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‘Abstract

A literature review was conducted on the
uses, fate, and effects of carbofuran on raw
water for - drinking water supply, freshwater
aquatic life, agricultural uses, recreational water
quality and aesthetics, and industrial water sup-
plies. The information is summarized in this pub-
lication. From it, water quality guidelines for the
protection of specific water uses are recom-
mended.

Résumé

On a examiné la documentation relative aux
utilisations, au devenir et aux effets du car-
bofuran sur I'eau naturelle utilisée comme eau
potablé non traités, sur la vie aquatique en eau
douce, sur I'utilisation de I’eau pour I'agricul-

ture, sur la qualité. de I'eau pour les loisirs et

I'esthétique, ainsi que sur les approvisionne-

ments en eéau pour I'industrie. Ces renseigne-

ments sont résumés dans cette publication. A
partir de cette étude, des lignes directrices sur

la qualité de I'eau sont recommandées pour la

protection d'utilisations particuliérés de I'eau.



~ Canadian Water Quality Guidelines for Carbofuran

D.M. Trotter, R.A. Kent and M.P. Wong

SOURCES, OCCURRENCE, AND
CHARACTERISTICS

Uses and Production

Carbofuran is the common name for the
chemical  2,3-dihydro-2,2-dimethylbenzofuran-7-yl
methylcarbamate (IUPAC) or 2,3-dihydro-2,2-
dimethyl-7-benzofuranyl methylcarbamate (C.A.).
The structural formula of carbofuran is shown in

Figure 1. it was originally produced in 1969 by the -

Agricultural Chemical Division of FMC Corporation
under U.S. Patents 3474170 and 3474171. lts
Chermical Abstracts Service Registry Number is
1563-66—2. Other names and registered trademarks
include Furadan®, Curaterr®, YaltoxR, Bay 70143,
NIA 10242, and ENT 27164 (Thomson, 1979; Worth-
ing and Walker, 1983).

Q
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Figiire 1. Structural formula for carbofuran.

Carbofuran is a major use systemic pesticide in
Canada. Salés data from a 1982 retailer survey con-
ducted by Monenco Ltd. (1984) for the Canadian
Wildlife Service and additional data collected in 1986
are presented in Table 1. A survey of the various
provincial agricultural and environmental ministries in
1986 indicated that British Columbia, Saskatchewan,
and Manitoba did not keep records concerning
carbofuran use within their respective jurisdictions.
During the summer of 1986, the government of Nova
Scotia approved legislation requiring the licensing of

pesticide vendors and the annual reporting of pesti-
cide quantities sold. Prior to this legisiation, no
records were kept by the government of Nova Scotia
concerning pesticide sales or use. The quantities of
pesticidés sold in Quebec are reported to the
Ministry of Environment and Environment Canada on
a voluntary basis only and no figures aré available
for carbofuran alone. The only reporting of car:
bofuran usein Alberta is through the Alberta Farm
Grasshopper Cornitrol Assistance Program. Thi§. pro-
gram reimburses farmers for the purchase of
insecticides. Records are kept regarding the litres of
product sold by district, the cost per district, and the
average cost per farm.

Table 1. Carbofuran Sales in Canada

Province ‘ Year' Quantity™®

New Bruxiswick 1982 2943 kg active ingredient
1985 2278 kg + 2122 L of product
1986 1140 kg + 1322 L of product

Prince Edward Island 1982 1100 kg + 2120 L of product

Nova Scotia 1982 7065 kg + 527 L of product
Newfoundland 1982 5960 kg + 792 L of product
Ontario 1983 43 890 kg active ingredient
Alberta 1985 123 756 L of product

1986 130 361 L of prodict

Source: Moh‘e'ﬁco Ltd., 1984; McGee, 1984; Brown, 1987, New
Brunswick Ministry of Agriculture, pers. com.

*Information on specific product formulation sold was ol available. Prov-
inces vary in reporting requirements (i.e., quality of active ingrediént
versus quantity of commercial product).

Carbofuran is a systemic acaricide, insecti-
cide, and nematicide, which may be appliéd to foli-
age at 0.25-1.0 kg-ai-ha™ (ai = active ingredient). It
may also be applied to seed furrows at 0.5-4.0
kg-aicha~' or broadcast at 6-10 kg-ai'-haj" (Worthing



and Walker, 1983). Carbofuran has been used on
the following crops (Worthing and Walker, 1983):

corn " sugar beets
alfalfa peanuts
mixed vegetables peppers
canola strawberries
onions rutabagas
tobacco turnips
mustard sorghum
carrots potatoes
sunfiowers raspbernes

The following pests are controlled by carbofuran
(Worthing and Walker, 1983):

corn rootworms wireworms
alfalfa wéevils boll weevils
aphids scale
thrips » - European corn borers
mosquitoes army worms
. nematodes grasshoppers

Carbofuran formulations include 2%, 3%, 5%,
and 10% ai in granules, 480 g-ai- L~ as a flowable
paste, and 750 g-ai- kg as a wettable powder.

In the Atl,a,h_t_'iﬁc provinces of New Brunswick,
Newfoundland, and ' Prince Edward Island, car-
bofuran is used primarily on potatoes. A user survey
in Nova Scotia indicated carbofuran was used on

mixed vegetables. The granular formulations are:

banded in the drill at 33.6 kg-ha~' in May during
planting. The liquid formulation (Furadan 480F) is
apphed by ground spray -equipment on an as-needed
basis at 0.6=1.2 L- ha™' Normally. no more than one
application would be made per crop (Monenco Ltd.,
1984).

Chemical thrgcterlgtlcs

~ The physical and chemical properties of
carbofuran are presented in Table 2. In addition to
the generally reported water solubility of 700 mg- L
at 25°C, a solubility 6f 320 mg-L~" at 19°C has also
been reported (Life Systems, Inc., 1985). Kenaga
(1980) reported a water solubility of 415 mg- L™ (no
temperature given).

Carbofuran in the Environment

Carbofuran has the potential to enter the
aquatic environment from direct spraying or

Table 2. Physical - ‘and Chemical Piopeitles of

Carbofuran

Chemical forifiula: C,,H;sNO,

Molecular weight: 221.26

Elemental analysis: C, 65.14%; H, 6.83%; N, 6. 33%, ,

o 21.69%

Physical state: white, crystalline solid

Odour: odourless, slightly phenolic

Flammability: not flammable; will support combustion if

ignited

Explosive hazard: none

Corrosive action: none ‘

Melting point: 153°C 10 154°C

Density: 1.180 (20°C)

Vapour pressure: 2 x 10-° mim Hg (33°C) 1.1 % 10~* mm Hg
(50°C)

Soil adsorption coefficient: 17-160 (depeénding on soil types)

Octanol/water partition coefficient: 42.45

Solubility (% weight/weight, 25°C):

Acetone 15 .
Acetonitrile . 14
Benzene . 4
_ Cyclohexanone 9
Dimethyl formamide 27
Dimethyl sulfoxide 25
Ethanol 4
Kerosene 1
N-methyl-2 pyrrolidone 30
Methyl chloride 12
Petroleum ether 1
Xylene . 1
Water - 0.07 (700 ppm)
Base hydrolysis rate constants:
s°C 11.4 £ 0.2 L-min~"-mol~'
10°C 18.0 £ 0.3 L-min-"-mol-'
15°C 30.6 * 0.6 L-min-'-mol~'
25°C ' 67.0 * 0.4 L-min-"-mol-"
35°C 163 *1 Lemin~'-mol-'

" Note: Rate constant for 3-hydroxycarbofuran al 15°C is 119

Limin~'-mol-*

Source: Adapted from Life Systems, Inc., 1985, wﬁh additional data
from McCall et al., 1980; Bowman and Sans, 1983; Kenaga,
1980; and Lemley et al., 1984.

broadcast of granular formulations, drift deposition
of sprayable foririulations, and in runoff water from
treated fields. Redeposition. from the atmosphere is
another route of entry, as recent studies have
shown the presénce of carbofuran in rainwater.

Actual field experiments conducted in southern
Alberta, where two ponds were sprayed directly with
carbofuran (4.8% flowable) at the r‘ecomm‘ended
rate for grasshopper control of 0.14 kg-ai. ha™'
resuited in detectable residues of 4.2 ug.L™' (sur-
face sample) and 0.4 ug- L (bottom sample) in the

spraymg (Enckson et al 1977) Carbofuran could




be detected in water samples from the second pond

only at the surface (0.75 ug- L") immediately after
spraying. The surface concentration of 4.2 ug. L
declined to 0.3 ug-L™' in approximately 7.5 h after

the spray application and was below detection limits

(<0.1 ug- L") thereafter. The bottom concentration
of 0.4 g L~ declined to 0.1 ug- L~ after approxi-
mately 2 h and was below detéction limits thereafter.
The surface concentration of 0.75 ugL™' in the
second pond declined to below detection limits after
3.5h.

. Two additional ponds adjacent to fields
receiving the 0.14-kg-ai- ha~' application were not
difectly sprayed. Carbofuran was detected in only
one of these ponds as the result of drift from spray
applications in the target area. The detection of
carbofuran in this pond (0.5 ug- L™"), however,
occurred in samples collected 4.5 h aftéer the
spraying of the target area rather than in samples

collected immediately after spraying. Because of the
hugh alkalimty of this pond (i.e., 1267-1285 mg
CaCOas- L™"), the routine acidification of samples did
not lower the pH sufficiently (i.e., pH 2-4) for the
stabilization of the carbofuran for chemical analysis.
It can be speculated that some carbofuran was lost

- from the water samples (by hydrolysis) during ship-

ment to the laboratory, accounting for the lack of
detectable carbofuran immediately after spraying
(Erickson et al., 1977).

The amount of carbofuran loss from treated
fields in runoff water is the result of such interacting
factors as target of application (i.e., soil or foliage),
timing and intensity of the rainfall after application,
formulation and method of the application (granular
broadcast, granular seed, furrow incorporation, or
spray and percent active ingredient of each), hydro-
logic characteristics of the treated area, and the
chernical and physical characteristics of the soil.

Wauchope and Leonard (1980) attempted to
model pesticide runoff mathematically for a variety
of pesticides. Their model was based on the

_physical-chemical properties of the pesticide, the lo-

cation of the pesticide after application (i.e., foliage,
soil surface; or subsurface), the amount of pesticide
applied on an area basis, and the dissipation of the
pesticide prior to runoff. Using the data from Caro
et al. (1973), the model predicted a bulk concentra-
tion of 5.9 mg.L~" carbofuran in the runoff from a
field treated with 5.41 kg-ai-ha™' as a granular for-
mulation, 2 d after application and 0.12 cm rainfali.

The concentration actually observed by Caro et al.
(1973) was 1.4 mg-L™"'. Given the complex nature of
pesticide runoff, the model was anticipated by giving
only order of magnitude responses. Caro et al.
(1973) also observed carbofuran at 1.0 mg: L™ in
runoff from a field treated with granular carbofuran
at 4.16 kg-ai-ha—', 2 d after application and 0.04 cm
rainfall.

Of the estimated 1092 kg of carbofuran used in
11 southern Ontario agricultural watersheds in 1976,
losses to streams draining these areas were
calculated to have a mean of 1.5 mg-ha—'.a~" for.the
period 1976-77. Losses of carbofuran to streams in
the same area for the period 1975~76 were
determined to be zero (Frank et al., 1982).

In a recent publication, Richards et al. (1987)
documented the presence of carbofuran residues in
the <0.1—0.5-;zg-L'1 range in rainwater .collected
from the northeastern United States in 1985. A
seasonal pattern of occurrence was reported; as the
residues were found only in the spring and summer
months.

Krawchuk and Webster (1987) detected
carbofuran residues in 8 of 14 ground-water samiples
from a farm located southwest of Portage la Prairie,
Manitoba. The residue concentrations ranged from
11.5 to 158.5 ug-L™" in 1982 and from <0.5 to 1.0
ug-L~" in 1983. Carbofuran pheno! was also identi-
fied, and confirmed by mass spectrum analysis, in 5§
of the 14 water samples.

Along with published reports specifically
concerned with carbofuran in aquatic ecosystem
components, surveys of contaminant groups in the
aquatic environment, including carbofuran, are also
available. These reports -and surveys are
summarized in Appendix A.

Persistence and Degradation

The persistence of carbofuran dissolved in
water is controlled by chemical and biological degra-
dation. These processes, alone or in combination,
were responsible for the disappearance of 5.0
mg- L™ carbofuran from natural marsh water, dis-
tiled water, sterilized natural marsh water, and
sterilized distilled water (Sharom et al., 1980): The
similar degradation rates for carbofuran observed
under these sterile and nonsterile conditions led to
the conclusion that degradation may be primarily
chemical.




Hydrolysis is probably the most important
chemical reaction aiding in the dissipation of car:
bofuran. This process is base catalyzed and directly
influenced by pH. Thé half-lifé of carbofuran in water
dué to hydrolysis alone varies from approximately
0.2 d at pH 9.5 to 1700 d at pH 5.2. Temperature
also has a major influence on the rate of carbofuran
hydrolysis with a reported 35% increase in hydrolysis
rate for each one degree centigrade temperature
increase at ambient temperature. Carbofuran degra-
dation products have even higher rates of hydrolysis
than the parent compound and are highly unstable at
pH values of approximately 9.5 and temperatures of
37°C-38°C (NRCC, 1879).

Microbial activity is also important in the
dissipation of carbofuran in soils. Although microbial
communities in the water colurin are much less
dense than those in soil, they have a similar capabil-
ity for carbofuran degradation. The data reported on
the dissipation of carbofuran in water resulting from
the combined effects of chemical hydrolysis and
microbial degradation generally show rapid reduc-
tions in carbofuran concentration. Greenhouse
model systems containing only water and five green
sunfish (Lepomis cyanellus collected from a local
pond) demonstrated that carbofuran was reduced
from 0.081 to 0.011 mg:L~" in 21 d (Metcalf et al.,
1974). These model systems weére extremely simplé
(i.e., fish and water only) and lacked the normal

microbial and planktonic assemblages fourid in
surface waters as well as sediment. Thus, it may not
be surprising that carbofuran persisted for longer
than 21 d in such systems. '

By contrast, carbofuran disappearance from
rice paddy water tréated with a granular formulation
(Furadan 2G) at 2 kg-ai-ha™ was much faster. The
specific formulation used was designed for greater
than 90% release within 24 h in periodically agitated
water. One and five days after treatment, some of
the paddy water was pumped into stagnant ponds
where dissipation was monitored (see Table 3). Half-
lives of carbofuran in these systems ranged from 48
to 67 h (Seiber et al., 1978).

Additional studies of carbofuran in rice paddy
water demonstrated that the chemical hydrolysis of
carbofuran to carbofuran phénol occurs rapidly
(about 5 d at application rates of 2 kg-ai:ha™'). The
sterilization of the paddy water did not inhibit the
degradation of carbofuran, but did produce a
buildup of ¢arbofuran phenol, which was not ob-
served in the unsterilized water. Thus, while the
degradation of carbofuran to carbofuran phenol is
apparently due to chemical hydrolysis, the removal
of carbofuran phenol is substantially accelerated by
the presence of microbes (Siddaramappa et al.,
1978; Siddaramappa and Seiber, 1979). '

Table 3. ILoss of Carbofuran from Paddy and Pond Water in the Field

Paddy Pond A Pqnd B
Ela psed Conc. Elapsed Conc. Elapsed Conc.
time (d) (mg-L-") time (d) (mg-L"") time (d) (mg-L-
1 2.0 0.80 1.8 1 0.45
2 1.6 1.2 1.5 2 0.38
3 1.3 4 0.59 3 0.34
5 0.76 5 0.22 4 0.14
6 0.68 6 0.18 8 0.01
8 0.34 7 0.06
13 0.02 8 0.02
op™™)* 1.0 x 10-2 ) 1.4x10% 1.2 x 10-2
1% (h)* , 67 48 55

Source: Seiber et al., 1978.

Note: Average pH's al 8:00 a.m. and $:00 p.m. were 7.8 and 8.8, respecuvely, average temperatures at 8:00 a.m. and §: 00 p.m. Were

26°C and 30°C, respectively.

Maximum concentration of carbofuran in paddy water was 2.3 mg'L' .

K, = observed rate constants
t',, = calculated half-lives

*Calculated for days 1-8 (paddy), days 0-4 (pond A), and days 0-4 (pond B).



Similar studies of degradation in natural and
sterilized paddy water by Deuel et al. (1979) also
confirmed the nonbiological dissipation of car-
bofurdn. Ih this latter case, however, the paddy
water pH ranged between 6.0 and 6.5. It has been

speculated that the removal of carbofuran can also

result from clay-surface catalyzed hydrolysns Car-
bofuran applied at a rate of 0.56 kg-ai. ha~' (as a
broadcast of an unspecified granular formulation) to
experimental 300-m? plots was degraded to <0.02
kg-ai-ha™' in 96 h during a 1973 field trial.

Carbofuran degradation in natural ponds (pH
about 8.5) following direct aerial application (0.14
kg-ai-ha~') showed a maximum carbofuran per-
sistence from 10 to 21 h (Erickson et al., 1977).
Degradation was reported to be the direct result of
hydrolysis occurring at the carbamate linkage

"yielding carbofuran phenol as the main degradation

product. No information was given regarding the
possibility of microbial degradation. Concurrent
laboratory studies demonstrated a 70% or greater
hydrolysis of carbofuran in the natural waters at the
end of 30 d. Natural pond water adjusted to pH 2.5
and 5.0 did not produce hydrolytic degradation of
carbofuran, whereas increasing the pH to 12.5
resulted in the immediate and complete hydrolysis
of carbofuran. Natural waters of pH 9.5 and 8.25
showed dramatic (i.e., 45%-~60%) reductions of
carbofuran within the first 10 d. Variations in hydro-
lytic degradation among the natural waters can
apparently be affected by variations in the natural
salts producing. a buffering effect and slowing
hydrolysis (Erickson et al., 1977).

Additional published studies concerning
carbofuran degradation in water under Canadian
conditions wére not found. Other relevant data may
exist; but are not published at this time. An example
is the pesticide sampling and analysis program con-
ducted by Alberta Environment in the southern part
of the province (Eco/Log Week, 1986). The sam
pling and analysis program reportedly found 5 ug- L
in irrigation water supplies.

In their study of the persistence of carbofuran
and its metabolites in rice paddy water, Deuel et al.
(1979) used laboratory experiments to determine if
photodecomposition and/or volatilization contributed
to the dissipation of the insecticide. Significant
photodecomposition has been observed in deionized
water irradiated with natural sunlight for 96 h. While
the potential for substantial photodecomposition
may exist, field studies are needed to fully quantify

the significance of this degradative process. Volatili-
zation of carbofuran and 3—ketocarbofuran from
water in the laboratory was found to be insignificant
(Deuel et al., 1979).

One mechanism of carbofuran dissipation. from
rice paddies that has received limited attention is
volatilization and exudation of the parent compound
and its metabolites through the leaf surfaces of the
rice plants. This mechanism, whereby' carbofuran is
taken up by the plant roots and translocated to the
rapidly transpiring and fully developed leaves, allows
the loss of the pesticide by direct volatilization
through the stomata or by volatilization from or re-
moval of the guttation fluid present on plant leaves.
The quantity of carbofuran removed by this mecha-
nism depends on the manner in which the pesticide
is applied (i.e., broadcast to paddy water or soil or
soil incorporation) and the various meteorological
conditions to which the plants are exposed. The
laboratory studies investigating this mechanism have
generally revealed carbofuran losses via this route
of less than 10% of the applied pesticideé. Field cén-
ditions might produce higher losses (Siddaramappa
and Watanabe, 1979; Ferreira and Seiber, 1981).

Information is scarce concerning the environ-
mental fate and persistence of carbofuran in true
lacustrine sediments. Carbofuran has been found in
sediments of farm ponds deliberately treated with
the chemical (Klaassen and Kadoum, 1979), but no
attempt was made to examine the various
processes in the sediment responsible for car-.
bofuran dissipation. The available information con-
cerning carbofuran adsorption on selected soils, its
solubility in water, and soil-water equilibration indi-
cates that sediment concentrations of carbofuran
are not anticipated to be substantially higher than
the associated water concentrations (NRCC, 1979).

Information is available concerning the fate and
persistence of carbofuran in flooded soils used for
rice cultivation. In neutral and alkaline flooded soils,
degradation of carbofuran is accomplished by both
chemical and biological mechanisms. Some acid
soils are also capable of attaining near-neutral pH
after flooding (Sethunathan et al., 1982;
Venkateswariu and Sethunathan, 1984).

The degradation of carbofuran in flooded soil is
essentially a hydrolytic reaction producing car-
bofuran phenol, although Venkateswarlu and
Sethunathan (1978) believe that this chemical
hydrolysis may be catalyzed or mediated by the
microflora of the flooded soil. Anaerobic conditions




in flooded soils apparently enhance the hydrolysis of
carbofuran to carbofuran phenol and 3=hydroxycar-
bofuran. Further degradation of these metabolites to
carbon dioxide and water requires aerobic condi-
tions and is primarily accomplished by the microbial
community.

RATIONALE

Raw Water for Drinking Water Supply
Guideline

The maximum acceptable concentration (MAC)
of carbofuran listed in the Guidelines for Canadian
Drinking Water Quality, 1987 is 90 /.tg-L"1 (Health and
Waelfare Canada, 1987). This value is based on a no-
observed-effect level (NOEL) of 0.01 mg.kg™.d~"
from a 2-year rat-feeding study in which cholines-
terase depression and body weight loss occurred at
higher doses.

Freshwater Aquatic Life
Levels and Fate in the Aquatic Environment

The fate of carbofuran in aquatic ecosystems
has been studied in both field and laboratory set-
tings. The distribution and retention of carbofuran
(applied as Furadan 4 Flowable, 43.8% ai) in farm
ponds were examined by Kiaassen and Kadoum
(1979). Carbofuran was applied for 2 years to two
farm ponds in northeast Kansas to obtain concentra:
tions in the water of 0.025 mg- L (first year) and
0.05 mg- L‘ (second year) . The treated ponds and a
control pond were sampled 1-6 d before being
treated, within 3 d after treatment, about 3 weeks
after treatment, and twice more before winter.
Samples from each pond consisted of water,
sediment, and biological components (i.e., fish,
tadpoles, crayfish, and zooplankton).

During the flrst year (initial carbofuran concen-
tration 0.025 mg- L™, only the surface water sample
from one pond collected 1 d after treatment
contained detectable concentrations of carbofuran
(i.e., 0.0106 mg-.L™"). Carbofuran in the remaining
samples [i.e., sediments from shallow and deep
areas, zooplankton, small- and medium-sized black
bullheads (/ctalurus melas), and small, medium,
and large bluegill (Lepomis macrochlrus)] was below
the detection limit of 0.0004 mg. kg™'. All samples
collected 26, 50, and 85 d after treatment did not
contain detectable levels of carbofuran. The pH of

the water at the time of sampling was not given, but
over the 2-year study period, the pH of the pond
water was reported to have ranged from 6.6 to0 8.7
(surface) and from 6.8 to 8.5 (bottom).

Three days after similar treatment of a second
pond, carbofuran was detected only in the surface
water (0.0054 mg-.L™") and in the sediment from the
shallow portion of the pond (0.044 mg-kg™'). At 21
and 77 d, carbofuran could not be detected in any
samples (Klaassen and Kadoum, 1979). The pH of
the water at the time of sampling was not given, bt
over the 2-year study period, the pH of the pond
water was reported to have ranged from 7.7 to 8.3
(surface) and from 7.4 to 8.0 (bottom).

During the second year, carbofuran (initial
concentration 0.05 mg:L™") was found in the surface
water (0.015 mg.L™"), in shallow watér sediment
(0.0264 mg-kg~'), and in deep water sediment
(0.0462 mg-kg™") 3 d after treatment. Carbofuran
was not detected in any of thé remaining samples
(i.e., zooplankton and fish). Likewise, carbofuran

. was not detected in any sample collected 25, 62,

and 95 d after treatment.

A second pond treated with atrazine (initial
concentration 0.3 mg-L™') and carbofuran (initial
concentration 0.05 mg-L“') during the second year
had- carbofuran detected in the surface water 2 d
(0.0335 mg.L™") and 23 d (0.0015 mg.L™") after
treatment. Carbofuran was detécted only in shallow
water sediment (0.0595 mg-kg") 2 d after treat-
ment. All remaining samples collected 2, 23, 54,
and 92 d after treatment did not contain carbofuran
at detectable levels (detection limit 0.4 ug:L™).

Carbofuran degraded quite rapidly in these
farm ponds and was not accumulated or biocon-
centrated by the aquatic fauna (Klaassen and
Kadoum, 1979).

Isensee and Tayaputch (1986) used rice paddy
laboratory microcosms to study the fate and

~ behaviour of radiclabélléd carbofuran and the poten-

tial effects of carbofuran residues on the fish Gam-
busia affinis. Carbofuran was added as a 1500-g
layer of soil treated with carbon- 14 ring-labelled car-
bofuran (purity greater than 97%, 39.4 mCu/mmole
specmc dctivity) at concentrations of 6 and 12
mg- kg . The treated soil layer was approximately 1
cm in depth and covered 5 kg of untreated soil
containing rice seeds. Three replicates of each
concentration plus two controls had soil moisture
maintained at approximately 24% (w/w) for 18 d.




After that period, 14 L of water were added to each
microcosm, flooding the soil to a depth of approxi-
mately 6 ém. Fish were added to the microcosms
the next day. Soil samples were collected 4 d prior
to flooding and 7, 14, 28, and 42 d after flooding.
Water samples were taken at 2-d intervals for total
radioactive carbon. Additional water samples were
taken at weekly intervals for recovery of carbon-14
_ carbofuran plus metaboliites. Fish were sampled 1,
3, 7, 15, and 30 d after they were added to the
micr6cosms. The fish remaining after 30 d were
placed in carbofuran-free watér and sampled after 4
and 10 d. '

The radioactivée carbon in water reached a
maximum concentration of 12.2%-13.1% of the total
carbon-14 applied to the soil at the beginning of the
experiment. This maximum in the radicactivity
appeared 9 d after flooding and then decreased to
4.1%-4.6% by day 44 for the 6-12-mg.kg™
treatments.

Results of the analysis of fish in the micro-
cosms were of limited value due to unexplained
mortality in some of the treatment and control
microcosms. The extractable "C in the fish on day
3, however, accounted for about 60% of the total
“C in fish (Isensee and Tayaputch, 1986). This
extractable C decreased to 10% by day 30,
apparently indicating that the "“C was being incor-
porated into fish tissue. There was no mention of the
possibility of loss due to excretion. The total '‘C
concentrations in the fish increased continuously
with time to day 30 with little loss of the radiocarbon
after placement in carbofuran-free water for 11 d.
The maximum carbofuran concentration in the fish
extracts was 88 ng.g~' (for the 12-mg.kg™ treat-
ment) and occurred 1 d after the fish were intro-
duced into the microcosm. In this study, carbofuran
accounted for 5%-14% of the total “C in the fish
extracts. The identity of the unextractable 'C was
unknown. Rice seedlings were not analyzed in this
experiment.

Two weeks after the radiolabelled '‘C-
carbofuran:contaminated soil application (and prior
to flooding), about 50% of the radiocarbon had
leached into the untreated soil. Seven days after
flooding, less than 20% of the radiocarbon remained
in the treated soil. The extractable radiocarbon from
both the treated surficial and untreated subsurface
soil decreased with time and corresponded to an
increase in unextractable '‘C-activity. Soil adsorption

of the radiocarbon carbofuran or its labelled
products probably account for the increase in
unextractable '‘C-activity.

A soil extract taken at day 14 (4 d prior to
flooding) contained 70%-76% of the recovered
“C-activity as carbofuran. Ten percent to 14%
of the recovered '‘C-activity was identified as
3-ketocarbofuran.  After flooding, carbofuran
accountéed for 85%-90% of the recovered
“C-activity. No 3-ketocarbofuran was detected,
however, and no other metabolites were found.
Rapid degradation of the 3-ketocarbofuran may have
accounted for its disappearance after 7 d or more of
flooding and the onset of anaerobic conditions.

Johnson (1986) used multicomponent aquatic
microcosms simulating a northern prairie wetland to
assess the effects of 0.01-, 0.1-, and 1.0-mg.L™'
carbofuran concentrations (technical grade, 99%
ai). Sediment and topsoil from a permanent wetland
area and adjacent agricultural field (previously
analyzed and determined to be carbofuran-free)
were used for the soil substrate in the microcosms.
Microcosm water was a mixture of standard
reconstituted water and natural wetland water at ap
8:1 v/v ratio. Although the chemical paraiiieters of
the resulting mixture were not given, the reconsti-
tuted water had a pH of 7.2 and a total hardness of
approximately 60 mg-L~". Approximately 1 wesk was
allowed for the stabilization of water, suspended.
solids, and substrate before three types of aquatic
plants were introduced (i.e., surface-floating
Lemna, nonrooting, submergent Ceratophylum, and
rooting submergent E/odea). Natural communities of
invertebrates and algae developed within each
microcosm within the 2-week period between
aquatic plant establishment and carbofuran treat-
ments of 0.01, 0.1, and 1.0 mg.L~" as introduced
into the water. In addition, 25 mature, gravid daph-
nids from a healthy reproducing culture were
introduced into each microcosm unit about 48 h
prior to carbofuran treatment. These populations
were then monitored in each microcosm.

In the 0.01- and 0.1-mg-L~" treatments, viable
populations of Daphnia magna were still established
after 1 d exposure. Similar population developmerit
required 4 d in the “1.0-mg-L"1 treatment. There-
after, the survival rates of the adults and instars and
the number of gravid females were within control
values for all three treatments (Johnson, 1986).



The effect of carbofuran treatments on
phytoplankton was assessed after 30 d in the
microcosms by measuring the growth inhibition of
the water to thé green alga Selenastrum capricor-
nutum. The carbofuran-treated water at 0.01 mg-L™
showed no effects, whereas the 0.1- and 1.0-mg.L™
treatments produced a mild stimulation of algal
growth (Johnson, 1986).

Gross primary production, community respira-
tion, and macrophytic biomass in the microcosms
were not influenced by carbofuran treatments. As
well, water pH, alkalinity conductivity, total nitrogen,
total phosphorous, and total organic carbon were
not affécted. In addition, réspiratory electron trans-
port system activity, glucose metabolism, oxygen
consumption, and alkaline phosphatase activity in
the microcosm hydrosoils were not changed by the
carbofuran treatments (Johnson, 1986).

An agro-microcosm designed by Koeppe and
Lichtenstein (1982) allowed an investigation of the
movement of radiolabelled carbofuran from soils by
percolating water into an aquatic environment
consisting of lake water, lake sediment, aquatic
plants (Elodea), and fish (Poecilla). After 3 weeks,
the aquatic microcosm contained approximately half
of the carbofuran added by percolated water. The
other half was apparently lost by degradation.
Approximately 75% of the radiocarbon in the aquatic
microcosm was contained in the lake sediment,
much of it unextractable. In contrast to the 49%
removal of carbofuran by percolating water, un-
percolated soils contained 80% of the applied
carbofuran after 3 weeks: Carbofuran was the major
compound recovered from control (i.e., unper-
colated)  and percolated soils. The metabolites
identified in ‘the soils were 3:ketocarbofuran and
3-hydroxycarbofuran (Eisler, 1985).

The microcosms used by Yu et al. (1974)
contained seedling sorghum plants (Sorghum
halopense), salt-marsh caterpillars (Estigmene
acrea), and a variety of aquatic organisms [e.g.,
unidentified frogs, fish, snails, mosquito larvae, a
filamentous alga (Oedogonium cardiacum), clams
(Corbicula  manilensis), crabs (Uca minax),
zooplankton (Daphnia), and an aquatic vascular
plant (Elodea)|. Carbofuran was introduced into four
of these microcosms as 5 mg radiolabelled car-
bofuran in 0.5 mL of acetone applied to the leaves
of the sorghum plants. This was equivalent to an
application rate of 0.454-kg-ai-ha='. The carbofuran

introduced into two of the four microcosms was
labelled only on the carbofuran ring, whereas the
other two microcosms received carbofuran labelled
only on the carbonyl or methylcarbamate. group.

The quantity of carbofuran introduced into
these microcosms was sufficient to kill most of the
organisms and thus a continual restocking of organ- -
isms every 5-7 days was necessary. Organisms
stocked 20 d after the introduction of the carbofuran
survived and were sacrificed for radiocarbon
analysis after a 10-d exposure.

in the microcosms containing the ring—labelled
carbofuran, the highest radioactivity (i.e., highest
concentration of carbofuran metabolite) appeared in
the plants (O. cardiacum and Elodea) and the inver-
tebrates. Water and fish contained carbofuran
metabolites at concentrations generally an order of
magnitude below those in the other aquatic compo-
nents. This same pattern was observed in the tanks
receiving the carbonyl-labelled moiety except for the
differences in concentrations of carbofuran
metabolites in the water, which were two orders of
magnitude below the concentration in the fish and
three orders of magnitude below the concentration
in the invertebrates and aquatic plants. The dif-
ferences between the amount of radioactivity in the
tanks receiving, ring- and carbonyl-labelled car-
bofuran indicated that carbofuran was hydrolyzed to
carbofuran phenol and N-methylcarbamic acid. The
parent compound (i.e., unmetabolized carbofuran)
was not found in any of the last stock of organisms.
Identification of specific metabolites was limited due
to the separation techniques used (thin-layer
chromatography) and the availability of standards.
Carbofuran was found in the unfiltered water (0.0015
mg-L™") after treatrnent, but it was unclear from the
presentation of results whether the carbofuran was
actually dissolved or was adsorbed to suspended
particulate material (Yu et al., 1974),

This microcosm study demonstrated that an
application rate of 0.454-kg-ai-ha™', even if applied
only to the leaves of terrestrial plants, could be
highly toxic to adjacent aquatic organisms. Even
after 20 d, when the concentration of thé applied
carbofuran had decreased below acutely toxic
levels, both the parent compound and its

maetabolites were still present in sufficient quantity in
the water for uptake Dby aquatic organisms,
especially invertebrates (Yu et al., 1974).




Accumulation and Elimination of Carbofuran In
Aquatic Biota

The studies of Jash and Bhattacharya (1983),
Bhattacharya (1985a, 1985b), and Bakthavathsalam
and Reddy (1983) demonstrated or implied that car-
bofuran taken up by fish when exposed to sublethal
concentrations can be depurated from the organism
after several days in carbofuran-free water. Whether
or not the depuration consisted of carbofuran or a
metabolic product of carbofuran was not discussed
by these authors.

Similarly, Gill (1980) suggests that the
hydroxylation of carbon ring structures (such as the
production of 3-hydroxycarbofuran) generally in-
creases the solubility of these types of molecules
and aids in their elimination from the organism.

Metcalf et al. (1974) examined the uptake of
carbofuran in green sunfish (Lepomis cyanellus)
from water containing 0.1 mg-L~'. After 24 d at
13°C-20°C, less than 10~5 mg.L~" carbofuran was
(1971) demonstrated that the mosquito fish (Gam-
busia affinis) did .not accumulate carbofuran from
the water of microcosms previously treated with the
insecticide. ‘

in an effort to quantify the relationship between
pesticide water solubility and the bioconcentration of
pesticides by caddisfly (Triaenodes tardus) eggs,
Belluck and Felsot (1981) found exposure to 8
mg-L~" did not result in bioconcentration.

Significant bioconcentration of carbofuran by
aguatic organisms in excess of the concentration in
the surrounding water has not been found. The
physical-chemical characteristics of the compound,
as expressed by the octanol-water partition coef-
ficient (K,,), supports this finding. The K s for
carbofuran have been reported to be 17, 42.5, 40.0,
and 210 (Graham, 1977; Bowman and Sans, 1983).

The value of 42.5 is from an actual measure-
ment of the partitioning of carbofuran between
n-octanol and distilled water. Other K, s reported
from the literature are estimates based on other
physical or chemical characteristics of the com-
pound. Using the K, and the relationship between
Kew @nd compound bioconcentration developed by
Neely et al. (1974), a bioconcentration factor of 10
is derived. Other bioconcentration factors of 2.5, 5,

and 6 have also been reported (NRCC, 1979). These
bioconcentration factors (i.e., tissue concentration/
water concentration) are very low and have beén
substantiated in laboratory tests.

in fish uptake and depuration experiments,
most of the carbofuran (as metabolite§) was con-
centrated in the viscera after equilibrium was
reached. After exposure stopped, approximately
97% of the carbofuran metabolites were eliminated
in 3 d. A depuration half-life of 4 d (after equilibrium
exposure to 66 ug-L“1 carbofuran) has been
reported (NRCC, 1979). :

Acute Toxicity to Aquatic Organisms
Fish

Two references (Mauck, 1972; Carter and
Graves, 1973) cited in NRCC (1979). support its con-
tention that fish species may be adversely affected
when exposed to carbofuran at levels as low as 0.08
mg-L~" for short periods. Since publication of that
document, many additional acute toxicity tests have
been conducted using carbofuran. A summary of
these tests is presented in Appendix B. The addi-
tional toxicity data from these tests support the
NRCC document’s implication that 0.08 mg.L™" is at
the lower end of toxic concentrations for fish ex-
posed for periods of less than 96 h (NRCC, 1979).

Sublethal symptoms in fish exposed to acutely
toxic concentrations of carbofuran can include
hypoactivity, body paralysis, lateral cufvature of the
spine (usually with localized hemorrhaging), loss of
equilibrium, and opercular and mouth paralysis.

Lethality in several species of fish in Texas rice
fields reported by NRCC (1979) after the application
of carbofuran as 3% granules (0.56 kg-ai-ha™)
cannot be directly attributed to carbofuran due to
the use of another insecticide for seed treatment. By
contrast, an application rate of 0.67 kg-.a,i-ha‘1 of
carbofuran alone killed less than 10% of green
sunfish (Lepomis cyanellus) and mosquito fish
(Gambusia affinis) in flooded rice plots.(Davey et al.
1976). Although formal 96-h LC,, values were not
calculated, Bhattacharya (1985b) reported that
0.313, 0.375, and 0.462 mg.L~' carbofuran caused
0%, 10%, and 20% mortality, respectively, in the fish
Channa punctatus. The same percentage mortality
in the fish Anabas testudineus was produced by
0.150, 0.300, and 0.450 mg-L™" carbofuran.



The entries in Appendix B under “test condi-
tions” indicate that with the exception of Hansen and
Parrish's (1977) study with sheepshead minnows
(Cyprinodon variegatus), acute toxicity testing with
carbofuran has been conducted without a measure-
ment of actual carbofuran concentrations m the test
chambers.

Invertebrates

Short-term carbofuran toxicity to invertebrates
(Appendix B) has réceived much less attention than
acute toxicity to fish. Eisler (1985) implied that ben-
thic invertebrates (e.g., worms) were the most
resistent aquatic species and fish were the most
sensitive. The data of Hartman and Martin (1985),
Johnson (1986), and Karnak and Collins (1974),
however, seem to indicate that invertebrates (both
planktonic and benthic) may be very sensitive to
carbofuran. In general, the 48-h LC, s for Daphnia
pulex (Hartman and Martin, 1985) and the 48-h
LC,.s for Daphnia magna and Chironomus riparius
(Johnson, 1986) are lower than most of the 96-h
acute toxicity values for fish species (see Appendix
B).

Acute toxicity tests were used to estimate a
“harmless” concentration of Furadan 3G (active
ingredient 3% carbofuran) of 4.4 and 3.2 mg.L™" for
the oligochaste worms Tubifex tubifex and
Limnodrilus hoffmeisteri, respectlvely (Dad et al.,
1982).

Observations of the bshaviour and oxygen
consumption of adult freshwater prawns (Macro-
brach/um kistnensis) exposed to 50, 150, and 300
ng- L™ carbofuran were made by Pawar and Katdare
(1984). Exposure to 50 ug-L~' caused significant
increases in oxygen consumption after 2 h followed
by significant decreases in oxygen consumption at
12, 24, 48, and 96 h. Behaviour during the exposure
period was reported as excitation for the first 4 h
with subsequent normal behaviour thereafter. The
higher concentrations caused spontaneous move-
ments, hyperactivity, loss of balance, and finally
paralysis. The behaviour was accompanied by im-
mediate and significant increases in oxygen con-
suimption followed by significant decreases prior to
death.

Static exposures of groups of 40 crawfish
(Procambarus clarkii) per test to 0.22, 0.44, 0.88,
and 2.64 mg.L~' Furadan (formulation and percent
active ingredient not given) produced 33%, 55%,
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75%, and 78% mortality, respectively (Ekanem
ot al., 1981). '

Plants

Acute toxicity tests with duckweed (Lemna
minor) and 10 mg.L.™' carbofuran showed no effects
on growth. Likewise, 10 mg-L~" carbofuran had no
effect on sprouting or early growth of sago
pondweed (Potamogeton - pectinatus)  tubers
(Hartman and Martin, 1985).

Sublethal Reactions and Chronic Toxicity in Aquatic
Organisms

Fish

Kulshrestha et al. (1986) exposed fingerlings of
three Indian major carps (Labeo rohita, Catla catla,
and Cirrhinus -mrigala) to Furadan (carbofuran 3G)
for 30 d. Unfortunately, the data derived from this
experiment were only presented graphically and not
discussed in the text of the article. From the graphic

presentation of the data, it appears that 4.0 mg.L™

Furadan did not cause mortalities during the 30-d

Increasing concentrations of
Furadan caused mcreasing mortalities among the
test populations in an almost linear fashion. The
maximum concentration used (8.5 mg: L™ car-

‘bofuran) caused from 20% mortality in L. rohita to

30% mortality in C. ririgala. Ninety-six-hour LC,,
values for the three species ranged between 4.7 and
5.1 mg: L carbofuran. The estimated maximum
acceptable toxicant concentration for L. rohita, C.
catla, and C. mrigala was determined to be in the
ranges of 2.7-3.3, 2.7-3.3, and 2.4-3.0 mg.L™",
respectively.

Kulshrestha .and Arora (1986) studied the
effect of carbofuran on egg mortality and hatching in
Cyprinus carpio. The-carbofuran formulation used
(i.e., 3G) causéd 68% mortality in eggs after 60- to
72-h exposure to 0.2 mg.L~'. The 0.1-mgL™
concentration caused slightly less egg mortality
(approximately 55%) for the same exposure time.
Advancement in hatching time did not seem to be
significantly affected 'r‘ela,tivé to the control.

Symptoms of apparent stress or mortality were

" not observed when the air-breathing catfish Clarias

batrachus was exposed to 0.5 mg-L~' carbofuran for
30 d (Sadhu and Mukhopadhyay, 1985). Upon histo-
logical examination of the testes, however, distinct
morphological damage (i.e., seminiferous tubule
wall disintegration) was observed. As well,



spermatids in the seminiferous tubules appeared
clumped in the carbofuran-exposed fish. The testes
also appeared to accumulate carbofuran to a slight
extent. The significance of this, however, was not
discussed by the authors.

Hansen and Parrish (1977) examined the
effects of carbofuran on the survival of sheepshead
minnow (Cyprinodon variegatus) parental fish and
two life-stages of théir progeny during 19:week ex-
posure periods. Carbofuran concentrations of 0.049
and 0.1 mg.L~' caused mortality among the adult
population. Hatching success of the progeny of the
surviving adults in 0.049 mg.L™" carbofuran was sig-
nificantly les$ than the control. As well, mortality of
F; fry in the population exposed to 0.023 mg-L~" was
sighificantly greater than the control. Growth of the
surviving fry in the 0.023- and 0.049-mg.L~' con-
centrations was the same as the control. Maximum
acceptable toxicant concentrations of carbofuran for
this fish species were determined to be between
0.015 and 0.023 fg-L~". Verma et al. (1982) com-
puted a presumably safe concentration of 0.0142
gL~ using acute toxicity data and an arbitrary
application factor of 0.026 for carbamate pesticides
in general.

Histopathological effects of 120-h exposure to
0.56 mg-L~' and 6-h exposure to 1.56 mgL~'
Furadan (76% technical grade) in the climbing perch
(Anabas testudineus) were examined by
Bakthavathsalam et al. §1984)‘ The sublethal
exposuré (i.e., 0.56 mg-L.™) produced severe liver
cord disarray, destruction of hepatocytes and
necrosis, shrinkage of glomeruli and epithelial cells
ih renal tissue, coalescence of adjacent renal
tubules and interépithelial cells, deformation of
renal tubules, vacuoiization of the intestinal sub-
mucosa and circular muscle, and dilation of the in-
testinal columnar and goblet cells. The 24-h lethal
exposure (i.e., 1.56 mg.L~') also exhibited the
above histopathological changes in addition to
atypical enlarged liver cells, honeycombed renal
glomeruli, degerieration of renal epithelial cells,
severe degeneration in the brush borders of renal
tubules, disorganization -in the intestinal serosa,
aggregation of intestinal muscle, severe damage to
intestinal submucosa, and necrotic mucosal folds in
the intestine.

The mode of action of carbofuran is based on
its inhibition of acetylcholinesterase activity, and
many carbofuran effects on fish are related to this
enzyme system. Concentrations of carbofuran as

low as 0.19 mg.L™" have been reported to cause a
50% inhibition of brain acetylcholinesterase (AChE)
activity in the channel catfish (/ctalurus punctatus)
(NRCC, 1979). Jash and Bhattacharya (1983) exam-
ined the in vitro inhibition of brain AChE activity in
two freshwater fish (Channa punctatus and Anabas
testudineus) in terms of their previous exposure to
carbofuran. In fish previously exposed to car-
bofuran, the time required for 50% inhibition of AChE
(in vitro) was found to decrease at the 0.300- to
0.462-mg-L™", inclusive, levels of treatment. The
lowest treatment concentration of 0.150 m}g-L‘1
failed to cause a response different from the control
populations. This indicated that previous exposure of
the test fish resulted in sublethal brain AChE inhibi-
tion. Subsequent exposures, prior to complete
depuration, enhanced the previous inhibition re-
sponse. Fish previously exposed to carbofuran (i.e.,
0.300 to 0.462 m‘g-L") and then allowed to depurate
in carbofuran-free water gradually regained the in
vitro AChE inhibition times characteristic of unex-
posed fish over a period of 10 to 20 d. At 30 d,
however, the time for 50% AChE inhibition (in vitro)
again decreased below control levels for one spe-
cies (C. punctatus) previously treated with 0.312
and 0.375 mg-L"1 carbofuran. This decrease was
attributed to a delayed neurotoxic effect in the more
sensitive of the two species tested.

Bhattacharya (1985a, 1985b) again described
the in vitro effect of carbofuran on AChE activity
from the brains of two freshwater teleosts previously
exposed for 48 h to carbofuran (75% ai) and in un-
treated controls. The in vitro inhibition of AChE from
carbofuran-exposed fish indicated an incorporation
of carbofuran into the brain, which was gradually
reversed with time spent in carbofuran-free water.
After 48-h exposure to 312 ;tg-L‘1 carbofuran and
subsequent transfer to carbofuran-free water, a
period of 60 d elapsed before brain AChE activity
returned to normal levels in C. punctatus. The same
length of time was required for A. testudineus to
recover from a 48-h exposure to 150 ugL~
carbofuran. '

Exposure to higher concentrations of
carbofuran (375 and 462 ug-L™" for C. punctatus and
300 and 450 ug-L'1 for A. testudineus) revealed a
decrease in the time required to attain control level
AChE activity after 48-h exposures. C. punctatus
exposed to 462 ug-L~' for 48 h attained control level
AChE activity in 10 d. A. testudineus exposed to 450
,ug-L"1 for 48 h required 30 d to attain normal AChE
activity. The data demonstrated a trend of faster
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AChE activity recovery in fish exposed to higher
sublethal carbofuran concentrations. However, a
delayed neurotoxic effect previously reported by
Jash and Bhattacharya (1983) was again observed
in C. punctatus exposed to 375 and 312 ug.L™
carbofuran for 48 h.

Forty-eight-hour exposures to carbofuran
(concentration not given) caused a 55%~-60% reduc-
tion in AChE activity in the Indian Siluroid fish
(Heteroprieustes fossilis). In vitro incubations of fish
brain tissue with 0.32 m‘g-L" carbofuran caused a
50% reduction in AChE activity in- 40 min (Sur and
Ghose, 1978).

The impact of carbofuran (as Furadan) on the
succinate dehydrogenase activity in brain, intestine,
liver, muscle, and kidney tissue of Anabas
testudineus was studied by Bakthavathsalam and
Reddy (1983). Fish exposed to two concentrations
of Furadan were examined for succinate
dehydrogenase activity. Enzyme activity in the con-
trol (unexposed) fish was relatively high and stable,
whereas significant sporadic variations occurred in
the various exposed fish at least during some por-
tions of the 120-h exposure to 0.56 mg.L~' car-
bofuran. Fish exposed for 6 h to 1.56 mg.L~' showed
elévated (compared to control) levels of enzyme
activity in gill, brain, intestine, and liver tissue and
decreased enzyme activity in muscle and-kidney tis-
sue. The variations in succinate activity observed
over the course of carbofuran exposure are specu-
lated to be the result of carbofuran metabolism
within individual tissues, carbofuran neurotoxicity
within the brain, and depuration processes o¢curring
within individual tissues and throughout the organism
as a whole.

Bakthavathsalam and Reddy (1985) examined
the effects of 0.56- and 1.56-mg-L™" concentrations
of Furadan (75% ai) on aquatic, aerial, and total oxy-
gen consumption by the climbing perch (Anabas tes-
tudineus). The lowest Furadan concentration (0.56
mg-L~") caused a significant reduction in aerial and
total oxygen consumption immediately after expo-
suré. Aquatic oxygen consumption was severely
affected in later exposure periods with the test fish
depending more on aerial respiration than aquatic
respiration to satisfy its oxygen needs. Aerial and
aquatic oxygen consumption varied over the dif-
ferent exposure times, but réesumed a normal pat-
tern after 96 h. The higher (1.56 mg.L™")
concentration of Furadan caused a greater decrease
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in both aerial and aquatic oxygen consumption within
the first hour of exposure than was observed for the
lower concentration. Subsequent increases in oxy-
gen consumption to normal and above-normal levéls
were probably associated with the more irregular
and erratic activity of the fish at the higher Furadan
concentration.

The effect of carbofuran (apparently 100%, but
no formulation information ‘given) on the in vitro
metal-activated hydrolysis of adenosine triphosphate
(ATP) by bluegill (Lepomis macrochirus) liver mito-
chondria was examined by Hiltibran (1982). Car-
bofuran (1.5 umol/mL) significantly decreased
magnesium-activated hydrolysis of ATP, - whereas
the same concentration of carbofuran did not affect
calcium-activated hydrolysis of ATP. The alteration
of magnesium-activated ATP hydrolysis indicated
that carbofuran has the potential to interact with
various enzyme-metal complexes. Exactly how this
interaction occurs is unknown. In fact, the basis for
this study was questionable as the physiological
roles of magnesium- and calcium-activated ATP
hydrolysis are unknown. '

Additional studies of the aiteration of enzyme-
catalyzed reactions in the African catfish (Mystus
vittatus) were conducted by Verma et al. (1981b).
Sublethal concentrations of carbofuran (i.e., 0.062,
0.031, and 0.021 mg.L™") inhibited the activities of
acid, alkaline, and glucose-6-phosphatases in liver,
kidney, and gill tissue. The authors offered no clear
explanation for the observed alterations in enzyme
activity, but speculated that the inhibition of acid and
alkaline phosphatases might be caused by the
uncoupling of oxidative phosphorylation. The inhibi-
tion of glucose-6-phosphatase will cause an altera-
tion in glycogen and carbohydrate metabolism in the
effected organism. Verma et ai. (1981a) also found
significantly elevated levels of serum transaminases
in M. vittatus exposed to 0.031 or 0.062 mg.L™"
carbofuran for 30 d.

Bakthavathsalam and Reddy (1981) examined
the effect of carbofuran on muscle and liver lipid
levels in the climbing perch (Anabas testudineus).
Furadan (technical grade, 75% purity) at a con-
centration of 0.56 mg.L=' caused a significant
increase in the mean lipid levels of muscle and liver
tissue over the 120-h exposure period. The same
results were observed at the end of a 6-h exposure
to 1.56 mg-L"'1 carbofuran. The authors speculated
that the tissue lipid levels reflected the rates of



carbofuran metabolism. Additional discussion about
the meaning of the results was not given.

- Mukhopadhyay et al. (1982) examined the

‘effects of ‘0.5 mg.L™" carbofuran (formulation not

given) on selected biochemical responses in the air-
breathing catfish Clarlas batrachus. After 30-d
exposure to 0.5 mg- .L™" carbofuran, calcium levels in
blood serum exhibited a significant decrease, the
activity of brain acetylcholinesterase was signifi-
cantly inhibited, blood serum ammonia ievels were
significantly increased (corresponding to a lower
rate of ‘excretion), magnesium and sodium-
potassium ATPase activity in gill and intestinal tissue
were sigfificantly inhibited, and the activities of
serum acid phosphatase and alkaline phosphatase
were significantly increased in the same tissues.
Significant increases in the serum enzymes gluta-
mate oxalacetate transaminase and glutamate
pyruvate transaminase, and significant increases in
the activity of glucose-6-phosphatase corresponding
to decreases in liver glycogen and increased serum
glucose were also observed. Despite these bio-
chemical alterations (from 30-d exposure to 0.5
mg- L carbofuran), only a slight reduction in growth
rate was demonstrated after exposure to the same
concentration for 60 d. Following exposure to 0.5
mg-L~" carbofuran for 30 d, only traces of the in-
secticide: were found in the liver. However,
3:hydroxycarbofuran was detected in measurable
quantitiés aithough the concentrations were not

' reported.

The chronic exposure (120 d) to a presumably
safe concentration of carbofuran (5 mg- L") was
found to decrease the ovary weights in treated fish
(Channa punctatus). Initial decreases were ob-
served after 30 d and continued to decrease to a
maximum at 120 d. Associated with the decrease in
ovary welght were low levels of recrudescence (ovu-

“lation) and a low occurrence of vitellogenic and

yolky cocytes in the ovaries. The observed treat-
ment effects were thought to have been the result of
carbofuran interference with steroid hormone pro-
duction, particularly the gonadotrophins (Mani and
Saxena, 1985).

_ l_n one gfv the more comprehensive chronic
investigations with fish, Hansen and Parrish (1977)

. used the North American sheepshead minnow in

long-term, life-cycle exposures. Based upon survival
of parental fish, hatchmg success of eggs, and fry

mortality and development, a maximum acceptable _

toxicant concentration of between 15 and 23 uggL"
was developed.

Invertebrates

In a study of the effects of pesticides on
crawfish (Procambarus clarkii) production in_rice
fields, Graves et al. (1977) concluded that a broad-
cast application of carbofuran granules (93% ai) at
0.56 kgha™' did not influence crawfish size,
sex-ratio, or weight yield from treated plots.

Grant et al. (1983) examined the effactiveness
of carbofuran (100% ai) to reduce the grazing of
ostracods (Cyprinotus carolinensis and Heterocypris
luzonensis) on blue-green algae. Grazing by both
ostracod s 1Pecues was reduced by a concentration of
0.1 mg:L™ . Cessation of grazing in C. carolinensis
occurred at 1.0 mg-L~" and in H. luzonensis at 25
mg-L".

The freshwater clams Glebula rotundata and
Rangia cuneato are apparently very tolerant of car-
bofuran. However, sublethal symptoms of toxicity
(i.e., shell gaping, foot extension, and incoordina-
tion) were evident when carbofuran exposures were
in the 75-mg-L™" range (Zakour, 1980).

Plants

The toxic effect of carbofuran (as Furadan
containing 3% ai) on the blue-green alga Nostoc
muscorum was - investigated by Kar and Singh
(1978). The alga was found to tolerate 1000 mg.L™'
of the Furadan formulation in both nitrogen-
containing and nitrogen-free media for 10-d periods.
Higher concentrations, however, did not support
growth in either aigal growth medium. At a concen-
tration of 25 mg.L~", a slight growth stimulation was
noted. Specific growth rate constants gradually
decreased with incr'easinq Furadan concentrations
from 50 to 1000 mg.L™. Ten day toxicity tests
was algastatic, whereas hngher concentrat;ons were
algicidal.

Enhancement of heterocyst frequency (as a
consequence of increased nitrogen fixation)
occurred at the lower Furadan concentrations used
(25 mg.L™" or 0.75 mg-L~' carbofuran). Suppression
of heterocyst frequency by 50 to 1000 mg-L™" during
10-d incubation periods was interpreted by the
authors as the use of carbofuran as a mhitrogen
source. In addition, the authors argued for.a pos-
sible metabolism or biodegradation of carbofuran by
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the algae. The cultures of algae used, however,
were not described as axenic, and therefore it was
hard to give this argument any merit (Kar and Singh,
1978).

In a subsequent study, Kar and Singh (1979),
also using Nostoc muscorum, reported growth en-
hancement by 25 mg-L‘1 in the pH range of 5-10.
This enhanced growth was produced under a light
intensity of 3000 Ix, but did not occur at 1500 Ix,
where inhibition was observed with 25 mg.L~". Com-
pared to control algal cultures grown at the same
pH, the higher concentrations of carbofuran (i.e.,
100 and 500 mg-L~") were more toxic at acidic pHs
(5.6) than at alkaline pHs (7. 5-10). The authors did
not discuss the relative stability of carbofuran at acid
and alkaline pHs. The algal population densities used
also had an effect on the toxic effect of carbofuran.
Increased population densities tended to decrease
toxic effects at all levels.

Guideline

While it is evident from Appsendix B that a data
base of acute toxicity exists for North American
freshwater species, the previous discussion con-
cerning sublethal reactions and chronic toxicity
demonstrates that the majority of the work has been
conducted on fish spécies native to the Indian sub-
continent. There is very little known concerning
sublethal reactions and chronic toxicity to sensitive
North American aquatic species.

It is apparent that carbofuran is highly toxic to
aquatic organisms, with acute effects on fish and
invertebrates occurring at water concentrations as
low as 0.08 mg.L~" and 0.035 mg-L~", respectively.
The upper limit of a maximum acceptable toxicant
concentration derived from chromc toxicity tests on
a North American fish species is 0.023 mg: L,

Specific Canadian objectives or guidelines for
carbofuran in water for the protection of aquatic life
do not exist. In accordance with the CCREM-
prescribed guideline development procedures, a
Canadian water quality guidseline for aquatic life is
derived by using the lowest no-effect estimate
(MATC, NOEL, or equivalent) with a safety factor of
one oider of magnitude. In the absence of such reli-
able data, the alternate approach is to apply the
appropriate application factor (AF) to the lowest
LC,, value avanlable for a Canadian species.
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In the case of the sheepshead minnow, MATC
range is not used as the basis for the guideline be-
cause of its typical estuarine distribution and non-
endemic status in Canada. The lowest acute toxicity
value derived in an approved manner is the 48-h
LC,, of 0.035 mg.L~" for the cladoceran’Daphnia
pulex. Using this value and the application factor of
0.05 (nonpersistent pesticides) generates a guide-
line for the protection of aquatic life of 1.7 ug.L~".

Aquatic ammals are among the organisms
most sensitive to carbofuran toxicity and it is there-
fore recommended that the water quality guideline .
for the protection of aquatic organisms be estab-
lished at 1.7 ug-L™". This is the upper limit of the
range of values derived by application factors in cur-
rent use for pesticides in general. It is below all
known values initiating sublethal physiological and
biochemical responses in fish. A value of 1.7 ug.L™
also takes into account the increased sensitivity of
some fish to carbofuran relative to the maximum
acceptable toxicant conceéntration established by the
sheepshead minnow. In addition, the guideline is
above established dstection limits (0.1 ug-L™~") for
carbofuran in water (Environment Canada, 1979).
Accuraté and precise quantification should not,
therefore, be a problem.

Agricultural Uses
Livestock Watering
Acute Toxicity to Livestock

Most studies indicate that bird and mammal
poisonings aré a result of direction ingestion of car-
bofuran granules or contaminated food rather than a
result of ingestion of contaminated water.

Acute oral toxicities for birds and mammals are
given in Tables 4 and 5. The 14-d oral toxicities for
birds range from 238 to 38 900 ug-kg™'. Oral
toxicities (as a single léthal dose) in mammals range
from 2000 to 34 500 ug-kg~'. A review of carbofuran
toxicity to birds and mammals was provided by Eisler
(1985). Acutely toxic symptoms of carbofuran poi-
soning in birds include loss of muscular coordina-
tion, wings crossed high over the back, head
nodding, vocalization, salivation, tears, diarrhea,
immobility with wings spread, labouréd breathing,
pupil constriction, arching of back, and/or arching of
the neck over the back.




Table 4. Acute Oral Toxicities of Carbofuran to Birds and Mammals

Taxonomic group -and 14-d‘LDw
species tested (ue-kg™"* Reference
Bird : »
Fulvous whistling-duck
(Dendrocygna bicolor) 238 Tucker and Crabtree, 1970
Mallard =
(Anas platyrhynchos)
: Age 36 h 280-480 Hudson et al., 1972
‘ Age7d 530-740 Hudson et al., 1972
Age 30 d 410-640 Hudson et al., 1972
Age 3-4 mionths 320-500 Tucker and Crabiree ;1970
,, Age 6 fiionths 330-520 Hudson et al., 1972
Red-winged blackbird o -
(Agelaius phoeniceus) 422 Schafer et al., 1973
Quelea
(Quelea quelea) 422-562 Schafer et al., 1973
’ House finch
. (Carpodacus mexicanus) 750 Schafer et al., 1973
| Japanese quail
j (Coturnix. japonica) 1300-2100 Sherman and Ross; 1969
| : House sparrow
(Passer domesticus) 1330 Schafer et al., 1973
E " Common grackle :
,‘ (Quiscalus quiscula) 1330-3160 Schafer et al., 1973
‘ Rock dove :
i (Columba livia) 1330 Schafer et al., 1973
” Brown-headed cowbird ,
(Molothrus alter) 1330 Schafer et al., 1973
“ Ring-necked pheasant
(Phasianus colchicus) 2380-7220 Tucker and Crabtree, 1970
| .
: Bobwhite quail .
‘ (Colinus virginianus) 3640-6990 Tucker and Crabtree, 1970
‘ Evropean starling
l (Sturnus vulgaris) 5620 Schafer et al., 1973
Mammals
Mouse 2000 NRCC, 1979
' Cat 2500-3500 NRCC, 1979
4 © Old=field mouse 4000 ' Wolfe and Esher, 1980
Sheep 8000 Palmer and Schiinke, 1973
9200 :

Guinea pig:

NRCC, 1979

Solirc¢e: Eisler, 1985.

*Concentrations shown are in micrograms carbofuran administered per kilogram body weight (uykg") in a single dose fatal to 50% within 14 d.
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Table 5. Acute Toxicity of Dietary Carbofuran to Birds and Mammals

Exposure Interval (d)

Mortality
Organism Concentration® Ex_posure Post-exposure (%) Reference
Birds -
Maltard
(Anas ptatyrhynchos) 190 5 3 50 Hill et al., 1975
242 5 3 50 Kononen et al.; 1987
23 5 3 50 Kononen et al., 1987
(as water)
Ring-necked pheasant
(Phasianus colchicus) 573 5 3 50 Hill et al., 1975
Japanese quail
(Coturnix japonica) :
Age 36 h 140-471 5 3 50 Hill and Camardese, 1983
Age 7 d 436-1103 5 3 50 Hill and Camardese, 1983
Age 10-14 d : 438 5 3 50 Hill et al., 1975
Age 14 d 586-1004 5 3 50 Hill and Camardese, 1983
Age21d 779-1459 5 3 50 Hill and Camardese, 1983
Bobwhite quail
(Colinus virginianus) 917 5 3 50 Kononen et al., 1987
>100 5 3 50 Kononen et al., 1987
(as water)
Mammals
Old-field mouse
(Peromyscus polionotus) 500 4 100 Wolfe and Esher, 1980
‘ 250 4 20 ‘
100 240 38

Source: Eisler, 1985, with additional data from Kononen et al., 1987

*Concentration of carbofuran in diet (i.¢., s6lid food) in mg- kg fresh weight unless otherwise stated.

While carbofuran may cause acutely toxic
reactions in birds by way of the respiratory and
dermal routes, oral exposure appears to be the
most important route. In particular, the consumption
of contaminated vegetables, poisoned vertebrates
and invertebrates, and the granular formulations of
carbofuran constitute the most nhumerous examples
of bird poisoning (Eisler, 1985).

Flickinger et al. (1986) reported the poisoning
of birds (mainly passerines) in an east Texas rice

field apparently treated with Furadan 4F during

planting. Cursory examination revealed a total of 106
dead birds (comprising 11 species). Subsequent
analysis of brain cholinesterase activity from car-
casses revealed a greater than 50% reduction in
activity in 31% of the birds. This is diagnostic of
death from anticholinesterase agent (such as
carbofuran) poisoning. Carbofuran residues in the
gastrolntestmal tracts of the dead birds averaged
3.4 mg-kg™' and ranged from 0 to 10 mg- Kg~'
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- ‘granule of Furadan 10G (i.s.,

As well, the deaths of songbirds (order
Passeriformes) have been attributed to the field
application of carbofuran granules to corn fields and
orchards. The dead birds had high levels of

.carbofuran in their livers and gastrointestinal

tracts apparently as the result of intensive
feeding in the treated fields. Laboratory studies have
demonstrated that ingestion of a single carbofuran
10% ai) can be lethal .
to house sparrows (Passer domesticus) and red-
winged blackbirds (Agelaius phoeniceus). Balcomb
et al. (1984) reported the ingestion of Furadan 10G
at 2.3 mg-ai kg caused 50% mortality in A.
phoenicéus. Carbofuran in dietary concentrations of
140-1459 mg-kg™ produced - 50% mortality in

‘Japanese quail (Coturnix japonica) when consumed
for 5 d. Reports also exist of raptors poisoned with
carbofuran as the result of feedlng on the carcasses
of carbofuran-poisoned small mammals and birds
(Eisler, 1985).




In contrast to the above field and laboratory
studies, the ingestion of carbofuran-contaminated
watei has received little attention. It is known that
ingestion of water containing 1 mg-L‘1 carbofuran by
ducks resulted in toxic symptoms after 7 d. A
2-mg'-L"1 dose in the drinking water was lethal in 7 d
(Eisler, 1985).

Mammals are generally less sensitive to the
acute toxicity of orally administered carbofuran than
birds. As with birds, however, much of the mam-
malian toxicity data deals with the ingestion of solid
material contaminated with carbofuran as opposed
to the ingestion of water containing carbofuran.

Osheim et al. (1985) reported the death of
seven crossbred Brahman cattle that accidentally in-
gested carbofuran-treated rice (0.946 L of 40.64%
carbofuran to 38 L of rice). Three cows died within
20 min of -ingesting the rice. Ten cows exhibited
varying clinical symptoms of carbofuran poisoning
including salivation, respiratory distress, diarrhea,
staggering gait, and recumbency. Of these ten
cows, four died despite an intravenously injected an-
tidote (atropiné sulphate). The remaining six cows
recovered and were free of carbofuran poisoning
symptoms 6 h after exposure.

Levels of carbofuran in the rumen contents of
the dead cows were found to be between 2 and 51
mg-kg“1 rumen contents. However, 1 week passed
between the death of the cattle and rumen contents
sampling, and reduction in carbofuran Gontent was
expected. Thé léthal dose of carbofuran for adult
cattle is 18 mg-kg™' body weight (Osweiler et al.,
1985).

Subacute and Chronic Toxicity to Livestock

While acutely toxic reactions to carbofuran are
the most dramatic responses observed in the field,
much less is known concerning subacute and
chronic exposures. Laboratory studies have estab-
lished that single oral doses of 2 mg. kg"1 body
weight adriinistered to bobwhite quails (Colinus vir-
ginfanus) did not affect brain cholinesterase levels at
48 h. Growth, metabolic efficiency, and energy
metabolism wére also unaffected after 8 d (Solomon
and Robel, 1980).

~ The only observed chronic response exhibited
by bobwhite quails fed carbofuran at 131 mg-kg™
body weight for 14 d was reduced activity. Once

placed on a carbofuran-free diet, this response -
disappeared (Robel, et al., 1983).

The avoidance of carbofuran-contaminated
food and water by 10-d-old mallard ducks (Anas
platyrhynchos) and bobwhite quails was quantified in
a 5-d exposure, 3-d post-exposure study by
Kononen et al. (1987). The highest concentration of
carbofuran that allowed equal consumption of
carbofuran-contaminated and uncontaminated food
by a population having free access to both wéas de-
termined to be a food avoidance concentration 50 or
FAC,,. Discrimination between contaminated and
uncontaminated food theoretically occurs above this
level. The same rationale was employed to deter-
mine a water avoidance concentration 50 or WAC,,
for the two species. Using a range of sublethal to
lethal dietary concentrations of carbofuran in food
and water, the FAC,,s and WAC,,s for mallard
ducks were calculated to be 10 ug-g~' and 3 mg.L~",
respectively. The FACu, and WAC,, for bobwhite
quail were 159 ug-g~ ! and greater than 50 rg- L
respectively.

The difference between the values for the
FAC,, and the WAC,, in the mallard was related to
the cepability of 1-d-old mallards to avoid food, but
not water during the 5-d exposure period, and the
higher water use (for consumption and preening) by
mallards compared with food consumption. The
result was a greater daily intake of water (which had
a lower carbofuran content) than food on a weight/
weight basis,

The same reasoning does not apply as well to
the bobwhite quail. This species is much less seénsi-
tive to carbofuran than mallards, and sufficiently
high concentrations of carbofuran in the drinking
water could not be achieved for an adequate
estimation of a WAC,, (Kononen et al., 1987),

In large mammals, such as cattle and sheep,
the subacute toxic reactions include increased
salivation, muscle tremors, prostration, laboured
breathing, and loss of appetite.

These symptoms were observed in 1- to
2-week-old calves, cattle yearlings, and sheep
given smgle oral doses of carbofuran at 0.25-5.0
mg-kg™ body weight, 1.0-5.0 mg-kg™' body weight,
and 2.5-5.0 mg-kg™' body weight, respectively
(Palmer and Schlinke, 1973).

Several investigations have focused on
possible endocrine dysfunction as ‘a sublethal
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response to carbofuran ingestion. These studies

have used steroid metabolism as monitors of poten-
tially detrimental sublethal responses. /n vitro stud-
ies of testosterone metabolism by rat and mouse
liver and prostate tissues have demonstrated only a
slight stimulation of mucrosomal hydroxylation reac-
tions by 22.1 mg-L~' carbofuran (technical grade).
The anticipated detrimental response was to have
been a decrease in hydroxylation reactions, as is
produced by other types of insecticides (Schein, et
al., 1976; Donovan et al., 1978).

Another endocrine dysfunction study used the
ingestion (12.3° mg per week) of carbofuran (tech-
nical grade) by mice for a period of 80 d. The con-
sumption of carbofuran at this concentration (30
#ig-9~" in food) did not affect food consumption or
body weight gain in the experimental animals. At the
end of 90 d, carbofuran was found to have signifi-
cantly affected prostate weight, prostate protein
content, and prostatée RNA and DNA content. These
alterations of endocrine function were, however,
termed physiologically insignificant (Shain et al.,
1977).

Immune system responses to the ingestion of
carbofuran have also been examined in the offspring
of female mice receiving carbofuran (technical
grade) doses of 0.01 and 0.50 mg-kg~".d™' for the
period of gestation (approximately 22 d). Treatment
effects were most apparent (as decreased or in-
creased serum immunoglobulins) in the offspring at
3 months of age, but systematic dose-effect rela-
tionships were not apparent. Females exposed to
0.01 mgkg™'.d~' produced female offspring with
increased plasma corticosterone and decreased
total hepatic metabolism of cortucosterone Females
exposed to 0.50 mg-kg~.d~', however, produced
offspring with apparently normal endocrine function
as defined by hepatic corticosterone metabolism
{Cranmer et al., 1978, 1979).

Other laboratory studies have also demon-
strated carbofuran’'s subacute toxic résponse in
mammals. Gupta and Bagchi (1982) demonstrated
the effects of Furadan (percent active ingredient
unknown) on mice by observing various behavioural
responses. Furadan (in -0.9% NaCl) was
administered by mtrapentoneal injection at doses of
0.5, 0.75, and 1.0 mg-kg—' body weight. Qualitative
observations were made on the ability of the individ-
val mice to turn over after being placed on their
backs, the induction. of a corneal reflex, the pinna
reflex, and the grip strength of the tail and forepaws.
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Under the influence of the concentrations used,
Furadan was observed to have a slight depressant
action on the central nervous system. :

_ Due to the reported antiacetylcholinesterase
activity of carbofuran, a common method of
studying subacute exposure has been the deter-
mination of this enzyme activity and other asso-
ciated neurotransmitters. Changes in  the
concentrations of brain neurotransmitters (acetyl-
choline, catecholamines, ahd amino acids) after the
intraperitoneal injections of Furadan (percent active
mgredlent not given) at a concentration of 0.25
mg- kg were described by Gupta et al. (1984). Sig-
nificant decreases in acetylcholinesterase activity
were accompanied by significant increases in acetyl-
choline, gamma-amino-butyric acid, epinephrine,
norepinephrine, dopamine, and 5-hydroxytryptamine
concentrations. Apparently, the excitatory action of
increased levels of acetylcholine is antagonistic to
the action of gamra-amino-butyric acid, with a
resulting depressant effect on the central nervous
system. Epinephrine and norepinephrine are also
known. to cause central nervous system depression.

Uptake, ‘Metabolism, and Depuration

Various laboratofy studies (Knaak et al., 1970)
have demonstrated that carbofuran is readily
absorbed from the gastrointéstinal tract of mam-
mals. Experiments deésigned to study the rat gastro-
intestinal uptake of radiolabelled carbofuran from an
emulphor-ethanol-water carrier demonstrated that
51.2% of the carbofuran was adsorbed in 15 min;
67.4% was absorbed in 80 min. As would be ex:
pected, most of the absorption of carbofuran
appears to take place in the small intestine (Ahdaya
et al., 1981; Ahdaya and Guthrie, 1982).

Other examinations of the uptake of carbofuran
and the metabolites 3-hydrocarbofuran (3-OH-CF)
and 3-hydroxycarbofuran glucoside (3-OH-CF-
glucoside) demonstrated rapid absorption of
carbofuran and 3-OH-CF in all segments of the rat
gastrointestinal tract. By contrast, 3-OH-CF-
glucoside was not readily absorbed until reaching
the lower portion of the small intestine and cecum
where the glucosidic linkage is cleaved and the re-
sulting 3-OH-CF is absorbed (Marshall and Dorough,
1979).

Limited data on the dermal absorption of
carbofuran by mice indicate that 33% of the applied
carbofuran can be absorbed through the skin in 5
min. Seventy-six percent ¢an be absorbed in 60 min



and 95% can be absorbed in 480 min (Shah et al.,
1981).

Once in the bloodstream, the liver becomes

the primary organ for carbofuran metabolism as the
result of reactions involving oxidation, reduction,
hydrolysis, and conjugation. Prior to metabolism,
carbofuran may exert an inhibitory effect on acetyl-
cholinesterase activity. Laboratory studies using
sublethal oral doses (i.e., 50 ug carbofuran-kg™

body weight) demonstrated a short enzyme ré-

covery period due primarily to the kinetics of the
reversible acetylcholinesterase-carbofuran complex.
The rate of complex formation is directly correlated
with carbofuran toxicity. Recovery from inhibition
simply requires the dissociation of the methylcar-
bamyl moiety from the enzyme (Ferguson et al.,
1984). Oral exposure produces rapid acetylcholines-
terase recovery and less acetylcholinesterase de-
pression compared to other routes of exposure
(e.0., dermal, inhalation, intravenous) due to the
complete biotransformation of the insécticide.

- An important plasma and urine metabolite of
carbofuran is 3-hydroxycarbofuran. It is rapidly
formed and distributed among the various tissues
after. carbofuran's first pass through the
enterohepatic tissue. Its half-life in the mammalian
system (t', = 64 min), however, is approximately

twice as long as the parent carbofuran molecule (t',

= 29 min). Although, the 3-hydroxycarbofuran
metabolite has acetylcholinesterase activity similar
to the parent compound, the rapid metabolic conju-
gation of this metabolite may be the more important
aspect of its in v_ivo disposition (Ferguson et al.
1984). The hydroxylation of carbofuran to
3-hydroxycarbofuran and the hydrolysis of the car-
bamate ester linkage are also the predominant path-
ways of carbofuran in laying hens. A single oral dose
of 2.7 mg-kg™ was subject to rapid hydrolytic degra-
dation. After approximately 6 h, 54% of the dose
had been hydrolyzed. Twenty-six percent of the
dose, approximately half of which were metabolic
products, was eliminated in the feces in the same
time frame. The metabolism of carbofuran reached
riear stabilization after 24 h. By this time, 72% of the
dose had been hydrolyzed; 66% was eliminated in
the feces and 12% remained in the body as car-
bofuran metabolites (Hicks et al., 1970).

The toxicity of other carbofuran metabolites is
significantly less than the parent compound (NRCC,
1979; Ferguson et al., 1984). Metabolism of
3-hydroxycarbofuran and 3-hydroxycarbofuran

glucoside, after their formation in the liver from the
parent carbofuran, yield the same. breakdown
products in the bile. Metabolism of the glucoside
conjugate; however, is much slower than the uncon-
jugated 3-hydroxycarbofuran (Dorough, 1983).

Depuration studies with rats indicated. rapid
(i.6., approximately 75%) excretion of carbofuran
metabolites within the first 24 h after oral administra-
tion (Dorough, 1968). Elimination studies with
radiolabelled carbofuran showed that.24% of the oral

- dose of carbofuran was found in the urine after 60

min. Six percent of the radioactive dose appeared in
the air respired from the lungs within the same time
frame (Ahdaya et al., 1981). '

Mutagenicity, Teratogenicity, and Carcinogenicity

Short-term mutagenic assays of carbofuran
have produced few positive results. Dogs, rats, and
rabbits have been used to assess the reproductive
and teratogenic éffects of carbofuran. Teratogenic
effects were not observed, but testicular degenera-
tion was noted. No-effect levels for testicular de-
generation were 1.0 and 2.0 mg-kg~'.d~' for rats
and rabbits, respectively (Life Systems, Inc., 1985).

Many organic compounds containing the
N-nitroso group (N=0O) are known mutagens, and
concern has beéen raised by some investigators con-
cerning the creation of N-nitrosocarbofuran or
N-nitrosocarbofuran metabolites. The creation of
nitroso derivatives attains its greatest potential in the
acid condition of mammalian stomachs. Investiga-
tions of in vivo nitrosocarbofuran formation in the
stomachs of rats and guinea pigs appeared to
demonstrate only low levels of the nitroso deriva-
tives (i.e., 0.65% and 0.03% in guinea pig and rat
stomachs, respectively). Higher yields were ob-
tained with /n vitro mixtures of carbofuran, sodium
nitrate, and gastric contents (Rickard and Dorough,
1984). The nitroso derivatives of carbofuran or its
metabolites have béen shown to be mutagenic when
tested with the Ames Test (Nelson et al., 1981).
Doses of N-nitrosocarbofuran (by gastric intubation)
of 16.5 mg-kg™ given once a week for 23 weeks
were found to cause increased stomach tumors in
rats. Lower dosage gave less conclusive results
(Lijinsky and Schmahl, 1978). There is no firm
evidence, however, for the biological or environ-
mental formation of N-nitrosocarbofuran or N-
nitrosocarbofuran metabolites, which could pose
either a mutagenic or carcinogenic threat to animal
life (Life Systems, Inc., 1985).
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Guideline

Information specifically related to carbofuran in
livestock water supplies could not be found. Ontario
has a 0.1-mg-L~" water quality objective for the gen-
eral category of carbamate and organophosphorus
insecticides in livestock watéring supplies (Ontario
Ministry of the Environment, 1984).

It is sighificant that most studies indicate that
mammal and bird poisonings arfe a result of direct
ingestion of carbofuran granules or contaminated
food rather than the result of contaminated water
ingestion. The guideline for livestock watering should
take into account the maximum acceptable daily in-
take for humans (90 ug-L=') derived from a 2-year
laboratory study of carbofuran intake by rats with a
no-observed-effect level of 0.01 mg-kg—'-d~' (Health
and Welfare Canada, 1987). Although the 90-ug-L™'
valué would conceivably be safe for livestock of
greater body weight than humans, small animals
might be at risk. Available data suggest that sensi-
tive bird species might not be protected at a level of
80 ugL™". An oral LD,, of 0.42 mgkg™ for red-
winged blackbirds indicates a considerably higher

degree of sensitivity to carbofuran than mammals .

(Schafer et al., 1973). This study implies that 27.3
ug of carbofuran ingestéd orally would beé Iéthal to
half a population over 96 h. To introduce a margin of
safety, the value of 90 ug-L™' is reduced by half to
45 pug.L~ for a recommended guideline.

Irrlga?ion
Guideline

Specific information regarding carbofuran
toxicity to terrestrial or aquatic vascular plants could
not be found in the literature. As well, there are no
data to suggest that carbofuran residues in irrigation
water that result from registered uses are harmiful to
crops. Therefore, no guideline is recommended.

. Recreational’ Water Quality and Aesthetics
Guideline

There is no recommended guideline. for
carbofuran in recreational waters.
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Industrial Water Supplies
Guideline

There is no recommended guideline for
carbofuran in industrial water supplies.

SUMMARY

Foliowing an extensive evaluation. of the
published literature on the pesticide carbofuran,
Canadian water quality guidelines were derived
(Table 6). The background Information on car-
bofuran in terms of uses and production, occur-
rence in the aquatic environment, and pefsisterice
and degradation was réviewed. The rationale
employed for the development of the recommended
guidelines was summarized. '

Table 6. Recommiended Water Quallt.y Guidelines for
Carbofaran

Uses © Guidelines

Raw water for drinking water
supply

Freshwater aquatic life

Agricultural uses .
Livestock watering - 45 pgL-'
Irrigation No recommended guideline

Recreational water quality
and aesthetics

Indusirial water supplies

90 pg-L-'*
1.7 pgL!

No recommended guideline
_ No recommended guideline

*Existing drinking water guideline (Health and Welfare Canada, 1987).
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‘Table A-1.

Summary of Carbofuran Residues Found in Aquatic Environments

Location and conditions

Matrix

‘Samples with

carbofuran/
samples
collected

Concentration

Reference

26 tailwater pits in Haskell Co., KA,
each receiving irrigation runoff water

Runoff pit soil 2/2
Runoff pit

from one or more fields of corn. Water 10/12

(Sampling conducted in 1973 and 1974.)*

5 tailwater pits in Haskell Co., KA,
each receiving irrigation runoff water

Runoff pit soil 2/2
Runoff pit

from corn and grain sorghum fields. Water 2/3

(Sampling conducted from May 1975
to April 1977.)

11 -agricultural watersheds in southern Water -

Ontario. Carbofuran used in two
watersheds for a total of 1092 kg-ai
during 1976. Carbofuran showed an
overall presence.of 0.8% in water.

Wascana Cr., Wood River, -and Notukeu Cr. Water 0/8

basins in southern Saskatchewan. Residue
monitoring for grasshopper :control program.
Areas treated and quanitity of carbofuran
used not given. (Sampling conducted on
July 4, 1985.)

Assiniboine River, Carrot. River, Whitefox Water 0/8

River, andiMelfort Cr.. basins. in southern

Saskatchewan. Residue moniloring for wheat

‘midge control program. Areas treated and
‘quantity of carbofuran used not given.

(Sampling conducted on July 23, 1985.)

Small -agricu’lluré watershed; Black Cr., Water S 0/7

Allen County, northeastern Indiana.
No indication of amount of carbofuran.
(Sampling conducted in July 1977.) Fish

Sediment 0/14

0/18

50 pgkg™' (mean), 75.9 pg-kg~' (maximum)

35.2 pg-L-' (mean), 88.9 pg-L-' (maximum)

30.6 pg-kg™' (mean), 42.4 pg-kg~' (maximum)

24.1 yg-L-' (mean), 51.7 pg-L-' (maximum)

<0.1 pg-L-" (overall mean), 1.80 yg-L-' (maximum)

Not detected with 0.5-ug-L-" detection limit

Not detected with 0.5-yg-L-" detection limit

Not detected with 0.1-mg-L-' detection limit

Not detected with 0. 1-mg-kg-" detection limit
Not detected with 0.1 mg.kg~" detection: limit

Kadoum and Mock, 1978

Frank et al., 1982

Ferris, 1985

Ferris, 1985

Dudley -and Karr, 1980

August, and November without regard 1o runoff.

. *In 1973 each pit was sampled: betore ‘the. first runoff.of the growing season, mmedlately -after the first runoff; at mldstream, inilate:summer, ‘andiin the autumn. In 1974, each: pit was sampled:in May, June, July,



Table A-1. Continued

Samples with

carbofuran/
© samples

Location and conditions Matrix collected: Concentration Reference
9 impoundments in the Saint John Water 5/14 0.03 10 0.06 pg-L~' Bailey, 1985
(New Brunswick) River basin. Carbofuran
use in basin not :given. (Sampling con- Sediment 0727 Not detected with O.OI-Mg-g." detection limit
ducted in September/Oclober 1983.)
84 sites in Atlantic provinces | Water 0721 Detection limit not given Bailey and Howell, 1983
over a 3-year period (1979-1981). Sediment 0/21 Detection limit not given
14 sampling sites (6 in .a lake, 3 in a Lake water 22/26 6.05 ng-L-' (mean), 42 ng-L~' (maximum) Albanis et al., 1986
river, and 5 in a connecting canal) in the )
northwestern portion of Greece. Use of Canal water 5/10 7.8 ng-L-! (mean), 21 ng-L-' (maximum)
carbofuran in the area in 1984-1985 =
2800 kg-ai. (Sampling conducted from . River water 12/15 4.1 ng-L-' (mean), 14 ng-L-' (maximum)
September 1984 to September 1985.)
Loblolly pine seed orchard, adjacent 1o Stormwater -/- Not detectable to 7820 pg-L“' Bush et al., 1986
Lake Oconee, central Georgia. Carbofuran runoff 1981
(granular) applied beneath soil with seed
drill set for 5-cm depth. Applications in Fish tissue 1/28 1390 “g-kg" (as 3-hydroxy carbofuran)
late winter or early spring of 19 kg-ai-ha~' (whole fish)
(Fish sampling conducted monthly or bimonthly 1981
from February 1981 to September 1984.)

Fish tissue 2/29 310.and 560 pg-kg™' Bush et al., 1986

(whole fish) 790 and 1490 p,g-kg" (as 3-hydroxy carbofuran)
. 1982 2/17

1983 0/19 Not detected with 20-pg-kg™" detection limit

1984 0/19 Not detected with 20-pg-kg" detection limit
2 wells on a farm near Portage la Prairie, Groundwater 8/14 Detected in the 11.5- to 158.4-—,ug-L" range Krawchuk and Webster, 1987
Manitoba in 1982

Deltected in the <0.5- 1o 1.0-pg-L-" range in 1983

Unspecified sites:in Maryland, Wisconsin, Groundwater -/- Detected in the 1- to _SO-Mg-L‘1 range Cohen et al., 1984, 1986

and New York. (Sampling dates not given.)




Table A-1.

Continued

Samples with

carbofuran/
samples

Location and conditions Matrix collected Concentration Reference
31 sites (6 in New Brunswick, 10 in Nova Sediment 0/26 Not detected with O.OI-M,g-kg" detection limit Bailey, 1984
Scotia, 7 in Prince Edward Island, ‘and 8 in
Newfoundland) were sampled for carbofuran
in sediments. (Sampling conducted in 1982.)
4 sites in the northeastern. United: States Rainwater -/~

(West Lafayette, Indiana; Potsdam, New
York; Tiffin, Ohio; Parsons, West Virginia)
during 1985..

Detected in. the <0.1- to 0.5-yg-L-" range

Richards et al., 1987
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Table B-1. Carbofuran Acute Toxicity Values for Aquatic Organisms

LC40/ECy, (mg-L") Formulation
Test (% active Temp. Hardness

Species conditions 24 h 48 h 96 h ingredient). (°C) pH (mg CaCO, -.L-") Reference

VERTEBRATES

Coho salmon
(Oncorhynchus kisutch) S, U 0.53 Technical 12.0 7.5 44 Mayer and. Ellersieck, 1986

’ (0.43-0.65) material
‘ (99%)

Rainbow trout - S, U 0.68 Technical 12.0 7.4 44 Mayer and Ellersieck, 1986

(Salmo gairdneri) (0.54-0.86) material
(99%)

Rainbow trout ) ’ S, U 1.02 0.60 Téchnical 12.0 7.5 44 Mayer and Ellersieck, 1986
(Salmo gairdneri) (0.64-1.64) (0.44-0.83) material :
(Steelhead strain) (99%)

Brown trout S, U 0.84 Technical 12.0 7.5 44 Mayer and Ellersieck, 1986
(Salmo trutta) (0.71-1.01) material

(99%)

Brown trout FT, U 0.36 0.28 Technical 12.0 7.5 314 Mayer and Ellersieck, 1986

(Salmo trutta) (0.24-0.52) (0.20-0.38) material -
(99%)

Lake trout R - FT, U 0.16 Technical 12.0 7.5 314 Mayer and Ellersieck, 1986

(Salvelinus namaycush) : (0.12-0.23) material . .
L (99%)

Fathead minnow su 2.24 1.99 ‘Technical 12.0 7.5 44 Mayer and Ellersieck, 1986

(Pimephales promelas) (1.59-3.15) (1.39-2.86) material
: (99%)

Fathead minnow v S,U 0.88 Technical 17.0 7.1 44 Mayer and Ellersieck, 1986

(Pimephales promelas) (0.49-1.58) material
: (99%)

Fathead minnow FT, U 1.32 1.18 Technical 17.0 1.5 314 Mayer and Ellersieck, 1986

(Pimephales. promelas) (0.99-1.76) (0.81-1.71) material . :
: (99%)

static

T flow-through .

M = concentrations in test water measured

U = concentrations in test water not measured
EC = effective concentration



Table B-1. Continued

LC4/ECyo (mgiL"y Formuilation :
Test . (% active Temp. Hardness
Species: conditions 24 h 48 h 96 h ingredient): °Cy pH  (mgCaCoOy L") Reference
’C-h'axineli ‘catfish. S, U 0.37 : Technical 20.0 7.4 44 Mayer and Ellersieck, 1986
(Ictalurus: punctatus) (0.22-0.64) : material :
' ' : ' (99%)
Bluégill S, U 0.37 Wettable 18.0 7.1 44 Mayer and Ellersieck, 1986
(Lepomis macrochirus) (0.29-0.47) powder
(50%)
Bluegill S, U 0.10 0.088 Technical 17.0 7.1 40 Mayer and Ellersieck, 1986
(Lepomis macrochirus) . (0.09-0.12) (0.08-0.10) material
(100%)
Yeliow perch . S, U 0.28 0.24 Technical 12.0 7.5 » 44 Mayer and Ellersieck, 1986
(Perca flavescens) (0.23-0.34) (0.21-0.28) material
99%)
Yeliow perch S, U 0.12 Technical 12.0 9.5 - 44 Mayer and Ellersieck, 1986
(Perca flavescens) (0.08-0.18) material '
(99%)
Yellow perch S,.U 0.54 0.40 Technical 12.0 7.5 42 Mayer and Ellersieck, 1986
(Perca flavescens) (0.43-0.69) (0.29-0.55) material
(99%)
Coho 'salmon S, U 0:.53 Technical 12 7.2-7.5 40-50 Johnson and Finley, 1980
(Oncorhynchus kisutch) {0.43-0.65) material
(99%)
Rainbow trout S, U 0.53 ‘Technical 12 7.2-7.5 40-50 Johnson and. Finley, 1980
(Salmo gairdneri) (0.43-0.65) material.
(99%)
Brown trout S, U 0.56 Technical 12 7.2-7.5 40-50 Johnson and Finley, 1980
(Salmo trutta) (0.48-0.66) material :
(99%)
Lake trout FT, U 0.16 Technical 12 : 7.2-7.5 -40-50 Johnson -and Finley, 1980
(Salvelinus namaycush) : (0.12-0.23) material
‘ (99%) 7
‘Fathead minnow S, U ' 0.87 Technical 17 7.2-7.5 40-50 Johnson -and Finley, 1980
(Pimephales promelas) (0.48-1.:59) material
(99%);

15




Table B-1. Continued

LCgs0/ECgq, (mg-L-") Formulation
Test - (% active Temp. Hardness
Species conditions 24 h 48 h. 96 h ingredient) (°C) pH (mg CaCO, -L-") Reference
Channel catfish S, U 0.25 Technical 20 7.2-7.5 40-50 Johnson and Finl'ey,’ 1980
‘(Ictalurus punctatus) (0.094-0.65) material
(99%)
Mosquito fish . S, U 0.96 . 0.57 0.52 ‘EC Not Not Not Davey et al., 1976
(Gambusia affinis) (0.74-1.36) (0.44-0.66) (0.45-0.57) -(40%) given . given given
Green sunfish S, U 0.31 0.17 0.16 ‘EC. Not Not Not Davey et al., 1976
(Lepomis cyanellus) (0.22-0.36) (0.05-0.23) (0.10-0.21) (40%) given given given .
Bluegill Not 0.12 Not Not Not Not Frank et al., 1982
(Lepomis macrochirus) given given given given given ’
Yellow perch S, U 0.15 Technical 12 7.2-7.5 40-50 Johnson and Finley, 1980
(Perca flavescens) (0.12-0.19) material
(99%)
Bluegill S, U 0.24 ‘Wettable 18 7.2-7.5 40-50 Johnson and Finley, 1980
(Lepomis macrochirus) (0.19-0.31) powder :
(50%)
Singii . S, U 0.649 0.603 '0.547 Not given 18.2*2 7.2%0.2 Not Verma et al., 1982
(Saccobranchus fossilis) (0.47-0.64) (75%) given
Tilapia S, U 0.44 Not 27.9*0.84 7.0 Not Konar and Ghosh, ‘ 1983.
(Tilapia mossambica) given given
Sheepshead minnow FT, M 0.386 Not 20 Not Not Hansen and Parrish, 1977
(Cyprinodon variegatus) given given given
Indian carp s, U 4.8 Not 27%2 7.2 60-70 Kulshrestha: et al.,, 1986
(Labeo rohita) given
Indian carp S, U 5.1 Not 27%2 7.2 60-70 Kulshrestha et al., 1986
(Catia catia) given
Indian: carp, S, U 4.7 Not’ 27%2 7.2 60-70 Kulshrestha et al., 1986
(Cirrhinus mrigala) - : given i :
Alr-breathing catfish Not given 1.8 Not Not Not: Not . ‘Sadhu and Mukhopadhyay,
(Clarias batrachus) given. . given given given. 1985




Table B-1. Continued
LCg40/ECqp (mg:L™") — Formulation:
Test (% -active Temp. Hardness

Species: conditions 24 h 48 h: 96 h ingredient) (°C) pH  i(mg CaCO, L") Reference

African catfish S 0.31 Wettable  Not. Not Not Verma et al., 1980
(Mystus. vittatus) N powder given given given

: - (75%)

Frog (tadpole) S, U 13.47 Noi given  25%2 7.3%0.1 55%5 Pawar and Katdare, 1983b
(Micropyia ornata) (8.55-21.21) (75%).

European .carp S, U 0.16 Carbofuran  27%2 7.2 60-70 Kulshrestha -and Arora, 1986
(Cyprinus carpio) 3G

(3%)

Rainbow trout Not given 8.5 Furadan Not Not Not Hejduk and Svobodova,
(Salmo- gairdneri) (5%) given given given 1980

European carp Not given 11.0 Furadan Not: Not Not ‘Hejduk and Svobodova,
(Cyprinus carpio) (5%) given given given 1980

Guppy Not given 3.4 Furadan Not Not Not Hejduk and Svobodova,
(Poecilia reticulata) i (5%) given given given 1980

Freshwater teleost S, U 0.32 0.27 0.18 Not given  18.2 6.9-7.4 Not Verma, Rani, et al., 1981
(Ophiocephalus 0.30 0.26 0.21 (100%) given
punctatus)

African catfish S, U 0.50 0.44 0.31 Not given 18.2 6.9-7.4 Not Verma, Rani, et al., 1981
(Mystus: vittatus) 0.46 0.37 0.26 (100%) given

INVERTEBRATES

Ostracod s, U 2.4 Not given 20 8.2 Not Grant et al., 1983
(Heterocypris (1.4-4.0) (100%) given
iuzonensis)

Ostracod S, U 0.40: Not given 20 8.2 Not Grant et al., 1983
(Cyprinotus (0. 34-0.56) (100%) given.
carolinensis)

Cladoceran S, U 0.035 Furadah 15 7.6 . 282 Hartman and Martin, 1985
(Daphnia pulex) (0.027-0.046) (40.6%) '

(without suspended)
sediment)




Table B-1. Continued

" LC4o/EC4, (mgL-") Formulation
Test v (% active Temp. Hardness:
Speci_es conditions 24 h 48 h 96 h ingredient) (°C). pH (mg CaCO, -L-' ) Reference
Cladoéeran 'S, U (with 0.045 ‘Fﬁradan 15 7.6 282 Haﬁman and Martin, 1985
(Daphnia pulex) suspended (0.033-0.061) (40.6%)
-sediment
conc. not
given)
"Cladoceran . S, U 0.62 Not given 27.9%0.84 7.0 Not Konar and Ghosh, 1983
(Cyclops viridis) (75%) - . given
Oligochaete S, U 7.20 ' Not giveh 27.9*0.84 7.0 Not Konar and Ghosh, 1983
(Brachiura sowerbyi) (75%) given
Prawn _ S, U 0.157 Technical 28%2 7.4%0.2 50%2 Pawar and Katdare, 1983a
(Macrobrachium (0.115-0.216) grade
kistnensis) (75%)
Oligochaete S, U 20 18 14 Furadan  18%0.3 8.15%0.3 165*5 Dad e al., 1982
(Tubifex tubifex) (3%)
Oligochaete S, U 16 14 11 Furadan 18%0.3 8.15%0.3 1655 Dad et al., 1982
(Limnodrilus (3%)
-hoffmeisteri)
Cladoceran S, U 0.048 Technical 20%*1 7.2 60 Johnson; 1986
(Daphnia magna) (0.035-0:064) grade: . -
. (99%)
Midge S, U 0.056 Technical 20*1 7.2 60 Johnson, 1986
(Chironomus riparius) (0.031-0.099) ) grade
(99%)
Midge S, U 0.0016 : (at least 22°C Not . Not Karilék- .and ‘Collins, 1974
‘(Chironomus tentans) 90%). given given .







