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The toxicity, accumulation, and loss of the insecticide 

Sevin (1-Naphthyl-N-Met.hylcarbamate, common name: Carbaryl, 

Union Carbide Corporation) were evaluated using selected 

aquatic insects. 

Static laboratory bioassays were conducted in controlled 

environment chambers to determine the toxicity of carbaryl 

to adult and second-instar nymph Trichocorixa reticulata 

(Hemiptera: Corixidae) and to larval Glyptotendipes barbipes 

(Diptera: Chironomidae). Carbaryl was 8.3 times more toxic 

to Trichocorixa reticulata adults and 13.0 times more toxic 

to Trichocorixa reticulata nymphs than to Glyptotendipes 

barbipes larvae at 24-hour exposure. 

Accumulation was measured under two regimes. In one 

series of experiments, the Glyptotendipes barbipes larvae 

were placed in one liter of carbaryl solutions that repre-

sented 50 per cent or 75 per cent of the 24-hour median 

tolerance limit concentration., and the solutions were not 

changed during c-'it expoxxtiusnt:. Samples were taken each 24 

1 



hours for 10 days for each exposure concentration. Another 

series of experiments was done in which the 50 per cent or 

75 per cent median tolerance limit concentration solutions 

were renewed daily for 5 days. After 5 days, half of the 

remaining organisms were transferred to distilled water, 

while the other half were maintained in daily-renewed car-

baryl solutions. Accumulation of carbaryl by Glyptotendipes 

barbipes was determined by extracting and isolating the 

hydrolytic product of carbaryl, 1-naphthol, and measuring 

it colorimetrically. Samples of Glyptotendipes barbipes 

were homogenized in a Waring Blendor and extracted with 

methylene chloride. The color reagent was p-nitrobenzene-

diazonium fluoroborate. 

Glyptotendipes barbipes accumulated carbaryl through 

the sixth day under static and daily-renewed solutions, 

after which no significant accumulation occurred. Maximum 

amounts accumulated under static conditions were 0.220 

jag/mg at the 50 per cent median tolerance limit, and 0.265 

/ag/mg at the 75 per cent median tolerance limit. The maxi-

mum amount of carbaryl stored under static conditions rep-

resented only 0.14 per cent of the original amount present 

at the 50 per cent: median tolerance limit exposure, and only 

0.x2 per cent o£ the original 75 per cent median tolerance 

limit amount,. 



Loss of carbaryl started as soon as the larvae were 

removed from the source of the insecticide and placed in 

distilled water. The amount of stored carbaryl decreased 

after 5 days of distilled water treatment to 73.6 per cent 

of the maximum amount accumulated at the 50 per cent median 

tolerance limit exposure; and 56.4 per cent of the maximum 

amount accumulated at the 75 per cent median tolerance 

limit exposure. The loss of carbaryl for each exposure 

level was not significant for the first day within exposure 

levels, but was significant between exposure levels. 

The fact that no significant increase in stored car-

baryl occurred after the fifth to sixth days indicated that 

Glyptotendipes barbipes v/ould probably not be a major con-

tributor to high residue, levels in predator species. 

The data of this study indicate that the use of carbaryl 

as an alternative insecticide to the chlorinated hydrocarbons 

and organophosphates may be useful in reducing the detrimental 

environmental impact of insecticide pollution. 
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INTRODUCTION 

Much of the literature on insecticides has dealt with 

the persistence of toxicity of DDT and other chlorinated 

hydrocarbons, and their dynamics in water (see Johnson, 1968; 

and Cope, 1971). Water pollution by insecticides became a 

significant problem in the 1940"s with the advent of the new 

synthetic compounds, including the organophosphates and 

chlorinated hydrocarbons (Nicholson, 1969). Applications of 

DDT to croplands frequently have been followed by a decrease 

in aquatic insects and the fishes that fed upon them (Hoffman 

and Drooz, 1953). Insecticide contamination of fresh-water 

environments has been investigated primarily through the re-

covery of residues from fish tissues (Nicholson, 1969), and 

by direct chemical analysis of water (Meeks, 1 9 6 8 ) . 

The important ecological position occupied by insects 

in aquatic communities has made them the object of many 

studies of insecticide effects on non-target organisms. 

Additional information on the role of aquatic insects in the 

complex problem of chemical transfer through living systems 

is important because of the intermediate trophic position of 

these organisms (Wilkes and Weiss, 1971). Most insecticides 



are toxic to a wide range of animals, and certain taxa are 

more susceptible than others. Invertebrates are generally-

more vulnerable than vertebrates. Among vertebrates, fish 

and birds are more sensitive than mammals (Jensen and Gaufin, 

1966). Variations in sensitivity may result in the elimin-

ation of certain organisms from the food chain. While some 

organisms may be killed, when exposed to lethal concentrations 

of insecticides, more resistant ones, which survive lower 

levels of exposure, may concentrate and store insecticides 

in tissue at levels higher than those found in the environ-

ment. Such biological magnification has resulted in high 

death rates in some predator species (Jensen and Gaufin, 

1966). The problem of biological magnification has been 

studied in several aquatic organisms and with several in-

secticides (Hunt and Bischoff, 1960; Schoettger and Olive, 

1961; Schoenthal, 1963; Terriers, et a_l. , 1966; Woodwell, 

et al., 1967). Most of the research has been concerned with 

the site of storage of a pesticide (Wilkes and Weiss, 1971). 

The subtle effects of exposing aquatic insects to in-

secticides are often overlooked. Life-cycle alterations 

and predator-prey relationships may be changed by exposure 

to low concentrations of insecticide over a long period. 

More sensitive species may be eliminated from aquatic 



communities through release of small quantities of highly-

toxic substances (Jensen and Gaufin, 1966)'. 

The principal sources of water contamination by insecti-

cides (Nicholson, 1969) are runoff, discharges of industrial 

wastes, accidental spills, and applications intended to con-

trol some form of aquatic life (Fish, algae, vascular plants, 

or insects). 

Public opinion concerning use of persistent insecti-

cides has recently begun to change. Chlorinated hydrocarbons 

are being replaced in insect control by insecticides with a 

less detrimental impact on the environment. 

Two major attributes of these alternative insecticides 

include low toxicity to non-target organisms, and shorter 

persistence in the environment. Sevin (1-naphthyl-N-methyl-

carbamate, common name: carbaryl, Union Carbide, Corp.) 

has been shown to be a suitable alternative in terrestrial 

systems (Apple, 1968). A tolerance limit of 10 mg/kg on 

such crops as peas, potatoes, tomatoes, eggplant, asparagus, 

and most leafy vegetables has been established for carbaryl, 

and may be applied up to the day of harvest. A tolerance of 

100 mg/kg has been established on beans, corn, sorghum, rice, 

and small grains, and it may be applied up to 2 to 3 weeks 

prior to harvest {Union Carbide, 1967). 



The mode of action of carbaryl insecticide is a mild 

to moderate, reversible, acetylcholine esterase inhibition 

(Casida, 1963; Union Carbide, 1967). Its action is con-

siderably less than that commonly associated with organic 

phosphate insecticides, and is only a small fraction of that 

of ethyl parathion. Union Carbide (1967, p. 8) states that 

. .no marked tendency to attack the central nervous system 

is exhibited." The action of some carbamates may be blocked 

by application of nicotine, atropine, or barbituric acid to 

the ganglion (Tobias, Kollros, and Savit, 1946). In 1951, 

Wiesmann and Cocher (in Casida, 1963) stated that blood and 

muscle pH dropped considerably during carbamate-induced 

tremors, probably due to production of lactic acid. Car-

baryl caused no acetylcholine esterase inhibition in rat 

and dog plasma or in rat erythrocytes, but did yield a 

slight transitory inhibition in rat brain (Carpenter, et al., 

1961). Carbaryl has a low toxicity to mammals, as exhibited 

by a median tolerance limit (TI^) of 500 mg/kg. The com-

pound does not readily penetrate mammalian skin. The dermal 

LD50 is greater than 4,000 mg/kg in rabbits (Union Carbide, 

1967). 

The literature on the effects of carbaryl in water 

environments is scanty. Carbaryl has been applied to marine 



environments to control shellfish pests (Loosanoff, 1961; 

Lindsay, 1961; Haydock, 1964). These studies show that 

carbaryl can adversely affect or kill the following oyster 

pests: oyster drills, starfish, ghost shrimp, mud shrimp, 

and green crabs. In laboratory studies, Butler, Wilson, 

and Rick (1960), and Davis (1961), showed that a carbaryl 

concentration of 1 mg/liter inhibited the growth and devel-

opment of young oysters, and Ukeles (1962) reported a 

decrease in phytoplankton growth in the px_esence of the 

insecticide. The acute toxicity of carbaryl to several 

species of fish was reported by Katz (1961). He found the 

24-hour TLjn of carbaryl to be 1.33 mg/liter for coho salmon 

(Oncorhynchus kisutch). The 48-, 72-, and 96-hour TLm's 

for this species were the same, i.e., 0.997 mg/liter. The 

48-hour TL^ for rainbow trout (Salmo gairdneri) was 1.8 

mg/liter. Additional 96-hour TI^'s reported were 6.7 

mg/liter for fathead minnows (Pimephales promelas) and 1.5 

mg/liter for bluegill (Lepomis macrochirus). In water with 

a salinity of 5 °/oo, the 48-, 72.-, and 96-hour TL^'s of 

carbaryl were 16.625 mg/liter, 6.175 mg/liter, and 3.99 

mg/liter, respectively. Based on his data, Katz (1961) 

suggested that useful formulations may be produced with good 

insecticidal properties that are not highly toxic to fish. 
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Buchanan, Millemann, and Stewart (1970) found the 24-

hour TLm for Dungeness crabs (Cancer magister) to be 0.076 

mg/liter for second-stage juveniles, and 0.32 mg/liter for 

adults. There were also delayed mortalities in zoeae that 

were held in clean water after exposure to carbaryl. Crabs 

can also be killed within 6 hours by feeding on clams pre-

viously exposed to carbaryl. Stewart, Millemann, and Breese 

(1967) reported on the toxicity of carbaryl and its hydro-

lytic product, 1-naphthol, to several marine organisms. 

They found that carbaryl was. more toxic to crustaceans than 

to mollusks and fishes, whereas with 1-naphthol, the reverse 

was true. The 24-hour TL^ for mud shrimp (Upoqebia puget-

tensis) for carbaryl was 113 mg/liter and 12.7 mg/liter for 

1-naphthol. For cockle clams (Clinocardium nuttallii), the 

24-hour TLm for carbaryl was 7.3 mg/liter and 6.4 mg/liter 

for 1-naphthol. The mean 24-hour TI^ for all crustaceans 

was 0.37 mg/liter and 7.3 mg/liter for all mollusks. 

The relatively rapid disappearance of carbaryl from the 

aquatic environment (Union Carbide, 1967), its subsequent 

biological degredation (Menzie, 1966), and the data of Katz 

(1961) indicate that it also may be a suitable alternative 

to chlorinated hydrocarbon and organophosphate insecticides 

when viewed as a potential water pollutant. Very little is 



known of its effects on critical non-target aquatic food 

chain organisms. 

Hansen (1969) found that the 24-hour TI^ for sheeps-

head minnows (Cyprinodon varieqatus) was 0.006 mg/liter for 

DDT, 0.003 mg/liter for endrin, and 2.8 mg/liter for car-

baryl. These fish avoided DDT at 0.05 mg/liter and endrin 

at 0.01 mg/liter concentrations. They did not avoid car-

baryl at any concentration from 1 to 10 mg/liter. In these 

tests, fish could not, in general, differentiate between 

concentrations of the same insecticide but did move to 

water free of insecticide. 

Carbaryl is sometimes used to control the stink bug, 

Oebalus pugnax, in rice paddies in Louisiana (Hendrick, 

Everett, and Caffey, 1966). Muncy and Oliver (1963) re-

ported that the 72-hour TLm of carbaryl was 2 mg/liter for 

the Louisiana red crawfish, Procambarus clarkii. The size, 

weight, or total yield of P. clarkii in Louisiana rice 

paddies was unaffected by the application of 0.8 lbs/acre 

(0.9 kg/ha) carbaryl (Hendrick, Everett, and Caffey, 1966). 

Burdick, Dean, and Harris (1960) reported a decrease 

in fish food organisms ranging from 48.9% to 97.7% by weight 

in a New York stream, after an aerial application of carbaryl 

in a paraffin base to the watershed. However, in this study, 
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no mortality among any fish species was observed during or 

after the treatment. 

My study of the effects of'carbaryl in aquatic systems 

under controlled laboratory conditions emphasized four 

major objectives: (1) to determine the acute toxicity of 

carbaryl to the herbivorous adult and immature Trichocorixa 

reticulata (Guerin)(Hemiptera: Corixidae), and to the 

omnivorous larvae of Glyptotendipes barbipes (Staeger) 

(Diptera: Chironomidae) under static bioassay; (2) to adapt 

a quantitative method of analysis for carbaryl in water and 

whole insect tissue extract; (3) to measure the accumulation 

of the insecticide by G. barbipes under static exposure; 

and (4) to quantify the uptake and loss of carbaryl by GL 

barbipes under daily-renewed sublethal dosages. 



MATERIALS AND METHODS 

Static Bioassay 

All test organisms were collected from a sewage stabil-

ization lagoon, Denton County, Texas. Adult T. reticulata 

and their eggs were maintained in laboratory aquaria in 

aereated diluted sewage effluent. Both adults and nymphs 

were held for a minimum of 24 hours prior to testing at 16C 

and 16 hour pihotophase. Second-instar nymphs were harvested 

from laboratory hatched eggs at 13 to 14 days of age. 

Glyptotendipes barbipes were dredged from the littoral zone 

(Sturgess and Goulding, 1969) and stored in glass aquaria 

at 20 to 22C. Test and control organisms were collected 

from the sides of the aquaria and acclimated under test 

conditions for 24 hours before use. All test and control 

G. barbi pes larvae selected were 9 to 11 mm in total length 

to represent a uniform size class. All control situations 

duplicated test situations, except that control organisms 

were exposed to distilled water rather than an insecticide 

solution. 

Tests were conducted in a Sharer Controlled Environment 

Lab, Model Cel~44. Temperature was 16 -jk lc, with a 16 hour 
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photophase. Relative humidity was 58 to 60%. Temperature 

and relative humidity were monitored with a Bacharach-

Industrial Model Recording Hygrothermograph. A static bio-

assay regime consisted of five replicates each of five 

serial dilutions of carbaryl solution (e.g., 10, 18, 32, 56, 

100 }ig/liter) . Each regime was repeated 10 times for _T. 

reticulata adults, 10 times for T̂ . reticulata second-instar 

nymphs, and 10 times for G_. barbipes larvae. Survival 

percentages are means, then, of a total of 50 identical 

replicates for each test organism at each of the five con-

centrations . 

Bioassay vessels were 2 qt (1.89 liter) glass jars, 

and each replicate of 10 organisms was tested in 1 liter of 

solution. For each regime five replicates of 10 organisms 

were used as controls. Controls were treated in the same \ 

manner as experimental replicates, except that they were not | 

removed from the containers nor were solutions changed ? 

during the static toxicity experiments. Each test regime ? 

was oriented in five columns of five rows each in the -

environmental chamber. A 5 x 5 Latin square analysis of !• 
j 

variance (Steele and Torrie, i960) was conducted, to det e inn in b • I" 

xf position in the chamber affected results, 
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Median tolerance limits were determined by standard 

straight-line graphical interpolation (Doudoroff, et al., 

1951; Gaufin, Jensen, and Nelson, 1961). 

Bioaccumulation Studies 

Static accumulation. Collection and maintenance of 

test organisms, and static accumulation test conditions were 

the same as those stated previously for static bioassays. 

Tests were conducted at 240 jag/liter and 330 jig/liter conc-

entrations. These solutions, representing 50% and 75% of 

the 24-hour TLm, respectively, were selected to simulate 

the effects of sublethal amounts of insecticide entering a 

water system in a single dosage, then declining through 

physical and biotic degradation. 

• Actual tests consisted of 30 replicates of 10 G. bar-

bipes per vessel at each concentration. Thirty larvae from 

three containers were removed every 24 hours for 10 days. 

These three samples were pooled for quantitative carbaryl 

analysis. Larvae to be extracted were blotted and' homog-

enized. Samples were not oven-dried prior to extraction due 

to the breakdown of carbaryl at temperatures above 70C. 

Estimates of the weight of each sample of 3Q G. barbipes 

larvae were based on the known weights of 30 larvae dried at 

80C for 24 hours, allowed to cool, and weighed. Ninety-five 
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per cent confidence limits were established, and concentra-

tions of stored carbaryl were calculated on the basis of 

these weights. 

Quantitative analysis of insect tissues for carbaryl 

was performed by extraction, isolation, and color develop-

ment and is the "final action method" as recommended by the 

Association of Official Agricultural Chemists (Benson, 1968). 

Analysis for carbamates by gas chromatography has been used 

with limited success on living tissue (Ralls and Cortes, 

1964; Gutenmann and Lisk, 1965; Sullivan, Eldridge, and 

Knaak, 1967; Butler and McDonough, 1968). Ralls and Cortes 

(1964) state that gas chromographic methods are not promis-

ing for the quantitative analysis for carbaryl due to the 

formation of mixed bromination products of varying yields. 

The colorimetric method has been demonstrated to be the most 

efficient one and has been used with good results on a 

variety of tissues (Johnson, 1963; Johnson, 1964; Johnson, 

Critchfield, and Arthur, 1963; Johnson and Stansbury, 1965). 

It is the method recommended by Union Carbide Corporation, 

the manufacturer of the insecticide (R. R. Romine, personal 

communi.cat.ion) . 

Extraction was done by homogenizing the samples in a 

high speed Waring Blender with 150 ml of methylene chloride 
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and 100 g of anhydrous sodium sulfate washed twice with 100 

ml portions of methylene chloride then filtered under 

vacuum through a #2A Buchner Funnel with Hypo Super-Cel as 

a filtering aid. One milliliter of polyethylene glycol 

solution was added to the combined filtrates, and the sample 

was evaporated to dryness under vacuum. After the solvent 

had evaporated, 5 ml of acetone, and 50 ml of coagulating 

solution (0.5 g NH^Cl and 1 ml of H2PO4 in 400 ml H^O) were 

added to the sample. The sample was again filtered, as 

described previously, and the filter pad washed with 30 ml 

of coagulating solution. Samples were then transferred to 

a 250 ml separatory funnel and extracted three times with 

25 ml portions of methylene chloride. 

Color determination was done by adding 1 ml of poly-

ethylene glycol solution and again evaporating the extract-

ed samples to dryness. Two milliliters of 0.1 N potassium 

hydroxide in methanol and 17 ml of acetic acid were added 

in that order. One milliliter of the color reagent (25 mg 

of jo-nitrobenzenediazonium fluoroborate in 5 ml methanol and 

20 ml acetic acid) was added and absorbance determined in 

a 1 cm cell at 475 rnu after 5 minutes. A Bausch and Lornb 

Model 20 Photospectroraeter was used for absorbance determina-

tions. Vic\i:Q:c Ba.iTspi.es were taiten from test vessels after 
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the termination of the 10 day test period. Samples were 

analyzed by the procedures just described. 

A standard curve was prepared using three replicates 

each of 5.0, 10.0, 20.0, 30.0, 40.0, and 50.0 pg of carbaryl 

dissolved in 300 ml of methylene chloride. Technical grade 

Sevin (98% 1-naphthyl-N-methylcarbamat.e) was supplied by 

Union Carbide Corporation. Standards were treated as in the 

sample procedure, starting with, "color determination was 

done by adding 1 ml polyethylene glycol solution. . ." (p. 

10). Absorbance was plotted against micrograms carbaryl to 

obtain the standard curve. 

The principle of the procedure is the conversion of 

carbaryl to 1-naphthol and subsequent quantitative analysis 

of that compound. Sodium sulfate in initial extraction pre-

vents emulsions when water samples are extracted with a 

water-immiscible solvent such as methylene chloride. The 

addition of potassium hydroxide prior to the introduction of 

acetic acid catalyzes the coupling reaction. In this med-

ium, 1-naphthol forms an orange-yellow color at 475 m/i, 

while many natural phenolic compounds engage in the coupling 

reaction, but produce no color. Maximum color is produced 

in 1 to 2 minutes, instead of 10 minutes without sodium 

hydroxide. Methylene chloride is the solvent of choice 
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because it has excellent solubility of carbaryl and its low 

boiling point allows rapid concentration of the extracted 

samples. The addition of the coagulating solî tion and subs-

equent filtering eliminate "heavy" hydrocarbons such as 

waxes, if present (Johnson and Stansbury, 1965). 

Accumulation in daily-renewed solutions. Tests to 

determine biological magnification and loss of stored car-

baryl from G. barbipes were similar to static accumulation 

studies, except that they consisted of 45 replicates each 

at the 50% and 75% TLm carbaryl concentrations with 10 

larvae per vessel and test and control organisms were trans-

ferred to fresh solutions daily. Larvae from three vessels 

were sampled after the first 24 hours as previously des-

cribed. For the next 4 days, all larvae were transferred to 

fresh insecticide solutions with the larvae from three 

vessels being sampled each day. After these first 5 days, 

larvae in half of the remaining vessels (30) were trans-

ferred into distilled water daily. Larvae in the other 

15 vessels were transferred to fresh insecticide solutions 

daily.. As before, 30 larvae from three vessels of both 

these groups were sampled daily for carbaryl determination. 

These tests will be referred to hereafter as dynamic 
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accumulation studies. Amounts of stored carbaryl were com-

pared by Duncan's Multiple Range Test (Steele and Torrie, 

1960). 

Samples of 30 G_. barbipes larvae from each sewage pond 

collection were analyzed as described above for possible 

carbaryl accumulations from their environment. 



RESULTS 

Static Bioassay 

The survival data for adult and second-instar T. ret-

iculata in static bioassay are shown in Table 1. Graphical 

interpolation of these data yielded 16-hour, 24-hour, and 

48-hour TLm's of 107.0, 58.0, and 17.0 jjg/liter, respectively, 

for adult _T. reticulata, and 89.0, 37.0, and 15.1 jag/1 iter, 

respectively, for nymphs (Figures 1 and 2). Carbaryl was 

more toxic to nymphs than adults. It was 1.13 times more 

toxic at 16 hours, 1.6 times more toxic at 24 hours, and 

1.4 times more toxic at 48 hours. 

The survival data for (3. barbipes larvae .in static bio-

assays cire shown in Table 2. Graphical interpolation of 

these data yielded 16-hour, 24-hour, and 48-hour TI^'s of 

790.0, 480.0, and 140.0 pg/liter, respectively (Figure 3). 

This insecticide was much less toxic to the chironomids 

than to the corixids. Carbaryl was 4.6 times less toxic 

at 16 hours, 8.3 times less toxic at 24 hours, and 20.0 

times less toxic at 48 hours to G. barbipes than to adult 

2- reticulata. The 16-hour, 24-hour, and 48-hour TI^'s 

17 
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TABLE 1. Survival data for Trichocorixa reticulata adults 

and second instar nymphs exposed to 

carbaryl solutions. 

Carbaryl 
Per Cent Survival 

Concen-
tration 
jig/liter 

16 -hr 24 -hr 48 -hr 
Concen-
tration 
jig/liter 

Adults Nymphs Adults Nymphs Adults Nymphs 

10 100 96 86 84 64 68 

18 90 81 78 72 49 45 

32 83 67 66 59 30 33 

56 75 63 51 42 19 27 

100 59 44 32 35 8 19 

180 38 0 0 0 0 0 
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TABLE 2. Survival data for Glyptotendipes barfoipes larvae 

exposed to carbaryl solutions. 

Carbaryl Per Cent Survival 
Concentration 
jig/liter 16-hr 24-hr u 

&
 t 

00 

100 88 75 54 

180 82 67 48 

320 72 54 31 

560 56 46 22 

' 1000 46 34 16 

{ 



22 

o 
rd| > • CD rd| 

00 rd 
rd| 

> H 
rQi 

rd 
H 

CD 
CO -p 
a> rd 
ft i a 

•H -H 
H 

10 > i a 
r * rd •H 
• rd rQ 

CM rQ 
rQ 

CD 
« u 

rd O rd 
u 

M-l| 1 W 

u o | -
CP 6 
-M CQ 
•H +) EH 
H •r-i 
\ £ 4J 

O t7» -H a 
I T ) s% H 0 

' 9 
s% 

0 
CM t j i a) 

0 0 u 

h3 a Q) 

rd ft 
U 

Q) 
H 

H -P 
0 
-M -H 

&4 
m 
CM 

CM 

O 
O 

OCM 

C 
rd 

•H 

0) 
S U 

rd 
X>. 

• 5-1 
co m 

o 

•H 0 
Ixi M -l 

a) 
a 
r~l 

rH 

rH 
(0 
-P 
a 
o 
N 

•H 
U 
o 
A 

1 V A I A H I 1 S J j N H D H 3 d 



23 

for G. barbipes were 5.2, 13.0, and 27.4 times greater, 

respectively, than the same hourly Tim's for T̂ . reticulata 

nymphs. 

Bioaccumulation Studies 

Absorption data for carbaryl standards are shown in 

Table 3. Absorption data for extracted samples, were con-

verted into micrograms carbaryl by straight line inter-

polation from a standard curve (Figure 4). No carbaryl was 

detected from analysis of samples of 30 (3. barbipes larvae 

from each sewage lagoon collection. 

Static accumulation. There was no significant increase 

in stored carbaryl after the 5th day at the 50% TLm or after 

the 6th day at the 75% TL^ exposure (Table 4). Uptake and 

storage of carbaryl under static bioassay conditions by G. 

barbipes at 240 ug/liter were essentially linear up to the 

5th day (Figure 5). The maximum amount of insecticide stored 

at this exposure amounted to 0.220 (0.2,04-0.236) jig/mg dry 

weight. A maximum of 0*. 265 (0.249-0.281) pg/mg carbaryl 

was stored at the 75% TLm (330 jag/liter) exposure. The 

amounts accumulated at 50% and 75% TL^ levels of exposure 

were different for each day of exposure (Table 4). A 5 x 5 

Latin square analysis of variance indicated that there was 
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TABLE 3. Absorbance values for carbaryl standards at 475 mjj. 

Carbaryl Absorbance:a 

(ĵ g) Optical Density 

5 0.045 (0.040-0.050) 

0.090 (0.07S-0.Ill) 

2 0 0.176 (0.163-0.189) 

3 0 0.263 (0.241-0.285) 

40 0.360 (0.342-0.378) 

5 0 0.451 (0.421-0.481) 

a 
Numbers in parentheses indicate a range of ±2 standard 

errors # 
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TABLE 4. Static bioaccumulation of carbaryl by Glyptotsndipes 

barbipes at. initial exposure to 50% 

3. 
and 7 5% TLm1s. 

Carbaryl (pg/mg) 

Time (days) 50% TL^ (240 jig/liter) 75% TI^ (330 ^ig/liter) 

1 0. 0 4 1 ( 0 . 0 3 3 - 0. 049) a 0. 050 ( 0 . 0 4 1 - 0. 059) a 

2 0. 0 7 1 ( 0 . 0 6 2 - 0. 080)b 0. 093 ( 0 . 081-0. 1 0 5 ) b 

3 0. 098 ( 0 . 090-0. 106) c 0. 121 ( 0 . 108-0. 134) c 

4 0. 140 ( 0 . 1 2 9 -•0. 151) d 0. 178 ( 0 . 1 6 3 - 0. 183) d 

5 0. 188 ( 0 . 1 7 3 -•0. 203) e 0. 223 ( 0 . 2 1 0 - 0. 236) e 

6 0. 216 ( 0 . 2 0 3 -•0. 229) f 0. 243 ( 0 . 2 3 0 -•0. 256) e 

7 0. 220 ( 0 . 2 0 4 - 0. 236) f 0. 258 ( 0 . 2 4 1 -•0. 275) e 

8 0. 219 ( 0 . 2.05-•0. 233) f 0. 262 ( 0 . 2 4 8 - 0. 2.76) e 

9 0. 219 ( 0 . 2 0 3 -•0. 235) f 0,. 264 ( 0 . 2 5 5 -•0. 273) e 

10 0. 218 CO. 202-•0. 234) f 0. 265 ( 0 . 2 4 9 -•0. 281) e 

Numbers in parentheses indicate a range of -2 standard 
errors. Values followed by the same letter are not signifi-
cantly different at the 0.05 probability level as determined 
by Duncan's Multiple Range Test. Comparisons are made verti-
cally only. 
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no significant difference in results due to position of the 

test vessels in the chamber. 

Accumulation in daily-renewed solutions. The amount 

of insecticide stored by G. barbipes under dynamic accumu-

lation studies was 0.223 jag/mg at the 50% exposure and 0.280 

jug/mg at the 75% TLm exposure (Tables 5 and 6). As in 

static accumulation studies, uptake was linear up to the 5th 

day (Figure 6). The maximum amount stored was only slightly 

greater under dynamic conditions than static exposure (0.223 

vs. 0.220 jjg/mg) at the 50% TI^ exposure. Under the 75% 

TLm exposure, the maximum amount stored was 0.280 pg/mg 

under dynamic conditions (Figure 7) and 0.265 /ig/rng under 

static conditions. This represented a 5.5% increase. 

Loss of stored insecticide commenced immediately in 

both test groups after the daily solutions of carbaryl were 

replaced by distilled water (after 5th day). The loss after 

the 1st day of distilled water (6th day) was not great at 

either the 50% or 75% TLm concentration.. At the 50% TL^ 

exposure the losses for the 7th through 10th days were 

significantly different from the amount recovered on the 6th 

day, but not from each other. At the 75% TI.to exposure, 

there was a significant loss of stored insecticide from the 

6th to the Sth day,. The decrease from the 8th to 10th day 

was not significant (rj?abies 5 and 6). 



TABLE 5. Bioaccumulation and loss of carbaryl by Glypto-

tendipes barbipes at daily-renewed concen-

trations of 240 jag/liter (50% of 24-hr 

TLm concentration). 
a 

Time 
(days) 

Carbaryl (jag/mg) 

Insecticide 
Daily 

Distilled Water-
Last 5 Days 

1 0. 042 (0. 039--0. ,045)a 

2 0. 080 (0. 077--0. 083)b 

3 0. 128 (0. 124--0. 132) c 

4 0. 167 (0. 163--0. 171) d 

5 0. 220 (0. 216--0. 224) e 

6 0. 223 (0. 219-•0. 227) f 0. 218 (0. 214-•0. 222) a 

7 0. 221 (0. 217-•0. 225) f 0„ 180 (0. 176-•0. 00
 

8 0. 219 (0. 214-•Qa 224) f 0. 163 (0. 159-•0. 167)b 

9 0. 218 (0. 215-•0. 221) f 0. 167 (0. 161-0. 173 )b 

10 0. 215 (0. 211-0. 219) f 0. 162 (o. 157-0. 167 )b 

aNumbers in parentheses indicate a range of ±2 standard 
errors. Values followed by the same letter are not signifi-
cantly different ̂  at the 0.05 probability level as determined 
by Duncan's Multiple Range' Test. Comparisons are made verti-
cally only. " 
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TABLE 6. Bioaccumulation and loss of carbaryl by Glypto-

tendipes barbipes at_ daily-renewed concen-

trations of 330 jug/liter (75% of 24-hr 

cl 
TLm concentration). 

Time 
(days) 

Carbaryl (pg/mg) 

Insecticide 
Daily 

Distilled Water 
Last 5 Days 

1 0.046 (0.043-0.048)a 

2 0.119 (0.115-0.123)b 

3 0.154 (0.159-0.158)c 

4 0.205 (0.201-0.209)d 

5 0.275 (0.270-0.280)e 

6 0.280 (0.278-0.282)f 0. 274 (0.271-0.277)a 

7 0.279 (0.274-0.284)f 0. 236 (0.232-0.240)b 

8 0.268 (0.264-0.273)f 0. 176 (0.173-0.179)c 

9 0.264 (0.260-0.268)f 0. 160 (0.157-0.163)c 

10 0.258 (0.254-0.262)f 0. 158 (0.154-0.161)c 

Numbers in parentheses indicate a range of ±2 standard 
errors. Values followed by the same letter are not signifi-
cantly different at the 0.05 probability level as determined 
by Duncan's Multiple Range Test. Comparisons are made verti-
cally only. 
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The dry weight of 30 G. barbipes larvae was 4.440 jig 

(SD = 0.038, coefficient of variation = 0.146). The 95% 

confidence limits were 3.050 jag to 4.830 jag. 



DISCUSSION 

Static Bioassays 

The greater sensitivity to carbaryl of T. reticulata 

nymphs, as compared to adults, may be due to a variety of 

causes. The difference may be a function of body size 

rather than of differential toxicity (Gaufin, et al., 1965). 

Jensen and Gaufin (1964) stated that younger specimens of 

Pteronarcys californica and Acroneuria pacifica (Plecoptera) 

were more susceptible to insecticide poisoning than were the 

older forms. Buchanan, Millemann, and Stewart (1970) re-

ported that earlier life-history stages of the Dungeness 

c r ak (Cancer maqister) are more sensitive to carbaryl than 

are later stages or adults. Anderson (1944) noted that 

cladocera are most sensitive at the time of moulting. Ide 

(1968) stated that the survivors of bottom-living insects 

following a forest spraying are mainly the tolerant egg or 

pupal stages. Some mayfly nymphs and t.ricoptera larvae show 

a high tolerance. The riffle beetle, Promeresis, also has 

a highly resistant larval stage and very sensitive adults 

(Hitchcock, 1965) . These examples, howeverare exceptions 

and are of little significance in bridging the food gap 

34-
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(Ide, 1968). The greater toxicity to T. reticulata nymphs 

indicates that introduction into the system of an amount of 

carbaryl sublethal to adults could devastate future gener-

ations. However, relatively quick recovery in an isolated 

situation would be expected due to the high vagiligy of the 

corixidae. 

The relatively high resistance of _G. barbipes to car-

baryl is not surprising. Various authors have stated that 

the chironomidae are relatively eurokous organisms (Oliver, 

1971? Pennak, 1953). Filter feeders are particularly 

vulnerable to insecticides (Hynes and Williams, 1962). The 

larvae of black flies (Simuliidae), which are totally filter 

feeders, are among the most susceptible of all insects to 

DDT in oil (Jamnback and Collins, 1955). Glyptotendipes 

barbipes feed by straining water through their tunnels by 

anteroposterior undulations; then the net, which they secrete, 

and the food particles entrapped in it, are eaten. Adsorp-

tion of insecticide to soil particles facilitates their 

transfer to silt-dwelling organisms (Johnson, 1968). The 

argillotrophic nutrition suggested for crustaceans 

(Hutchinson, 1937) might explain why zooplankters are gen-

erally more sensitive to insecticides than are fishes 

(Holden, 1964). 
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The data in this study, when compared to other studies 

* 

indicate that, based on 24-hour TL^'s, T. reticulata nymphs 

(37 jig/liter) exhibit a tolerance near the level of the much 

studied stonefly, _P. californica (30 jug/liter) (Jensen and 

Gaufin, 1964) and are slightly more tolerant than second-

stage juvenile Dungeness crabs (26.0 /jg/liter) (Buchanan, 

Millemann, and.Stewart, 1970). Trichocorixa reticulata 

adults (58 jug/liter) are more sensitive than adult Dungeness 

crabs (330 jag/liter)(Buchanan, Millemann, and Stewart, 1S70), 

cockle clams (7,300 jig/liter) (Stewart, Millemann, and Breese, 

1967), or red crawfish (5,000 jag/1 iter) (Muncy and Oliver, 

1963) . Cladocera were more susceptible to carbaryl. than 

any other group of organisms. The 48-hour TLn/s were 7.6 

jug/liter for Simocephalus serrulatus and 6.4 jug/liter for 

Daphnia pulex (Sanders and Cope, 1966). 

•Glyptotendipes barbipes is more tolerant to carbaryl 

(24-hour Tiro = 4-80 jag/liter) than other invertebrates which 

have been reported except the cockle clam and the red craw-

fish. Based on 48~hour TI^'s, fish are more tolerant than 

G. barbipes to carbaryl in the following magnitudes: coho 

salmon, 71 times; rainbow trout, 129 times; threespine 

stickleback, 1,188 times (Katz, 1961). 
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As TLjfl values represent concentrations which kill 50% 

of the test animals in a given time, they should not be 

interpreted as safe environmental levels for surviving 

organisms. "Safe" concentration of insecticides should pre-

vent the destruction of the more sensitive stages of aquatic 

organisms (Jensen and Gaufin, 1S64). Based on their experi-

ments on stoneflies, Sanders and Cope (1968) stated that 

carbamate insecticides are less toxic than many of the 

chlorinated hydrocarbons. 

The statement in Johnson (1968, p. 409) attributed to 

Muncy and Oliver (1963) that "Concentrations of 0.5 ppm DDT, 

endrin, Sevin, and methyl parathion remain toxic no less 

than 45 days after application" is erroneous. Muncy and 

Oliver (1963, p. 430) actually state ". . .concentrations of 

0.5 p.p.m. Jmethyl para.th.ionJ remained toxic to young blue 

crab's, Callinectes sapidus Rathbun, and juvenile brown 

shrimp, Penques aztecus Ives, for at least 45 days." 

Bioaccumulation Studies 

The effect of a pesticide in the environment is related, 

in part, to the amount of accumulation and rate of loss of 
'-0 

that pesticide.. This information can be a useful tool for 

estimating potential environmental impact (Cope, 1971). The 
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literature on the chlorinated hydrocarbons and organo-

phosphates is enormous, while that for carbaryl is extremely 

limited. But, in spite of this, correlation between pesti-

cide residue level and mortality has not been well estab-

lished. In the aquatic environment, the solubility of an 

insecticide or its formulation, is recognized as being a 

controlling influence on uptake through gills (Cope, 1971). 

Fish concentrate the following insecticides to various 

degrees relative to the amount in water: lindane, 100 times 

(Gakstatter and Weiss, 1967); toxaphene, about 10,000 times 

(Terriere, et al.( 1966); dieldrin, about 10,000 times 

(Chadwick and Brocksen, 1969); and DDT, from 1 x 105 to 

1 x 10^ times (Cope, 1971). 

Aquatic animals have the capacity to accumulate pesti-

cides directly from water, as well as from ingested organ-

isms- or detritus. Extremely high residue levels may be 

found in natural situations. Butler (1966) reported oysters 

that had 70,000 times the amount of DDT found in the water. 

Reinert (1969) stated that coho salmon in Lake Michigan 

concentrated DDT 1 x 10^ times the 1 to 2 ng/liter present 

in the water. 

It is generally believed that pesticide accumulation is 

a result of lipid solubility and subsequent storage in body 
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fat, and that pesticides increase at the various trophic 
tP 

levels as a pesticide moves through the food chain. ' Meeks 

(1968) and Wilkes and Weiss (1971) stated that evidence 

points to the food web as the major contributor to transfer 

of pesticides to higher trophic levels. This concept has 

been questioned. Hunt (1966) and Hamelink, Waybrant, and 

Ball (1971) suggested that residue concentration in each 

trophic level of an aquatic food chain depends on solubility 

and adsorption phenomena acting through exchange equilibria, 

not on the amounts present at each level of the food chain. 

Grzenda, Paris, and Taylor (1970) and Grzenda, Taylor, and 

Paris (1971) found that uptake of DDT and dieldrin did not 

correlate with lipid concentration in goldfish (Carassius 

auratus). These authors stated that "the uptake and dis-

tribution of chlorinated hydrocarbons is an extremely complex 

phenomenon which is not at all understood at the present 

time" (Grzenda, Taylor, and Paris,.1971; p. 221). 

The amount of carbaryl accumulated by G. barbipes was 
****** mmmmwmm iWwmiii ummi •w.-ffmnmu, ..m 

not great when compared to the relatively large amounts of 

chlorinated hydrocarbons and organophosphates stored by 

aquatic organisms reported in the literature. The maximum 

amount or carbaryl stored under static conditions represented 

only 0.14% of the original amount present at the 50% TI^ 



40 

exposure, and only 0.12% of the original 75% TLjri amount. 

The fact that no significant increase in carbaryl stored 

occurred after 5 to 6 days indicates that G. barbipes 

would probably not be a major contributor to high residue 

levels in predator species. If the "trophic level.—food 

web" concept of pesticide residue build-up is valid, then 

this would indicate that high residues and subsequent 

detrimental environmental effects may be avoided. The 

difference in maximum accumulation at the two concentra-

tions tested indicates that maximum storage levels are a 

function of ambient environmental levels. It also appears 

that these chironoraid larvae can function in minimal 

environmental conditions (i.e., distilled water) .in the 

presence of a sublethal concentration of carbaryl. Good 

indicator species should reflect the current dynamics of 

the insecticide in their environment, without accumulating 

enough of the chemical to kill themselves. Omnivorous 

species can do this better than organisms with restricted 

food habits (Meeks, 1968). The low accumulation of carbaryl 

hY £• barbipes and the fact that it was not killed at 50% 

and 75% 24-hour TI^ exposures place it in the limits of 

Meek's definition. 
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The exact mechanism for storage of carbaryl in animal 

tissues is unknown. Pekas and Paulson (1970) reported that 

1-naphthyl glucuronide was isolated from mucosal and serosal 

fluids of rat small intestines which were incubated in the 

presence of either l-naphthyl~N--methylcarbamate or 1-naphthol. 

Hydrolysis of carbaryl to 1-naphthol is apparently an active 

intestinal function, since less than 1% of carbaryl is 

similarly degraded non-enzymatically at the same pH (6.5). 

The hydrolysis of carbaryl and the conjugation of the lib-

erated naphthol indicate some degree of metabolism by the 

intestine before absorption. Johnson, Critchfield, and 

Arthur (1963) found.that carbaryl was concentrated most in 

the skin of poultry and, to a lesser degree, in the leg 

muscle following dusting with Sevin insecticide. Carbaryl 

or 1-naphthol was not metabolically translocated into the 

eggs" of the treated birds. 

In the first issue of the Pesticides Monitoring 

Journal, Schechter (1967) listed 29 pesticides which were 

to be monitored and reported on in that publication. The 

criteria for monitoring were: (1) extent and/or value of 

usage; (2) degree of hazard to man, fish, and wildlife; arid 

(3) degree of persistence. The list did not include carbaryl 

or any other methylcarbamate. 
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While there are a few studies in the literature on the 

toxicity of carbaryl, there are no studies on the accumu-

lation of this insecticide in any aquatic organism. Johnson 

and Stansbury (1965) stated that initial residues on leafy 

vegetables (spinach, lettuce) and forage crops which have 

a high surface to weight ratio are generally higher than on 

fruits and berries. The residues on various crops disappear 

rapidly. The half-life of carbaryl is approximately 8 days 

on these crops at all concentrations, and in all cases the 

residue disappeared within 40 days. Mann and Chopra (1969) 

reported on the application of carbaryl to crops in India, 

with applications of up to 1.1 lbs active ingredient per 

acre. They found that carbaryl residues in eggplant and 

cabbage dropped in 7 days to about 15% of the amount re-

covered after only 1 day. 

Cully and Applegate (1967) reported on the application 

of 2,600 lbs of carbaryl, along with seven other insecticides 

to Presidio Valley (Texas) crops. When reporting recovery 

of pesticide residues from tissues of several organisms 

(three species of lizards, English sparrows, two species of 

pocket mice, and one species of kangaroo rat), they failed 

to report the recovery of any carbaryl. 
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Subsequent Food and Drug Administration rulings may 

result in the outlawing of the use of "hard" pesticides, 

as the "hard" (phosphate) detergents were banned recently. 

Probably a better alternative would be the use of subsitutes 

wherever possible, with the troublesome insecticides being 

retained for use only where absolutely necessary and where 

their usage will not result in further environmental con-

tamination (Nicholson, 1969). The President's Science 

Advisory Committee (1963) stated that the build-up of 

pesticides in the environment should be controlled by an 

orderly reduction in use of persistent pesticides, with the 

ultimate goal being the elimination of the most troublesome 

compounds. The data of this study indicate that the use of 

carbaryl as an alternative insecticide may be useful in 

achieving this goal. 



SUMMARY 

1. Static laboratory bioassays were conducted in 

controlled environment chambers to determine the toxicity 

of carbaryl to adult and second-instar nymph Trichocorixa 

reticulata and to larval Glyptotendipes barbipes. Carbaryl 
MUMP"* II» IMWH I MN iimni HI mi> miinil*#! > JT>WI»II»II MIM • RNW ••MINN^I WUIIMt —t* i »\ * twmyvafatfawmmuwm***—*, "*• 

was 8.3 times more toxic to T. reticulata adults and 13,0 

times more toxic to T. reticulata nymphs than to G. barbipes 

larvae at 24-hour exposure. 

2. Accumulation was measured under two regimes. In 

one series of experiments, the G. barbipes larvae were 

placed in 1 liter of carbaryl solutions that represented 

50% or 75% of the 24-hour TL^ concentration, and the solutions 

were not changed during the experiment. Samples were taken 

each 24 hours for 10 days for each exposure concentration. 

Another series of experiments was done in which the 50% or 

75% TLĵ  concentration solutions were renewed daily for 5 

days. After 5 days, half of the remaining organisms were 

transferred to distilled water while the other half were 

maintained in daily-renewed carbaryl solutions. Accumulation 
$ 

of carbaryl by G_. barbipes was determined by extracting and 

isolating the hydrolytic product of carbaryl., .1-naphthol, 

44 
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and measuring it colorimetrically. Samples of G. barbipes 

were homogenized in a Waring Blendor and extracted with 

methylene chloride. The color reagent was £-nitrobenzendia-

zonium fluoroborate. 

3. Glyptotendipes barbipes accumulated carbaryl through 

the 5th to 6th day under static and daily-renewed solutions. 

Maximum amounts accumulated under static conditions were 

0.220 jig/mg at the 50% TI^, and 0.265 pg/mg at the 75% TL^. 

The maximum amount of carbaryl stored under static conditions 

represented only 0.14% of the original amount present at the 

50% TLm exposure, and only 0.12% of the original 75% TL^ 

amount. 

4. Loss of carbaryl started as soon as the larvae 

were removed from the source of the insecticide and placed 

in distilled water. The amount of stored carbaryl decreased j 

aftei: 5 days of distilled water treatment to 73.6% of the i; 

maximum amount accumulated at the 50% TLm exposure; and 

56.4% of the maximum amount accumulated at the 75% TL^ 

exposure. 1 

5. The fact that no significant increase in stored 

carbaryl occurred after 5 to 6 days indicated that G_. bar-

bipes would probably not be a major contributor to high 

residue levels in predator species. 
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6. The data of this study indicate that the use of 

carbaryl as an alternative insecticide to the chlorinated 

hydrocarbons and organophosphates may be useful in reducing 

the detrimental environmental impact of insecticide pollution. 
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