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Abstract: All employees of a chemical plant division producing chlorfenvinphos were
studied, i.e. 35 males aged 25-57 years (mean 42.1); their employment period ranged
from 1-15 years (mean 9.0). Chronic bronchitis was diagnosed in 13 workers (37.1%).
Mean air chlorfenvinphos concentrations in the work environment estimated with gas-
liquid chromatography were from 0.0008-0.0018 nig/fmaximum allowable
concentration according to Polish standards is 0.01 fgline activity of erythrocyte
acetylcholinesterase was similar to that observed in people who were not exposed to
chemicals, however, a slightly lowered activity of plasma cholinesterase in the studied
population was evidently the result of mild liver impairment. Spirometric investigations
performed in the studied workers revealed slight alterations manifested by increased
intrathoracic gas volume (ITGV) (the value of the index was 138.6% of the mean value,
24 workers with an abnormally high index), as well as by decreased specific airway
conductance (sGaw); its mean value in the studied group was 58.5% of the mean
standard (11 people showed an abnormal index). Substantial functional changes were
found in the respiratory muscles. Maximal inspiratory pressures (MIP =282 cm

H,0) as well as maximal expiratory pressures (MEP = 13349.2 cm HO) in the
studied group were significantly lower (p < 0.01) as compared to those observed in the
control group (MIP = 120.% 31.7 ; MEP = 154.4 40.2 cm HO) of 22 males having
similar cigarette smoking habit, without occupational exposure to chemicals. It was also
found that the people who had worked for more than 10 years under conditions of
exposure to chlorfenvinphos showed significantly lower (p < 0.05) values of maximal
inspiratory pressure (872 28.06 cm HO, n =17) compared to the workers whose
period of employment was shorter than 10 years (1866.8 cm HO, n = 18). The

two groups were comparable with regard to age and smoking habits. The values of
maximal expiratory pressures were similar in both groups. No essential disturbances in
neuro-muscular transmission were observed; only in 3 workers (8.5%) the
electrostimulating myasthenic teghowed some disturbances in neuro-muscular
transmission. It seems that respiratory muscles impairment in hurmposed to
chlorfenvinphos results from changes in the metabolism and structure of muscles, and
partly from lung hyperinflation.
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INTRODUCTION to impaired respiratory function in agricultural workers

[27]. Our investigations of chemical plant workers producing
Farmers often complain of respiratory disorders [28hrganic phosphorus pesticides [12] and chlorfenvinphos
and pesticide exposure is one of several factors contribut{®) showed spirographic signs of small airways disease
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and pulmonary emphysema. Efficient respiratory musclg9.6+ 12.3), without occupational exposure to chemicals.
are necessary for normal functioning of the respiraton? (54%) subjects were smokers; the smoking index was
system. Disturbances of neuromuscular function 57+ 9.5 pack-years. In 22.7% of the control subjects
organophosphate workers were shown [5, 14, 25], and Qfnple chronic bronchitis was diagnosed.
investigations in chemical plant workers exposed 10 The repetitive nerve stimulation test is considered to be
chlorfenvinphos ~confirmed  decreased motor nervg sensitive method for detection of neuromuscular
conduction velocity [24]. _ transmission abnormalities [16]. This test was performed
Rats subacutely intoxicated wr_th selected 0rgan@sing the Dantec Counterpoint electromyograph with
phosphates, among them chlorfenvinphos, were found dQrface electrodes. In brief, the right ulnar nerve was
have degenerative changes in diaphragmatic muscle fibeggnylated at 30 sec. intervals with repeated submaximal
[4], and chronic chlorfenvinphos intoxication cause@jectric stimuli during 0.2 ms with frequencies of 3, 10,
skeletal muscle atrophic lesions in the rats [6]. One capg 20 Hz, and then four times with the frequency of 3
expect that the respiratory muscle dysfunction contributefy: the compound muscle action potentials of the
to impaired lung function in humans exposed t@ypothenar muscle were recorded, and the difference
chlorfenvinphos. . between 1st and 5th contraction amplitude was estimated.
_ The aim of the present work was to determine whethgformal amplitude differences were obtained in 30 healthy
impaired respiratory muscle function could take part IRales, aged 35-52 years (mean 4787), residents of
the development of vent_ilatory dysfuncti_on in the workerlshe region, without occupational exposure to chemicals.
employed in the production of chlorfenvinphos. Red blood cell acetylcholinesterase (AChE) and plasma
cholinesterase (ChE) activity was determined spectro-
photometrically using the modified Ellman’s method [15].
Normal values were obtained in 33 healthy males, aged

All the staff me”?bers of a chemi_cal p_Iant division20_55 years (mean 33#112.9), residents of the region,
producing chlorfenvinphos were studied, i.e. 35 males

. Without occupational exposure to chemicals.
aged 25-55 years (mean 42.15), duration of employment For statistical analysis, the unpaired Student’s t-test

1-15 years (mean 904.3); 22 were smokers, the Smokingyas applied, probability values of less than 0.05 were
index: 17.3+ 11.6 pack-years. In 13 of the studied workergonsidered statistically significant.
(37.1%) chronic bronchitis was diagnosed according to
the BMRC questionnaire [19]. None of the workers had RESULTS
atopic airways disease.

Air chlorfenvinphos concentration in the production Spirometric investigations of the workers employed in
area was estimated in the factory laboratory using gage production of chlorfenvinphos showed an elevated
liquid chromatography according to the Polish standatfloracic gas volume and decreased air conductance

[17]. The results, given as 8-hour weighed averaggig. 1). Maximal inspiratory and expiratory pressure
concentration, were 0.0008—0.0018 my/and they did

not exceed the maximum allowable concentration fc
chlorfenvinphos of 0.01 mg/i20]. The ambient air was ~ « I

MATERIALS AND METHODS

sampled by means of passing 50-100 | of the air throu
a glass column absorber packed with silica gel at
sampling velocity of 2 I/min. I I
Spirometry was performed using the Jaeger Masterl T I T T
spirometer and the following parameters were estimate '®
vital capacity (VC), forced expiratory volume in one
second (FEY) and FEV/VC ratio (FEV\%), maximal
expiratory flow at 25%VC (MEE%), peak expiratory
flow (PEF), gas transfer factor (TLCO), specific airway:
conductance (sGaw), intrathoracic gas volume (ITG\
and the ratio of residual volume to total lung capacit
(RVITLC). The predicted normal values were propose
by Quanjer [18], however, the values for sGaw wer
suggested by Briscoe and DuBois [3]. Maximal stati

inspiratory (MIP) and eXpiratorY_ (MEP) mouth Pressurerigyre 1. Spirometric indices (mean + S.D.) in the study group:
at the functional reserve capacity and total lung capacpercentage of predicted values. At the bottom of each bar the number of
were measured using Siemens Siregnost FD {values beyond normal range found in 35 workers is given (VC- vital

; ; capacity, FE\- forced expiratory volume in one second, R\ FEV,
splrg_meger aCCOII’dInglj to Black hand nyatt |[2]. kThEas a percent of vital capacity, MEF maximal expiratory flow at 25%
predicted normal values were those 0 Walcza Alof the forced vital capacity, PEF- peak expiratory flow, TLCO- gas
Makosa [26]. The results were compared with those of a  transfer factor, sGaw- specific airway conductance, ITGV- intrathoracic

control group of 22 healthly men, aged 20-62 years (megas volume, RV/TLC- ratio of residual volume to total lung capacity).

VC FEV1 FEV1% MEF25 PEF TLCO sGaw ITGV RV/TLC
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MIP (em H0) MEP (cm H,0) subjects. Discrete features of liver function impairement
were shown [11].

Slight impairement of lung ventilation, manifested by
decreased specific airway conductance, might indicate
100 L — 1 — bronchial inflammatory changes. These findings are in

L accordance with the results of questionnaire investigations
which showed increased incidence (37.1%) of chronic
bronchitis in the studied population compared to the
101 control group (22.7%).

p<0.01 p<0.01 It is very likely that this increase was not caused by
9724283 T AT 113.9 £ 44.2 AL A0 different exposure to cigarette smoke, as the percentage of
smokers and the smoking index in the control group were
similar to those in the studied group. The increase of
3035 0/22 20135 322 ITGV and RV/TLC indices, frequently observed in
spirometric investigations, was found in pulmonary
hyperinflation and emphysema. Earlier functional studies
Figure 2. Absolute values of maximal inspiratory (MIP) and expiratoryin people professionally exposed to chlorfenvinphos [8]
(MEP) pressure in workers and controls. At the bottom of each bar tedhowed modification of elastic resistances of the
number of values beyond normal range is given. respiratory system, manifested by decreased elastic recoil
pressure and increased static lung compliance, i.e. the
) ) ) o changes observed in pulmonary emphysema. Since
volumes in the studied population were agmﬂcantlydmusing capacity for CO (TLCO) as well as end-
lower (p < 0.01) compared to the controls (Fig. 2). expiratory flows were not markedly altered, it is possible

People professionally exposed to chlorfenvinphos wefga; the features of hyperinflation rather than emphysema
more frequently found to have abnormally low values Qfgre predominant in the studied population (Fig. 1).
maximal inspiratory pressures (3 workers - 8.6%) and e present study shows weakness of respiratory
expiratory pressures (20 workers - 57.1%), whereas in thgscles in the workers employed in the production of
control group (Fig. 2) only the expiratory pressure did ”%sticides as compared to controls (Fig. 2). This was
reach normal values in 3 individuals. The mean value g{;nifested by lower maximum pressures in the oral
maximal inspiratory pressure in the workers producingavity during inspiration (MIP) and expiration (MEP).
chlorfenvinphos, whose employment period was 10Ng§{cakness of the respiratory muscles may be due to
than 10 years (17 subjects, mean age #4.5 years), pathologic changes in muscles, fatigue of muscles caused
was 87.2+ 28.1 cm HO, and it was significantly lower by overloading them, as well as to impairments of the
(p < 0.05) than the value observed in the workers whogervous system.
employment period was shorter than 10 years (18In experimental subacute exposure of animals to
subjects, mean age 4&4.2) where the mean MIP valuechlorfenvinphos Gajewsket al. [4] found degenerative

amounted to 106.626.8 cm HO. The age difference changes in the rat diaphragm fibres. Morphometric

1000

1 workers [ controls

between the two groups was insignificant. investigations of the muscles of animals chronically
exposed to chlorfenvinphos showed atrophic changes of
DISCUSSION fibre structures [6].

Free oxygen radicals take part in the impairment of the

Effect of air contamination in the work environmentnuscle cell function [1, 23]. Pathologic processes leading
may impair the mechanics of respiration in differenio increased production of free radicals are connected
ways. Our previous research showed an increas‘é’dih alterations in the respiratory muscles.. When free
incidence of chronic bronchitis among the worker§adicals attack polyunsaturated fatty acids of cell
employed in the production of pesticides, as well d§embranes, they impair them. They may also interfere
frequent occurrence of impaired pulmonary ventilatio¥vith substantial enzymatic cell processes. It has been
manifested by an obturation syndrome and spirometﬁ@own that intensification of lipid peroxidation (effect of
features of pulmonary emphysema [8, 9, 12]. In th&ee radicals) produced fatigue of diaphragm muscles;
present study the exposure of workers was small, &@rlier administration pf free radical scavengers reduced
chlorfenvinphos concentration in the work environmerif€ development of fatigue [23]. .

did not exceed the maximal allowable concentrations, andOur earlier investigations of humans professionally
consequently erythrocyte AchE activity was similar t&Xposed to chlorfenvinphos showed an increased
that in the control group. concentration of serum lipid peroxidation products

Lower values of serum (nonspecific) cholinesterasd BARS), along with lowered activity of the enzymes
activity found in the workers employed in the productio®@king part in the defense system against free radicals
of chlorfenvinphos probably result from an impairedlamage (erythrocyte superoxide dismutase and catalase)
function of the liver (the site of ChE production) in thes€LO]. Chlorfenvinphos may also interfere with energetic
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processes of muscles. Cytochemical studies of rats3.Briscoe WA, DuBois AB: The relationship between airway

; ; ; ; sistance, airway conductance and lung volume in subjects of different
intoxicated by chlorfenvinphos showed disturbances 6?8 and body sizd.Clin InvestL958,37, 1279-1285,

. a
the Oxygen'generated_ energy _productlon pFOCQSS Iﬂ4. Gajewski D, Katkiewicz M: Activity of certain enzymes and
skeletal muscles (the diaphragm included) [7]. Impairmenistomorphological changes in subacute intoxication of rats with

of muscle fibres was associated with enhanced anaerosstected organophosphatésta Physiol Poll981,32, 507-520.
glycolysis 5.Jager KW, Roberts DV, Wilson A: Neuromuscular function in

h hani ible f | keni pesticide workersBrit J Ind Med1970,27, 273-278.
The mechanisms responsible for muscle weakening 'n6.Kajor M: Morfologiczna i morfometryczna analiza struktury migsni

the studied workers were less feasible because th@eierowych szczura poddanego przewlektemu skréconemu zatruciu
changes of spirometric indices were relatively low, angholofosem (chlorfenvinphosem) droga inhalacyjng. Doctor’s dissertation.

; ; +§laska Akademia Medyczna, Katowice 1993.
lung_hyperinflation should probably be connected with 7.Kaminski M, Kossmann S, Nowaczyk-Dura G: Morfologia i

respiratory muscle weakness. An mcreased |n_trathoraggs;;ochemia micéni midzysebrowych i przepony w inhalacyjnym
gas volume (ITGV) produces flattening of the diaphragmrzewlektym zatruciu chlorfenwinfosem. Abstracts of the VIII National
which in turn results in shortening of muscle fibresCongress of the Polish Society of Occupational Medicine, Bydgoszcz,

; ; : ptember 26-28, 199B47.
Reduction of length of the optimal muscle fibre Weaker%eS.Konieczny B.: Ocena stanu ukladu oddechowego u pracownikow

the muscle fO.I’CG [21, 22]. ) zatrudnionych przy produkcji EnolofosBneum PolL990,58, 386-391.
Changes in the nervous system responsible forg.kossmann S, Konieczny B: The respiratory system of chemical
coordination of muscle function could also be one of th@ant workers producing pesticidds: Hurych J, Lesage M, David A

; ; ds): Proceedings of the Eighth International Conference on Occupational
fa}ctors reduqlng the respiratory mu.SC|.e force’. a ung Diseases, Prague, September 14-17, 1983, 986-988. Czech
disturbances in neuro-muscular transmission may impgjkgical Society J Ev Purkyne, Prague 1993,

muscle function [5, 16]. Our previous investigations of 10. Kossmann S, Kopieczna-Grzebieniak E, Piskorska D,
the workers exposed to chlorfenvinphos showe@rabowska-Bochenek R, Waswski W, Kotrys-Puchalska E, Sobczak

decreased motor nerve conduction velocity [24 . Estimation of lipid peroxydation (TBARS) and selected antioxidant
3nzymes in chemical plant workers exposed to chlorfenvinghos.

DIStL_II’bed neuro-muscular transmls_s,lon and reducg\ stract of the 3-rd Symposium Free Radicals in Biology and Medicine,
respiratory muscle force were found in workers exposedd: April 29-May 1, 199670.
to various classes of pesticides: triazines, carbamatesll. Kossmann S, Cierpka E, Szwed Z: Biochemical evaluation of the

i ; ; pger function in workers employed at the production of chlorfenvinphos.
dithiocarbamates, carbendazim, captan, dodine, 2,4 prkeg LoKL097 54 712.715.

pyrethr0|ds [13]- . 12. Kossmann S, Pierzchala W: Ocena stanu uktadu oddechowego
The present study shows that the changes in neupgacownikéw zatrudnionych przy produkcji pestycydéw fosforoorganicz-
muscular transmission were infrequent (found only in ®ch.Med Wiejskal986,21, 121-125.

; i<13. Kossmann S, Grabowska-Bochenek R, Konieczny B, Kotrys-
workers), and therefore it can be presumed that tr]chhalska E, Makuch M, Ostawska-Dzierzgga A, Pierzchata W,

meChan_|Sm does _nOt play an 'mportam_ role in thﬁskorska D, Sobczak A: Mechanismen der verminderten Lungenfunktion
weakening of respiratory muscles. Since disturbancesdél Chemie-Arbeitern in der Pestizid-Produktigdtemw Lungenkrkh
neuro-muscular transmission are usually general, ah@p7.2, 95-102.

electro-neurophysiological investigations of respiratory 14 Misra UK, Nag D, Khan WA, Ray PK: A study of nerve
Xonduction velocity, late responses and neuromuscular synapse function

muscles are teCtha”y difficult, the umar nerve ?nd thﬁorganophosphate workers in Inddach Toxicol1988,61, 496-500.
hypothenar muscle were therefore used in our studies [16]. 15. Neurobehawioralne skutki zawodowego narazenia na pestycydy
It seems that the diminished respiratory muscle fordesforoorganiczneStud Mat Monogr IMP Lédz 1993,40, 126-128.

depends mainly on the direct effect of chlorfenvinphos cw”ﬁg-m gg%Jﬁﬁlgtg:mg;g?grey.ll\é%%romuscuIar Transmission Studies

striated muscles. 17. Oznaczanie chlorfenwinfosu na staisach pracy metoda
chromatografii gazowej. Polska Norma — 87/ Z—04182/08.
CONCLUSION 18. Quanjer Ph.: Standardized lung function testiBgll Eur

Physiopath Respit983,19 (Suppl 5).
. - . 19. Report to Medical Research Council by Committe on the
In the light of the above findings it can be posmlategetiology of Chronic Bronchitis: definition and classification of chronic

that impairment of the respiratory muscle function in theronchitis for clinical and epidemiological purposancet1965,1, 775-
workers producing chlorfenvinphos was patrtially cause€®.

by |ung hyperinflation as well as by changes in the 20. Rozporzadzenie Ministra Pracy i Polityki Socjalnej z dnia 17
czerwca 1998 r. w sprawie najwyzszych dopuszczalnych stgzen i

meta.bO“sm and muscle .structure. Reduction of “}thzeﬁ czynnikow szkodliwych dla zdrowia w $rodowisku pracy.
respiratory muscle strength is one of the factors responsiblgennik Ustaw Rzeczypospolitej Polskiej 1998, Nr 79, poz. 513.
for impaired function of the respiratory system in humans 21. Sharp JT: The respiratory muscles in emphyséStia. Chest

; ; Med1983,4, 421-432.
Chronlca”y exposed to chIorfenvmphos. 22. Sliwinski P, Kaminski D: Zmeczenie migsni wdechowych jako

przyczyna hiperkapnicznej niewydolnosci oddychania. Pneum Alergol
Pol 1997,65, 537-549.
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