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FOREWORD

The many benefits of our modern, developing, industrial society are
accompanied by certain hazards. Careful assessment of the relative risk of
. existing and new man-made environmental hazards is necessary for the
. establishment of sound regulatory policy. :These regulations serve to enhance
the quality of our environment in order. to. promote the public health and
welfare and the productive capacity of our Nation's population. . .~

The Health Effects Research Laboratory, Research Triangle Park, conducts
a coordinated environmental health research program in toxicology, epidemi-
-ology, and clinical studies using human volunteer subjects. These studies
address problems in air pollution, non~ionizing radiation, environmental
carcinogenesis and the toxicology of pesticides as well as other chemical
pollutants. - -The Laboratory participates in the development and revision of
air quality criteria documents on pollutants for which national ambient air
guality standards exist or are proposed, provides the data for registration of -
‘new pesticides or proposed suspension of those.already in use, conducts
research on hazardous and toxic materials, and is primarily responsible for
‘providing the health basis for non-ionizing radiation standards. Direct
support to the regqulatory function of the Agency is provided in the form of
expert testimony adn preparation of affidavits as well as expert advice to the
'Administrator to assure the adequacy of health care and surveillance of
persons having suffered imminent and. substantial endangerment of their health.

Of all chemical pollutants, pesticides pose one of the most direct
threats to human health.. Thus, to assure the safety of pesticides. before
their commercial marketing, researchers must investigate their effects through
extensive toxicological testing. In addition to laboratory testing and
analysis of pesticide compounds, these researchers must also develop effective
monitoring techniques for determining the. safety of workers handling
pesticides.

F. G. Hueter, Ph.D.
‘ Director
' Health Effects Research Laboratory
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ABSTRACT

Documented in this report are the results of five toxicological studies
of pesticide compounds conducted by the Institute for Medical Research and
Occupational Health, Zagreb, Yuqoslavia, for the U.S. Environmental Protection
Agency.

In the first study, the reactions of two groups of esterases (cholin=-
esterases and arylesterases) with substrates and inhibitors were investigated.
Procedures for monitoring the absorption of phosalone and malathion in
occupationally exposed workers by determination of pesticide residues in the
urine were developed in the second study. This detectidén technique was
compared to the traditional blood cholinesterase inhibition method to
determine which was a more rapid detector of poisoning.

The third study reported surveyed the residues of chlorinated hydro-
carbons in human milk and blood samples taken from the general population, and
compared the levels with those found in the serum of workers exposed to
pesticides. In the fourth study, cholinesterase activity was used to assess
the effects of recent changes made in the protective procedures for
occupationally exposed workers. Finally, in the last study, the: alleged
effect of pesticides on the eye and on vision were studied and the results
discussed.

In addition, the report also includes summaries of seven students' theses
related to the work conducted by the Institute.
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SECTION 1
INTRODUCTION

_ This Is the final report of our four year study of the toxlcology of
pesticides. It consists of six sectlons, each written as an Independent
entity. The report also Includes summaries of seven students's these relatad
to the work. The theses were supervised by senlior members of our Institute, .
which Is also a teaching Institution of the Untversity of Zagreb. The
references Include our publications since 1976.

Most studies described In this report are a continuation of work started
before 1976. Studies were Initlated by EPA-and are now included In the
Institute's research program. Studles described under section 4 are part of
the World Heal!lth Organlization/United Nations Environmental Planning (WHO/UNEP)
"Pilot project on assessment of human exposure to pollutants through biological
monitoring". The Institute is a "Collaboratong Center for Pesticlides

Toxicology" of WHO.. ’



SECTION ‘2
ESTERASES AND ORGANOPHOSPHORUS (OP) COMPOUNﬁS

Reactions of two groups: of esterases, fﬁe chol inesterases (ChEs) (EC
3.1.1.7 and EC 3.1.1.8) and the arylesterases (EC 3.1, 1.2), with substrates
and inhibltors were studied. '

In addition to this report, we have published these results in nine
papers. (Reiner 1980, Relner et al, 1977b, 1978a,b, 1979a, 1980, Simeon et al.
1977, 1979, Skringove =Spol jar et al. 1980), seven communications (Reiner-
1977a, Reiner et al. 1976, 1979b, Simeon et al. 1978a, b, Skrenjaric-Spol Jar
et al. 1978, 1979) and one thesis (Radic 1979). ODetalis of experimental
procedures and references to the |iterature may be found In these publications.

Material and Methods

The following enzyme preparations were used: purlfied bovine erythrocyte
acethylchol inesterase (AChE), purlfied horse serum ChE, native plasma and
erythrocytes from man,. rabbit, rat, hamster-and chicken, flver and brain
homogenates from rat and hamster, and homogenates from different parasitic
helminths. : .

The enzyme activitles were determined either By spectrophotometric -or
manometric methods. (Ellman et al. 1961, Krupka 1966, Relner et al. 1978),
Partial purification of arylesterases from human erythrocytes was done by gel
filtration.

RESULTS AND DISCUSSION

Reactivating and Protective Effects of Pyridinium Compounds In AChE
Inhibi+ion by OP

i+ is well known that pyridinium oximes are effective reactivators of ChEs
inhibited by OP compounds; these oximes are also effective in protection
against and therapy for OP polsoning (SIPRI 1976). More recently, pyridinium
compounds with no oxime group have also shown some activity In vivo.



The reactivation of human eryfhr'ocrre AChE (EC 3.1.1.7) Inhiblted by
p

0-ethy!-S-2-d!isopropylaminoethy! methy

tion against ACHE inhibition by 0-1,2,2-trimethylpropyl
methy! phosphonofluorldate (Soman) were studied with sixteen quarternlzed

pyridinium compounds

Table 1 gives the structural formulae of these
compounds, the dissoclation constants of the AChE - reactivator complex In the

hosphonothicate (VX) .and the protec-

presence of 1.0 mM acetylthioline (Ki(app)) and rate constants for 1.0 mM
acetylthiochol Ine hydrolysis in the presence of pyridium compounds (k').

TABLE 1. REACTIVATION OF AChE® BY 16 PYRIDINIUM COMPOUNDS

#R-Cig ~Y =CHy ~N ¢

ta)r =~ )
Abbreviation R (a) v & t®) x Xylapp) - x!
() (=1 min=T)

4 R = §OR 4. oy Ry . 4 Br 0.06 -
1 o = Nom ) ona cona(CR2) 308 3 r 0.08 31
11z CH = NOH 4 CH2 CONB(CHZ2)30H 4 Br 0.27 s
™ ca = Nom 4 cHg - : - = 0.23 3s
v cH3 2 © ConE2 3 Br 0.04 10
vI - cHg 2 -3 cHy 2 Br 0.26 7
vII. cH = wom 4 c cu, 2 Br 0.02 Y]
viiz CH = ROH 4 [ <] CH3 4 By 0.06 26
HGG-12 CE = NOH 2 0o - cocgs 3 3 0.11 37
HGG-42 R = Nom 2 o COCgR11 1 J 0.18 30
HI-g : cd = §om 2 o CowEg ) a 0.16 22
TMB~4 - CH = NO8 4. CH2 CH = WOl 4 By 1.0 89
(a)R ) z=
Abbreviation R ta) ® x Xi(app) x!

(o) (M mwin~1)
x H =MoE 4  (CHylgER Br ~ 0.11 3.
x CA=KOH 4 (CRz) 2+ Br 0.07 26
I - COCH 28R Q04 0.20- -
b 544 - COCH28R Bar 0.05 -

“Inhibited by UX and Soman



TMB=4, which Is known as a good reactivator of AChE Inhiblted by OPs proved +o
be the most effective reactivator. . Of the new!ly synthetized compounds tested,
three were falrly good reactivators of methy!ethoxyphosphony!lated AchE. These
compounds have two pyridinium rings connected by 2 dimethylether link and a
hydroxyiminomethyl group on position 2 of one pyridinlum. ring, while the
radicals of the other pyridinium ring are benzoy!carbony! (HGG~12),.
cycliohexylcarbony! (HGG-42) or amidocarbonyl (HI-6) residue.

The rate of reactivation with these compounds followed a two-phase:
pattern, being fast at the beginning and then siowing down to an equilibrium.
Kinetic treatment of the flrst-phase reaction course ylelded the second-order
rate constants of reactivation (k) (Table 2). Al! three compounds had

TABLE 2. REACTIVATION OF METHYLETHOXYPHOSPHONYLATED AChE BY
BISPYRIDINIUM ALDOX!MES

Evaluated Constants*

Compound Ke2 Ke ke 102 Protective
(min=1) (uM) (M=1 min-1) Index
HGG=42 0.04 : 50 0.8 » 2.51
HGG-12 0.06 - 45 1.4 - ' 3.27
HI-6 ' 0.09 26 3.6 3.99
9.4 N1t

T™B-4 0.03 2 1

*The above constants refer to.the fol lowing reaction:

- k : k .
Phosphorylated + OxIme _+! ., Complex +2 ., Free + Phosphorylated
AChE .. AChE oxime

3
-1
: k k
where Kp equals: +2 + =1
K4y

simllar reactivating efficlency (k- values range from 0.8 x 103 to 3.6 x 103
M=Tmin~1) but in effective concentrations (1 to 100 uM) they also Inhibited
ACRE (Ki (app) values range from 0.11 to 0.19 mM). Thetr_neacfiva+in? proper=
t+ies were not better than those revealed by TMB=4 (ke = 19.4 x 103 M=1) which
was tested as a reference compound.



Protective efficlency was evaluated by comparlnq AChF Inhibit+ion by Soman;
with and without the tested compound (0.1 mM final}.  The time course of

inhibition.by Soman. was measured, and log percent activity was plotted as a
function of time. The flrsf—order rate constants of AChE Inhibit+ion by Soman
were evaluated from the |inear part of the Inhlbition curves with and without
the addition of the pyridinium compound. As a measure of protective
efficiency, quotients of the rate constant wlthout and the rate constant wtfh
0.1 mM pyridinium compound presanf_were calculated (protective Index). HGG-~12,
HGG-42 and HI-6 were also found to exert a good protectlve effect agalnst AChE
Inhibition by Soman; no protection was obtailned with TMB-4 (Table 2).

In addition, nine other bispyridinium oximes were syntheslized and tésted
for reactivating potency and therapeutic effect on two OPs: 0,0-dimethyi-2,
2-dichlorovinylphosphate (DOVP), and VX. The reactivation was measured on, .
human erythrocyte AChE and the therapeutic effect was evaluated on male albino .
rats. Tested compounds contained two pyridianium rings linked by dimethylether;
each compound had a hydroxyiminomethy! group on position 2 or 4, on one of the

pyridinium rings, while the other ring was unusubstituted or had a methyl or a . .

dydroxyiminomethy! group In position 2 or 4 (Table 3)....The oximes with a

TABLE 3. -REACTIVATION.OF OP INHIBITED AChE BY OXIMES

(a)HON = CH . . A R @)
N-GH,-0-C,-N
2C17

Abbreviation (a) R : () .. pky . pkz  kpt0=3M-! mim=!
Hig (4) - ) 7.7 - 4.1 13

4 ,2-MEDP (4) ~CH3 (2) 7.9 - 6.3 6.2
4 .4-MEDP (4) ~CH3 (4) 7.8 - 4.3 *
Toxogonin 4) =CH = NOH (4) 7.5 8.6 6.6 14
HS-3 (4) ~CH-= NOH  (2) 7.8 8.4 8.6 4,8
HS-14 (2) -H (-) 7.4 - 0.34 *

2 .2-MEDP (2) . = CHs (2 - - - *
2.4-MEDP (2) ' =CH3 4y 7.6 - » e
HS—4 (2) -CH = NOH  (2). 6.7 7.7 * -0.07
PAM=2 CaH4N-CH3 7.8 Te2 2.5

(2CH = NOHICI

* . .
No reactivation was observed.

hydroxyimino group  in position 4 in the pyridinium ring were good reactivafors
of both phosphorylated and phosphonylated AChE. The same oximes were also very
effective given.with atropine against VX and ODVP poisoning (Table 2). The
compounds are almost as effective as PAM~2, but PAM-2 is fess toxic.

5



TABLE 4, EFFICIENCY OF OXIMES AND ATROPINE AGAINST VX AND .DDVP-POISONING®

Toxicity: v R Rela#t@e-éfftéléncy;

Antidotes - LD50/mg kg=* Agalnst VX and DDVP .
' DOVP ODVP_ . - VX
levo fePe (p.0.) {3.C.) (s5.c.)

Atropine (alone) - - 1.7 12 4.6
Oxime + atropine ’
Hi-4 47 56 8.8 - 43
4 ,2~-MEDP 59 59 7.0 37 47
4 ,4-MEDP : 100 119 8.4 34 47
Toxogonin 100 200 8.4 34 40
HS-3 168 149 7.0 34 89
HS-14 66 - 9.9 43 26
2,2-MEDP 54 - 6.5 - -
2,4-MEDP 170 178 - - 28
HS-4 67 168 6.5 ‘- -
PAM-2 , 101 212 8.4 24 47
»
**(10 mg/kg)

iove = intravenous

T.p. = Intraperltoneal

p.c. = by mouth o

S.Ce = '

subcutaneous

Blndinq'SIfes for'Subsfrafes and lnh!blfor§ In AChE and Chol Inesterase

I+ is known that certain substrates act also as Inhibitors of the
chollnesterases. The mechanism of this reaction Is complex and not fully
understood (Aldridge et al. 1972, Relner 1975). Studies of the substrate-
Inhibition-site are described in this sectlon. :

AChE (EC 3.1.1.7) from bovine erythrocytes is inhlbited by haloxon
(d1=(2-chloroethy!) 3=chloro=-4-methylcoumarin-7-y| phosphate), both Irreversibly
and reversibly (temperature range 5 'C-QO °C). :

. Ky
ACEE «_______ + Reversible complex
" Ka .
Haloxon «_________» Phosphorylated enzyme

The second-order rate constants of Irreversible Inhibition (ka) Increase with
temperature, and the activation energy Is 84 kJ mol=! (Table 2). The dis-
sociation constants of the enzyme-inhibltor reversible comple: {Ky) range from



3.6 uM (at 5°C) to 6.5 uM (at 40°C). The dissoclation constants of the
enzyme~acetythiochol ine complex, K(s), derived from the reversible Inhibition

experiments range from 2.5 mM (at 5°C) to 4.1 mM (af 40°C) (Table 5). These

TABLE 5. EFFECT OF TEMPERATURE ON INHIBITION OF AChE RY HALOXON

Temp. 10-3 kq Ki . K(S)
°C st UM mM
5 0.165 3.6 - 28 2.5
11 0.377 4,2 12 1.9
18 0.656 Se5 3 2.1
25 2.08 6.4 87 2.3
32 3.97 9.1 3 T.7
40 9.08 605‘ 7 » 401

N = Number of experiménfs

constants are considerably larger than the Michaells constant (Km) for AChE and
acetylthiochol ine, and agree more closely with the substrate inhibition
constant (Kgg) for acetylthliocholine, Indicating that the competition between
haloxon and acetylthiocholine occurs close to the substrate=inhibition site,

The kinetics of competition of palrs of two substrates for bovine -
erythrocyte AChE (EC 3.1.1.7) and horse.serum ChE (EC 3.1.1.8) were studied In
such way that the hydrolysis of only one substrate was measured at a time. The
substrates were acetylthiocholine, phenylacetate and benzoylcho!line; the same
compounds, and also acetylcholine, were used as competing substrates I.s.
inhibitors. The substrate inhibition constants (Kgg) and Michaelis constants
for the reaction of a single substrate were also determined.

In Table 6 the Ky and Kgg values are gliven, the dissociation constants
for the enzyme—subsfrafe (K(S)) and enzyme-inhlbltor (K(l) complexes are
listed in Table 7. Comparing these sets of data, It was concluded that the
substrate-inhibition-site In the enzyme does not show up In the competition
between two substrates.

Reaction of DDVP and 0,0-Dimethy!~2,2,2-Trichioro-|-Hydroxyethy!-Phosohonate
and (Metrifonate) with Chol inesterases and Arylesterases of Various Species

Metrifonate (also called trichlorfon) and DOVP are widely studied -
compounds because metrifonate is a drug used against schistosomiasis and DDVP
is a well known pesticide (Holmstedt et al. 1978, Nordgren et al. 1978, Wright
et al. 1979). Furthermore, metrifonate rearranges spontaneously into OOVP and
al} reactions of metrifonate are therefore accompanied by simul+tanecusty’
procesding reactions of COVP, It is known thaT memmalian cholinesterases (zC



TABLE 6. MICHAELIS CONSTANTS AND SURSTRATE. INHIR!TION CONSTANT% FOR

Substrate (mM)
(Range of Conc.)

Acetylchol Inesterase
Acetylcholine (0.01-1.0)
Acetylcholine (1.0-100)
Acetylthiocho! Ine (0.1-50)
Phenylacetate (0.1-10)

Chol Inesterase
Benzoylchol Ine (0.01-10)
Benzoyicholine (10-100)
Acetyicholine (0.1-10)
Acetyithiocholine (0.1-10)
Phenylacetate (0.1-10)

AChE AND ChE
K/ inM . Kgg/mM
' 0.15 -
- 9
2.6. -

0.4(nu* =0.7)

1.2-3.2
0.6(ny = 0.8)
3.8

= Hill coeffliclent

TABLE 7. COMPETITION BETWEEN TWO SUBSTRATES FOR AChE AND ChE
Substrate K(S)YmM Inhibitor (mM)(Range) K{l1)mM
Acetylchol Inesterase

Acetylthiochol ine 0.17 £ 0.17  Acetylcholine (0.5~10) 0.22 £ 0.22
Acety!thiocholine "0.22 £ 0,14 Pheny!acetate (2.6-15) 4.9 * 6,1
Pheny!acetate 3.8 t 0.8 Acetylthiocholine (0.2-5) 0.25 * 0.03
Phenylacetate 6.2 t 1,2 Acetyicho!line (0.5<5) 0.54 £ 0.05
Chol inesterase

Acetylthiochol ine 0.53 £ 0.17 Acetylchol Ine (5-20) 2.6 % 0.77
Acetyithicchol ine =1.0 Phenylacetate (1-10) 4.0
Acetyithiochol Ine 0.37 £ 0.55 Benzoylcholine (0.05-1) 0.03 £ 0.04
Phenylacetate 2.5 * 0.4 Acetylthiocholine (0.2-4) 0.69 % 0.08
Pheny!acetate 1.6 £ 0,4 Acetylichollne (5-15) - 3.1 £ 0.7
Benzoylchol Ine 0.17 £ 0.45 Acetyithiocholine (10-50) 1.3 % 3.3




3.1.1.7 and 3.1.1.8) are Inhibited by DDVP, The rates.of the In vitro .
Inhibition, spontaneous reactivation, and aging of the inhibitéd @nzymes are
also known. A calculation [s presented here In which rate constants determined

- 1n vitro are applied to enzyme activities measured In vivo. The purpose was to

- d1scover whether regeneration In vivo Is due to spontaneous reactivation of the

Inhibited enzyme or to enzyme synthesis. Two groups of data ars used, one for
human blood ChE's and the other for rat braln and plasma ChE's. Two OP
compounds were studied, DOVP, and metrifonate. The latter is not a ChE
Inhibitor, but, In aqueous solutlons it rearranges spontaneocusly into COVP,
which Is an Inhlb!for"of"fhe~enzyme.

The data for the In vivo regeneration of rat brain and plasma chollnes=-
terases are glven ln Table 8. The kinetic analysls of the data has proved

TABLE a. BRAIN AND PLASMA ChE. ACTIVITIES OF RATS INJECTED 1.V. WITH
METRIFONATE OR DDVP*

Chol inesterase activity (%)

: Metrifonate ' DDVP
Time- : . : 300 mg/kqg: - ‘ . 2.9 mg/ka
after dosing . Braln Plasma Brain . Plasma
L 30 min ' 2. 7 15 41

90 min: o 13 - - 14 : e 36 - 59 -

2 h B (- 50 .74

3h . V350 33 e 56 . .- 93

6 h o 68 73 ‘ . 85 94
12 h 68 - 2 83 © 100
24 h 84 95 - . 87 103

2 days . 78" 93 ; 90 -

6 days 83 - 95 82 -

8 days 7T - 102 82 -

*The activities are expressed as percentage activity of untreated animals.
Each value 1s the mean value obtained In 5 to 12 animals. The number of
untreated rats was 40.

that regenerafion of the enzyme ac+lvi+les after treatment with DDVP can be
attributed entirely to spontaneous reactivation of the Inhibited enzymes,with
hal f-times of 2 and 2.5 h for the brain and plasma ChEs, respectively. Table 9
"glves data for the In vivo regeneration of human plasma and erythrocyte ChEs
after treatment with metrifonate. The first determination of ChE activities
was done 6 h after dosing. I follows. from the In vitro results that after
that *time almost all enzyme is present in a non-reactable {aged) form. '
Regeneration of the ChE activities (which was much slower than predicted from:



TABLE 9, 'ERYTHROCYTE AND PLASMA ChE ACTIVITIES™ IN scuoou.m;imsm
 TREATED ORALLY WITH METRIFONATE

*, i
s x

%
.

Chol inesterase activity (%)

Group A (21) Group B (19) ‘ Group C (19)
Time 7.5 ma/iq Metrifonate . e
after dosing Erythrocyte Piasma Erythrocyte Plasma Erythrocyte Plasma

6 hr 78 5 43 0 59 0

24 hr 87 19 51 17 60 14
3 days 72 28 63 35 - 76 31
7 days 80 64 65 47 62 56
14 days 92 76 72 A 80 72

"The activities are expressed as percentage activity before treatment, and
each number 1s the mean value obtained for the group.

spontaneous reactivation) was therefore attributed to énzyme synthesis. The
calculated half-times for the synthesls of human eryfhrocyfe and- plasma
ChEs are 15 and 6.7 days, respectively.

The reactlion of DDVP with ChEs In parasltic helminths was
studied, because DDVP. formed from metrlfonate might be the acfive compound of
the anflparaslflc drug.

The cholinsterase of the nematode parasite Mefas+rongylus apri (M. aprl)
was studled at 25°C In 0.1 M phosphate buffer pH 7.4. Ihe activity vs
substrate concentration curves for acetylthiocholine (ATCh) and
butyryithiocholine (BTCh) are both bell-shaped, and each has an optimum at 10mM
substrate. The Michaells constants for ATCh and BTCh are 0.1 and 0.8 mM,
respectively. The substrate inhiblition constants for ATCh and BTCh are >100
and >>30 mN, respectively. At optimum.substrate concentration, ATCh Is
hyrolyzed 15 times faster than BTCh. (Table 10). The enzyme Is soluble
(97%) In 0.15 M NaC!. DDVP and halexon are progressive Inhibitors wlth rate
constant of Inhibition 7.2 x 104 and 2.5 x 105 M=Imin~!, respectively.
Metrifonate Is not an Inhiblitor. The results indicate fhaf M, apri has only
one ChE, but I+ could not be established whether i+ is the E.C. 3.1.1.7 or
€.Cs 3.1.1.8 enzyme.

DOVP was used to astablish the number of ChEs In certaln
species. The protein fractions, soluble In ' 0.15 M NaCl, of Paramphistomum
microbothrium, Ascaris suum and Neoascarls vitulorum each contain at least two
ChEs. This is deduced from the degree of Inhibition by DDVP which
is different when measured with ATCh than wi+h BTCh as substrate (Table 11).
As Teble 12 shows, the ChEs of these species are only partially soluble in
saline.
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TABLE 10. KINETIC CONSTANTS FOR THE REACTION OF ChE WITH ATCh AND RTCh

Fy

v for ATCh

Enzyme Kgs/mM
v for R7Ch
*Metastronqylus

apri ChE
ATCh 0.1 >100 15
BTCh 0.8 >> 30

Erythrocyte ChE : N
ATCh - 0.11 14 107
BTCh 0.42 30

Serum ChE
ATCh 0.80 - 0.46
BTCh 0.41 . -

fThe-acfivjfles for the M, égrl enzyme were measured at nine different concen~

trations of ATCh and seven different concertrations of BTCh, in enzyme pre~
parations from five and eight batches of parasites respectively.

TABLE 11. INHIBITION OF ChE* BY DDVP IN PARASITE SPECIES

Parasite Conc. frnhibition (%)
species Time determined with
' ATCh (N) BTCh . (N}
Paramphistomum 10 uM DDVP '
microbothrium 5 min 44 . 4y . ) (2)
T 10 min 64 (19) - 31 (18)
Ascaris suum 2.0 uM DOVP '
3 min 74 (8) 26 3
5 min 82 (8) 28 7y
Ascaris suum 2.0 uM DDVP ,
anterior part 1 min 51 (6) 17 (5)
2 min 57 (8) 23 (3)
3 min 58 (5) 36 (5)
4 min 67 (4) 48 (5)
Neoascaris 2.0 uM DOVP
vitulorum 1 min 25 (5) Zero (4)
- 2 min 45 (4) 27 (3
5 min 57 (3) 10 (4)

*At 25°C and pH 7.4
N = number of assays

1



TABLE 12, ChE ACTIVITIES® IN PARAMPHISTOMUM MICROROTHR!IUM AND.
ASCARIS SUUM FOR'10 W ATCR AND 10 &M BTCh-

-

P;

P microbothrium =~ A. suum
Actlivity In homogenates
against ATCh - . umo! hlg-1
Mean (n) : 47 (6) 43 (7)
Range , 35-62 ' - 34-58
Activity ratlo
ATCh/8TCh In homogenates Ratto
Mean (n) 1.0 (6) 2.1 T
Range . 0.73-1.5 1.2=3.1
Percent activity in
soluble protein fractions* T Activity.
Mean against ATCh (n) - 82 (6) 43 ()
Range 72-93 : ' 29-58
Mean against B8TCh (n) 90 (5) : 66 (7)
Range 77-100 _ A44-77

*At 37°C and’ pH 7. 7.
The activity of the total homogena?e was faken as 100%.
—~—n = number of parasi?e batches. .

The hydrolysis of DDVP, E600 (0,0-dliethyl-4-nitropheny! phosphate) and
MeE6OO (0,0-dimethyl-4-nitro-phenyl| phosphate) was studied (37°C; blcarbonate
buffer, pH 7.4) In homogenates of Ascarls suum, Fasclola hepatica, M. aorl,
Neoascaris vitulorum, Paramphistomum microbothrium and Schistosoma manseni,
in plasma and erythrocytes of man, rat, rabbit, hamster and chicken, and In
I lver homégenates of rat and hamster. All preparations hydrolyzed DDVP (Tables
13 and 14), and, for 10 mM DDVP, the activities ranged from 2 to 60 umol/h/g
wet weight tissue. Mammalian plasma hydrolyzed ES00 at about the same rate as
DDVP; (Table 14) little or no hydrolysis of E600 (5 mM) and MeE6DO (5 mM) was
found In vertebrate erythrocytes In chicken plasma and in parasitic helminths,
The Michaells constants for DDVP were al! in the mi!lImolar rangs. The
hyrolysts of DDVP In parasitic helminths and In vertebrate plasma was Inhibited
by MgCly and AgNO3, while the hydrolysis In the erythrocytes was unaffected;
the non~competitive K; for rabbit plasma was 5.1 mM and 0.5 uM for MgClo and
AgNOz, respectively.

12
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HYDROLYSIS OF DDVP AND PA IN HOMOGENATES OF PARASITIC HELMINTHS®

TABLE 13.
Hydrolysis/umo! h=1 q=! wet welght .

Specles DDVYP n PA n .

10 mM 10 mH
A. suum 6.9 2 138 5
F. hepatica 57 2 -
ﬂ. aEr' 33 ‘ - )
N. vitulorum 8.6 2 - 67 1
P..microbothrium 21 6 260 2
S. mansonl - 6.6 1 28 1

N= number of parasite batches
AII activities determined manometrically

. TABLE 14.

--

HYDROLYS!S OF DOVP AND ééoo’ IN PLASMA AND ERYTHROCYTES®

Hydrolysis/umol h‘1 mi=1

Species - DDVP: S E£600

A 10 mH 5 mH
Plasma Erythrocytes n - Plasma Erythrocytes n
Rabbl+ 61 5.8 8 - 93 2,3 6
Rat - 12 14 13 18 1.9 9
Man - 11 5.6 20 9 1 - 0.94. 14
Hamster 3.7 7.9 1 - -
Chicken 1.9 7.5 17 Nof hydrolyzed 7

*All activities determined manometrically.
n = number of parasite batches

Heat fnactivation (at 80°C) of the hydrolytic activities in erythrocytes
(against DDVP and MeE600) revealed two enzymes, (Table 15). In plasma (at
53°C) there was no evidence of more than one enzyme (rate constants are gliven
In Table 16). Both enzymes In the erythrocytes hydrolyzed the OPs and PA;
their activity was fully abolished by proteolytic digestion. The enzymes In
erythrocytes were fully soluble (Table 17}, In human erythrocytes, a partial
separafion from hemoglobin was achleved by gel fIITraTion on Sephodex G-1CC.

The proteins which hydrolyzed DovP ln all studied preparaflons can be
classiftied under arylesterases (EC 3.1.1. 2).

13



TABLE 15. HEAT INACTIVATION® OF THE HYDROLYTIC ACTIVITIES IN ERYTHROCYTES.

Species Substrate Rematining n
activity/%
Man ODVP * -7 . 13
Man MeE600 39 S
Man PA _ : Zero 4
Man ~ ACh Zero 5
Rat pove 23 2
Rabbit DovP , 51 2
3

Chicken DovP 29

"1 hr at 80°C. All activities datermined manometrically.
Th = number of experiments with erythrocytes of different individuals,

TABLE 16. HEAT INACTIVATION OF HYDROLYTIC ACTIVITIES IN PLASMA

.

* .
Specles o k/min=1 o A ‘ nt
Man o S 0.026 4
_ Rat S ' 0.097" 2
Rabbit+ - 0,017 2
Chlcken - : 0.002* 5

"k is the first order rate constant of Inacflvaffon obtafned with DOVP and ES00
as substrates. All activitles determined manometricallly.
ta Is number of experlmenfs with plasma from different lndlviduals.
¥Obtalned with DDVP only.

TABLE 17. DISTRIBUTION OF HYDROLYTIC ACTIVITIES BETWEEN STROMA AND
HEMOLYSATE IN HUMAN ERYTHROCYTES*

Activity Percent ,
Substrate umol h=1 mi=1 activity n
Whole erythrocytes Stroma Haemolysate.
DOVP (10 mM) 6.7 ' Zero 100 5
MeE6Q0 3.2 Zero 100 2
PA (10 mM) 79 49 51 5
ACh (13.8 mM) 140 73 : 27 5
ATCh (1 mM) 229 61 3s 7

“All activities were determined manometrically except towards ATCh which was
determined spectrophotometrically.
n = number of experiments.
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SUMMARY

Twenty flive pyridinium oximes were synthetized and tested In vitro for
reactivation of phosphorylated and phosphonylated AChE, and In vivo against
polsoning by OP compounds. Some of the compounds were about e equally effective
as PAM-2, TMB4 and toxogonin, which are the best known antidotes so far.

The binding sites In AChE for several Inhibitors were studlied, in order to
establ Ish whether the substrate-inhibition-site takes part in +he reaction.
1+ was concluded that the substrate—inhibition-site Is not Involved In +he
competition between two carboxyl esters, but when the OP compound haloxon Is
the inhibitor, the reaction occurs close to that site.

Comparative studlies of chollnesterases and arylesterases in different
speclies were conducted using OOVP as [nhibltor (of ChE) and substrate (of
arylesterases). No difference was observed In the kinetics of the reactlion In
different species, and the activity of the arylesterases (expressed per wet
weight) was of the same order In mammalian and In non-vertebrate tissues. The
kinetics of the reaction were also used as a too! for determining the number of
ChEs In a given tissue. Further, the return of ChE activity In vivo after
Inhibltion by DDVP was used. to evaluate fhe rafe of synfhesis of human. ptasma
and erythrocyte ChEs.
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SECTION 3
RESIDUES OF ORGANOPHOSPHORUS PESTICIDES [N HUMAN URINE

Alkali metal salts of the dlalkyl esters of phosphoric, thiophosphoricand
dithiophosphoric acld are produced In the course of hydrolytic and metabolic
degradation of OP pesticldes. Therefore, a sensltive and specific determina-
tion of amounts of these salts In urine and blood samples Is of great value In
protecting against the bad effects of absorption of OP pesticlides. Several
procedures have been described for monitoring the absorption of pesticides by
humans and animals based on acid!fication of a urine sample and conversion of
+he acldlc form of the excreted OP specles into trialky! derivatives sultable
for gas chromatographlc (GC). analysis (Shaflk et al. 1973, Blalr and Roderick
1976, Lores and Bradway 1977, Bradway and Sbaffk 1977). An analogous procedure
for monltoring these pollutants In surface waters Is .based on collectlon of OP
species on Amber!ite XAD~4, with simultaneous separation of the greater part of
the Inorganic phosphates (Daughton et al. 1976).

Until recently, In Yugoslavia, a.depression of. elther plasma or blood ChE
actlvity has served as the only Indicator for absorption of OP .pesticldes
(Svetlicic and Wilhelm 1973). A significant depression of ChE activity In

_ persons manipulating pesticides was taken as a-signal for - Job-change 1o avoid

further contact with toxicants unti| +he normal cholinesterase activity was
restored. Urinary metabolite analysls was introduced to detect absorption of
OP pesticides at a phase preceding a depression of ChE ac?!vlfy, so protectlive
measures could be taken sooner (Drevenkar ef al. 1979a) .

The high concentrations of OP pesticide residues found in the morning
urine samples of workers occupationally exposed to phosalone led us to
Investigate the rates of excretion of metabolltes In the urlne of a volunteer
experimental ly exposed to phosalone during one working day and then again
during three subsequent days. On the basis of the results of these tests, we
establ Ished the period necessary for the complete excretion of residues and the
appropriate time for urine sampling. (Drevenkar et al. 1979b)..

We compared two methods, measuring blood ChE inhibition and measuring OP
pesticide resldues in urine of occupationally exposed persons, to establish
which provides the more rellable indication of absorbed OP pestlicide.

The results of our work are published In five papers (Drevenkar et al.
1976a, c, 1979b, ¢, Stefanac et al. 1976) seven communlications Drevenkar et al.
1976b, 1977, 1979a, 1978, Frobe and Stipcevic 1577, Vasitic et al. 1978, 1379)
and five theses (Frobe 1977, Meczner 1979, Stipcevic 1978).
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MATERIALS AND METHODS
Standards - A_ : -

0,0-Dimethy! phosphorodithioate potassium salt (DMDTPK) Lot. No. 5057;
0,0-dlethyl phosphorodithioate potassium salt (DEDTPK) Lot. No. 4224;
0,0-dlethy! phosphorothionate potassium salt (DETPK) Lot. N o, 6803;
0,0-diethy! phosphate (DEP) Lot. No. 7302, purity 98%, were all obtained from
the United States Environmental Protectlon Agency Repository, Research Triangle
Park, NC, U.S.A.

Diazomethane ethereal solution (10t5 mg CHoN2/ml) was prepared from
N-methy!=N-nltroso-p-toluensul phonamide (Merck, Germany) following the usual
procedure (Vogel 1956), or, according to the usual distillatlion procedure, from
N-methy{-N-nitroso urea. N-methyl-N-niiroso urea was a glft of the Laboratory
for Organic Chemistry and Blochemlsfry, Faculfy of Sclence, University of
Zagreb.,

lon—exchanger Amber!lte IR-120,. H*—form, 28-35 mesh, was obtained from
Fluka AG, Switzerland..

Instruments

Varlan Aerographs, Series 1400 (columns !1.andd 111) and Series 2800
(columns {a and [b), equipped with Afkall Flame lonlzation Detectors with a
rubidium sulphate tip and a Pye Unicam GC 204 GC (column 1V) with an Flame
Photometric Detector were used..

The GC columns used were: - glass, 1.8m x 2 mm 1.d., packed with 4% SE-30 +
6% OV=210 on 100-120 mesh Gas Chrom Q. (columns la and Ib); stalnless stes!, im
x 2 mm 1.d., packed with 25% Triton X=305 on 80-100 mesh Chromosorb w-AW/DMCS
(column 11); glass, 1.5 mx 2 mm.1.d., packed with 25% Triton X-305 on 80-100
mesh Chromosorb W-AW/DMCS (column 111); glass, 2m x. 2 mm [.d., packed with 4%
SE-30 + 6% OV-210 on 100/120 mesh Gas Chrom Q.

The working conditlons are listed. In Table 18,

TABLE. 18. GC WORKING CONDITIONS

Columns

Condition la b ] il v
Column temp., °C 190 115 175 140 110
Injector temp., °C 235 160 230 190 250
Detector temp., °C 255 175 235 235 250
Nitrogen carrier , ' :

flow, ml/min 35 30 35 30 {e!
Alr flow, mi/min : 235 235 235 235 30

Hydrogen flow, ml/min 3 . 35 35 35 - - .30

17-



Methy! derlvatives were ldentlfled with a GC-mass spectrometer (MS) system
by courtesy of Professor D. Jeremic (Faculty of Science, Unlversity of

Belgrade). A Varlan Aerograph Serles 1200 GC, equipped with a Thermal
Conductivity Detector (TDC), was coupled with Varian MAT CH 5 MS by means of a
separator. lonization source temperature was 190°C, with electron energy of 70
8¥. The column was heated to 80°C and 110°C for the determination of the
products obtained by methylation of DMDTPK and DEPTPK respectively, and helfum
was used as a carrier gas.

Methods

Simuiated samples, prepared by adding a definite amount of standard salt
to urine of nonexposed persons, were treated by three different procedures.

Procedure |~-

A ditution series of the standard aqueous DEDTPK solution (4 ug/mi) was
prepared. Aliquots of 0.5 m! were added to 2.0 ml of water or urine containing
no DEDTPK.. Four 2-m| portions of each urine sample were measured Into separate
10-ml centrifuge tubes. A known amount of DEDTPK was added to two of them as
Internal standard. Successively, 2 g of sodium chloride, 4 mi of diethy! ether
and 1 ml of 6 N hydrochloric acld were addeg. The solution was shaken for 1
min on a Vortex mixer, then centrifuged at 425 G. An aliquot of 2 ml was
transferred from the organlc layer Into a test-tube fitted with a ground-glass
stopper. One ml of ethereal diazomethane solution was added and mixed in
thoroughly, and the tube was left for 10 min. The solution was evaporated to 1
ml under a stream of nltrogen and made up with water to 5 ml. Then, 4 g of

'sodium chloride was added, and the mixture was extracted with 2-ml portions of
hexane. The comblined extracts were evaporated to. 1 ml in a stream of nitrcgen,
and subjected to GC analysis. '

Procedure |-

To a 5 ml aliquot of a urine sample, 0.5 ml of standard salt dissclved In
bidistilled water (or bidistilled water alone in the case of a blank) was
added. Inorganic phosphates were removed by adding O.1g Ca(OH)z, shaking for 1
min on a Vortex mixer, and centrifuging at 425 g for 3 min. One mi of the
supernatant was transferred Into a test fube with a ground stopper, and 4 ml of
diethylether and 1 m! of 6 N HC| was added. This miIxture was shaken again on
+he Vortex mixer and 2 ml of the ethereal layer was separated, and fhen
alkytated by the addition of 1 m! of dlazomethane solution., The sample was
teft to stand for 10 min, and then evaporated under a stream of nitrogen to 1
ml, which also removed the excsss of diazomethane.

Procedure t1|--

The samples were treated according to the method of Blair and Roderick
(1976). For the analysis of urine samples collected from the persons
occupaticnally exposed to quinalphos, 9 ml of the final sample obtained by this
procedure was transferred into a test tube with a ground stopper and evaporated
under a stream of nitrogen to 1 mi.

Recovery rates for.Procedures || and |1l were determined using solutions
prepared In the following way: 3 - 5 mg of standard salt was dissolved In
2 - 3 drops of 6 N HCl and-5 ml of benzene was added. After being mixed In a
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Vortex mixer for 1 min, 3 ml of the benzene layer was separated and alky!afed
with diazomethane. The excess of CH2N2 was removed and a dilution serles of
reference sojutions prepared.

Sample solutions for GC-MS characfer!zaflon of OMDTPK andd DEDTPK mefhyl
derivatives were prepared In the same way.

Standard solutions for quantitative evaluation of malathion (Procedure
111) and phosalone (Procedure !!) reslidues were prepared by adding amounts
increasing from 0.1 to 0.5 ml of water solutions of DMDTPK (0.230 mg/mi) and of
DEDTPK (0.11 mg/mi), respectively, to 5 ml urine samples of non-exposed persons.

Control. samples for quantitative evaluation of quinalphos andd phosalone
residues (Procedure I[[1) were prepared by adding 0.1 to 0.5 ml of DEDTPK
(0.0134 mg/m!), DETPK (0.01123 mg/mi) and DEP (0.0107 mg/ml) to 5 ml of urine
of a non-exposed person.

Blood and ptasma ChE acflvlfles were measured as descrlibed by Ellman et
al. 1961,

RESULTS AND DISCUSSION '

Gas Chromatographic Deftermination of Alkall Metal O O-Dlefhyj Phosphorodi+hio~
atePresent in Trace Amounfs

Pesticide formulations containing phosalone are widely produced In
Yugoslavia for agricultural and domestic use so there Is a demand for an
analytical method. for assessing exposure and poliution with respect to fhls
pesticlde. To meet this demand,.a determination of 0,0-dliethyl
phosphorodithioate alkall metal salts was worked out as being the best
indicator of phosalone (Drevenkar et al. 1979¢c). Mefabollc degradation of
phosalone causes the urinary excretion of atkall metal salts of the dlefhyl
esters of dithiophosphoric, thliophosphoric and phosphoric acld.  The last two -
of these species might also result from derivatives of thiophosphoric aclid, and
the last one from derivatives of phosphoric acid. Therefore, the determination
of alkall metal salts of diethy! phosphorodithicate (Procedure !) was chosen '
because these can only come from diethy! esters of dithiophosphoric acid, which
Include phosalone.

Various diazoalkanes were applied for converslion of the salts into the
more volatile trialky! derivatives. Diazopentane Is repeated!y recommended
(Shafik et al. 1073, Lores and Bradway 1977) as promoting the GC separation of
the amyl derivatives obtained from all OP moietlies possibly present. A
drawback reported in the |iterature was that the reagent for the preparation of
diazopentane is not easlly accessible (Blair andd Roderick 1976). We encoun-
tered additional problems related to the purity of prepared diazapen?ane.

The GC obtained with blanks showed an abundance of peaks, one-of them having.
the.retention, time expected for 0,0-diethyl~-S~amy! phosphorodithico-ate. Alf
attempts to separate the Impurities efficiently enough to remove the
interference in the GC analysis were unsuccessful. These draw~backs were
eliminated when diazomethane, purified by distillation was used as
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alkylating rea enf. The clean up procedure on a slllca qel colamn, unavo!dahle
after the alkylatfon with diazopentane, could be omitted. fnterferences in the

GC analysis arose only when the dlazomethane concentration exceeded 15 mg/mi,
but such concentrations are easfly avoided by dilufion, without affec?!ng the
resultse.

The alkylation product of the DEDTPK wlth dlazcmefhane was character]zsd
by GC-MS. .

The retention times of the methylated 0,0-dlethy! phosphorodithloate are
75 sec on column la and 190 sec on column 11, with a detection |imit signal~
to-nolse ratio 4:1 of 40 pg. )

Systematic errors arising from Incomplete methylation and recovery, as
well as from changes caused by variations In working conditions during the GC
analyses were corrected by running standards and samples alternateiy. Peak-
helight measurement was used for quantitative evaluation..

The calibration graph obtained with a series of aqueous samples covering
t+he range 0.04 ~ 1 ng of DEDTPK was a stralght line (slope b=6.80; standard
error of the slope sp=0,55; variance about the regression s2= 0.86). The
detection limit clearly shows the necessity of Including an efficient
collection procedure (Daughton et al. 1976) In the pollutlion control of surface
waters. A complete separation of Inorganic phosphates Is not eritical, because
of the good differentiation of Trimefhylphosphafe in GCs..

For urlne samples In the same concenfraflon range, the calibration graph
was non={{near.. - )

The results of a series of analyses performed on urine samples of
occupational ly exposed persons sre listed In Table A=1 (Appendix). In the urine
samples of all 12 persons working In the productlion of pesticide formulations
contalning phosalone DEDTPK was found. Only the two highest values were
accompanied by a depression of the AChE activity in the blood, thus affirming
+he usefulness and rellabllity of our method for early defecf!on of exposure.
For definlte proof of the relation of concentration of metabolltes to
depression of AChE activity, a GS/MS system with a caplllary column Is
necessary.

Comparable results have been obtained using the procedure described and
the particularly simple one of Blalr and Roderick (1976) to analyze exposure
monitoring. However, a common drawback has to be pointed out. The procedures
based on alkylation with diazomathane are not feasible. for simultaneous
determination of all OP pesticide residues. The necessity of removing
Inorganic phosphates seriousiy complicates the sample-treatment procedure when

0,0-dimethy!. phosphate has to be determined. This drawback does not apply when
the alkylation Is done with diazopentane, but .then there Is the problems of
obtaining a sufficlientty pure reagent for preparation of the diazopentane.
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The Rate of Urinary Excretion of Phosalone Residues In Occupationally Exposed
Persons

The absorption of OP pesticides by two groups of occupationally exposed
workers was evaluated by determining the residues In urine samples (Drevenker
et al. 1979b). One group of persons was exposed to malathion and the other to
phosalone. To assess the extent of exposure, urine samples were analyzed for
OMDTPK and DEDTPK..

The ldentity of 0,0-dimethyl-S-methy! phosphorodithiocate, the only product
obtalned by methylation of DMDTPK, was confirmed by GC-MS analysis.

Procedure |1l was chosen to test for malathion because I+ yielded 73 to
89% recovery of DMDTPK from splked urine samples compared to only 37 to 57%
recovery by Procedure ll. For phosalone, Procedure || was preferable, giving
siightly better recovery (89 to 107% as opposed to 87 to 99%) of DEDTPK than
Procedure |11, )

Urine samples of workers exposed to malathion were collected at the end of
work hours, whereas blcod ChE activities of some exposed persons were measured
a day later. The results obtained are listed in Table 19. DMDTPK concentra-
tions found in ten out of a total fourteen urine samples were in the range from

TABLE 19.. ABSORPTION OF MALATHION AND ChE ACTIVITY

Exposed . ' Conc.. . :

workers ng DMDTPK/ml of . . ChE activity
Initials urine ' 4. of pre—exposure value
P.M, 1072 £ 76 -

L.P. 760 £ 65 -
G.A. 690 £ 62 -

Z.A. 641 = 8% -

K.D. 641 £ 91 -

S.l. 608 ¢ 49 65

H.M, 545 ¢ 149 85

K.B. 449 + 80 95

F.A. 474 + 80 -

B.Jd. 471 £ 24 : -

249 to 1072 ng/ml of urine. In remaining urine samples, as well as in urine
samples of nine non-exposed persons, the malathion residue was not detected.
Detection limit was 20 pg.

As only three workers had thelr ChE activitles measured before exposure,
the relevant data are for the most part mlssinq in the Table 19 but the highest
concentration of malathion residue in urine is acc$mpanled by the lowest blood
ChE activity and vice verse. Two workers (notatn’Table 19) from the exposed
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g with no mefabol!fe detected in urine had blocod ChE acflvtf[es 96 and 100%
f the pre-exposure va!ues.

gro
To check If urinary mefaboll*e‘excreflon Is complefed within a 24<h
perlod, urine samples of two workers exposed to phosalone collected before and
after work were analyzed. Table 20 shows that the concentrations of the
residue of phosalone, DEDTPK, In urlne samples collected begfore work were,

TABLE 20. ABSORPTION OF PHOSALONE IN TWO VOLUNTEERS*

Conc.

Workers ng DEDTPK/m! of urine v

Inftials Beginning of Day End of Day

0.M, Day ! 314 £ 15 . Nt M

0.M. Day 2 405+ 5 . 317 £ 34

0.M, Day 3 347 £ 4 4 739 £ 122

B.M. Day 1 1274 = 42 . 1084 £+ o4
- BeM, Day 2 864. £ 10 - 476 £ 30

"All results are the mean vslues of two determinations.

within the range of experimental error, equal to, or higher than, those found
in urine samples collected after work. The results indicate that the excretion
of phosalone metabolites is still going on at the beglnnlnq of the nex? working
day.

To verlfy this conclusion, the rate of DEDTPK, DETPK and DEP excration In
the urine of a volunteér experimentally exposed to phosalone was Investigated
(Drevenkar et al. 1979b). The experlimentally exposed person, who had no
previous professional contact with pesticides, worked in the same locations,
and performed exactly the same Jobs, as other workers.

The results, showing concentrations of metabo!ites In urine after an
exposure lasting 6 h, are presented In Table 21. Urine sampling was carried
ouf at 2 - 4 hour intervals,

In the case of exposure during three succeeding worklng days (Table 22),
urine samples were taken at the beginning and at the end of the work, and
4 -5 hours after termination of exposure. The 24-h urine was also collecfed;
and blood ChE activity before work was measured.

The concentrations of DEDTPK shown In Tables 21 and 22 are expressed In
nanograms per milliliter of urine. The concentrations of DETPK and DEP are
expressed in peak heights relative to the peak height of O O-dlefhy! phospho-
rodithioate methyl derivative, which was used as nternal s+andard. ODue To
this difference in expressing concentrations, only the elution patterns, not
the absolute amounts, of excreted compound can be compared.

- 22



‘sz

TABLE 21. EXCRETION OF METABOLITES AND ChE ACTIVITY IN A WORKER EXPOSED TO PHOSALOME

FOR SIX HOURS

Hours Atter Exposure

Amount of metabol ite®

ChE Activity in Blood
(£ of preexposure value

oepP DETPK DEDTPK
Exposure 0.0 Hot detected Not detected Hot detected 100 -

0.2 Not dotected Hot detected Not detected

4.1 30 84 202

6.6 36 186 N 565 .

8.0 Not measured Not measured. Hot measured 88

" 195 1246 1994

14 92 250 439 )
16 60 124 izl Pl
2 50 a5 36 £
25 44 70 65
26 Not measured Hot measured Not measured 80
28 36 51
32 55 48 72
36 -1 37 45
4) 48 38 59
46 13 - 10 9
49 Not detected 8 7
s3 tiot detected 10 7

“Peak helght of DEMP, DEMIP, or DEMOTP
ng DEDTPK
Peoak helght af DEMOTP/m! of urine
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TABLE 22. EXCRETION OF METABOLITES AND ChE ACTIVITY IN A WORKER EXPOSED TO PHOSALONE
FOR THREE DAYS

Hours After Exposure AMount of metabollte® Che Activity
. ’ ’ : (% of preexposure valus)
DEP DETPK B DEDTPK - Blood Plasma
Exposien 0,0 Not detected Not detected Hot detected 100 100
5.5 Not detected Not detected . Not detected
8 Not detected Hot detected : Not detected
10 10 16 . 14
Exposure 25 19 .12 ' 24 ) 78- 90
30 o 18 62 N 59
35 4 n 195 300
Exposcrn 49 20 14 - 24 ) 88 85
53 ’ 38 57 . a7 -
58 98 . 9 151
7 48 ) 19 40
mn 67 29 . ' - I

83 4 27 27

YPeat | ight of OEMP, DEMIP, or DEVDIP _
i ng/DEDTPK . , B
Pan)t helght of DEMDTP/ml of urlae : o



The observed klneffc'paffeéns show an obvious similarity in the rate and
duration of excretion for. all three phosalone metabo!it+es, The amount of

residues excreted In urine.lincreases gradually and the highest value 1s reached
4 - 5 h after exposure s ended., Subsequent!y, the amount decreases abruptiy,
but at the start of the following working day i+ is still measurable, and it
shows a systematic Increase when exposure is prolonged for several following
days.

[+ Is also obvious (see Table 23) that metabollte quantities vary during

TABLE 23. METABOLITES IN URINE OF A WORKER EXPOSED TO PHOSALONE FOR THREE DAYS

Amount of metabolite
Days After Exposure

DEP : . DETPK DEDTPK
Exposure 1 13 ‘ 19 ' 16
2 60 128 188
3 82 - 80 118
4 : 27 13 24
5

4 No+-defec+ed Not detected

*Feak helght of DEMP, DEMIP or DEMOTP
Peak height of DEMDTP/ng DEDTPK
ml of urine

the period of excretion. The total amount of all metabolltes excreted during
one day Is certainly a better indicator of exposurs than metabolite concentra-
tion In a single urine fraction. However, the difficulties Involved in
collecting a total volume urine sample make such samp!ing inconvenient in a
routine monitoring of exposure among workers engaged in the production and
application of OP pesticides. Instead of the total excretion of metabolites,
the concentrations of DEDTPK in urine sample taken the same period of +ime
after exposure can be used as a satisfactory Index of exposure,

Biood and plasma ChE activities were only slightly reduced during
exposure; 10 to 20% depression can_not be regarded as a significant indication
of exposure. .

Although the rate of pesticide degradation varies.from indlvidual to In-
dividual, and is probabty different for different compounds, similar kinetic
patterns can be expected for other OP pesticides. I+ follows that in a
pesticide monitoring program designed for conitro! of occupationa! exposure,
routine analysis of urine samples taken 4 - 5 h after exposure offers the most
reliable Information about pesticide absorption. However, such a sampling
procedure Is not convenient for routine control, and analyses of urines taken
befcre and affer work have to be performed instead. A systematic Increase in
the concentrations of pesticide residues In the morning urine demands +hat morse
efficient measures of protection be taken or that workers be transfered *o
other jobs. ' ' '

25



Human Blood ChE Actlivitles and Oulnalphos Pesflclde Res!dues In Urtne of
Dccupationally Exposed Persons , ,

The absorption of quinalphos in a qroup of 'workers from a pesftclde
formulating plant was studied by determining the metabollc degradation producf
(DEP and DETPK) of this OP compound In thelr urine samples, OEDTPK was also
detected In most of the samples because 1-2 days before starting to work with
quinalphos the same workers were making phosalone.

. The level of excreted alky! phosphates in the urine was correlated with
the level of ChE activity In the blood of these individuals. Urine samples
were collected at the beginning and at the end of the working hours of one day
at intervals of 30 days during threé months - May, June and July - and
immediately after one month!s vacatlon In September. The blood samples were
col iected before the beginning of the work In the same working day as urine was
taken.

For the determination of DEP, DETPK and DEDTPK the urlne samples were
treated according to Procedure {1, The GC analysis of. DEP methylated
derivative was performed on column 11, and GC analysis of DETPK and DEDTPK
methylated derivatives on column IV, ~

Simultaneously with the eleven urine samples of occupa?lonaily exposed
workers, eleven urine samples of non-exposed persons were analyzed. No alky!
phosphates were detected In the sampies from non-exposed workers. :

The results of the three month measurements of the eleven workers exposed
to quinalphos are listed in the Appendix Table A=2.. Note that workers B.D.
and U.B. did not have ChE acflvi+ies‘measured;‘ - :

Tables A-2 shows that the- amounfs of alkyl phosphafes fn exposed workers
vary widely. ‘ :

On the first working day after one month vacatlon small amounts of
residues were detected at the end.of the work only In the urine samples of
workers K.F. (67 ng DETPK/m!) and K.M. (158 ng DEP/ml, 123 ng DETPK/m! and 37
ng OEDTPK/ml). The values of ChE activity of all workers were between 80-100%
with the exception of the worker K.M. whose whole bloed and plasma ChE
activities were 28% and 65% of base values. The highest concentration of
residues (in K.M.'s urine sample collected In July) was followed by greatest
decrease of ChE activity,

STnce the workers alternate every 3 to 5 days. between work with OP
paesticides and work with some less toxlc carbamates, and activity of blood
ChE Tn the exposed persons Is affected by both classes of compounds, 2
comparison between the amounts of DEP, DETPK and DEDTPK and +he whole bleod and
plasma ChE activities can hardly be made. Moreover, the OP compounds and
carbamates are often formulated at the same time in the same room. Therefore,
fn this case, Cht activity canChot be used as a parameter Indicating the
Intensity of exposure to quinalphos or OP pesticides only; because 1+ is caused
by absorption of ChE inhlbitors in general. On the other hand, *tne quantiTy of
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excreted residues speclifically Indicates the absorption of the paren+ oP
pesticide, . and 'Is a sensitive and selective method for early detection of harm=—

ful exposure to these compounds.
SUMMARY

A GC determination of traces of alkall metal 0,0=diethy!
phosphorodithiocates 1s described. The salts were converted Into a volatile
derivative by alkylation with- diazomethane. The product was ldentified by GC-
MS. A linear relationship of peak helght to amount of sait was obtained In
the range 0.04 - 1 ng with aqueous samples, and & callbration curve was'
constructed for. urine samples. The detection |imlt+ was 40 pg of salt. The A
procedure was successfully used for monltoring phosalone absorptlon by’ occupa—
tionally exposed persons.

The absorption of malathion and phosalone was followed in occupationaliy
exposed workers by determination of residues- excreted in the urine. Because of
the high concentrations found In the morning urine samples, the rates of '
excretion of phosalone metabolites in the urine of a volunteer experimentally
exposed to phosalone during one, and.then again during three subsequent;
working days were Investigated.. The urinary excretion of phosalone metabolites
was most Intense 4 to 5 h after exposure. At the beginning of the next day,
the metabolites were stil! measurable - in the urine. Blood and plasma ChE
activities were only slightly reduced during exposure. The analyses of 24 h
urine samples, or of urine samples taken 4 to 5 h after exposure , are not
convenient for the routine monitoring of occupationally exposed persons because
of sampling difficulties. Instead, analyses of samples taken Immediately
before and. after work hours have +o be performed. A systematic Increase In the
concentrations of pesticide residues In -the morning urlne indicates
the need for more efficient profecffon measures. : v

A study comparing blood ChE Inhibition to OP pesflcldes residues in urine
of occupationally exposed persons was carried out, The quantity of an excreted.
residue Is a reliable Indication of the absorption of a gliven OP compound.
Biood ChE Inhibition, however, reflects +he effect of any absorbed compound
which Inhiblts these enzymes.
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SECTICN 4.
RESIDUES OF CHLORINATED HYDROCARBONS IN HUMAN MILK AND BLOOD

The use of chlorinated hydrocarbons has recently been restricted in
Yugoslavia. In 1975 we Initiated a survey to establish the degree to which
these pesticides have been absorbed by the general population and by
occupationally exposed workers. The survey, which Includes
hexachl|orocyc!chexane and DDY, should provide a basis for a later study to
follow-up the effects of the recent restrictions. More recently, we also
started a survey, In collaboration with WHO/UNEP, of DDT found In human milk,
and In mothers' and cord blood serum. o

We have previous!y published the results of our work In three papers
(Krauthaeker 1980a, b, Reiner 1977a) and two communications (Krauthacker 1977,
1978). For detalls of the experimental procedure, and for references to fhe
llferafure, the reader Is referred to these. publlcaflons.

MATERIALS AND METHODS o

Blood samples from the general population and from -occupationally expcsed
workers were collected In four different parts of Yugosiavia. Human milk and
samples of mothers' and cord blood were collected in one maternity hospital.

: The pesticide residues were determined by GC. Ail compounds were
identified by thelr retention times as compared with known standards.

RESULTS AND DI1SCUSSION

Residues In Blood Serum of the General ngyleflon and In Qccupationally Exposed
Workers

Levels of chlorinated hydrocarbon pesticide residues in serum samples of
the general population of four different parts of Yugos!avia, and In two groups
of occupationally exposed workers were determined by GC (see Appendix, Table

A-3).  Serum samples, 262 from the general popula+fon and 78 from exposed
workers, were analyzed for p,p -DDT, p,pl-DDE,p,p!-0O0D, Lindane, and a-HCH. Al!
samples contained over | ug/l p,p!-DDE. The concentrations of residues In the
general poupfation fall within the range reported for other countries. Few
samples from the general pouplation contained Lindane or a-HCH; the means for
Lindane were between 3.1 ug/! and 3.8 ug/! and for a-HCH were between 1.3 ug/l
and 2.6 ug/!. However, the means for the exposed workers were much higher, 9.2
ng/) for one group and 38 ug/! for the other.
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Residues in Human Milk, and in Mothers' and Cord Blood Serum

All samples were collected In a continental town of Croatia from 1977 to
1979,

"Two extraction methods for milk were used and. compared. Method A was
recommended by the Environmental Protection Agency, USA (Thompson 1974) and
method B was described by Curtey and Kimbrough (1969).

Method A--One m! milk was extracted three times with 2.5 ml acetonitrile. To
the combined acetonitrile extracts 25 mi 2% NajSO4 was added, and the
mixture was exiracted three times with 5 ml hexane portions. Hexane
extracts were purified on a florisi! column (1 em diameter) contalning 1.6
g florisi! topped with 1.6 g NayS04 anhydrous. The column was prewashed
with 20 ml hexane. The organochlorine compounds retained on the column

"~ were then eluted with hexane unti! the collected eluates had a total
. volume of 25 ml. The eluates were evaporated to dryness .in a stream of.
nitrogen, the compounds redissolved in 1.0 ml hexane and analysed by GC.

Method B--One half ml milk was partitioned with 2 ml methano! and 3 mi 1%
K2C03. The mixture was extracted three times with 5 ml hexane portions.
Hexane extracts were evaporated to dryness In a stream of nitrogen, the
compounds redissolved In 1.0 ml hexane,_and de+ermlned by GC.

Concentrations of p,p'-DDE p-p r-DDD and p, p!-DOT were determined In 34
samples of human milk obtained 3-5 days affer dellvery {Table 24) and in 37
samples obtained from 1.5 to 55 week after delivery (Appendix, Table A-4). All
samples contained p,p!-DDE, but only a few samples contained p,p!-DOD and
p,p'-DDT. The mean: concentratlion of p,p!-DDE was 31. ug/! in the samples
analyzed In the beginning of lactation, and 53 ug/! (By method A) for the
samples taken over a 55 week .period . The concentration ranges for the first
group were 9 =97 ug/! and for the second 9.4 ~167 pg/1, and the difference in
the mean values Is not signiflcant.

The two methods of extraction of milk samples compare fairly well for p,p!
-DDE (Appendix Table A-4). Chromatograms of the samples extracted with methed
" B have fewer signals due to impurities than samples extracted by method A,
although the laffer Includes purification on florisil columns°

The confenf of DOT derivatives in human milk In Yugoslavia falls within
the middle of the range reported for non-European and other European countries
(WHO 1979). Comparison of our results with those of three other laboratories
In Yugoslavia may be found In the Appendix Table A-5.

For the extraction of residues from human serum the method of Dale et al.,
(1970) was used. To 1.0 ml serum, 1 m! formic acid was added. The mixture was
extracted four times with 3 ml hexane portions by shaking on a Vortex mixer for
! min, and caentrifuging for 5 min to ensure separation of phases. The combined
hexane extracts were washed with 1 ml 5% K2CO3 and then puriffed on a florisil
column (1 cm dlemeter) confatnlng 1 g floristl fopped with 1 g NasS04
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TABLE 24. CONCENTBAT!O&S OF CHLORINATED HYDROCARBONS

. SERUM

Compound : S B : : MiLk®
~ Mothers (Nt = 35)  Non-Pregnant (N = 24) _ Cord (N = 35) N = 34
N¥F Conct (ug/1). n Conc (ug/N n ~_ conc (u/1) n Conc- (ug/1
P,P1-DDE 18 . .20 ¢ 6.8 , 4 31
.35 (8.9 - 46) 24 (3.7 - 15) 35 (3.6-17) 34 (9.0 - 97)
p,pl-0DD 2 2.9 3 . 8.3 , Not 5 9.7
(2.8 - 3.2) (6,7 - 12) Detected (7.0 = 1)
p,p!-0OT 7 5.5 5 .. 14 2 4.8 5 n
(3.8 ~ 8.5) ,7 - 2n - (4.0 - 5.8) (4.4 - 20)

*Samples of human mlik taken 3-5 days past partum, extracted by method A.
d = number of samples analyzed. -

*m = number of samples contalning the particular compound,

Concentrations are expressed as geometric means,



anhydrous.. The column was prewashed with 20 ml hexane. The organochliorine
compounds retained on the column were then eluted with hexane until.the
collected eluates had a total voiumn of 25 ml. The eluates were evaporated to
dryness in a stream.of nitrogen, the compounds redissolved in 1.0 m! hexane and

analyzed by GC.

SUMMARY

' The concentrations of DDT and hexachlorocyc!ohexane residues In blood in
the general population of Yugoslavia fall within the range reported for other '

countries. Workers engaged in the production, formulatlion and packing of

pesticides have a higher Incidence, and higher levels, of residues than the

general population.

Serum samples from non-pregnant ‘women have the same DDT content as serum
samples of mothers' at delivery.

© Cord bleod serum contains lower concentrations of p,p!-DDE than the
mothers' serum; the mean ratio for the individual mother/child pair was 2.7.
Concentrations in mothers' milk were 2.1 times higher than in the mothers!'

serume.
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SECTION 5
ASSESSMENT OF BIOCHEMICAL AND CLINICAL EFFECTS OF PESTICIDES IN HUMANS

Since the use of pesticides Is unavoidable, [t s necessary to protect
workers exposed to them from their adverse effects. The alm of This work was
to relate clinlcal symptoms In workers to the degree of exposure to a wide
variety of pesticides. We also measured Vitamin A levels and concentrations of
DOT in some workers and compared the results ?o the levels found In persons not
exposed to pesticides,

Some of the resulfs of our studies have been publlished In two papers
(Withelm and Bradamante 1980, Wilheim et al. 1979) and two comunicatlions
“(Wilhelm 1979, Wilhelm et al. 1978).. -

ChE ACTIVITY

To evaluate the absorption of pesticides and prevent overexposure to anti-
chol inestrase pesticides, measurements of blood ChE activities of exposed *
workers were taken regularly.

During the perlod from 1970 to 1979 a. total of 567 lndusfrfal workers who
worked at some *+ime in any of the three dlfferent production l1lnes (dust or
wettable powder, emulsion, and -household sprays) in one plant were examined.
Only 170 of them were continuousl!y employed in.the piroduction of pesticides for
a number of years (2-14). The other were- seasonal workers employed only during
periods of intense producflon.

The workers were exposed to different types of pesticides: OP compounds
{phosalone, dimethoate, dichlorvos, monocrotophos, naled, bromophos), carbamate
insecticides (carbaryl, dioxacarb, carbofuran), scme herbicldes, fungicides and
other compounds. Plasma and erythroycte ChE activities were determined by a
spectrophotometric method (Ellman et al. 1961)., The measurements of blood ChE
activities were performed in the laboratory, while the sampling (by finger
prick) was done elther in the laboratory or in the factory where the samples
were kept cool until transferred.to the laboratory. The results of measure~
ments of ChE activity In the blood and thelir relation to symptoms and sians of
poisoning are given In Table 25. The observed complaints or symptoms were
weakness, fatligue,. headache, nausea, sweating and vomiting.

The production of OP insecticides increased during the ten-year period of
observation. |+ was expected that with the increased exposure, the number of
bloed samples with diminished enzyme activities would also increase. However,
as Table 25 shows, the greatest number of blood samples with enzyme activity
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TABLE 25. BLOOD ChE ACTIVITY AND FVIDENCF OF POISOMING

Year Number of Individuals (W|+h0u+ Complalints/With Complaints)
0-24% 25-49% 50-74% - . 75-100% %
inhibition Inhibition  Inhibition . Inhibition Total Complaints
1970 46/1 - 10/6 11/13 1/5 68/25 87
1971 59/1 18/14 5/6 _ 0/3 82/24 23
1972 99/0 6/0 0/1 0/0 105/1 9
1973 47/4 18/1 1 0/0 67/6 8
1974 56/0 37/14 9/2 : -0/1 102/17 14
1975 - 83/1 71/9 6/8 /1 161/19 "
1976 89/3 26/4 1 2/2 0/0 117/9 7
1977 167/3 7/1 0/5 - 0/3 . 17412 6
1978 155/3 - 9N 1/12 0/6 165/22 12

1979 183/4 34/6 6/16 0/6 225/32 13

less than 50% of normal were recorded In the #irst two years;, as were the
greatest proportion of accompanying sympToms or signs of poisoning.

In the first two years, the workers were exposed to and handled mainly
dimethoate and chlorfenvinphos, insecticides which are extremely toxic to
mammals. The technological procedures .and working condition provided
inadequate protection, and, in addition, there was a great deal of overtime
work during the peak of the season. After the cases of poisoning were
analyzed, working conditions were considerably. Improved.. As a result, although
+he extent of work remained the same, there were no cases of occupational
paisoning in 1972, except for one. accidental intoxication at work. In 1973 the
sltuation did not change. Only two exposed workers had blood -chollinesterase
activities below 50%, that is below the I'imit for safe occupational. exposure.

In the next years there was an increase in the production of Insectivides.
The number of seasonal workers with no previous experience with insecticides
also increased. From the results presented in Table 25 the number ‘of ‘reduced
enzyme activities again seems .to have become higher.. “1f, however, the
accompanying symptoms. observed in- some workers are expressed in percenf they
varied between 7 to 14%. :

Vitamin A Leve!

There are two references in the |iterature which deal with the effect of
pesticides on the level of vitamin A in humans. -Ember and cowworkers (1972)
report that the amount of vitamin A is lower In the blood of workers exposed to
OP compounds, and Keil and co-workers (1972) claim that the amount of vitamin A
is higher in persons exposed to chlorinated hydrocarbons. Although the
difference between the control and exposed groups reported by these authors Is
small, we though it worthwhile to check the data, considering the importance of
the role of vitamin A in the human body.
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TABLE 26. VITAMIN Al

N SERUM OF WORKERS . EXPOSED TO PESTICIDES

Duratlon of

Date of

Description of Vitasin A, 1U/al Mesn Age
the group exposure blood Moan & S.0. (n) {Range)
{Mean Range) sompl ing {Range)
Workers expased to 1.54 (ON 25 yrs
ditterent pesticides 2 yeers May t 0.32 20 - 29)
except chlor.hydre. (-6 1976 .
0.75 - 2.0)
Workers exposed 1o 1.40 (48) :
difterent pesticides 14 years May s 0.48 44.yrs
inciuding OP and (4 - 23 1976 . (24 ~ 63)
chlor. hydr. (0.25 - 2.29)
14 yoars June 1.78 (55) 38 yrs .
(4 - 23) 197 t 0.90 (19- - 56)
£1.0 - 2.8)
Control - - - - rprtt ! 1.79 198) 38 yrs
Non-exposed workers 1977 * 0.52
(1.0 ~ 3.4 )
Control . - April - 1.76 (33)
Non-exposed workers 9 3 0.41
’ (1.0 - 2.25)
- June 1.43 33
wn £ 0,31

11,0 - 2.00




In the course of 1976, the level of vitamin A was determined In the servm
of 65 workers exposed to pesticides; In a number of these workers the vitamin A-
level was again determined In 1977. In the control group, the vitamin A o
content was also determined twice, In April and in June 1977. The control
group was selected from the same factory, but among workers who had no contact
with pesticides. All the examines were of the same soclal status and belonged
to the suburban population.

: Vitamin A was determined In the serum by the spectrophotometric method
with antimonium trichloride (Carr and Price 1926, Kimble 1939). Ry +his methed
its total amount is determined regardless of whether vitamin A Is an ester or

~ an alcohol. In some samples vitamin A was measured immediately after blood
sampling (after 3 to 4 hours), while the remaining sampies were frozen and
.stored at -18°C until analysis (a month at the most). From the samples in
which vitamin A was determined immediately after sampling, a part of the serim

was separated and frozen. When the analysls was repeated (within a month after . .

freezing) there was no difference In the results. During each analysis a
calibration curve was made on the same day with retinil| acetate as standard
solution (U.S.P. - standard; INC-Rochville,.N.D. USA).. '

The results of measurements of‘viTahin A are-gfven In Table 26. They show
no effect of pesticldes on the level of vitamin A." All values of the conxroI

and the exposed groups are within the same range; the standard levels found in
the |lterature (see Appendix Tane A-6) are within t+his range too. -

Besides vitamin A, the total ODT in the: serum and ChE activities in blood
and plasma were also measured In exposed workers In order to verify that
pesticides were absorbed. All workers were exposed to pesticides for a long
time, but exposure was not continuous and each of them was without exposure for
a certain period. of time during the year. ChE activity was therefore monltored
before the beginning of work with anticho!inesterase pesticides and in the .
course of the work. In Table 27 ChE activities are expressed as percentage

values measured befors contact with pesticides or after a longer breag !n fpe
work with pesticides (1-2 months). At the time of samp! ing ChE activities were
not reduced more than 20% in any of the groups. The mean activities were .
within the standard deviation of preexposure values. However, several +imes*¥n
t+he course of work with pesticides the same workers showed considerably reduced
ChE activities, proving that they absorbed a certain amount of the

compounds they were in contact with. The +otal DOT content In the exposed
groups s given In Table 27. Workers not exposed to chlorinated hydrocarbons
(A in Table 27) have a lower level of DDT than those exposed (R). The

amount of total DDT in those not exposed to chlorinated hydrocarbons s
comparable to the amounts of DDT found in the general population (Krauthacker
et al, 1980b).
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TABLE 27. ChE ACTIVITY AND DOT.IN SERUM OF WORKERS' EXPOSED TO PESTICIDES

Mean £ SD (n) May 1976 ___Jdune 1977
Mean £ SO (n)

Total DOT 37 £ 17 (9) 108 £ 78 (41) .-
{ppb) ' .

ChE activity (%) ‘

- blood 92 £ 12 (17) 88 *+ 12 (48) 84 + 23 (48)

~ plasma 92 £ 17 (17) 91 + 12 (48) 84 * 24 (48)

*vorkers exposed to pesticides but not to chiorinated hydrocarbons
Tworkers exposed to chlorinated hydrocarbons

-

SUMMARY

The surveillance of workers exposed during the formulation of anticho-
| inesterase insecticides has shown that the use of prescribed protective
devices at work and the observation of hyglenic and sanitary rsgulations
provides a satisfactory degree of protection and slqnlflcan?!y reduces the
absorption.of anticholinesterase Insecticides.

Our study has conflirmed that weele measurement of ChE activity durlnq the
perfod of Intense production is a practicable method of determining the degree
of absorption. WIth this method, one can learn In +ime whether there are
workers at risk, and prevent the danger of further absorption.

Without exception, workers showing cho!inergic symptoms had their blood
ChEs Inhiblted at least 50%. However, complalnfs from workers were
not always related to ChE Inhibltion.

Absorption of pesticides does not seem to have an effect on the serum
level of vitamin A.
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SECTION 6
EFFECT OF PESTICIDES ON THE EYE AND ON VISION

. .The work described in this section Is a continuation of the study of the
alleged effect of pesticides on the eye and on vision which was described in -
our previous EPA report (Reiner 1977b).. The literature concerning this toplc
has recent!y been extensively reviewed (Plestina and Plukovic-Plestina 1976,
1978).

SUBJECTS AND METHODS

Fifty-seven workers who never suffered from an eye disease were selected
for this Investigation from those on whom the effects of anticholinesterase
pesticides on blood ChE were monltored (see Sectlon 5 for details of
their exposure). Group A (47) engaged In the production of pesticides and
group B (10) engaged in their application. Age, sex and years of exposure of
the 57 are presented in Table 28.

TABLE 28. EXPOSURE TO PESTICIDES FOR TWO GROUPS TESTED FOR EYE DEFECTS

Age (years) Exposure (years)
Group N Description of work X £ S.0. Range X+ S.D. Range
A ' ,
Men 25 - Production and formula- 37.2£10.9  19-57 11.326.7 1-24
t+ifon of pesticides,
mostly anticholin-
esterases ' o
Women ’ 35.6£12.0 21-55 11.4£6.6 1-23
B
Men 10 Application of pestici- 34.8£10.2 21-52 6.4%6.8 2=20"

des in agriculture and
for public health pur-~
poses

.Only permanent workers, preferably with long exposure to pesticides, were
selected. Among them, 18 were engaged In work with pesticides between one and



igvs ygars, the remalning 39 for over five years. Only 11 workers were older
The ophthalmological examinations were performed at the same Unfvérslfy

Hospital, by the same team of ophthalmologists, and with the same equipment as

In previous years, so that the diagnosflc criteria were ldentical throughout

the study.

Besides a detalied history of past and present tlinesses possibly
connected with the workers! eyes and sight, each worker underwent detalled
opthalmological examination which Included tonometry, ophthalmoscopy,
s!it-lamp blomicroscopy, keratometry, and visual aculty tests. In most of the
workers, peripheral vislon was measured on a Goldmann perimeter; In some
workers, dark adaptation abl) Ity was assessed on a Goldmann-Weekers
adaptometer. Whenever an abnormal ity was' found, the worker was examined
further as a patient, and all the‘tests were used to clarlfy the dliagnosis and
the etlology of the disease. These patients were ?hen treated with the standard
t+herapeutic procedures. )

The details of all ophthalmologlcal examlna+ions were described in the
previous report (Reiner 1977b).

-

RESULTS AND D!SCUSSION

Out of the 47 workers from group A, 23 complained of some eye troubles
(lacrimation, 13; photophobia, 8; itching and burning of the eyes, 3; other
complaints, 2). Among the 10 workers from group B, only three complained of
eys problems (photophobia or lacrimation).

The most frequent abnormal ity of fhe frontal eye segmenf was dilated

and/or tortous episcleral blood vessels. The other eye problems found as a
resuft of external eye examination are summarized in Table 29.

TABLE 29. EXTERNAL EYE EXAMINATION IN WORKERS EXPOSED TO PESTICIDES

Group Ditated episcleral Contunctival Abnormal Lens
blood vessels Injectlion puplls opaclities
A 23 - 3 3 . 3
(N=47)
8 ' _ '
(N=10) - 4 2 o - - 0
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Keratometric measuremen*s revealed no great abnormalities .in most of the
workers. The results of +hese measuremen?s are presented in Table 30, In four

TABLE 30. KERATOMETRIC MEASUREMENTS OF WORKERS EXPOSED TO PESTICIDES

Number of eves with difference In meridians of

Gf‘oup Meants.ol - <°c)5f 0.6-100 101-1 05 106-200 >2.0
A
Right eye  1.01£0.96 | |
27 38 18 4 7
Left eye 1.07%1.09 BRI ,
B .
Right eye 1.0820,57
- 5 3 5 3 2

Left eye 1. 02+0.60

Expressed as a difference between Horizonfal and vertical meridlan in diopters.

workers from group A, and In one worker from group B, a pronounced astigmatism -
(l.e. the difference between the two vertically placed meridians of over 2
dliopters) was found.

In all but one.worker from group.B,fviéuaf_aculfy, after correction with
lenses, was 1.0 or over. Accomodation ability and focussing power, tested with
Jager's reading charfs, were found. normal or appropriafe to fhe age of the
worker. .

Intraccular pressure was found to be considerably above physiological
standards In six workers. However, after thorough examination (repetitive
appianation tonometry, gonioscopy, water load tests) an open angle glaucoma was
diagnosed - In one of the workers. The cause of the increased Intraocular
pressure In .other flve workers remained unexplained. The results of
intraccular pressure measured by the Schiotz's. fonome+ry or applanation
tonometry, are presented in Table 31.

Eyeground abnormal ities were found in the patient with glaucoma, as
expected, .and In several other workers. These abnormalities were mostiy mild,
degenerative changes of the retina or slight abnormalities of retinal blood
vessels, which are as prevalenf‘In the general population as among these
workers. . . . .

Peripheral visual flields were determined In most of the workers from group
A and In four subjects from group B. Peripheral visual fields were found
normal In 28 workers. from group ‘A and in two workers from group B.
Slightly constricted visual flelds, mostly for the flrst and the second
isopters, were found . In 11 subjects from group A and In two from group B. In_
. five. workers from group A, visual- erlds were conslderably consfric?ed in atl
the four lsopfers.
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TABLE 31. INTRAOCULAR PRESSURE™ IN WORKERS EPXOSED TO' PESTICIDES

Right eye - Left eye

Group N © Mean -SeDarr Mean S.D.
B 10 13.9 2.47 . 13.4 2,95

“Measured by Schlotz'!'s tonometry and/or applanation tonometry (in mm Hg).

No feasible explanation for constricted visual flelds was found (except
for the patient suffering from glaucoma). In the patient with glaucoma, the
shape of the constriction of the visual flelds was typical for glaucoma. In
+he others, the visual flelds were constricted concenfrlcally for all the four
Isopters, but mosfly for fhe f!rs? and fhe second.

Dark adaptation abllity was. measured In 16 subjecfs from group A. In two
workers, adaptation ability was remarkably slower. In the others, no
significant differences from standard values was noticed.

SUMMARY AND CONCLUS IONS

Since no group of unexposed workers served as a control in this study, the
results of these examinations must be compared with those obtalned on control
subjects in the previous study. In addition, the evaluation of the resul+ts and
comparison of the data obtained should be based on the normal phystological
values for our population as Judged by the experlenced opthalmologists.

Considering all the results, from the previous and the present Invéstiga-
+ions, we did not find that exposure to pesticides had the effect on refraction
reported by many Japanese workers in the past. Recently, however there have
been several reports from Japan denying any connection between the high
Incidence of myopia and exposure to pesticides (Sato 1977).

The very high prevalence of dilated and/or tortous episcleral blcod
vessels Is very Intriguing since It Is considerably higher than normally found
in general populations of the same age or among workers not exposed fo
pesticides (Piukovio~Plestina, unpublished results).

The mos? consisfenf abnormal ity found among the workers exposed to

pesticides was constriction of the visual flelds of unknown etiology. Any
assumptlon regarding Its pathophyslological basis would be speculative.
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APPENDIX A

TABLE A-1. AMOUNTS OF DEDTPK IN URINE OF WORKERS EXPOSED TO OPs

Subject Amount found, ng/mi R
' 1st sampling : ... 2nd_sampling -
I.P. 70 - ~2s8*
- S.B. . ' - 155 268
R.YV. : 156 -
157
S.0. 268
210
M.S. . ' 113
: S . 148
S.V, L o 115
S C 157
- FaTe - 140
. : 150
J.S. ' : 70
' 2 S L
F.K. 741 - 115*
‘ 906 S 147%
1.0. _ 283 o : . :
389
M.M, o 123 .
' ' 128
S.S. : 55
46

"Gas chromatographic analyses were performed on two columns of different

polarities (cotumn la and 11).
The urine samples of exposed persons were faken at the end of a working day
and independent analyses performed with two al lquots.
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TABLE A-2. METABOLITES IN URINE OF WORKERS EXPOSED TO OUINALPHOS

ng of metabolite/ml of urine ChE

DEP DETPK DEDTPK : activity (% of
WORKERS'! - preexposure valuye)
INITIALS A B A B A B A1 cod Plasma
May 1979 - : '
AM 592 308 292 187 285 151 77 , 58
B.D. 475 275 59 145 69 117
JeSe 232 86 83 139 ND 43 74 .70
Kedeo 119 ND ND ND ND D 85 82
U.B. 249 293 94 153 54 80
Z.S. 193 193 82 112 83 59 88 88
J.A. ' 424 359 276 266 137 114 57 35
K.S. ND ND 44 57 ND 26 86 100
K.Feo 228 134 ND 65 ED 60 83 56
K.M. 680 319 163 181 201 192 88 77
P.S. 731 245 291 152 - 94 53 100 82
June 1979
AM.. 99 96 94 73 49 ND 84. 58
B.D. 414 214. 206 58 - 82 0 '
J.S. ' “ND ND - 37 . ND ‘ND . ND. . 73 70
Kede . ND "ND - ND ND - ND ND - .. 68 NM
U.B. - 71 ND - 74 ND - ND - ND
Z.S. ' ND - 67 45 63 37 38 . 93 83
J.A. ©-708 704 261 391 . 86 74. - 80 47
K.Se ND ND. 36 68 - ‘ND 41 46 76
K.F. - 206 73 81 D 42 o) 34 42
K.M. NM M “ NM NM NM NM N NM
P.S. NM NM NM NM “NM NM NM NM
July 1979 . T _ .
AM, 1898 656 349 381 61 48 79 61
8.0. 564 749 208 657 ND 79
J.S. 247 106 83 103 54 43 80 73
Keda 113 ND - 68 ND ND " ND 68 65
U.B. 147 325 120 352 ND ND
Z.S. 213 ND 100 128 ND ND - 86 87
J.A. NM M NM NM NM NM NM NM
K.S. 357 168 197 181 - D ND 72 76
K.Fe 477 238 203 139 57 D 59 48
K.M. 1807 1245 759 1752 S0 78 68 45
P.S. 422 828 245 616 D 86 NM NM

detected

D =
ND = not detected
NM = not measured
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TABLE A-3. SERUM CONTENT OF ORGANOCHLORINE COMPOUNDS IN YOGOSLAVIA

Genernl Population
s

tace N -~ Hasn age i . Concentration In pg/l (n}7
yoor (m,f) Range . a<HCH Lindane p,pT1-DDE B,pY-DDD p,p'CB'O'T
Continental north 147 42 Mean 1.8 (57 3.1 (23 30 (147) 9.4 (M 19 (20)
1975 (65,982) 8-92 Range 0.1 15 0.5-!5 8.4-118 3.0-23 2.2-84
Conllreontal north N 34 Mean - - 27 1)) 4.3 19) 4.0 (4)
1976-1978 : 6,%) 21-47 Range - - S.1-70 1.3-8.6 0.4-10
Contincntal central 41 35 Mesn ) “fed, n.d, 6.9 (41) .1 (34) 2.2 32
1979 : (u,2n 6~19 Range - - 1.2-31 0.5-2.1 1.1-5.3
Continental south 19 37 Moan 2.6 (4) 3.8 (2) 29 (19} 5.2 (10) 6.1 (8)
1976 {19,-) 20-69 Range 1.4-8.3 2.1-6.7 9.2-118 . 3.4-17 3017
Istand . -44 46 Meon . 1.3 (8) - nd, 18 (44) 6.4 (20) 7.2 (1)
191 (23,19) 17-78 Range 0.7-2.3 - 4.8-83 2.9-23 3.1-39
Exposrd Workers

Factory .

yoor o

Continental north 50 41 Hean - 9.2 (M) "10.4 (29) 33 (50} 11 (3%9) . 16 (32)
1976 31,19 20~62 Range - 3.6-29 3.6-30 . 7.1-213 3.1-318 3.7-96
Continental south 28 35 Meen - 38 (20) 26 (28) 23 (28) 6.2 (8) nm
1976 . (25,3) 21-52 Ranges 9.2-157 4.5-98 4.1-93 3.6-11 4.7-29
"N = number of samples analyzed

ta = number of samples containing the particular compound
¥(m,f) = male, fomale



TABLE A-~4. CONCENTRATIONS OF P P'-DDE IN HUMAN M!LK AT LACTATION PERIODS
UP TO 55 WEEKS: -

‘in{tials ‘Time After De.llver*y v _Pp.p!'-0DE (ua/1)

(weeks) -Extraction methed:
A B
M.8. 1.5 86 130
M.M. 3 T 9.4 13
M.A. 3 113 125
Polje 3 102 140
H.M. 3 58 104
S.M. 4 84 141
P.M. 5 51 64
B.V. 6 . 75 97
P.X 6 69 77
S.0. 7 34 64
S.Z. T 135 163
B.Bo. 8 - 19 26
L.B. 9 56 69
N.K. 9 109 75
M.D. 1 120 139
C.V. 12 87 48
- 8.81. 15 67 58
V.M. 16 55 . 71
M.0. 32 89 119
SKe 55 - 73 79
H.lj. 7 , 80 121
20 51 57
24 63 57
S.A. 32 : 20 30
45 9.8 11
P.Se 3 : 167 77
7 . 74 83
1" 44 57
) 15 77 108
M.R. 16 _ 12 .13
= 23 : A 43 56
31 45 28
39 49 42
J.D. ' .3 56 56
10 39 49
18 16 15
27 : 37 39

Mean age of 25 mothers: 30 yrs (range 24-42). Mean concentrations (expressed
as geometric means of 37 samples: method A 52.6 ug/! (range 9.4-167), and
method B 60.6 ug/)! (range 11-163). '
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TABLE A-5. CONCENTRATIONS OF P,P-DDE AND P,P'-DDT IN HUMAN MILK IN YUGOSLAVIA,

Republ lc Year of Samplling Number of ﬁofhers Concentration (ug/f)
’ "P,pV-DOE Range P,pYODT Range
$lovenla 1973 ’ 1 3000" 1700-6950" 8so"* 280-2760"
: 1973 14 60t ~ 34-139¢ 17t 5-55%
Serbla - 1968 Not Stated 102 Not Stated 94 Not Stated
1974 _ 3 : an 104-720 96 40-216
1971 ; LER 34 126:° 5594 104-720 48: 1204 40-216
1974 © Sy 5% 192: 1424 Mot Stated 48: 36t Not Stated
Croatia 1976 .27 1537* 28-6900" 256* 0-5%"
1976 21 nt 0.6-138t 5.1t o-12t
1977 34 31 9-97 " 4.4-20 This Report
1979/19 : 25 - 53 " 9.4-167 10

2,1-22 This Report

“Concentration expressed on fat basis.

‘tRacalculated from (a) based on 2% tat in mifk.

*The tirst number refers fo mothers of a single chitd, and the second to mothers of twins,



TABLE A-6. VITAMIN A LEVELS IN HUMAN SERUM

Authors Vitamin-A Number of: " Population
1U/ml serum , ;lndiylduals ‘
Kirk 0.5-0.8 N 202 Noh-exposed
{1948) .
Neeld et al. o 1.2 | 10 Non-exposed
(1963) : '
Drujan .5 s Non-exposed students
(et al. (1968)
Mande! 1.3 o - Non-exposed
(1971) ' ' : '
Ember 1.2 .23 ' ~“Wbrkers.40 days after
(1971) exposure
: 0.8 a . 23 Exposed to OP compounds
Kell et al. 1.4 - 21 " Non-exposed workers
(1972) ‘ ' : L
2.3 B 21 Exposed to chlorinated
‘ hyrocarbons
Sauberlich 1.5-2.5 . - - Non~-exposed

et al. (1973)
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APPENDIX B
SUMMARIES OF THESES

Z. Frobe: Preparation of Sllyl Derlivatlves for the Gas Chromatographic
Analysis of Organophosphorus Pesticlde Residues, B.Sc. Thesls, Universl+y
- (1977).

OP pesticides decompose easlly, producing salts of corresponding
organophosphoric acids. While the original compounds can be directly
determined by GC analysis, thelr residues, organophosphates, have to be flrst
transformed to some more volatlle form. The possibiiity of quantitative
determination of OP pesticides resldues by GC of silyl derivatives was
lnvesflgafed

The derivation of 0,0-dimethy!phosphate (DMP) and 0,0-diethylphosphate
(DEP) was carried out In acetonitriie with hexamethyidisilazane as silylating
reagent. The product obtained was dissolved In carbon tetrachlorfde and n=-
hexadecane was added as internal standard: for GC.. The silyl .
derivatives were identified with MS interfaced directly with the GC..

Using the ratio of internal standard to silyl derivative peak helght
as quantitative parameter, |inear dependence of detector response on the
concentration change of both DMP and DEP were obtained for the *es+ed range 1-6
mg/ml.’

The sensitivity of detection with flame fonization detector was 70 ug/ml.
- The developed procedure is not sensitive enocugh for most residue analysis
problems In blologlcal samples. However, I+ Is sultable for the monitoring of
polluted or surface waters with an accumulation procedure from bigger sample
volumes Included in the sample ?reafmenf. .

J. Meczner: Simultaneous Gas Chromatographic Determination of Alkall Metal
Salts of 0,0-Diethyl-, 0,0-Dimethyldithio-, and .0 O-DFe*hyldcfhlo-phosphor!c
Acid, B.Sc. Thesis, University of Zagreb (1978).

.Monltoring procedures of persons occupaf!onally exposed +0'OP pesticides -
have been improved by a simultaneous GC determination of alkall metal salts of-
0,0-diethyl-, 0,0-dimethyldithio~, and O, O-diefhyldl?h!o-phosphoric acid.

In the follow:ng concentration ranges of the oruqlnally presen+ =alfs, 2
| inear relationship has been found; 63-1895 ng/mg urine (b-0.0158, a=0.76) - .
tor 0,0-diethyi-phosphoric acid K—salf, 100-1555 ng/ml urine (b=0.053, a=4.61)
for 0,0-dimethyldithio-phosph. ac. K=-salt, 47-1405 ng/m! urine (b=0.0738, ‘
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a= 3.25) tfor 0,0-diethyidithio-phosph. ac. K-salt. 'The Inorganic phosphates
present in urine samples Interfere with the determination of the ‘salts of 0,0~
dimethyl-phosphoric acld, because the methylation products of the aclds -
obtained by acldlflcaflon of the salts are gas chroma*oqraphlcally defermlned
species. .

R. Plestina: Toxlic effects of metrifonate in mammals, Venlam legand! Theslis,
University of Zagreb (1976).

Metrifonate, an antiparasitic drug, Is an OP compound known also as an
insecticlide under the name dlpterex. In this work, +he author presented the
results of his investigations In humans and In experlmental anlmals. The
effects of metrifonate was studied In children treated agalns+ S. haematoblum
Infection and in adults who had the same parasite but also had ‘various Types of
hemogloblnopathies. Besldes very pronounced Inhiblition of blood ChE no
untoward effecfs of me¢rifonafe were observed in fhe treated patients.

The experlmen+s on rats revealed fha+ affer an Intravenous lnjec+lon of
metrifonate, cholinergic symptoms appeared with some delay. This suggest that
metrifonate Itself ls devold of direct cho!llinergic action and that a conversion
‘of metrifonate to a blologlically active compound takes place. in the animals
organism. This observation was supported by the resuits of experiments with
intestinal sacs in which 1+ was shown that the Inhibitory power of metrifonate
Increases with an increase of pH of the medla. In rats treated with
metrifonate, the pattern. of plasma and brain ChE inhibition was simiiar to that
in rats treated with sublethal doses of dichlorvos.  In rats fed on a dlet
contalning 500 ppm of abate, toxicity of metrifonate remained unchanged,
-Indicating fhaf fhe potentiation of toxicity for The fwo oP- compounds did not
exlst.

Z. Radie: Mechanism of Inhibition of Acefylchoi!nes+erasé'by Some Oximes, B.
Sc. Thesls, Unlveristy of Zagreb (1979).

The activity of purified bovine erythrocyte AChE (EC 3.1.1.7.) was
measured with acetylthiochotine as substrate (0,10, 0,40, 1,0, 5,0 and 10,0
mM). The maximum activity was at 1.0 mM- acefylfhiochollne. The_evalua?ed
Michaells constant (Kpn) and substrate Inhibition constant (Kgg) were 0.036 mM
and 11,13 mM respectively, and fhe maxlmum rate of subs?rafe

hydrolysis (V) was 1.45 umoi min=1 mg~1..

The inhibltion of ACKE by 2-PAM (0.10,°O. 25, ¥.0, and 2.0 mM) and
toxogonin (1.0, 2.0, 4.0, 8.0, and 12.0 mM) was sfudied with acetylthio~
choline as subs+ra?e. The concenfrafions of 2-PAM wer'e 0.10, 0.25, 1.0 and
2.0 mM, and of toxcgonin 1.0, 2.0, 4.0, 8.0 and 12.0 mM; the substrate
concentrations were as stated above.. The inhibltion of AChE by both
inhibitors was slightly competitive with respect to acetylthiocholine. The
Hunter and Downs plots for the degree of -inhibition as a function of substrate
concentration were slightly curved. The hypothesis of Aldrige and Relner was
applied to interpret this result. According to this hypothesis, the enzyme has
two binding sites, one is the active slte and the other an allosteric site.
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Both slites are assumed to bind®both the substrate and the inhibltor. Rinding
of the Inhibitor to elther slte causes enzyme Inhiblition. The inhibitor -
constants were evaluated in the following way. Extrapolation of the Hunter and
Downs plots to zero substrate concentration gave the digsociation constants for
the anr/me-inhibitor comnlex at the active site (K;), and these were 0.178 mM
for 2-PAM and 4.39 mM for toxogonin. The dissociafion constants for the
enzyme-inhibitor complex at the allosterlic site (Ki) were calculated from the
theoretical equation of Aldridge and Relner for eleven palrs of substrate and
inhibltor concentrations. The mean value for 2-PAM was 0.37 mM and for
toxogenin 7.9 mM. The relative standard deviation of each constant was about
54. The narrow range within which the Kt values varled, and Is considered .
evidence that the theoretical equation describes well- fhe Inkibition of AChE by
the two oximes.

Two techniques were- used to measure the enzyme acfiv!ffes, the
conventlonal technique and. the stopped flow technique. For the latter :
technlque, the enzyme concentration during assay was 100 times hlgher than tn
the conventlional technlique. The activitiesd of the uninhibited enzyme
‘(expressed per unit weight) were the same Irrespective of the technique used.
The degree of enzyme Inhilbition however, was smaller when measured by the
stopped flow technique. This was attributed to non-specific binding of the
inhibltors onto the enzyme preparation. The amount of absorbed Inhlblfcr was
calculated to be. 37% for 2-PAM- and 45%: for foxogonln.

2-PAM and toxogonin. cafalyze the non-enzymic hydrolysls of
acetyithiocholIne. These reactions are bimolecular second-order reactions, and
the following rate constants- (k) were evaluated: 14,1 mfn-’ mol Tdm3 for 2-PAM

and 3.9 min mol=ldm> for toxogonin-..

The spontaneous hydrolysis of acefy!?hlocholine was measured over a wide
range of time Intervals. The reaction was first order and fhe corresponding
rate constant was evaluated as 5.7 x 10-5 min-1,

All experiments were done in 0.1 M- phcspha+e buffer pH 7.4 at 25°C.

M. Stipcevic: Deferminaflon of OrganOphosphorusvPesfrcide Residues by“Gas '
Chromatography, M.Sc. Thesis, University of Zagreb (1978).

The quanfi?y of residues excreted with human urlne is a useful paramefer
that Indicates the extent of exposure to the parent OP pesflc!des. The :
residues are salts of dimethyl or diethyl phosphate, phosphorothioate or
phosphoredithicate. For GC analysis they have to be converted Into volatile
derivatives. The treatment with diazoalkanes and conversion Into. trialky!
phosphate is widely applled for this purpose.

When dlazomethane or dlazoethane are used for alkylation the interference
of fnorganic phosphate present In urine samples might be a serious problem. It
can be eliminated by the alkylatlion with diazopentane, which ylelds derivatives
more easlly resolved by GC. _
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We applied the latter procedure first for the monltoring of persons -
occupationally exposed to phosalone by determining Its residue, 0,0-dlethy!
phosphorodithiocate salt. In-addition to the dIfficulty caused by
Inaccessibi!l ity of the reagent for dlazopentane preparation, the Impurlties
present in Its ethereal exiract could not be removed effliclently enocugh and
they spoiled the gas chromatograms. For this reason we chose the alkylation
with distiiled ethereal diazomethane: The presence of Inqrganic phosphate did
not represent a problem in our case. " - o

In all urine samples of occupationally exposed persons, 0,0-dlethy!-S-
methyl phosphorodithioate was found, and the hlghest values were accompanled by
the lowest values of AChE activity In blood. Analyses of 22 urine samples of
unexposed persons did not show the present of O 0-dle+hyt-$~me+hyl :
phosphorodffhloafe.

Z. Vasilic: Organophosphorus Pesflcldes ln Surface Wafers, M.Sc. Thesis,
University of Zagreb (1979). - .

The degradation rate of OP pesticides has to be considered for proper
evaluation of the results obtained by analytical methods for the defermlnaflon
of these compounds in surface waters.

The experiments performed with model systems of surface waters wlth
various levels of pollution: from varlous sources, have. shown that the degrada-
tion rate depends not only on-the chemical factors but also on the
bacteriologlical profile of fhe water supply. . o

The determination of the total amounf of oP’ pesflc!des is proposed as an
adequate parameter for measurement of polllution of surface waters. This
approach requires the determination of diverse compounds of this class taken
together and of thelr degradation products.. The analytical method proposeed
for pollution control Includes 1) hydrolysis of all OP pesticides and of thelr
phosphorus-containing degradation products to phosphoric actd, 2) alkyfation
with diazomethane and 3) GC determination of trimethy! phasphate. The most
critical step Is the accumulation of the species to be analyzed along with a
complete elimination of inorganic phosphates prior to hydrolysis. The chromato-
graphy on an*Amberllfe XAD-4 column' Is shown. to be promising for this purpose.

Y. Vragovic: Quantitative Determination of Some Larvicides by Thin Layer
Chromafography, B.. Sc. Thests, Unlversify of Zagreb (1976).

The spof defec+ion based on the AChE !nhlbif!on with lndcphenyl acetate as
substrate has been successfully applied for the determination of malathion and.
parathion on thin~layer chromatography. A linear relationship of the spot
area, measured densitometrically, to the applied quantity of the pesticide was
been obtained in the range 0.9 - 3.5 ng for parathion and 0.2 - 1.0 ug for
malathion. Enzyme inhibition could very well be used, for qualitative :
detection of abate on a fluorescent layer even If only 3 ng was present. For
the quantitative determination of abate extracted with chloroform from surface
water samples, the measurement of the quenching of the fluoréscence of the
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spots on a- fluorescent layer was shown to be- satisfactory. In this way -
the linearity range for 0.9 to 5 ug of abate was obtained.

%
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