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(BEZA BEMEILA 1B
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BEARIBYASE S AP AORARTEERERBED ZEREFRALMGEIA
ERKEREICEE  ARRETEHANHERT —EHARK AR EAHREY
ZHE YA REEERBETRBEARRBTREHERBED ZEE -

KGMHETIRREFIRBRAKE » REFFEHRBE 2B FEDZERN » BRI
SE{L44E Pentafluorobenzyl bromide (PFB-Br) KM PFB—BISE{T4S

» BT AR EEETHARKEBEN ETRERIBHEB S - FIALSFETS
$TR¥ S Pentachlorophenol (PCP), Para-Nitrophenol (PNP), 1-Naphthol, 3-
keto-7-phenol Carbofuran, Phenol, m-Cresol FBR3E B MEY o

FIA B ESTREEERE S 46 NABRRE+F 35 12F PCP» 3 &
PNP » 36 fir4 1-Naphthol » 30 fir 4 Phenol » 4647 R ¥ EE b 577 & 3-keto-7-phenol
Carbofuran » & m-Cresol o '

G¥ 3T BRERRS » 27 & PCP» 20 fir4 PNP» 28 fir4 1-Naphthol » 1
4 3-keto-7-phenol Carbofuran » 31 fif& Phenol » 37 fZ[R¥E+#ETE& m-Cresol o

G4 96 (BB TH T ARHEERES 82 e PCP» 20 fus PNP» 28 fid
1-Naphthol » 5 fi74 3-keto-7-phenol Carbofuran » 72 fiz & Phenol » 96 iz JR¥ER15
A& m-Cresol ¢

LEVERSES  BETHETASEHEN 0.8283 ppm » ER{G 0.2725 ppm» &
#E{5 0.1093 ppm » REAFMBE TR T AERSEEELE » HREFRBHHEH
BLAMERFRER

HAREEZRBELSYEERARAMERARYMETE » HE=8TRBEZ
THEABRFNERRIEEY2SERE PCP & PNP EABARRSPRD » AKE
AR » ERETHEIFABRFRERES » AR PCP & PNP ZHMBEHTERS > £l
FAMERERRES P ZRE

(HRTE : BRIy » RESIT » RBABRD T

ABSTRACT

Li, Gwo-Chen and Hung-ping Li (1984) Analysis of Phenolic Metabolites
of Pesticides in the Urine. Plant Prot. Bull. (Tajwan, R. O. C)
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27:433~446 (Residue Control Department, Taiwan Agricultural Chemicals
and Toxic Substances Research Institute, Wufeng, Taichung Hsien,
Taiwan, R. O. C)

Residue of pesticides or their metabolites in the human adipose tissue,
blood and urine are the indicators for the prediction of the human exposure to
the pesticides.

A method for the analysis of phenolic metabolites of pesticides in the
urines of different occuptions was developed in this study, The procedure
includes the acid hydrolysis, exlraction, derivatization, silica gel  colum
chromatograplly and electron-capture gas chromatography. The method have
been successfully used to anaylze the residue of PCP, PNP, 1-Naphthol, 3-keto
=7=phenol Carbofuran, Phenol, m-Cresol in urine.

To analyze the urine samples from 46 officers, 1-Naphthol was found in
36 camples, PCP was found in 35 samples, Phenol was found in 30 sampls,
PNP was found in 3 samples. The 3-keto-7-phenol Carbofuran and m-Cresol
were not found in all samples,

To analyze the urine samples from 37 farmers, Phenol was found in 31
samples, 1-Naphthol was found in 28 samples, PCP was found in 27 samples,
PNP was found in 20 samples, 3-keto-7-phenol Carbofuran was found in 1
sample. The m Cresol was not found in all samples.

To analyze the urine samples from 96 workers of pesticides manufacturers
and foumulators, PCP was found in 82 samples, 1-Naphthol was found in 73
samples, Phenol was found in 72 samples, PNP was found in 33 samples,
3-keto-7-phenol Carbofuran was found 5 samples. The m-Cresol was not found
in all samples.

Average of 0.8283 ppm of total phenolic compounds was found in the urine
of the workers of the pesticide manufacturers and formulators, 0.2725 ppm
was found in the urine of farmers, and .1092 ppm was found in the urine of
officers.

Comparing thc amount of PCP, PNP, 1-Naphthol and Phenol in urine
hetween the three occupational categories, it seems to be that PCP and PNP
were the good indicators of human exposure to the pesticides,

(Key words: urine, phenolic compounds, FPCP. PNP. I-naphthol, 3-keto-7-
phenol carbeluran, phenol, m-cresol)
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TRAREMREE S  THABIEER  ZBE
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Bl AR REY B SR
fy it &% (phenolic Compounds) » ZE 5B
{24 (Phenoxy Acids) - sl
&4 (Alkyl Phosphate) « ZE8(Anilines)
s ZHERIba (Triazines) RHEBHNL
+#% (Others)™ » TATE 52 1% A WA #
SRR R MR Lo B —RUR ST TR
o S b A [ A PR R B A R 0 DL A
P RERR T2 o

Bracfadl 2 e &% - A A s

(§1) Fi{tatgy PCP ( Pentachlorophenol)
Po—dnis (RPND s BHEELH ( Methyl
Parathion) » Z.Z P44 (Ethyl Parathion)
Frf#ty PNP  (Para-Nilrophenol) 3 #4F
& (Carhofurar) Ly 3-keto-7-phenol
Carbofuran 3 #3C (Carbaryl) ey 1-
Naphthol ; Chlerchenzene {43 Phenol
; MTMC %319 m-Cresol o gaftihs 4775
W o ENT o TE T I (LI L e A R
A5 BT T A L T RS B M o DRI IR
v e A7 HE T o) TR Ao R P T B, L B By i
G0 RO R O T+ DR A 2
bR o

# ¥ B’ A&

— ~ AR R -

1. FREECHH R R

Pentachlorophenol ( poly Science

Corporation ), Para-Nitrophenol (

Merck, Chemical Co.), 1=Naphthol

(Wako pure Chemical

LTI,

(FMC Corporation) . Phenol (Merck.

Chemical Co. ),

Chemical Co.).

2. PFB-Br. (Pentafluorobenzyl
reagent) A :
I 2ml PEB-Br&#il(Pierce Chemical

Co) or o-bromo-2,3,4,5,6-Pentafturo

toluene (Aldrich Chemical Co.)

100 ml =HAH » DIREREREZ o

3. EESANER—5% (W/V):

Industvies,
Carhofiran

3-ketn-7-phenol

m=Cresol ( Merck,

bromide

& 5 g NaHCO; (Merck) # 100 ml
B o LIZEMKEREERZ o B
50 ml & B4 (Methylene Chloride)
AR BERE SRR  WEKREER

4. WMEREW—50% (V/V):

¥ 100 ml PR (Merck) B8 A
100 ml 7&K » ¥ i LR 24 (
Benzene) FEInpZC » RN » HfREH

5. BFIECEE K

WAk am AN EEE « AREin A NaCl (
Merck) » ERTHEEMRR IR » BB R
e

6. EHEHE :

{#H 1g silica gel No. 923 » 100/200
mesh (Davison Chemical Co.) B 3EHE
HMOGREEREE R o

7. B3EiE (Isooctane) (Merck Chemical

Co.) » ZFt (Ethyl Ether) (Wako pure

Chemical Industries, LTD.) « _SH

(Methylene Chloride) (Aceps Chemical

Co.).
=~ 57440 (Derivative) ZHUHK™ :

PNP-PFD =7 % fi :

## 0.02 mole P-Nitrophenol (MW:
139.11 g/mole) % 50 ml [EIEERT » A
0.3 g kiR K,COx(Merck) 130 ml (5
i (ZEfRa) #& PNP y3#% < Hx 0.021 mole
PFB-Br A0 A B ESMA » FHInA T
B LysAs - 7o100°C #FoAdn BB — R -
FHESSERE IR » BL S ml g W BT T
§OAGAG I B 0 TN RS BN A 30
wl Z R TEEE 250 ml 43 Wei ke 0 L 10 ml
5% NaOTT L& (B A{ER phenols)
s FIE ZEEE L, 10 ml FEMIABER K » B
& ZEE R MR NasSO, MEAC » HEERE L
Whatman 42 JGEIEZE 100 m] B SR

s IR s AT OGS (n-llexane) #EBRER
R A E s RS INTEEEMNTA
#rwl B PLC #)z (Preparative layer Chrom-
atography) Ll Acetone-n-Hexane (1:9) &
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F& R B AE B o PFB, m-Cresol-PFB f{i74: #3587 IR _F ikt 5k
#'E 1-Naphthol-PFB, PCP-PFB, 3- % o HBIE ALK -
keto-7-phenol Carbofuran-PFB, Phenol-

%= 1. BEEEABEh PIB it
Table 1. Pesticides, metabolites and their PFB derivatives

Pesticide Metabolites Formula PFB ether Derivalive
cr_cl cl_C1 . F
PCP (Na) PCP C@OH cl 'CHg@F
cl Cl Cl cl F ¥
F, F
EPN :
Methyl Parathion PNP NOE@—OH NO; -CH F
' F

Ethyl Parathion

0 o}
Carbofuran 3=keto=7=phenocl CH
Carbofuran @C;(ZHS EZJE@ -F
J -cH F
o

3 b
iy
Carbaryl 1-Naphtheol @@ S e
P R
F F
r F
Chlorobenze Phencl @' OH @Q-CHZ@F
1) ¥
CH, CH F
MTMG m-Cresol @-UH 3 O—-CHQ@F
F
= ERSRRRE 180°C » My ISR 240°C o
1. |WREH SN 2. /LA (micro column)—
Varian-3700 48 2 7 b = T4 7 mm 19 cm + N B SR PR BB Y DY
A e (ECD) » i (Column) M 0 AL R silica gel » R ANZEBK
RO x 27 id ZEEE » feiE 3% OV-1 TR o MR R4 0.5 ml/min e
s HEATRER 240°C » SRR RE 7 RIS W~ SHAE:
190°C » 170°C » 150°C » IL#RERS 1. iR -
250°C {1). K#ERHE (Conjugate hydrolysis)
Tracor-220 EEE R ITEMEFHH B BTSN R R ER R R R A
B mH s (ECD) » 4r#E% (column) B & SR (glucouronic acid) FtHE
6/ x 3" id ZINFEE » ik 3% OV- (conjugate) TMHEELTEEE (Glycoside)

17 » EARER 230°C » SHEFRER PRI S d DA S B AS FTI - S eE
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{EL 300 HE AR ARG © B 5 ml PRI -
A A 5 ml #iz « FInAS02% 5 0.5 ml
s #E A TE 100°C KI5 3 30 4
SRS o

(2). #£Hy (Extraction) :

AFRESE » [ pll BAZE 1~2 2 »
A1 ml fAT B A 0 B 15 ml ZEE
W R ZER R R 0 DL 0% NallCOy
10 ml PEATHEIR R 2 » W Aok 4 M IR e B
IR ATREEAR 5 7 R T ©

18), frd4RIE (Denvative Reaction) ¢

WEEEIY FH A BRI AL 50 il [EIESREHK
o in A 2 ml Isooctane FART + Wi
TSR 0 £L 5 ml AP E
WA A 15 ml %) faEE e R o nA 25
sl 5% K,CO: ¥R 175 pl 2% PED-
Br 3AM » R - 78 40°C Hig LFE
3/ o B HESE S o

). @k (Clean-up) :

EEE LR RESERE s A 2 ml Is-
ooctane DARARRZE 1 ml £45 + WA
2 ml IsooctaneLARSAE MW ZE 0.75 ml fif H
o N BT s LD 5 ml TFEAEEE 0 R
% 0.75 ml FAAR LR I A b
BECE R, 075 ml I 2 bk Ak
th s L (1) Benzene-n-Hexane (1:
19) 6 ml N A LEIEDE » R Em 3.5
ml: (1) Benzene-n-Hexane (1: 3)
& ml JEpk » 8L S (1) Benzene-
n-Hexane (3:1) 8 ml {#¥L » Z=flkede
5 (IV) 10 ml Benzene J§#% » 2304
olgthi (1) TEE 1 mls (I) &
% 6 mli (II) TEE 10 ml; K
BL GLC-ECD #llz= -

2. [ s R

BE&LAE 0.05 ppm PCP, 0.5 ppm PNP,
0.15 ppm 1-Naphthol,
Keto-7-phenol Carbofuran,
Phenol, 0.5 ppm m-Cresol .2 AR
» ZI 1 ml HEEH R 50 ml B S
s DIEEWKE » i A 5 ml R HEEE
ARz [ o

0.5 ppm 3-
0.5 ppm

3.

4

Bdn a7 HT

MR B B R EE A6 A B B R » 37
fir B2 ) J 8 BRI PR » TR OB A7 SR 38 T
< TAEANRRYE » & IR A » R0k
HEEMRIETINY - REUIRAERE -
PRIRAR 34 BT R 4y HT 1 ) B S A PR
R B LR o

mRARK W
P HSRZ BRI

CABIREE (Conjugate hydrolysis)

1 L AN BB I T R IR R
S RROE AL DI R EENE R (Glyco-
side) RIS o e DAZ A0 3 s S el F T
s ZPHEITHI Y B RE AT A - DA BR IR B0
SRR A PR R A+ BAS02 BRNR A fi
WA R RES o U aT -

. #Hy (Extraction) :

PR B B hn A — BUERAE » LA k2L
AR S T M o AT 2 R s DUR v
FEHURE » DL Z L 0 (2 1-Nap-
hthol TAZH DA 5 B e Z I A Uise £ = (
#Fz2)

KGR EE L4 4 (Phenolic Com-
pounds) @RG-S » 3t Ka fi
1070 B - i —iReRE (Carboxylic
acids) [y Ka {H7E 1075 /24 » HIELA
R LA R AEEEH pH E - &
KA B AR BB 4 7E pH=3—4 2[4
EAEEHE s (AR} (phenol) R Hr
T TR IR A pH ERHE - RiE
H e e e e B A A b i pHL {8 k) 77
1~2 sEmfgt: o (F3)

R a4 s ( carboxylic
acids) B (phenoic acids)® s i {4
L 26 Fin e b 3 2% (R » DERG T ERARL R
» W AR LA SRk ML B A R - DR
—LOEedE o 1) 5% NaHCO. ESHdEH 6
& - INEmRER RN E R Z R E ER
[Ef R o (FE4)

MR EESY £ pH=1-2 »
A B ZE B L AYE &4 » T L



438 YRR GG FISETEE 45 (1985)

0.2N NaOH 15 mlf§ 2k Z i phenoxide TR D2 B o R B R
lon+» B 12 N HCI E{t=E pH=1-2 K TE4Y s (HR%E PCP, PNP

# 2. RV 4 LEL AR 2 miER

Table 2. Recovery of 4 differen phenolic compounds by using differenl solvent

Solvent extract recovery (%)

Compound

(C:H;).0 CH.Cls Cellg CHCOOC:Hs
PCP 98 0 67 0
PND g5 0 0 20
1-Naphthol 0 86 23 18
3-keto-7-phenol Carhofuran 80 80 70 68

* pH=1.5

% 3. 7EARRE pH ff b 4 FEA LM ZREEE
Table 3. Recovery of 4 phenolic compounds at different pH condition

Recovery (%) of pH

Compound

1 1-2 3-4
PCP 95 80 84
PNP 75 95 75
1 Naphtho! 80 95 80
3-kelo-7-phthol Carbofuran 72 82 &0

% 1, AR NaHCO; ¥ f g L=
Table 4. Recovery of phenolic compounds after the organic layer was
wachod with different valnmes of 5% NaHCO.

Recovery (%) of

Compound —_

15 ml x 2 10ml x 2
PCP 58 80
PNP 60 95
1-Naphthol 62 95
3-keto-7-phenol Carbofuran 70 82

* pH=1.5
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He(ES5)  AERBETFHNEESM - » By GLC-ECD AR » SbEH
BCATAE St R BRE T Y o TR A2

# 5. FIRR/ BANHEILEHZEER HERAEHFLFED » {HE) PFB-Br (penta
Table 5. Recovery of phenolic compou- fluorobenzyl bromide) 24 sRmEs

nds after acid/base partition RORREEE o (£ 6)

Compound Recovery (%) 4. @k (clean-up) :
LR R RE AR R E R 0 L
BB AT A Mot o RSEDIE N » LUK
R e 5 e R e T [ L o e B b e e
BRI TR S s i o (FT

PCP 80
PNP 80

S—keto—’/-phenol Carbofuran 16

* pH-1.5, ethyl ether extract, ) o
| 18T AR R KE

3. fF4-wl i (Derivative Reaction) : F—FEwmEr » —F A Isooctane & i
iR & YRR TG 4 TRAGH » BB SCIRTE » A B e R

#£ 6. TRESLAYLY PFD 14 4 R R e nrEn
Table 6. Detection limites of PFB derivatives of phenolic compounds from urine”

Limit of
Compound _— I
sensitivity ng detection ppm
PCP-PFR 0.05 0.0002
PNE-PFB 0.05 0.0020
1-Naphthol-PFB 0.03 0.0007
3-keto-7-phenol Carbofuran-PFB 0.05 0.0030
PheEol-PFB 0.05 0.0026
m-Cresol-PFB 0.05 0.0023

1) Varian 3700, GLC ECD 3% QV-1

x 7. BRIEEW.2 PFB 4 oM R BB S 2 207
Table 7. Retenation time and eluting order of PFB derivatives ol lested
phenolic compounds

PI'B ether deriv. of R. T (min)v Fraction®
rcP 5.5 T
PNP 4.2 I
1-Naphthol 2.1 I
3-keto-7-phenol Carbofuran 3.5 v
Phenol 1.1 i
m-Cresol 1.7 T

1) R. T. under Varian 3700, 3% OV-1,Ns 40 psig, Inj. T.: 240C, Det. T 250C,
Col. T.: PCP, 1-Naphthol 190C; PNP, 3-keto-7-phenol Carbofuran 170C; Phenol,
m-Cresol 150C.

2) 1g silca gel No. 923 100/200 mesh (Davison Chemical Co.)
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£8 o BRETHITEARBA « FHHERRAE -
R - 315 HEFRUEH =HARZREDRES
FIB AP 179 AR B R & PCP, PNP, 1-Naphthol L) B phenol o 77>
Wz PEERABRA A BRIT A BERETEIFEARSTESR 3-keto-7-phenol

F 8. RYHEVRIL AW R 5 A7 P B2 iR

Table 8. Recovery of phenolic compounds from urine through complete
analytical procedure

Compound Recovery (%)V Average Recovery (%)
PCP 80-98 94
PNP 85-95 91
1-Naphthol 86-95 93
3-keto-7-phenol Carbofuran 80-90 83
Phenol 70-80 77
m-Cresol 68-75 : 70

1) Data were obtained by 3 separated trials.

# 9. THEFEARETDEEGDERZME

Table 9. The residue levels of phenolic compounds in the urine of different

occupations?
. . No, of Positive % of positive (ppm) (ppm)
Metabolites Occupations sample sample ’ sample Average Max. residue
\ 96 82 85.4 0.3047 12.0300
PCP F 37 27 73.0 0.0014 0.0071
0] 46 35 76.1 0.0013 0.0120
W 96 33 34.4 0.3343 31.3390
PNP F 37 20 54.1 0.0341 0.1888
0 46 3 6.5 0.0015 0.0452
W 96 73 76.0 0.0192 0.3376
1-Naphthol F 37 28 75.7 0.0078 0.0650
0 46 36 78.3 0.0096 0.0524
W 96 5 5.2 0.0014 0.0620
3 keto- 7 phenol F 37 1 2.7 0.0003 0.0097
ur 0 46 0 0 ND ND
W 96 72 75.0 0.1687 4.,0368
Phenol F 37 31 83.8 0.2289 2.5659
0] 46 30 65.2 0.0961 1.5633
W 96 0 0 ND ND
m-Cresol F 37 0 0 ND ND
0] 46 0 0 ND ND

1) ND: non-detectable
W: Workers of pesticide manufactory
F: Farmers
0O: Officers
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Carbofuran =4t HEZHEAB R E
SEE W ATEM  3-keto-7-phenol Carbofuran
» S ABZRIEPE ¥ AETEB m-Cresol o
gi#t PCP, PNP, 1-Naphthol » L%
phenol » BT W HEH B 52 4 > WITRER H
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HEMSE e s iRy o RN EE A
i) % BB BERH (R A - T YRR b e
BETHRIFEAR  BEBRAHRKREHHER
RREHRAF— B FRME 1 ~ 62 ~ 53
Bl 4 o gtk MU IR PCP R PNPLISE-32 HAth

% of positive average
samples (ppm)
; e N 7777
100 PPM o4
oo |
80}, |
70| 22?’ i
60 | / |
80 L ﬁffﬁf Jo.2
w0t / |
ol _
20| / |
0 % 0
OFFICER FARMER WORKER
M 1. PCP fERFABEAREHZ SR -
Fig. 1. PCP in urine samples of different occupations.
% of positive average
samples (ppm)
— AN
x ppm
100 0.5
80 | -
o0 | 1
0L .
§o | / 7
50| K / 40.25
ol / |
0 I A 0
OFFICER FARMER WORKER
B 2. PNP ZERRABEARETZEE -

Fig. 2. PNP in urine samples of different occupations
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% of positive average
samples {(ppm)

1 24

m.

»
T
gol

7

//
.

\

m

GFFIGER FARMER WORKER

B 3. 1-Naphthol Fe/R[FBEFE AR P55 o

Fig. 3. 1-Naphthol in urine samples of different occupations.

% of positive average
samples (ppm)

m

-
o]
ke]

.
.

&

OFFICER FARMER WORKER

f& 4. Phenol ZERRERIEARMPE a5

Fig. 4. Phenol in urine samples of different occupations.
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A RN T8 » 1-Naphthol il PR P o R 7 A e B B R A s BRI
» HFK » T phenol RIS M AR TR AR R A AR F T Em IR TE 2
P THER  HRAETRITFEARESZR A HEESE o il 5 MR FEARBEEARK S
gErEESRER  RVMRAHER » #iE— MuaEc g BRAETHT ARWRR

m
, PP

\

\\

OFFIGER FARMER WORKER
5. TRIEITHREE A DRI ) AR o B SR o
Fig. 5. Total phenolic compounds in urine sumples of different occupations.
% of positive average
samples (ppm)
"

B L I ppm
so | A |
= 7
B8O | 7 |
70| /
7
ol i

50 / d2.5
o a
7
30 L / 4
20 /4
o i

; Zi

O.P. Cab.  Syn.Pyr. Herbicide Mngicide — O.CL.
0.P.: Organophosphate insecticide Carb.: Carbamate insecticide
Syn.Pyr.: Pyrethroids insecticide 0.Cl.: Chlorinated hydrocarbon insecticide

6. PCP #EBMAAHEBEZ BRI T ARK & -
Fig. 6. Residue levels of PCP in the urine of workers of different
pesticide factories.
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PR AR I R AR R AT R R
BEREFDEL SRR -
SRR TRIFEARRK
s AL A BB R SUR ~ RETR
v R S A REDR R T AT
100% 2 R¥H R &7 PCP » EEMAT Bk
T 2 b B i A UL LB PCD #9502 © DL
ﬁﬁ?ﬁﬁﬁf&ﬁﬁﬂ?#ﬁiﬂﬁ;&l@kﬁﬁiﬁfhiﬁ

positive

f s o FoBEMB I AR BE 5 500 5Ll F o
(I 6)
JR¥E e PNP 2 88 TRET R AR DL
wRER s AR HARES » FHEENLRS
(B 7) o 56 R IARH R A B8
Bz TAFAR ©
pierh4 1-Naphthol » THET{EARLL
A R R A R (R 8)

average

100 * ?ﬂﬂfs ééjz% ppm_ 4.
00 9//

ol /

. 7

il é _
jz_ %/ 10.6
2001 / / o
N LT 1

O.P. Carb. SynPy. Herhicide Fugicide
m 7. PNP TR O s I TR T AR B B

0.cl.

Fig, 7. Residue levels of PNP in the urine of workers of different

pesticide factories.

4 of positive average
samples (ppm)

100 " [ PP oos
so|

80|

70|,

&0 | |
56| 10025
w| % _
30| - ;;; ﬁﬁf,
il n
0] / / /

0 /A / % 7 0

O.P. Cab. Syn.Pyr. Herbicide Fugicide — O.ClL.
B 8. 1-Naphthol 7Egf A m e BB TR T AR E o

Fig. 8. Residue levels of 1-Naphthol in the urine of workers of different

pesticide factories.
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; Phenol TER¥H & 2RISR ERE
BEE (RE9)  BlamsRUTrErRE
BABEE  BERE DERBEERAE
TEAARERARReRZHELLH 8

[
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WHEE R R R ST o SRR
OB » MER R R E S
ZHRAELEEIA » RITREHE— P 2 W9t

% of positive average
samples {(ppm)
L] ALY,
100 * ppm 05
90| .
80 L 4
0L 4
Z 4
/
S0 L /// Jo.25
40 | % 4
0L % 4
gl
L /z 77 ,42 A bzo1lo
O.P. Catb.  Syn.Pyr. Harbicide Fagicide 0.Cl.
9. Phenol TCHMIA AN BRTH T ARRK 2R -

Fig. 9. Residue Ievels of Phenol in the urine of workers of different

pesticide factories.
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