... l '.rt,lu.tuI" and .. ri., 
de"aloc-enl ... pH 6.0 • 

.. !t!!2!2!!!! 1ar ... pM J.1 - 8U dltd W.thiA 'l.\ hl'. Surf.red .,hÂlons. Ill> Portet end Il.''anson, 
pH 4.0 - .11 _t_rphDaed. to 5;9 de.,.. eapoeùre a 1976 

.. 

CI)IIAMINANrO 
i 

SPCClts Il SfAŒIIISSut LEVEU USEO/EHECfS REHMKS RHERENCE 

pH (cont'd) ... A",.tOlll& ~ ""10& et or pt sor IZ'C Zf'C 't 1011 t~rature eq'J Dale et ., ~, T98~ 

to 4th c 1_....,. •• .., ••• t pH ~} .. 1j tut' ..... o 
dl"'8lon pH n ~ hatc:h n ~ natch It:,llly-<tC:taqua JI,trun 

2" hr of .. po.un; .1 
1.0 1\11 2l S4 U pH 4.5 ..nr.,o. tlqhtly 

Sl 12 41 SI cOlled. tho •• th.t 
6.0 a& 6 61 40 hatehed -..II!'re defor.~. 

as Z6 42 81 
s.a 61 110 1S 12 

17 11 76 46 
•• 1 % Z 118 Z 

111 , 16 Il 

4.0 6Z 0 12 0 
4Z 0 al 1 

l.S .sa 0 ",sa 0 
.50 a 750 .0 

!:!I!!~r lS p.o< _.",. pH C """e" ~ Ntdl. lat., <lIed ,_. ZO·C. 

tr •• ttalJlftt •• d...olatul. ,hqe Ali !>ot'- '.r •• et 
8.0 8J a pH 4,""Q _re .for...oa 
7.0 eo 0 
6.0 eo a 
'.0 77 11 

. 
4.0 14 IDO 

'.0 a -
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c:tJ/HAM1NAN 1° SP(CIES 1/ 51AGt/llSsut l(YElS USED/OnCIS . R(I'IAIIICS RtrEREIItt 

ptt (eot\t.!d) .!se2 OY1YOtlCG c::$ryDO ct or pr laC lZ'C n"e At pit 6.0, _ .n,ch Dolo ct 41., 1911S 
ta &th cloo\OOJo hot"_ ot 1 ... {....,t'dl 
dilUcf3.\Oft pK n .. ... tet> n lI_"h t."..,tat"". 4 ...... 

7.0 Ul n Ul 9% - " lU 98 
6.0 na " H8 77 

J18 06 }46 80 
5.0 HJ SI l6Z '7 

"7 19 119 90 
4.S J40 JI n7 " 296 40 Jt, 82 
4.0 J20 11 119 8 

lU 6 276 .. 1 

J.' "ZlIII 0 • ZlIII 0 
~ZlIII 0 ~2l111 0 

. 

CONIAMINANI' SPtC1ES -w ".m_ L( YEU IJS[D/EffEC 15 RDINIKS Rtr(REOC( 

pH (contld) !!!!!! 5.!!!!!!J!!! 1er •• '; "'''1. •• 1 arter $: SUl'wlwol .'ter O.ilâ et. al .. " 
lOt'"!. ZS-Z9 pH }8 c:s.y. at S·C 1. da,. et 21·C l~S (contld) 

6.0 .a 100 . 
ZO 100 
60 100 

~.a 80 100 
80 100 
80 100 

A.S 8Q 100 
90 100 
60 100 

A.a sa 100 
911 100 
80 100 

'.S 10 100 
60 100 
60 100 

1.1 - sa 
0 
0 

" 

1 
/ 
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Cl'fiIAIII .... NI· Sl'EClts N SUGl:/1I551J: LEVELS USED/trrtCIS REMARKS REfERENCE i 
j 

pH (cont'd) !!!!!! palu_t' 11 .tyoe at or oH : natdt 1 hatched lat4' dled 1_. Il'C. Ode et ~1.. 1ge5 

al barot. }Z .. Il 1.0 100 0 (cont 'dl 

)1 ••• 100 0 

41 &.0 100 0 

Sl 100 0 

49 S.O or SO 

ZZ l& SO 

40 4.S S sa 
U S sa 
19 4.l 0 . 
48 0 . 

auto __ le .... 4&-Sl pet _t,... oH 1 hatched 1_. 21'C. 

replie ... •• rl, Clatrul. 6.0 100 
100 

4.S 100 
100 .. } 100 
8Z 

4.0 84 
96 

l.a 0 
0 

Hotophth.l .... 10 pet &duIt. S eurvt.yal .fter " aut.' •• ' .n.er 
v&udeecena r-epllcat.e oH lB cl .... et S'C 14 <lov •• t 21'C 

S.O 100 100 

100 100 

100 100 

l.a 100 100 
100 100 , 
100 100 

l.S ID 7S 

20 87 
JO sa 

Cl'fiIAMINAN'" SPECIES N SI AGI:/IISSIJ: LtvtLS USEO/Errrc 15 R(MARKS REfERENt( 

pH (can. '41 .. Mby.t .. ~ Aoprox. "'l'l" In1.tl8. fIIthlteUu .. fltud piPa dcCr •• ...s etqt11fu: .... U, RotJb and JOt'l'ltf8. 

ISOpet et or • ., 7 to 96 ht ,fter lrut ,.1 ,_n ton of egq. ln ... t.r '987 
tr •• tlHnt creacent et.,. ~ d tar'" to pH 4.0 _ S .0. 

Rate t;J( ... flU1: lntO the fiUld .& qreatar ln eqqs U'l 
pH 4: then ln tho.. ln pa s or 6. 

100per lan .. At pit 1.0, HlQ: __ ttahl., OCClIrted .fUt 1.2S br lar •• l 
tr.at_ent ne.ly "'.tehed l~r.lon, .l .,,. l.S. 1SS aaortallt.,. occurred after 2.5; hl'; 

al pH o., 'OS nad _rtaa lty not occurred aftar 6 daya .. 

- R.,. t!!!pOraua 12 per tadpol •• Trend. obser.act for pH 1.6 .. 6.S: radpolea nued ln (Jl"" C-'-lna. 1986 

tf •• lItent - ..... lue .UalIWd .. a poed.hel,. c:orrelet.ad wlth pH pH to ~l-.orpho.l"$. 
- t.uae lo faraleq -"Janee .. a req_tlw.ly correlaled 

_lth pH" 

.. AllbyetOIIII '.rfenon ...... 20 pel' pH "t'1O· Meen $ hatenl"": ln· .rt l'lCla1 !JO't MIIt.er. (reda Itnd "'-'ftIIOn, 
!!.!!!! .yl •• llca .-pit A. t·,'·raoru ..... R. axlvat.!c. 

S.80 100 9S 

•• 7S .111 
•• SO ZS . 100 
•• lS 0 . 80 
4.00 0 0 

• a.1h.: .. t dl"ar8l'lèa bet ..... the tltlO 8pIIIIC1". 

. . 



OH (eont"<U 

"" (cont 'dl 

Phenol. 

5PECIES 

!!I!!!~ 
Buro woodhouDOl 

!!!!2 .s!5a!!.s!!!. 

.. !!!!!! cateaba,ana 

- !!!!!. papl'" 
~.!!!!!.!. 

51'1:CIES 

- AIlIby_tœ.!.!!S.!!!.!S.!! 
!.:. J.".tSOtl,.-.-

" SIAGE/lISsut 

~ -..,.." 

~ 

20 
... 1""" 
othOrcn= 
utdlCotod 

2O-JO por _0 
troat.Dcllnt 

10 , 

N 

adultal.I ...... 

sr~G[/IISSll: 

_.,... 

1 
/ 
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lUtlS US(O/EFFECIS 

PoteCftt natdllnllf 

.oft ..,tOt (ASUI or 

~
feoto daft::) 1ft Orll'"C:lOl 

1 ___ ...j:==~==-I-....:H:.:..:=: noturol h ctadlC béq 
~ ""lot (SU). CI'CIVtIl 

8.~1 

pH AS! Sil ASlt QI9fU'u:attUy tedur:ed ct 

1----1----4---1----+----4--- l~r pttt. 4Uru"l ftt$t 
5.8 100 
o.n 100 
6.10 85 
6.011 O' 
J.75 0 

.... 80 .o. ns60 

U 
0 
0 

100 10 dey ... 

90 100 n 

" 8~ 

20 
100 

o 
10 

REfERE!G:E 

frada and Duncan, 1986 

("""t'dl 

At pH 7.% - 7.6 hatehlnq fJUCCcra::o aco 9~ •• , cuccooo ô~ At pH. only flh(Jht P,.reo and Slltond. 
0"l",he..,U, to 86.611 Olt pH • and to U.9'lI ot pH l.75. d,ff.r""""" _ .. ad ,n 1985 
hco rOCl'nred (QI' hatc",", lnereaeed .,qnl'lccntly OQ pK eabtyo t.olercttC'G ~ 
decrooacd. praqony af DOlea c::ud.ed 

to OQ1lO (GOGt •• ptOQilfty 

AU CYrYlwod 'or Zt6 haUt. Dl pH 7.Z .. 7.6. ot. pH ,., onl, '1'= dl"eront (OGIoleo 
UI sur" ... ed ond awctrcqe ...... uv.l tlCl •• 8 18.1\ !: 0.1\1 tu. dlrr.red olqnlhcently 

ln cc lct tol.rcnea. 

Percent =orteht y lna:raa.sect fra:::a ne.r 0: et. pH 4.' to 78S E.poaure for 1\ doye • 
K pH '.ZI _taht, ""0 lQOS Olt pH l.'. 
Mo,blll, ( ... tt_ad fr .... qr"""l ... lOS .t pH 4.' _ 90s 
ot. •• 1. 

lacel'ltIIJ c' pH caueed 0 dE .... ae ln short cU'cuat. CUl't'ent. 
generKod Dy tna aluna 0' batn GIMJIIC l"'h 

Ska'" 0' :C .. 1a'w15 ••• fr~, 1981 

l[YElS US(DlErfECrS 

.!:.~ .. tolerllted pHa Ir .. 6 .. 10 
- gre.t.ut. htltchlftIJ suce ... tIt 7-9. 

~ Jeff.non' ....... toleret ... pHI 'rc:. 4-8 
- greM. .. t ".Chl'" SUCC''''' at ~""'. 

.tO sana I.t., lie the., that 
Qf ft. ~nplene tu II:C'ld 
.tr .... 

REfEII{N[[ 

pM oc;Jtl ...... h,fted .-,d POuqh ,.,.., ",laon, "17 
"ltl\ lr'll:re .. u''q 

t .... 'lItute for 
A. J.,'.,.on, ... and 

~rdlat!.:.~ 

1-____ ::::::.-____ -+ ____ -'~:...-----_lben.Wl()Uf'.l .lbf1OfW.ht Ute 

d .... ta Mt "*eqa af the 

pern'lteUu .. -ar_ .. 
Short te .. pH 
flwt_t.lOti8 are .tao 
tc_u: to de~loplf1Q 
.,.,ryo •• 

• pH l_la al; "'te" 5(1$ ... _. _..,... de ... l"" _0 
_1.f1otc:llll"'l" • •• _"l'''' l.tn.l 1 ... 1. 

No t" __ te ."..,t. No ."ct an _..,... .. ~ _. 
but. "_le ciled aIt"'" 6 claye to , _ 0' ..... let.ftQ 
__ ldo .. l_t. 

~rt. 1987 
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CON IAMINA'"" SPtCltS ~ SllŒ/HSSIL U:Yt:LS USEO/EfftCIS HE_ REfERl:PCE 

~"""yl-.· .. !!.!œ. plplena '011-176 _.- AU !:. p'p""'" ..0'\'00 .~IIO- to 20 o. 200 ""IlL ôe.ol~ [etUl.led ro~Q = Cf~t 191&a,c 

"Ph""I ...... ~.l!!!!!. l'''t •• H_.n __ .11 .... _ by ..... rt _t .t_, "'.IIS 4.' ""IlL. 

_"t of Jot lt .. ~t. of !:.!!!!!! •• po.ad tG 6 lIq/L develOf,18d .. 1 (0",,, tOM M.' rotaat 1ana ll"'leluded 
nid rocket fuel> Wlhde eapoavr. la :1'.2 *Ill PI'ac:Nced no obMrwabl •• rrKta .. enott __ ttW'k .. 

,"t. .. t'M' ltat and ._. 
han.,' S.1I.91,.." 

_r_ 
Conc. Mort.hl, .......... 1 ElIOt,... [xpoaura for 2. nt. no .. fultQl1 lU1d Ch .... r., 

yt: Ile Pttoepnata (ppIIl (S) (S) aur..,uore _t ... , ... <1 198) 

120 ht .rtar "PO'UrI .. 
!!!!! tIDhenOCeohal. lZ0 0 0 0 [d_ ...... t ~ 

160 100 0 0 defect.. 

zIa ~ 6 H 500 _ Indue" ••• 'l.r 
\QO 1000 " 100 à(cmUli .. ln !::!:!!!!!:. 

I!!!!:%!!!. caroHnemua .. 
~ ChtlMeC'ah. 161 a 2 a 

56 100 1 0 

114 no 10 0 

80 '00 '2 la 
160 7:10 ~ '8 
40 1000 9Z 100 

'hOadun (OP) - !!!!.! p'p'''''- 24 ln adult. foUowu'9 "po ....... te caMentr.lone of 6. 9. 1%, 1,~ KaOlin .,..;:1 Clac lenakl t 

0""" 20 _ for " dey.' 196' 
cancen- .. PrOCluCed .,..., • .,.. IttUCOP .... lI .'ueh _l'..,.d •• ln 

lt.taan lI'EU •• '", cancentrlltlon 
.. oln.rlnt .. l "'lta ceU COWlt shtowed proqra.I". l~ 

CytOlll .... ...,ul.rapenl. _Il" eyCC"'l"e1., klqner concen-
tretlONt 

- Ceer .... Ln IlIC'U"lth tl':Cld pel.l.,.lle .. 

CON IAM '''Al''" SPECI(S ~ SIAŒ/IlSSUE , lEYl:LS USEOIEFFEC fS . REMARKS REr(Rl:lCE 

PoUutlon . Pleurod.l ... eUl tar.. lery. ~r" ut "Wtlr_led t~ _t.r hed tHqtter 1 ..... Ueed to a .. lueta J.,iet et .l~. 1987 
(MlcrOQ011ut."t. '" 

.ppro •• ""l _ of -u:ront.ll:l .. ted • ...,ltuoc't .. lh ... lhoN r .. reeS ln .. t~IC aeU.,.l., ln 

dnftung .. ler) flae,.. t .... ted _t.r. dnnlunq _etar. 

(re.lil. Plant ... .Rana c%!!!!!!!ll,che 10 adulle 251 IIOrtehl., .'ter 96 l'Ir. ~os e'ter 11l6. l'Ir • rri::1q8 .a.nt •• nad ln Shrltlh •• et al •• 
Effl",,"U effluent. 1984 

Pot.a.ll'" - !!!l! hftadactrl. 9·!ltroc~l\,118 Peretrnt Chtrlqa ln a!.Cclnet" 4ehydroqena_ ($OH) and Hq+2 (llpoeure ... 1 tl IIIln. RaJendtabathJ Itt"ttd 
ChfOllet._ """,,1. Af.-- ':UvllJ 10 .. 10 O\IIer control hnela ln ...:1. N.nd .. " .... r, 1987 

soillked ln potMZillA éhrOllate (A) .... U _t.r cont.lneled Conl.l,.tIOft of 
by '.:tor.,. .Uluent (8) or (ctor.,. eUluent (Ch effluent (rœ • ct'trOltlt.e 

'S Ch ...... Mq+2 
and c:f"IeIIilcel factor., 

C-. ~ chllRle e_.ulltG .. 
(UIJ/-U $OH IICtlYlty AfP_. ach\lllt., 

A 10 .8.lO ! 0 •• ' .7.12 ! 1)." 
~ -ZO.4' ! 1.2 ·9.0 : O •• " 

100 .)2.28 ! 1.)6 ·17.11 ! 0.71 
200 -47.17! 2." .J6.)1 ! 1." 
'00 .'9.24 ! Z,l1 _ . ., ! Z.)1 

8 1" ~, •• U ! Z.71 -4J.62 ! 2.1% 
C UI ."'.00 ! Z.,., .27.64 ~ 1.J6 

POt"llA ... ~!!!!!! JO poor todpol .. ~Iy tnoee ltept ln C.'Of'fIC:tIfttret ,on. UCJ to 10 .,.. ... loped E._;,.. ror 90 doy •• ~rt. 1987 
o lcl'lrœet 1 tr .. t..Int ot_ 18 lnto lO". 

" 

60 poor 
_. 

1" , ond 7.'_. 'S! SI end JO! '!>S, re8ipelCtueJ':t or 
tuataent MbrYOI <hMl ..... r p'QlNfttatuan u, t ..... It Z .. ' .,... 

.' 



CIJl(IAi'lINAIOIG 

Pro:ootryno (H) 

(lMIcqord 50) 

Pyromphoo iF) 

(Ar""on) 

p.,raU'lf01Ga 

'lCllQftu,c:) 

(_ .. '" ... I .... ta) 

SGd'" 
Ole"', 1d:1t.h 100-

urb_te (F) 
(_OC) 

SooI ... 
004.." lb ........... 
sullOltlC: Ac1d 

Socin. 
f lYG:ro cet et. 

St'r ..... 

I_{OP) 

SP'l:CI€S 

... !!..522. to:por01'la 

... ~ t!5porauo 

- ~!e!!.i!. 

.. AQMrtod 1i:PQCloo/ 
tau_ 

- .!!!:!!!e!2 !e!!.i!. 

- .!!!:!!!e!2 ~ 

SPl:CI€S 

- Mlcrophlle ornat. 

.. GrMn pr.., 

. !.!!! p'p'
!.:. t.o"8,.8 

N SIAIZ/IIS5Ut 

~OO""r tClpOlao J""t Dlta • 
t .cotc:::nt l'tat.ctu.,,,, or ott.or 

"_lot_ of 
oporcvl\Q 

t_lco 

.. ,h""t<>l ""no 
hbroo 

nor...u ayaLCl 

511-1\10 t_lao 

"". 
trcc>tccnt 

e:::bryoo 
talpoloo 

N SIAŒ/IISSUE 

60 pet _ 

tr .. ~ 

!ClatU: .. " ... 

teclpol .. 
'_old 

- 178 -

l€'ltLS usto/uncls 

Ali _r tClpOlco t.oatGd ",t11 o.œll _"'" fo. ) 

daya dl=t "lUun a tO'fl 0010. 
AU oldor tClpOloo o.pooccI ta 0.01 

arO.œll __ 
d,Gd of ta. Z .... 7I hr. 

, "9IL - lothol doao. 

.1 CiIIl - at_lot' .... of qrooth. toto1 .. Mm &t Ion of 

cot~'o • 
... 0i0tfc:Gd ch&I:nqo of trcnoc:::Un:::iCO enzyact.lc cct"'lt.,. 

CloolRlJ ot t.ho CC"1-ot .. Gft pa ln a frcchcn Dt tho 
"""'11C """"""la _ ..... _''''1 d;polarioot_ doloyod. 
roClllhq &ft a prolattqOd c:ochtc tOit currant oltar 
ropoloruDtlOf'li ot =:t::IIbrcn:::t .. 

Pruqnplo etroct UJ to lnduCa ....,.t1t1.o crtl",ty, 
pot'ucvlorly 111 aenœr., na' .... ayate::::l:. 

focfpoloo GUrY,,,''''' cuntlftUOUS .apnl.lfO to Z, ~, 10 pp:> hcd 

colM" ÔQC:9O. lnclll:lJlnIJ 011:OfCJC"Uotletn Cftd 
Oc:qcIt:)tollOft, ln cplthohol onIt cu::::clo eoUo .. 
Oc:::x::!p corG a:rat.oncn.o 4t hl()h:ar doaeo. 

ConeonttCllOftO of Z PCJ:l c:nd cbo;,o r04Ultc:d ln ""oro 
dN'taraol ttao end ln:ereaaad oortol at,. toue lt., ln:erea8CKI 
lIath UtCI'OQQ1RIJ concontrc;:tlf~n up te 20 pp::3. 

lE'ltlS ustO/UFECIS 

~ QJII. - h.qhly _r",toue. qraot .. __ l_t 

19t...,._&0I'I, dnth ln -tbout 2_ fir· .. 
, GrJIl - .. ''''l;,ore _N "h19"1'1' ret.""ed" .,.. _UonHd. 

Aft.r 7:t t'Ir .. g_rlÙ aed .... cno,..l be:nd1ftIIJ 
Gf body eue. kt,*, ngt.achDrô. 

2: and 1 *JIL __ .tfect_. 1 ....... re .. 
At O.~ '"Ill teclpol .. _ ... or 1 ... 110_1 - to,1 ohqhtt, 
aho:tt.ened and broeder. 

1<0 erret ot O.t.l.~ .... 10 ppe. 
~t ~ _. _ d,d not do_.lop p .. t t ..,U at""". 

Mo ctlon potentiel ch..,... prOdueed b, .. to 100 ..... 
0.01 ..... 0.10 M _Gd J .... -i re_ttvel,. 
&"tu.tuhon 01 re .. nr ... ton 8ftar , l'tr. 

Ext_IM "U.raetrur:tvrel .lter ....... &ft oUctoty 
epa.t .. , .... tOUOW11'IJ •• CI08UC'tiI tG 66'S t '0 pp:a for 60 alnl 
- .&ne ...... "HUOI'I tr~ ~ .. t.cula" calla 
- ...,... '",non 0' cth •• 
R ...... t_ ... EŒ. 

REllAIIUS R[(€II(ICC[ 

StotlC tooto. lord"" et Dl.. 1911 

Poul...,. 1981 

RGto or chc=ocuatlCtl YiJ-orlo<lrq end 'I.uqt, 
docrooo:>d ,._U, 19111 
bott::;lQft Z,· .. 0·( .. 

ViJ.enefq and yan den 

e...-.1982 

8toc::t'fQ and ~ant. 
,_ 

8rOCft::) .ni Ou::tont, 
1979 

RDWlIS 

NaOEŒ 18 potent. 
ter.oqen. Ma""h tlbncw_ 1980. 
IIl.Utl .. ln notoenord ... 

o.-.t. 1981 

8oya1'aky et. cl.. ,,.9 

~.1_ 

t-_-..::=Onat=~a::.rr'Sp=_=-:(::·C=) __ -iR- doo_ rot. 
Mnn Range for ...... lto ~rol 'A 

r--------t-------r---~---_;C.hrom •• - ~ ppIiI. 
Control 

U 
~ 

H.! 
)6.2 

n.~ 

)6.9-H.1 
",.~}J.l 

"'.Z-)6.1 
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_' ... !NA"'· SPl:C!ES SIAŒ/IlS_ lE'I(LS USEO/Un:CIS REl!MICS REfEREHCt: 

EPP (OP) - Rene p,PI..,. Z6 .n • duU. 9 .. FoJlawlnq: npoeure to cancentrat&ana o( 10. zo. 1lO., 60, 1( .... end Cleczenakt • 

htrwthyl aec" ....... 110 _ for !5~. 1965 
.,r~Nt.) centr ... - Ihl" l1Ct •••• "J CDftCentratlon.t _1 • ..,.,. lerucoptll1:la 

tlon bec_ prOqt •• , .. ly .ar. _riced 

- Di"'rent,al "ut. eaU c:ount enotled ,..ut.rooenl. -I~o .... 
.. AM blood eeU. dntorted ln Ih.,. 
- h •• re' orq .... deeaU:lted, SPMtac,t, ln l'und! UIbfI. 

.. !2!!!.!.t!!!!.! , _lu R •• 'd .... ' chlah,..ter_ .t ta .. o( dllatb (OUOWlnq 
LD50 - S40 _. tchtry _ Sehotmerq-

injection of 2 LD50 Into dar ... l.,..,n.tlC MC' Porath. 1960 

blOlld 1" .n. M' ..... 
U_ ns 

,'.l.B ... Ran, c8t.n.bel-.J IS pet t",!D Da. S ..... , ••• _ ct.y 50 .lUI eur ... ".nq t~pol .. e •• tty et al •• 1916 

.trecnl«odlbenm- 9.-- <ug/kq) _t-.njoct, ... Il,,,,.1 """,_'ulty _leted 
-4."".n (ICllO) .. t..orphoa'. _.th na 

0 80 .rClhOlOCJ,cal 
M S1 IIIibttof'aellti ... 
50 n 

100 " ZIII 80 
10lIl 80 

5 pet _lu No .artlht, dur,,.. :n dey ,*-nat.ton .t ~ .... _ 

9'_ 1SQ.Z5O 9 ..,... SoM l.....wd food 'nt .. , Ut tjtQUP tnJected w.th 
500 ug/kq ln _ri y pnà... _ Rletopatholoqlc 1 .. 10lW 

_,.. round et MY ~ leve1. " 

CONUIiIMAN'" SPl:CIES N SIACl:/IIS_ lE'I(lS tJS[D/Eff[C IS R~MIC5 REfERE~E 

'h.U,~ {ft} - frocpl -ryoo !n N/500.OIII tadpol .. 'ulled an _rqence. Dl1hnq ttnd He.le,. 
1916 

'horl~ Ut) - Froq. -ryo. O ... l_t to l_le .t_ ln M/1W.ŒJl _a ~ .. Dilllnq ttnd He.le,. 
1926 

'MIl[ (te.t .-but.1 - !!!!!! t!!pOr.r •• t .... l_ !ZŒJO piPa Md no 1.tnal ."eet. PaulOVt 1981c 
,.thyl.ther) 100 .,.,. an .. tar lad to lOcra.eed "uJht • • t .... loted 
am , ... dalonat Ion cour. 0' ..t_r...,., •• 

Ireperet Ion) 

01 ...... - rrllurue~ t.e.âtopo tlltt te [.poaur. y,. ,m.lat,on S t .... /WIHric at. S _ or 10_ 
G ..... 'n' ... Sttren. 

• .,st_ e.ueed ..:fQIC'Yt,c nypœ:rc.u: ..... 1 • .tueR _ lIOI'a Hftr • 1979 
at tUCJher concentrat ,ana .. 

.. !!!!! plp.'" Il .h .... t. Slrœtural aU..,lItlOftS ,n olt-:tory ~ .. 'OUOIIlnq Ekblca at al •• 198A 
!.:. l!l!!Orar ,a ._poawa tG sas ~ for 1 hr 1 

... u.::r..-cI eecret ,on ,,. IIUIItontCtll.r cella. 
Reduction ln (Œ; ,n 'raq .... po'" ta ZUl) ~ roI" 1 hrc 
rtd redctaOl\ ,ft thoee npoeed to ~as .,.,. .. 

'01...,. Du80- - !!!!! p'p'''' .rytll.ocyt_ Inhlb.ted ,-.rotannol- -'Ii rluar,de ,an - atwul.ted s~ ....... 1IPIC1'.C HeK., .-d arOOillaI' 
:yeneta adenylat. C)'Cl .. ect •• ,t, ln • doM ~ent ...... r. Intntutlon of ech".t,. 198J 



SPtCIES 

lo.c;>non:> (OC) 

Ir lbut .. ;tun 4. !!:!:!2 tas::porano 
(oludo and Ilarado) 

- .!!.!!!:2 b::;;;p!rorlo 

SPtCIES 

I,,_.ua - I. __ rd ,_ 

fhtrllotrlce ... t. 
(MA,"IAI 

I"tl't.on (OPI 

" 51 AGEl flSSIIt 

_Ite 
65 9. H.' cc 

:0 
IG 
IG 

10 P'" _ryoo 
t.""toont poot-q<ruttulo 

blood 

)II PO' multo 
trectcont 

M 51_/115511( 

1 ..... 

._-
ep,tMhû c_lIe 
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LOUS USED/EFrECIS 

rOllClllt:Jlt:> "" of ... Iut .. "" 
IID. of f __ 

("",,1 Dt zs· C 4;aI ot JO <layo 

O.~ t.S' ~ 

O.U t.J6 1) 

0.)11 t.n 0 

Su ..... a! not of'octcd ot O., or ) PP!>I co.teht, """ ~ 
_ lOS ct JO pp!> 1810 _ lB" •• o""""thol,. 

tlcng!lto d:::I:hftOd ... 1, ct JO pp!>. 

Erythrocyte caunt. hc::s:::xIqlatnn lowool and hOI:::::aotocut walu::;) 
_1'0 dCerDO:lad foUoal"9 od:unaotrota. of SO, '00" lOO al' 

, • laD "9I1oJ "0 .001 lyqIhOI.U: oa:. 
~ CIIII 100 "'II'kq _raooocI l.......-,to """"tl )011 CQlkq 
e_ no ehcnqol ) • 100 "9Ikq e"- I_..,,too .... 

J Ilr f .. I1 ..... "9 ... Joctaen of SIl. 100. JOU or , • \011 CQlkq 

b.o. ,"t~ dor'OOl 1,cphatu: ttœl 

_ s' .... r"'_ ......,tton .n no. oryth.cn:y\oo end 
_rythral>l ... to 

... floducUoft ln hac::JOqlatun 1 ... 01 ..... hc::3Ctocut .. oltc 

.. Ctu::t"JOe 11" t'iO~ erG , CIJO cu::cpoo,t Ion 0' lQU\(ocytoo end 
lneroœ:::Jd thto:::ooc:ytc content_ 

Mat to':le or t.ratoqanac: Dt tO pp:;:t. 

LEW:LS I,ISi:O/UfECTS 

Mo .'9tuhe .. t 8Ort.ht, occurred ,n buff.Nd _lulaon. 
of 6111 "'IlL or 1 .... 

r.O\IO pl<:cod .n %011 C'C 0' loplon end o.orpocil. 

Derce' l, ftpoaed for 
24 nt. no. lut'4'l'fOt. 
__ 120 h. post-

~ ... 

196.0 

Lauqnllft end llnd.,. 
1982 

SlubOtto=w:ka, '919 

Cra::lYQ.r ... l(alka=kO 

DRd 5.l'ubortCHOÛD, 1'86 

.ath pH '.7 or 9,..,.r, rtenn., .. , 1911 

.., ... 1. d ..... th.n .., 
"""r 'rr.epec:tI,,,. of NIA 
C~r_.on. 

Sur", ... \CIl ta no -ail o .. r 96 hr an bu((.red _lut lOftO.. to.plete .ttehl, 1" 

UII"lbuffored .,lutlQf\W; 
.. ,th pH ,."" •• 

F'ol1C11fU'IJ ftC'Oevre ta: concMtr.tl"'" of 110, 140. 160, 180. 
200 .... for" d_. 
- Pr09 ..... ' .... ~l. oecurted _,th U'lC' ...... nq 

concentrat lOft 

... ute nU CCMnt dr~ prognulMl, 

... Meut.ropenl •• 1~1 • 

.. rlKCld peral,lle, eaceae'M alun 8heddlnq. 

A1Mat no a"eet 01'1 the alectncal prapettl_ of the œil 
_t 10-6 Il to 111"" Il. 

~15 prca. .. l.th.l.. 

1(....,., et .1. t 1919 



CIJt'AI4INA"'· 

lu", (M) 

li... 5<01 pilat. 

( .... ho C"'UI 
chlorado) 

SPl:CIES 

... CutroehryNi 
e ... o1'.,.,.. •• 

• r.""" 

.. ~ nrmag_tar 

.. ~!!2!:!!!. 

.. ~l!!.!!! 

SPl:CIES 

" 
100 

.. 
20 potr 

t ... t 

SIACE/IISSUC 

"'19" 

t_l .. 

.t--=tt -..:owa 
..,1t .. 11.1 caU. 

lar"' .. 

• .,lINt" ne,. 
'ab ... 

SIAtzIlISSUC 
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LtVElS UStD/EfFtC 15 lI04MKS 

P.re_ ."tl11t, .-.:t te,.t~u. al hatctul'llJ Ut) end • Hard"''' ... ZOO pp. _ 

d.,. po.t.netch '''II (PH) Gr _ n .... 1NICI to _ .... ~ Coco,. 
'une. pH - 1.S - 8.0. 

Percent l'IICIIrta1tty 
ln_ tancentr.t lon 1. .art_llt., •• Pt_ad •• ft.~, ,n 

to _ .. ont in .ed...nt ._pe, ... ."t.1 ~pul at lonl 
(~) (~) H PH control •• 

• P.rcent~ .. of 
0.1 10..6 6(l) 1. aur,_not. baunq gro. 
1.0 112.6 1 (0) S congenital de'o~lt l .. at 

10.0 lU.' 1 (1) 1. het.ch.ng. 

100.0 222.1 1 (2) 8 

,_ .,..uwd 10ftlJ ln M/to,all1 ~ "'icft ."",vl" tn 
N/50.ŒJO 'or "') ..,u. .. ra atunted and: ne no h.o buda .. 

,0-4 M ln+l decrea8ed ..... r_ potent.el ta )OS of the Action ent.,anued by 

control val_. c,eteu • .,.. 
[fract tne". ___ lth &rw:r ••• tnCJ çonc:_tratlOft fl'_ ,(f"'7 acttl11pecuelll_"1It4 
to 11,-4 H. 

" çl ln·2 _ lU c:bed _lthln 2. nt .. Up to "1 day. expoaura., 
O. t -ail .. lU _t.arphOaed. 

1.-' .... lawd dO-. ku.tace or .: ayat.., dec:ntaMtd the 
pemellltuhty contIt~. ,ncrened U'le h .. con.t. .... t. .'urt"" 
the 1( act,.,..tlOrl CLlr ... e .ICRI ln. potenta.l ua ... 

lEVELS UStD/UrECIS 

lly (Sl of pr .... tr .. ted (P) _ non p •• ':trut ... (Cl 

"1 S~O -vl line aulpn.t.. 'Or 
-----11.5 ~I C_'IA .",lO<ld_ 

Cd cune. (or 96 nr .. 
(~l) 

7S 

Zn/ln 10 0 a a 
'1 90 80 

15 P 0 0 0 
C 14 " 

., 
20 • IS 15 

-- SO so 
Cd/Zn 10 P 0 0 0 

C 0 la 18 
IS P 0 0 0 

C 9 U 18 
20 P • , 

C 12 26 .a 

a rs:: _ 'orq.-ochlor ... ll'lNCt.,,,.de, OP -Gl'ganorpho..,t. at1MCtacude, C ... cam_ta, [CR ... lneKt. qrowth nqLllatora PY .. pyrethraad, A- •• racu., " .. herbac'de, 
r _ '_",ade, .. - .. tol 

IlEfEllE1IŒ 

Blfqe at .1., 1977 

O"IU,.........s Ife.l.." 
1926 

Ifanno .t .1... t'18 

Porter lW1d Hakanaon, 
1'16 

Ar""'. 1980 



AC_.ta (OP) 
(Ort/18oo, 

Aldtin (OC) 

Ahllinua 

Location/Habitat 
Speeiao 

"" Laroae toralt. Ontario 
Mi. ad .000 st enda 

~ .yl ... ticB • .!:!I!.!.~r, 
Al'IIby8tau .!.!!!!!!! 

• o.lI:n ha pond in Coliro.ni. 
!!!!!2 cet_ ... "",, 

• Field tri.l. in Caliromia 
aM. cat""8iana 

.. f_9OtH)' -oodland ponde in 
""utal Maryland 
"1Ib)'alOlU ~ 

Aooo1tl'lion COPI • troUan ric. ri.lda 
(.alattùon • 
renitroth1on) 

, .. 1. J - n.ld Stud_ (_',1) 

• 

Conta:un.,t8 

lIcinocoro (Cl 
(Matadi) 

Arca 
(Larvicide) 

Alin"""a
.... thyi (OP) 
(Guthion) 

Lacalion/_itot 
Specle. 

- Laurent.lanB t Quebec: 
Sal_. fit. black spI'tEe. 

naml, cherry, a.pen, lDaple .. 

Cr .... cu tubUS, noneysl.Ckhlt 
_UdUly, bluet>etry 
!.!:!! plplena, !:. srl 'fIatiee, 

~~ 

- Richltu.cto, Ne_ 8rLfl •• ick 

!!e .E!!!.!!!!!! 
_.rted other apeciea 

- lJnapecified 

.. Butte Cot.M1t'l. Californie, 
2 tut poncio - '.4 x '8.S • 
_it" 4.' • bet_ t'
~ catellbeiana 

• o.lIn ho pond 
Location un ........ 
Sufo oor_ 
sëiijiiir.iji;;;;-h_i 

- Field to.ta 
R .... cot_1ano 

Rate """ HoIthocl or ""'pUeation 

182 -

rA!!'l.l; J 
FIElD 5rut1lES 

R.port ... [rrecta on Aolphtt>iane 

0.!>6 I<q mU •• ingreà.ent applied Cageà !!.:. .yl •• Uca tadpol ... Mt 
by n ...... 1"'1 aircrart nyinq .rrect.... "'" .... rt.l1ty noted in 
J""t oIIave ccnopy 1 Micronsir n.t~r.l pop .... Uana of J specia •• 
AV-lOOO dolh.ry .y.t ..... 

Watèt Temperature. 
Residus Leyels. Miscelleneoua 

- .. in pondO .rtor ... r8y - O., 
L/ha. 

... i' 8I'ound ponds,.. 0 .. 2 L/ha .. 

Spr.".. preparai fr"" ... ",,11f18111. Application Rat. 
conc: .... tuto fatllulctiono end (""tin inqr ... 
_11ed ot rota or 89.9 L/ho fta::> diantl Oo9/'ho) 

" 24 hour at Watsr depth 20.12 - '0.48 "" • 
c""uloU ....... rtnUty pH 7.) - 8.0. 
do,... art ... t .... boant 

J galion (12.4~ L) .pt."..re. I-------+-.,..-.,..-r-'--Ir •• ts conduct ... fr ... Jun. to 
1 1 % S 6 7 Oetaber 1962. Mad",,,,, doit Y 

~
I--I--I--t-+-;.t .. tl!lDp. 26.6" - J5"C. 

,o. - - One pond per treetmant: 
o • N: 20 csged teà""I". 

1------- .................... -;(ag. ",spec1fi ... ) pet pond • 
• 10 fr_ tadpalea addal • 

Os ....... ta.ic· ta teàpoles. 

[mbryonic sur .... "., negathely 
corralated liIIith ah.-inuIt c:onr:entration 
(rlnl. O.II-O.SI ppa) in .. tor. 

Sptayed i>'I hal1ooptor rr ... ""''1l\t 90S ... rtelity. 
or l·' il "".r n .. ld. at 1.0 i<q/ha 
bat_an 7dO and 9.00 .... 

Rot. 0I1d Nalhad .r Application 

175 9 ""Uv. inqrll<l1enl in 2.24 
L/ha. 1~ ho sprOyed ;."na 28, 
1979 by n_""_inq oircrart. 

Re""._ ["acta .n Aolphibiana 

!:. pipiene tw'd ~ 8rhat.ica .. r.J 

slgnific.,t change in Ct.iYlt., oyor 
short t.ant. 

Population esti •• tetl ",ade 
.8 hra .. after sprayinq. 

~ter Jemperature, 
Aesidue l""els, "liscel1œ1eoua 

Oata collected .ru!v 12 .. 
Aug. 31, 1978 ifld June 1 .. 

Auq. li, 1979. 
!:. ~ ... a::U .. lt., àeCre4Qed 2 sites - 2~ km aJ,)Qrt. 

durinq 2 -'ths post-spray poss.oly 
r.let ... to raduced prey .. ailabiUty. 

A.r1alh oppU'" at 0.11 kq/ha. !tortality in cuq'" !!.:. oyhatice 
tadpol.a, no atNr t.e,..tc affect.a "lite". 

0.04 kg/ha. Adult .,d lar".' _phibians _rd' 
_ranUy ... orfected. 

22.4 l/ha _Ii ...... 1nq a _ Na doad rroqo .... ab .... ed art .. r 
oprayer .n June lS. iUjuet ), 24. August 24 _ Sapt_bar 8 tr •• tlIento. 
and Sapt .. ller 8, 1971. 

Applied as ......... op • .,. .t rate Na ... toUty ort •• 24 _ •• 
Gr 89.9 l/ha. Actl. .. inqreàiant 
= O. Il _ 0.4S Icq/ha. 

.4S kq/ha. -Sa'." tQ. tadpain_ 

MataI' depth at centre 0.6 m; 
-at •• _paratura ZO.~.2'.5"C. 
!!.:. cateet»e'iena miqrated int.o 
the ponde puor tl) the 5rd 
treatllent. 

_tar depth 20. n - )0.48 ClIO. 

20 tadpo1 ... caged in pond • 

/ 

Re ferêOCe 

Ibllo, 1962 

"Ibers d'uJ Pruuty, 19 

IhirUDurthi H al.~ 

197) 

~eference 

Br..:ner IIIltt I:hder ~ 19 

Haql!r1 et .1.. 191 ) 

~lla et al ... 196' 

"-oU., 1962 



• ) - Fi.ld st"". (cant'dl 

"'Itamlnant- Locatl0n/HaI)ltat 

Speciea 

.r Z240S - O.02S .a IXlnd 
) Locatl.on U"Iicno.n 

Rena cat.IID.iBna 

ar Z9'lSZ - O.OH ha IXlnd 
) Location 'IIlknoct 

Ran. c:.teebeiana 

ar 34002 - O.02S ha ""nd 
,) Location \l'ikno.n 

!!!:!!. cateebeiana 

'or H2S9 - 0.025 ho pond 
') Lacell.on U'1knOWl 

8uro bore.a 
Scapniopus l'tanDOndi 

.. field tests in CaUfornie 
8u(0 boreae 
Scaphiopus h_l 

yer '8920 - O. 025 ha po"" 
Pl Location l.nepec:ified 

~ catnbeiana 

- Fi.ld testa in C.lifotnie 
R..,. catestteiana 

- 183 -

Rate '"'" Hathud of AppUcaUon Reported Effects on AtaPr'ioians 

Applied _ a~ua spray al fate No mortaHty arter 24 hOurS .. 

of 89.9 L/ho. Actha II1qrediant 
: 0.S6 and 2.24 kg/ho. 

/ 
Applied 8S 8~U9 spray at rate Application Rate ~ 24 hr IOOrtality 

of 89.9 L/ha. AcU.a inqrodient .11 1 ~ 
• 0.11 _ 0.4S kg/ha. .~, , 

Appt'lad as a_o ..... pray ~t rata No .... rt.lity .ftar(24 hOuro. 

of 8'.9 L/ho. Active inqradient \ 
= 0.11 _ 0.4S kg/ha. 

Applied as aqueoue aprey at t'lite ~o mortality IrtlU" 24 houtS. 

of 89.9 L/ho. Acti •• inqrodient 
• 0.11 _ 0.45 kg/ha. 

.11 kg/ha. 

.4S kg/ho. 

Deellled 'su(e l al these application 
ratea (or tactpolea of bath species. 

Water femperature. 
Residue Levels, Hîscellanl!OU8 

ifater depth 20.}2 • 10.48 CIl. 

20 tadpoht. caqea: 1Jl \Xlnd. 

Water depth 20~)2 - $0.4B ,00. 

20 tlM1poJee Cati'" ln f»,nQ. 

, 

Wuh:t' llcJ)lh zu. '2 - HJ.411 CM. 

ID teapola .. 0""1"" ln PQnà. 

Wa ter tJept h 20. n. - }U.48 cm. 
ZO tadpota. ClWJod ln pond. 

AppU.ed .. aqueous spray at rate Appl1Cation Rate ~ Z4 hr fbrtal ity Water dept.h 20. $2 .. }O.48 C'" ... 
of 89.9 L/ho. Acti •• inqredianl 0.S6 100 10 taclpolea ca:;ed in PQni:3. 

: O.~6 _ 2.24 kg/ha. 2.24 100 

O. S6 kg/ha. Caused tOCS _tt.lity ta tadpolea. 

Referance 

l'\J! t. et 111 •• 19"S 

Hi,I te ", III ~ t l?~J 

""'lU ~t al., 19,,} 

r-\Jlla~ \~62 

""118. 1962 

l ,',"lIIi 

--~--------~--------~----------~--------~~--~ 

I8r ,..~rHl 

') 

Location/HabIUt 

S!>ec1e. 

- O.02S h. pond 

Location l.nspecified 
Rene catnbei81'\8 

'bofuran (Cl - ;{ice fielda, r .... 
Irad ... ,) ~ crepitana bl8t"ièhardl 

bopheno
on (OP) 
!thton) 

- O.02S n. pond 
Location \I11cno.n 

Rana cateebeian. 

- Fiald test in CaUfornie 
R en. catnbeiana 

ord ... (OC) - 0.015 h. pond ln CalHorni. 
~ cateeoeiana 

Reparted ((recta on AlDphittiartS 

ApplieO as lqueoUd spray et rate No lDortlllity .fter 24 hours .. 

of 89.9 L/ha. Act"a inqredient 

= 0.22 '"'" 0.90 kg/ho. 

Water feeperatuf'e. 

Residus Le".l., Hi.:<ICellaneow 

\rfater depth 20.)2 50.48 cm .. 
ZO tadpoles clilled ln POnd. 

..!J6 kg/ha carbO(uC'efl appl1ed fr ... froqe round paralyœd or e'JIIhibited 
filted-_inq airerart ~ to 8 .ek8 .oron .. 1 behaviout lS Clioutera .fter 

5tudy dates - Huy 2 and July 7, ft ickioqer et <Jl.~ t980 
1910 and 197J-75. Se oro"'" 

.ftet riee planted. treac..ent.. a-tl y 1 death reeorded .. 
6 appUcaUons. 

Applied as 8QUltaU8 spray at rate 1Qœ IIOrtali.ty .fler 24 heurs at hoth 
of 89.9 l/he.. kti •• it'iqredient ratee. 
= 0.45 and 1.79 kg/ho. 

conducted 1') 1'I\1ne. - 11 deyll 

post.-lre.tm:ent.. Rtce 1118. '0-50 
CIl' hlqh and i.n 20- JO CJII of 

water. 

Water depU' 20. J2 .50 .. 48 CIl. 
10 tadpoles C8Qed III PJnd. 

.4S kg/ho. 1001 .. rt.Uty of leapol ... 

Spr..,.. pr_red 'ra.. _13Hlabla Application Rata li; 24 ho ... Or Wator depth ZO.}Z - '0.48 CIO. 

corcantnto roroul. .Ucns '"'" (Activ. 1nq r" CUlVlattva _rtality pH 7.S - 8.0. 
_lied ot • roto of 89',9 Lino Diant) (kg/ha) deys .fter tre:at..ent. 
rr .. 3 gaUon (12.4~ L) .prayer •• I--------1-....,r--,..--..--.--!rest. "ond""ted fr"", .lun. 'to 

z S 6 7 Oc:tobar 1962. _ ...... daily 

f-4-4-4--I--I ... tar tempo 26.6"-H"C. One 
o 0 
o '0 

o 0 - po"" por traat..ent; ~ , 20 ClWJed 

'0 JO - tadpolee ("'le ..... pecified) par 
f-_____ .l-..J..._.l--.J_..L......i pond. 

JIotJlla et al •• 1'96' 

""lia. 1962 

~l18, 196J 



~QCat1on/_itot 

SpeeioQ 

0I101:<l .... e (OC) - Halo tUala in Cou.tarnia 
(cont'd) !!.!:!2 cateabeima 

Cobalt 60 

oor (OCl 

... Yosemite, Californie 
IàOUntoin meede", 

~.:.sœ;œ 

- Golf cour ... gr"""" 

l!!!!2 !!2!:!!!!!. 

- Stree ln Algonquin 
ProYlnclol Perk. Ontario 
8ullff09a, Green Froq .. , 
III.nk rf09a, _ Froq 

Rate End Itothoà of Application 

.11 kg/ha. 

.)6 kg/ho. 
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Reported (((octa an ""phibhna 

Dea::::MIICI • sare· to tadp:olea at tnese 
_lieation roteo. 

feblets conteininq Zo-JO uc uaed J tocda eur_lved 1 yaer. 
ao ro:tlo-tagging !ledce. 

SubcuUn ........ t"" ot 40 uc. Surdved. 

Weter '_peteLure 1 Reference 
Reoiôua lavela. f'ti.sceUlrleo_ 

fo\Jl1a, 1962 

Karlstt'Olft, 191j7 

If __ oyad' 1.12 kg/ho. 

2.24 "Il/ho. 

9~-98S control of juvenUe toms arter Combinctiot\ OOt and lo_aohenCh ""lia. '~62 

Ae r iol1 y _liad on .luI y 21, 
6.7 kg/ha. 

1 t rGOt<lant. 

14 ot Z2 c""ad troga kiUed "UN" ) 
àeys ot sproy. 

OOf - 011 solution. Loqier, 1949 

- rornt in I>Qrtne .. t_rn Ontario Up ta 4.) kg/na. 
lO>od rrog_ 

ronaul.tions of bath ail-wat.er 5pe1r9 , 1969 

saulaione and stlM1dard ol! 

• ô4 co_tai plain pande witnin 
20 .. Ue r .. l1 .... ot s...cnnd>, 
Georgie 
r rog """"ies ""apacitiad 

Cant""monta ~ac .. Uon/_it_t 
Speeiaa 

DOT (conl'd) - Great 8ritsin 

A ana tetnDoraria 

sl 5Io.U ditch - 1 Il .. iàe 
Ifa •• àepth _ 0.4 Il 

bl lSrljer oltch - ),6 ID "i,.e 
Ifa •• depth - 1.0 Il 

cl Pool - 11 • 16 .. Ifa.. oepth - 1. J ID 

àl % •• rsny pooh 
(20 x 20 10, 4 • lO IOl 
_par eted by a bank 

Ifa •• àapth - O. ~ • ond 

0.1 .... """"U.eh 

el Grayal pit - 2~-lO • '40 .. 
Ifa •• depth - Z.O • 

.lutions useo • 

• 11-.4S licq/ha DDf applied by A r"" (rage ote IdUed by t.reeÙJIent Obsutv8tl0ns al Z4 andlor 
rotory ouatar. 0.6-.22 k9/ha af 0.11 OOf ae o .... t ar emu1.ion. 48 hOur •• 
oor epplia!l by air pUlISur. """" oor ... "'aiono ""r. ta.;c tMn ... Iution. 
spraysr. and dtJSta. ~tdcly sprays. 

Rst_ and lfathoà of Ac>plie.tian 

0.4-o.~ kg/ha ""pU .... on ... ter 
surface in • Z !'ft .ide bMâ arounG 
... ter edqO oy hand _rator. 

R.po'l'ted (((""te on ""phibiens 

Sehavtour uf e.posed tadpoles 
Sitel 
Cage Day 1 Day J Ooy 14 

aIl 1) frenUe· ReaiQ"éd No 

survlvor. 
II frantic S .... 

frl:Wltlc 
SOlle Ne 

rniqned 9ur'Ylvafti 

\>l/ Il S"",. fe .. Faur 
no ..... 1 m'Mal ,. .. u,.81 
Sooo. Host One 
rrantic fra'ltic moriht.rto 

r." 
fniqned 

2) frantic Host. fhirteen 
frenUe nonae! 
r •• three 
resiqned coribt6Mt 

cl/ Il rrantie rrantic No .... l 
Zl rr.,tie rr.,Uc No .. ai 

Wster femperature. 
R.aià .... Levels. fitlsceUsnl!Ous 

Di stance of caqed 

tadpoles ta ben. 

.l caqe 1 central 
cage Z central 

bl C'"le 1 ,. 
CHa," Z , .. 

cl cage 1 2 ~ 
cage 2 1 ~ 

àl cage 1 41ft 

c'"le 2 , .. 
el cage 1 ~ m 

cage 2 J ~ 

Ali sUJ'vivors on day J nad 
ebnum.l snouts et Slte a. 

No behayioural Dr IOOrphQloqical 
ab,..,,...! i Uaa ooted et si te d 

r-----~------~------~--------~or e. 
ft F'untic behav10ur la char.-:tari:ed by 

1ncoordlnatad hyperactive ecu.ity. 

f Reference 

CDDke, 191 ~a 



Ccntanu.nant" Location/_Hat 
S!>eeiae 

COI (cont'à) - Hubbard COl.ilt'ly tti.nnesota 
rwo SIIaU .oodl" pools 

~ syl\latlCQ 

- four open ponda in Floride 
~pipi_ 

!h gnlia 
!!I!!s.:.~ 

- O.02S ha pond in California 
!!2! catesbeiana 
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Rate and ~thDd of ill>pl1caUon Reportlt(j ,"acta on AoIJ)hibian. Water femperalure. Refert!flC1! 

Residue Le'l.ls. fIoti.sceUfI'U!Oua 

Anial applleation. Z and H Murs .fter spray - frugs ..,re Hay 21 date o( sprii,ioq~ fashinqbauar t 191)7 

Aet iel "PPl ieatiotu 
1 - ,l; DOr at • j4 kg/ha; 
1 - s!; DOr et .67 kg/ha; 
, - Zia DOr at .,,, kg/hal 
" - Zia 001 at .61 kg/ha. 

IS m.erous and cti-,it'1 was normal .. 
2. deys afler sptey ... dead· (regs (Ol.W1d fent caterpiltar tarvM dropped 
on ech pool .. cr. lJne 1 and .lul., Z no into ponds. coverioq the 
11v. (coqs .. te 'o~. surface. Ali bul t.:l frog 

slOilUlen S81'191es (rr.;'b) eonlained 
caterpillafs; not Icnown if 
rnoC'tal il., ca~ujJ hy coftlact ut 

accUllulati.an of contanin.led 
pr.y~ 

2 of J (roqs ft"" 14 returned 
to 1 .. for ""aer •• tion (!:. pipi"" •• 

. !:..!I.!l.!!2.) ano_ laek af coar<linaUon 
sympu-e.. The tnird (!!:.~) 
__ no s""pt",,, •• ~.!l!I.!.!2 dilt(j 

.fter 4 da'fl' ~ piplena rcovered in 
10 <laya. 

C~py Coyt!r tJl~per_tJ tha 

'Spray • 

Sprays prepared frOll auleifiable Applic::at1on Rate , 24 hour Ill' Jtater depth 20.'2 .. lO .. 48 cm .. 
coneent ... te fomulatians and (Active inqr .... e ..... lath • ...,rt.lity pH 7.5 - 8.0. 
appHed at • rat. of 89.9 Llha dient) (kg/hal day, .fter tfeaUtent. 

f""" , gallon 02.4' L) sptayer •• !--------!--"T"-"T"-r,--jTe.ts con<lucted (rom June to 
1 2 ~ 6 7 Octoller 196Z. Ma ..... dei! Y 

... tet tempo Z6.6· - J5·C. ln. 
o 0 0 pond pet treauutnt; ,. ,. 20 

o 
0.11 
1.111 '0 80 • - caqec:l tadpolea (at.lf! tJ"\speeHied) 

I------.....J.--'-..L-J...-'---lp.,t pond • 
• 10 ft_ tadpol •• addad. 

U~('a'd, 1'149 

~tla. 1965 

J 

··~;~~~~~t 

r-----,-------------..,..-------------,----------------ï------------.....,r='--------...... ·~:l~Ji 
l'~ 

01enlobenll 
(Hl 

Dieldrin 
(OCl 

(ndaaulf", 
(ne) 

LOC.tion/Habitat 
S!>eeiao 

... S Il di_eter pond in Creat 
BtlUin 
~ temporaria 
8uro bufo 
rritu-;;:;;-vulqarill 

- 0.025 n. pond 
!!!!! c:atesbeiana 

- POnd in C.Urorn'o 
FI ana eatellbei.,. 

,. ., Il di_ater" JX)nd in Crelt 

BrUain 
!!!!! tepora .. 1 • 
.!!!!!g~ 
!!!\!!œ. vulgorle 

.. Say..,.. tIIDOd 1...:1, Ziababwe 

Chitœ8t1tJa .e .. ..",11n. 

R.t. and ~thod of ill>PlicaUon 

1 ...yL qranulea. 

Report" Etrect8 on Acstpnibians 

No deaths or chanqes in cthity or 

deYel ~ent rate ICi thin 12 deys * 

.!.:. 'l'U198ria continuee ta breed ~ 

ifater Temperature. 
Residue le'Veh. Hiscel18l"leous 

"'9ltff depth 1-2 1ft in Wlnt.e .. ; 

1 tri in SUIUH'f a 

fruq'9 and, toads _tl! C8ll~f!'d; 

OMS 'llll8fe rtee Ihinq. 

Reference 

Cooke. 1'171 

Sprays prepareeS trOll IDuls1f1able Aophcation Rate ~ 24 hours ur Wolsr d~plh ;lU,)2 - Ill_49 ûO. t-\..d 11;l~ l'+flJ 
concentr.ta (ômutaUo.,. .v:t (AcU ... 1nqre- e~ul.tl.,e .aoftaUty pH 1.S, '" 8 .. 0. 

_U,", at a rata of 89.9 L/ha dlontl (kq/hal days after treat.eent 

'rOll) qallon (12 .. 45 Ll spraye"." rests cflf'lttuc:ll"'r1 fr •• .lulH!' ln 

• 11 - .'6 kg/ha. 

1 2: 5 6 7 October 19h2. Ma .. l_"" aaü., 

wat.er temp. 26.'· - J'Ij·C. cne 
0.11 IOD" HI JO la • pond ""r t'eotJaent, N = la caQoO 
0 .. 56 100· 100 • JO '0 laôpolee (ei'J8 U'l~'lel .. ified) pel' 

\-----.....J.--'--.l--I.._L-....-jpond • 
" ID f'aeh tadpol .. addad • 

Cœpl.ta tadpol .. kill. 

Ho de.trut or change. in ct.h,ity or 
d ... l_t rote within '2 days. 

!.:. vUlg.r!. cantin""" to brlled. 

".ter ~h ' .. 2 Il in lIf'inter; 
1 tlin~r. 

f roqe .-'Id tOad5 ...,ra caqt!td; 

ne.ta .re rree-lhinq. 

"'Ha, 1%2 

Ultr ... tow .,o1~ _rill 
appl1elUona fr .. a ".ad-winq 
dtc.ln at 1. 9 •• i/ha. 

N :: 14 treatJIent. 8 control; Cockbill. 1919 
..,.t.ala kapt in cages ln ÇlJnd. 



Contca.nc:nt& 

(n<lU" (OC) 

i,.ocotion/Habitot 
$peeioo 

- a.OH ..... pond '" CalHotn'. 
!!.!!!2 catesbelanc 

· n .. ld teGta in Cal Ho.n1a 
.!!.!!!2. coteabolcno 

• 2 yeor old .... tHicially 
.,,"" .... ted SJQOI (10 • 10 Il) 

~1th c1 ... ten> of fih::> ... to .... 
o1g .... 1 no inlet 
!!!!!! t!!flOtario 

!.:.~ 

1 (thyl GutnJ.on • 0.025 ha pond 

(OP) Locat:um "''''''0''' 
!.!!!! catesbeiano 

Cent_inante 

Fen1trotnîon 
(OP) 

Loc.tioniItol:lU.t 

$peei .. " 

- Fundy "etions1 Perk. 
tie. Br,,,,ulI,,iek 
Rane el_Uana 

!.:. 'rhatica 
assarted other epeciee 

.. Pond i.I\ New 8r""swic le 

!!!!!~ 
!!!.! _r iclU'lUe 

- 1 ndi.., r iee (ie 1 de 
Frog specle ...... """"Hle<! 

FentnJ.Dn (OP) • tndian ric" field. 

FU r l1Ul 
(Larvicide) 

Fuel OU .. ·Z 
(L ... icida) 

froqe epecie" ...,apec:iried 

• Butta CO ..... ty. CalHDmi. 
Z test pond8 • , ••• '8.S • 
with 4.' • !let ..... t_ 
!!!!. c.teebei .... 

• Butt .. CO..,ty, CalHomia 
Z testa pond •• J." • , •. S • 
_Hl> 4.' • llet .... t_ 
!!!!! cet_et.,e 
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Rata md Matl'1oll of AppUe.Uon Reported Effeeta on AIophibiane 

S.,tays QreparaG rtom suleified Applicatl.on Rata" 24 haute or 
concentrote ra.cmu.lotlons et a (Actiye inqr.... ~8tiye IIKlttaU.ty 
reta or 89.9 L/he end _l1ed <lient) (kg/he) <lays art •• t.eatment 

Water rMlltlGrat.ure, 

Realdua Levele, Mise.Uaneoua 

~.ter depth ZOo jZ - }O.1&8 ail. 

pH 7.5 ·8.0. 

f .... J g.l1an (11.4S L) .p .. ye ••• !------.....,!--r--r-,-T--!resu cOflducted fr .. Jan" to 
1 2 S 6 7 Octotter 1962.. Ma:xiatCl1 dai1y 

1--+--+--1-+--; ...... , t ... p. 26.6'·}S·C. On" 
SO 90 90· 0 

100· 90 100· 80 
D pond par t.reaUaent; te :: 20 caqed 

20 lad'PQl •• (ta", ISItl~C.l. f ied) pttr 
~ ________ -L __ ~~ __ ~~~~nd • 

• 10 f.""" tcdpol .... _ad. 

Co::>plet .. kiU or tedpolee at t ....... 
q,plicotlon retaa • 

0.5 L ot 111' Endrin poured ",t~ Adult!.:.~ (aHd population) 
_1. 0.047 DIJfL ..,oaurod la D toa_ about becauao or ot,o"'l cr"""" 
f,ora point or COAt"""'otlon .rte. md paralyab Dr 1 __ <Ii". 
6 ha .. ra. Cage<! !.:. l!l!!lf!Orer1e tedpol .... ( .. lt ..... ... 

deoel~ 1_) elh .. anly at ..... t 
distant test st.tions arter 72 houra. 
7 weka arter toreetalent, !:.~ 
r_pu18tad pond. 

Applted as aquaow spray et rate Ho IaOrt.lity artel' 24 houre .. 
Dr 89.9 L/ha. Acti •• ingredillnt 
• 0.%% _ 0.90 kg/he. 

Rate _ Metllod Dt Application 

"",i..Uy appl1" at 0.1" kg/"" 
in Z op .. yl1'1118 9.17 days _ft. 

R_rte<! Ureet. an "lbian. 

Mo IIIOrtality otulôrwed i.o caqed 
!.:. syhatiea tadpoles, or Ln caqed or 
_ild adulte or tadpolea o( other 
speçiee. 

Aer1.11., sprayed witt'; .. 14 kq/ha Nu .. nt.lit., Ob1Mrved. 
an .:u.e 1 and 9. 

Spreyad by heUe""ter fr_ halght 11l1JS .... rtaUty. 
or Z·' III ..... e. fi"lda st 0.5 kq/ha 
bet_en 11. JO MtS 9,00 •••• 

Spteyed by halic""tor tr_ haiqht IllIJS .... rt.l1ty. 
Dr z., • a ••• ri"lda at O. S kq/ha 
bet_en 7t JO and 9,00 .... 

Z.24 Llha "l'Plie<! usil'lll • nand No d.ed rr"'! ..... ob .... ad .rtor 
&prayer on .:u. .. n, Aug ... t " 24, August 24 _ Sept_r 8 tre.tmen ... 
_ Sept_ber 8, 1911. 

11Z.1 Llha applied ... il'lll 8 hancI No d .. ed rrog ...... _tvad .'t"r 
&prayer on June IS, August J, Z., August Z4 _ Sept_r 8 tr .. ataenta. 
_ Sept_r 8, 1971. 

4 •• raqe _ter depth O .. ~ ID. 

r""porot .. r. Z,'C, oky Z/' cloud 
co •• , *' sunny breaks .. 

WIIt ... daoth lO. JZ • 10.48 .,.. 
10 tadpolea caqad in pond. 

W.ter reapetature. 
Ree1due Le\Oel!l~ Hi.::eU.,eous 

PQ9ulation e5t iulates Iflade 

48 houra .(ter spI' a.,ulq w 

PO$lul atian est imales made 

48 Murs after spr..,ing. 

Wat.er t_peraturlS 10. S-2~. l)·C. 
'WIIter d,ptt-. at centre G .. ' Il. 
~ catnbtti."a .iqrated i.t'lto 
tha ponda pnBr ta tha 'rd 
treabltl1t. 

lister t_rature ZOo S·ZS. S·C. 
WIIter àepth .t centre 0.6 •• 
!.:. catnbeieno lOiqrated into 
tha ponde prio. to tha Jrd 

treabllent .. 

Reference 

"-II •• 196) 

"-Ua, 1961 

Mohlql'Duth and frn~..,a 

1979 

.....lla et al., '96J 

Re(erence 

RiCk lV\(j Pr lee, i914 

t'tt .... la: '.111 I..,t!ul~, 

1969 

fhirUllurtni et al., 

197J 

lhirUlilurthi et 81., 

!9" 

tlSl.Jen et al ~ f 197' 

Haqen et al. J 197 j 
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nt .. 01nant· ! LOC"luorVHabit.at Rate and totethaG of Appt ieetlon Reportee! (((""ta on lWpn'biana Water r.perature., Reference 

SQ""iea ReBidue Leyela. Jroü.scellaneous 

" 

7J6~ (OP) - a.02S na po ... ~plied as aqueDWI spray at rate No martalit.,. artel' 24 l'laurs. \later depth ZO.}Z - JO.48 OlI. ft!\Jlla et al •• 196J 

Loc.tion ""kno.., or a9.' Lin •• Active inqrediant 10 t8<lQOleo c"'led in pond, 

Aane eetelbaiana : O. ZZ and 0.90 kg/he. 

:a019 (OP) - a.02~ na pond Appt ied as aqueous spra.,. at rate No artalHy at'ter 24 t'toure .. \leter deptn 20. J~ - JO.48 CIII. t\li la et al •• 196J 

LocaUon \l\kno.n of 8'.9 Lin •• Active i.nqrodient 20 tadQOI •• caqed in ~nd. 

!!.!!!! c:atHbe 1an. .0.45..., 1.79 kg/he. 

1049J (OP) - 0.02~ na ""nd location IIlMnQ,," Appl iod es acalleOUS l'fpray _l l'attt Ho _rt.Ut.,. .fter 24 hour •• Wat.ftt d'ml h zn. '1 \t1.4U t'tl. ~d 'AI nt III ... l'Jf, J 

aura bare .. or 89.9 L/ha. Acti •• i.nqrodient 20 tadf'Ule. Ctalt:N lH .... n&J. 

Scapn10pui nMllOndi • o.n ..., 0.90 kg/he. 

- field tests in CaUfornie o.n kg/na. Oeaaed: 'eafe' to ladpolea at t""ae fot.J! la. 1"161 

Buro boreu 0.90 kg/he. application rat. •• ,. 

s;;ïhiQiù!h.-ondi 

,J04'!14 (OP) - 0.025 ha jlQnd App!led aa a4MKlUS tJpr~ al. rate Application Rate 'l 24 hour lIortality "ater OeQth ZOo jZ - JO.48 cm. ~lla et aL. 1961 

location I.I1knoC't or 89.9 LIn •• Active inqredient .11 a 20 ladQOI •• ""'led in jlQnd. 
Bufo bore. : 0.11 and 0.4~ kg/he. .45 ~ 

Scaenr;;;;;-nanDOndi 

- F'ield tests in Californie .11 kqlhe. Ott ... 'safe' to tadpa le. at l""oa fo\tlla. 1962 

auro boteaa 
SC!f)h~h .... nc:U. 

.4~ kg/he. appiication rate •• 

:·J582 (OP) - O.02S na jlQnd App 11ed as aqueoua spr GY at r et. AQQI1<:aUan Rato ~ 2A haut' .art.al ity ".ter d8Qtn ZOo J% - 10.48 011. ~lla et al., 196; 
Loc.tion I.I1kno., or 89.9 L/ha. Active inqr-ediant ... 5 a 20 tad""l .. c"'led ln ~nd. 

R .... catesbeiana • 0.45 ..., 1.79 kg/ha. 1.79 100 

. 

','f' ", 

ontMinanta 1 location/Habitat Rat .. _ llethod of oIipQI1<:.tlon R.""rtee! (rfoct. an Aoophibian. Watet rem_rature. Refetence 

Specl.a Residue Levela. Misca'll8rleous 

·1~82 - t'lold tests in Californi. .45 kg/ha. No 4lOttaUt)' in tad.,alea. "'lia. l'lbZ 

ont'd) ~ cat'lSbeiane 1.8 kg/he. 1001 .,rtaU.t)' in t.adpoLes. 

ptec:nlot - O.02S h. POnd in CalHotltia Spray. Qr_rad (rœ _uIsifieble A9f1L1c:ation Rate % 24 haur or Water depth 20. 52 lO.48 ""'. "'tlla, '196S 

Cl R ana cat.asbeiana concenttete (oC'llulaUcns and (Acth. inqra- CUI.,l stlve IIIOftellly pli 7.~ - 8.0. 
appU.d at a rate of 89.9 Llha dient) (kg/hel da)'s after tr.atlflent 
fr .. , gallon (12.4~ LI 9Qrayer •• resta conductf!'d frora .100ft ta 

1 % ~ 6 7 Oc tober 1962. Ma.Uth,. CCaily 
watar t.etIlp .. 26.6--}')·C .. On. 

0.11 0 0 0 0 - pond pef lreatmenl; N 20 "'"1"" 
O.~6 50 ao ao' 0 0 ladpolee {Œ,Je t.nspecified} per 

"" .... 
~ 10 (re .... taèpolea added. 

- fiald taate in CaUrornia .11 kg/na. Oe __ 'tOJl:ic' to tadpolea at the .. f'\JUa, 196% 
Rene cateabei .. .~6 kg/he. _UuUon rat ... 

""ne (OC) - 0.OZ5 ha pond in Callfornta Spray Qr_rad frOll .,,1 •• (1,.111. A!>I>lieatton Rat. , Z.A hour ur \later dopth 20. J2 - lo ... a ""', !'\Jil., 1~6j 

Ran. eatesbei.,. caneentrata (ol'llulaUoNi et • (Acti.a inqr ... euaulati ... IIIOrt.llt)' QI! 7.S - 8.0. 
rate ar 89.9 Llhe and _liad oientl (lcq/ha) deys arter t.teat..ent 
fr .. l gall ... (1Z.A~ L) opr.ra. Teota coni:!œted (rUII June tG 

1 2 ~ 1\ 7 (kt""er 1962. Haxi •• daily 

... ter t""'l>. 26.6"-""C. On. 
0.11 a 0 a - - QOnd poor treat. ... t; N : %0 c"'led 
O.~ il a 0 - . tadpolea ("'lo I.I1specified) pet 

""nd. 



JiCepona 
(cant'dl 

Leptopho. 
(OP) 

L"".tiOlllHobUot 
Sp",,100 

- f 1.ld atUlli." in Cal Hornia 
!!:!! eata_balanl1 

- Indian tico fields 
f roq apod ....... """i(1ed 

Lindeno (OC) - O.OZ, na POnd in C<!llfo.n1c 
!!.5!!2 ecteatleieno 

• n.ld testa in Cal Hom.!.. 
!!!!2 e8t_bei.,o 

MalatMon (OP) - Oak • poplat foreat, IIoct" 
Catolina 

Metala 

Met",! 
PatlJlhion 
(OP) 

Me_carb.t.e 
(Cl 
(Z.etr .... l 

Neled (OPl 

~9IutinB ..... 

~oeat1Ol11Habltat 

5peciee 

- ttOtuGrk Katowice reglon. 
PolIR! 

!!!!!~ 

- 0.02) ha pond 
location I.I'IknOIllfR 

8uro bOte .. 
Sei;h-;:;;;';-h_i 

- rl"ld te.ta in CaUrornie 
Buro bor ... 
s;;;t;; "_netl 

- Acaaian fotltet Expar.ant 
Statian. Ne. 6r.." ... .i.cic 
!!!!! .5.!!!!!!.!!:!!, !!:. sx 1..,at1c 8 

A5SOfted otnet spee1ell 

• D.02~ Il. porcl 
Locatian ."k;no.., 

!!!! clltnbei ... 

Rata End I!:Ithod of Application 

.11 "g/ha. 

.Si "g/ho. 
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R.portee trr""t. on /Ioollhiblans 

0ea:at:Jâ 't.fe l la tadpolee at these tltCQ 

2$Jpllcation ratae. 

Sptoy.d by halicepl.t ft ... ,,";g"l l00!& ""rlaUty. 
of Z-J fi oyor fialdo et 1.0 kq/ho 
bel"""" 7"0 to 9.00 • ..,. 

Wat8t f.9IIteture. 
Rea1dù:a le",ela,. M:iscellaneoua 

Population estimates ntade 
48 haurs a'ter sprayinq. 

Spray pr •• ed f."", .::,.".Hiobla AppU,,"Uon Rata S 24 ha ... ot lIatat dept" m.n • JO.48 a:t. 

c ...... entroto famwlIuona and (ktbe Ingr... c=u1olb. aortol1ly pH 7. S - 8.0. 
cppUad al 0 tllta of 8?9 LI'" dient) (lcq/ho) deys anat ltaomont 
fr"'" J gallon OZ.U L) op • ..,.. ... feata c:anduclt'td fr~ June to 

7 Octcber 1962. Ma .... "" deily 

I--I--+-+-+-I .. tor ",,",p. Z6.6'·}S'C. ~. 
• pond por trealment! N , 20 ''''II'''' 
- tedpolee ("'1" ..,apecifled) per 

1-----_.L....--1_..l--L_..J......oo\pOnd • 

a a 0 JO 
10 la 10 10 

.11 k9lho. 

.)6 kg/ha. 

S.6 kg/ ... """Ued with bock pack 
sprayst durinq la ..... kl, 
"""lic.tiona (~7 Mey ta 
2' Aug ... tl. 

RaU end MIIIthod of Application 

Oeeaed 'sa'e' to tadpoles al these 
application ratea. 

No brain OlE inhibition, changes in 
abundC'lCD, affecta on 1 iPld storaqe 
patterns noted in tldulLa or juyeniln .. 

Reported (((acta on AoopI\1l>ian. 

Ellisaions (rOll 4Mttallurglc \llllQrlc. f'roqa collected frc.a: an area close ta 
the factory had lowr HtaDol ic: rate. 
than ttuse from farther ... y. 

Appl1ed u a~ua spray at. rate No lftOtteUty after 24 Muts« 

or 89.9 ~/hII. lIeth. Ing.edient 
• 0.11 snct D,45 ";/hot. 

.11 kg/" •• 
•• ) k9lhll, 

Oe __ ':asf.· ta tadpoles al these 
application ratea. 

AlttbU, appl1ed .t 0.007 "'1/ha. Hart.lity in !!..:. .yhel1ca tedpolea, 
no othet ta.ic """"t. noted. 

Appl1ed .. ___ sprey at rIte No ... rtality .ft"r Z. hOur •• 
of 89.9 LI.... ""tbe Ingredl .... t 
= D.5O k9lhll. 

ChE inhibition noted at lnia 
cOf"I:Centrat1on in le study. 

Water r .. peratute 1 

R.aidue Lewela, Mheellaneous 

lIat .. r depth 20.12-IU.48 ""', 
20 tartpolea ca,oô in pund. 

Wetet ""pt" 20. JZ - }0.411 011. 

10 tadpol8ll c"'led III pond. 

Rererence 

"'lia. 1962 

JhirlDlurthi el al., 
197J 

I\IlIa. 196J 

1\111 •• 1962 

Baker. 19M") 

Reference 

Pytsaz et al •• 19aO 

fo\Jlla~at al ... 19&5 

Ric~ and Pr lc:e. 1911Î 

~II. "t al., 196} 



Cont .. 1I1.,ta 

O .... yl (C) 

Parathion 
(OP) 

Location/Habitat 
Speclea 

Rata 8'1d Hethod of ~pl ication 

- 189 -

Reported (((ecta on Anlphiblana 

_ Oitcnes baside (ields in Greal Unapeclfied. 

8ri.tsin 

Cage 1: OevslopDent and qrowth slow, 

".ith Il''Y de(omitiea, l1IIorta1ity. 

Cage 1 - behllJer1 bar Ley and 
patata fields 
Cage , .. bebllJerl bar 1 8Y and 

suqar Deat fieldS 
Cage 7 .. behllJeo auger beel 

<ni potata riolde 
Cage 17 .. control pond 

!!!!! temporaria 

- o.on ha pond 
LocaUon l,dU10W!ft 

!:!!!. borsa 

SCaphiODuII h..aonch 

- 2 waU __ itat. in r01'lllod 

areea af caUfornial 
Habitat 1 - du::1c pond 
(4.Q5o h.) with ""tergrass, 
_art _ed, rushe.. Existing 

veget.tian burned in .lI! y 

!>erore pond rtooded. 

Habit.t 2 - barra .. p1t 
(10.1 ho) nUed .ith ..,der
graU1d aetlpage .. ter. 
Veget.tion J.ncluded e.t.U., 

... t.rgrass, nar",.,rt. 
Ranll catesbaian. 

Cage '1 OevslopBent rapid. growth 
98lisfaclory, survivel qood. Lata in 
experitlent ladpolea devsloped • Lateral 

Id.nka'. 
C8fJ871 HL'lh l'Iortallty durLnq riral 
month, grollfth .-td devslopBent nonnaL .. 

Oefonlitiea .'ter 1\ ... eke. 
Cage 171 Survivel goDd, dsvslQJ:Dent 
.-ld qrowt.h .'t'sreqe. 'Lateral' klnks 

noted Late in exper went .. 

Applied _ a~US spr.y at rate No lIortality after 2" hours. 

of 89.9 L/ha. Active ingredient 

= 0.11 and 0.4~ kg/ha. 

Applied by ,aireraft: 

Habitat' - spr.yed oree et a 
rate of t.12 kg a.i./h. frOi 
height or 7.62 ~. 

Habitat 2 .. sprayed 6 tiaes at 
""ekly intervals at • rate of 
.11 kg/ha rr ... height or 12. 2 ~. 

Habitat 1 - êtnnjanc:e or survival l"Ilt 

ser1ausLy affected. 
Habitat 2 .. ra apparent effeet on 
popul.t iona. 

,"ster Temperature, 
Rssidue Levais, Miscsllaneous 

Caqed tadpoles msintained near 
potato fields showed, more 
defonnities. No other fields 
""re treated Mith 0"; 8111 Y 1 ~ 

Water depth 20.}1 - m.48 l."nI. 

20 t.dpoleu ClIIJed"ln pond. 

Habitat 1 - Z'J." ca in depth. 
Habitat 2 - 1.8} ID in ttepth. 
Avereqe aaount of p.rathion 
wn'ich reached Mater surface: 
Habitat 1 - .9~ kg/hO; 

Habitot 2 - 0.lO-O.08 kQ/ho. 

Reference 

Cooke, 1'181 

1'\.1 la et Itl _. 1'16i 

1'\..11 la et al., 1966 

r-----------~------------------------_;--------------------------_r------------------------------_,--~----__________________ ,r~ ________________ ~'~c~ 

Parathian 
(cant'd) 

Pesticides 
(aiscell ... 
neoUII) 

pH 

LacaUon/Habitat 
5peeiea 

.. Field test. in CaUfornia 

!!!!!.~ 
Scaphiopus h..,ndi 

Rate .-.d Hethcid of ~plieatian 

.11 kg/ha. 
• 4~ kg/ha. 

- Ri~ce field discharge can.l .-.d Wide r.-.ge of pesticides used 

re1.Uvely cie., pond in ttoe an fields. 
North C.uc .... , U.S.S.R. 

Ran.~ 

- Weter 9Qurceu polluted with 
peatieideu 
Bufo _e1anostictua 

-Naturo.l breeding ponda 
A"zatOli. ~ 

-S.ndy coat el d .... .nd inl and 

heatha in Creat BrUain 

!!!!! .s.!.!..!!!!.! 

Repo rted [ffects on Mphibians 

Oetaed 'safe' ta tadpoles at theae 
appl1c:.tion r.tea • 

Water Temperature, Referenca 
Residue Leve19. Mi~ellaneous 

Hataaqlabin content increaaed, 8-9 times qreal~r on.Janochlorine lhukovlt. 19H1 

18\Eocytaeis obsarved S'Mt nuIIber of levels in IIlIseles of rrOC)s frllm 
staC-nuclear neutrOphils and lftOnOCyte8 rLca (iaLoa. 
ln the leucocytie fal'llula of the blood 

lncrea:sed in froqe frOli rice field. 

Hlgher aister chromatid exehanqe 

fr~ncy noted in field apecimens 
than controls expàaed identlcally 
ta BrdU ea 1 ut ion. 

Hatching suceesa at pH 4.6 - o.m;. 
Hatchirq suce .... at pH 6.9 - 77 .1S. 

Attributed to high conc:entratlon O1akrBlJarti et al., 

of tlutaqens/elastoQena in 1984 

tiseues of rield specimens. 

Eggs interchanged bet""en 
SC id ic .-.d neut r al ponds had 

intenlediate hetehinq su:eeus. 
roler.-.ce ta sc id is hull t .~ 
lC)On mcposure. 

Flu:tuating teJllperature. light; 
ra rainfall. 

Spe"" taken ... rearad in 1 ab, 

,.., tadpolee survÎ'fed ta 

met_orpnosis bel aw pH 4.7S œld 

su:eees MilS e1inialsl below 6.0. 

Nielsen et al., 1977 

Beebee and Gr i Hin , 
1977 



râla) - F101d 5!l.lllIiao {cent'dl 

pt! (oont' d) 

looottonl_itot 

5II""ioo 

-Saut_ost (nqll!:l1d 
"9rl.oulturlÙ Il!:I1d _ 

.... o .. lth.led .... athl_ 

..!!.!!.!œ:!!. \tulglrie. 
r;o heh'etlcU8. 

L:~. ~ temporaria. 
~ ~t !:. 5.!!.!!.U.!! 

-Stnm drainin9 " ."""trucUon 
.Ua .ln Great Saaley M' .... to.ln .. 
National. pork. North Corol.lno 
LeurOQnQt"'-'O n....,ratus 

-[phn.tlÙ "aU_tot pondS .ln 
... ttal Ontat io 
A .. yat_~ 

-f_taty _land ponda .ln 
co_ .. 1 ""tyl and 
A!!byat""a~ 

lllC aUot\lHabi tot 
S!>eciAt. 

.&"9 pool. at • haathland eit .. 
.ln ""..tt>-.set tnqlend 
I.itu .... h .... U""" 

-(ph.arol _I_to. pohd. in 
.enttol Ontario 
euro _r1canua, !!.!:!! 
catll1lbelan •• .!:!x!!~. 
!!.:.eyh.t1oa • .!!.:.~ 

"'Otest and fen .lt •• .ln 8tUe.ln 
I.itu .... heheU""" 
1.:. yu1Qaria 

• f_raty fareat ponde .ln 
o .. ual Ponnayh .. 1a and 
..",.. boIJ •• __ and porG. 

in ""_ Jetaey 
AIIII".tOllO Isffer_i_ 
l!.!!!! alhal1es 
eufo_ei 

!!l.a~ 

Roto l!:I1d Hathod of AppU"Dt1on 

Rata and Mathod of AppII.o.Uon 
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Reported (H""ta on AoIphl.lliena Wat.er 'eeperature. 
Residus Levete, "isc:eUaoeous 

1 pH "'-~ ~-6 6-1 1-8 Suryey of i.UIIphibian breedinq 

~-----1---1----+-----r----ir---1.ite8. 
1.:. ""Isaris 0° 
r. na1 votieus Z 

1.:.~ 0 
R. t!!!20fotla li 

!:.~ 0 
B. CII1_it. 0 
fO'iAi:"Piiiis IJ 

0 
Z 
0 
1 

0 
t 

• 

5 
1 
2 
1 
4 
t 

U 

1 
t 1) Ho. of ponas in each cateqory 
o cOfltaininq tne '1arious speciee .. 

• 
1 
o 
1 

Reference 

Beebee. 198' 

None of tho O"9ed oal ... l!:I1d ... pl ""ad 
..pat ..... (i pH = 7.Dl <liedt o:ust of t_ plCl:ad deJ""atrec:::o O. pH • 4.6) 

dled. 

Weter tetftperature do.:nstrec.. Huckabee et fd., 197~ 

8-tO·C • 

Pen:ent hatching :suceess .. a 
ootraieted .. ith pH - a8S at pH ,. t 5. 
80S at pH &.51. 

Resulta of trensfer e:cperUients Clarie. 1986b 
suqqeet that iar'W. ft_ 

population breedinq in acidic 
5",vi .. 1 of 1 ..... in pond of pH •• 91 pond. tete ./Ilote tolera'\t of 
.... 461; in enclosure. ""are Caen, increased acidity then thoslt 
added te 81e .... t. pH to 5.10. survival (rOllJ lees a:eidie !XJnds .. 
.. a 6111. 

(gg _._ abundence and surdvel or 

.br,.. t'lOt cattel.ted _itn pond pH .. 

Survival ar OCJg. tt ... fetrad 1IDOF1;J 
ponda or pH l.66 • ~.18 .aduoad onl, 
at pH l.66. 

Pond tOl"'lJe'Wlty. water temper.... Albers and Prouh, 
ture and pethaps o. yqen content 1987 
sa_ ure important to 
sal_andet teprodl&:tion than 
a:îd pteC:::Ip1tation. 

Reported U,..,la on "'"Ph1bians ifater rempersture. 
Reeidue Le..,els, Miscellaneous 

EutrOphicated POndS had pH 5.0.- 8eebu. l~a7 

6 .. 5; rain-fed panas hs(j pH l.a -
Sred in aU poota; -ere rarest in 
rain- red one •• 

Bred ont y in eutl'ot;::i'tic:ated ponde., 
.. did " otner u"Ul1Jeclfied a.phibian 
_i.e. 

4.1. 

!:.. _ric ....... !:!.:. ~ If"wt !!.:.. SUr~"'. dune ln fflndlt .,Hh nti 
cateabelena did nlt accur in ponda li." .. 6.6'. 
with pH>, .. D,. !:.~and Result. S"I:Jgest chronic 
Wtd !!.:. sll'WeUc. accured in ai 1 pooos.. siblethel effects .,s, be 

!.:. $lt~atica denaitiee increued in arreetlnq populations et pH'!! 

l'Klre aeJ.diC pond,; efJg: flt8Sfl (jenalty .. d gre.ter than ttose causinq 
red\ced as pH decr.,. ... d. scut, t01Cicity .. 

!.:. '1ulqarla rarely ent:CM"itered in 
.. ter wiUt pH ..,. 6. 
f. heh"U""" ... el y __ tatad ln 

_let witl> pH .. 4 • 

~ !.rrenoni_ and !!:. -...ai ..... t 
obMr_ .ln panda .... th.... pH >".€oZ 
and 4.2' •• _tb.l,a pt_a of 
!!.:. erhetio. and !!.:..!!!!!!!t!!!!!! \n.elated 
to porG pH. 

ln .. bryo tran,'er aperilHnt •• lIorta
Ut Y of!.:. jerrersont_ .. b1'yOe 
.lnor._ .. pH doc.e_1 ".tehlnq of 

twattea ... not r.tated ta pH. 

Breedinq site CMatŒter istice 
at..:lied. 

Caoile end fraNt, 
1916 

freda end CUlaon, 1986 



Contœai.n ... t a 

pH (cant'd) 

locat.ion/Habitat 
5pec1es 

... PQorly bu"erecl wetar bodies 
in the NtetherlMda 

.,. Laur.,tlane, tN6bec: 
!!2! sll vatlee 
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Rate _ Motlw>d of AppUcetion Reported [rfecta on """""ll:1i .... Water relJlperature. Reference 
Re.id. le'Vels, HisceHaneous 

Relation betllllHfl .. ter pH and ~ SystM. In acidic waters. eqg l'lasses of leU\'ef1 et I:il. 9 19r: 
wi th _phib lano. !!.:..!!!!.!!!. !.:. eseulent8. ~ 
f----.,-------,r----;tempQraria. !.:. buta, !.:. ~ 

pH S Il pH S pH fa. bet: •• rw.~ il. y infested wHh 

( .... nl (ndl' (n:2a) rl.l1g1. 

a ••• 
U.5 
21.9 
76.6 
i8.a 
9.1 
8.1 

21.6 
la.9 

n.s 
5.0 

62.S 
76.9 
SS.o 
9.7 
6.5 

52.) 
6.S 

l1.a 
0.0 

lS.' 
65.5 
17.7 
0.0 
0.0 

10.7 
0.0 

At • .,y 9JJ811ftinq eitea of !h..!!.!!.li!, 
.!!.:.~. !:. tempoteria Md !:. ~ 
n> tldpol" f?_ ln pH"S.o. 

[gg mas. density ... neqaU".ly 
con.bted .!th "" ldit y. lilitchlng 
,&teea .... in",et.l y correlat" ""1 tn 
pH. 

QecurrCS'l1ee o( l'IOUld on eqgs increased 
ln 1 .... pH. 

(gg US8 deoslty ahu cQrrelated Gascon illd Planss, 
.ith total organic carbon .. 

r------r------------~~------------__ r-----------------~------------~ ... ~.------~~ .. 
pH kont'd) 

Location/_itat 
Specios 

-HardMOoCf...~lŒk (oreste o( 
Oal_re Co., He_ "orte' 

~~ 

-r.-porary t'oreat ponda ln 
central Pennayl.,.,la 
l!.!!!!! arh •Uca 

pli -S pond. In fa.pld.lw Co •• 
(acid Ne_ lOti< 

p • .,ipitaUon) Allbys"'-' .. """let .. 

- l .... wUh """- tIottc., 
S_ 
ftan. teorar1. 

Rat. _ Mothod or Application 

Acid precipitaUon. 

L .... acidifie<! by ac1d 
precil>iht1on. 

R.po._ Efrecta on Mlphib1ano 

8.8 .. 1 of ~edt.t. with aoil pH ~ ' .. 1 
cont.intlId • Ml_ander; 50.8: or 
~ .. ts ""th oH "5.8 contalned a 
sal_.-.der .. .lJ,.,enUn t'utv.r (OlMld on 
... i1 with pH ».7. Sa ..... 1 don.Uy 
eorrÎdaled td.th S qu8drats .1th 
pH .. 5.7. 

l''''pol .... fr ... pond .Uh pH 4. S-4.9O had 
tDler body aod1 .... chlotid8 ~ .. ter 
concentrations lh., those 'te. ôltarby 
pond wUh pH 5.74 _ 6.51. ledpol •• 
f~ eithet pend pl aced in low pH nad 
highor _1 .. eHI ... than oh,," pl acod 
ln hiqh pH. 

Panel oH Hn.t.. IIOrt.t1~ 1 
A 7 0.66 
a· 6 0.91 
C S., .J.7 
0 S.O 65 
E •• 5 65 

""rt.Ut, 1 .... durtnq .... 1' _,.,..,n1c 
_l_t. _ ....... UUe. """'.ad 
.t 1"" pH. 

Waler femperature .. 
Residuct Lerwele. MisceUanenus 

Soil t,emperalore .Wtd .ohture 
did fQl affect deosity or 
di9trib\ltion~ 

41Utude 460 - 62S •• 
pli 4.S_1.0 .t U ... "'Ig. laid, 
by hatch1nq pli hed inc re_ by 

o. Z~ ta 0.5 unils in ear:h pond .. 

.. ter tecaperature rOM rrœ 
8-25"C dur"", .... el_t. 

Re 'erenee 

Wyman <Wld H$,,"'csl ey

leseaul t f 1981 

t reda and tl.Jn$Qn. 
1985c 

POu:Jn1' 1976 

. ' ~l":' 



rœia J • f101d la.u:dioo (ca:Jtt'CII) 

Locot.ionlit::bitct Roto end Mat.- or ~l1cot.1on 

pH (..,id 
precipitotian) 
(eant'd) 

Specico 

- Lako J tcnovottan, 5=Gdc:n 
~ vulgQria 
h!!~, Reno tespotatio 

• Panda in Itha:o, 'If 
A<5!!yotooo ~ 

• Co_ticut ~Qlloy. 
MalJBlllClMmotto 
Aabyet .... ~ 
A. iaff.tean1B1"l1.a:!t 

Location/Habitat 
Speetee 

.. id pre:clpitet!an. 

pH t""90 of 4. s..7.0 in poRla. 

RoinfoU, 

pli • 4.16 in 1916. 
pli - 4.01 in 1917. 

Rat .. and ""UWJd of Application 
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1:. ... 1ge.i. l""t .. _ in ..,id1fied 

1"""0' R. t""""rorio and !.:.!!!!!! 
"""ro......s. 

pH IIottoUty or _tya .. 

7 O.66l1 

6 0.91S 
~.~ ".711 
~.O "li 
4.~ 6~lI 

Reelp.....,cl 0119 \tenoplEnt .. indiccted 
no diff .. rcneo in ccid tolorcne" 
clepan4çnt on pond of ar1CJin. 

Water fspet.tur_, 
Reatdu:a Levela., Miscellcneoua 

S"'l'lHta that n_. iner,,_ 
fUt • r'i!t8ul t. of fttlnction of 
prad.tory fish populetiortS .. 

[Qg. frc= pondIS •• th pH - .. St 
5.0 'cHad to retrc:ct .,olk pluq; 
"'iI9" in pH ~. ~ dew"loped 
chast "",,1I!.ngs and stunted 
\lillo arte. qeatrulation. 

Soae of thia date appeered in 

PaUlJh 1976. 

Na s1CJnificcnt corr .. loUan bot_ pond pH af 6 pond., 1976 li: ; ).61. 
pli Md li _ryan1c ""rtoUty. 1'111 .. ; ~. 10. 
!!..:.~ 2.1.JO.ZlœrtoUty. 
A. Jefferaonieou:l '2.~O.l: DOrtality. 

Reported (((oete an All\>hlbians _ter fftlperature, 
Reaidue Le".le, Jlltisce1l8J'lêOUS 

Reference 

HaqatttMI., 1981 

! ..... a'llri Ptu,qh., 

198Z 

COOk, 198' 

Re ference 

_ Se ...... .to .. 8og, Penneyllfanie EClibryos .,re transf.rred ta • ""tt.lity of tranaferred I!JRbryoa: Hainteined in l<iQ at 25-C before Saber trlti lÀ)ngon. 1'11 
spttaqnua boIJ f18turally acidiic atr •• draininq .,xposure4 Lab testa tIIinq boq 

tt'lll bag., I----...,----.,.----,r---~..;wat.er !JUPpot't findinqs in the 

Ran. cat_bai .. a 

!!..:.~ 
.!!l!!!! sp. 

Phosph_idon - Indien rice fialde 
(OP) f.", epeetea unapocified 

Pollution 
(unapocified) 

- Min"" and Berezinalty Ro_r .. , 
\.I.S.S.R. 
R ... t"'ponria 

• Saut" S._Un, U.S.S.R 
R ... CI'I_inensla 

pH r ... p. field 4 (bger~ed lethal Hl' .al 
r.etq. ralQ. aniilal_ tlôtt..Ut.y pH'a of 6 .. 0, tous IlOssibl)' 

',80·J.82 
J.80-J.a2 
4.1JO.4.01 

1.70-J.99 
J.70-J.99 
l.6O .... 0 

("Cl (Steqol ...... other toue "lent is 

responslb le .. 
r4.S-19 20 100 
'4.~-19 20 \00 

18 JO 100 
16-19 10(26) 100 

'4.19 602-J8) 16.1 Sayetra' locall)' cOINIItOn spoc:lea 

14.19 S(26-l0) 0 .. ret «Dsent. (rœa boq .. 

14.19 S(lS-lOl 8l.l 

Spreyad by helicopte. r.... 1~ " IIOttaUty. Popul ation "titistes made 
48 MS. sfter ...,rlying. 

rhi t'\,l8ur tl'u et al. ~ 
t971 he1C)ht of 2-' • aw ... fielde at 

0.2' kg/ha b.t .... 7,JO _ ,.00 ..... 

Site A • poUuted .itll _" 
ofn.-t or _. f .. tory. 
Site B '" C • cant._J.neted by 
_ic~l CJul'.tera. 

No di'(erenc::ee in cor.,.,.,.. aberration Reqiontl 5tJ)jected t.o d"'erent. EUllyete". et al., 1 
ft_tee ln fr",a in t ... reqlo.... deqt_ or anthropogenic loopeet. 

Na. ri th Lilob Na. _i tII O1ond ..... Qeveloplental ..... liea ..nd 

Site A_IiU .. dveol_1. l ... l_ dyspl ... ie .Iso found in 
R,. ... ,..".1s, 
aur;-;;;;;-g;rgarizana 

~ 4/iQ (421111 126 (".~S) 
B 1424 09'1) 202 ( 5,~1 
C ~O mS) 0 

tt1zqireu~ et aL, 
1984 



LocetionlHabitat 
~eeille 

UlJtion (i.n- ... Snanqnai. O,ln. 
eUiel..... !!J:!.!.2 ~ garq_tl:"" 

producta) 

,1Iutlon 

-_al 

• nnel 
lP,AI 

otânone 

- Han. te!f)9C'8ria 

- Pla,a Lar.ca, rh_ 
A_pt_ 119t1_ 

- a.OlS ha POnd 
L.ocation II\kno1ll'l 

!!!!!. !S!!!!. 
Scaph1apua h_l 

- fleld ta.te in Cdiratn1. 
Buro bore. 
S;;;;Fh_l 

- ShaU .... OS ha ponda in 
Geotqia 
!!!!:!! plpl_ 
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Rate ..... Mothod or ApplieaUon Repottoà ["ecto an Amphib1 .... 

Wsate .. ter tr •• télent pl~t and Slster chroeetid exc:h8nge (requrencies 
(ctary oxidation pond.. of .. pLea .. te •• rkedh hiqher tnan 

fr~iea of control •• 

Le".' o( genetic ô_age in fraqs fr. 
pollut04 r"'liana ... higher than ln 
u_.. rt~ protee tad are .... 

PaUuted .ith _tMIiIlt ... aphalt. ttepatle .1cro ... l aryl h'fdroc:arbon _et.... hydra.yt ... 1ne1 ... re elevot.ed .. 
81adder content.a were filtagenic US1nq 

Acles test .. 

~tltr retl;.erature. 
Reaidue levela, MisceUal80ua 

Applied ... _oue spray .t rate 
or 89.9 L/ha. Active lngredient 
= O.ZZ and 0.90 lcq/ha. 

Application Rate % 24 nt eortaUty W.tlU' depth 20 ... JZ: ... lO .. Q8 CIl • 

1---------;,------l20 tedpol .. c"'Ioà in pond. 

.ZZ kg/ha. 

.90 kg/ha. 

.ll 

.90 
10 
o 

OeMed t sa'e l ta tadpolee at these 
applil:ation rat.a. 

Referenc:e 

Wen et 81 Of 1984 

1<rukawski et al. f 1996 

Buabee et a' _. 1978 

~ll. et 01 •• 196J 

tt..d la, 1962 

2 ..... S ·uLIL or Pra-lIo.rlsh Partial lOOttaUty of r""ldent popul.... Water tempo 51-J2"C, oH 8.6-9.6 !lurr .... s. 1982 
(O.OS _ 0.125 ul/l. rot"""ne) tian of 1 .... 1 froq. ln ~ uLIL ot tille of treatftJent. 
_lied on Auq. 24 lnto propeller treataent. 
_ah or boat.. • 

- ____ ...J.. ____________ -'L.-____________ ..J. ________ -,-______ ...L _____________ J-...:r:.:;. ______ ..::.....J' ;.,Jt:,J:~ 

'. 

::Ont_i.n~ta Location/Habitat Rat ...... Mathod or AppUeation Reportoà E((acte on Aooph1bi ..... Water remperllture, Reff!:E'et"lcl! 
·"t. 

Spoc1ea ReeidtM l"vtdS t M.i sc el hneoUd 

llad ... 1 - O.OZS h. pond ln Cal1rornia 5prays prepered rr_ eeut.Hiablo ~91 ic,t.lon Rate S 24 noùr or ""ter doptt> ZO.lZ - JO •• 8 COlI. ~ll •• 196) 
IC) !e eatesbeiana c:oteent.rete (amul.lione .... (Acthe itw,Jr .. cuauLaU.ylt IIOfta! it'l pH 7.S 8.0. 

_lied et a rat. or 89.9 L/ha dient) (lcq/ha) da.,. 'aftar treat. ... t 
rr .. , gallon (12 •• ' L) .puy.r •• lests con::lucted frora June ta 

1 2 S 6 7 Oc_er 1962. 11a.l,J8l.1t dllily 

"""ter teep .. 26.6·-J~·C. On. 
0.11 60- 20 0 . - pond pel' trellttllent; N :: za 
0.S6 100' 80 0 ° - caJed tsdpalefl <.,e ,""~peclfled) 

per IDnd • 
• 10 freeh tlldpol .. acldoà • 

- POnd • 11 kg/ha, app1ied by h ..... Coaplote k1l1 0' toàpolee.· ~llat 19ô2 
.!!!:!:! c ateabeiana sprayar .. 

.. R •• ldentlal area 1.12 k9/ha • 9SS control of Juvenile ta ... ln P'\Jlllli t 1962 

!!!!!.~ l_ nu. 
Scaphiapua _1 

'lad .. U - 0.OZ5 h.,pond ln C.Uforn1a Spray pr __ rtolt _1I1.Uiabla ApplicaUon Rete " 24 hour or Nat •• depth 10.'2 - '0.48 al ""-'lla" 196J 
(IIC) !!!!:!! cet_Un. conc .. trate (onlulatlona ... (Actl .. itw,Jre- cu.ul.,1ve .art.lity pH 7.' - 8.0. 

_lied et • rat. of 89.9 kg/ha dient) (lcq/hal ôa18 anar trealll.,t 
r ... J gallon (12.45 L) ""uye ... reats conducted rrOlD June ta 

1 2 S 6 7 Ilctober 1962. Ma. _ka ail y 

weter teap. 26.6·-J~·C .. One 
0.11 10 10 10 - . pond pel' treabl:ent. N 1: 20 

O. '" 1000 JO '0 - - C"'I1Id ledpolea ("'le ",.pecHiod) 

per pond • 
• ID 'r_ tlldpolea lIdded. 



fQ.x$'lane 
(OC) 

Lacct.lon1H:::bltot 
5pecloo 

• o.au ne po"" III Colirorn1c 
!..e!,Q eot.sabeieno 

• l:alf cour ... CJI"*'" 

l!!!!!1!!E!!! 
S.!!!!I!1opu! _1 

• neld talta ln Cal1fornta 
Ifana catesttelana 

Roto cM 1>0_ of Application 

Sproy proporcd fta::> ", .. d81fil!l>la 
"" ... c:ntrct.o fOI'l,,,dct.lom cM 
-.LIed ot • rct.e of 89.9 -91no 
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Raportod [ff ... t .. on ""Phl.bl.cno 'Ratel' J~r8ture, 
Reo1dua Le",cda, M:lscel lIneoua 

IIppU.sUon Rots 10 lA na .... or \fatsr d8l>tn ZOo lZ • lO.48 .... 
(AcUya lngro- c"::"doth,, aottoHty pli 7.~ • 8.0. 
di_tl (kq/hol deys oftat treotcent 

frIC l 901Ion (11.A5 LI III'roy ..... I-------Ir--,--,--.-..,.--I Tests c:onducted (rom June ta 

0.11 
0.)6 

1 

a 
1000 

l ~ 

a a 
100 0 

"-9811 control of JUYenU a ""ma. 

lODS 1d1l of tlldpollllÙ. 

6 7 Octobet 1962. Ma. u:u.m dai 1 Y 
""ter t ... p. 16.6'.H'C. One 

- - pond por treolJoflnt. ~ : 20 
0 - cmJed tOdpuln (ttlJ8 l.IutJJ"IItÇlfh,d) 

pet pond. 

ln .. bt ..... ";'tn 001. 

Reference 

"'lia, 1962 

"'110, 1962 



195 

trJIIAMI_II SPECIES/U1CAIIOH OAIE ~ 1 ISSUE RESIOUE lEVELb LEV[lS USED/REHNlKS RUERENCE 

Aceonou (OP) . ~ tl.!!.!!!!!!./l.eb 9.10 per f.:1pOlee ApprauM.ely 0.60 .rt.f , da" (adent lcal to (liposed to t PC-~ lyon. et ai., 1916 

pool concentration ln .. ter). 

!!.!!! .1 "'etacet J ..... 1_1" 0.21 aner 1 hour: 0 .. 12 at da, , <auli lit ta .et •• 1 h "pra,ed al rale O( 

larae. roteat, 197' •• ter concentratl~). 't60 Il a .. I./" •• 
Ontario 

A.erldtuw - ~!.!!'.!!!! lm . S par Lat •• Mau ... cOf'lCet1lrllt Ion ln tar." tetlC'hed 8" PfM l tu·.... a.pond to ';.0 .,/L. Ua.td et 84 ... t'ttH 
2DO .1 _t .aqttl ln 60-80 •• ,.O' 
t_t 

aalut..on Ehau_tlon. _en lat" .. t'hced ln cln" dtt!f. Act'Ittrlne M1Maii 

wu fllPl4-acrldr." ... not dateetablo. anar Act'dt'fIe .atet ~ 11U • 

2 t'Ire. 

lldu" (OCI - !!!2. _ru: .... /MlIlSOUfl 196,..,7 *010 body S_le AeaaduD1t 2 fUfldl treatec::t •• th t(oucnqen, 1910 

corn ra.ld8 1.111 kg/hl fnr IS and 16 
001 or the p.el 11 'fHU. 

Mot Dry L.p.d Aldrln Oleldrm Range DO[ Yn""l 'n_ (~ .aol'" 
(91 (g) (g) •• D OOD • .-plee or 10 tadpolea 

eec:h) ln Auqust eantelned 
2 .\ckdu ~o.OJ l.n 1.1'·1. thr" tl ... the rea,dues of 

~ '- 10.01 - ~.6D 1.JI-B. aduita spee • ..".. C'OUeeted 
ln June~ 

• !!.!!!.! plplena'!. Yertlrel etKtc:walMl Oeer •••• nq nta or acc:wrulat Ion Gy "un ..... t.M .. Plthttd froge -ers auspended ;(8l,er ftnd Ounh_, 

olt." Hl ,olUl ,on or 11 l'pb. 1912·H 

CONIAMI"""'· SPEC ItS/LOCAllDH DAlE ~ 1 ISSUE RUIeu: ltvtl" LE vtLS UStOIROOAR.S REfERENCe 

AIoif1OCorb (Cl • 1lu6I!"" 1984 La" •• Doye Aertally treated _Iln "'.rbacl'l' et 81 •• 
Poat.5pr.,. St.., .. Ruidue 97.Sq B .. I~/h4t .. 1981 

~ _tu:.,..,. , 0.2S 2~-H .109 _ .128 No .eatabol1tea delecled. , l.n 26·JI .02J - .02~ 

2 J.O 18-1~ .021 - .026 
1 9.0 18-16 .D01 
1 '4.0 H-.O .c .OOS 

!!.!!!.! .~l •• t.c. 1 0.2~ H-n .022 
1 12 .. 0 29·11 .... ou·, 

Atra.une {H) .. !!.!:!! cat".Ulna/pooda t97,_1Q faclpot •• R.1I1dUBIi (~) of _tt_une ~Uf'U'", 191) .. KI 191Q~ A,lpllClIIIlH'Ir\ _Uh U. J ~ K ...... ~ .. fH .... Kadt __ • 

'" IC.,. .... both l!I~rs. 1919 
197) 1974 

Do.,.. past t .... gent Deys post t r •• Uw!nt 4IHO - leea lheJ1 0 .. 4 ppb. 

a 1 22 " ua '0 ~ " " 
NO' NO· . - O. D~'!07 D.ln 

197) Reet ... (~, of .trezl,", .net carbofur ... al 

;i ... inbryels PIMl-treat.antl 

Pr .. tr.etaent J deys 11~ ~pl icetlon with O. J pl)II 

etl"e,une and Q502S ~ 
At •• Carlt. Atr. c.rIt. At.. c.r1>. cerboruran • 

00" !ID 0.276 !ID 0.201 !ID 10.2071 ND "Nf) - 1 ... thon O.A ppb. 



CON 1 AM INAN la 

AttOlaNt (cont 'dl 

a.nam .... ="101' ... 
udo (OC) 

(l!HC) 

SP!:CltSlLotA 1 1 Olt DAlE 

1971 

... Rano cat_lllmG 1980 

i":'""" ............... I. 
1. c. cl_ll.-l a.';; r.;;;;-;:;;-LaU1S 1 &na 

Tabll II '"' ftéllduel {CORt 1 d) 

CONTAMIfoU\N,e SP!:CltSILOCATION DAn: 

CllÔilll~ (cont"d. - lib 

R"'e i!2!!!!lCG 

!.:. n,sro-eevlat. 

-~ Clner .. , June-
~ gluttncsua. Oct .. , 
Buro _ru: ...... 1979 

!:. woodhoueal, 
!!2!. Ir 1.al1ca! o. 
(or_ 10'" """jnd (.ca 
z: ~lnc: .. Itlr. 1ft 
aaalatn Penne,t."'1 

- Un __ fiel! _lell/ Sept.. 
He_ le. 6elt, 197% 
Southltutern Mi .... i 

M 

l-' per -
U 

8 _1. 
1_1 

IISSU[ 
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Reolduo (ppa) of etrQ,Zln:J QI'td cartsofurOft ot 
91 .... Intonole pa9t-treot.c:tenU 

Pro ... trUQtQOnt 2 da,_ Zl day1l ~. deys 92 <layo 

I---.--+--.--f-...,.--+-..,.--+-..,.-..,.N[)....l ... thon O~~ pc>b. 

At,. Carb At l' Corb At". Carb Atr Corb Atr Corb 1-_-1 __ +_-1_4_-+_-+_+_+_+_-1_ bIO".fllql'1I 'acot 10lt of 

HO 0.277 HO .. .. etrOI"nit"8 oba.r"ed. 

lak •• In tert'Ie oUu",.' Mleth~r et .I~ • 

Rat 10 of 8aP ln 10r __ to that ln lurroundU'\q litOte, 

ener 1% hOur. ... ..,1'08 _lit. h 211" not derpendent 
on daraMt$ ...... , , ... te .tau." Iner 12 nour ... 
Cont_tnated 'er". plCed ln uncont .. ' .... llltd .. ter 
10st 9ft <:Oftt •• ,.."t artel' 100 lue .. 

croplond. SubJecled to 198" 
he."'y pelt le Ide 

app llCM tMII. AtwttJI' 
rl,nh" ~ 00 CtI*. 

Dose ' .... lfl between 
O.07S _ O.) • 10-) PP" 

tellted. 

Crlnfeld el el •• 

1986 

Lldl'. klône" Subcutllf'WOUS lnjectlontt o( 0 .. 1%-0.2. -VLOU q/da, (or 
aitln tO ôayO NfNltH ln tUqnlfaCMt iW:C..-uhd.IOR ln 1I.ar _kl_. 

V.s'l"e •• et el •• 
1981 

IISSlJ: 

lher KI_ 
lift' 
K,d"", 

*ole bod, 

1_1"" 

Wltt"n '0 dey. of eltPOI"n UI :.o~tx;llS CdCl Z ln the 
equat u: *,".Uor-.'lt, elqtllftC.,t .aunte Cd round u:'i 
BU" .Ili __ tl round ln iner and kldrie,. 

L[ vUS USED/ROt_RoS 

~Ci::l_~l!:!!t:.:..::.t~1~""":!!!...\(.!: .... !!l..,!!!..+.,S~D.!.h~ __ -:-____ ~.22S Cd/kq body wt. SUZUkl et Il., 1986 
1-_...,..,~Ci:.!d!.........., __ -I ____ lo.Cu~ ____ Injectéd lA. ft tl.ae 

:U.5 t 21 .. 0- US :t 24 durinq ,'; eta,a; rroqe 
6S,,' t %1.1- 9.04 ! 2 .. 99 killed 2 da,s lifter "el 
S'.9 t".,. 68 .. 2 t' 19.9· injection. 

S'.8 ! %1.'- 10 .. 0 t ,.S ~ Ifrect 0,", eonrentrlUona 

1---------..l---------~fJf 9 olher ela."lta. 

Mten t St <.,.. dr, _1qhl) ror all stJII!Ci.et 
1 •• ! 0,.$ .. 

Sever el Il •• 198'; 

Reeidus. (~ dr, 1IIIt.) O. 8I:fOU St.rother Cr'" Cite et .1., 197J 
r---------t----------Ipro.'rl •• t.he pr1l'lClP.l 

St.tothet Cr... 1.4-'.0 tliHngl poni for ftune 
Cant.ral 1.1 _ .,U .(fI.-t •• I-________ L.. ________ ~ s-oles teken ff_ below 

d •• 
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Cl:IIIAIII .... /il· SP!:CltS/LOC"1I0N DAlt ~ IISstI: ijES IlU: l.Evtl b lEvtLS US[O/ROI~RKS ij[rERE/iC[ \ 

CadrlJ.., (cont 1 d) .. ~ eltelbel.,,1 1981-31 n ""018 body R •• u1 .... (qeaaetr le ••• r..-ge ln p.erentneses ~ 1 Site" .. uoatra. fro. Nletn..ur et al.~ 

lied .1'Unq dl.ttLet, leed belt., aite. 8 and c_ I98S 

lCluthl: ... rn MJ.lsour l Site" Site 8 Sile C dOClstreal trOll hlllnqa 

pnnd9. 
... t 0 .. "· OaZ'* 

det.""tod <_0.H9) (nd-0.6"" 

• Siqnlfu:tnU'I tti~r ln., Site A. 
< 

-. Pltu ... nt WildHf. CoUected (t'CIl Hill. tnd fo\Jlharn. 

Re .. ucn Centre ......eOAt_lnllted ve ... 1,'0' 
Rana: cateobcll.,. S _10 ..... 1. body 0.16-0.1. SOIM of ~ -.. _r. 

!.:. C1_1t ... 1_1. ..... 1. body 0.10-0. !9 captured O? or neer 

~spp .. • .....1. bOlly 0." .... 0 high_'1311 • 

1 lhlr 0.08-0. " 
1_1 Kid., 1.9 

11 Care ... 0."-1.l 
!!.!!!! spp. Il ..... 1. bOlly 0.10-0.:16 

-~ .!.!!!!!lIte Cd"1 """tent < uq/lcq _t "".1 foHowinq 100 E.""eed ta 29 "'Ill Canton and SI ao(f. 
dt:, "polur •• c:adltu. chloride if! • 198Z. 

dJ"l_lC test ltnUIt .. 
Cont.ol ûl-.. ""eed 

1 _10 _lebOlly 0.0) :t .01 } .. 71 :!: .1S 
of 1 

• Li .... 0.16 ! .1~ '.OZ t l.D9 

• Kld .... 0.14 t .Zl 8.1Z ~ 1.86 

CIJHAIIIHAHI" SP!:CltSIl.OCAUON DAlE N IISstI: RES!DUE lEvtl b / LEvnS usrO/ROW1KS R(fEREI'OCE 

, 
C __ ll.G - .!!!! reguhne/llb 260 "duit '_Iles 2S ! Concentret tone (Ht'_.ed rra. qrapn. IIlqlq) HalMl'total., 1986c 
(<ont'd) Il.' 9 (OUOWU19 8lnqte do .. 

c~211<. ln UH"U 
a .... InJect.lon .r 6.2 "'1 

" Z4 ht' u8 nt' 72 hr 96 hr Inje.:tlon of (D'A teduce<:t 
LUlr 90 121 U 101 Cd levd Hl all o('q'" 
He.ft. tJ 16 11 ,. 

excèPl kldneys~ 
Ktdney 2' li 47 ln 
lunq s 18 ln Il 
Spleen 1 , , , 
Blaod 17 • 2 2 

14.l.1. 71 l6 .. , . 
.. !!!!!! p.r.ul ID .. Ai flUet •• th c. ... trtQ .. ni HemeOO., t'tt al. ~ 

Oone .... N,tl. Co.po.llte bone •• Sic,,,. D,la. 1987 
'.rk. Spa.n -.-.:al •• 

- ~p.r.nl ,- 1 ot,,,,,10 0.08 RICO et Il •• 1981 
\lanefw. Hot 1. 1985 0.07 
Perk. Spain 1986 0.19 

"~'II'u19·rl' June _1.-' R.I.duee (~ dry ""lqhU R ... ealed ,... IYldence of o.owekl end 
R.,. esculent, 19n 
i:t.;;;;;;;;;-

locÀtan 'Inle ln br.;cet, food dlltR CC:Ullllluiet. ,on~ ':ecol...,tn; 197'/ 

P.1Obet .. ~ 8 Protected ..... ,..r 7.' 
!2!!.~ol"" • une III.U (I.'_U.') 

1 Pa,. fOHet .... r 10.7 
• ~lnc 111111 

Il Cofttf'ol etee 0.7 
(0.'_1.41 



Corbor,l (Cl 

CorbofurCin 

( .... sr"""",) 

c •• ,t,Q 

0>10"""''' (OC) 

Sl'[CIESlLOCA 1 IIll! DAlE IISSlIt 

Skt" 

• !!t!.a ~ Jum - 141 \\!hal. body 

eantc::nnated t100dptcun ....,. '912 
or SOWc:nnoft Rlwor t South 
Carolu1Q 

IIEI> 

SPECIES/LOCAIION 

- f .rll:hi • .!.!!!:!!!!I 
8uti.., (o11.1ab18 

-~t"l.ll 
Ne.... Ri •• r dtSlA,,-, 
Harth Cerolin. 

.. ft .. c:.t"'el~. 
C~~.,lQ" Cteek, 
Ont.rio 

DAlE 

No •• Il 
1'ltlD 

" 

N rISSL[ 

4/14 _1. body .... 
.... h 

0/219 ... Ie body .e. 
.... II 

&/4~1 .. le body 

" 8/1,0'& body .e. 
och 

~ ..... 1. body 

lod1>ol .. 

- 198 -

IItSIOUI: U:YELb ~EVElS lJ5(D/REMARKS RHEREREE 

Cd Conc:entrt*. lOft b:poead to Cd-enuched rranes. et al •• 1984 

sad IlHftt as eabrfoe t. 
SedzlUn::JI'\t* 'ltatertl '.aauab 1\ da,. po.t-hatch. 

("'l/k9) ("'IlL) ("'1/9) 

• l'fIeaft ! 50 (or l 
1.0. ! 0.6 1.0 ! 0.6 . regi.cet. trettaenls • 
Z.ZB ! 0.16 1.1 : O.B 0.08 

11..0! O.lI 2.1 ~ fa ... , O.'" b CCfII()OBtle frc;:l } 

96.B ! 2 •• 4.4 t 1.8 '.011 rttp' ,cat e l flhlleenls. 
107. ! ,. 76.'.: 17.1 12.55 

HoIr t1Dll rota or œn::tOt ~trct,on (cn .... }:6 .... 1 ""'''9 total U'l&ec:t.lcldê Shan et .1 •• l'lU 
appllad to 0 , ail .re.o 
t)J\ beck ,c:ted ult.l., 

b .... nd "'ad. 

Maon • S.E. body .... rden (pC./" dry ..t.l. 
Zil'.Z : 6.'. 

Approllu~"'.'" 261 Ca lJepson and Kaohn. 
C'1d .OCUIt= released rrom 191'5 

9101og1col holr.lar. an unfed (roge o •• re:qect 

lO.1 deyo. 

AE51DŒ LEYELb 

Tectn. ~ gJ ,- Ci .... rr.,l1 ... 
OIior- 01 1 or... Chlor- nan- na_ 
d ... d.... dtlne '::hJor IChior 

8.90' 1.20~ I.U2 .aH HA 0.9" 
l6.UI 1.'" 2.aU 1.992 HA 1.210 
l.2H .'01 .UZ .161 .. A O.UO 
1.4U •• '2 .2J1 NO O.JlIl I.il'l 
6.2}6 • l'lU .2B' NO O. III t .4t)6 

.7" .112 .il'I NO 0.0' • O.ln 
2.116 .'%1 .144 NO o.n, 0.668 
J.106 .1'12 .172 >ID 0.196 0.'12' 

.122 .OH .011 NO O.OH 0.061 

.176 ND NO ND 0.010 0.090 

.289 ND ND l1li 0.01& 0.160 
ruC'. N!) ND ND l1li TrIC. 

o.... 1 Tt..... 1 Ci... 1 Oxy. 
ehlotd_ nonllCftlor "'''J,u.entat chlorc:t.ne 

a.oz 1 O.il' 1 l'lOO 1 NO 

rBectar. upstuam betllC8en 
1960-1970. 

lf. YELS USEO/H[MARKS 

lake "" 8.,C. IIpreyed w.tn 
teetnu:al chlord .... t •• 
1 ... 1 of 0.010 _. 

Metabollzed a'td 

dl_Inated t:hlON ... .ure 
.rfeeth.ly tt\an 
cHHhrn.t tmul • 

• not deteeted et O.[t1 p.,. 
I."el or sertei.ti"lt'1_ 

2.6-«P· 2',4,6-'0 

10,000 31.000 PCP • _t..,"I • ....-I. 
Cr .. tIC." • ....,..«: 

2, •• ".rcp~p "IlCP. d.chl • ....-It 
!ep - t .. chlo~l. 

2 • .t....IlCPl ),4-OtP, 2',J,4,6-UCP Mt det_table. and t.nduetr181 --.. 
.rn_t. 

RUEA(I(;[ 

Albnqnt ~t *,. t 

HeU et ilL., 1985 

"81 
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Tllbh 1\ - RII31duea (cont'cU 

CONTAMINANT" SPl:CIES/LOCAnON DATE N nsslI: RESUU: LtVnb LEVUS l!iEO/HOIARKS REHREPC:E J 
O\rOlllIA (M) -!!!!!~ April- R.81dues (p~ cir., .th Bawo. 1976 

.. ! 
Ri .. er Toce. Ital., Sept. '10 Tadpoleo 0.4Z-9.ZZ. 

'97. 
Hea.et_orphoeed Adulte Standard de'f'utlons ln 

fraqa .. le refllole brackets. 

_t. Li"ef 0.9J (O.BJ) 0.90 (0 •• 9) O.BS (O. JO) 

froqll = He.rt 1; lunqa Z. )7 (1.01) 1.., (O.BS) 0.B7 (O.JO) 

Al, Kldney. 0.10 (O.U) Z •• Z (1.7.) Z.BZ (Z. n) 

.. 1 .. = It.sscln 0 •• ' (O. Il) 0 •• 6 (O. JO) O.JJ (O.ZZ) 

III-ZZ; Skin 1. J, (0.97) Z.U U;OI) 1.%7 (1.07) 

, •• , .. = Gonma - Z.U (Z.01) ,. Z7 (1.071 

,II-za Egg" - - o.n (U.'Z) 

Cappa. (M) - !.!:!! IItllCulental '98Z- ltto.le bod., He ... cOf?pet content (ppi ~., .... ): Brnos Suburban 98rdena 1 Pavel .Id kucets, 

(eee .ho CIIdII1 .. ) South ttlr." ... a, '98A 'lelds. 1Ikee. 1986 

t,echo.la".,. YEARS ""'aovs larq. __ ter 
Locllity reaetvolf. 

'98Z ,98J '986 Lednlce: ... .,.,oned sand 

pit. 
Brno 'O.S t ,., 11.8 !' 0.8 . 

('0)· (8) _. 
'0.7 t 0.7 IZ.) t 0.6 ".8 ! 1.2 

(U) (U) ('0) 
ledniee 6.2 ! 0.6 '0.6!1.' -

(IJ)· (8) 

• Nn .. ber or ~.l ... 

Table 4 - AS81duee (cant 'd) 

ClIHAMIIiANT" SPECIES/LOCAIlIJI DATE N rrsslJ[ RESIDU[ LEVnb LEV[LS USEo/REMAAKS REFEREPC:E 

Copper (cant'd) - .!!.!:!!. peren/Don.,. '0 eeOlMtrlc _anl '.16. Hernandez et 111., 
Natl. Park, Spain eo.paelte .. A 'Illet "It.h 1987 

5 ... .1 .. bone., skln-

- !!!!!. pereza/DonaNl 1986 '7 f'lJecle 0.80 RICO et al •• 1987 

Natl. Perk, Sp.ln '98S • 0.Z8 
1986 Z 2.6' 

- Rene e3culental Apul_ Res&dues (~ dr., .th Uaullo. 1916 

~r (ace, [tal., Sept. 1)0 Tadpol"ee 7.6J-J2.QQ. 

1976 
Nec.et _orphoeed Adulte St Arwlnrrl ,l''''tllt Inn .. on 

froq. •• le ( .. ale brackellt. 

NeaNt. Llver )0.B6 (22.)2) 6J.08 U •• 87) 6'." ·(SO.)6) 
froq8 : "ert 1; lt.mqe '0.22 (S.22) 10.69 (2.97) 7.Z0 (J. '8) 
Al, Kldnoy" 6.S) (2.07) '0.71 (7.69) 6.69 (J.71) 
.. al .. s ~ecl .. s.o, (2.66) 2.82 (1.91) 2.s) (1.67) 
111-22, Skin 9.18 ' (t.IS) ).9S U.08) 6. '6 (J.OO) 

' •• 1 ... Can_ - J.71 (I.JO) 10.20 (J.88) 
111-28 Eggo - . 9.)6 (0.90) 

- Un..,eclhed aptICI .. 1 Sept. T ...... I .. Ar.a R .. ,_ (_ dr, .... ) O. crase St rother Creek Cale et . el •• '97J 
_L_llelt, 19n pro"ldea the principal 
IOUlheeetam MltaIOUrl 8 _10 Strolhllr Cr ... 17_ t.l1irql pond 'or au .. 

'_1 Control 8 end alll e'fluente •. S...,I_ 

t"'" 'rOlÎl below d_. 



5Pt:C IE5/l..0I:A 111»1 

- \JnaII"","ecI SP""'''''' 
NQ.11 Lcrod Bell 
south •• otsm H1S.oUl'i. 

- Patuxent t:hldhfe 
Rese8rcn Centra 

Reno c:etesocuCfta 
!:.. c.h::utcna 
!!!!!. ~. 
!.!e.9. $pO. 

.. ~ t-eotOrla/ 
northam r lnlcnô 

- !!!! QQunuo • .!!t!.2. ..... 
L 1Il1tllOdynaates .., • 

.... !!!! ~lnu:.an 
Itepwbllc 

DAlE • 

1_1 
Z paolo 
2 """la 
1 paol 

~ poolo 
Z paolo , 
Il 

1911.1972 106 

21 

6 

raDi. 4, ... R •• ldueo (cant 'd) 

SPt:C IU/L OCA JUil DAlE 

Copper ("""t'd) .. ~ Clneretle. June-Oct.2' 
~ glutlnnua, 1979 
Buto _ncanua, 
1.:. tfOadhoualtl, 

!!!! 'Ih.ttce/oulr 
for.'t 10 ... ",*lna 
trOll :z une .. lten ln 

••• tetn Pennsy!.a,ua 

Cype.,.athtlft CPY) .. ~ tepotene/JIIb 

2,-.0 (H) 

tICO (OCl 
i_ el .. 
a&t:tnn, OOf) 

- _Ma teeporsua/ 1_ 

• R .... Cat_, .... '" .... 19sa 9 
ëï;r L .... Catlfontl. 

!iSSut 

IDdpolas 
L.l"Of 6: HaBrt 
("leeerated 
tntftUI't2 _Ie_. 

IDdpolea 
IDdpoloo 
t;:hol0 body 

_10_, 

llver 

.... 10 

FGQOlo 

livet 

Ll_ar 

IISSUE 

Brsln 

1 .... 1 .. 

Ylcarel ht 
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91_. 
l~-ZO _. 

Zl.-Z60 ppa. 

169 p"". 

I.'.l.: 
O.9l-I.: 
2.1-~.0 

I.Z-).~ 

Hean t SE (DPQ dt y wl); 

lSô.9! 19.' (entaullIJ ,nnteru1tj) - 50' .. 2 '! H.8 (_""""). 
)14.0 ! 6'.6 ( ... teu"" ",nteu",,) ta aU.I ! n.6 
(_,",,). 

10-1ôflll ppo dry .... 

Meen t SE (~ dt y wlqht) for lÛt epecUt.: 
S.8 rD ••• 

[nteohrt3 uw:1Yded 
content •• 

LlVELS USLD/lI(MAlikS 

1 "" c.../kq _. wt. 

REFERENCE 

Jennatt et. el. t '919 

p ....... " M1d Kes".U. 
1'14 

Goldhscher et .i., 
1910 

SUZukl et aJ ~. J'nu 
1----------..,..----------llnJer!led 1 .... d .. ' Iy fur 

, deyU (ruqa 'u 11 ed 

1----------+----------11 dey onor 'ut 
Jo.a! *D.Z lU.' t 24 .. 9 lnjecUOl1 .. 

Control Cu 

' .. n t t.7J 28.7 t 4."· 

Heen ! st eaoca.etad ,uth acute ta.lê elqmtr 
D.ua ! O.Ol _. 

Not cIotoctecl (0.1 ... <letochon Il •• U. 

s_. 

Value UII lo.I" th." that Ed_rds..-.:i: MlIllburn 

fot trout. fIOWIe~ ca"'l J.. 1'8~ 

1 tHted ln ~ PPD fat 

48 h::ktn • 

OOD spr.,yed perloche.U" Jtunt...., Hucha", 
1949.1nS. 1960 
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ctIIIAIIIMAIU" SPl:CIES/l.OCAI,11II DAlE ~ ·TlSSU!: REStOUE lEYELb l(VnS !.ISED/RE""'KS REf(RENCE 

DO( (OCI - 0.00" Iake. ln L.OUIS.'" 1980 lake Providence Lake 8rtn" lalc •• ln (etUI. elluvul Nleth .... t" et el ~ 

tH. 61so crDj)l andi. SlJbjeeted to 198. 
• tdrt", COll fI.s,due • Reslduee he_vy pesticide appllcatlons. 

{qe<lletru:: : l1pld (g ... trIC : 1 ipid Annu.l ,.,ntaU - HO .".. ..... ) -) 81"~lhc.Uon throuqh 

tn. food cft.ln "1 IU/'Hlent. 

A ... clttHIb,"". ) O.U 1.7 D.Ol O., r toge hlld qerner.l1., 1 ... 

!:. !1!hMaC'P"lÎl. l 0.64 J.! 0.0. 1.1 1 ... ls dl,.. ln \ncrc ...... o 

!:..t:..~ l 0,0) 1.1 0.04 0.6 IJtObJtllellun onU •• \,"Ttfllltn. 

tnui nat useful •• on 
sndic.lot. 

.. !!a. perou/Ounan.. la IlA rl.lhtt _,Ut i CeœetC' U~ "Int 0.02. Ite tn .. ntltU al al •• 

Hill •• P.tlc. 'Spain ~.t. bonel, 8Iu"-
1 

1981 
IMP1 •• 

- !!œ perei: ,1Oon .... 198) • "'wei. 0.02 Jhe-n at al •• 1IJ81 

Nat 1. Perk, SeMl" 1986 Z 0.1' 

- - '0" Yiac.rI Se. lIo'Ijhl (9) Reeutu •• (l'Pb) ICoHectione ha- Punzo et .1 •• 1919 

aq:r lcul tur.! .,. •• s. 
!!:!!! Met le.,.,. 197. • r 9.4) Not det""ted (MOI 

(9.10.10.211 NU/ltbe-n u't Qlu"entheses 

11 " J.8) 1'1 show the ranq. of •• Iues. 
!2.02-6.ZJI (MO-116) 

!!!!!.! plplenll 1974 4 r I.SO iii) Yalues lOIr due to _thed 
(0.19.4.29) or anaiyslS "",N. 

1 " 0,2) NO 
(0.04..0.70 

t.,llll 4 ... Residuel (coot 1 d) 

. COIlAIIIMNI" SPl:C IES/l.OCA 1 1111 OAIE H TISSU[ RESIOUE L(V(Lb lHtl5 USl:O/REHAJlKS R(fERENC( 

DO( (cont") ... R.na borlll/5L.fUi 1910 rat bocS!" Oc~urrenclll or p,p'...oD[ ln fit" bord," of froq$: CortCfH"Itrat lone PtotuliDty Cory et al •• 1970 

H8.ectl fibW'lt al os t repreeent locally pen15tent 
Call.(OrRll Aver~. 01.t.-.ee reurlues of 19~} and 195:6 

Locat.ton Altitude fr. spray N Resldues spraYlnq • 
(al .r .. ( .... ) • S.L 

Coneentret tons htnf\e':'tt .~ 

Northern 1991.9 90.0 19 1.'2 t 0.16 9OuLh.rn and cent l'al are. ~ 
Y~lt. Ln Wtt'Wi .irlft. 

Sonote )027.9 1l6.! )) ). '8 ~ 0.9' 
Centra) 1 

... t f"". 1127.! ~.7 12 '-46 t O~2'S 

... t f.ce 29H.0 128.1 4ft }.l';! ! 0.21 

out. of 
~relt. 2941.8 lS!.J 9 0.91 ! D.19 

.aut.hern HOO.9 90.0 19 2.07 ! 0.26 

OlMI tOCl - a.bOw 1 .... ln Lov141ana 1980 Nol .... ""toô ln .11 J _ ..... làkao ln (erU). aUuv1al N,eth_et et a' ., 
R ... c: It. .. b_.'" S cropland. Sul> J"" toô to 

,_ 
!:. IOMUOC:!2!!lla , 

hea.y pntlclde .epphcatlone. 

~s..:..5!!!!.!!!:!!. , 4..--1 r.lnfaU - 110 c. .. 

. 
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CllHrAtlIMAHrO SP(Cl[S/LOCA ItllH DAlE N nssUl: REStOUE l[VUb lCYCLS USEO/REMARKS RCFERENCE 

oor (OC) .. Colanda ''1'0 Aeo.adu:lo Grazed rcnqelcnd eu.th 0. (fIlA finie, end 

(Ha olso .tdrtn) Oeto round stJIolJ stockpanda SPfaveG wlth PatllIIore, 1'6> 
001 tœ ,. $6 kq/ha 001 e" June I~. 

1960. 
\.eoperd r 1'09 :kJna I~ O., 

.1t.o= 20 • ~ DDO ha e .. er been a01'ayed . • ln Colormu thus ra.ld_o . 1 1 .'mt ne.a heen cnn~ttrt.ed h, 
June Z' 0.8 O.~ ant" .. t t t9tluea. 
Junot 29 2 0.7 

Gerden tocd .lino 1O 8 

.. a.boa loicoa ln louu:u:na 1980 Leke ProvidenCe Lake Br"", laIcetJ ln fertile ai luv •• l Nlfttht:alilHtr et et. 
etopland. SubJoelod lo 1984-_.duao tt •• lduao he."" ~tlcut. ~11C"Otton ... 

(_luc ___ l 1 Ilpu' (9_trte_11 l,plO Annuel f'olnhll ~ l,a CQ .. 

R.,. c:ateabela'la , 0.0' \.7 110 o •• 810raacpllfleat Ion throuqh 
!..:. !2Mnoe!!!!ala J Il1)O J.J 110 \.\ the fOQd ehaln _8 e"tdeot. 

!.:.5.:.~ J 110 1.\ 110 0.6 

If Nat œlected. 

- Nerturua 1 .. 1&J. ~ _Iobod. ~ Cecaetru: Meen o( Re.uA"". • NO - 10. .. "Elit o( H*ll et el .• 198) 
~·;;;-;;'lMqO t"e'PQrlable re.uit .... : 
~rt" Carohno 001 Il1)O Il.0\_ 

00( 0.06 
000 0.00\ 

rable ,. - Re.uN •• {cont ~d) 

CONTAtlINANI· SP(Cl(SIlOCA 1101 DAlE N IlSSU: RESIDU( LE'IELb lCYELS US{O/RO.AIIKS REfEREM:E 

001 (CO"t 'dl ... ~~/ N • 10-t4 _1. body LOCH lon 00[ 000 001 10lAL s..vet Broc'-. soteyecf et Benaalak. 197it 

(areal, Horthem Mal,. pool"" 
1 

rete or 1. 12 kqlna ln 

Jul, aea.,.r Br. 0 0 - • 4iIO 19)8. 1960. 196$ • 

1970 
Starll"" Br. 0 . Stetllng Brookt spreyeô 

at rate of t. 12 \((una ln 

C .... I_Mt. 0 1960. 196', 1964. 

___ Bt. . .000 Othttr Z arltas UftU4!'lIted; 

buffer nf 1 ~ ~ ka • 
June ..... r Bt. l. • 0" .070 
1972 

St.rltnq Br. .mo .on .m, .120 

Creent .. Mt. lr tr .020 .020 

...... 8r. t< 0 .02' .on 

Aoq.aIt Bee .... , Br. .04) U .060 .120 
1972 

Sterhnq Br. .1110 .on • UO .270 

Cr..,l ..... .010 0 .04' .m, 
...... Br. t< 0 .020 .020 
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.oie Il ... Re.ltli •• (eont, l di 

CDHAMIHAII'O lPEC Its/l.lXA IIIIt DAlE ~ IISS~ RESlOUE tUtt b LEVEtS USEO/AEMAIIKS RCf(ROCE 

:or 'c cent. 'lU ~ !!!:!!. t!!!pOf.fla/!ê Tadpol •• A •• ,due. R •• ldt.Jee ace\.Dut.ted Cooke, 191}b 
(.po.ure (d • .,.) dUtlnq enfante dOSloq dld 

pp'..QŒ pp '..Q)I nol cause lIIIQrt..l tt.., or 

behaYloural abner •• llt lee 
Contrai (9) 0.006 0.02 at body leve!. of 2 ... ), p.".~ 

After ecute .'HJO!ure, 
0.0001 p.- ŒIl on not detected 0.82 tl"tI~ le.ele or 7 ppa cM 

c ••• h.,pet.:t1.!t.,. ln 
(9) 0.08 O." t.-'aohta ~ <.luth ln u".11 

froq •• 
0.001 _ ŒIl (151 nat dotected 2.0 

0)) o.n '.J 

(19) 0.21 J. 1 

.. !!.!:!! l!!!!?Of'au.J" 1Gb 6 ll .. r 16~9 t 4.Q~. (ltllOSure la 9 st.beutaneou. Cooke. 1914 

~ltCl. 1~4!O.~.,.. .. Inject lone o( 12 mq/kq: .. 

.. ~ p.r.u/Don ..... 10 -. '1 u.t .,th CeOlNtr le .ana 0.01. Hem.ndez .t .1., 
Hall .. P.tk, 5()a,n ea.tpoalte bone., ~1n" 1991 

5_1 .. 

.. ~ Ht'oulllon ..... 198. 1 ""aci. !l.0~ AlCO el .1~* 1991 
N.t!. ft.f'k, Spa,n 198) 4 0.04 

1986 . 2 O.), 
: 

ClltllAIIIHAliro SPEC ItSIlIICA 11011 DAlE N 1 ISSUE R(SIDU: lLVEtb lEV[tS USEO/RO<ARKS R(FEI!(NC( 

. 
001 (eont'd) - !!!!l! plel~l'" Vent.ral èdc.rnal Ot:ere.~unq rate of' acct.auhtion by ,kin ,,"s. ù .... Plthed frOQ' ...,te ,...,Qênded Kau.er and ~h""~ 

"'11> i.n 1I01uhon of 1(. poO .. l~n·1! 

R ..... ternporaru/leb 0\ larqe. T~l"l ReS1duas (,.. .. ." "! S.(.h fadpol". 81100RO lo 0.1 Ppil Coo4ce. 1979 

• •• 11 larq .... 689 ! 44 tICJ 1at"e • 1.) ! O.l for t deys ln .at.tlr. systtM • 

..... 1 - l6l ! 11 "Cl ._11. 1.) !Q.6 

... !!!!! t!!pOnnallllb ~lf1.1 Reeld ... e (~ of 001 l.vouu!~ fuc 1 hout. [ooilll", , 1'110 

St"!" C1If'C. oriQ ..... lly Pt...,t No DOC r oUld ln ... ;11"8. 
001 (_, ln leet lied .... ) 

I-Y 0.01 16.OS 
0.01 1I.OS 
1.0 l.). 

10.11 I.l. 
u-nl 1.11 '.lS 

10.0 1 • .111 

.. !.r!! t!!pOr.l'leileb pool 0' 'edpol .. ycn.ngar rr •• bMnt Mo ........ tont of _ t--l. (Ud' rad.,..lea "po.eG ta O .. O'!l ~ .. Cook •• '911 

10 pot. t_ ougo lY llae (l'I) pp'oor pp 'DO( 

9'-
~ a.XI -0.(1)1 

Il.61 .... 6.001 

19 Il.75 0.01 

1.20 ... 0.001 



rœto 4 - R081du:.o (cont'd) 

CONI MlMANIO SPl:C IES/lotAIIDN 

001 (cont' d) 

- Reno tegporoua/lâ 

'Mlle 4 - Reslduea (cent'd) 

COtIAMINANr· SPECIES/LOCAIION 

001 (cont'd) - R.,. ayhatlc';l., 

DAlE 

OAIE 

IISSur 

100 par Livor, rot. h3cd, 
t.rootocnt 1""9, l'oort, qut, 

reat o( bod., 

liyor. rat bad." 
qall blcddar, 
kidnoy, otacu:::r:!h, 
brain, !lkoletol 
I3I.QCla. ovor.,. 
spleen, bana, 
spinal Chord, 
oviduct, heart 

~D par 
tre.t .... t 
eacept )0 

far .t~ 

IISSL( 

20 .tJryo. Ûlbryoa 

JeUy 

Siun 

204 -

L[YELS I15ED/RDfARUS REFER[NC[ 

IcoIpol ... <COd 1-__ .!:He~cn~R.!es!!;l!!du!!!!!e __ Ne1fta (ed on A. !l5:pOraria Cooke. 1971 

DO' 01)( tadpal" e.posad os out t ined (cont' d) 

I-----------lf------+----....; on pra"loua pcqa. 
Control 
S h a.paouro 
19 h .. paoure 

0.)6 
D.l) 

0.6~ 

4:D.DOZ 

0.6% 
1.'8 

Onl, Lrcce reolduaa (c().01 pp::::i) round U1 '-ai, 
1""9. hoort. qut end rout o( bad.,. Hiqh 
conccntrotlono ro~ ln 1 har end rat. Kacn 

Pre-metc=orptuc, ateqe llCM, 197611. 

2' tcdpoleD care a.paaed to 
0 .. 001 or O.DOl ppa IDr (or 

rooldu:.a in 10 rroqo (traated t:lith .001 Pt= _ 7 ,",U.,II, ll"Wl'll plcced III 'relllh 
todpoloo) occnhcad 14 da,. eRer oetQOrphoolDt _tare DOl content 
17.4 pp::J 111 fat, 9.1 pp::::i in Ihar. deteralnsd ln younq fruqa 

D'tOI' oetcaorphaau. Na.I, 
tr_fartaed (roqo lGet 001 
_n'o sloal, d'Ille lhlnq 0 

terrestr181 ll(e then dld 
tadpalea. 

lioau:. 00' concantrahon t::)a correlated "lth'at About ') UCI 'orce 'ed to 
concentration of tloou:u atrorq a:cu::tuloUon U1 frUlls u:unq qelotin 
(ot bod" lber, 9all blcddG'l', ovor" aplaon end capuu!"_ 
bonoo, clnlaal œc~atlon in aoinal chDrd1 no DO' pr .... treaUllllht ln-

cctlvity in kidnoy, oviduct. '-ort or llllee.etai 
1DU8C1o. 

t.br.,oruc S~ aqe 

creased ell_inDuon rate. 

L(V[LS USEDIREHARKS 

ttarr 1 dt el •• 191 

R(F(RENC[ 

l.p. rreated 'or 24 hn. ln L1Cht, 198":1 
("C) " 16 18 20 0.02~ P .... 

, 0.188 O.I~ D.14~ O.'~ 9~-;; conftdence 1 trlllt~ ln 

( .214- ( .1611- (.Ul- (1.080- parenthesea • 
.U)) .141) • "0 .BU) 

U O.I~D 0.142 0.147 0.817 .1,,1 h e"f"lIIle~ IIrn.ncl 
( .I~'- (.IH- ( .I~)- ( .8.'- I!QtI:l u:lLr h:L 001 u,",Luka . 

• 140) .IH) .140 .770) 
21 0.167 0.U8 0.160 I.H 

( .179- ( .171- (.IH- (.IH-
.U~) .IU) .147) I.H) 

, D.DU 0.017 0.018 -
( .016- ( .019- ( .020-

.14) .DU) D.U) 
U D.DU D.Dl~ 0.019 -

( .016- ( .017- (0.02%-
.014) .DU) .016) 

21 D.Ol~ D.Dn 0.017 -
( .016- (.016- ( .019-
.Dl~) .014) .DU) 

... ,r tllM r.e o( de,..1 ~tr.lan (.11' •• ' 701. 1 -vkq IAJ'lled ta '132 Shllh et ••• , 198' 
al'. on bElli ~let..l., 

behlnd ...... 
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rllbl_ Il - fhtud .... (eont"d) 

CDNIAMINA"I" SPECIES/1.DCA IllJI DAlE N I!SSUE RESIIlU{ LEYELb L[YELS USED/REMM.S RErEIltNCE 

cor (œnt·d) -~ t!!l!fC!.oratla/he 111-'0 ,.,pol •• at 19.4 p_ detected ln t"ool •• hatcned (rom r,.ea" Spa.., .tlftallrsed ror 1 hour COOk.,. 1912 

• "t.mll qlll Ill~1 eiJ..., •• poad to OOT. No oor detectec:i ln If' o. $ p~ oor • 
ltdpol" hlltcr.eq rrœa ~ ... Uttat_ leter tn Det.eetlon 1.,,,.,1 0.01 

dllh'eloc:nent. 00( not Cletected ln an.,. '_DIMII. uq/sMPle. 

fectpol •• * NœlNd Cane. Tre_tlleR! 001 IDE feriJ",lr.e "'.pt)sed for 1" 
(_1 h •• (h) (_1 <_1 ~f 4S t.JUr •• 

10 pe< [damlll 9i11. O.) 24 n.) "Ill HO :: IlOt, dIItected 

9r_ ( .. O .. t1:1 utt/e.-p'.) ~ 

Intemat 'lUa. no 0 24 ND ND 

htnd 1_ 48 NO NO 

.00) 24 2.4 NO 

48 J.9 NO 
.œ U H.l ND 

48 19.4 ND 

.S 24 H.2 NO 
: 

H.lncI 1_ I*Idlo. 0 2. D.U ND 

Of' iUM lCQ*i 48 NO "Ill 
.0008 2. 0.17 0.01 

48 0.19· D.Dl 
.02 24 2.' D.IZ . 

48 ).6 0.19 
.) 24 l6.6 D.61 

large hlnd '.:Je 0 Z4 NO NO 
. ) 20 20.2 "Ill 

CDNIAMIIIA"I" 5PEC ItS/1. DCA lia" DAlt N 115511: RESIDŒ LEVElb lEVEL5 USEO/REMARI!S REfERENCE 

001 (cont'd) '_IH' CDnc. rr •• w.t DOl IDE fedpoJea e.ooseG 'o. CQoke, 1911 (cont' d) 

(.",,) ( ... ) 24 or 48 houte. 

~~ 10 pe. t.ter,.l qJ.U. 0 24 NO ND 

9"- 48 NO NO frrID = not det.l!!1!ted 

.OO~ 24 NO ND (4:0.01 .. n,/s • .,le). 
08 NO MO 

.O~ H '0.0 MO 

48 NO ND 

.S 24 8Z.0 HI> 
48 )06 NO 

[nt.rn.t qUle. no 0 Z4 ND NO 

hind 11..0- 48 ND NO 
.DO) 24 6.9 NO 

48 ll.~ 0._0 

.OS 24 6S.2 1.0 
48 1)9 NO 

.S 24 n6 NO 
48 418 NO 

lIincl llob peddle 0 14 NO NO 

or lùncl 1"'1' 411 NO ND 

.0008 24 0.09 110 
48 0.)4 110 

.02 24 '.S 0.24 
48 1.6 D.2l 

.) 24 1J.2 l.O 

48 ll4 S.1 

~",19.t'1. S per 1_1 .. olth o. - 24 NO 110 

9"- • 1.,: ....... ternal 48 110 110 
9111. .DOS U I.S NO 

48 '.0 0.1l 
.) 24 86.' 2.1 

48 lU 2.2 

. 
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reilla A .. ReDldl.Cu (cent' d) 

ClIN l "" UlAMI 0 51'tC ltSlLlltAI ION DAI( ~ It5S11t REStOUE U:~'l:Lb lEW:~S U5ED/ROIARIIS RUEl!E!<CE 

001 (cont 'dl - Plethodon clnorouol 1966-67 ~Io body Yoara of 001 001 aotCllolit •• (pp:ol Oid*onO et .1.. 
~-;;;;- 10.0)' treotoc:nt !'61t 

1'166 1967 1966 1967 

oor; C aoPrl""" '0 • 60S 
22 1967 a.~18 of total re~ndu: .. lm 
11 0.648 co:wpneed ~ ... 1(:r.: of lotol. 
6 0.168 
1 . o ... e 
1 2.0~7 

1 1_ O.IH 
2 0.1114 Se...,,,.1 "ori_hon ln 

19 1961 0.101 'e"elo .'qqellled. _Il th 
6 12 1961 0.128 0.027 ni'1hor 1 .... 10 Ln apr ..... ,. 
7 6 0.110 0.01" Poe.lbl. ""l"'ottone 

8 D.OSa includ. dl(( •• iIIq "J. , 0.H8 !5truelUfo of pocJuloUon, 
21 O.oot HasoftOt di ffert:l"Wl!H ln 

• 25 1960 0.206 0.05~ food habit .• , .1 ùn.notion 
1 2' 0.1~ 0.0'6 of OOJ ln 'saln· ftIlCIa. 

22 O.OH 
16 '0 ,,~a 0.044 0.02. 
S 12 0.079 O.OH 

6 U.60-S8 D.ln 0.074 

2' n 60-6'-60 D.2U 0.186 
17 D.Z40 . 

. 

table ..... R •• "d ... (cont'dl 

C'lJ!iUMUIA~I· SPl:CI(SlLOCAIt~ OAIE ~ IISSII: RESIDU( ~EVEl b LEVELS USEDIREHAR.S REfERENCE 

001 (""nt 'dl - "-l'eh ., eouf.m.alam Jul, _1._, riae _fter ~h,,:u:tu •• ft~lIted by hellCOQtet Meeks. 1968 

edQe o( Lake (tt8 "64 ApplIeation ',""en .. SE ... J wlth 0 .. 22 kq/h. tec'wHcal 

!!:!! plpuma , e hr O.Z : d,a 001 (chl{llrlnD _ 16 r lng'" 

• 1 da7 1.1 ! O.~ 1_lled) • 

" ,- 1.% ! O.~ 
2 I_th 1.% : 1.1 
1 %_ .... 0.1 
4 

._ .... O., ! 0.1 
1 12_"" O'2~ Manttra aflet .. U',nt a 

Aoohcal1an (ql -HI) : nnt detected. 

!!.!!!:! ealeebeun. 1..1 •• " 2 61 1.8 
12 '240 0.1 
Il 190 O. , 

I(I4twy 2 61 1.8 
12 ZOO O., 
U 290 NIl· 

O.a .. y 2 61 · 
12 240 · 
U 290 O •• 

fest. .. Z 61 !.~ 
12 240 ~ 

lJ 290 · 
~tlCl. 2 61 0.2 

1% 240 NO 
1J 290 0.1 

rat badin 2 61 1.7 
12 240 0.6 
H 1911 0.6 

.... rt. S .. un. (ya_ 
LWIIIJ. 8100d. T.ur. No detectël ..... 1 ..... 

P....: ...... Setl ... 

!!!!!~ ND r.lduMt dlltteet_ ln tu_-.a. 

, .. - . , 
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IDèIAMlNA.r· SPECl(S/LŒA Iltll DAlE N TISSUE m:SlOO( LEVEt b LEVELS USEOfm:"ÂRKS REHm:..:( 

OOT ( .... nt·~) .. ~ ex 1",atu:allm , LIvet' of lectpol ... fte.lduea {ppd o( oor ln Iher (0110"1nq lre.t_enl f lqure. ql"." .re the L1Cht .. 1976b 
(or .. ven dIi.,. ln dlHerent CQncenU.tl0t18 o( DDh .an of (lV. anl •• ls .. 

! TREArHtHI 95'1 conftdence 
Hour. 2"C ,~·C l uut. ln brack.ls • 
• n.r 
tf'éabNnt 0.001 """ 

0.001 _ 0.001 PP" D.OOl _ f iSSue teveh reached -
the!r ......... • n 

9.71 '5.04 la • ., 27.04 24 hOur •• 
l4 (U.8 to (61.SI to (lS.!J to (S2.27 ln 

-4.17) 10.11) '.84) -O.IBI 

<8 7.0l 5.6S 'B.n 21.20 
28.06 to 0.9' to (6A.OS to (11.20 to 
5.JOI '.J4) Il.6S) S.IB) 

n 14.86 10.40 10.96 18.26 
(l9.U to (14.80 to (42.BA to (2B. l8 to 
0.49) 6.00) -0.91) 8.14) 

96 l.96 6.20 16.S1 l6.n 
{4.86 lo (9." to {14.95 to (21.92. to 

1.06) 2.881 -1.81) S. S.I 

169 l.61 S.21 , . ., 9.11 
(5.01 to (11.'9 to (16. n to (16.lB to, 
0.}4) .0.04) 2.11) J. !J) 

OI:HP - !.!!.! .!!!!!.!.!/ lib 100 ..,;J. r_ln IXHP .ccUlUiat.ed ln tadt»OlH at eoncentratlOfl!l E.posures (or 60 da.,.; Lauson &nt! fhurflon. 

(~.~2_thylhe.yl_ p<I' r~lf1Q fr_ O .. Za..:t46.80 PPII freah _tght .. {)[HP .11(.0 1nto sad 'Ment 1991 

pnU..lotel t._t ao levela or 10-800 ~ 
.. re oblaU'1IItd .. 

"'~'''''' 

Ctll'AMI""''''· SPEC IESIlOCAflOH OAIE • rISSlJ: RESIDlJ: LEVELb LEVElS I.5[OfR(NASKS REfEROCE 

Oie1dtin (OC) - O.bow l"a 1Il LOuin .... 1990 Hot detected ln all lhree IIOI!Cle •• la"' •• in rertile alluYlal NlethaNler et al .• 
(,.e alao a.ldl'ln~ ~ catHbel"'. ) ccoflland .. Subj ... t" to 198. 

!.:.~!2hala 
, heav. pest lC lde IIPPJ le .. 

!!.:.E:.~ J tion •• ~nutlt ralnhll 
'~Q 0'1. 

- !.!:!! SQ .. /Lollle1.t:na 1919 Leq. .. 010 pp.- ( • ., ia etCfJ«ted .,. "t...-.dard .. ror). Do., -et ai~. t98~ 

""'la 'nord., Hot detected (datecUon lldut .D~ ...... ). 

Se. ""'ln< ('1) R ••• ~_ (ppb) CoUecUOnti fr_ f'unt(l et aL, 1919 
- 10" V'Keta .. ,,,ieu't,,,,.' .Ceae. 

!!!!! .... rlcanus 191. 0 f 9.0) 8 
('.10 - 10.27) (NO' _1.) • Hot detected ~ 

11 • l.95 la 
(l.oz - 6.Z}) (ND - Hl ~fS ln p8rentheaee 

!!2! PIPi"" 191. • f I.lO ND sha. the "anqe or vah_e .. 
(0.19 - •• 29) 

J .. o.n NI) 

(0.04 - 0.111 

.. !!.!!!! plpJena/l., Skin H.lf tu.. rate or de ... al .,enetralion (.ln •• ), "''1/"" applled t.o 1 002 Shah et si •• 1981 
1766. area on ba:k ......edl.tel, 

behind ....... 

- !!.!!!! p.p._/III> Vltftt.rlll' Ibdœinat Oecr ... "", , rate- or cc .... 'cion b, akin Ya. tv.e. Pithe4 rrOC)lI .ra _ .. Ke iNr md Dllthul, 
Mi" pend" Ln 'IIIOllJtion or 191Z_1) 

110 PIIb. 

i 
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flble 4 - A •• 1C1wo (cent "cS) 

CO'H""I~"ra SPECIESILIlCA 11011 DAlE N USSlIt RnlOUE LtVEL b LEVELS lJS[O/REIlARKS REHREl<Ct 

Duldr'ln - 1<1> la "". 1_lou, No::o,nol ""on fedpoleo "PONd ra. Z. tooke, 1912 

(cont."di Qrot.&p CotIe, frealQClf1l Ololcinn or *8 hout •• (..,,,. h .... (~l (1)f>I'l1 

!!œ. t!!!!poror10 Stqeo 1 Y-lIY 0 z. NIl 
III NIl 

.0008 24 D.n 
48 D.H 

.OZ 2. 1.8 

4' •. 1 

.S Z' H.' 
48 42.9 

~bur. StClJOO VI-ni D z. NIl 
48 ND 

• OZ Z' Jo .. 

48 ).6 

.S Z .. IIlI.S 
48 !Ja 

.. nactuf'UO 1000loli sa """.8 _, 
Cea::J8tnc fotIJan o( rn.dueo_ Hellet. el., 1985 

~v;;-;;lneqo, O.OZ. 
North Carollne 

End un (OCI .. O.bott lakaQ u\ louuucno 1980 Not tbtseted ln 011 threo apae IfKl • Lake. 1ft ferUle 011 .... '81 Hlethlil:lilQer et al. w 

!.5!!2 eolnbou::nc S cr.land. Sul> jected to 1-
!.:. !phGnQCepnol0 , MO., peet le: 140 

!.:. 5.:. clClOttcnG , .. llcet lons. Annwd 
tetnfait HO_. 

fêle ... Reaidues (cont'd) 

rAMI_r· SPECIES/LOCAIIOII DAlt " TISSUE RtSlrut ~EVELb Ln[~S lJS[D/REl4A11KS R[f[RtN([ 

.. - - !!!!!. t!!p!f'eua/lab fad9Qlnl frut.-Mt. (ul en reala-- TedpOlea plC:ed ln OebOrn tlJ'Id french. 

roo('''9 soluL lon'l; r •• 'duee 1981 

0'-1".11 4_1. St_ JI Control not detctad deter.lr.d .fter 'S .. )6 
1_1 St_ 26-Z9 1.0 oq/L Z'.1 de., of hpo.ure. " _1. St"",. JI 0.1 oq/L 7.11 ! 1.60 " _1. St"",. JI 0.01 oq/L O.H~O.l1 

1_1' 
~ ,nd, .... 

renltrOU'I1Gn (UP) ... .!!!! _arlC'enual Qu6bec I,e • Larv_ Oa.,. "eue' i" lr.atMt w,th ",..rbacht I!t 41 •• 
Po.t-Sprey 5taqe "es ,due 210 9 8.1./h ... 19B7 

NO ,.tabdht_ detected. 
2 Pre 26-J2 "'.00' 
Z 1.' Z7_$O .04'_. lU 
2 '.0 27-" ~.ODS-.021 

1 19.0 JJ .... ..OOS 

- !.!!!! el_U._llab 111-1' lar •• S.JO .ft .. 1 _. ",,_ ot 11.~ et <la, 1. l p..- tut ... u ... t yone ~t .,.. 1916 ""r_1 forlNlllteâ t but. .1 .. h 
toncentrClt 10ft ••• !Il) 
~t lnd lc: lit IMq poor 
III'lI'tlqi. 

fI.- ayl.atlceA.r .. June S.16 ' ..... 1_ 0,61 .n •• 1 -. (18' t_ \.he _tr.'OM "'erulh ..,r.".. et .. t. 
For .. t. c..teno 1'7' JIOI._1 ln _.r et _ tl_II Q.OII et ""'" 2 (18 t_ of 280 " •• 1./M, 

.. t.er ... ,. CIIIInCWIUlltu:wd • 

.. 
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ClJ<lAMINAlilO ·1 SPECIES/LŒA 111)1 DAlE N TlSSIJt RESIOUI: lEV(Lb L[ V(LS USED/HtMARKS RH(R(N!:E 

t'\thlon <ClP) .. ~ ln •• rutal June lH JttQh body Ho realduee ciIItec:ted \n ftoq. œllected 1_} d.,.. Spra~ at tete of n g Po-ell et al., 
he., •• 8(10'" t'lelt • fter tre.taent. lo .. r 1uut of det.ctlon ... a.l./ha as elther 01.1_ 198Z 
lu.,., ...,0111"9 0.01 .~. bued (amulatlon (Z.' l 

No. 2 duslt oI1/hl) or 
... tf!"rMbaseô <l!lJIuhtfler 
and 2.' l .ater/hl). 
ConcltJded froge nol " 
llkal'1 !lource of 
sftCùnd.ry POtlionutq 'ur 
predatory ... ertebrale •• 

- R ... ('ltiMlO8IfW .. l/lab 1 .... 1 .. Slg"l(lCWlt bloc:aneent.raUan. l.auQ • ...,'h .. b;POMd ta .01-' PPII for Hill .nd Ko lbe t 
eatlOn 62 t ...... Ma.te... 1,.,.1 fmn:f ln C)OOJed 96 hl' ln conllf"U)UII 1980 
.-pl ...... no~. No fenow~ (_tl:1bol1te> fi 0'11 flPParatua. 
detected ln tl.nuee al •• Mltl.ut}' tlaU of 

0.5 l'PI. 

m .... ler.t. (PU .. ~ rawtau, July 1 or :z Carc .. 1I1th •• un 0.02 (ns2) 'Olnt ln 8. 'owleu.. Ho dateetlble ADnl1 appllclt 10n htkJ Be~tt el al •• 
R.,. ùtr1cuhru, H-%6. (poo lad) and 9-1 .. trlCt raalctu.a (Ô.al ",. d;t~Vllt) ,.- oecur ted 50 da." pt lor lo 198J '!:. cl_1t._. 19" r .... wed in other Speel"" co llect Lan at rate of 
!!x!!~/ln Md 0 .. 112 kg al/ha. 
uQU'fd coUcm rlalda Apphcet lone had e130 
"..r Carl.nd, Arlt ....... been _ad. ,n pre'nous 

.,ears • 

.ole 4. - ReeuSues (c:ont Jd) 

_'AMI~II'O SPECIESILOCAIIIJ< DAlE N TlSSIE HtSIDU( L(V(Lb LnU S USED/REMARKS R(f[R(H(( 

j-IICH (OC) .. ~ peraulDonsRII NaU ~ '0 -" ftllet _Uh CeOlNtr le "'IH 0.01. HemaMe' ttt al .. 
'erie f Sp.ln c:a.poatte bonite, siun- 1981 

s.pl .. . 
.. .!!..!!! peraulDon .... a HeU. 1986 Z ' .. use le 0.01 Rtco ttt Ill •• 1981 

'at*, Sp81n 

iepttehlor (OC) - !!!!! plpu",a/l., Ventrel abdoltltUIIl OecCHIIU"1 rat. of tee_ulatton b.,. <JikU" ~_ tI_a. Pllh~d hoqs Ifo\!n KaIser IUllj f)unnnnt. 
<Jikln ithSJU,..ted ln eolul LUU o( 1971-H 

• ppb. 

_pt Enlor (po_lde - loceHon nol specahed 196% R.aldue:. (pV.) fro- "'1_aJe fD\nd d ...... utle "l'lUI uv,."y."J _Ilh L,l4 lJoM,l~ ., ,,1 •• 

:OC) aonth .ner apr • .,.. kg/he .. 196Z 

Builfraq Z \J.5 
l. • .,ard F'roq Z 0.0 
Gr..., F'roq 6 1.5 1.- Z 19.' 

- 1 .... Vue.t. lOuqnt (r""'le CoUeetJ.cns fr_ Punm et 81 .. , 197'1 
5 .. in brlCkate) Rea,Ulu •• (~) *'9r Icul total aru", .. 

(q) Veluee 1011 due ta _thod 

0' an,1l y.ts UIIed .. 
r 9.4' Not "t"",tad (MD) oor ft, u:aed ••• 

euro _rlC'" 1916 • (9.10-10.%71 q_rel purpon 
II J.8' ND lntMtCtlClde lA th18 . 

17 (Z.02-6.%Jl fllqlon ln pa.t ye_MI .... 
'r 1.:10 ND .-ldru .. end t-eQtchlor 

~ P1PU'''' 197' • (0.19-4.291 _re useQ t'or control .r 
Il O.l) ND dDll .. tf"lllCfCt pe.-ts. 

J (0.00-0.71) 



félD Go .. Aendu:30 (çont 'd) 

COHl AMillAMlo SPEC ItS/LotA 11011 OAIE 

Hct~tœnhr lt'PQ'ude -~ .!!.!:.!!E.1 1'1110 
(çont"d) 81'ltultl Coheabia 

Iron (Ml 

le •• (Ml 

- Hmo ~So04h 1'J112· 
MDrevu), Caecnoola'llofde 198. 

SPEt ItS/LOCA f lIJi 

-~w19al'u 

!!.!!!! !!5!!!!!!!!. 
!.:. t!!pOrar18 
Peloblt.. ruaeue 
8uro "uldtelPalanâ 

-~~I" 

OAft 

- "'9"'" .,.,_ Jul,.{)ee. 
duc,," .n ... ,Iand and 1982 
Vlr91nl& 

" 
"/00\'0 
poct 
troDtcsnt 

4/1. 

8/'l19 

6/451 

8/1 ,0)6 

Il 

, 9."""e 
of 6 
toede 
e..,h 

flSSUI: 

molo _. 

LI." 

St ... ",," 
molo ~od, 
Li .... 
StOllilCCn 
_1 .. _, 

Ln'" 
StGCI""" 
\:toulo 110., 
Livat 
StGCla:h 

.:hol .. _, 

flSSUC 

'*'ole body 

-SIc.n 
*".la K._. 
llv.t 
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lEI/US US[O/RDlARUlii 

.kO ln 8.C. -sptayed "'lUt Albuqht.t al,.. 
1 lecnnu::., ctdcmlUte to. 1980 

0.'4' 
O. 'Ht2 
0.012 
NI) (".t .aloctd>lo) 
NO 
NO 
NO 
NI) 

NI) 

NI) 

NI) 

NO 

1 ••• 1 of 0.010 pp:o. 

r.oro Brno: Suburbc:n q.rd .. e, f Pa",.l end I(ucera 
lOCDhl,yj-----r------r------!'I.idl. lakee. 1'J86 

1'J112 ''JII' 
1----If-----If-----+-----j ..... SOVI lerQe water 

8rno In.J t 7.7 119.4: lJ.6 .. rt!gervotr. 
(la)· (8) 

"2.8 ! ".2 168.0 ! n.l '97 .. 8!' a'~o t..ednlce: 
(12) (Ill 

lednice 74 .. 7: 6.2 
(") 

1l6.6! n.4 
m 

Rl:S1lJU( LEVEL" 

(101 p ... 

l(~LS USI:O/H[HAIIKS 

I--------+-----------..;C".ll"l M!C:l.IIuhtlon~ 
Protected mne ~.r 121\.8 
... "" •• U ,46.7-202.9) 

Pu. ror •• t ne.r 66'.0 
• une .lll 0.0 

Control.... (0.0-0.0) 

REfERENCE 

DntowekJ lf'Id 

Klroh,.,kl. 19111 

Gr_ • Gr""" 8 Cruup C Gr",,, A .., lnt ..... fl( tl.9<'I tntlBnd, 1971 
j-------t------I-------I! 1. l1 u.,/da"/load 111",.,1. 

2'.97 t 6.119 7.9' t 0.97 
2.98 ! O.JO 1.'8 ! 0.2) 
1.14 ! 0.08 1.01 ! 0.28 

n.07 t 1.1Il ".4' t '.21 
1.80 ! 1.78 '.96 t 1.'8 

'.00 t 0.20 
0.81 ~ (1.17 

'.9 : 0.04 
'.00 t O.lO 
1." ! 0.08 

Pb (or 4 wkll 1) .6J t 

2.)7 nill. Pb ror • _k •• 
~ - tntak. or 12.99 
:. 1 .. 19 uq/d.y/toa(l (or ._. 

t-------'-----'---'--------!l!!!!!!2.!. - .nU •• of 0.1ll 
t 0 .. 10 uq/d.y/lom (or 
• wks 1 1 .. 1) !' 0,. 1. rar 
1\ .ks. 

--------Iletld concent rat lona 
9lS Conr._ po:nt .. ely curr.taled 

Int ........ . _,Ut her ... Mll y 

1--------:---II---------..;treHt.c '4'01\, .... .. 
ConcentreUon. ln eedt

lMtnt _te ua .. U, hlqher 
(4., u ... l tl'llln tho .. 

I---------------J~--______________ ..;,n l~I". 

Ehtdsall et .1~t 
1986 
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CONrA"INANIO SP(CIES/LIlCAlIDN DAn: " rtSSIL ~(s11lU( L(~Ub lr.vtLS !S(D/~(MM!KS ~U(~EII:E ' 

~ ... (cent 'd) .. !..!!!! p.rau/Don .... 10 ... fiUet dt" Gecaetr 1C _., • 0.8l. Hernlnd.' et .1 .... 

HetL Perk t Spat.n c.paei.te bonft, skin'" 1987 

• ..,ln 

- A..". oerezll1)on ... 1986 t _10 1.19 Rieo et al~, .987 

H;'ü'. Park, Spain 198" 1 O.AII 

'9a, .. 1.8Z 

-~ .s.!!!!!!!!!.. Jun ... Zl *<J18 bOdy Mt .. t SE (~ Gry _lqht) rot aU SpecU •• , Ile"" et al., 

!.:. 91utll'\O ..... , Get .. , Il! 1.l. 1'18' 
!:!!! _l'le..,., 1919 

!:.~J., 
!.!!! !!lvetlC:a! 
0_ (orest 10 ka _IBN 

ft_ 2: une: ._lte ... ln 

s .. em Penne,lwIWl1' 

... Un_pact ft_ epeeiaal Se"". lodpal .. Ar •• Reei"s {~ dry ot .l O. cross Strother Cel. et .1 q 197} 

No. Lood llelt. 191% CrfMk provldes the 

.,ut ......... ft Mta80uri 8 _1. StrotNt:' Cr ... J6-n90 prinelp*l tellinq, pond 

'_1 Oont.ol Z8 fa ... ,ne "!"d _Ill 

effluents .. _ptes teken 
"r~ bel~ d_~ 

• Un_,riOd _ .. al fedpal .. , lntést ine ,nclooed Jannott et al •• 

He_l ... "it, 1_1 Li • .,. , "ert 22 _. cont.ents. 1919 

.. -..tNaatern Ml • .,.,,, i 2_10 ("'CH.Led 93-21l ...... 
2_10 Int •• tine 4419·7)29 _. 

'-' 11>010 800y 609_. 

COtI lAMINA .. ,0 SP(C IESILOCA 1 ION DAlE ~ IISSIL Rl:SlDUE lEVELb l(VElS USEO/A(MNlkS ~(rER(~( 

LeaO (cont '4) -' P.t.u • .,t .lleU 1'. HiUl and JlltJIhe:m, 
Res •• rcn Centre '980 
!!!l! eeteBllelilna ~_Io ''''pol .. 2. '-}.2 . 
A. c:l_1t,ana Z pool0 ''''pol .. ..... ,.S 
~ • .-pp. 11 _1. body D.88-J.Z 

~ app .. ! pool. Cere ... 21 
1_1 Kidne., 4.9 

Z L.ivet . 
2.1·1.6 

- V •• raNd ln ••• t .. 11>010 body Mean tee'duea (~ <fty .t. h Col1ected fr~ ete •• ") RoUa et 81. •• 
elJfttrai. Il hnota .rel su fi ft. u,teratllta ln7 
~e,ep.\t.,. ,. 2.7 tüqt\ .. y. 
Buro .!:!!!.!S.!!!! H !.o.!.S 

- !.!!!! P1P,an. !!.:. PiPi'" !.:. .yh.tu:. Schroeder *"" T1pton. 
!=. eT 1 .. et lesl Ll .... r 1.0 - 6.2 ".8· li.! "68 
... , .. ly lnh8blted KldJwy I.! - 8.2 '0.2 
ar ... of 'ltlMnt 

.. _ana c_t ... u.,.' 1981-82 l ... n 11>01. body Reaut" •• (~tl'ic .an, 1'"..-;18 Ion perenthe_s) 1 Su.. ~ - up.atre_ ff_ Nteth_er et el., 
ï.;i' elnll1!J 4utnct. lnd blU f Sites 8 and 198) 
evtI'NMatam Ml Aour i Site A 1 SUe 8 1 S.te C C .. do.nette_ r .. OIt 

0.91 

1 
!J.S· 1 14.0' t.,hnq. ponde. 

( .11-6.101 n.So-lI.01 (2.90-4'.01 
• u"lfictifttly tUgNf th_ Slte A. 

- !!!!!2!! !!!!!!II. 12 Dor .. ' .," .. .. 'due. (~ dry wt) in froq. pretreated for SuD j""ted to SQ _ 10. hel.-nd et Il •• 1979 
2 -l!- on e.a.tMt' carle or hQht. b-=k1Jr~1 nJtrat. fof' 11 4., •• 
0,,",- od"Pttld. 181.9! 1} aNKIh. eh~ed 4a.i.l, .. 
Llqnt-Odopttld. n6.8! 11.6 Pb concenUMed .Ilhin 

.. ' ....... or .. l ....... 
pmr ... 

/ 



rmlo 4 - RaauNoo (cont 'd) 

CtI>IIAIHNA"la SPECIES/LotA Iimt 

LaDd (cont'd) 

L'ndena (OC) 

fabl. 4 - R .. lduea (cont "d) 

CIIHANINA"I" 5PECIE5ILOCAIIII4 

Meqrea1'" (M) - P.tuxent .1Idh(. 
R .... tcfI Centr. 

.!!!!:!! cat.ab.I"'. 
!:. cl_It",a 

- R",. t."orarlal 
North.m rlnl .. 

Henq ..... (M) - !!!!! eeculenla/South 
Marana, C~.cI'.,.lo""'la 

DAlE 

Aprll
Sapt. 
1916 

DAlE 

198Z-
1986 

UO 

..... "' .... 
rroqa :2 

6JI 
aoloo • 
100ZZ1 

'&:10181:1 = 
100ZB 

N 

) pool • 
Z pool. 

106 

IISSIIE 

Icdpoloo 

Ll"or 
Heart • Lunqs 
Kidn:l,o 
Muaaloo 
Skin' 
Canada 
EgqD 

- 212 -

RotUduoO (ppo dr, .. li 
0.)8-1.61. 

Naa::MItcorphDsod 
fr_ 

0.96 (0.6) 

1.6Z (0.61) 
0.96 (0.68) 
1.10 (I.GO) 
0.96 (0.61) 

-. 

Adult. 
aoloa regolGG 

1.16 (0.68) 1.~ (IO.H) 
O.GO (O.))) z.n (Z.8') 
Z. ,.. (Z.Z1) 6.U O.J1) 
0.68 (O.~Z) J.6" (S.t.) 

J.66 (6.00) J.1B (Z. '9) 
O.~ (0.29) 6.16 (6.96) 

- 0.119 (O. ,,) 

rroqo cre npoaod to "cpor usd Ilnd_ ror 18, 

Z' or J8 dO,'u 

LE VELS USED/RENARK5 REfERENCE 

Baudo, 1976 

Standard da"laUona ln 

bra:kats. 

rrOl)5 hed hl.)her tlls.dUl\'~ Ia'IltltC're and "nr", 
than chlc"eno, rats, 1967 

t------------r---r---r---!lIIlce, hah or piants. 
Doyo 'O!lOlllftQ eaposura 
BrOIn ntOldu3a (ppo) 

Lnor rooldurolo (ppo) 
fat .... _ (PIC) 

lB ZJ JB 
J.1 6.J )).) 

6.) Z6.0 )J.O 

10.0 1.S """" 

roilure ta eat 
Gay ha"e lo-arsd th.1r 
tlotd:KJ1 ur~ end thua 
lowered lh.1r ~.C'r.tlon 

r-----------~--~-~---!of IlndMm. 

Vontro.l dtckclnal DecreoolftQ rata o( a:clCUlotian b, siun we. t11D •• Pithed froqs _ra sue- KaIser end Dunh_, 

'91Z-7' ald.n pended ln 80114 lon of 
ID PI"'. 

115511: 

'_1 .. 

ll"ar He,. 
r ... l. 

litaI. bod, 

~8-16D 

' .... 29 

Mean -: SE (~ dr, «)1 

294.) ! JO.7 (wlnt.rlftQ) -604.Z -: 49.0 «(.sdlrq) 
").0 ! 69.1 (pr.-_rQlnq) -749.0 '! 4J.8 
(r .... llnq) • 

He.n Manq __ content (~ dr, .... ) 1 

LEVELS USED/REMARKS 

Collected frc. uncon
t_lnated areBS. 

REfERtN:E 

.inter11"q: Na". - March p.s .... " and Kos"eI8. 
f.edlnql Ju ... - .Auqu.l 1974 
Pr.-.-eCTIII"q: ~r II • 

Brno: C)uhllrb.., qardens. P .. "el .,..1 I(...:::ftrll. 

t----,----------------!'lelds.I ... a. 1986 

' .. ra ,"""OVI larq. _t.r 
Loeallt, t-----,-----,------l re_rYOlr. 

198Z 198J 1986 lednlce: ab ..... or.d 9antJ 

r-------;---------;----------r---------!p.t. 
8ma Z6.1 ! Z.8 Z).8 ! ).9 -

(10)· (B) 

1\.0 .... Z6.7 t Z.O H.9 t 6.Z )1.9 t 6.' 
( !Z) (IZl (10) 

Loct.uce 1).6 ! 1.6 ZJ.6! 6.Z -
( IJ) (8) 

• """'r o( s.plH. 
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ibie ..... R.e81dua& (cont 1 d) 

CIl<UMlNAII" SPEClt5/LOCAIIIl< DAlE N IISSUE IItSIDUE LE'ltLb l('ltl. USED/RtMNlKS R(rERtNCE . 

Honj ....... (M) ... ' R.,. nculentll "pul- Aealduel (_ dry .. " Baudot 1916 

\cont'(:I) Rt;;, r;;;:-rt.l '1 Sept. ISO 1_1 .. 2'-958. 

191. 
_t_rphaNd Adulte Standard de \l'lat. \ons 

rroq. ..1 .. '._1 •• ln br-=keta .. 

_t. li .. , 15 •• (.,'21 20.2 ( •• SI ll.I17.8) 

F'togl '& lient. l""'l' '.0 (J.lI 8 •• ( 2.8) 6.10.7) 

41, K.1dne~ 1." (6.8) lI.' (14.01 S.1 0.9) 

.. 1 ... .... Kl .. '.l (1.') •• , ( 2.21 1.2 IZ.n 
IQ.ZZI Sklft 1 •• & (8.81 61.9 (1'.8) JO.' 18.21 

r ... ~l ... -- - '.8 ( •• 1) H.O (l'.I) 

10-28 c- o . 8.1 (1.S) 

·~,fteo_, .. 1 Sept. '_1" , ... Realdun (~ dry ttl.) Oa. .:rU$. Strother Creell Cale et eL. 1~1j 

..... lood Boit. 19n pro"lde. the prlnclpel 

.. "th •• ,tem "1..0""1 st.rotMr Cr_ SOII-S6SO ta,hnga pt::Md for ll1ne 

8 _1. Control 1\0 and _aJl .ffJUIltf\ta. ,_1 5-.1811 Laken rrrc.w bila. 
d •• 

• Pot.unt WUdhl. 'odpol .. HaU and Hu1hem 9 

R ... rcn Cantre 198> 

R.,.c.t .... un. , _1. 1 ...... 2 

!t:. cl_itan. 1 _l' 1.1 

rab le ..... R.,.ldUltI (cont '0) 

CIl<llII4INAIIT' SPECIES/LOCAIUJ. OAlt • flSSIlE litS 1llU[ lE'ltL b LEVU. USED/Rt ..... s R(HRtNC( 

Mercury (M) .. leke St ~ Clut, Ont.uo 1910 So. C.reasa ll'tler Ousttl*l et III ~. 
1911 

!!f!! pipI""" 1 r 0.18 0.&' 
1 Il "o~ la 1.1 
1 .. "0.10 O.~I 

!:. eet.ebau.'. 1 r ,.Q .. tO D.la 

. 
- !!'l! h ounel1ab lIvet, KJdney lO",", .,.,..,loleo ln _" "'qn """ 1"" HW S111l11a 1-.p. cioaet of Hehre et al ~. 1980 

fra:!Uon. of kidne, 2,4,1 de, • • rt.t .. lni.tr .... 10 uC,l100 q body .... qnt 
t,lan. ln J1Mt, 20) Hq .... nd ;n hlqh .., Ql'tlen. 
fnct iond: et 2 daya, ln botn hlqh lIf1d low" at 
4,1 d.,s. 

... PolJ_. YlJ9CM!la ... 1915 tir! MeHq <_ 'r."" .. ,qntl S_plee œllèctôd frca S,me et· al., 
uncont_l.fWt,od ars •• 1915 

!!!!!l!.!!!!!! Mio (.) Ll'tl.r I.~I 0.J1 

L.!!!!!! ' .. al. (f) 0.94 0.27 
!!c!.~(.} 0.61 0.81 
~ "sueq.ta <al l.07 O.JS 

!:. .!.D.!.U!. (() 1.96 1.1 

L.!!!!!! (.) ~i_, I.Z. -
L.!!!!!! (fi 0.60 O.IZ 
R. d.IMtine (.1 1.01 . 
!;:;;;;;;;t; (.) O." 0.08 
!.:..!.D.!.U!. (f) 1.6J 0.00 

, 
. 
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fable 1\ .. R001~C (canto'cU 

SPf:CIES/l.ŒAtlGI DAlE M IISSUI: RES IDUt lEYtL b LE YElS USED/REHM«S ~EF(RENC( 

M:neur, (cont' cU POIJ...,. '_lai"",,, 1'15 S.,rte:) -et 01. t "a 
(COt1t-d) Hg ~ (Il;10 r .... on "".qhtl (""nt'dl 

hl!!!!!. (0) l_ 0.11 0.02 
hl!!!!!. (f) 0.1' a.n 
!!..:.~(a) O.l' . 
!!..:. •• , .. !Soto ( .. 1 0.11 0.04 
!!....!!.!:.l::!!!!1 (fi 0.41 o.%) 

hl!!!!!. (II) "'selo D.17 a.n 
hl!!!!!. (r) 0.1' D.19 
!!..:.~(a) O.JO o." 
!!..:. .... sat. (al 0.17 0.%6 
!!..:..!!.!:.l::!!!!1 (r) O.OS 0.4~ 

IdrIja. 'tugolalo\f1o l'" 
!!!!!! l!!!!!. col. (Q) Llver l'.' 8.1 Sa:rIlIOleli œllected fr~ 
hl!!!!!. rocclu (ri n.t J.O CCU'itaunoted .re •• 
hl!!!!!. (fI %s., ,., oulalde a .reu", .1l'1li" 

hno t!!!l!!'SflU (ri n.9 ~.I 

ll'lf.r 15 I)r t_ 
hl!!!!!. (a) lC.idR2, t6.0 t.1 ac:c:uaulellncJ arcut. 
hl!!!!!. (r) %1.0 1.0 
hl!!!!!. (n n.' t.6 
~. t!!!l!!..... (ri 16.% J.O 

hl!!!!!. (a) Lunqo 1.60 1.1' 
hl!!!!!. Ir) 1.11 o.n 
hl!!!!!. (r) 1.70 l,as 

!!... t!5l!!!'o"o (r) l," 1.8 

hola Il "" R •• 1due. (cont 'ed 

$Pf:C IES/l.OCA 1 tilt IISSU[ !lf:SIOUt UVEl" LEVElS USEO/!lf:MAR.S Rfr(R(NI;( 

MercW')' (cont td) tduje, Vuqol.'lItfl0 '",,- 191' Hg ... Hq (- frelllh WfUqht) Byrneel Il., 197) 

(cont'd) "-
(conl'd) 

hl!!!!!. (a) ~octe %.8' l.7' 

hl!!!!!. (r) 1.19 1." 

hl!!!!!. (r) l.7. %.66 

~. t!!!!!! ..... Ir) J." 1." 

hl!!!!!. (a) E_ 

hl!!!!!. (r) %.1' 0.<10 

hl!!!!!. (r) l.JO 1.<10 

~. t!!!!l!!!ro .. a !r) I.l' 1.' 

- flnllV"d Me fl:U,", cont.ent (ppli ft"" .... lqRt.) qhén as !Nan Seeas ltt.l Iraq.. thOUQft lernn,UQ et .l •• 
: S.[.1 re,:tre&enl Irq • hlqh 199/10 

t rapIne htytt!. are nat an 
f\All_ l'Dr_ Hahn"i tt_eenk.,,.o u.partant path ... , 'or 

trens'er 0' .. tÇuf, 01_ 

!.!!!! t!5JGr.u. Li .. r .06 t .01 .u t .0. .. 19 ~ .. 04 • OS 'ood chaine .. 
(9)· (Il) (6' (1) 

~i._y .08 : .0) .OS! .Q1 .0) . • ~r gr .,...,1 __ 

m (10) (l) 

lunq .07 : .01 .C7! .C2 .08! .01 .04 
(" (12) (41 (1) 

_le .01 ~ .00 .06 t .0% .07 ~ .0) -
(9) (fZ) (41 

(99 .. 0% : .. 01 - - -
()) 

_le --.. . - - .01 
(1) 

.01 
(to) 

- . 
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.,1. 4 • Restdue. (cont Id) 

ClJj 1 NlI;"""" $ftC IES/LOCA IIIJN DAlE Il IlSSIJE US IDUE L['1tL b . LEVElS USl:D/REM~KS REFERENCE 

"" ..... ,." (""nt '~l rlnl ... ~ (_ 'raah _'qhtl IJlVen .. mean • ~r or s.-pl .... fertuwuo et al ... 19S' 

{cont Id:) 
(oont'dl 

Pot'ftià Iiebl'*l H_eenl(yro 

!!!!l! l!!:!!!!. l'1er bd . . · 

Kt_y .08 t .01 - - · 
Ol 

lunq .06 t .Ql - . · 
(4) 

...... 1. .011 ! .Ql 
tll 

... !.!:!! ep./Aiken, South Auq. 19n Nor 1 lIdpa 1 .. foui Mercury """'yi Hq ~ Melhy' Hq luw J .".t _reut II! lOft COll et .1 ... 191~ 

t.rah,. ta 
_1._ concenttaUonfli or 1.0 end 

J.n. 191. , %.08 0.01 o." S.O uq/l •• 1nt81ned ln , 4.J6 0.0' 0.69 sUe.s. 
1 6.4' 0.01 0.01 

fadpoles eat 81qae ..... lCh 

conceotnt.e. Hq. 

- !!:!!. pacez ,J'I)aft ... 10 ." tiUat _,th Ge.etc lé .an1 0.20. Hemandez: et al. ~ 

NaU. Park, Spain ~1t. banea, .... n" 1981 _1_ 
... !!!!!! perezl/Donane 1984 1 ", .. 1. 0.08 RICO et al •• 1981 

... u. PaC'k. 5p~ln 198' • 0.09 
1986 2 o.n 

Table" .. Reeld ... (c:ont"d) 

ClJjlNlIHANI" SftCIES/lOCU [IJN DAlE 1 fi IISSU( RES [DU[ lt'lEl b lEYtLS· USl:O/REH~'S REFERENCE 

Mercury (eont Id) .. P.tl.PCent WildU'. Hall .rd Hulhern f 

" ... reh Centce 1980 
R.na c.tettbIU . .,. ~ _10 IM .... l .. 0.0)-0.10 

R. cl_u ... 2 _10 'MII01 .. 0.04..0.10 
R;n;-;;;:- Il _1. bâdy 40.01-0.11& 

~spp. 4 _1 .. _, D.04-o.IO 

- S.".....-aah Rl.er 1912-7) Adulta 5I1ttl.\el ",",cie li ... r Sn", .... ' .... RI "er en"t.1,...rt ri_II", 191') 

flaodpleuw .... Hg- cunt_lMted han 
tr-&buterl", Georgie 0.01..0.10 o.n at leve\e thouqht ta be 
~plp".!ft. 0.M-O.16 0.09.0 .... h.L.t'doue ta h..-an 
A. cat""I •• O.OJ . henltn • 

!!I!!. !!.!!!!!!.!. ND-o.18 . 
e",o terrHtu. 

""thOw.,chlor (OC) ~ euro _eueanua/ltlb 

_I __ y 

Do_ " •• 'due. No cn8n1f!e ,n arq .... HeU and 5w"w'ord. 
Dey1l 0' Gt_ g ... U1C: lIIIIt8ft (,,,~ "lghlS, fCHtdlNJ, 1979 
aspaaure (-) eonfidence lt.JUe) bene.lOUl" or e"rvlv.J:. 

• , 0.024 O.OU (0.01'-0.00)) Re-Sldues not carrel.ted 
in 'ood wlth e.posuree., 

4 6 · a.DQ8 (0.111%-0.0241 , 1 O.'U 0.0" (0.012-0.0881 
ln f_ 

• 1 0.069 Q.14~ (O.06~-O.I2J) 

* 0.0'6 
in .aC' 

4 6 · 0.%" (0.120-0.482) 

• J6 · 0.124 (0.OOa-o.J211 



r.ole .... Rcunduoo h:ont 'CI) 

CON TMINANT- SPECIES/LIlCAT ICP! 

- !!.!!!l!l..s..!..5!ll.!aI 
ponet ln "'had bor.ml 
forest t northe.ulum 
!'Mw 81"""."u:1I( 

DATE If 

Juna 19B5 

TISSU!: 

Tadpoloo 
<11010_' 

.. ~!1!l.U!!..1'.2 ho 
hctf'l pond. "lCtUaolPPl 

JreotDant " or .ot. c:nolo bod, 
0" Oc;t .. 
n. 1910 

- .'!!!:!!.9.!l..!.!!. r.""boGnt 1 
'dUlOton Ca •• MlSGl8C.1Wl .1n tto, 

and .Iun:J. 
19n 

.. O ... 1akoo ln LOU1DIana 1980 
A_ cat. .. tllluen. 
L. !!pI!!!!c!C!p".lo 
!:..s.:.~ 

J_18 ... R •• I.d .... (eonttd) 

CONT MINANT. 5Pl:Clts/l.DC 

JoUra (eont-d) - Southweat CeO",l. 

Buro furnet ,," 
t.tnnttrl. Co. 

llillDt'th 1911_12 

Ca. 

Ceatt!!2!:!%!l:fte rI. ft "11 
c.rollneN1U: Co. 

1911 

P.eudeen.a 

.2œ!!! 

~mlli! IlillDrtn 1911-12 
Ca. 

!.:. .... u .... .ttft 197t-n 
Ca; 

Tadpolo 

IISSIL 
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RESIDUt LEVEU> 

Nono of the scpleo of cqed or _11C1 t~ln 
conlOln:::td <IOtGCtdJla levDla u..\O ppDt fteeft I#t .. ),. 

Miro. recaciu3t3 (~) at QIven lnteholo ofter 
ll'eotoOftt t 

R •• 14uo ln .... 10 c:ollected leu th." 6 lIunth_ 
attor qlpl.u:Dt lan - 0 .. 11. 

Not datec:ted ln 011 thr .. speclee. 

RES 11111: LE.El" 

lÔUn ( 

PGist rrest.ent 

7 d. fi 100 , _. 
6 .... 12 fItOS 

2.10 0 0 0.9. 
(S) 

4.20 0 0.10 0.19 
(1) (1) 

1.'2 NO O.Z. 0.02 
01 (SI (l) 

'.ZO ND 
(Il 

1.1% 0 

1.68 a 

Z.IO 0 0 

'.20 

1.12 NO (16) 

•• 20 0.12 (S) 

9.27 0'.1. 
(2) (l) 

J.OI 
(9) 

1.12 NO (S) 
6;lU O.OII(%} 

S USED/REMMlS 

lat Ilpphcotions 
q a.l .. /he on 

June 2. 8. 

SundarlCD et al", 
1986 

ilpplu:etlGn rate taortet) Calltns et el., 
1 •• "9/"0. 1911 

Pond we. pen o( il tuqer 
dralnaclft S,tltl'Cl .. 

Appt le:. ''-"1 nle (aet •• 1) Hac:ru M1d 

1 .. 6 kq/ho.. de 10 Cruz. \9H 

Lake. ln (erhle eU..,.,., NlaU'_r et 81. 9 

erG,>! and. Suojoeted tG 1984 
ttn:vy peatU:lde .. llea
tlone. Annuol t'cunf.U -
UO co. 

lE"US \lSEO/RO<ARIIS 

Fiquteé in btEkeh 
t'ept'esent /lUlt .. !'r of 

!SMIIPleé '" the poal. 

0:: dl.!JCsrded cro.s-cano-
tIIlnunated ..-pln. 
NO: 00 rnidœa detected 
.t 0.01 p~ le".l. 

Ha.,._ le".ls detected 
1-j __ Ûhft sft .. ,. .prey, 

qraJuat h decllned to 
100000r h~"el. o".r 1 year. 

REFERE!C:E 

Woj<atc et .1Of 
.91S 
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COIIAIIINloH'& $I'(CIE5/LOCAlltN DAlE " 115511: RE5lllUE LEVU!> l(VHS USl:D/RrMAliKS REf(RrNCE 

Mu •• (cont 'd) SOI.Ith.et Georqla Appil- R .... 'd ..... ( .... ) 0 = dl$C8tded eroetl'" WojClk. .t al., 
ctrtian Pre- cont_lnated s...,t .. ~ I91S (cont' d) 
Rate tr .. t· ND : not deteeted at 
{9th. -.t 1 da,. 1 .. } .... 6_ 

12 _ 
0.01 PpIS 1 ••• 1 ... 

!!.!:!! 1lQftenor;!I!!!!la fi ft 1911 1.68 0.08 
Co. (!) 

rUrntlr 1911 %.10 0 1.08 
Co. (!) 

l.lO O.ll 
(1) 

Worth 1911-1% 1.11 0.S6 
Co. (1) 

l.lO NO O.J4 
(1} (1) 

!:.C8t ... ~ .. lin 1971 1. Il O.OS 

Co. (I) 

1.68 O.IS 
'(l) 

rurrwt 1911 1.10 D O.U 
Co. m 

Worth '911-72 1.1l NO 0.08 0.0' 
Co. <l) (Il) (6) 

l.2O O.U 0.09 
(1) 

CtNJAMI_I· SI'(C!(S/LOCAJ lOI OAIE N IlSSlI: RESlllUE LEVEt!> l(VElS U5[O/REMNIKS REfERENC( 

Kun (eant t d) .. Bt(J](l ha .... r 1972-1914 ..... 18_. ReSlduee (ppa (rellh 'lllelqf1t) et qlven !t'il.ha' WhfMhr el ,1 ~ • 
Jac:keon'fl U •• fIcr ide poat.trutaent 1 1971 

pr .... .PP11C8t Ion of Q.l~ bail 

treat..,.t. ! 110. 

, _. 
6 .... 9 ..... 12 Il10 .. 2" ICIO. b'l (hed: ... uq 61 fCUlt et 

1 
an altitude of .!L 7 • Olt 

~ terre.UI_ {lI NO - - (II ND 010.09 rate of 1.11 kq/tla of 

(! 1 0.0' !lire •• 

!:. gu.feu:,. (7) ND (lI ( Il) Il) '.01 (0 (J) D) NO 
(l) 0.42 0.78 0.11 (1) 0.%0 O.lS 0.04 NO .. n" reu llJueS detectdCI 

!!!:!! "u!lCksener 1 0) NO (J)0.18 (~) '0 (1) NO (~I NO (6) NO et 0.01 "'~ le.el ~ 
(12) (12) HO Nutlbel' ur speet.ene ln 
0.01 (')0.26 pooled s_ot.. ta ql.en 

!.:. Plfu,"" (~) NIl < 1) NO (1) NIl 0) lU p.ranUnttHiu. 

( 110.04 (I)O.1l 0.01 

.!.:. c atellbeu"a (~) NO (81 0) HO (1) NO (0) NO ln generel. U,e percent ... 
0.04 (110.117 ~e of \I_pl •• cont.,nlnq 

!!..:. areol.t. (41 aue. decr .. aed _,th tl •• 

O.IA lU'd the le".ta (oll~ • 

.!!!!! ep. '._1_ (7)110 (m NO 0111 NO ,Jali.r peUem. 

C .. traphre c.roh~J.. (8) NO (J) 01 (l) (1) (1) (lOI 
O.~Z 0.09 0.17 0.01 0.06 NO 

~ ... lbr_i1 (,) ND 0) ND (1)0.02 0) (l)NO 

(1)0.0% O.O~ 

~~ (1) ND (11 ND (Il NO 
1 

!:. .!!!!!E!!!.!. (%) (1) NO 
0.08 

_Ior (OC) 

( .. 0 et>lord_.) 



fable Q .. R.~n4uQG (cont'd) 

Ca.IIAMIIlANla 

Org:onocnlotln3 
CQClpound:Q 

(DOL, 000, CIOE, 9;_ 

Hh:ccntoroc.,c: 10-
"'.Qft3) 

Pa .. th'on (OP) 

PCfIIt 
(pol.,.,nlot1"oted 

'''phot",l.) 

SPECI[S/lOCAIIIDI 

-!!!!!2~ 
cleon pond and t'Ica 
fle!d olschotqe c:al"lOl. 
"arth Ceœuud. U.S .. S~R~ 

- t onctUQ torooo/ 
a;;;:;.;-~ 

OAle 

1-

- 0._ !_ .n 1.cul8'_ 1980 
RM:acal..,.,lcNt 

R. op/!!!!C!C ...... !. 

!:.s.:.~ 

- !!2! sp./Lo\ns ... 

- !!!!! pereu/Don_ 
N.c.l. Parie .. SpIU." 

1978 

... ~ peren/Dan.,. NtlU. 1 
P ..... Sp .. n 4 

Z 

IISSUI: 

Z80 

NId"", 

poot 
treot-
_t 

4114 _10-" 
Ll'fOr St __ 

8/279 *010 body 
Llo .. ,. 
St ....... 

61'~1 _18_, 
LIvet 
StQllch 

8/1.0.16 _I_bod, 
Li .... 
St_II 

1 paal _le bod, 
of 1% per 
tr.ataent 

Skln 

"A nUet ";'th 

bonn. lIIun- • 

""acte 
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LEYHS USl:O/REMAIIKS REFEIlEII:E 

Rerndu3a 1'" wler '" 

~----~--------------r---------------~D.~ ,n ~. 

la:::tOt.ur. 
mal. .001'6 

.0019' 

r_la .0019S 
.00191 

;' realduoa. 

.00168 

.00111 

NO - '"" doU"td>lo 
NO 
NO 
O.IU 
0.114 
o.on 
0·080 
0.091 
0.010 
0.011 
0.011 

HO 

Control 
0.1_ 
1.0_ 
10_ 

11'11iQQtUf'8 eulute 

.IS910 • I~IO 

.16010 .1~7oo 

Penthlon Canen. 

.. U.M 
",o.m 

0.08 
&.6 

H.U U_ tilt .. of de,.al penetratIon (.·u .... ). 
198. 

0 .. 00."0 ln ru:e (teld .. 

Lake ln Il.t. IIProyod .'lh AItUlqht et fIIl~, 

technlcal chloroDf'tll to 0 "80 
1 ..... 1 of 0.010 pp;;J. 

'110 .:tIP1 :te. lM rat. 
qi_en. 

1 -.:Vkq: illPPhact to 1 sn .... el aL •• l'JeJ 

c.Z 8C'1hI on bcl!: 

i-.ctlatal., betund ......... 

cation ... 64 t~.. Max .... ht •• l round ln pooled 96 hr tu cunt,n",.,",. fto. 
Hnll At.' Knlho* 

IV"" 
s.pl ...... 96 piPe.. Mo per._on (_t~ht.) .pp.t.n. 
d.tactDd 1t'1 Ua ... at .... ltl .. ity hait Qf 

0.)_. 

• 017 ~ (.aft •• ecteded by st .... rd .trot). 
Not œtected (0.10 _ œtacU ... lIa,t). 

D.M 
0.49 
1.l1li 

Lake. ln ferUle allu"lat Nutth .... r".t .l., 
crapl_. _jactod to 1984 
.... .. , pe«1Clde applic", 

11an.. AnnùtIi tau"'aU .. 
UO .... 

'Site • ., ln ".t •• of 1"", Oowd.,t al •• 
iMeCtlClde ....... l'8S 

Rico.t a1~t 
1981 
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CIJIIIHl1NAlU- SI'tCI[SIl-ŒAIIBt DAI[ H 11SU RESIDUI: LEVU!> LE'lUS IJ5(D/REMMICS REfERENCE 

Pts. (""nt 'dl .. Hectul'Ul: l .. lei/ sa _II bod, CeaMtric MM" of .... i<tun .. 0.'9 .. _ ... 1,_ for l'CB 12S4. Hell et el •• 1985 

;;;;;-R'i.~naqe. 
l'tortil CIIrollN 

, 
ip ..... U\r.t.n (Pl') .. ~ plplene/ltlb Skin tt.1f tiate tate 0' .... 1 poIWtratlon (_i,..}; &ZO. 1 ~I<q _hed to l ","2 Shllh et al.. 198' 

are. on b.:k ......"lal.l r 
bonl.nè .... ad. 

"'-II ... R..,. teaorenalhb Dletubutaon or pl'lenal. ( 919) lA ".r lOU$ tlMut. _.et..- ",qnt. 0' (rOlle N~.l and Urieh, 
at 1J1.-. t.u:an ott ... injectIon .,11 lJ'111Ph B. _l uNd ... lB ~ IJ 9. 1961 
5 "II1cq (PlI • pNnal, HP • M.lr..,-I, t...,.riltuH 20· t. 
OP • '.S~l.t.h.,lpftMlGl • .,. • --_lftCllPhenoU. 

ILH. ZII .11 nll 

Ph HP 1lP fil' Ph HI' 1lP fil' Ph HP IIP fil' Ph HP UP AI' 

BI_ Il.6 8.' 16.~ II,' S.a 6 •• U., 10.~ 2.1 5.6 15.9 7.1 1.' o.a Z.7 ... 
Gul '.9 2.' 7.2 7.1 '.Z J.5 7.2 7.0 1.5 '.0 7.2 a.7 1.2 1.6 7.8 '.5 . 
8run '.1 J.' 9.' S., J.O 1.5 '.S '.5 1.1 l.l 1.9 '.S 0.5 0.1 O.S 2.2 
Ski" l.J ".S 8 •• S.~ 'J.l '.9 S •• '.Z 1.' 1.9 '.8 J.8 1.5 O •• 0.9 1.' 
H .... t 5.2 6.' 9.6 6.7 J.' '.0 5.9 ,.9 1.2 1.' '.6 '.2 0.8 O., 1.1 1.5 
li~1' 6.5 S.5 8.' 12.9 Z.7 ••• a.9 ".7 1.' J.9 7.5 S.6 O., 1.2 2.1 2.0 
L_ S •• 7.1 10.7 10.1 Z.6 '.1 1.9 S.6 1.7 J. , S.l 6.0 0.9 0.7 1.' '.8 
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tr .. t.ent Id. 10· Of' 20·C .. 

!!!:!!. plp.ena Halt ... U .... lonqer Ut. thoae foLnd for newt. al. Retenlton followlnq !.p. 
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fct 0'" 90S of initial body burdiM .. e lean .. ter et IO'C 
HaH-U' .. faU .... ''''' .nJ..,Uan et r_ t_. _ studud. '. _ ... Hi,""" conc_tr ... i ..... in .. in. ln ncr_tlan ... dtrec:t1 y 
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