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INTRODUCTION 

Organophosphorus pest ic ides,  such as parathion, malathion 
and diazinon and re lated compounds, have since 1970 replaced 
DDT as pest ic ides of choice fo r  pest contro l  in crops, such as 
car ro t ,  onion and le t tuce.  In 1975 some eleven tons of  these 
mater ials were appl ied over an area of  7500 acres, which const i -  
tutes the region known as Holland Marsh. Devoted p r imar i l y  to 
intense vegetable farming, t h i s  region is located 30 miles north 
of  Toronto, Ontar io, Canada. I t  is 7 miles long, 1 to 3 miles 
in width and cu l t i va ted  by 400 farmers. The so i l  is  c l ass i f i ed  
as peat muck, and the average farm size is  25 to 30 acres. 
Holland Marsh is served by e ight  cooperative packing houses 
which process 90% of the crops. Produce is then del ivered to 
Toronto and Hamilton, Ontar io,  Det ro i t  in Michigan, and areas of  
New York State, inc lud ing Buffalo and Rochester. 

Since organophosphorus pest ic ides are la rge ly  appl ied by 
means of t ractor-drawn a i r  spray equipment some concern has 
been f e l t  for  the health of  the residents of  t h i s  area. As a 
gauge of  overexposure determinations of  plasma pseudochol inester- 
ase and red ce l l  acety l -cho l inesterase have been made in various 
groups of  residents of  Holland Marsh. The resu l ts  have been ex- 
amined for  seasonal, occupational and environmental ly exposed 
groups. The farmers were tested in the spr ing,  summer and f a l l ,  
packing house employees during the summer and school ch i ldren 
during the month of June. Residents of  Ontar io,  Canada, in 
good health and having no known environmental or occupational 
exposure to organophosphorus and carbamate pest ic ides were used 
as a control  group and these samples were co l lected over a period 
from Apr i l  to December, 1976. In a l l  some 960 measurements were 
made of  chol inesterase a c t i v i t y  and derived from 315 subjects. 

Methods 

Blood was taken from the f inger  and chol inesterase a c t i v i t y  
determined by modi f icat ion of the method described by MICHEL(194g). 
Heparinized p las t i c  tubing was subs t i tu ted  fo r  glass tubing as 
used by MICHEL. The p las t i c  tube was heat sealed fo r  t ranspor-  
ta t ion  and storage. Ai l  blood samples were kept for  a period of  
24 hours p r i o r t o  the determination of  chol inesterase a c t i v i t y  at 
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a temperature of I0 ~ C. 

Results 

At each blood col lection blood samples were taken from one 
or ei ther of the two investigators. Neither of these persons 
had any obvious exposure to organophosphorus or Carbamate pestic- 
ides. This gave a measure of the va r iab i l i t y  of the method. I t  
was found that for the two investigators the mean values and st- 
andard deviations over a period of April to December, 1976 for 
plasma pseudocholinesterase were 1.22 + O.l l  and 1.02 + O.ll 
Z~pH/hr., respectively, and for red cel-I acetylcboline~terase 
were 0.84 ~0.12 and 0.82 ~O.12~~pH/hr., respectively. 

The mean value, standard deviation and range for pseudo- 
cholinesterase and red cell acetylcholinesterase for various 
groups is given in Table I .  

TABLE 1 

Group 

Control 

School 
children 

Produce 
Packers 

Farmers-l 
(Apr-June) 

Farmers-2 
(Aug-Oct) 

Farmers-3 
(Nov-Dec) 

No. of Plasma Red Cell 
Samples S.D. Range Mean S.D. Range 

48 

Mean 

0.99 

31 0.97 

104 0.76 

119 0.84 

82 0.75 

49 0.93 

0.17 0.55-1.43 0.75 0 . I 0  

0.21 0.41-1.4410.73 0.08 

0.20 0.34-1.38 0.72 0.08 

0.24 0.41-1.58 0.83 0.12 

0.18 0.41-1.32 0.64 0.08 

0.20 0.51-1.40 0.78 0. I I  

0.50-1.04 

0.57-0.95 

0.52-0.97 

0.36-I .27 

0.46-0.95 

0.45-1.05 

There is a s t a t i s t i c a l l y  s igni f icant  difference between the 
mean value of Farmers-I and Farmers-2 with respect to both pseudo- 
cholinesterase and red cell acetylcholinesterase (P<O.O01, and 
P~0.005, respectively). Produce packers and Farmers-I show 

a s igni f icant  depression of cholinesterase ac t i v i t y  in plasma 
with regard to the control group (P<O.O01 for both). From all 
outward appearances these groups did not show any abnormal c l in- 
ical signs although there was a s t a t i s t i c a l l y  s igni f icant  depress- 
ion of cholinesterase ac t i v i t y .  Whilst these results are equi- 
vocal i t  would seem that this study would support the suggestion 
that red cell acetylcholinesterase ac t i v i t y  is a more rel iable 
indicator of organophosphorus pesticides intoxicat ion. The blood 
cholinesterase levels of 132 pesticides applicators (farmers) 
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were determined during the period Apr i l  to December, 1976. In 
as far  as ind iv idua ls  were ava i lab le  samples were co l lec ted 
on three occasions. The d i s t r i b u t i o n  of  pseudocholinesterase 
levels  for  the three groups of  farmers is shown in Fig. I .  
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Fig. 1 - D i s t r i bu t i on  of plasma pseudocholinesterase a c t i v i t y  - 
~ p H / h r .  for  farmers exposed to organophosphorus 
pest ic ides.  

The distr ibut ion of red cell  acetylcholinesterase was simi- 
lar  to that of pseudocholinesterase. I t  can be seen that there 
is a decline in pseudocholinesterase ac t iv i ty  during Aug-0ct, 
1976, a period when spraying was at i ts  height. 

The pseudocholinesterase a c t i v i t y  of the control  group, 
produce packers and school ch i ld ren are shown in Fig. 2. 
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Fig. 2 - D i s t r i bu t i on  of  plasma pseudocholinesterase a c t i v i t y  - 
~ p H / h r .  fo r  control  group, produce packers and school 
ch i ldren.  

The values fo r  the produce packers were s t a t i s t i c a l l y  s i g n i f i c a n t -  
ly  lower than that  of the control  group wi th respect to both 
pseudocholinesterase and red ce l l  acety lchol inesterase.  (P<O.O01, 
and P<0.05,  respec t i ve ly ) .  The values fo r  school ch i ldren did 
not d i f f e r  from that  of  the control  group in respect of e i the r  
pseudocholinesterase or red ce l l  acety lchol inesterase.  

Ind iv idua l  d i f ferences for  the farmers have been examined 
during the period of  Apr i l  to August, August to October, and 
October to December, 1976. In the f i r s t  group the comparison 
was made between 75 subjects and in the second group, between 33 
subjects.  The resu l ts  are shown in Fig. 3 for  red ce l l  acety l -  
chol inesterase. 

620 



Farmers -1 and Farmers-2 
( April and Aug. 1976 

O. lO 

~: o.o~ I 
~ o  �9 
--~ 0.01 

Z o.2 ~iii:i!!!iiiiiiiiiiiiiiiiiiiiii~i~ii~iiiiiiiiiiiiiiiiiiiiiiiiiiiii!iiiii~~iiiiiiii!iii!iii~iiiiiii~~i!!ii~i~~iii!iii~ 
iiiiiiiiiiiii!iiiiii�9 0.3 

0.4 

0.5 

0.6 

0.3 

0.2 

0.1 

.BI 

!!' 

Farmers -2 and Farmrs-3 
O~ug. and Nov. 1976) 

I 
I 

i , i i i i i i i i i i i 

5 10 15 20 25 30 35 40 5 10 L~ 20 25 

OF SAMPOES ™ OE SAMPUES 

I 
I 

[ ]  l ~ r ~ e  

~ ~ r ~ e  

i , i 

Fig. 3 - Seasonal d i f ference in red ce l l  acety lchol inesterase 
a c t i v i t y  in farmers, Holland Marsh, Ontario. 

I t  is  seen that  there is a d i s t i n c t  reversal  in the trend of  the 
resu l ts  obtained in the two periods. In the f i r s t  period there 
is a marked decrease in acety lchol inesterase a c t i v i t y .  However, 
in the second period th is  a c t i v i t y  has increased. The change in 
pseudocholinesterase levels fo r  the ind iv idua l  farmers was s imi-  
far  to that  fo r  red cel l  acety lcho l inesterase.  In the above 
comparison the number of farmers in  each group was not the same, 
but,  i f  the resu l ts  of  those farmers who were sampled on at least  
three occasions during the season are compared as shown in  Table 
2, the s im i l a r  depression of enzyme a c t i v i t y  occurs in  the summer 
wi th a return of t h i s  a c t i v i t y  when the spraying season has ended. 

TABLE 2 

Cholinesterase A c t i v i t y  - pH/hr for  33 farmers sampled three 
times during season year 

Time of Plasma Red Ce l l  
sampling Mean S.D. Ran~e Mean S.D. 

Apr i l -June 0.84 0.21 0.42-1.56 0.79 0. I0 

Aug-Oct 0.75 0.15 0.44-I .01 0.64 0.09 

Nov-Dec 0.92 0.20 1.51-1.47 0.78 0.08 

Bange 

0.58-I  .04 

0.54-0.95 

0.61-0.96 
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DISCUSSION 

The normal levels of chol inesterase a c t i v i t y  used in th is  
study were obtained from the contr61 subjects.  This gave a mean 
value of 0.99 + 0.17 and 0.75 + O. lO~pH/hr .  fo r  plasma and ~ed 
c e l l ,  respect i~e ly .  This would imply that  a normal range for  
chol inesterase a c t i v i t y  in plasma and red ce l l  would be 0.69 - 
1.29 and 0.55 - O.954pH/hr.  based upon + twice the standard devi-  
a t ion ,  respect ive ly .  However, MICHEL (1949), as a resu l t  of  a 
study on 12 subjects,  proposed a mean value of  0.70 and 0.75 
~pH /h r .  fo r  plasma and red c e l l ,  respect ive ly .  Although the 
values from MICHEL and the present study fo r  red ce l l  acety l -  
chol inesterase a c t i v i t y  are s im i l a r ,  there is a d i f ference bet- 
ween values fo r  plasma pseudocholinesterase leve l .  I t  is  sug- 
gested that  red ce l l  acety lchol inesterase values are a bet te r  
ind ica to r  of  overexposure to organophosphorus and carbamate pes- 
t i c ides  than are plasma levels (GOLZ and SHAFFER). 

In the present study the produce packers had an apparent 
lower pseudocholinesterase a c t i v i t y .  They were mainly f i r s t  
generation Portuguese landed immigrants. The di f ference is l i k ›  
l y  due to ethnic  and d ie tary  di f ferences (RHEINHOLD, 1953). 

RIDER et al (1957) in t h e i r  study on 400 male and 400 female 
subjects found that  there was a s i g n i f i c a n t  d i f ference between 
sexes with respect to plasma pseudocholinesterase. Pseudocholin- 
esterase levels fo r  men were higher than those for  women. How- 
ever, there was no s i g n i f i c a n t  d i f ference between red ce l l  ace- 
ty lcho l ines te rase  levels for  men and women. 

In the present study i t  was found that  there was no s i g n i f i -  
cant d i f ference between e i t he r  pseudocholinesterase level or 
red ce l l  acety lchol inesterase level between men and women. 

This study indicates that  there is no d i f ference with respect 
to age. However, there is some disagreement concerning the change 
of plasma enzyme in re la t i on  to age. Some inves t iga to rs  f ind  an 
increase (RIDER et a l ,  1957) and others f ind  a decrease (SHANOR et 
a l ,  1961). SIDELL (1975) in his group of  433 men and 258 women 
saw no in tersex d i f ference above the age of 60 in plasma pseudo- 
chol inesterase levels .  RIDER et al (1957) found no change in red 
ce l l  acety lchol inesterase a c t i v i t y  with age e i t he r  in  men or 
women. 

A seasonal va r ia t ion  in human pseudocholinesterase was found 
by SAKAINO (1955) wi th the levels  being higher in summer than 
in winter .  I f  such a seasonal change towards higher pseudo- 
chol inesterase leve ls  in the summer was operating in th i s  study 
then any depression due to organophosphorus pest ic ides could be 
p a r t i a l l y  or completely masked. The resu l ts  of  the present study 
are consistent  wi th moderate overexposure to organophosphorus 
pest ic ides among those growers tested on the Holland Marsh. 
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Blood cholinesterase levels have been determined for 
farmers and thei r  families l iv ing in an area normally designated 
as Holland Marsh. The results indicate that there is a diminu- 
t ion in cholinesterase level during the months of greatest organo- 
phosphorus pesticide use. There were no c l in ica l  cases of para- 
thion or carbamate poisoning among those studied. 
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