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A BSTR<\CT 

Org.lnophosphate chronic toxicity has been evaluated in this study. Biological 
screening for organophosphate insecticide-exposed workers is mostly recommended 

for mixers, loaders, fOI'lllulators and spraymen. We have studied 17 occupationally 
exposed persons to pesticides. Using Ellman's colorimetric method, their plasma 
cholinesterase activities have been measured. Results show that the appearance of 

some of the symptoms of chronic organophosphate toxicity depends on the extent 
of plasma cholinesterase activity reduction. Our results also indicate that headache, 
weakness, nervousness, memory difficulty, tremors, insomnia and dizziness are· 

the main problems demonstrated in these workers. 
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INTRODUCTION 

An estimated 4 to S million persons work in �:gricllltllre: 
alllong them mixers, loaders. applicator!' mlll othl!f workers 
who directly h::Uldlc agricultural chcmicals arc at highesl 
risk for pesticide-relaled illnesses. 

Poisoning with organophosphate insecticides (OP) is
· 

COllllllon among pesticide workers. I Measurement of plasma 
cholinesterase (ChE) is of value in monitoring low levels of 
exposure to OP cstcrs.-1 Routine monitoring of OP exposed 
workt::rs for plasma or erythrocyte ChE depression h::L'i been 
used ror many years 10 identify workers al risk ror poisoning 
hel"ore theoccurrellce of clinical symptoms. I Thus poisoning 
can be prevented by improving working conditions and 
removing those workers with low ChE activity from 
cxposun.:.' J\kasurement of pn::-exposed ChE levels is also 

important, he cause sometimes there may he persons who 
h:lve Inild symptomssimilar 10 OPpoisoning (e.g., head:lche. 

"JJrc.�s fur "::lIrre�p{)nJem:o.!; Moh:Ulllllad AhuoUahi.l'hann. D .• i'h.D., 
As�isl:Ull Professor of Toxicology :'1111..1 Phanllacology. 

Tchr:lll UnivcrsilY of McJiClI Sciences. 
1'. O. Hm; 14 t 5516-'51, Tehr:Ul. Td: (XI-98-21-6112� t 6 
F;u: ()(1-1}S-21-6-'61 178. 
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nausea. lighlheadedness) and low norm,d ChE aCllvIly. 
making the diagnosis difficult. I In addition. clinicians 
supervising ChE screening programs for workers cxp(}sed 10 
OPs who h:1VC no haseline Ineasuremcnts arc f::lced with tilC 
dilemma of allowing ovcr-exposed workers at risk of 
poisoning to continuc to be exposed lOOPS, I In this study we 
have me:L'iured plasma ChE nc(ivity in three separ::tte ass:ly!:i 
and evalualed Ihe relalionship between ChE rd:luclion and 
occurrence of symptoms of OP chronic toxicity, 

MATERIAL AND METHODS 

DithioniLrobcnzoic acid was purch:L"ed from Merck, 
Germany.and KH,PO,. K,HPO,'Uld acelylthiocholine iodide 
from Sigma. USA. 

The sludy population consisled or 17 peslicide-exposed 
male workers from whom six were OP fonnulalors. These 
workers were active in 5 work shifts weekly starting at 7:30 
am and ending at 4 pm. 111C faclory produces apnroximatcJy 
20 org:UlOphosphme and 6 non-organophosphate compounds 
as peslicide. Thiny heallhy males who had never been 
exposed lOOPs were selecled as Ihe control group. None of 
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Table I. Me�1O pia .... ma ChE activity in insectiddc formulators, obtained in cal'll sampling. 

Monitoring N Mean plasma ChE Sf) SE CV(%) Normal DCpl'cssillll {lr ChE 
No, aclivily (KU/L) .. ange (KUlL) (as % uf lower nurmal lim it) 

I 6 2.4(, f1.73 0,3 2n.7 2.6A-4.75 X 

2 6 1.57' 1.17 II.4X o7.S 
" 

41 

3 6 2.65' (j.XS fl3:'i 2LJ 
.. 

I 

• Redm.:tion of ChE activity is statistically significant, P < O,llS. 
SD = Standard deviation. 
SE = Standard error. 
CY = Cocfiil.:icnt of variation. 

Table II. Mean plasma ChE activity in nUII-formulatur workers. ohtained in each sampling. 

Monitoring N Mean plasma ChE SO SIC 
Nu. aclivity (KUlL) 

I II 3.20* f1.K7 ().2(1 

2 II 3.1I4* O.l)() f1.27 

3 II 2.73* (),7lJ (1.23 

. Reduction of ChE lrJvcl is nnl statistically significant. 

them had been smnpJed for ChE assay hl!fon.: L!xposure. 
Sampling was done at three time intervals: when production 
had diminished to its minimum. when it had increasl!L1 to its 
maximum capacity tUld when pmLluction was low. Eleven 
non-formulator workers were also smnpled. Two L1ilTerent 
questionnaires were prepared:'i :md all of the workers were 
asked about their h15tOl)'of disemies. poisoning and symptoms 
of chronic OP toxicity. Their plasma ChE activity was 
measured using Elhnan's colorimetric method.:1 E:ICh worker 
was smnpled and hlood speCimL!flS WL!rL! cL!lltrifugated :mu 
Ihe plasma phase was separaled. For all of the samples. I II 
III of plasma was added to :1 1111 of solution containing the 
indicator. dithionitrnhL:llzoic acid (0.25 11111101) :tIlLl hurrer. 
KH,PO, and K,HPO, (75 mmol). Finally, I II ,Il "fsuhslrale. 

acetylthiocholine iodide (Sigma. USA) was added to them 

auo the ch:mgL:s in ahsorhance (rdlectill!! ('hE activity) 
were read using a Shimadzu modd UV -I (l() douhh.: heam 

ultraviolet-visihle spL!ctrophotomeler. The results have heen 
exprL!ssed as mean ± SE alll.l the statistical diiTerellces 
as�ayed according to Studelll' s t -test. The acceptetl leve Inl 

significance W'L"i from P < n.ll). 

RESULTS 

The mL!an a�e ur the wllrkL!fS was :Hl. and duration of 
empluyment ranged from 3 llIonths to 7 years. :�)(y" or the 

CV(%) Normal nepression of ChE 
.. ange (KUlL) {as % of luwer nllrmallimitl 

2().[ 2.M)·4.75 . 

ltd) 
" 

26.lJ 
" . 

Tahle III. Comparison of thc mcan plasma ChE adh'ity in 
peslkidt' formulatur and nUn-flll'lIIl1lallll' Wlll'kcrs. 

Munitoring Mcan plasma ChE 
No. arlivily (KUlL) 

I F: 2.46 

nF: 3.20 

2 F: 1.57 

nF: 3.114 

3 F: 2.115 

nF: 2.74 

(F) rurlllulahirs 
(nF) IHIIl-fnrllllllalllJ"s 
. p < (U)S. 

SIC 

OJ 

D.2o 

O.4R 

fl.27 

()J5 

{).24 

wIlrkers repmtc-d poisoning at Slnne tilTh: inthe pasl.aJthuugh 

Ill) olle had required treatllll.:llt during the 6 mOllths hefore 

this study. Meall plasma ChE activity ill insecticide 
i"llrlllUlators :U1d non-formulators h:L"i heen shown separately 
I'm each group (Tahles I. II). Mean plasma ChE levels of 
coillrois were from 2.66104.75 KU/L (SD = ± I. ()44. Il = 

30). Themean plasmaChE level among exposed formulalurs 
in each Illonitoring was c1e:u'ly lower than that of 11011-
formulators (Tahle III). Reduction of ChE activity in 
/Imnuialtlrs with respect to its level in cOlltrols W:IS IHlticeahle. 
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Fig. i. The appearance of symptCllllS of chronic ()II toxicity. whl!n 
the ChE level = 2.46 ± 0.3 KU/L. 

Table IV. Occurrence of symptomSS of dlruni<' OP poisoning 
in pesticide formulators (n ;; (I). 

First Second Third 

Symptoms Monitoring Monitoring Monitoring 

(%J (%J (%) 

Headache - 16 33 

Wt!ukness 16 50 16 

NelVousncss 16 83 33 

Memory difficulty - 33 16 

Tremors - 33 -

Insomnia - 16 -

Dizziness - 33 50 

In Tables IV and V the extent of symptoms of chronic OP 
toxicity in fonnulator and non-fonnulator workers are SIU1WIl. 

These results suggest-that tlle appear;mce of chronic toxici t y 
symptoms is accompanied by reduction of tlle ChE level 
(Fig. 4, r = -0.99). 

The relationship between chronic OP toxicity 
manifestations and CItE activity among fonnulators are 
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Fig. 2. The appearance of symptoms of chronic OP toxicity, will!n 
.he ChE level = 1.57 ± O.4R KU/L. 

Table V. (kcnrrence of symptoms of chroni<' (1) puisoninj!; 
in pesticide nun-furmulalurs (n;;;(1 ,. 

Symptoms First Second Third 

Monituring Moniluring Moniloring 

(%) (%1 {%I 

Headache � I X  I X  

We akness IR 36 27 

Nervousness 18 27 IX 

Mcmory di1ficulty - IX � 

Trcmors - 18 I X  

Insumnia - - '! 

Dizziness - I X  I X  

shown in Figures 1,2, and 3. 

DISCUSSION 

ChE activity determination ha:-; heen Ilsetl since Ihe 
1950s to tlocumcnt :lcutc poisonings :Intl Pill h.!lllS ofdlnlnic 
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Fig. 3. The appcarnm::e ofsympto1l1s of chronic Of' toxicity, when 
[he ChE I!.!vcl = 2.65 ± 0.35 KU/L. 

exposure ::unong pesticide applicators.2 The appearance of 
symptoms depends mostly upon the rate of fall in ChE 
activity. not the absolute level of activity reached.' Workers 
may exhibit 70% to 80% inhibition of both ChE enzymes 
after several weeks of moderate exposure without m;:Ulifesting 
cholinergic symptoms.' 80th plasma rmd erythrocyte ChE 
levels have been used as indices of exposure for assessment 
orlow level chmnic residue exposure mnong field workers.2 
But inhibition of erythrocyte ChE is a better indieator of 
hiological effects than serum ChE. since it is analogous to 
the enzyme found in nervous system ussues.2 Regeneration 
of plasma activity is more likely to be seen during short 
periods (because of its mon: rapid rate of recovery)� :.mo its 
me.l,\w·ement may be of value in monitoring low levels or 
exposure to OP esters.' Therefore, we chose plasma ChE 
measurement forevaluation of chronic OPtoxicity in exposed 
workers. Since tht! workers did not have baseline values. 
nonm� ChE activity (2.66-4.75 KU/L. me .. ,ured in healthy 
non-exposed control groups) was estimated for each subjt!ct. 
With respect to our results. after 54 days plasma ChE 
activity decreased to 59% of its level :.mtl after 4S days 
regenerated to 09%. From the symptoms or chronic OP 
toxicity (headache. weakness. nervousness. memory 
difficulty. tremors and dizziness) only weakness and 
nervousness wcre reported by 16% of workers initially. 
When enzyme aeti vity was depressed to 41 % (at the second 
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Fig. 4. Correlation between plasma ChE activity and the extent of 
OP-induced toxic symptoms mnong exposed workers (r 
= - 00.99). 

monitoring). appearance of m:my symptoms increased in 
workers. In the third monitoring (99% of norm'� ChE 
activity), the extent of complained symptoms had diminished. 
Comparison of ob�lined results shows that the appeanmce 
of symptoms of chronic OP toxicity depends on the extent 
of enzyme activity depression (Fig. 4). Also. the appearance 
of toxic symptoms in formulators (pcrsons who are directly 
expost!d to OP insecticides) was much more common than 
nOll-formulators and their enzyme activity W:L<.; lower. 
Depending upon the conditions of the work area. the workers' 
own attention to hygiene. the toxicity of insecticides used 
amI the actual duration of exposure. the ChE tests were 
performed. The workers of this factory were using proper 
gloves, masks rmd clothing and other standard safety 
facilities. All ofthe production lines had standard ventilation 
systems operating throughout the whole work shift, but the 
odor of poisons was distributed in every direction. The 
workers were using showers daily and at the end of the work 
shift. Due to high exposure to pesticides and their ahility to 
he readily ahsorhed through intact skin. ChE activity 
depression and symptoms of chronic toxicity wereobviously 
con tinned in some of the workers. 

In many C�L<.;es where various routes of exposure have 
been qu,mtified, skin ahsorption has a much greater potential 
[or exposure lh�Ul inhaiation.bTherefore, care must be taken 
to minimize the frequency and duration of skin exposure 
with these Inaterials. 

Suitable work safety clothing must he provided, with 
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employers responsiblc for its launuering. Routine w;l'ihing 
uf hands. face and neck prior to breaks or lunch must he 
eillphasized. Daily showers al Ihe end of the work shin are 
fl.!quircd. Employee training should he designed to inllucncc 
employees to cumply wilh appropriate work practices,f. 
Such training should be conducted for all newly-hired 
persons and periodically for ,dl employees.' 

It seems that ont! of the most important rcsponsibilitil!s 
of an agricultural clH!miL:al manufacturer is to provide 

periodic toxicitycval ualioll programs anu facilities 10 control 
cmployees'heahh and hygienic conditions. 
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