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L'EVALUATION ELECTROPHYSOILOGIQUE DU RISQUE TOXICOLOGIQUE 

CHEZ LES TRACTORISTES TRA VAILLANT AVEC DES PESTICIDES 

DATZOV E., DANEY S., lnstitut d'hugilme et de maladies professionnelles, 

Sofia, Bulgarie 

A !'aide de !'analyse mathematique du rythme cardiac et de Ia mlthode Aectroneurologique 

ont et~ examinls 77 tractoristes dans quelques stations de machines agricoles et de tracteurs, trnvaillant avec des pesticides. 

L'examen a ~tl fait doublement ·avant et apr~s Ia saison de pulverisation. Les rtfsultats obtenus ont et~ compads avec ceux 
I' 

des tractoristes d'un groupe de contrllle qui n'ont pas participtf hla pulvlrisation. On a etabli qu'il y a quelques difi'6rences 

importantes entre les deux groupes seulement quant al'exarnen fait~ Ia fm de Ia saison de pulvt!'risation. \' 

genre de travaiL 
Ces r~sultats confinnent l'hypotbbe de Ia prlsence d'un certain risque de sant~. li~ avee .. ce 
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OF HLART RATE VARIABILITY AND ELECTRONLURDGRAIHV 

E.Dat.zov,S~Danev 

I N~H 1 TUlT CJF HYG IEI\IE AND OCC:UF'A r l ONAL HEALTH, SUF 11,, 
BULGciF~ I(;. 

INTRODUCTION 
Monitoring and control of human exposure to pest.ic.id0• 

is ObjectivE? 7 of the UNDF'-suppor··ted project 11 Eut-opea.r .. l coc····· 
pt:·:·r-c~tion on envir··onmental health of the Control of cht:•mj c.:?:!~: .. ,'' 
The Institute of Hygiene and Occupational Health,Sofia,has 
been accepted as the lead institution for this ObjectiVE' 
within the framework of which an epidemiological study on tt10 
health effects of organophosphorous pesticides was planned 
<•(aloyanova F. ,1985). 

i
' The nelArotoxic effects of organophosphorous pesticide~ 

e:~pJsure a~~-d\rectly rel~t~d b~th ~a-cholinesterase inhibi­
tiOl class1+1ea as muscarinlc,nicOtlnic and CNS effects and 
delayed effec:ts involving pathological conditions an whic~~ 

precise knowledge is still not available.If the primary ei· 

fee s appear afte1~ an acute or subacute episode,usually higt·l 
lev l exposur·e,the delayed type may be a consequer)ce of rf'­
pea ed low level exposure. 

Neur-opc\thy seems to dev, 'Of:::... only after- massi-.../e e.!·;po~~:.i .. li. T.::·· 

to 'rganop-hosphorous compounds .~lainen <1988). Only kG--
ber s (1976) tlas reported on ~~lower MCVs of the ulnar nerve 
amo g eight workers engaged in the development,manufactwre, 
and formulation of an organophosphorous pesticide in comparl-­
son to eight nonpesticide factory workers. 

In a ser·ies of studies,Roberts and et all. (1970,197~, 

197 ") has described electrophysiological ~hanges in the ab­
ser\:e of detectable blood cholinesterase inhibition ·among pes­
tic~de workers exposed to organophosphorous compounds~Tt1e rnain 
cr·1a

1
ige they· h.:,1ve t-epot-ted was t-educti on of the ampl i tucl_E.' cH~ 

·--l:Tl·e '"frtLTS1:::-·rE:-:--·a.\::t·i on potent i B:i--=tts- rd?"t'~·,;_.;-e-- ·st·J -~~:n.~a:f::J ·c?r-~ , :a-nd 1.: hi s-,; v-J,:, ~-" 
stAg._ested to be a sign of early toxicity suitable for scree­
ninJ of exposed workers.Longitudinal follow-up of exposed wor-

1 
ker~ showed e>[posure-related fluctuations in the amplitLtde of 
the. motor response(Roberts 1977). The autor suggested a dipl~a­

------_.· c e-f{e.c;_t on El"1l"3 c:"'mplitude_:_ir::d.ti __ ally a~n_i_nct~~e.SE' in voltEtC!f:·~ 
an 1 ater-, vJher1 e~< posure cont ·i:r;Ded ~-·a:···decf:e-ase .. ol-1 the other.. h.~<nd 
Vinu.J·-a(l974) Elnd St.a.J.be~-g £-?tall~ (1978) have not +c)ur·1cJ .:::.1n··,· t·::,·f·· 

ferts on the amplitude of the evoh:ed EMG activity. 

cni d 
th~. 
th~ 

In ·recent years the examination of the peripheral aL!tDrlo­
nervaLts system(ANS> has become an well established p2r·i af 
hazard-related health screening activity.Autonomic neLtr·opa­
has been demonstrated in diabetes and in uremia.but it has 

bein described also in some of deseases affecting peripher·21 
ne~vous system(PNS). 

The aim of this study is to investi~ate the dysfunct1Dr1 
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of ANS ar1d PNS Lrl 

organophosphor,~Lls 

W(Jr~~er-s with long - standing exposure to 
nt:::,:sticicfes (OF'P) .. 

MATERIAL AND METHODS 

The chron1 to>:icity of the OPP was investigated by 
means of compu·ter ~nalysis of heart rate variability study and 
electroneurography. 1-he main use of pesticides in Bulgaria is 
in agricultural e1·1ter-prises in order to combat with various of 
t"hema- It. is t~Je1l i<nc•~,ln thz.1.t UF'P l::?elong--- _to a categor-y t-<4hich 1s 
one of the mostly 1-1azard~ 

The possibility of damaging the ANS because of occupatio­
nal exposure to OPP ma~:es it necessary to include in the scree­
ning procedure ~ome more reliable tests.Analysis of heart rate 
variability ( HRV ) seems to be a convenient method for assess-

- menf: __ Of'".th~---~; i·~~ides" -~- _r-E!1ate-d---:~-ehang_:es"~~in the ANS, 
The e;<r:Jt:::r-icn::::?i"'lt. 'inCluding HRV ana'Iysis was Carr~ied out in 

t~..;o stc:iges: 

-In the first stage-41 workers engaged in OPP spraying were 
investigated befor-e spray season and the results obtained were 
compared with 14 controls; 
-In the second st workers engag~d in OPP spraying were 
invt-.?sti ~1-::<.t.,:;:d r:tt !:.1-1(:-? t::nd of the spray season and the t-esul ts 
obtained were com!J~red with __ 19 contrdls. 

All c1· the ~Cll·1trol subjects were tractor drivers and 
iTiE!cr·~an.i ,-:1.1 \i~:~~---,/:(.-::i::!. 1_.-,__;c;.,·-kel--::.;:,- hav·ing no contact ~"'--ith OF'F'~ 

E1..7.?cb JfV:?ur--iJ(_Jr---::~ph.i.c d7.]\IG/ investigation has been carried 
out on t.hi' .. E-~t (jr->:::JI ___ tp·c.-5- cJf agr-icultural ~·Jorkers: 

-1"'3-t. qr·cJI ... tp ·-:"?.:.~ H•:JI·-ki~::;r--:::; erJg.-?.•;Jed in OF'F' spraying investigated be··­
fore spr·ay seasor·l; 
-2nd. group-24 wo~·kers engaged in OPP spraying investigated at 
the end of i:he SfJr-~y season. 
-Control gr•:Jup-·2'~ tractor drivers and mechanical service wor­
kers. 

F'F\OC EE::DLJRE 

According to the Protocol(adopted on the Consultation 
on Neurobehaviour·al fests,Sofia,1984) the ENG investigation 
included the following nerve conduction studies: 
-Motor cot1du(:tion velocity of the median nerve~ 
-~otor concjtJctio,·l ~elocity of the peroneal nerve. 
-~ensory c:on0L~cti(Jfl velocity of the median nerve~ 

ENG was- ~m~:llified by means of a portable electromyo­
graph Medicor~ = ~(fD-3.All subjects were investigated in 
a r-oom o·f t:h(·.:-: t'fit.~:'··..:!i•--- ·:1.1 cJffice. 

The paramet~~fs of HRV were obtained by ECG signal con­
verted toR -,R i11~.?rvals.Computer facilities were used for 
ca~culation_•:Jf t~·la following parameters:X,SD~S<mean succe­
-::-;-~lve po-c::;i.t1vr:;;;; d-t-l:;:,._!r'-~:--nc(?.S bt?tween R-R inter~als) ,N<number 
ut wave-:::~ 1n (:cO:ir··di.,_Ji:":\cho,;~ram) ,SIN,S.N,Mo,AMo(%), R<the dif-
f~:.~~r-t-?n(::f-':?S. bt?tt·JF:::''~r-~ i·~----!-~ t:he l-3r·-ql::::st and the smallest R-R inter­
v~ 1 ) , 1 nd 1 ~ :t;~··~:j: ...-J-Y: 1-: ,_:-.-1--i ·--,-; i ...-Jn ( r) , ,.,-egetat i ve ball a nee (VB) homeost a-
':; 1 '3 U-!) • ' 

{-~ 1 l 
1ninul:E?'<:-;~ 
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RESULTS 

L:--d_:Jt:~ 1 pr-F~-:::;ents tht:- data obtfljnt:?d in thE:· -flr~st and i_n 
tht:? '!:::.c·c-nr~cl "£.:;t:.a~~E\s of thE: ei<periment.:J:Hi it can bt,! se(·:::·n 'lht'? E·>~-­

posur·E· t.C! OF'F' during the spr··ay season ".result~:; i.n an~ inc:re"~-­
~:;G1d ten<:O~ . .i.on of the cardiovascular~ mechanism~:; t,Hking} p-:,;1'--t~ 1n 

thE::- pF""tic:E·~<.s of adaptatiorrHFrom 12 pa ... ra·m· eter·s of· he:·e:\f-t r·cd:.e 
var· i db i l :1q_ y ~ ·F CJur- rn-oved to be a sensible i nstr·i.t.mtonrt1 for·· EiS-

sessmertt of t~le toxicological hazard._ · I 
ThE:· 1'-f.?~:.ult:::; o·f t!·it-..? ENG investt9Stions( rn~?an value~-~ a.nd 

st.c~~ndc-tr·cl cl,:;-1v:i.ation ) a~-E~ shown in Table 2. ?Is i cc:-1.n be SE1en 
the conc:it'r~_ct:i.on VF!locity of the median .nerve(motor·· a.nd sensor·y 
parts) ~s ~ell as peroneal. nerve is ~ignificantl.y lowe~ in the 
2nd grour, of sprayers,wt1en compared with the control groupCp= 
O.OOl).TI"lE' c.Dnduction velocity of median nerVE'- motor- pat-·t, 
in fir-~."/. 9l""~Ol.!.p is also lo~'Ver,when compared with cDntr-ol group 
Cp ::::· 0. O::':i) ~ 

CONCLUSIONS 
. d . . d'f . t i, l . Ac, a rE,ccult of th1s stu y 1t 15 1 f1cuJ .· to ;tcate u tJ.-

ma.tivel·y· __ ·l.~.~~~)t .the methods we have used are thebes·~: \discr-imina­
tor-s oi uF···r·· ht·:>Ctlt.h hazard~NE·vet-theles,some concluslGns,concE·I""··.­
nincJ !Jefcji··-E; all the mE~thodologica.l aspect of t"'!t:? pt-c)blem can 
bE· m.:::-"dt" ~ w 

l. Tf"'IE:: USE· of the p~r-ameters of HRV for- the pu~-·r·-![JS::es of 
to;<:i.cologic-::iJ inve,:;tigatltJns includ1ng OPP e:,po::;ut-e -:.eems to 
be justJ.fied.These pa~an1eters proved to be a relJ~bll d1scrJ· 
mina.t.or· o-1 ttn..! h:);:.aTd-r !1.::-~t.ed ANS d1sbalance .. 

~··. ?";t thE, end of t ·7·? ::::'ray season the cor;ducti -·) veJ c:ci. t:,.,. 
(J·f the,~ rnt:.:·dian and pe!·-otit· .i 2rves decreased signi·tic:··~ntly(in.,. 
ccHnp-:::ir-·i.-z..:.c)n vJith thE~ con·.rol gr-oup) .. That means -.\:,he CC-J folio-..:· 
wing-up t~ave to be a obligatory part of the tests ba._ery,emp­
loyed wh8n toxicological exposure to pesticides have to be re-
1 i .:::d::.; l e a.-:,sl:·?·3sed .. 
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TABLE !. 

HE1~RT RATE W'<R flBIL ITY F'I'HAI'IETERS BEFOF~E ( 1) i~ND AFTER i::') 

SF'RAY SE,::{~~.)ON 

'---------------·-·----·-------·-·-···---------·-···----------··-----------------------···· 
I 

s 

s 

5 

numb~ 

5 

A~1o 
(--------) 

2Mo. R 

AMo 
(------) 

x.·.ccecc:f· .... 
- . ~- .. ~-

St. sign. 

I 
SF'FU~YERS 

.9(H~0~l2 

11. 0+6. 4 

i 
j3::".3+9\s 

I 
I 

( ! 
p. 94+0. 14 
' 

• 6+ 

p 

1 
CDNTf\OLS 

0~85+0~08 

0 .. ~54+0" :25 

11 .. 0+5 .. 8 

0 .. 84+0~09 

20 .. 6+8.0 

l 05 ~ 4-+Eif:J. 4 

0.05 ** p 

2 
SPRAYERS CONTROLS 

0.71+0.11-l! 0.92+0.11 

0 .. 59+0 .. 20 

·=:;. 6+5. 8 11 .. 0+5.0 

461+106* 

0 .. 7"7+0. 12* 0.89+0.12 

16.2+5.3** 23.7+7.0 

0~ '1-+C 09 

65.7+42.4* 55 .. 5+48.4 

142.4+89.5* 107.3+100.0 

4;:5~ l+25 .. 1 

0 .. 01 
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T 11BL_E 1. 

HEART RATE VARIABILITY F'ARAMETERS BEFORE< 1) f.~ND AFTER \2) 
SF'PAY BEASON 

X s 

SD s 

s s 

N numb. 

f~l·1o 

T ( ---------·--) 
2!"1o. R 

0~ 90+0. 12 

0~ 58+0~ 30 

1 1 . 0+6. 4 

333+95 

0~ 94+0. 14 

19. 4+8. 2 

0 .. 22+0. 1 1 

46.9+41.7 

1 
CONTROL,; 

0. 85+0.08 

0 .. 54+0 ... 25 

11 .0+5.8 

339+53 

0. 84+0.09 

20 .. 6+8.0 

0. ::;;:•:_ o. I 
.., 

53 .. 3+47 .. 7 

,.., 
L 

SF'RAYFRS C:[JNTRDL.S 

0. 71+0. 1 1'* 0. ~2+0. 1 1 

I 

0. ~52+0 .. 08·*- o .. 59+0~ 20 

9.6+5~8 1 1 .0+5M 0 

461+106 .. ~!.63+85 

0. 77+0. 12*' 0 .. 89+0. 12 

16. 2+5~ 3** 
.-... ..,.. 
..::. . ..;. ~ 7+7. 0 

0~ 16+0.{>1'* 0. 24+0. OS' 

65 .. 7+42 .. 4"*· 

142.4+89.5* 107.3+100.0 V8 ( -·----- ) 
I X. R 

105.4+88.4 

' I 
f 
f 
' 

Ai1o 
65.7+51~-3* 45;1+25.1 

------------------------------------------------- - -- --------------------

* p < 0~05 ** p < 0 .. 01 
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2nd ... 
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TABLE 2. 

- ' VALUES (X , tiD I AND STATISTICAL ANALYSISCSTUDENT S t-TESTI OF 
E t>.J G DATA. 

MEDH<N NEh-'E 
(MOTOR l i 

' 

14. 5 2~ 1 
o. 8 On 1 

13, 0 •; r; 
..::.~ ~::. 

0. ~ 0. 1 ' 

J_ 3. 1 ., c .. ..::.., __ ,_) 

0. 6 0 .. 

6C:,. ~ 16. L 

1 . 1 1 . 

61 . 4~· 17. 
0 .. 8 0. 

60. 2*~- 16. 
0. 

., oft ' 

"05 (C/lst) 

MEDIAN NERVE 
(SENSORY) 

3 r; 5 61. ..::.~ . 
0 0. 1 1 . 

0 •. 4 60. ...::.~ 

6 0 .. 3 o. 

~ :2 .. 8 &::'r> 

'"' '-'0• 

9 (l. 4 o. 

5 
9 

c 

'"' 
8 

B*~-

7 

PERONEAL NERVE 

7. 6 3~ -=!' 50. n .,, 7 

0. 6 0 .. 2 o. 7 

r; 6 '":'" r; 51 1 o. ._;. L . 
0. 6 0. 1 0~ 9 

7. 8 8 _4£f~-,2** 
0. ~· 0. " 0 . ' ..., ... ;. ' 

*"· p = 0. 001 CC/2ndl 


