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The Immune System and 
Pesticides 

by L,on John Olson 
Th, fol/owing nrlicl, is nol tasy for a nOll'sci,nlisl 10 rtad 

J,rcnllst of its nlll/lilud, of Itchnicall,rms and dmsily of infomza. 
110'1- Willr Ilris arlid, ill /zand, IrOWtv", a rtad" will b, abl, 10 
deciplrtr mosl disCl/ssions of ptSlicid, 'fftcls on immz,"' sysl'ms. 

Sillct very lilli, consid,ralion is currmlly givtn 10 wlrtl/"r ptSli. 
tid, 'rpOSUrt will wtaktn p,oplis (or olh" animals) immztn' svs, 
lem, Olson's discussiolls of Iht limilalions of slalldard loricology 
lesls nlld 1/" need for including imnZlmoloricily assays in ptslicidt 
les/illg off" ptslicid, "form aclivisls a elzal/mg,. Olson's ov,rvi,w 
of rmarch on ptslicid, inzmzmosupprtSsion dtmolZslralts Ilral 1/" 
paltlliial for Ilzis form of ptslicid, damagt is rtat. -Ed. 

Abstract 
Immunotoxicology is a relatively new field of toxicology 

that studies the effect of chemicals and environmental con· 
taminants on immune systems of animals and humans, AI· 
though the field is young. a significant body of information 
has been developed on a wide variety of compounds that af. 

immune systems and functions of both animals and 

interest. A" properly functioning. intact immune system is 
essential for protection against diseases. cancer, alJtoimmuni. 
ty and certain allergic reactions. In the past, toxicologists have 
been concerned with more classic and easily mea$urable tox. 
icities such a.s death, gross organ damage, overt illness or in· 
creased cancer rates, The new field of immunQtoxicology 
studies the subtle effects that compounds can exert on the im, 
mune system. These effects are more complex, diffuse, and difficult to detect than the classical toxicities, 

There is a prevalent philosophy among many toxicologists 
that if a chemical is going to be restricted or banned because 
of its overt toxicities, why examine its effects dn immune 
systems? Although at appropriate times there is little argu· 
ment with this belief, immune system tests can be Very useful 
in determining overall safety when a chemical is hot readily 
seen as toxic, Another generally accepted philoso~hy in tox. 
icology contends that immunotoxicity would be observed in 
standard long.term or lifetime animal tests due to ·increased 
deaths and severe illnesses by bacteria, viruses apd cancers 
over the study's duration, However, these tests ror general \h"~~:;ne toxicity may not pick up immune system damag<=. \ system effects are often subtle but can have very To put this belief into perspective, one should be aware of \sez;OlJS consequences to an animal's health, such as increased certain facets of standard toxicity tests. Test animals, such as cancers, allergies and autoimmune diS4!ases, An rats, mice, and rabbits, are chosen with great care for ex· bv • .rvilew of immunology and immunological tests is pre· cellent health and normality within the breed, Any animals to help understand the issues, The damaging effects of that appear sick, abnormal. or outside the paramelers set up numeT01JS pesticides on various immune components in both for a healthy animal. are removed before the shjdy starts, animals and humans are discussed. The animals are acclimated carefully to any new facilities se,'er.al reasons, immunotoxicology testing is rarely reo prior to testing, They are usually started on the: test com· prior to a chemical's use in the United States, How. pounds as extremely healthy young adults, fed carefully im,munolloxicology is now felt by the author to be at, or selected and nutritious diets, and kept in very cl~an, stable approaching. point where routine immune system facilities with the best of care, These facilities are nlaintained can make a valuable contribution to determining a to prevent any undue stress on the animal. esptcially by dh"mlical's potential safety for humans and other animals, keeping out any pathogens that could cause diseasl$, A great Routine toxicity testing currently does hot deal with fac· deal of money and effort is spent on keeping the animals as such as multiple compound interactions, assaying with healthy 1$ possible throughout the study. old or very young test animals, or using stressed ani· These efforts result in an unexpected condition, ie .. these all factors which greatly incruse toxicant effects. These- test animal, are ·the least likely of an animal's pop\llation to can be incorporated Into routine testing-and would -- develoP problems from a chemical. If they do sucCllmb, they prc)vicle far more realistic ~ons of a chemical's effects: .. would be the last in a normal wild population to be affected, . .In a normal, wild population. whether animal or h~mon, the IntrochIctIoIi individuals most likely to be affected are those who;are aged, The ~ffect of environmental contaminants on the immune very young. pregnant, sick, or otherwise stressed. , of animals or humans is an area of increl5ing scientific '. Cyclophosphamide, a very potent immunosu~pressant, 

John 0/5011 is a loxicologist and "$laTch siientisl wilh Ihe 
V\(isc.onl,,'n Depm-hnenl'of Htltllh and SociIIl Scvices. His rt· 

hIlS ctnlmd on iminunolt1zic4/ogy tmd one of his uptri­
indical,d Ihal Iht irrstClicide aidiCllTb (active ingrediml of 

. supprtSStS Iht immunt sys/tm of mict ftd one pIlT/ aldicarb 
billion pm-Is waitT. Aidicm-b has hem found lIS II groundwaler: 

co~!/an'i"'ml in numtrollS slalts. 

has been Widely used in immunotoxicology as a knbwn con· 
trol chemical and is used· in. humans to control cancer 
(because it slows cell growth) and to prevent transpl\1nt rejec· 
tion, which results from the ·host immune system trying to 
destroy the transplant. When cyclophosphamide is used in· 
animal immunotoxicity studies at levels that cause im· 
munosuppression, generally no unusual infectious diseases 
are encountered, When a pathogen (bacteria, virus. etc" that 
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in test protocols Iplans! and the extent to which such studies 
would identify potential immunotoxicities .'" This lack of 
agreement is a partial reflection of the diversity of immune 
functions and available immune tests. The US, National Tox· 
icology Program for Immunotoxicology has been working on 
this area for several years and has recently cieveloped a bat· 
tery of immune function tests that may be recommended for 
generaJ use in assessing immune function. 9 The only current· 
Iy required immune tests known to the author involve U.s. 
Environmental Protection Agency pesticide assessment 
guidelines for biorational pesticides (e.g .. pheromones. bac· 
teria. protozoa, viruses).10 

Effects of Pesticides on the Immune System 
DDT has probably been the pesticide most studied for im· 

I m,,,n,,'nv;r effects and for the longest period of time, DDT is 
in some parts of the world and its residues are com· 

found in the United States (NCAP NEWS 4(2): 7-9). 
found to significantly lower the antibody titer (con· 

~elntr,ati('") to the bacterium Salmontl/Il iyphi and decrease the 
.. .,~"" globulin (IgG) serum fraction to ovalbumin in rabbits 

35 days exposure to 200 parts per million (ppm) of DDT 
the drinking water."·" On the other hand, no consistent ef· 

was found on the anti·Sa/montlla pullom", antibody titer 
DDT·fed chicks." DDT increased the mortality of young 

infected with encephalomyocarditis virus compared to 
exposed to the virus, but no/ to DDT." Chickens were 

to have increased susceptibility to a protozoan para· 
His/omonas mt/tllgridis, after DDT administration." In· 

,! .. ',co..l susceptibility to duck hepatitis virus was found in 
given DDT." Tissue structure of the thymus and 
of rabbits exposed to DDT were found to be adverse· 

" DDT decreased the phagocytic activity and cell 
of rat peritoneal (abdominal lining) macrophages." 

rabbits, chickens, and rats were not found to 
d"",,,,~ aJnti!xxly titers to various antigens in several different 

follo>vinlg exposure to DDT."'''''' Alter a review of the 
immunotoxicity data, Koller' felt DDT did not 

to seriously impede immune system activity in ani· 

100, and 1000 parts per billion (ppb) in the drinking water. 
The effect wasgrtattst at the I ppb aldicarb level." 

A wide variety of other pesticides have been 'shown to 
variously affect immune system components in animals. The 
fungicide triphenyltin acetate (TPTA) was associated with 
atrophy of the thymus, reduced plasma cell (B·celi) popula· 
tions and decreased immunological response to tetanus tox­
oid in guinea pigs fed 12 ppm TPTA for several weeks." 
Methyl parathion has been shown to increase the death rates 
of mice exposed to Sa/mont/fa Iyphimurium, dearease the 
mouse antibody response to S. iyphimurium, r,duce the 
mouse mitogenic response," and suppress the tuberculin 
delayed hypersensitivity reaction in rabbits." Dieldrin 
enhanced the lethal effects of duck hepatitis virus in duck· 
lings," and also reduced the phagocytic activity an<;l viability 
of rat macrophages. Hexachlorobenzene administered by diet 
resulted in immune impairment in miceJU4 and rats. H 
Technical grade pentachlorophenol (PCP) was shown to af· 
fect a variety of parameters in mice but analytical grade PCP 
(i.e., without contaminants) did not." The difference was ex· 
plained as the result of impurities, Dioxin is a knbwn con· 
taminant of PCP and is a very potent immunosupprtssant. ,.,. 
Dioxin very likely caused the immunotoxicity noted with 
technical grade PCP, Another study of technical grade PCP in 
dairy cattle found no differences in the immune parameters tested." . 

Maleic hydrazide and cycloheximide, two pla!)t growth 
regulators, were found to decrease the splenic plaque cell 
count to srbe's in white mice while maleic hydrazide in· 
creased the titer (concentration) of hemolysin, the antibody 
formed in response to srbe's." ChIorocholine chloride and 
glyphosine were fed to wild deer mice and signific.ntly sup· 
pressed the white blood cell count, splenic plaque·forming 
cell response, and the srbc hemolysin antibody titer. At low 
levels, glyphosine stimulated the antibody titer, while 
depreSSing it at higher concentrations. OJ Dinoseb (a 
elinitrophenol herbicide), triiodobenzoic acid mBA], and gib­
berellic acid (a synthetic plant hormone) were exa...,ined for 
immunotoxicity in wild deer mice." Dinoseb and TIBA' were 
found to suppress selected immune functions while' gibberel· In the carbamate class of insecticides, a number of com- lic acid generally enhanced the immune assays, Chloro-P9un,ds have been shown to affect the immune system in a choline chloride, when tested in combination with a poly· of ways. Methyl carbamate and pyrindol carbamate chlorinated biphenyl (PCB) and other stress conditions such to have little or no effect on selected immune as reduced lactation (milk production), reduced feed, and rels!porlSes in mice or rabbits. n." Carbofuran has been shown reduced water, caused Significantly increased susceptibility to valio.,sly affect immunoglobulin subclass levels in mice" challenge by a virus." This review, because of Iimilied space, increase granulocyte levels, while decreasing Iympho- caMot include all possible references to pesticides and im· and bone marrow cell populations of mice." Carbofuran mune system dysfunctions. Other references proVide adeli­to mice was associated with decreased mitogen activity, tional information ...... '~~:!immunoglobulins, and increased mortality following To this point, only animal studies have been discUssed. Un­c: by SalmonellA Iyphimurium, a bactem." Primicarb fortunatelY, there are only a limited number of human induced immune hemolytic anemia (damage to the bone studies available and very few on pesticide effects on im­'1TIlIrrO'W affecting output of white andJor red blood cells) in mune systems. In the non-pesticide area, srjloking," Ethyl carbamate caused severe myelotoxicity (bone asbestos, .... ' benzene," lead." marij\W1a,N PCBs,"r PBBs," !m.l,n-nw damage) in S.C,F, mice, depressed killer T-cell activi- ozone," and phencyclidine." among other agents,· Have been re~luc.!d humoral immunity (B-cells) and increased suscep- shown to affect human immune responses, 'either directly or to tumor cell challenge." Carbaryl was found to in- in Ditro. Most pesticides and other chemicals can also elicit quail susceptibility to a protozoan parasite," reduce allergic reactions if the dose and exposure time ate appro­S1>~!nic plaque-forming cell (spleen antibody-producing ceO) priate. This may be the most widespread of all toxic reac· in mice" and enhance the in vitro infectivity of tiOrlS, although underreported and understudied. human lung cells and green monkey kidney cells." Malathion was found to cause contact serlSitivity in almost ~t~:~~)rw::as:g shown to significantly reduce the splenic 112 of the human subjects tested, although no one was sick p cell response in outbred white mice fed I, 10, enough to leave their job." Another study found 'antibodies 

THE JOURNAL OF PESTIOOE REfORM I SUMMER 1_ 23 



. iormed to DDT and malation in volunteer subjects. It was 
speculated that this could potentially result in conditions of hypersensitivity .f>l 

In 1959. a patient died of aplastic anemia (a generalized 
anemia Involving reduced white and red blood cells) sus· 
pected of being acquired from working with several different 
insecticides. OoJ A case of aplastic anemia with immune abnor­
malities associated with occupational exposure to pentachlor· 
ophenol and tetrachlorophenol was described." Dieldrin ap· 
parently induced a case of immunohemolytic anemia (similar 
or equivalent to aplastic anemia) in a factory worker.bJ A 
number of cases of aplastic anemia associated with the insecti· 
cides DDT. chlordane. benzene hexachloride. and arsenical 
sprays have been described." Household ogranophosphates 
were speculated to be the cause of aplastic anemia and acute 
leukemia in British children." although this was disputed by 
some.W

." A 1967 study in southern California failed to un· 
cover any hematologic abnormalities associated with 
pesticides." Several pesticides including DDT. parathion. 
trithion. and butoxide were found to inhibit various human 
lymphocyte functions in vitro, while other pesti$'ides had on· 

·Iy marginal effects in the assays." In a clinical review of 56 
very divergent cases of complaints about environmentally in· 
duced illness. no significant correlation could be drawn be· 
tween immune status and seriousness· of the complaints." As 
a last note, a recent study found that long·term exposure to 
2.3.7.8·TCDD (dioxin) in Missouri was associated with de· 
pressed cell·mediated immunity, although the results have 
not yet caused excess clinical illnesses in the exposed 
people (see p. 36)." Dioxins are Widespread contaminants in 
PCBs, 2.4,5·T, silvex, hexachJorobenzene and pentachloro­
phenol. Dioxins and related compounds may well be respon· 
sible for the immune perturbations observed with PCBs and 
the other contaminated chemicals. . 

ConclusIon 

-----------------,------~'-

OUS environmental health impacts of contarI1inants in the 
future. 

The contention that standard toxicity tests >till detect any 
immunotoxlcologic effect (or the converse d(gument, that 
any immunotoxicity not picked up is thus incOl'lsequential) is 
no longer valid. Research has demonstrated that subtle im. 
mune system defects can have serious, eVert fatal conse­
quences to both animals and humans. The information base 
on immune dysfunction. environmental contaminants. and 
immune function testing is significant and warrants routine 
testing for immunotoxicity effects prior to using a chemical in 
either the workplace or the environment. 
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effects have been noted as a result of ingestion of carbamate contaminated cu­
cumbers in Nebraska (Centers for Disease Control. (979). Reversible acute anti­
cholinergic poisoning was also nOled in a human study (Haines. 19711. Llltle IS 
known about the potential chronic Immune system effects associated \\IlIh long­
term ingestion of aldicarb in humans or animals. Aldicarb was first detected as a groundwater contaminant in the late 1970s 
when more than 1100 wells tested positive for aldicarb reSIdues above i pans per 
biliion (ppb) in New York's Suffolk COUnty. a potato farming region on rural Long 
Island (Z .. ke el al .. 1982). Since then. aldicarb has been found in the groundwater 
of many other states including Maine. Florida. California. Arizona. Nonh Caro­
lina. Virginia. and Wisconsin (McWilliams. 1984). The Central Sands area of Wisconsin. an agricultural region in the middle of the 
state with sandy soils and high water tables. is a center for extensive central-pivot 
irrigation potato farming. The pesticide aldicarb has been widely used in this re­
gion since 1980. In 1981. testing of residential drinking-water wells first detected 
.. Idicarb in the groundwater. Subsequently. a Wisconsin law was enacted which 
regulates and restricts the use of the pesticide throughout the state. An enforce-' 
ment standard of 10 ppb was established for a1dicarb in groundwater. Households 
with aldicarb levels above 10 ppb Were advised to refrain from drinking the con­
taminated groundwater. Since the pesticide was first detected in Wisconsin 
groundwater. more than 300 wells have tested positive for aldicarb residues at 
levelS ranging from I to 100 ppb. Most of these wells have been located in Ponage 
County. Wisconsin. one of the leading potato farming regions in the Central 
Sands area. 

Recently. Olson and others at the University of Wisconsin. Madison. described 
an immune system suppressant effect in laboratory mice fed water containing 
aldicarb at levels of I. 10. 100. and lOoo ppb (Olson el al .• 1986). The aldicarb 
levels which caused immunomodulation included doses below the currently used 
Wisconsin groundwater enforcement standard of 10 ppb_ To assess possible im­
munodysfunction in humans exposed to aldicarb-contaminated groundwater. we 
performed a cross-sectional study of exposed and unexposed residents of Portage 
County. Wisconsin. 

METHODS 
SlIbjf!C"IS. A list of Portage County households for potential study participants 

was Obtained throuj1h a review of the Wisconsin Department of Natural Re­
sources (DNR) groundwater survey data. This list included household wells that 
had tested positive for aJdicarb residues in the groundwater and household wells 
that had tested negative lnondetectableJ for aldicarb residues (limit ofiaboratory­
detection- I ppb). To be-eligible for study inclusion. household wells must have 

< been tested for aldicarb residues on at least two occasions within the last 4 yean.. 
including once within the previous 12 months. Subject selection was limited to women. alles 18 to 70 years old. Potential 
households from the DNR grou'ndwater survey list were telephoned and queried 
as to the presence of an age-eligible woman. If an aile-eligible woman resided in 
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perature to the jaboralor~ for Immune function tests performed 18 10 ~~ hr after phieoOlom). Tesl. Incluaed la) complele blood CoUnls (CBC Couller Counlee. Mode! S-PLt.:S4~ with manuQ.] differential Counts). (bJ quantitative lmmunoglob. uhn OJ~SCJys (Beckman AUlo-ECS Rate mephelomeler,~ Beckman Instrument~. Inc... Immuno Svslems Operallons. Brea. C .. lir.l. (el T-cell subsels and (i-cell enumerallOn including T4. T8. TIl. and BI Imodified Couller Clone Procedure.' Coulter Corporallon. Hialeah. Fla.). (dl mllogeOlc (phytohemaggluliOln. conca­navalm A. and pokeweed milogensl and anllgeOlc (Ca"dida and letanus anllgens. MLC alioanllgens) (Oppenheim and SChecter. 1980) I)'mphocyte sllmulallon assa)'s. and lei tetanus toxoid antibody levels prior to and 14 days after ImmUni­zation wllh tetanus toxoid booster by an ELISA assay (Moen. 1986) 10.5 ml alu­mmum phosphate adsorbed ultrafined tetanus toxoid administered Intramuscu­larly. Lo( No. 4/(48101. Wyeth Laboratories Inc .. ' Manetta. Pa.). Laboratory quality control procedures for immune function tests incluaed daily standardiza­lIon of study results to reference normal controls. Laboratory techOlcians com­pleted all analyses while blinded to exposure status of study parllcipants. Siwislicu/ u"ull·sis. All data were keyed into a SAS data base. Stallstical anal­yses were executed under SAS SZ.4 uSing an IBM 37013083 malnf,.. .. me computer.' The distributions of single continuous variables were compared between tne ex­posed and unexposed groups with a two-tailed unpaired Student's t test and the Spearman Rank Order correlation coefficient test. Immune function test results for conllnuous variables were transformed to natural log values as another test of statisll:al SIgnificance. Differences in categorical variables were assessed by a X' analysis and Fisher exaCI test. A P value less than 0.05 was consiciered stallsli­cally Significant. 

RESULTS 
Subj('ct Selection 

Among 85 household wells in Portal:e County that had been tested twice over the prevlou~ 4 years for aldicarb residues. 37 households with an age-eli~ible woman fulfillin~ the study protocol requirements were enrolled. Enroliment was completed in a bilnded manner With respect to exposure status. Of the remaining 48 households. 8 contained a woman who fulfilled eiigibility crneria but who re­fused to participate in the study: 8 could not be contacted Imoved. had uniisled leleonone numbers. or did not answer the telephone on at least si,. different al­lempls): and 3~were excluded because they did not contuin a woman who fu!­filled lhe protocol requirements (:i did not have an aj1e-eligible female who drlln~ the household tap waler. ~ had a presnanCfemaie. ~ had a female ill Within the lasl 4 weeks. and 1 had a female on phenytoin). 
The second sroup of unexposed females from the municipal water supply list ins included 10 women. Thineen fulfilled the eltgibilllY requirements of the study and were enrolled. Seven of the women were excluaed Ithree due to preg-

) Tri:lden;ame IS i!I\'cn (or identification only and cioes nOI Imply endorsement by tne C .5. Dcpan· men! of nc:u1th and Hum.an Services or tnc L.S. Public Health Service. 
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TABU I 

~UBJECT \ARIASLES """0 LABORATORY Mf:.ASUR£S AS A fU,..CTION OF f:.XPOSURE StlATWS. 

"'ORTAOE Cou,..,.n. WISCO,,",SI"'. l\j~~ 

E..lpo!>cd une;(po~ec 
\ arlable ,n = .:!)I In . :7 ) SI~nln;;4:lnCe 

Me"," "'J,:C 3':' .6 = l:.~ " - :: I 1.3 NS' ,,_. ' 

Mean number of M.D. VISI!!. 
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measures. quanUlative imml!noglobulin measures (Table I). or B-cell subset mea· 
sures (Table 2). 

Exposed and unexposed subjects differed in their measures of T-cell s~bsets 
(Table 2). Exposed subjects tencied to have an increased absolute numoer of T8 
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subjects wIth ratios <1.0 (Fisher exact test. P < 0.091. To assess the nesslbillt\' of 
tranSIent efiects on T·cell subsets. we retested five of the SIX subJecls with i01" T4;T8 rallOS for a thIrd lime approxlmalely Z months afler Ihe mlltal leSltn~ lone refused a third venipuncture). Results of the third testing were essentially ioen­Ileal to'prevlOus results (Table 31. 

The lymphoc),'le proHferallon assays showed no sij!nificam differences bel ween exposed and unexposed participants wilh Ihe phYlohcmaSj!lutinm. concanavahn A. pokeweed. lelanus. or lIILC assa),'s (Table 4). In Ihe Candida anllj!en sllmul •. 
tlon assa)'. Ihe mean Counts-per-mmule tcpm) measure for exposed subJecls was slj!nificantly higher than the cpm for unexposed sub,lects. The slImulallon mdex for the Candida anllgen was also SIgnificantly hIgher in the exposed !!roup wnen compared to the unexposed group (Table 4). . 

For the tetanus toxoid anlibody measures prior to and 14 days after immuniz..­tion wilh 0.5 ml of tetanus toxoid booster. titers for IgM and I!!G were measured and compared to a reference standard (Moen el al .. 1986). Mean antioodl' levels for specific IgG and IgM antibod,es both before and afler immunization wito lel­anus loxoid dId nOI SIgnificantly differ (Table 5). 

Dose-Response Analysis 

The dose-response relationships between immune funclion tesls and both household well aldicarb level and average daily aldicarb ingestion were exam­
ined. Using the Spearman rank order correlalion analysis. a statistically signifi­cant negalive correlation was nOled between household well aldicarb levels lPpb) 
and T4;T8 ratio values (r = - 0.34. P < 0.02). Additionally. SIgnificant positive 
correlations were noted bel ween household weii' aldicarb levels (ppb) and both 
the Candida proliferalion assays (r "'. -;. 0.41. P < O.OJ) and the Candida stimula­tion mdices (r '" -0.36. P < 0.02). No significant correlallons were noted for Ihe 
other antigen or mitogen assays. 

A stalisltcally significant negative correlation was observed between average 
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TABLE 6 14:T8 RATIO VALUES AS A FUNCTION OF AVERAGE ALDICAJl8 JNGESTJON LEVEL. (~~DAYJ. PORTACE COUtlTY. WISCONSIf\,i, 1'J8S In .., SO) 
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Number and percentallc of paniclpants 
with decreased· T4:T8 Iillio values 

'ToUtls 

• Normal T4:T8 • 1.4 or greater . 
.. Decreased T4:T8 • 1.3 or less. 

o 

AvcraJc i&ldlcarb In{l:csllOn level 
''''''i!/day) 
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or self-evaluation of past and present health status. In the laboratory assessment of immune function. most of the tests completed showed no statistically si#nifi­cant differences between exposed and unexposed females. However. in measures ofT-ceil subsets and lymphocyte proliferation assays to Candida antigenic stimu­lation. the exposed and unexposed women did differ significantly and dose-re­sponse effects were noted. 
A limited number of repons have been published on immune system effects of pesticides such as aldicarb or environmental contaminants such as PCBs .and PBBs. Vos and De Roij (1972) noted humoral immunosuppression in guinea pigs red PCBs and challenged with a tetanus toxoid iqjection. Wiltrout ~I al. (If/78) observed humoral immunosuppression in mice given near-lethal oral doses or'five separate pesticides (carbaryl: DDT. parathion. chlordimeform. and ametryne). Bekesi ~I al. (1979) first described human immune dysfunction in a group of Mich­igan farmers who ingested farm products contaminated with PPBs. Exposed farmers showed abnormal lymphocyte blastogenesis in response to challenge by selected mitogens when compared with unexposed farmers. Yau-Chin Lu and Ying-Chin Wu (1985) have followed a large number of Taiwan residents for aQute and chronic health effects after the ingestion of rice bran oil contaminated With PCBs. An evaluation of these subjects 3 years later showed continued detectable . levels of PCB in the blood; although the percentaJ;le of total T-cells was nomal. there was. as with our study. an increased percentaJ;le of T8 cells. Lu and Wu also noted an enhancement of lymphocyte proliferation in response to various mi­tOJ;lens. Finally. Olson I!I al. (1986) have investigated the effects of aldicarbon selected immune par.tmeters of mice. Aldicarb was administered vi .. drinking water at concentrations of 1 - 1000 ppb for 14 to 34 days. These authors found that _._ .. ·aldicarb significantly suppressed the splenic plaque-forming cell response to sheep red blood cells at all concentr.ttions of aldicarb tested . .. .. _.... In our stlld)'. we noted a significant difference between the exposed and unex­posed groups as well as a positive dose-response effect in the mean lymphocyte stimulation assay for one of the antigens (Candida). However. the values for bOth J;lroups for this antiJ;len were within normal limits as routinely observed at Ihe 
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leclive tropism and Ihe decreased T4:T8 ratio can be ascribed to a decrease tn the numerator (Quinnan e1 al., 1985). With aldlcarb exposure. there apparently is an Increase in T8 celJs resulting in a low ratio due to an increase In the cienominator. It is imponant to distinguish the cause of the T4:T8 ratio decrease as the implica­tions are quite different depending upon the etiology (Fahey e1 al .. 1983). In our stud)'. the T4:T8 ratio decrease was due to an absolute Increase in numbers ofT8 cells. No clinically apparent immunodeficiency was noted. In assessing a system as complex as the lymphoid network, minimal measures may not reveal subtle differences. Lane e1 al. (1985) have recently shown thaI. in following patients with AIDS, antigen-response testing revealed defects that would have been missed by looking only at mitogen-induced proliferation. In the study of the effects of toxic exposures, we believe that as complete an assay as possible should be performed On the immune system to bring out more subtle differences. 
The alteralion in T-cell subsets noted in our study appears to be an observation that was not accompanied by any obvious present clinical implications. What is less clear, however, is whether this observation represents an early subclinical manifeSiation of immunotoxicity resulting from low-level and relatively short­term «5 years) exposure to the aldicarb-contaminated groundwater. Further ¢pi­demiolollic studies with larger numbers of panicipants are needed to resolve this question. 

Because of the high solubility of aldicarb in water and its presence in drinking 'water in several states (McWilliams, 1984), the public health implications of cpn­tinuing to expose large populations to a potential immunomodulating envirpn­mental contaminant warrants careful review. We may need to reevaluate pres~nt state and national policies which allow trace quantities of toxic chemicals suc~ as aldicarb in the groundwater. Finally, we believe that there is a need to consioer immunologic effects in any future assessment of the public health risks associated with potential environmental cpntaminants such as aldicarb, and that a protocol such as as the one used in this study can provide a model for informative assess­ments in the future. 
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