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Chlorobenzilate is a carbinol acaricide introduced by J.R. 
Geigy in 1952 which has been registered for almost a dozen uses. 
I t  is sold under the trade names of AkarR, FolbexR, Acaraben R, 
Benzilan R, and Kop-Mite R. 

Chlorobenzilate was the f i r s t  pest ic ide to go through the U.S. 
Environmental Protection Agency's (EPA) fu l l  Rebuttable Presumption 
Against Registrat ion (RPAR) process. In May of 1976, EPA issued an 
RPAR notice on chlorobenzilate fol lowing alleged tumorigenici ty in 
male mice by the National Cancer I ns t i t u te .  In June 1978, the 
agency issued a "Notice of Determination" which stated that the 
cancer r isk presumption had not been rebutted and called for  addi- 
t ional exposure studies to be conducted on applicators and pickers. 
To carry out one phase of these studies, EPA contracted with the 
Univers i ty  of Miami School of Medicine to develop an analyt ical  
method for monitoring human exposure to chlorobenzilate. 

Methods of assessing human exposure to pesticides have includ- 
ed ( I )  analyses of patches on clothing and skin swabs for dermal 
exposure, (2) analyses of f i l t e r s  in respirators for inhalat ion 
exposure, (3) measuring dislodgable residues on f r u i t  and fol iage 
for picker exposure, and (4) food and ambient a i r  analyses for 
general population exposure. All of these are measures of exposure 
but not absorption, and require fur ther estimation of the amount 
actual ly  absorbed. A more d i rect  approach is to measure the ex- 
cret ion of the parent compound and/or an appropriate ur inary metabo- 
l i t e  in a timed urine sample. This assumes a knowledge of the rate 
of excretion which can be readi ly  obtained by using an animal feeding 
study as a model. We have chosen th is  approach for  our work. 

Several authors (BARTSCH et a l .  1971, HORN et al. 1955, VETTORAZZI 
1975, WHO/FAO 1969) state that the major ur inary metabolite in warm 
blooded animals is 4 ,4 ' -d ich lorobenz i l i c  acid (DBA). This metabolite 
can be oxidized to the more stable and more easi ly  gas-chromatograph- 
able 4,4'-dichlorobenzophenone (DBP) ( i t  should be noted that DBP is 
also a metabolite of  d ico fo ] ) .  This reaction was used in one of the 
early chlorobenzilate analyt ical  methods developed by BLINN et al.  
(1954). We also have used th is  reaction as the basis of our method. 
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METHOD 

A gas chromatograph equipped with ~aNi detector was used with a 
1.8 m x 4 mm ID glass column packed with 1.5% OV-17 + 1.95% OV-210 on 
80/00 mesh Gas Chrom Q. In le t ,  column and detector temperatures were 
250, 210, and 300~ respect ively;  nitrogen carr ier  gas flow was 60 
mL/min. 

Oxidizing reagent was 5% K2Cr207 in 20% H2S04. Keeper solut ion 
was I% paraf f in o i l  in hexane. 

Procedure. To 5 mL of urine in a 60-mL separatory funnel is added 
5 mL of ox id iz ing reagent. The funnel mouth is t i g h t l y  covered with 
a piece of aluminum fo i l  and the funnel placed in a 90~ oven for 1 h. 
The funnel is then removed and cooled for 1 h. The oxidized sample is 
d i luted by adding 30 mL d i s t i l l e d  water, and par t i t ioned by shaking 
for 2 min with I0 mL hexane. The aqueous layer is drained into a 125- 
mL separatory funnel and the par t i t i on ing  repeated once more with a 
fresh I0 mL portion of d i s t i l l e d  water. The aqueous layer from th is  
par t i t i on ing  is combined in the 125-mL funnel with that from the f i r s t  
par t i t i on ing .  To the 125-mL funnel is added I0 mL hexane and par t i -  
t ioning done by shaking the funnel for 1 min. The aqueous phase is 
discarded and the hexane phase is drained into the 60-mL separatory 
funnel. The combined hexane phases are then washed by shaking for 1 
min with I0 mL fresh d i s t i l l e d  water. The aqueous layer is discarded 
and the hexane layer is passed through a plug of sodium sul fate into 
a cal ibrated centri fuge tube. The sodium sul fate is rinsed with a 
few mL of hexane, combining th is  with the hexane in the centri fuge 
tube. Af ter  adding 5 drops of keeper solut ion,  the hexane volume is 
concentrated by a gentle stream of nitrogen while the tube is held in 
a ca. 40~ water bath. Af ter  adjusting the volume in the centri fuge 
tube to exactly 5.0 mL, in ject ions are made into the gas chromatograph. 
Di lut ions are made to bring any of f -scale peaks into the pre-determin- 
ed l inear  range of the detector. 

RESULTS AND DISCUSSION 

The method was applied for  the analyses of urines from a rat  
feeding study and 36 urine samples collected from s ix  c i t rus grove 
workers. Pre-dose rat  urines and urine from non-exposed humans 
averaged less than 0.01 ppm as DBP. Recoveries from eight non-exposed 
human urines f o r t i f i e d  with DBA at 0.05 ppm and analyzed along with 
the c i t rus worker samples averaged 97% with a range of 8 4 -  108% and 
a standard deviation of 9%. 

In Figure 1 are shown typical chromatograms of standard DBP, non- 
exposed human urine and exposed human urine. DBP residues in urines 
from dosed rats and exposed humans are calculated back to ppm chloro- 
benzilate by mul t ip ly ing nanograms DBP found by 1.29 and d iv id ing th is  
f igure by the mil l igram urine equivalents injected. The results of the 
rat  feeding study and the analyses of the c i t rus worker samples w i l l  be 
published at a la ter  date af ter  completion of al l  analyses. Publica- 
t ion of the method at th is  time is for the purpose of making i t  widely 
avai lable to other interested invest igators.  
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F i g .  1. T y p i c a l  chromatograms o f :  A - n o n - e x p o s e d  human u r i n e  

( e x t r a c t  o f  5 ml .  i n  5 ml.  h e x a n e ) ,  B - DBP s t a n d a r d  
(0 .29  n g . ) ,  C - exposed  human u r i n e  ( e x t r a c t  o f  5 ml ,  
i n  5 ml .  h e x a n e ) .  Arrows i n d i c a t e  t R o f  DBP. 
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