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SUMMARY 

Chlorpyrifos (phosphorothioic acid O, O,-diethyl 0-(3,5,6,-trichloro-2-pyridinyl) ester), an organophosphorus 
compound with an anticholinesterase mode of action, is used extensively in a variety of formulations to control a 
broad spectrum of agricultural and other pestiferous insects.  Domestic use of chlorpyrifos in 1982 was about 
3.6 million kg; the compound is used mostly in agriculture, but also to control mosquitos in wetlands (0.15 million 
kg applied to about 600,000 ha) and turf-destroying insects on golf courses (0.04 million kg). 
 
Accidental or careless applications of chlorpyrifos have resulted in the death of many species of nontarget 
organisms such as fish, aquatic invertebrates, birds, and humans. Applications at recommended rates of 0.028 
to 0.056 kg/surface ha for mosquito control have produced mortality, bioaccumulation, and deleterious sublethal 
effects in aquatic plants, zooplankton, insects, rotifers, crustaceans, waterfowl, and fish; adverse effects were 
also noted in bordering invertebrate populations. 
 
Degradation rate of chloropyrifos in abiotic substrates varies, ranging from about 1 week in seawater (50% 
degradation) to more than 24 weeks in soils under conditions of dryness, low temperatures, reduced microbial 
activity, and low organic content; intermediate degradation rates reported have been 3.4 weeks for sediments 
and 7.6 weeks for distilled water.  In biological samples, degradation time is comparatively short--usually less 
than 9 hours in fishes, and probably the same in birds and invertebrates. 
 
Chlorpyrifos is acutely toxic to some species of aquatic invertebrates and teleosts at nominal water 
concentrations ranging between 0.035 and 1.1 ug/l.  Acute single-dose oral LD-50 values of chlorpyrifos to 
susceptible avian species ranged from 5 to 13 mg/kg body weight.  Mammals were comparatively tolerant of 
chlorpyrifos: acute oral LD-50's were reported to be 151 mg/kg body weight, and higher.  Lethal dietary 
concentrations for sensitive species of birds ranged from 30 to 50 mg chlorpyrifos/kg food.  Sublethal effects 
were recorded in all species of organisms examined at concentrations below those causing mortality. These 
effects included bioconcentration from the medium by teleosts (410X to 1,000X); cholinesterase activity 
reduction in brain and hematopoietic tissues; reduced growth; impaired reproduction, including sterility and 
developmental abnormalities; motor incoordination; convulsions; and depressed population densities of aquatic 
invertebrates. 
 
Three courses of action are recommended. (1) Restrict the use of chlorpyrifos for mosquito control in wetlands, 
estuaries, and waterfowl breeding areas because recommended treatment levels are demonstrably harmful to 
nontarget resident biota. (2) Curtail agricultural use in watershed areas pending acquisition of additional data on 
chlorpyrifos toxicokinetics. (3) Develop suitable replacements for chlorpyrifos in mosquito control programs; 
specifically, pesticides with more specificity to target organisms, and lower toxicity to nontarget biota. 
 
 

 
 
 
 
 
 
 
 
 

DISCLAIMER 
Mention of trade names or commercial products does not constitute U.S. Government endorsement or 
recommendation for use. 

Suggested citation for this report: 

Odenkirchen, E. W., and R. Eisler. 1988. Chlorpyrifos hazards to fish, wildlife, and invertebrates: a synoptic 
review.  U.S. Fish Wildl. Serv. Biol.  Rep. 85(1.13). 

 2



SUMMARY 
DISCLAIMER 
ACKNOWLEDGMENTS 
INTRODUCTION 
ENVIRONMENTAL CHEMISTRY 
LABORATORY INVESTIGATIONS 
 AQUATIC ORGANISMS 
 BIRDS AND MAMMALS 
FIELD INVESTIGATIONS 
RECOMMENDATIONS 
LITERATURE CITED 
 

 
 
 
 
 

TABLES 
Number 

1 Selected chlorpyrifos formulations and carriers 
2 Chemical and other properties of chlorpyrifos 
3 Acute toxicities of chlorpyrifos to selected species of aquatic invertebrates and fishes 
4 Chlorpyrifos bioconcentration on factors (BCF) by selected species of fishes 
5 Chlorpyrifos toxicity to a variety of birds and mammals via single oral dose route of administration 
6 Dietary toxicity of chlorpyrifos to selected species of birds 
7 Chlorpyrifos effects on selected ecosystems 

 
 
 
 
 

ACKNOWLEDGMENTS 
We thank Julia L. Armstrong for secretarial assistance; Nancy A. Bushby, Joyce E. Haber, and Lynda J. 

Garrett for information retrieval; Robert J. Chinnis, Stephen C. Grebe, Matthew C. Perry, Joseph B. Hunn, and 
Lowell C. McEwen for reviewing the manuscript; and Paul H. Eschmeyer and James R. Zuboy for editorial 
services. 

 3



INTRODUCTION 

Chlorpyrifos (phosphorothioic acid 0, 0-diethyl O-(3,5,6-trichloro-2-pyridinyl) ester), also known commonly 
as Dursban and Lorsban, was first registered as a broad spectrum insecticide in 1965, and subsequently was 
used widely to control a variety of pests such as fire ants, turf and ornamental plant insects, cockroaches, 
mosquitos, termites, hornflies, lice, and fleas (EPA 1986).  In 1982, total agricultural use of chlorpyrifos was 
estimated at 2.2 to 3.2 million kg, and industrial uses ranged between 0.68 and 1.04 million kg (EPA 1982).  In 
1984, about 0.15 million kg (0.33 million pounds) of chlorpyrifos was applied to about 600,000 ha (1.48 million 
acres) of wetlands in the United States for mosquito control (Odenkirchen 1987).  Treatment programs in which 
chlorpyrifos concentrations suitable for mosquito control and other insect pests were used have been shown to 
be detrimental to nontarget species, including aquatic organisms, waterfowl, and terrestrial organisms from 
surrounding ecosystems (Linn 1968; Hurlbert et al. 1970, 1972; Atkins 1972; Streu and Cruz 1972; Nelson and 
Evans 1973; Butcher et al. 1977; Thirugnanam and Forgash 1977; Tagatz et al. 1982;.Goodman et al. 1985a; 
McEwen et al. 1986; Mayer 1987; Odenkirchen 1987; Smith 1987).  Domestic use of chlorpyrifos has resulted in 
the death of an 11-day-old infant (CDC 1980) and the poisoning of office workers (Hodgson et al. 1986). 
Prophylactic use of chlorpyrifos on farm animals has caused reproductive impairment of livestock (Everett 
1982). Chlorpyrifos-resistant strains of insects have been detected recently; they include the German cockroach 
(Blattella germanica) in Florida and Nebraska (Milio et al. 1987) and the sawtoothed grain beetle (Oryzaephilus 
surinamensis) in Australia (Collins 1985). 

This report was prepared in response to requests for information from environmental specialists of the U.S. 
Fish and Wildlife Service.  It is part of a continuing series of brief reviews on chemical contaminants and natural 
resources. 

ENVIRONMENTAL CHEMISTRY 
Formulations of chlorpyrifos include emulsifiable concentrates, wettable powders, granules, pellets, 

microencapsulates and impregnated materials.  Suggested diluents for concentrates include water and 
petroleum distillates, such as kerosene and diesel oil.  Carrier compounds include synthetic clays with alkyl/aryl 
sulfonates as wetting agents (Table 1).  Little information is available to assess the influence of various use 
formulations on toxicity, dispersal, decomposition, and bioavailability.  Chemical and other properties of 
chlorpyrifos are summarized in Table 2. 

The degradation half-life time (Tb 1/2) of chlorpyrifos is 7.1 days in seawater (Schimmel et al. 1983), and 53 
days in distilled water (Freed et al. 1979).  Degradation is usually through hydrolysis to produce 3,5,6-trichloro-
2-pyridinol, and phosphorothioics acid (Brust 1966; Smith 1966, 1968; Marshall and Roberts 1978).  
Temperature, pH, radiation, and metal cations all significantly affect chlorpyrifos Tb 1/2 in water: half-life is 
decreased with increasing water pH, temperature, sunlight, and metal cation concentrations (Brust 1966; 
Mortland and Raman 1967; Smith 1968; Schaefer and Dupras 1969, 1970; Meikle and Youngson 1970). 

In soil, Tb1/2 values for chlorpyrifos range from less than 1 week to more than 24 weeks, depending on soil 
moisture, microbial activity, clay and organic content, and temperature.  In 411 soils studied, increasing 
temperature resulted in decreased Tb 1/2 values (Miles et al. 1983).  Degradation was more rapid in sandy loam 
than in organic muck soils, more rapid in moist than in dry soils, and more rapid in clay than in other soil types 
(Getzin 1981; Miles et al 1983, 1984).  The major routes of chlorpyrifos loss from soils are chemical hydrolysis in 
moist soils, clay-catalyzed hydrolysis in dry soils, and microbial degradation and volatilization (Marshall and 
Roberts 1978). 

The half-life of chlorpyrifos in sediments is comparatively long; it was 24 days in a sediment-water slurry 
Schimmel et al. 1983).  In a pond treated with chlorpyrifos, total waterborne residues decreased by a factor of 
more than 10X, while total sediment residues rose by about 3X (Hurlbert et al. 1970).  Similar results were noted 
in an artificial lake treated with chlorpyrifos: lake water concentrations peaked 1 day after treatment at 0.9 ug/l 
and plateaued near 0.2 ug/l after 3 weeks (Mulla et al. 1973). 
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Table 1.  Selected chlorpyrifos formulations and carriers (modified from Marshall and Roberts 1978). 
 
Compounda Formulation Carrier 
 
Dursban 2E Emulsifiable concentrate of Solution in aromatic 
 0.285 kg/L (2.4 lb/gal) distillate with anionic/ 
  nonionic emulsifier blend 
  and residual chlorinated 
  solvent 
Dursban M Emulsifiable concentrate of As above 
 0.57 kg/L (4.8 lb/gal) 
Dursban 6 Solution of 0.855 kg/L (7.2 Solution in an aromatic 
 lb/gal) distillate 
Dursban 2½G Granular, 2.5% Absorbed onto stabilized 
  clay with release agents 
  added 
Lorsban 4C Emulsifiable concentrate of Solution in aromatic 
 0.479 kg/L (4.0 lb/gal) naphtha with emulsifiers 
Lorsban 25W Wettable powder, 25% Dispersion on blended 
  clays with alkyl/aryl 
  sulfonates as wetting 
  agents 

aDursban and Lorsban are registered trademarks of the Dow Chemical Company. 
 
 
Table 2.  Chemical and other properties of chlorpyrifos (from Brust 1966; Rigterink and Kenaga 1966; Kenaga 
1971; Windholz 1976). 
 
Variable Datum 
 
Chemical name Phosphorothioic acid 0, 0-diethyl 0- 
   (3,5,6 -trichloro-2-pyridinyl) ester 
Alternate names CAS 2921-88-2; Dursban; Lorsban; 
   Dowco 179; ENT 
   27311; Trichlorpyrphos; Brodan; 
   Eradex; Killmaster; 
   Pyrinex; Chlorpyriphos-ethyl 
Primary uses Insecticide, acaricide 
Producers Dow Chemical Company; 
   Makhteshim-Agan (Israel);  
   All India Medical Corp.;  
   Planters Products, Inc. 
Empirical formula C9H11Cl3NO3PS 
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Structural formula 
 

  
Molecular weight 350.57 
Physical state at White granular crystalline solid 
25 �C 
Melting point 41.5 to 43.5 �C 
Vapor pressure 

 25 °C 1.87 x 10-5 mm Hg 

 35 °C 8.87 x 10-5 mm Hg 
Heat of sublimation 26,800 cal/mol 
Percent by weight 
 Carbon 30.83 
 Hydrogen 3.16 
 Chlorine 30.34 
 Nitrogen 4.00 
 Oxygen 13.69 
 Phosphorus 8.83 
 Sulfur 9.15 
Solubility 
 Water, 23 to 25 °C 0.4–2.0 mg/L 
 Isooctane, 23 °C 790.0 g/kg 
 Methanol, 23 °C 450.0 g/kg 
Log n-octanol/water 5.2 
partition coefficient 
Soil organic carbon/ 13,600 
water partition coefficient 
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LABORATORY INVESTIGATIONS 
AQUATIC ORGANISMS 

During 96-hour toxicity tests, several species of freshwater and marine invertebrates and fishes died at 
chlorpyrifos concentrations between 0.035 and 0.58 ug/l. LC-50 (96-hour) values, in ug chlorpyrifos/l, for 
sensitive species tested were 0.035 for mysid shrimp Mysidopsis bahia; 0.11 for amphipod, Gammarus 
lacustris; 0.13 for fathead minnow, Pimephales promelas; 0.38 for stonefly, Pteronarcella badia; and 0.58 for 
striped bass, Morone saxatilis; (Mayer and Ellersieck 1936; Table 3).  Toxicity was usually greater at elevated 
temperatures and at increasing pH levels (Johnson and Finley 1980).  In general, arthropods were the most 
sensitive group assayed and molluscs the most tolerant (Borthwick and Walsh 1981; Table 3).  The bullfrog 
(Rana catesbeiana) also appears to be comparatively tolerant to chlorpyrifos, as judged by a single oral LD-50 
value of >400 mg/kg body weight (Hudson et al. 1984). 

Sublethal effects of chlorpyrifos exposure have been documented for many species of freshwater and 
marine fauna; they include inhibition of cholinesterase (ChE) activity levels in brain and hematopoietic organs, 
sluggishness, motor incoordination, delayed maturation and growth, reproductive impairment, and reduced feed 
intake (Rongsriyam et al. 1968; Thirugnanam and Forgash 1977; Marshall and Roberts 1978; Tagatz et al. 
1982; Jarvinen et al. 1983; EPA 1985, 1986; Goodman et al. 1985b; Norberg and Mount 1985; Hansen et al. 
1986). Reproductive impairment, for example, was observed in Daphnia magna at 0.08 ug chlorpyrifos/1 (EPA 
1985).  Reduction in setting rate was shown in oyster larvae after exposure to 0.1 ug/l for 8 days (Tagatz et al.  
1982). In fathead minnows exposed to 0.12 ug chlorpyrifos/1 for 200 days, ChE activity was significantly 
reduced, fecundity was reduced, maturation delayed and, in second generation fish, growth and maturation 
were reduced (Jarvinen et al. 1983).  Equilibrium loss was documented in 50% of brown shrimp (Penaeus 
aztecus) after exposure to 0.32 ug chlorpyrifos/1 for 24 hours (Marshall and Roberts 1978).  Growth of the 
California grunion (Leuresthes tenuis) was reduced 20% in an early life stage during immersion in 0.5 ug 
chlorpyrifos/1 for 35 days and 26% in fry after exposure to 1.0 ug/l for 26 days (Goodman et al. 1985b).  
Additional and more comprehensive data on sublethal effects of chlorpyrifos to aquatic biota are listed 
elsewhere (EPA 1986). 

Table 3. Acute toxicities of chlorpyrifos to selected species of aquatic invertebrates and fishes. Values are in µg 
chlorpyrifos per liter of medium fatal to 50 percent in 96 hours. 
 
 LC-50, 
Organism and other variables in µg/L  Referencea 
 
Invertebrates 
Mysid, Mysidopsis bahia 0.035 1 

Dragonfly (naiad), Pseudagrion spp. 0.10b 2 
Amphipod, Gammarus lacustris 0.11 3 
Stonefly, Pteronarcella badia 0.38 4 
Stonefly, Claassenia sabulosa 0.57 4 

Cladoceran, Daphnia magna 1.0c 5 

Grass shrimp, Palaemonetes pugio 1.5d 5 
Crayfish, Orconectes immunis 6.0 6 

Dragonfly (naiad), Crocothemis erythryaea 6.0b 2 
Stonefly, (larva), Pteronarcys californica 10.0 4 

  Red crayfish, Procambarus clarki 41.0e 7 

Ram's horn snail, Helisoma trivolvis >2,000f 8 

Snail, Lanistes carinatus 2,710b 2 
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Fish 
Fathead minnow, Pimephales promelas 0.13 9 
Striped bass, Morone saxatilis 0.58 10 
Tidewater silverside, Menidia peninsula 
    Flow-through test 0.7 11 
    Static test 3.0 11 
California grunion, Leuresthes tenuis 
    Flow-through test 1.1 11 
    Static test 3.1 11 
Atlantic silverside, Menidia menidia 
    Flow-through test 1.4 11 
    Static test 3.4 11 
Bluegill, Lepomis macrochirus 
  13 °C 5.1 12 
  29 °C 1.1 12 
Longnose killifish, Fundulus similis 4.1 1 
Inland silverside, Menidia beryllina 4.2 13 
Striped mullet, Mugil cephalus 5.4 1 
Rainbow trout, Salmo gairdneri 
  17.3 °C 9.0 6 
  12.7 °C 7.1 14 
   7.2 °C 15.0 14 
   1.6 °C 51.0 14 
Cutthroat trout, Salmo clarki 18.0 12 
Lake trout, Salvelinus namaycush 98 12 
Sheepshead minnow,   Cyprinodon variegatus 136 13 
Channel catfish,  Ictalurus punctatus  280 12 

Mosquitofish, Gambusia affinis 340b 2 
Gulf toadfish, Opsanus beta 520 13 
 

 
aReferences: 1, Shimmel et al. 1983; 2, Karim et al. 1985; 3, Sanders 1969; 4, Sanders and Cope 1968; 5, 
Marshall and Roberts 1978; 6, Phipps and Holcombe 1985; 7, Chang and Lange 1967; 8, Kenaga et al. 1965; 9, 
Jarvinen and Tanner 1982; 10, Korn and Earnest 1974; 11, Borthwick et al. 1985; 12, Johnson and Finley 1980; 
13, Clark et al. 1985; 14, Macek et al. 1969. 
b24-hour LC-50. 
c6.6-hour LC-50. 
d48-hour LC-50. 
e36-hour LC-50. 
f72-hour LC-50. 
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Bioconcentration of chlorpyrifos from the medium varied substantially among five species of fishes, but 
generally paralleled ambient levels of chlorpyrifos (Table 4).  Increases in bioconcentration factors (BCF) in 
chlorpyrifos-exposed teleosts may be associated with three variables: increased metabolic rate, as indicated by 
hyperventilation, hyperactivity, and decreased growth; increased bioavailability of chlorpyrifos as a result of 
solvent-induced supersaturation or increased food availability; and decreased depuration rates due to possible 
physiological dysfunction (Goodman et al. 1985a,.b; Hansen et al. 1986). At high BCFs, adverse effects on 
growth and survival were observed in sheepshead minnow (Cyprinodon variegatus) by Cripe et al. (1986) and in 
Gulf toadfish (Opsanus beta) by Hansen et al. (1986). Chlorpyrifos is excreted rapidly from fish; the estimated 
Tb 1/2 is 8.7 hours, and equilibration occurs with them surrounding medium in 24 to 72 hours (Smith et al. 1966; 
Blau and Neely 1975; Marshall and Roberts 1978).  No detectable chlorpyrifos residues were found after 12 
days in 10 species of estuarine invertebrates--including oligochaete annelids, molluscs, and crustaceans--after 
treatment with 0.046 kg chlorpyrifos/ha (Marganian and Wall 1972). 

BIRDS AND MAMMALS 
Signs of chlorpyrifos intoxication, as summarized by Hudson et al. (1984), include excessive blinking, 

hypoactivity, hyperexcitability, excessive drinking, muscular incoordination, rapid breathing, muscular weakness, 
tremors, piloerection (mammals) or fluffed feathers (birds), salivation, lacrimation, diarrhea, excessive urination, 
prostration, loss of righting reflex, spasms, tetany, coma, and convulsions. Death usually occurs between 1 hour 
and 9 days after exposure, Chlorpyrifos oxon ( 

0,0-diethyl-0-(3,5,6-trichloro-2-pyridyl) phosphate) is the active oxygen analog of chlorpyrifos and is 
probably responsible for most of the anticholinesterase mode of action of chlorpyrifos; the oxon is extensively 
and rapidly detoxified in mammalian liver via enzymatic hydrolysis by at least two microsomal esterases 
(Sultatos and Murphy 1983).  Significant accumulations of chlorpyrifos were not detected in domestic turkeys 
(Meleagris gallopavo) and chickens.  In birds kept in pens on soil treated with 4.5 to 9.0 kg active ingredients 
chlorpyrifos/ha, tissue residues were 0.16 mg/kg after 1 week; these decreased thereafter, although birds 
remained on the treated soil (Kenaga 1974). 

LD-50 values, based on a single oral dose, ranged from 5 to 157 mg chlorpyrifos/kg body weight (BW) in 
birds, and from 151 to 1,000 in mammals; however, 7 of 14 avian species had reported LD-50 values of <25.0 
mg/kg BW (Table 5).  Many species of birds that survived chlorpyrifos poisoning showed gross pathological 
changes (Tucker and Crabtree 1970); furthermore, the slope of the acute dose-response curve was low 
(Hudson et al. 1984).  These findings suggested that decreasing dosage levels did not produce proportional 
decreases in response, and indicated a reduced safety margin for chlorpyrifos owing to mortalities that occur 
frequently at levels much lower than the calculated LD-50 values (Hudson et al. 1984); however, more research 
is needed to verify this trend. 

Table 4. Chorpyrifos bioconcentration factors (BCF) by selected species of fishes (Goodman et al. 1985a, b; 
Hanesen et al. 1986). 
 
 Exposure 
 duration, Mean concentration  Approximate 
Species in days in medium, µg/L BCFa 
 
Gulf toadfish, 49 1.4 100 
  Opsanus beta 49 3.7 260 
 49 8.2 270 
 49 9.7 480 
 49 24.0 620 
 49 46.0 650 
California grunion, 35 0.14 1,000 
  Leuresthes tenuis 35 0.30 700 
 35 0.63 620 
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 26 0.13 <1 
 26 0.28 58 
 26 0.62 66 
 26 1.3 450 
Inland silverside, 28 0.08 <1 
  Menidia beryllina 28 0.18 105 
 28 0.36 200 
 28 0.75 130 
 28 1.8 440 
Atlantic silverside 28 0.08–1.1 <1 
  Menidia menidia 
Tidewater silverside, 28 0.09 410 
  Menidia peninsulae 28 0.19 400 
 28 0.38 580 

aBioconcentration factor: concentration in whole organism (µg/kg fresh weight) divided by concentration in 
medium (µg/L). 
 

Reduction in cholinesterase activity levels of various tissues (blood, brain) is one of the earliest signs of 
chlorpyrifos intoxication.  Cholinesterase reductions have been demonstrated in turkeys fed diets containing 50 
mg chlorpyrifos/kg (estimated daily dose of 0.7 mg/kg BW) for 20 days (Schlinke et al. 1969), in chickens fed 
diets of 25 mg/kg (estimated daily dose of 0.94 mg/kg BW) for 20 days (Schlinke 1970), and in mallard (Anas 
platyrhynchos) ducklings fed 75 mg chlorpyrifos/kg diet for 14 days (Herin et al. 1978).  Low temperatures (27.5 
C Vs. 35°C) potentiated dose-related ChE depression in juvenile northern bobwhite (Colinus virginianus), 
suggesting a need for more research on cold stress interactions between acute oral chlorpyrifos exposure 
(Maguire and Williams 1987). 

Dietary concentrations of 30 to 100 mg chlorpyrifos/kg feed produce some deaths in birds, and 136 to about 
500 mg/kg feed usually kills at least 50% (Table 6).  In chickens fed diets of 100 mg chlorpyrifos/kg--equivalent 
to an estimated daily dose of 6.8 mg/kg BW--egg fertility was reduced by 15% and hatchability by 17% (Schom 
et al. 1973).  Dietary levels lethal to mallard ducklings were 136 to 180 mg/kg feed, equivalent to 10 mg/kg BW 
fed daily for 5 days (Kenaga 1974).  In adult mallards given diets containing 80 mg chlorpyrifos/kg for 60 to 84 
days, body weight, food consumption, brain cholinesterase activity levels, and egg production were all reduced; 
moreover, egg weight and eggshell thickness were reduced, the resultant ducklings weighed less than controls, 
and survival was comparatively poor at age 7 days.  No effect on any variable was observed at diets of 8 mg/kg 
(Gile and Meyers 1986; Meyers and Gile 1986). 

Dermal application routes are also toxic.  Some deaths were recorded in turkeys from dermal treatments of 
15 to 20 mg chlorpyrifos/kg BW (Schlinke et al. 1969).  Higher levels applied to feathers killed turkeys within 8 
hours (Marshall and Roberts 1978).  Newborn piglets (Sus spp.) were especially more sensitive than those 30-
36 hours old to cutaneous applications of chlorpyrifos; newborns showed clinical signs consistent with 
organophosphorus toxicosis after a 2.5% aerosol preparation (dosage unknown) was applied to the tail and 
umbilicus (Long et al. 1986).  Accidental poisoning of cattle (Bos spp.) by chlorpyrifos through dermal 
application to control ticks resulted in some deaths; among bulls that survived, sperm production was reduced 
43% in seriously affected animals and 12% in those with no outward signs of poisoning (Everett 1982). 

Chlorpyrifos is not mutagenic, as judged by mitotic recombination assays (Poole et al. 1976), and did not 
increase sister chromatid exchange above background in tests with chick (Gallus spp.) embryos and Chinese 
hamster (Cricetus spp.) ovary cells (Muscarella et al. 1984). 
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Table 5.  Chlorpyrifos toxicity to a variety of birds and mammals via single oral dose route of administration. 
Values are in mg chlorpyrifos/kg body weight lethal to 50% within 14 days. 
 
Organism, and other LD-50, in mg/kg 
variables body weight  Referencea 
 
Birds 
European starling, Sturnus vulgaris 5 1 
Ring-necked pheasant, Phasianus colchicus 
    Male 8.4 2 
    Female 17.7 3 
Red-winged blackbird, Agelaius phoeniceus 13 1 
Common grackle, Quiscalus quiscula 13 1 
House sparrow, Passer domesticus 10 to 21 1,3 
Japanese quail, Coturnix japonica 15.9 2 
Sandhill crane, Grus canadensis 25 to 50 3 
Rock dove, Columba livia 26.9 2 
Crow, Corvus brachyrhynchos >32 1 
Canada goose, Branta canadensis 40 to 80 4 
Chukar, Alectoris chukar 
    Male 61.1 3 
    Female 60.7 2 
Northern bobwhite, Colinus virginianus 
    Technical grade 32 5 
    Lorsban 15G 108 5 
Mallard, Anas platyrhynchos 
    Age 36 h 14.5 6 
    Age 7 days 29.4 6 
    Age 30 days 50.4 6 
    Age 6 months 83.3 6 
Ringed turtle dove, Streptopelia risoria 157 5 
Mammals 
Albino rat, Rattus norvegicus 151 4 
Guinea pig, Cavia porcellus 500 7 
Domestic goat, Capra hircus 500 to 1,000 4 
 White rabbit, Oryctolagus cuniculus 1,000 to 2,000 7 

 
aReferences: 1, Schafer 1972; 2, Tucker and Haegele 1971; 3, Tucker and Crabtree 1970; 4, Hudson et al. 
1984; 5, Hill and Camardese 1984; 6, Hudson et al. 1972; 7, Smith 1987. 
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Table 6.  Dietary toxicity of chlorpyrifos to selected species of birds. 
 
 Duration of 
 dietary Minimum lethal LD-50, 
Species, and age exposure, concentration, in mg/kg 
(in days) in days in mg/kg diet diet Referencea 
 
Mallard, Anas  platyrhynchos 
  (1 to 5) 5 30 136 1 
  (5 to 7) 5 30 to 90 180 1 
  (10) 5 plus 3 untreated - 940 2 
Pekin duck,  Anas sp. 
  (5) 21 - >1,000 1 
Northern bobwhite,Colinus virginianus 
  (1 to 5) 5 50 to 100 505 1 
Turkey, Meleagris  gallopavo 
  (84) 28 >100 >100 1 
Japanese quail,  Coturnix japonica 
  (14) 5 plus 3 untreated - 299 2 
  (14) 5 plus 3 untreated - 492 3 
Chicken, Gallus sp. 
  (10 to 12) 14 <200 400 1 
  (28) 28 50 to 100 > 100 1 
(Adults) 365 - >200 1 
Ring-necked pheasant,  
  Phasianus colchicus 
  (10) 5 plus 3 untreated - 553 2 
Coturnix quail,  Coturnix risoria 
  (14 to 21) 5 - 299 1 
  (Adults) 28 300 500 1 

aReferences: 1, Kenaga, 1974; 2, Hill et al. 1975; 3, Hill and Camardese 1986. 
 

Chlorpyrifos-impregnated ear tags are under development to control horn flies (Haematobia irritans) in U.S. 
cattle (Byford et al. 1986).  Cattle fitted with ear tags (0.96 g chlorpyrifos per tag/365 kg animal, or about 2.6 mg 
chlorpyrifos/kg BW) had slightly elevated tissue residues (0.13 mg/kg fat) after 12 weeks, but residues were well 
within current acceptable tolerance levels of 2.0 mg chlorpyrifos/kg fresh weight cattle fat, meat, or meat by-
products (Byford et al. 1986).  In dogs (Canis familiaris), chlorpyrifos-impregnated collars provided effective 
control of adult fleas (Ctenocephalides spp.) for up to 11 months, with no significant adverse reactions 
regardless of canine coat length, size, or age (Higgins and Jarvis 1986). 
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FIELD INVESTIGATIONS 
There have been many accidental spills of chlorpyrifos, but little quantitative assessment of the 

environmental effects.  One exception is a spill in April 1985 in England (Boreham and Birch 1987).  In that 
instance, a truck overturned, spilling 205 liters of chlorpyrifos into an adjacent stream that drained into the 
Roding River.  A resulting sharp decrease in the number and type of macroinvertebrate benthic organisms in 
affected parts of the river, compared to unaffected areas, lasted 6 months.  In addition, certain chlorpyrifos-
resistant benthic organisms were unusually abundant. 

Chlorpyrifos controls mosquito larvae at applied dosages between 0.028 and 0.056 kg/ha, equivalent to 9 to 
18 ug chlorpyrifos/1 in 152 mm (6 inches) of water (Marshall and Roberts 1977; Eaton et al. 1985); in 1984 
alone, chlorpyrifos was used for this purpose on about 600,000 ha (Odenkirchen 1987).  No obvious deleterious 
effects of chlorpyrifos have yet been noted in mammals, amphibians, or reptiles under field conditions of current 
use (Table 7). However, at recommended dosage application rates for control of mosquitos and other 
pestiferous insects (usually 0.028 to 0.056 kg/ha), adverse effects have been documented on survival, 
reproduction, metabolism, and species diversity of a variety of fishes, terrestrial and aquatic invertebrates, 
freshwater flora, waterfowl, and horned larks (Eremophila alpestris), and on the marketability of various crops 
(Mulla et al. 1971, 1973; Hurlbert et al. 1972; Macek et al. 1972; Nelson and Evans 1973; Hoy and Shea 1981; 
Table 7). 

We emphasize that the effectiveness of chlorpyrifos under field conditions, like that of other 
organophosphorus pesticides, is significantly modified by numerous variables such as formulation, route of 
administration, pond substrate, dose, and water temperature (Macek et al. 1969; Bailey et al. 1970; Rawn et al. 
1978; Odenkirchen 1987). 

 

Table 7.  Chlorpyrifos effects on selected ecosystems. 
 
Ecosytstem, and other Application rate and 
information other variables Effects and reference 
 
Aquatic 
Lake 0.004 kg/ha, emulsifiable After 24 h, aquatic 
 concentrate, oil diluent insect populations re- 
 single application duced 14% to 40% and 
  snails reduced 10% 
  (Moore and Breeland 1967) 
Freshwater lake 0.014 kg/ha (equivalent Freshwater algae (Ankistro- 
 to about 1.2 µg/L), desmus sp., Tetraedron 
 single application sp.) reduced 30% to 90% 
  7 days posttreatment; 
  reduced population 
  growth evident one year 
  postapplication (Brown 
  et al. 1976) 
Flooded rice Individual applications of  Mortality after 72 h, 
field 0.014 to 0.019 kg/ha, 32% in caged bluegills 
 emulsifiable concentrate, (Lepomis macrochirus), 50% 
 oil diluent, 3 applica- to 70% in mayfly nymphs 
 tions at 5-week intervals (Siphlonurus sp.), and 
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  32% in predatory diving 
  beetles (Washino et al. 1972) 
Freshwater ponds, Individual applications of Initial population inhi- 
(8 m x 17 m x 0.011, 0.056, 0.11, or bition of mosquitofish 
0.3 m deep) 1.11 kg/ha; 4 applica- (Gambusia sp.), but re- 
 tions at 2-week inter- production resumed 
 vals except for 1.11 kg/ha 
  group. Fish whole body 
   residues in 0.056 kg/ha 
  group, in mg/kg body 
  weight, were 2.8 at 4 h 
  1.7 at 24 h, and 0.1  
  after 2 weeks. Insect 
  and zooplankton 
  populations reduced 
  >92%; little recovery 
  was evident after third 
  treatment. The 0.056 
  kg/ha treatment regimen, 
  at 4 h, resulted in 
  residues of 10 µg/L in 
  water, 375 µg/kg in 
  vegetation, and nondetect- 
  able levels in mud; at 
  14 days, all residues 
  were nondetectable 
  (Hurlbert et al. 1970) 
Artificial lake 0.02 kg/ha, granular Chironomid larvae popula- 
 formulation, single tion remained >90% de- 
 application pressed for 5 months 
  (Mulla et al. 1971) 
Salt marsh 0.028 kg/ha (0.025 No observable effects on 
 lbs/acre), single caged blue crabs 
 aerial application, (Callinectes sapidus), 
 mosquito larvicide penaeid shrimp, or 
 granules fishes; some fiddler 
  crabs (Uca sp.) dead 
  (FWS 1968) 
Salt marsh Individual applications In killifish (Fundulus 
 of 0.028 kg/ha, 4 appli- heteroclitus), convul- 
 cations at 2-week intervals sions, ChE  depression, 
  and deaths noted. ChE 
  remained depressed for 
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  about 10 weeks after 
  final application 
  (Thirugnanam and Forgash 
  1977) 
Artificial streams, Continuous treatment stream When compared to control 
each 520 m long, recieved 0.22 µg chlor- stream, no effect on 
0.14 ha of surface pyrifos/L for days 1 to total abundance of ben- 
area, with pools 41, and 1.0 µg/L from thic organisms. How- 
30.5 m long x 3.6 m days 41 to 100. Inter- ever, in both treated 
wide x 81 cm deep mittent treatment stream streams, species diver- 
 received dosage 14x sity decreased by equal 
 higher than continuous amounts and was still 
 treatment stream, but decreasing at day 100. 
 dosage was confined to Adverse sublethal effects 
 24 h every 14 days. were noted in fathead 
 Chlorpyrifos administered minnow, Pimephales 
 as emulsifiable concen- promelas (spinal defor- 
 trate in petroleum de- mities) and bluegills 
 rivative solvent (ChE inhibition, signs 
  of organophosphorus poi- 
  soning) only in the  
  pulse-dosed stream. In 
  all streams, however, 
  fish survived, grew, 
  and reproduced equally 
  well (Eaton et al. 1985) 
Shallow pond, Individual applications of After 63 days, 46%  to 55% 
mean depth 0.25 m, 0.056 kg/ha technical mortality in centrarchid 
surface area 0.11 grade, 2 applications at populations, and 75% re- 
ha, high vegetation 34-day interval duction in insect popula- 
  tions of caddisflies, may- 
  flies, and midges (Macek 
  et al. 1972) 
Shallow ponds 0.056 kg/ha, emulsifiable All caged green sunfish 
 concentrate, oil diluent (Lepomis cyanellus) died 
 single application (Linn 1968) 
 
 
Woodland pools Single application of Increased algal growth 
 0.056 kg/ha, granular on leaf litter observed 
 formulation months after treatment, 
  attributed to reduction 
  in grazing stress by 
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  mosquito larvae (Hagmann 
  and Porteus 1972) 
Woodland pools 0.056 kg/ha, granular Isopod populations re- 
 formulation, single duced 90% to 95% (Cooney 
 application and Pickard 1974) 
Freshwater ponds Single dose of chlor- Increased algal bloom 
 pyrifos, equivalent at duration in treated 
 4, 10, or 1,000 µg/L ponds, possibly due to 
  loss of grazing fauna 
  (Butcher et al. 1977) 
Salt marsh, 202 0.56 kg/ha (0.5 lbs/acre), Killed significant num- 
ha (500 acres), single application applied bers of fishes and 
 as aerial spray, to kill crustaceans (FWS 1968) 
 mosquito larvae 
Salt marsh, 78 ha 0.56 kg/ha, emulsifiable After 48 h, mortality 
plot concentrate, once, aerially  was 35% in caged fish and 
  84% in caged shrimp;  no 
  other adverse effects were 
  noted during the next 27 
  days (Wall and Marganian 
  1971) 
Salt marsh estuary, 0.56 kg/ha (0.5 lbs/ After spraying, all caged 
Bay St. Louis, acre), granular, single fiddler crabs died, 
Mississippi, 408 aerial application, for white shrimp (Penaeus 
ha site (1,008 acres) mosquito control setiferus) populations 
  were reduced, and large 
  numbers of blue crabs 
  were found dead. No 
  observable effects on 
  terrestrial organisms, 
  including insects. One 
  month after spraying, 
  shrimp and blue crab 
  populations seemed 
  normal, although fiddler 
  crabs were absent (FWS 
  1967) 
 
Freshwater pond Single application of Species diversity of dia- 
 pelletized 10.6% chlorpy- toms reduced >50% in 6 
 rifos to obtain theoreti- weeks, vs. 12% increase 
 cal water concentrations in controls (Nelson et 
 of 250 µg/L and higher al. ��� 
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Terrestrial 
Temporary woodland Average maximum water No obvious adverse effects 
pool concentration of 1.6 on wildlife, i.e., 
 µg chlorpyrifos/L 3 spp. of rodents, one 
  sp. frog, one sp. turtle 
  (Nelson and Evans 1973) 
 Freshwater ponds Individual applications High mortality (>42%) 
(8 m x 17 m of 0.011, 0.056, 0.11 of mallard (Anas 
x 0.3 m deep) and 1.11 kg/ha; 4 appli- platyrhynchos) ducklings 
 cations at 2-week in- on all treated ponds, 
 tervals vs. none dead on con- 
  trol ponds (Hurlbert et al. 
  1970) 
Salt marsh 0.025 kg/ha, single No gross effects on wild- 
 application life (Ludwig et al. 1968) 
Rice field area 0.029 kg/ha, single All honeybees (Apis sp.) 
 application within 0.4 km downwind 
  of spray area were dead; 
  95% were dead at 0.8 km 
  and 89% at 1.2 km (Atkins 
  1972) 
New Mexico Dust formulations of No observable deleterious 
ranchlands 0.48 and 1.97 kg/ha, effects in rodents and 
 to control wildlife rabbits 3 to 4 weeks 
 flea populations posttreatment (Miller 
  et al. 1970) 
Wheat fields 0.56 and kg/ha, to con- Horned larks (Eremophila 
 trol pale western cutworm alpestris) had brain 
 (Agrotis orthogonia) ChE activity levels 
  depressed 22% at 3 days 
  posttreatment, and 8% 
  at 16 days. No sick or 
  dead birds found; however, 
  no systematic 
  searches were made for 
  the small lark carcasses, 
  nor were specific obser- 
   vations for toxic signs 
  conducted (McEwen et al. 
  1986) 
Iraqi date palm Emulsifiable concentrate Chlrorpyrifos residues in 
(Phoenix sp.) applied once after dates decreased from 
orchards fruiting and infesta- 1.28 mg/kg fresh weight 
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 tion with high pressure at day one postapplication 
 ground sprayers at 0.98 to 0.2 mg/kg on day 
 kg/ha to control insect 15, to 0.05 on day 29, 
 pests and to nondetectable con- 
  centrations on day 71. 
  Concentrations of the 
  chlorpyrifos oxygen analog, 
  however, after reaching 
  a peak of 0.5 mg/kg 
  on day 15, were 
  still detectable 
  (0.1 mg/kg) at day 85, 
  suggesting that dates 
  should be harvested at 
  least 8 weeks after 
  chlorpyrifos treatment  
  (Mansour 1985) 
Turf 1.12 kg/ha, emulsifiable Most arthropods in turf 
 concentrate, single appli- killed immediately 
 cation, to control chinch after application. 
 bug (Blissus leucopterus Target pest populations 
 listus) remained depressed for 
  one year posttreatment, 
  but other insect popula- 
  tions recovered to levels 
  greater than controls 
   after 3.5 months (Streu 
  and Cruz 1972) 
 

 
RECOMMENDATIONS 

Current water quality criteria formulated for chlorpyrifos by the U.S. Environmental Protection Agency (EPA 
1986) for aquatic life protection seem to afford a reasonable degree of safety, at least during short-term 
exposure.  Specifically, the proposed criteria for freshwater are 0.041 ug/l (4-day average concentration) and 
0.083 ug/l (1-hour average concentration), neither of which should be exceeded more than once every 3 years; 
for saltwater, the criteria are 0.0056 ug/l and 0.011 ug/l, respectively. 

The acceptable tolerance level of chlorpyrifos in meat and meat by-products destined for human 
consumption is 2.0 mg/kg fresh weight (Byford et al. 1986).  The significance of this concentration to animal 
health, or to consumers other than man, is unknown.  More research is needed to establish maximum tolerable 
chlorpyrifos limits in tissues of sensitive fish and wildlife. 

Information is lacking on the effectiveness of chlorpyrifos in large-scale (>40 ha) coldwater ecosystems, 
typical of those found in Alaska or northern tier States; accordingly, we recommend initiation of long-term 
studies in these potential problem areas. 
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As judged by our analysis of available literature, three courses of action now seem warranted: (1) Restrict 
the use of chlorpyrifos for mosquito control in wetlands, estuaries, and waterfowl breeding areas because 
recommended treatment levels are demonstrably harmful to nontarget species, including mallard ducklings.  
The unsuitability of chlorpyrifos for mosquito control is further supported by the finding that certain mosquito 
populations in California are showing signs of chlorpyrifos resistance, and thus may require more aggressive 
future treatment programs (tarsalis populations (Reisen et al. 1984). (2) Curtail agricultural use of chlorpyrifos in 
watershed areas pending acquisition of additional data on its transport, fate, and effects, including data on 
chlorpyrifos flux rates from oils and sediments and its resultant bioavailability. (3) Develop suitable replacements 
for chlorpyrifos in mosquito control programs.  These replacement compounds should exhibit a relatively long 
half-life in aquatic environments while avoiding the broad spectrum toxicity typical of chlorpyrifos to large 
numbers of nontarget organisms. 
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