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EXECUTIVE SUMMARY

The a_s‘sé;ssme»nt of the environment#l risk of | pesticide coﬁtanﬁination of aquatic
ecosystems requifes the integration of information by experts on the toxicity of such
chemicals to aquatic biota along with an estimation ‘of the "eXte'nt.' of envirdh‘mental
"exposure. This information comes ﬁom a variefy of soﬁrce’s including lab‘bratory and field
studies tb determine the physicc_)chemical characteristics and transfonnafion kinetics of.'the
pesticide itselffas well as toxicity tests using singlc-Spécies of brgém's&ns and groups of
‘ organisms (microcosms). in the laboratory. Field studies in replicated enclosures
| ‘(mesocosms), replicated stream channelé or whol‘e-pond.studiés‘ under simﬁlated field
conditions are used less often but provide important information oﬁ the direct and indirect .
effects of toxicity. This ,papér briefly reviews the information obtained f,rom“t_’hesc? studies
as they pertain to.pesticides and outlines some of the advantages and diSaGVantages of
~ their use in the evaluation of risk to surface waters. In addition, data fequiremenfs and
gaps for the setting of Canadian water quality guidelines for ambient éoncentra,tions of

- pesticide residues are discussed.



PERSPECTIVE DE LA DIRECTION

L'évaluation du risque pour 1'env1ronnement de la contam1nat1on
par des pesticides des ecosystemes aquat1ques exige 1 intégration
d'informations provenant' de spécialistes de 1la toxicité 'de ces
prdduits‘phimiques pour le biote aqﬁatique‘ainsi qu'une estimatioh de
1'amp1eur’de 1'exposition aﬁbiahte. Ces informations proviennent de
'sources d1verses notamment d'études en 1aborato1re et sur le terra1n
afin d! etab11r 1es propriétés phys1co ch1m1ques et la c1net1que de la
transformation du pest1c1de Tui-méme et d' essa1s de tox1c1te effectues
en laboratoire au moyen d'organismes monospec1f1ques et de groupes

d*organismes (m1crocosmes) Des &tudes sur le terrain vdans des
enceintestmultip]esv(mésoCosmeS), des canaux d'essais multiples ou des a
études portant sur deS étangs entiers.dahs des conditions pratiques ‘
‘simulées sont uti]isées‘ moins ' souvent, mais fourn1ssent des?'
1nformat1ons 1mportantes sur les effets: d1rects et indirects de 1la
toxicité. - Le présent document analyse briédvement Tes données tirées
de ces études pafce qu'elles concernent de§ pesticides et sou]ighé
certains avantageé et 1nconven1ents de = Tleur uti1i$atibn pour
l'eva]uat1on des risques pour les eaux superf1c1e11es. De blus, on
étudie egalement les données requ1ses et les écarts en vue de -15
'formulat1on de recommandations pour la qualité des eaux au Canada

. relativement aux concentrations de fond des résidus de pest1c1des.



ABSTRACT

: The. assessment of the environmental risk of pesticide contaminatio'n ‘of aquatic
ecosystems requ1res the integration of mformatlon by experts on the tox1c1ty of such
chemicals to aquatlc biota along with an estimation of the extent of enwronmental
exposure. . This information comes from a varlety of sources mcludmg laboratory and ﬁeld
studies to determme the physmochermcal charactenstlcs and transformatlon kinetics of the
pest1c1de itself as well as toxicity tests using single-species .(')f organisms and groups of
organisms (microcosms) in the .léboratory. “Field studies in replicated enclosures
(mesocosms), replicated stream. channels or whole-po_ﬁd studies undersirﬁulat_e-d' field
conditions are used less often but pfovide impoljtant _inf_ormati}on on the direct and 'indirect.
effects of toxicity. This paper briefly reviews the information obtained from these studies
as they pertain to peSticidés and outlinés some of the adv/ant'ages and disédvantages of
their use in the evaluation of risk to surface waters. In addltlon, data requlrements and

gaps for the settmg of Canadian water quahty guidelines- -for ambient concentratlons of

§
J

- pesticide reSIdues are dlscussed



RESUME

L'éva]datioq du risque pouf l'environnament'de la aontaminatioh
par des pesticides’ des &cosystémes aquatiques exige 1'intégration
- d'informations provenant de spécialistes de 1la toxicité de ces
prodaitSIChiquues pour le”bidte‘aquatiqUe ainsi qu'une estimation de
1'ampleur de 1'expos1t1on amb1ante. Ces 1nformat1ons prov1ennent de
sources d1verses notamment d' etudes‘en laboratoire et sur le terrain
afin d' etab11r tes propr1etes physico- ch1m1ques et la cinétique de 1alv
transformation du-pest1C1de Tui-méme et d' essais de toxicité effectués
en laboratoire au moyen d'organismes-monospécifiques'et Qe groupes
d'organismes (microcosmes). Des études sur le terrain dans .des
enceihfes“multip]és (mésqcosmes), des canaux d'essais multiples ou des
études bortant sur des’étangs entiers dans des conditions pratiques
simulées sont utf1isées " moins .éouvent, _ma{s fournissent des
informations importantes sur les effets directs;et,indiréctside la’
’toxicité. Le présent document analyse briéVement les donhéesftirées
de ces études parce qu' e11es concernent des pest1C1des et sou11gne'
certa1ns avantages et inconvénients de leur utilisation pour
1'eva1uat1on des risques pour 1es eaux superf1c1e11es. De plus, on
gtudie egalement les. données requ1ses et les ecarts en vue de 1la
‘formulat1on de recommandat1ons pour la qualité des eaux au Canada

relativement aux concentrations de fond des résidus de pesticides.



INTRODUCTION
In 1986, over 32,000 metric tonnes of 224 pesticide active ingredients were sold in
Canada as 2350 di_fferent pest control ptoduets (Environment Cariada/Agriculture Canada,
1987). Herbicides made,up the majority of sales (83.4%) while insecticides la,nd fungicides
constituted approxlmately 8.8% and 7.8% respectively of the total volume (Pierce and

Wong, 1988) The extenswe use of pest1c1des may result in such chemicals entering aquatic

B ecosystems in a number of different ways i.e., pest1c1des may enter water directly through

overspray, aenal dnft, careless handling, acc1denta1 spills, unproper dlsposal and/ or actuall

‘treatment of .basms for chemical control of pests. In addition, pestlctdes applied to foliage

and soil may enter water via surface runoff resnlting from rainfall or Sn'c)wmelt as well as
via leaching throngh the soil to the water table. - |

The transport of any particular pesticide from the site of application to aq_'u'atic :
ecosystems is a complex function of the physicochemical properties of the chemical itself
and its fo'rmulatien as well as the time interv’al'be‘twe_.en pesticide application and rainfall,
duration of precipi,tatinn, rates of aiﬁplication, soil 'tex‘ture., condition and topography and
the type and amount of ground cover (Wauchope, 1978; Willis and McDowell, 1982; other
papers in this symposium). | | |

The ecological nsk assessment of the environmental hazards presented by pest1c1des to .

'natural aquatic ecosystems in Canada is presently determined by experts who analyze the

avaxlable sc1ent1ﬁc information on toxicity to non-target aquatlc orgamsms and compare this

- toxicity with the expected environmental concentration (EEC) of a pesticide to determine |

the extent of exposure of aquatic organisms. In the case of new pesticide products or

pesticides on the .refeva‘luation fist (Trade Memorandum R-1-226), a judgement is made



- regarding the acceptability of thlS exposure by officials of the Departments of the
| Env1ronment and Fisheries and Oceans and the information is relayed to Agriculture
Canada where a declslon is made (along with other considerations of mammalian
toxicology; ete.) under the Pest Control Products Act as to whether the chemical will be
registered (in the case of new chemicale), restricted in its nSe- or r‘e(moved fr’otn the market.
In addition, water quality guidelines under the a‘uSpices-of tne federal Department of the
y Environment 1n cooperation with the provinces may be set for the protection of all forms
of aquatic life for pnonty in-use pest1c1des (CCME, 1990). = | )

This paper will review the current ‘methods for estimating the toxicological hazards of
pesticides to non-target aquatic biota and for determining environ‘ment‘al exposure. A brief
diseuseion of the data gaps whiclt neeti to be filled for more accurate assessment of hazard

is also included.
Esti,mat:ing' toxicological hazard

Htstoncally, the main source of information on the toxicity of pest1c1des to aquatlc
orgamsms has been /through laboratory bloassays on smgle-speaes of vertebrates (mainly
fish), mvertebrates algae (some) and microorganisms. |

In an acute tést, orgamsms are. exposed to a pesticide for a relatively short period of |
time under controlled laboratory conditions, typtcally 24-96 h, andk the end point measured
is either death. or a non-lethal effect expressed as either -an LC50 or ECS0 (ie.,
concentrations of substances estimated to kill or have an effect on half of a group of

'or_g'a‘nisms under a specified duration of exposure). The advantages of acute toxicity tests



include the availability of acceptable and standardized methodologies, scientific and legal

defen51b1hty, 51mphc1ty, rephcab111ty, reproduc1b1hty, cost-efflmency, ablhty torank chermcals

for their relative tox1c1ty and companson of relat1ve toxicities to orga.msms representmg

dlfferent trophlc levels (La Point et al., 1989).

Table I gives ranges of the acute toxicities (48-96 h LC or EC50s) for several classes
of pesticides for three ‘trophi'c‘ levels - algae, invertebates and fish. | In general, the
organophosphate insecticides and synthetlc pyrethroids are the most toxic chem1cals to

aquatlc blota with ammal hfe more sensitive than plant life. However ‘there are certain

'mstances where a pesticide, especxally a herbicide, may be very toxic to pnmary producers

€.g,a concentration of 1.0 ug atrazine/L to certain species of algae. Table I also mdlcates
that toxicity levels Can vary widely between spe'c1es within any given trophic level.
| - TABLE I

Ranges of acute toxicities (48-96 hLCor EC50s) in pg/L for algae mvertebrates and fish

for several pestlcldes

Algae © Invertebratess ~ Fish
Herbicides | T T
 Atrazine 1.0 - >100,000 360-30,000 220 -> 100,000
24D 100 - > 100,000 2600 - > 100, 000 - 3700 - > 100,000
Glyphosate - - -, > 100,000 : ' - >.100,000
Triallate - 880 - 2300 "~ 600 - 9600
Insecticides . _ : o | ' L
- Carbaryl 100 - 5000 27-13 250 - 39,000
Chlorpyrifos 1-200 , 0.8 -50 15 - 550
Permethrin 1600 - > 100,000 02-88 ' - 0.04 - 40
Fonofos - ‘ 2-330 - 45-109 .
Fungicides | R . - | |
Thiram - 1000 , 170 270 o 220 - 330

complled from Stratton & Corke (1982) Van Leeuwen et al (1985) Smlth & Stratton
(1986), Mayer & Ellersieck (1986), Mayer (1987), Eisler (1989), Swanson (1989), Buhl &
Faerber (1989)



A most cOmprehensiVe listing of the acute toxlcities of selected pesticides to aquatic
ammals is that of Mayer' and Ellerseick (1986) who collated and evaluated for good
laboratory ‘pra;ctice-, toxicity data developed by the Columbia National 'Fi__sheries Reésearch
- Laboratory of the U.S. Fish and Wildlife Service since 1965 (i.e., 4901 tests with 410
chemilcals»[mainly p‘esticides] and 66 vertebratc and invertebrate species). Amongst 82
_ chemica.ls teste‘d With 6. orf more;Species, the higlrest toﬁdclty values within a chemical
averaged 256X the lowest and values ranged from 2 6 to 166,000X, demonstratmg great
mterspecxﬁc vanabrllty Sumlar results have been demonstrated for plant species by Blanck
et al. (1984) who tested 18 pestlcldes w1th 13 green algae and showed that differences in
" sensitivity among specres w1th1n a chermcal may be as high as a factor of 2000
The data by Mayer and Ellersieck (1986) were also analyzed by various statlstlcal

| approaches to make taxonomic comparlsons and to assess the degree to which vanous
- factors ‘aff:ect to:dcit‘y.‘ Insects, particularly mayﬂies and stoneflies, were the most sensitlve |
group, followed by crustaceans, fish, and amphlblans Among the four most commonly '
tested forms, daphmds were the most sensrtlve 58% of the tlme, followed by rambow trout,
Salmo gazrdnen (35%), bluegﬂls Lepomls macrochlrus (5%) and fathead TNINNOWS,
szephales promelas (2%). Factors whlch were shown to have a modlfymg effect on the
, tox1c1ty mclude pH dissolved oxygen, temperature, pest1c1de formulation, nutntronal status,
source of orgamsms, life stage and size of animals, etc. (Mayer and Ellersieck, 1986
Sprague, 1990) |

Users of acute toxi/cit‘y data for hazard evaluation must be aware that the LC50 or EC50
'generally measu‘res‘ only one biological response, a lethal one, and from the' results; a

toxic,ologist'can only recommend maximum concentrations for the well-being of aquatic



" ofganisms at one point m time. Acute toxiéity tests provide no: infOrmatibn about thé long-
| term impacts of contamination (La Point et al., 1989). | |

| . The estimation of longer-term, chronic effects of pésticides is generally detemed by
exposing a group of orgahisms toa pért’icﬁl_ar cﬁemical over an extended period of time in
the laboratory (typically 30'-6,(_) déys which may inciude whole life-cycles, partial life-cycles
or early life stage tésting) (Pickering and Gilliam, 1982; Jarvinen et al., 1988). The effects
measured may be lethal or- sublethal ‘and can igélude, chan,ge_s‘: in ishrvival,? growth,
| - reproduction, bibcheniis‘tr‘y, physiology or behévior. Table II provides an example of a -
’compariSon 6f acute to chro‘ﬁic toxicity 'leyel‘S fdr fathead mmnow larvae (Pimephales

' pmméla:s;) exposéd to three in$ec-ticide‘s - chlotpyrif()s, fenvalerate, and endrin ) for either
, 96-h ~or 30-d continuous dosing. . Chlorpyrifos was not as acu’t'ély toxic as endrin. or |
'fenﬁalerate in short-term acute toxicity tests but _uhder cbnditions of continuous exposure,

organisms were much more sensitive to this chemical.

TABLE II

Comparison of dcute to chronic toxicity‘ levels for fathead m_iﬂnow Alarva,e (Pimephale's
. promelas) exposed to three insecticides (after Jarvinen et al., 1988).

96-h LCS0 - : 30-d continuous
| . __exposure
Chlorpyrifos ~ .  12ugL 21 gL
' | o o | 7.1° pg/L
Endrin - 070ug/L - 038 ug/L
: | o 073 g/l
Fenvalerate =  o08SugL 036 ugL

“ii;creascd dcforﬁﬁ‘ti‘ééﬁ'- B&écreésed growth “decreased survival




Single-species chronic ~tox;icity tests can b_e very useful in-measuring timéJi_ndependent '
' tox1c1ty relations, sensitivities of differ‘ent"specieﬂs‘ and life stages and bioconcentration
~ potential. These estimates can later be used in establishing thfeShol'd concentrations below
which a tested popnlation cnuld be expected' to perSist indefinitely. (the no-observable-
?ffe(:ts'-concentrations (NOEC)). ‘However, such tests, especinily'with vertebratgs, are time-
consuining, expensive, species-dependent and sometimes toxicantedépeﬂdent and may be
unfeasible for routine use in many labbi'a'tory situations (La Point et al., 1989).

An alternative approach to whole 6rganism tests is within-organism studies i;.e.~,i

“biochemical and physiological indices used to predict and monitor the effects of pesticides

_ on the growth and development. of aquatic organisms.. - For example, the .inhibition of

| acetylcholinesterase: ziétivity has been used successfully in combination with other
mégsureménts e'.g.,' behavior and"/br toxic response, as n tool m diagnosing organdphosph'a‘te |
poisoning in fish and benthic invertebrates (Jarvinen et al., 1983; Day and Séott, 1990).
Exposure to or_g;«inophdsphate pesticides has Abeen shown to alter the bidchemicai
composition, and mechanical proﬁerties. of fish bone and iesult in vertebral abnormalities,
" lordosis and Sqoliosis (McCannan_d, Jasper, 1972; Cleveland}avnd' Hamilton, 1983). Although .
biochemical meaSUren‘ients'have been‘ shown to provide a sensitive indication of Sublet_ha_l
. toxicity in'laborzito'ry siudies in vsome instances, it is unknown if these aberntions occir in
the field ‘a‘nd wheihér ‘thn multiplicity of field variables will ‘potentiate .or mitigate
contaminant inﬂuenceé (in _thesé responses (La Point et al., 1989). In addition, Sprague
| (1990) suggests thnt ¢oncentiati0ns of toxicants causing meaningful within-organism changes

are no lower than, and: are often much higher than,' those that‘ cause __sublethal whole-

organism effects.



The asse'ssment of chemical toxicity to aquatic organisms using single-species toxicity
tests has conﬁiderable value when ‘used to determine toxico'logicél" effects on survival,
grewth, reprbduction, physiology and behavior. For this reason, these tests are the mainstay
of hazard assessments and are usually found in the early stages of most hierarc'liical hazard
aSSessment programs At'present,.acute and chronic laborafOry bioassays are e‘till fhost
‘often used to assess the effecte of pesticides in aquatic eeosystems and to obtain basic

, information for legislation on environmental protection (Ravera, 1989). For example,
* Canadian Water Quality Guidelines for priority in-use pesticides are cur_rently being
.deyeloped by Environment Cana_da for the protection of aquatic life (CCME, 19,90); The
goal of the guidelines is to protect all forms of aquatic life end aH aspects of aquatic life
cycles. For this pﬁrposé, the minimum aquatic toxicological data. requ'irement's for

freshwater are:
N~

~

Fish - at least three studies on 3 or more freshWater speciesv resident in Nort;ﬁ
America, including at least 1 coldwater species (e.g., ﬁout‘) and 1 warm Water speeies
‘(e.g., fathead minnow); of the #above studies, at least 2 must be chronic (partial or
full lifecyele) studies.

5 | .

Invertebrat"ejsv - at least 2 chronic (partial or full lifecycle) studies on two or more
invertebréte sﬁecies’ from different classes, 1 of which includes a plankton‘ic specie‘s_/

- resident in North A_met_icé (e.g., daphnid)




Piants - at leest,l stﬁdy_on a freshwater vascular plant or freshwater ‘algal 'spec‘ies
resident in N(;rth Amqerie_a; for highly phytotoxic variables, the requiremehts increase
to" indude‘ 4 acute and/or chronic studies on non-target freshwater plant or algal
Speciee; | | |
In casee where data are available but limited, interim guidelines are set which are deemed
prefefable to no guidelines. |
“The guidelines afe llr)refere_ntially aer%ved from the lowe_st-obsewable-effec;s level
(LOEL) from a chronic study using a ﬁon—lethal endpoint for the most sensiti§e life stege'
of the rﬁost sensitive a‘quafic species inve's,tigated.. The LOEL is then multiplied by a safety
factor of 0.1 to arrive at the guideline Val,u,e’. This safety facjtof is chosen tfo aecount for'
diffe;iences in Sensitivity to a chemieal variable due to differences in species_,l laboratory vs.
, ﬁele c_oﬁdi’tion_s, and fest endpoin‘ts." When this type of data is unavailable, guidelines can |
be derived from acufe gtﬁdies by converting short:term medium lethal or medium effective
concentration data (LCSO or EC50) to long-term no-effects concentratlons using .
acute/ chromc ratios (ACR) An ACR is calculated by dividing a LC50 or EC50 by the
NOEL from a chron_lc exposure test for the same species. It i 15 important to note that an
ACR should only be used from studies which were Zes’igned for this purpose in order to )
| av01d comphcatlons arising from different test condmons or different test populatlons In
the event that acute/chromc ratios are not available, the alternative method of choice is
to denve a guideline value from an acute study i.e., to multiply the LGS0 or ECS0 value by‘
a urﬁ'ver’éal epp'lica'tion factor. The applicat‘ipn factor for non-persistent §ariab1e5 (half-life

in water < 8 weeks) is 0.05 and for persistent variables the application factor is 0.01.



Two pivotal assur'nptions upon which single-species toxicity tests are based are 1. that,'
by using the most sensitive species results and ensuring that these si;ecies are prdtected in
natural systems all other species will inevitablity be protected and 2. as a consequence,
| it is not possible that malfunctions at hlgher levels of b1010g1ca1 organization will occur
(Cairns, 1989). Several investigators have criticized the extrapolation of results from single-
species toxicity 'tests to predict adverSe ecological effects m the natural environment (Cairns,

1,983; Slooff, 1985; Lynch et al.,' 1985).” For 'example,v such tests may fa11 to predtctindirect
effects of pesticides on aquatic ecosyst,em-s' ie., c_hanges‘in‘ predation, combe’tition, succession
and nutrient cycling, which may ultimately affect the fate and effect of toxicants in aquatic
environments (National Research Council, 1981). In addition, changes in water quality may :
mediate tox1c1ty, the responses of other life hlstory stages of the test spec1es are not

- included in the test, interactions with other chemlcals might make the biological response

additive, sfynergistic e_r antagonistic, etc. Cairns ( 1989) also suggests tha't ‘the use of

-appliCation factors er ACRs ensures that the estimated 'safe’ concentration is exceeding low

and that the cost of meeting_ the environmental concentration of the chemical is frequently
prohibitive. | . ‘ |

Based on these criticisms, it becomes highly desirable to validate single-species
. .laboratory toxicity tests by studying effects in a functi‘oning -community- One approach is
_ to use artlﬁclal ecosystems variously described as "multlspec1es toxicity tests", "laboratdry
streams", "mlcrocosms or "meso.cosms ' depending on design (Sprague, 1990)..

. There are many current attempts to develop standard laboratOry tnicrocos‘ms (e,
aquana of<1m? volume that contain a known medium, blota, and toxicant concentratlons) |

for testmg toxicants espec1a11y pest1c1des (Sheehan et al 1986; Giddings, 1986; de Zwaart



and Langstraat, 1988; Yount and Shannon, 1988). The two approaches tzvhich have received
the most attention and have well-developed protocols are mixed flask cultures (MFC)
(Lefﬂer 1981) and standardized aquatic microcosms (SAM) (Taub and Read, 1982). These
- systems attempt to reproduce community- and ecosystem-level processes in a controlled
manner fepresentative of some pqrt-iorii of a natural environment (Shannon et al,, 1986).
The SAM protocol calls for 'the developm_ent of a deﬁned community from pure stock
ctlltures of algae and other ‘small‘ aquatic animals in a defined medium in glass jars. The
. species aseemblage does not simulate a specific community but serves as a generalized
‘model aquatic ecosystem that includes species at the primary and secondary trophlc levels
as well as decomposers. Changes in population densities, nutrient eycling and .ecosystem-,
level variables are monitored to evaluate toxic effects. The MFC approach allows a
community of organistiis to develop from a Vatiety of natural sources over time - a ‘so-A
called "t:o-adapted'l species assemblage. Evaluation of toxic’ity:involves'monitoring only
ecosystetxx level changes (e.g., community production and respiration). Spe,'cies.populati()n
dynamics are ign,ol_re'd on the assumption that system-level variables are species-independent.
The method is considerably less labour-intensive but not nearly so "data-rich" as the SAM
procedure and may not present a complete picture of toxic effects. Some exfiticisins of these
systems include eoncems abeut the cost and the fact that artificial communities may not be
representative of '-'hatural, co-adapted species assemblages" and are t_he_refore not reliable
fer studies of ecosystem-level pfoperties. There are also problenls with the development
of Vaﬁable cor.mﬁ'unitiesrwhich results in pro'blenis of repeatability

Microcosms w1ll never replace single-species tox1c1ty tests in hazard assessments but

should be comldered as a means of prov1d1ng supplementary mformauon about effects on



complex living systems and to verify smgle-spec1es toxicity tests. Mrcrocosms can also be
used for the reﬁnement and conﬁrmatlon of chemlcal and mathematlcal models

An example of results from a mlcrocosm study is that of Stay et al. (1985) who
exammed commumty level* responses (ie., pnmary product1v1ty, commumty resplratlon,
primary production efﬁcxency and P/R ratios) in SAM microcosms exposed to several
concentrations of atrazrne'(ﬁo, 100, 200, 500, 1000, and 5000 ug/L). All variables measured
i the high treatment levels (i.c., 500, 1000 and 5000 ug/L) declined immediately in
response to added at’razine and remained suppreSSed throughout the experiment with little
Or 1o recovery. aner treétm"en't levels (60, 100 and 200 ug/Ll)h‘ad variable effects on the
parameters measured. The 14C- uptake/chl a ratio, which is an index whlch measures the
| effectiveness of the algal photosynthetlc system, was the most sensitive measure of the effect

of atrazine. Thrs Tratio normahzes the rate of carbon fixed over the large range of

chlorophyll a concentrations and l“C—uptake rates found in these m1crocosms " Data -

developed with this ratio in this study suggest that primary priductivity m_the 60 to 200

pg/L treatrnents-was ,r'ed'uced and although photOSynthesis eventually recovered to control

levels the effectlveness of the photosynthetic system remained 1mpa1red Commumty

respiration was the least sensmve measure of the effects of atrazine and dlfferences were

not significant at treatment levels of less than 200 ug/L atrazine.

Recirculating or continuous flow laboratory streams have also been used to test small

but compl'etetcnmmunities of microorganisms i.e., algae, invertebrates and fish (Lynch et

al,, 1986; Hamala and Kollig, 1985). Muirhead-Thomson (1987) reviewed the use of

- simulated streams in the laboratory to allow a more realistic approach to studying the

reactions of aquatic macroinvertebrates to pesticides. Hansen and Garton (1982) as_’s’eSSed

N

11
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the ability of a standard set of freshwater single-species toxicity tests to predict the effects

of the insecticide, diflubenzuron, on complex laboratory stream communities. The effects -

on these stream communities were assessed at the functional group levels using biomass and

diversity for the analysis. The single-species tests adequately predicted the concentrations.

of diflubenzuron which affected these stream communities. The most-sensitive test species

(i.e., insects andvcrustac_eans) were up to an order of magnitude more sensitive than the

!

observed eommunity effects. The single-species tests were less successful in predicting the

- exact nature of the community level effects fie effects resulting from direct lethality to

'component specres were clearly predicted whereas indirect effects. due to altered‘. |

S mterspecres 1nteractlons could only be predrcted wrth ana priori knowledge of the system $

trophic dynamrcs

Expenmental ponds OI mesocosms (1 e., artificial enclosures with a volume between 1- )

{

300 m3 situated in a lake, -pond or stream), if properly constructed and managed, may‘be

regarded as the most realistic replica of larger aquatic ecosystems with nearly all the -

components of their natural counterparts . These experimental units have beén used by a

number of mvestrgators to answer questions about the fate and effects of pestrcrdes in .

~-aquatic ecosystems (e. g deNoyelles and Kettle, 1982 Kaushrk et al 1985; Crossland and

Bennett, 1989). The unportant advantages of a mesocosm or pond study are that it is
possrble to study effects of ,pestlcrdes on populations of various species under conditions of .

real-world exposure, data can be obtained for species that.are not easily maintained in the |

laboratory, .direet' and indirect effects may be studied (e.g., preda’toréprey’ 'in"teractions,- effects

on dissolved oxygen, etc.) and rates of recovery of populations from stress may be

determined (Crossland and Bennett, 1989). A gre,at deal of chemical information on_the
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transformation of the chemical to metabolites, its half-life and its compartmentalization can
also be obtained from these types of studies (Solomon et al, 1985; 'Magu‘i‘re et al,, 1989).
Some disadvantages of mesocosm studies aré that they are cosﬁy, labour-intensive and some
enclosures may suddenly chémge composition for reasons that are not always obvious (i.e.,
there: are problems w1t}1 replication). |

Oﬁe of the ‘most compfehen_sive systems for validation of laboratory ioXicity data in
rivers and 'fstr'eaﬁls is the facility at the Montilc_el_k,_)' Ecological Rescarch Station, Du41ut,h,‘
Minnesota. This facility contains a series of parallel artificial streams of realistic sizze (1.4
m wide in riffle areas) constructed outdoors. Replicates can be used and new water water
can be dosed to a constant concentration of pesticide. Eaton et al. (1985) used such a
facility to study the effects of continuous and 'Airb_ltermjtten_t concentrations (0.12 - 0.83 ug/L
and 094 - 7.0 ug/L, fespecti'vely) of the organophosphate insecticide chlorpyrifos.
Measured systém characteristics included macrginvei'tebrate dﬁ_ft and ﬁfﬂe benthos
composition; fish survival, gfthh, fep’r‘bductidn, food habits, | tissue . residues and
ac_etylcholjnesteraﬁe inhibition; and system fiinctional prdcess indicators (P/R ratios,
biodegradation, nitrate and dissolved drganic carbon concentrations, bacterial growth and -
- heterothrophic acti§ity). |
Estimating Environmental Exposure

Theoretically there exists a highest predicted environmental concentration of a pesticide
in the various compartments of the aquatic environment (i.e., water, particulate or"ganic"'
matter, sediments, etc.)bthat could potentially result from the normal anticipated use of the
product. An evaluation of the potential exposure of non-target a_cjuatic organisms to such
pesticide residues requires an estimation of the concentration, the bioavailability and the
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duration of contact of these toxicants with biota.
Wherc there is little or no information on expected environmental concentration (EEC),
pesticide residues in aquatic 'écoéystems can be c‘stixﬁated by apb‘roximaﬁng "worst-case" |
- scenario by assuming direct overspray of a small pond 0.5 m in depth. For example, the

EEC for a hypothetiéal chemical can bé calculated as follows:

Maximumllabél rate = 3.5 kg/ha = 3500 g/10,000% = 0.35 g/m>.
If this amount is épplie_d to a surface area of 100 m?, » /
* then 35‘g total will be applied; assuming 0.5 mvdepth,J We have 35 g/50 m3 = 0.70
g/m® which = 0.70 g/1000L or 0.70 mg/L = EEC |
Information on EEC, persistence and distribution of pesticide residués in aquatic
ecosystems can also be obtained from  mathematical models | such as PERSISTENCE
(NRCC, 1981) or 'EXAMSl (Burns ‘et al., 1982) which integrate ‘laboratory data on
volatilization, hydrolysis; phototransfonnat’ion,; watef solubility, octanol-water -partition
coefficient, leaching potential, etc. (Pierce and Wong, 1988). However, the pérsistence of
( pgs‘tic‘ides under field cbnditions may be less than under laboratory conditions due to
hydrblogiéal, limnologiéal and biological iﬁt’eractive processes which are not always
simulated in the laboratory i.e., dﬂution and sediment exchange; uptake, transfer and
metaboliSm'b)!"‘ aquatic !ife; sorption to dissolved and _particﬁlate organic matter, etc.
" More relalistic information on péSticid‘e residues in aquatic ecosystems can be obiained
from field studies using ponds or mesocosms with simulated ovcrsﬁray and ‘i‘nteflsive
analytical sampling (Solomon et al., 1985; Méguire et al.,‘ 1989). For example, Muir ét. al\
- (1985) found tha’t‘ deltamethrin injected beléw fthe suijfaces of two small' ponds rapidly
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: partitionéd from water into suspended solidé plants and sediniént, with a half-life of 2-4
h in water. They found half-lives of 5-14 days for total deltamethrin in. sedlment and
_observed remdues up to 306 days post-treatment
In order to determine actual concentrations of pesticides }in amb_ien,t' sﬁrface waters of
in surféce r“undff from treated fields following routine use, field mgnitofing for peSticides,
| residues on a seasonal and watershed basis is nec,essary.' Limited information has" been
reported by Wauchope (1978), Muir and Grift (1987), Frank and Logan (1988_), Wan (1989);
and Frank et al. (1990a,b). Conccntraﬁoné of pesticides reported are generally in the low
ug/L range with residue levels in rivers and streams uﬁually a great deal»low\er (Table III)
than those measured in ruﬁoff events from agricultﬁral watersheas and reseafch plots (Table
IV)_ (Wauchope, 1978;V_W'illis and McDéwell, 1982). Singleéeveﬂt runoff losses in the rangc
of 1-2% of the total pesticide applied are hot uncommon fof a wide _fange d_f pesticides
although wettable powder formulations, especially the triazines and other water-Squblg
herbicides, may be co‘nsistently higher (>5%). Maximum pésticide losSes usually/take plac¢
in treated fields during intense rainfall that occﬁrs within 24 h of pesticide application
- (Baker et al,, 1978). For exa.mpie, Wi‘tf and Sanders (1988) calciilated that 9'1%, 89% and
78% of the total seasonal losses of atrazine,,l cyariaz‘ine, and simaziﬁg, respectively from a
treated field occurred in runoff from a rainfall evexjt that began on the day of apblication.
They suggestéd that the high loss immediately after application was due to the rclativeiy low
‘ ‘sorpt_ion of f_he herbicides to organic mat;er and soil colloids du’ring the short‘ time between
applica'ti'oﬁ-and rainfall. ‘It"i,s also likély that herbicides originally removed .fr-"ox_n the treated
fields on suspended sediment could be desorbed during tranisport (Spalding and Sriow,
1989). o | | |

15



{

TABLE IIT .

Concentratlons of Pest1c1des in streams located in agrlcultural watersheds

Watershed

Concentration (ng/L)

Prames (Mmr and Grift, 1987)

Triallate
Trifluralin

. Dicamba
2,4-D ,
Bromoxynil
Diclofop

Ontario Streams (Frank and Logan, 1988)

Atrazine
Metolachior
Dicamba
24D
- Endofulfan

< 0.7-64

< 13-229

9.7 -484
45-227
< 05-1.63
12- < 125

200 - 5400

700 - 4100
100 - 22,000
10 - 300

2-48

"TABLE IV-

Maximum Observed Concentrations of Pesticides in Runofi“ in Streams Below Agricultural

Fields (after Wauchope, 1978)

Pesticide Concentration ' Comments
- . in Bulka |
. Endosulfan 18 plotsS; low solubrhty
Dicamba - 4810 plotsc water soluble
- ‘ Phed to foliage
Atrazine 627 - 1460 , plots®; severe storm
o 3 ' wettable powder r
Propachlor 1702 ' plots° wettable powder
Trifluralin 0.5-24 plots soil incorporated
5-60 plots®; severe storm

Fonofos

soil 1ncorporated

~ 3mnoff = both the water and its associated sediment lost from the surfaces of fields
, Pulk = ug pesticide/L of waterfsedrment mixture -

plot = subsection of a field
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- Pesticide ,conce.ngr,a,tions in runoff have been shown to vary by a,n,.order of magﬂitudc '
or more dufing a single runoff event. In addition, pes‘ticidé concentrations in runoff decline
exponentlally with time on a seasonal basis due to volatlhzanon, photolys1s and other
- processes occunng in soil and water following field apphcatlon (Leonard 1988). Other
factors which drastically reduce edge-of-field concentrations after runoff leaves the field may
be added to this complexity i.e., dilution by receiving waterS, sorption by st\ream sediments,
| untreated soil or vegetation surfaces, etc., and it is obvi_oﬁs that goﬁcentrations in aquatic .
ecosystems may be a highly transient property. .

The lack of detectable residues of pesticides in water does not necessarily indicate that
- significant impacts on non-target organisms havé not occurred (Wong et al., 1988). With
the banning or restriction of the most persistent organochlorine ixlsecticid_ejs; most pésticides |
in general use in agriéultﬁre today (e.g.,‘organophosphate and pyrethr(;id insecticides) are
relativeiy short-lived and their ‘impacté may be localized. What this means to the ‘exposvur‘e
regime for -aquatic biota (concentration vs. tihe profile), is that'equ's)ure _wi,ll be irery
vaﬁable _ﬁnder natural conditions with significantly high levels of pesticides being present

for only a short time and then rapidly declining (Jarvinen et al,, '1988).
Understanding the acceptable risk

The simplest determination of risk occurs when concentrations of pesticides observed
and/or ¢stfmated in the field are similar to the levels known to cause acute effects in’

laboratory toxicity studies; éffects on aquatic organisms under field conditions will thus be

anticipated. For example, Buhl and Faerber (1989) calculated maximum concentrations of
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8 herb’icides in bulk runoff during a projected critical runoff event as 10% of the maximum
recommended application rate in runoff water 1 cm deep (Table V). In addition, they
detefmined the acute tozdcities of these herb‘icides and 2 surfactants to eaﬂ‘y fourth instar
la_rvae of the midge, Chtronomus riparius, under')sta'tic conditions. A comparison between
estimatéd maximum herbicide concentrations in runoff and results from acute tests indicated
that triallate, bromoxyml propachlor and alachlor pose the greatest direct risk to mldge /
larvae durmg a storm.event. However, the actual blologlcally available concentratlons in

bulk runoff depends on partltlomng between sediment and water and other complex

'env1ronmenta1 factors and overall assessments must include ]udgements on such m1t1gat1ng

fromvtemporary high concentrations of a pest1c1des In addition, the exposure regime
(concentrations vs. time proﬁle) for aquatlc biota in the field will be radlcally different from
' that in laboratory bioassays where aquatic organ_lsm are exposed to a constant toxlcant

__Water concentration over the .exposure duration which is experimentally d'etermined. ‘The
~use of cOnstant‘ exposure laboratory"values_ in toxicological “hazard assessment .may
overestimate toxicity ifvexpected -environmental concentrations are never reached or if the :
exposed organisms have the ability to recover. In contrast, toxicity may be underestinlated
if brief exposnres can, in fact, cause adverse effects. In addition, concentrations of
pesticides in aquatic ecosytems are normally too dilute to produce acute toxicity but the
direct and indirect effects caused by.chronic exposure of aquatlc orgamsms to low
‘concentratlons of persistent or mterrmttent pesticides are dlfﬁ_cult to assess. ‘As pointed out |
by Wanchope (1978), although we have a fair ability to estimate inputs of pesticides to

aquatic ecosystems, we have.a near complete ignorance as to what those inputs mean.
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TABLE \

Comparison - of . projected herbicide concentrations in runoff with correspondmg acute
toxicity values (after Buhl and Faerber, 1989) ’\

Herbicide - _ ‘Mammum 48-ﬁ ECSO — Ra_ti(r)'" s

Estimated to Midge . 48-h ECS0/
Concentration Larvae = Runoff Concentration -
in Runoff (mg/L) ' :
© (mg/L) |
Triallate '1.68 1.23 - 0.73
Bromoxynil 112 ' 1.90 . 1.70
Propochlor 6.72 » 2.20 0.33
Alachlor 448 125 ' 279
Butylate . 670 37 - 552
EPTC : 6.70 ' - 56 o 8.36
Metribuzin 1.1 130 118
Glyphosate 45 : 5600 - 1244

8calculated for a crmcal’ runoff event as % of the apphcatlon rate lost in a given volume
-of runoff; a ’critical’ event is defined as one in which at least 1 cm of rainfall produces a
runoff volume of 50% or more within 2 weeks of application

AN

| Wong et al (1988) ranked the 25 top selling pesticides in Canada_‘a'lohg with sbme of
their related chemical forms with regard to their persisteﬂce in‘aquatic ecosystems and their
t'okicity to aquatic organisms using knowledéé of their physical, chemical and toxigological
prb‘perties in co‘mbiﬂation with theirluse patterns and a variety of recognized- methbds (ie.
subjectlve rankmg based on properties, weighted ranking equatlons NRCC PERSISTENCE
model etc.). The input data were chosen to smulate the in situ dynamlcs of selected in-
use pestxades following a midsummer smgle-event release at the initial concentratxons |
expected from a d1rect overspray of the water body at the mammum recommended crop
application rate. Three indices which incorporate progressively more measuréments o_f :
to:dc'ity, bibconcentr_ation, ekpected é‘nvironmental. éoncentr‘ation and persistence were u_séd

in exploring the utility of hazard indices. The first index, the lethality index (Zitko and
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McLeese (1980) is simply the ratio of the expected environmental concentrations in 'wa,t'er |
to the lowest LCS0 recorded for each pesticide. The EECs were obtained from runs of the
PERSISTENCE model assumirrg no degradative losses. | With this index, the most tox’ie
pesticides were the insecticides . earbaryl, malathion, diazinon, chlorpiyrif.os, etc. and the
fungicide, thiram, The se,cond index, the hazard Aindex‘(Bu‘rridge and Haya, 1987), was
calculated simply by multlplymg the lethahty index by the bioconcentration factor predlcted
| for fish by the PERSISTENCE model. The bioconcentration factor (BCF) is the ratio of
the concentration of a substance in ﬁsh to the concentratlo_,n in the water where it has lived.
Bioconcentration has received a great deal of attention in both biomonitoring, researeh arid
'techm'qhe developrnent mainly because of the eoncem for the health of humans \t'ho may
eat contammated fish rather than d1rect toxicity to the orgamsms whrch accumulate the
‘toxicant (Sprague, 1990). On the basis of the hazard 1ndex, chlorpyrifos, malathlon,
drazmorx, and carbaryl were again ranked in the top five most hazardous pesticides with
. phorate, tetbufbs, li_rrdane, thiram, etc., also ranking high_ly,.j The remaining measurement
of risk,lthe Relative Hazard Index (RHI) of '-Sheehan et al. (1987) incorporates bt)th'the
expected envrronmental concentratlon ofa chemlcal as modlfied by its predicted persrstence :
and its acute toxicity. The 14 most hazardous pesticides as estlmated by the RHI mdexv
(assummg equrhbnum in a Standard L-ake or Pond system) are (in order of decreasing .
toxieityl carbaryl, malathion, diazlnon, feﬂitrothior;, metolachlor, atrazine, lindane,
glyphosate, carbofuran, phorate, chlorpyrifos, terbufos, eaptan. and 2,4-D BEE. -Pesticides |
- such as terbufos and phiorate have much lower RHI at equilibrium than carbaryl or
rnetolachlor even though they are more toxic because they are also much less persistent

(Table VI).
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Ranking of thé 25 most heavily used peétibides in Canada on th

- TABLE VI

;

e basis of a lethality index,

a hazard index and a relative hazard index (RHI) (at equilibrium) (after Wong et al., 1988).

Difenzoquat

0.0001 Difenzoquat

0.0001

Lethality Hazard RHI
Carbaryl 1846 Chlorpyrifos 440000 Carbaryl 8489

- Malathion 1620 -  Malathion 92502  Malathion - 3060
Diazinon - 955 = 'Diazinon 89292  Diazinon - 858
Thiram 223 Phorate - 45853  Fenitrothion 195
Chlorpyrifos 100 Carbaryl 34523 Metolachlor 75
Lindane 65 Terbufos 20760  Atrazine - 54
Phorate 55 Lindane © 16880  Lindane 30
Captan 26 Thiram 15052  Glyphosate 8
Fenitrothion 25  Fenitrothion 3722  Carbofuran 7
Terbufos 15  Fonofos 2056  Phorate 7
Chlorothalonil 13 Trifluralin 1332  Chlorpyrifos 6
Fonofos 6 Chlorothalonil 1050  Terbufos 5
Carbofuran 3 Captan 753  Captan - 2
2,4-D BEE 14 Triallate 230 24-D BEE a
2,4-D acid 1.0 2,4-D BEE 87 N
Atrazine - - 0.45 2,4-D acid 51 .

. Glyphosate 031 Diclofop-methyl 2
Triallate 028  Atrazine 19
2,4-D amine salt - 0.09 Metolachlor 7
Metolachlor 0.08 Glyphosate 28
MCPA 0.02  Bromoxynil 04
Diclofop-methyl 001  MCPA 0.04 -
Bromoxynil 0.004  2,4-D amine salt 0.03

It must be_emphasized that the use of such a model requires many assumptions i.e., all

processes follow simple kinetics, the. se'ttling of suspended particulates in the water column

~ is not included, the dis’t‘rlibution. of the- pest_ié_ide is assumed to be at equilibrium, good

estimates of partitioning and transfer rate constants are not always available, etc. It should

also be pointed out that studies on the toxicities of the various pesticides to maérophytes
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and algae were not-included in the toxicity data set because of the lack of é,bﬁsiStent
: methédologi¢s amongst spc;'cies' and pesticides. |
. Kent et al. (1990) reﬁewed the current sci‘enﬁﬁé literature from the past 5 years for
| toxicological studies on pesticides (a total of 668 original articles) and identified a number
of critical ga‘ﬁs for 3 out of 14 pﬁoriiy herbi}cide“s with regard to the aquatic toxic:ology and
fate of these substances as followé: |

1.' Relatively few toxicity studies are being conducted on plants and decomposers

V. despite their obvious importance in aquatic eC6system food webs and energy cycles. |
2. Most aquatic ve‘ftebra‘te toxifcity studies are goﬂducted on spebies of fish indicating
a éo,nspi'c.uoué lack of Mphibian, reptile, bird and mamma1 data. |
- 3. Toxicity studies 01; aquatic macrophytes are rare. . : S
4, . Approximately 2/3 Qf the studies sampled were acute toxicity tests with only 1/3
chronic. | |

5. In most tests, the medium used was oﬁlf_y water.

6. M‘i_c"rocosm, ‘enclo's,ure and field studies were rare.
"In maﬁy casés, ‘thesef' data gapg were severe enough to._suppor'i only intérim freshwater
‘Canadian guidelines or prevent guideline development entirely. | |

‘The pesticide for which there is the ' most comprehensive data 'bé.ée for both pofential
adverse effects on ndntarget aquatic 'or'gani_sm,s and documented presence m freshwater
eéosys,ten_;s vist‘he triazine hgrbicide, atrazine (Eisler, 1989; Swanson, 1989; Trotter et al.,

© 1990). Atrazine 1s used extensively in corn p_r_oduction in North America and has been




found contaminating surface and groundwater in a number of agricultural watersheds (Muir

et al, 1978; Frank and Logan, 1988; Spalding and Snow, 1989; Frazk et al, 1990a,b).
Laboratory toxicity tests have indicated that reduced oxygen evolution and reduced growth |
in certain sensitive algal species can occur at conctentrations of atrazine as loys' as 1 ug/L
(Torres and O’Flaherty, 1976) (Figure 1). Mesocosms studies in p‘ond ecosystems also
indicated that photosynthe51s would be reduced in sensitive species exposed to these low
concentrations under field COIldlthIlS (DeNoyelles et al,, 1982). Concentratlons as low as
| 20 pg/L could alter algal species succession and composition (DeNoyelles and Ketjtle, 1985)
as well as reduce benthic invertiebrat.e emergence (Dewey, ‘19'82) and‘i‘nﬂ'u_ence bluegill
reproductive success (Kettle et al., 1987). Concentrations in thevran‘ge of these levels whic-h
show direct and indirect effects i.e., 0.7 - 89 ug/L have been reoortecl. to occur alheit‘
sporadically in streams and ponds adjacent to agricultural land where atrazine is extensively
used (Table VII). On the basis of this in‘fofmation and the toxicity studies with algae and
other aquatic vascular plants, the freshwater guideline of 2. 0 ug/L was derived for the |
protectron of freshwater aquatrc life in Canada (Trotter et al,, 1990).
In summary, in the hazard assessment of the effects of pest1c1des on freshwater blota,. '
the ideal cost-effectlve approach would be to conduct a careful and comprehenswe -
evaluatlon of toxicity data either from the literature or from actual laboratory toxicity tests
utlhzmg acute and, whereever poss_lble, chronic toxicity data for represent'atlve species of
different trophic levels i.e., an alga, an invertebrate and a fish. Such data.WiII indicate
which groupsof organisms are likely to be the most Suscept'ible and therefore which should
be sampled more intensively | in the event of a pond or mesocosm study. Chemical

- information on photolysis, hydrolysis, solubility, etc. should also be consulted for estimations
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on persistence, solubility and transformation. These data w111 help in deciding whether
structural and/or functional responses of organisms should be monitored. dForexample, in
the case of chemicals that are toxic b_ut nonpersistent, transient effects on population
densities of susceptible species may ,bé, expected but populations may recoyer' quickly in a
short trme Functior'tal reSponses such as growth reproduction and productivity are often
regarded as more mdlcatlve of the health and mtegnty of the ecosystem than structural
responses and are. therefore more 1mportant in the context of chromc toxicity of more
persistent pestlcldes |

Unfortunately, the assessment of the downstream 1mpact of pesticides in runoff from

agncultural lands is confounded by factors as distance of transport, drlutron, sorptlonv -

processes sedrmentatlon, degradatlon and the mherent ability of any aquatlc ecosystem to
recover from temporary hlgh pestrcrde concentratrons It has been suggested that bnef‘
exposure tests, ie., pulses should be mcorporated into the hazard evaluatron process
-because the effects of pestlcrdes on aquatic organisms cannot be acurately predicted by -
standard toxrclty tests which approximate constant exposure. Serious knowledge gaps exist -
in several key areas in our understandmg of acceptable risk as follows (leby and Boggess
‘f1989 La Point et al 1989; Day, 1991) i

1. Our ablhty to detect and measure chemical concentratlons far exceeds our

understanding of their significance
2. The effects of low-dose, er’(tended exposure toxi‘cities are very difficult to eya'luate ,
3. The toxlcrtres of ‘mixtures of chemicals and the synerglstrc effects of combmed

chemical exposure greatly comphcates evaluation of the potentlal effects

24



- 4. Most studies oni,y consider the dynamics and effecis of the pafent ’compmmd rather

 than include degradation énd/ or.tranéformaﬁon products which éould be more toxic.

5. Information is scarce on the cost and efficacy of alternative control st:étégi‘e,s
particularly giVe'ri the site-specific nature of many conitaminant problem's.‘.

. 6. .Meamngful~ endpoints in tests perfdrmed ai the community or ecosystem levels are '

| difﬁcu_lt to determine e.g., what does the loss of a sensitive sbecies indicate 1f it is

_' ré,pl_,aced by a mbre resistant species and the role . in community function is

, uﬂaltefed? ‘ | .

The chailgn_ge is to fill these knowledge gaps using cost-efficient but comp_reAhensiver

thicity tests. As pointed out by La Pointvet al. (1989),‘ despite higherv'costs? complex test

systems can remam cost-effect because multiple-species effects and chemical fate can be

jointly studied in the same system. Flirthermore—, the information gained in é‘cotoiicologic_al

| t"esting‘ adds to the baéic knowledge of ecosys‘ten'i s’tructufe and functipn. Only When we

uﬁderstand more about how popplétions and éom‘munitie_s respond to éhemical stress will

we be able to reduce their hazard potential.
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Think Recycling!
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Pensez a recycler!




