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During the  Summer o f  1975, a blood c h o l i n e s t e r a s e  (thE) 
moni tor ing  s tudy  was conducted a t  farm worker h e a l t h  c l i n i c s  
in  C a l i f o r n t a * s  Cen t ra l  Va l l ey .  Blood samples were c o l l e c t e d  
a t  the  c l i n i c  dur ing  the  months o f  January ,  May, J u l y  and 
September and t e s t e d  f o r  ChE a c t i v i t y  (KNAAK e t  a l .  1978).  
During the  grape  h a r v e s t  season ,  i n  September, 154 u r ine  
specimens (110 from males and 44 from f ~ = l e s )  were c o l l e c t e d  
from f i e l d  workers  in  a d d i t i o n  to  blood samples.  

This  s tudy  r e p o r t s  the  l e v e l  of  (1) a l k y l  phosphates  in  
the u r i n e ,  us ing a m o d i f i c a t i o n  o f  the  t e s t  p rocedure  pub- 
l tshed by SEAFXK el: a l .  (1973) and (2) the Xevel of ChE 
a c t i v i t y  i n  the blood of  these i nd i v i dua l s .  

METHODS 

Apparatus  and Glassware ,  A Varian Aerograph 2100 gas 
chromatograph equipped v i t h  a f lame photomet r ic  d e t e c t o r  o p e r -  
a t i n g  in  the  phosphorus mode was used.  A 1 .8  m x 6 =-- o . d .  
g lues  column packed wl th  4Z OV-101 on I00-120 mesh Chromosorb W 
was used.  The co lmm was cond i t i oned  and t r e a t e d  wl th  Carbowax 
20 M accord ing  to  IVES and CUIFFRIDA (1970) to  e l i ~ n a t e  t a i l -  
ins  o f  the  a l k y l  phosphate d e r i v a t i v e s .  The o p e r a t i n g  cond i -  
t i o n s  o f  the  gas chromatograph were:  co lunn,  IS0" C; i n l e t ,  
220" C; d e t e c t o r ,  210" C; n i t r o g e n  ( c a r r i e r  gas) s r a t e ,  30 
aL per  ~Ln. 

Reagents 

Formic a c i d ,  IZ forLLc ac id  i n  benzene.  E x t r a c t i o n  s o l -  
v e n t ,  1 : I  (V/V) a c e t o n l t r l l e  and d l e t h y l  e t h e r .  Anhydrous 
aod iua  s u l f a t e ,  washed in  benzene,  s t o r e d  i n  oven s t  120 ~ C 
u n t i l  used In  the  a n a l y s i s .  ~ M - s l l l c a  g e l ,  (35-100 mesh) was 
used wl thou t  a c t i v a t i o n  (Hachacrey,  Nagel and Company, Br ink-  
,man I n s t . ,  I n c . ) .  Diazopentane r e a g e n t ,  as i n d i c a t e d  by SHAFIK 
et a l .  (1973). E lu t ion  1, 20 nL, 30Z CI12C12 in  hexane. E lu t ion  
2, 20 iT., $Z acetone in  CEI2CZ 2. Preparat ion of  Amy1 der iva-  
t i ves ,  as ind icated by SHAFIK et a l .  (1973). 
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P r e p a r a t i o n  o f  Standard S o l u t i o n s .  So lu t i ons  conta tn4ug 
known c o n c e n t r a t i o n s  o f  the  Amyl d e r i v a t i v e s  were prepared by 
d i l u t i n g  out  the  d e r i v a t i z e d  s t anda rds  wi th  an a p p r o p r i a t e  
amount of  he.wane. The d e r i v a t i z e d  a l k y l  phosphates  were 
q u s n t i t a t e d  based on peak h e i g h t .  Quan t i t i on  was based on 
IM~  (3 ng/m.L), DF.AP (10 ng/mL), DNATP (3 ng/mL), DEATP 
(3 nglmL), DI4ADTP (5 nglmI,) and DEADTP (5 nglmL). 

Analys i s  o f  Ur inary  Me tabo l i t e s .  A 2.0 mL sanple  of  
u r ine  was t r a n s f e r r e d  to  a 15 aL g l a s s  s toppered  c e n t r i f u g e  
tube to  which was added 2 .0  g o f  Nat1, 6 .0 aL of  l : l  (V/V) 
a c e t o n i t r i l e  and d t e t h y l  e t h e r .  The t e s t  tube was inmed ia t e ly  
shaken f o r  1 .0  a i n  and 2 .0  aL of  the  s o l v e n t  was t r a n s f e r r e d  
to  ano ther  IS aL c e n t r i f u g e  tube .  Diazopentane Amyl r eagen t  
was added u n t i l  a p e r s i s t e n t  orange c o l o r  was produced (2 to  3 
eL).  The r e a c t i o n  mixture  was then al lowed to  s i t  f o r  one h 
and then hea ted  a t  50~ f o r  15 a i n .  Amyl d e r i v a t i v e s  were 
concen t r a t ed  t o  about  0 .5  nL under a smal l  s t ream of  n i t r o g e n .  
The d e r i v a t i v e s  were then shaken v i g o r o u s l y  f o r  2 min wi th  a 
mixture  o f  5 . 0 m L  of  wa te r ,  5 .0  g of  NaC1 and 5.0 mL of 
hexaue. The tube was c e n t r i f u g e d  and the  top hexaue l a y e r  
t r a n s f e r r e d  t o  a c l e a n  t e s t  tube .  

The mlx ture  was aga in  e x t r a c t e d  us ing  5.0 mL of  hexane.  
The combined hexane e x t r a c t s  were evapora ted  to  2.5 mL and 
placed on top o f  a 2 .5 x 0 .5  cm column of  35-70 a e s h H N - s i l l c a  
ge l  prepared by adding I g of  Na2SO s t o  the  top o f  the  column 
and washing wi th  f O a L  o f  hexane.  The Amyl d e r i v a t i v e s  of  DKYP, 
DETP, DI~YP and DEDTP were e l u t e d  o f f  the  column us ing  20 mL of 
30Z CH2CI 2 i n  hexane ( F r a c t i o n  I )  whi le  the  d e r i v a t i v e s  of  IMP, 
D&P, DEPTh and DMPTh were e lu t ed  wi th  20 mL of w ace tone  in  
CH2C12 ( F r a c t i o n  I I ) .  The i n d i v i d u a l  f r a c t i o u s  ( I  and I I )  were 
concen t r a t ed  t o  2.0 mL f o r  gas chronmtography.  A l iquo t s  of  5 
to  l0  u L w e r e  i n j e c t e d  i n  the  chromatograph.  

t he  D e t e r a l n a t i o n s .  The blood the  a c t i v i t y  was determlned 
using t he  method of  ~ e t  a l .  (1978) developed f o r  the  Tech- 
n icon  AutoAnalyzer  I I .  The method c o l o r i m e C r i c a l l y  de termines  
the  ChE a c t i v i t y  o f  whole b lood ( i n t a c t  red  c e l l s  and plasma) 
and plasma. The the  a c t i v i t y  of  the  red c a l l  was ob ta ined  by 
s u b t r a c t i n g  the  a c t i v i t y  o f  the plasma from whole b lood .  The 
8 ~ p l e ' s  h e n a t o c r i t  was used i n  the  c a l c u l a t i o n  as i n d i c a t e d .  

[1 -Hematocr i t ]  
DC =Whole  Blood a c t i v i t y  - ~ ....... 100 

Hematocr i t  
100 

[P~um ActlvltTl) 

Er ro r s  involved  in  p ipect img packed r e d  c e l l  volumes were 
e l imina ted  by Chls p rocedure .  The AutoAnalyzer I f ,  s e t  up f o r  
the  a n a l y s i s ,  was a dual  channel  a n a l y z e r  equipped wlch a 
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d i a l y z e r  i n  each  channe l .  The d i a l y z e r  in  the  a n a l y z e r  channel  
a l lowed sma l l  m o l e c u l e s  such as  t h i o c h o l i n e ,  the  h y d r o l y s i s  p r o -  
duc t  o f  a c e t y l t h i o c h o l i n e ,  t o  be ana lyzed  s e p a r a t e l y  from i n t e r -  
f e r r i n g  h igh  m o l e c u l a r  we igh t  p r o t e i n s  and i n t a c t  red  c e l l s .  In  
t h i s  sys tem,  t he  c o l o r  r e a g e n t  (DTNB) i s  mixed wi th  t h i o c h o l i n e  
a f t e r  d i a l y s i s .  The a c t i v i t y  i s  r e p o r t e d  in  umoles of  -SH 
r e l e a s e d  p e r  rain pe r  mL o f  sample .  

A p lasma s t a n d a r d  f rom Sigma Chemical Co. was used as  the  
enzyme s t a n d a r d ,  w h i l e  g l u t a t h i o n e  was used as a s t a n d a r d  sou rce  
o f  -SH f o r  i n s t r u m e n t  s t a n d a r d i z a t i o n .  

RESULTS AND DISCUSSION 

The p u b l i s h e d  method o f  SHAFIK e t  a l .  (1973) was mod i f i ed  
to  i n c l u d e  a h e a t i n g  p r o c e d u r e  (15 rain a t  50" C) in  t h e  fo rma-  
t i o n  o f  t he  Amyl d e r i v a t i v e s  and a change in  t he  s i l i c a  g e l  
column p r o c e d u r e .  We used 20 mL o f  30Z CH2C12 as  F r a c t i o n  I 
and 20 mL of  95Z CH2C12 as  F r a c t i o n  I I .  I n  t h i s  p rocedu re  no 
f r a c t i o n s  were d i s c a r d e d .  The s i l i c a  g e l  used in  t he  p r o c e d u r e  
e l i m i n a t e d  the  i n t e r f e r i n g  m a t e r i a l s  p r e v i o u s l y  encoun te red  by 
SHAFIK e t  a l .  (1973) ,  

F igu re  1 (B, C, D) g i v e s  t h e  gas  chromatogr-m-  f o r  the  
Amyl d e r i v a t i v e s  o f  t h e  s i x  s t a n d a r d  d i a l k y l  p h o s p h a t e s .  The 
d i me thy l  and d i e t h y l  d i t h i o p h o s p h a t e s  chromatographed as  i n d i c a -  
ted  i n  F igu re  ]3 ,  w h i l e  t h e  d i m e t hy l  and d i e t h y l  t h i o n o p h o s p h a t e s  
and t h e i r  i s o m e r s ,  t he  d i m e t h y l  and d i e t h y l  t h i o l o p h o s p h a t e s ,  
chromatographed as  i n d i c a t e d  i n  F igu re  1C. I n  the  a n a l y t i c a l  
p r o c e d u r e  t he  t h i o n o p h o s p h a t e s  a r e  f i r s t  s e p a r a t e d  f rom the  t h i o -  
l o p h o s p h a t e s  on the  s i l i c a  g e l  column p r i o r  t o  gas  chromatography .  
The t h i o n o p h o s p h a t e s  e l u t e  in  F r a c t i o n  I w i t h  t h e  d i t h i o p h o s p h a t e s .  
D ine thy l  and d i e t h y l p h o s p h a t e  chromatograph as  i n d i c a t e d  in  F igu re  
1D. 

F i g u r e  I (A)  i s  a t y p i c a l  chromatogram o f  F r a c t i o n  I c o n t a i n -  
ing the  t h i o n o  and d i t h i o p h o s p h a t e s .  The t h i o l o p h o s p h a t e s ,  i f  
p r e s e n t  i n  F r a c t i o n  I I ,  chromatograph  j u s t  p r i o r  t o  d ime thy l  p h o s -  
p h a t e .  F igu re  2 i s  a chromatogram o f  a u r i n e  sample  ( F r a c t i o n  I I )  
f o r t i f i e d  w i t h  d ime thy l  and d i e t h y l p h o s p h a t e .  The chromatogram 
shows the  p r e s e n c e  o f  t r i a m y l p h o s p h a t e  (TAP) and an unknown 
compound J u s t  p r i o r  t o  TAP. 

Tab le  1 g i v e s  t h e  r e c o v e r i e s  of  t h e  v a r i o u s  a l k y l  phos -  
p h a t e s  f rom u r i n e s  f o r t i f i e d  a t  t h e  O.1 ppm l e v e l .  F r a c t i o n  I 
o f f  t h e  s i l i c a  g e l  column c o n t a i n s  DM1T, DETP, DMDTP and DEDTP. 
R e c o v e r i e s  o f  t h e s e  compounds were  c o n s i s t a n t l y  h i g h .  F r a c t i o n  
I I  c o n t a i n e d  DMP and DEP. The DMP and DEP were no t  r e c o v e r e d  
to  t he  same ex tend  as  were  t h e  compounds in  F r a c t i o n  I .  The 
t h i o l a t e s  were no t  found i n  F r a c t i o n  I I  under  t h e s e  c o n d i t i o n s .  
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Figure i 

Gas chromatograms of  the a l k y l  phosphates .  (A) Urine sample 
( F r a c t i o n  I )  f o r t i f i e d  wi th  Aayl d e r i v a t i v e s  of  DEIT, DETP, 
DMDTP and DEDTP (1.0 ng each) .  (B) Standards  o f  DMDTP and 
DEDTP (5.0 ng each) as Amyl d e r i v a t i v e s .  (C) Standards o f  
DMTP and DETP (3.0 ng each) as  Amyl d e r i v a t i v e s .  (D) S tan-  
dards of  IMP (3.0 ng) and DEP (10 hE) as Amyl d e r i v a t i v e s .  

TABLE I 

Dta lky l  Phosphates  Used in This Study and Thei r  Recover ies  
From Human Urine F o r t i f i e d  a t  the  0.1 ppm Level  

D e r l v a t i z e d  Average Z Recovery Frac t ion  Off 
Alkyl  Phgsphates  (4 Determinat ions)  S i l l c a  C~1 

IZ~P OleO) 2P (S)OH 9 7 . 1  I 
DETP (EtO) 2P(S)OH 98.0 I 
DMDTP (MeO) 2P (S) SH 98.6 I 
DEDTP (EtO) 2P(S)SH 97.5 I 
DMPTh (Me(}) 2P(O)SH - -  I I  
DEPTh (EtO) 2 P (O)SH - -  II  
DMP (MeO) 2POOH 90.0 II 
DEP (EtO) 2POOH 89.3 II 
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Chromatogram of  c o n t r o l  u r ine  ( F r a c t i o n  I I )  
fortified with D~ and DEP (5.0 ng each) as 
their Aayl derivatives. 

Of the  154 u r i n e s  ana lyzed  f o r  a l k y l  phosphates  (110 from 
males and 44 from f ema le s ) ,  25 u r i n e s  (24 from males and 1 from 
females)  were found to  c o n t a i n  t r a c e  q u a n t i t i e s  o f  DMP, DEP and 
DMDTP. Die thy l  phosphate  (DEP) (~ - 0 . 0 6 9  ppm) was found in  22 
of urines from the male field workers, while DMP (~ = .039 ppm) 
was found in 2 urines and DMDTP (0.086 ppm) in one urine. A 
trace (less than .02 ppm) of DEP was found in the urine of the 
one female f i e l d  worker .  

In  Table 2 the  r e s u l t s  o f  the  b lood ChE a n a l y s i s  a re  g iven 
fo r  the  24 males having  small q u a n t i t i e s  of  a l k y l  phosphates  in  
t h e i r  u r i n e s ,  The plasma and red c e l l  a c t i v i t y  of  these  men 
were no t  s i g n i f i c a n t l y  d i f f e r e n t  from the  a c t i v i t y  o f  n o n f i e l d  
working males accord ing  t o  the one-way a n a l y s i s  of  v a r i a n c e .  
For comparison purposes ,  the  f requency  d i s t r i b u t i o n  s t a t i s t i c s  
f o r  workers  and nonworkers a re  g iven  i n  Table 2. The range of  
va lues  (Plasma and EBC) f o r  the  f i e l d  workers  was s m a l l e r ,  bu t  
w i t h i n  the  range o f  the  c o n t r o l  group.  
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TABLE 2 

S t a t i s t i c a l  A n a l y s i s  of  C h o l i n e s t e r a s e  Values 
From Male F ie ld  Workers and Nonf ie ld  Workers 

ANALYSIS OF VARIANCE 
Plasma Red Blood Ce l l s  

F i e l d  Nonf ie ld  F ie ld  Nonf te ld  
S t a t i s t i c  Workers Workers Workers Workers 

Sample Size 24 95 24 95 
Mean, ~ 9.6 9.4 28.8 27.5 
Std Deviation, s 1.41 1.62 4.3 4.1 
F Ratio 0.25* 1.95" 

Statistic 

~qu~cYDIST~BU~ION STATISTICS 
Plasma Red Blood Ce l l s  

F i e l d  Nons F ie ld  Nonf ie ld  
Workers Workers  Workers Workers 

Median 9 .6  9 .4  29.0 27.5 
KurCosis ,  g2 - 0 . 6 7  0 .61 -0 .39  - 0 . 5 7  
Skewness, g l  - 0 . 0 9  - 0 . 1 8  -0.19 - 0 . 0 3  
Minimum 6.8 3.8 21.0 18.2 
Maximum 12.2 13.1 36.8 35.4 

*Not s i g n i f i c a n t l y  dis163 a t  5Z l e v e l .  ChE a c t i v i t y  exp re s -  
sed in  umoles o f  -SH r e l ensed /min / aL  o f  sample.  

The u r i n e  a n a l y s i s  i n d i c a t e s  t h a t  smal l  amounts o f  o rgano-  
phosphates  were absorbed by the  f i e l d  workers  bu t  were not  s a f s  
c l e n t  t o  cause  a dec rease  i n  b lood  c h o l l n e s t e r a s e  v a l u e s .  The 
va lue s  f o r  unexposed i n d i v i d u a l s  v a r i e d  between 0.02 to  0.04 ppm, 
whi le  s l l s h t  exposure  r e s u l t e d  i n  u r i n e  l e v e l s  between 0.04 to  
0 . I  ppm. Exposure was r e l a t e d  to  l e v e l s  of  0 . I  ppm and above.  
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