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#5 pentafluorobenzyl bromide (PFB-Br) SZFE » 5% F] I S E HT HEHT k4G =000 fikke
4% (GLC-FPD) W B AR fh A #E B R B0 /N FE{CEZEY » Dimethy phosphate
(DMP), Diethyl Phosphate (DEP), Dimethyl thiophosphate (DMTP), Diethyl thiophos-
phate (DETP), Dimethyl dithiophosphate (DMDTP), Diethyl dithiophosphate (DEDTP)
L E | HARARAR RIS FR S35 FS 0.064ppm, 0.008ppm, 0.014ppm, 0.025ppm, 0.019ppm,
0.025ppm o FIF_baft 70347 57 (F A E TAEA B » Hod 1145 (15193% )
RS EREAHY > HHEBEES DMTP > DETP > DEP > DMP = DEDTP,
DMDTP AR TEFR AR AL R B o 7 63 (R EE R IR Fh » 45 314485 (14 49.2% )
EEHE G EY » HHINEES DMTP > DMP > DMDTP > DEP > DETP > DEDTP o
229 REEEET R TAF N RFRWEP BB 170 fRHEED (15 74.2% ) SEHEHAIHY » Hbm
Z8 DMTP > DMP > DEP > DETP > DMDTP > DEDTP »
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Diethyl phosphate (DEP), Dimethyl thio-
phosphate (DMTP), Diethyl thiophosphate
(DETP), Dimethyl dithiophosphate (DMDTP)
, Diethyl dithiophosphate (DEDTP) 44>
WA » BLARTRES G WA A 2 47 T B
L EBRBEY (£2) o WFHRBHZS
W TR AL ZE TR TIEAR > 4%
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Table 1. A list of organo phosphate metabolites & Derivatives

G 7w {LER 5 FR

Abbrev Chemical name
DMP 0,0-Dimethyl phosphate
DEP 0,0-Diethyl phosphate
DMTP 0,0-Dimethyl phosphorothionate
DEDTP 0,0-Diethyl phosphorothionate
DMDTP 0,0-Dimethy! phosphorodithionate
T™MP 0,0,0-Trimethyl phosphate
DEMP O,AO-Diethyl O-methyl phosphate
DEMTP 0,0-Diethyl O-methyl phosphorothionate
DEMPTH 0,0-Diethyl S-methyl phospherothionate
DEMDTP 0,0-Diethyl O-methyl phosphorodithionate
TMDTP 0,0,0-Trimethyl phosphorodithionate
DMEP 0,0-Diethyl O-methyl phosphate
DMETP O,0-Dimethyl -O-ethyl phosphorothionate
DMEPTH 0O,0-Dimethyl S-ethyl phosphorothicnate
TEP 0,0,0-Trimethyl phosphate
DMAP 0,0-Dimethyl-O-amyl phosphate
DEAP 0,0-Diethyl O-amyl phosphate
DMATP 0,0-Dimethyl O-amyl phosphorothionate
DEATP 0,0-Dithyl O-amyl phosphorothionate
DMAPTH 0,0-Dimethyl S-amyl phosphorothiolate
DEAPTH 0,0-Diethyl S-amyl phosphorodithionate
DMADTP 0,0-Dimethyl S-amy! phosphorodithionate
DEADTP 0O,0-Diethyl S-amyl phosphhorodithionate
TAP 0,0,0-Triamyl phosphate
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1. Dimethyl phosphate (DMP), Diethyl
phosphate (DEP), Dimethyl Thiophosphate
(DMTP), Diethyl Thiophosphate (DETP),
Dimethyl Dithiophosphate (DMDTP). Di-

ethyl Dithiophosphate (DEDTP) H &£
B {E e 2Rt -

2. Pentafluorobenzyl bromide (PFB-Br)
Bl — Pierce Chemical Co., 3 Aldrich Chem-
ical Co.

3. &4b#K (Sodium Chloride)-Merck, » B
B (Hydrogen Chloride)-Merck, » Z, B Z 8
(Ethyl Acetate)-J. T. Baker. » & 1k B &t
(Acetonitrile)-Wako. » % B §7 (Potassium
Carbonate, anhydrous)-Merck.
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Table 2. Possible source of six organic phosphate metabolites examined

3 E {URHEERAE A i
Metabolite Formula Organophosphates
O cyanophos, dichlorvos, dicrotophos, hcp-_
I tenophos, mevinphos, phosphamidon, naled,
DMP (CH;0,)P-OH tetrachlorvinphos, trichlorfon.
A S demeton-S-methyl, etrimfos, fenthion,
Il Fenchlorphos, lodofenphos, methyl parathion,
DMTP (CH;0),P-OH monocrotophos, oxydemeton-methyl, pirim-
iphos-methyl, temephos, fenitrothion.
S azinphos-methyl, carbophenothion,
[ dimethoate, formothion, malathion, methi-
DMDTP (CH;0),P-SH dathion, phosalone, phenthoate, menazon,
phosmet, terbufos, thiometon.
O
Il chlorfenvinphos.
DEP (C,H;0),P-OH
S baythion, chlorpyrifos, diazinon, fensulfothion,
I karphos, ofunack, parathion, pirimiphos-ethyl.
DETP (C,H;0),P-OH
S dialifos, disulfoton, fonofos, mecarbam, phor-
I ate, phosalone.
DEDTP (C,H;0),P-SH

FNTE A B B o A R ) B HE I DA P T v 7 o
AR » BJDMP 1000 ppm, DEP 1000
ppm, DMTP 500 ppm, DETP 480 ppm,
DMDTP 1000 ppm, DEDTP 500 ppm °© F#
HY 1ml 43 BUMCA 15ml 5 E#EOE T » DIFUE
FibeaE % Sml » A 20w/ PFB-Br B 20mg
UEEER » BFHET > IREEHEA 80 C kB L
B IUNRE AR LLRRIWREZ » T LA E At
F Iml » DUSEHBURHTHEHTEHE ( GLC-MSD )
TE R SR B AT E M KBSt B R ( GLC-
FPD ) &tz » Kl 1 2 °

‘:_ -CH,;Br —>

CCH e B o
Fs Fs

OCH, OCH,
{o-cH ' o p ocn, — (o)-cH, I e

) I °
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DMP-PFB R FERBAITLEM 2 SN 57 REEEAS

Fs’

{E % eE R RR
R E AT A AR HIZs ( GLC-MSD )
AR EIT RN S SRR S —
HP 5890A — 5970B MSD ( Mass Select De-
tector ) & HP — 9816 Data System o {#ifiZ
SHEFERE 10m R 0.2mm 2 BHIE > 48
5 5% phenyl methyl silicon o ¥ A 28 2B AE
B 200°C » rHEE RSN THEE R » 24
BIERS 60°C ¥l =48 t% LU/ 4 30 °C 23l
BEFHEREE 250 °C #FEAT 10 38 o Y RN E
R M E Iml/min » B 36 H5 1 B 40
% 400amu o
A AT K E S T Ag 28 ( GLC-FPD )
Ao AT E B A A 2R 1S varian 3700 &
T AT R B K e e AR 1 88 ( Flame Photo-
tube Detector ) ( FPD ) » ffiF] 526nm B
SR aEFERSE 1.2m > N 2mm RN 3%
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Fig 1. (a) Total Ion Chromatography (TIC). (b) Mass Spectrum (MS) of PFB ester of DETP.

CONDITION: Varian 3700 FPD-P
Column : 3% OV-17 1.2 m X 2 mm
Temp. : Injecteor : 230°C » Column : 160°C

Dector : 250°C

DEDTP 6.5 ng ——
~DETP 9.6 ng

DHDTP 10 ng—

DMT? 7.4 ng””

.2 -
DEP 3 ng DMP 6.8 ng—+

mlqu nanis

B = ~ RS EE Y DMP, DEP, DMTP, DETP, DMDTP, DEDTP &l pentaflucrobenzyl
bromide 5 HER AT 2 SAGHTIE ©

Fig 2. Chromatogram of pentafluorobenzyl bromide derivatives of six organophosphate metabo-
litesDMP, DEP, DMTP, DETP, DMDTP, DEDTP.
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OV-17 Z # 3% | 1L # F Gas-Chrom WHP,
80/100 mesh » ¥ AZFEEFS 230°C ; B
WEEE 160°C 5 M SRS 250°C ;5 6 A
Z RS A RN (Z%) £30ml/min |
& 5% 140ml/min ; 22 £ 250ml/min o
R R BB Z T A
ST BR

LA & HY Sml JR W ER &L B A e
10ml #fi 7K Bz 20ml 6NHCI ¥ ¥ &2 125ml 53 8
b A 2g @ALEN (Ll 2R ZER R
BRI ) o BB A » LA SOml 2 2K
SRR A BB Y A > BRI 2
2 Z BRI A DL 10g SR BTER SR AR
7k > FIF BZeiREERIRRE R (AR 40°C )
» DL Sml Al B b R A A B O D T R
15ml B0 R 0 fnA 20mg SEAKERER ST »
oA 20 PFB-Bradfil» HEE T #EE
A 80°C ki ERI/NERE » d Al » LEUSRIK

#7 R LIFETESZE Iml o B2 wl # A GLC-

FPD Hhflli2Z °
[m s R

R ERHE P P FARR RS HIO A Sml ER¥EH »
H B 4E S DMP 0.7 ppm, DEP 0.4 ppm,
DMTP 0.7 ppm, DETP 0.9 ppm, DMDTP 1.0

F= ~ RGP ARG Y RIS R E R AR

ppm, DEDTP 0.7 ppm o #RHEAE LAk »
ARG H B e 2 o
B TR B A

SATE Y SIS N = RPN /2 773 1) 21
& STHAE TEARZRIE » 63 kAR
B P ERRE 2 PR > 220 4R A 2 B LB TR
ZEEREET A » IRERFARF BT » &
Sk H S T Bum R IR B EY) 2 Bl
B o BRI R A ©

TERERE SR

DT AEER

RETS AR A BB R (A < AR 77
EHBRERETD o AWFFEIL —hE ~ B
R E a7 LES KRR 5
M B2 o AR il F iz J7 55 70545k Shafik
A OVEERH > B Reid & Watts 25 A @4 SN1
S RERS TR PFB-Br S RETE B IE 5 FE 2 2 BE
FERTAEY) » MEBURE S BARSSE N e
Ko REFFHE(E N B B ES B ST
RE(EHIARR » B DMP K DETP 4f » HAtpd
A PBLSCEATE 90% LA L o LIS RHTH
BB M 28 ( GLC-MSD ) 435Uk DMP-
PFB ( M*=306 ) > DEP-PFB ( M* =

Table 3. Recoveries and detection limits of six dialkyl phosphate metabolites from urine

D I [y s D AR TR
Metabolite Fortified Recovery Detection
concentration (%) limit(ppm)
(ug/5ml sample)
DMP 3.4 70.0 0.064
DEP 2.0 89.0 0.008
DMTP 37 100.0 0.014
DETP 4.8 61.0 0.025
DMDTP 5.0 100.0 0.019
DEDTP 33 93.8 0.025

1) Data were obtained by 3 seperated trials,
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334 ) > DMTP-PFB ( M*= 366 ) "] LATERE
B AT R o MFIHI SR AT AETIR
o e (AT S YRR AT 128 B KRB O AR AR
(GLC-FPD ) EftZ » AR FEEMHZF
WrEE 3% OV-17 47 ( 1.2m ) X 2mm B8
JEAFE 3 AF S FRACE Y > il R 4% SE-
30 + 6% OV-210 » 5% OV-210 F 1.5% OV-
17 + 1.95% OV-210 s @ hn Ui & H AR
Yy e

KSR MRS R

FURB L 50T 349 {4 IR M S e {y Beg
AN &5 SNTEE R LAY > Hlg
SFERGSE R AR LA AT RS SR » BB T R T
AR RS E B REY & AR R
TTRER 74.2% » HAGLL R MR 49,
2% » — R A E TIEA BHIE
A 193% o UYLl DMP & St o
DMTP [BEZE G % o

=M~ [ AR A HE A 2 S Al
Table 4. Residue levels of six organic phosphate metabolites found in the urine samples collect-

ed from people of different occupations

B ¥ ORRE SERRE SHEENE e it
Occupation No. of  positive  %of positive Maxium residue(ppm)

samples  samples samples  DMP DEP DMTP DETP DMDTP DEDTP
Worker A 229 170 74.2 1969 61 94 08 05 0.4
Farmer f&t A 63 31 49.2 03 0r 02 02 0.2 0.1
Officer A#5 8 57 11 19.3 0102 01 01 ND” 01

1) ND: non-detectable.

4 Bl % DMP, DEP, DMTP, DETP,
DMDTP, DEDTP A YIET R AR
Wbz aEA g > BRAERT o STHERA
= T A BRSSP BRI S e
T4 DMTP ( 158% ) > DETP ( 123% )
> DEP ( 885% ) > DMP ( 7.0%) =
DEDTP { 7.0% ) > DMDTP ( 0% ) ; 63
F R R R A B U R IS5
DMTP ( 30.2% ) > DMP ( 206% ) >
DMDTP ( 143% ) > DEP ( 95% ) >
DETP ( 7.9% ) > DEDTP ( 43% ) - ffij
229 {4 ftk 58 T i TN\ PR VAR R Uty
HUE 2 14T AU S DMTP ( 533% ) > DMP
(445% ) > DEP ( 349% ) > DETP
(253% ) > DMDTP ( 11.8% ) > DEDTP
(105% ) o

temedrnE TE AN B DU R B R R PG
CEBBEREY S ERRMAETHEARR
Wi+ DETP » DEDTP 7 WA AR R
WSR2 HEERRS  LFRERENS
DEP » DEDTP b RIRE S & EB RS
HAPIEAHEY < HERA RS EMLRERK
WEE R BARET A AHEY cs®
PR B BE R AT AR AL > T AR TR 0
HFIFLERBEY S BAENEEREEZ S
PHALEFRBE AR L DU R 51 HA A A
—fRZ IR o

DA i e i » #5ER
30 BLEETRE T AT 1.416ppm » B R
155 0.073ppm » MAETENRFHE
0.027ppm » 45 FA S 24 38 TR 0 A PR R IRR Y
e B4 o e PR R AR A BB R B
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Table 5. Residue levels of organic phosphate metabolites found in the urine samples from dif-

ferent occupations

(Y] B % AN SEEAN SEaESE oM SRR
Metabolite Occupation”  No. of Positive % of positive  Average range
samples  samples - samples {ppb) (ppm)
W 229 102 445 1220 196.9~ND?
DMP F 63 13 20.6 20 0.3~ ND
O 57 4 7.0 0 0.1~ ND
w 229 80 349 60 6.1~ ND
DEP F 63 6 9.5 2 0.1~ ND
O 57 5 8.8 8 0.2~ ND
W 229 122 53.3 95 9.4 ~ND
DMTP F 63 19 30.2 21 0.2~ ND
o 57 9 15.8 6 0.1l~ND
w 229 58 253 21 0.8~ ND
DETP F 63 5 7.9 13 0.2~ ND
0] 57 7 12.3 6 0.1~ND
w 229 27 11.8 11 0.5~ND
DMDTP F 63 14.3 12 0.2~ND
0O 57 0 0.0 0 ND
w 229 24 10.5 13 0.4~ND
DEDTP F 63 2 32 1 0.L~ND
o 57 4 7.0 3 0.1~ ND

1) Occupation: W: Workers of pesticide manufactory, F: Farmers, O: Officers.

2)

BB BEE

ND: non-detectable.
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Fig 3. Total organic phosphate metabolites in urine samples collected from peoples of different

occupations.

ABSTRACT

Li, H. P.,, Wong, S. S., and Li, G. C. 1991. The analysis of organophosphate
metabolites in human urine samples. Plant Prot. Bull. 33:188-196. (Residue Control
Department, Taiwan Agricultural Chemicals and Toxic Substances Research Institute,
Wufeng, Taichung Hsien, Taiwan, R.O.C.)
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A Gas Liquid Chromatography (GLC) method was developed to analyze six dif-
ferent organophosphate metabolites in human urine samples. The metabolites of
organophosphate extracted were reacted with pentafluorobenzyl bromide and analyzed
by using GLC-FPD. The detection limits were Dimethyl Phosphate (DMP) 0.064 ppm,
Diethyl Phosphate (DEP) 0.008 ppm, Dimethyl Thiophosphate (DMTFP) 0.014ppm, Di-
ethyl Thiophosphate (DETP) 0.025 ppm, Dimethyl Dithiophosphate (DMDTP) 0.019
ppm, and Diethyl Dithiophosphate (DEDTP) 0.025 ppm. The analysis of 229 urine
samples collected from the workers of pesticide factories revealed that 74.2% of the
samples contained organophosphate metabolites. Detection frequencies of these
metabolites were in the following order DMTP > DMP > DEP > DETP > DMDTP >
DEDTP. The analysis of 63 urine samples collected from farmers revealed that 49,2%
of the samples contained organophosphate metabolites. Detection frequencies of these
metabolites were in the following order DMTP > DMP > DMDTP > DEP > DETP >
DEDTP. Fifty seven urine samplés were collected from the office workers, The re-
sults of analysis showed that only 19.3% contained organophosphate metabolites.
These found in the urine were in the following order DMTP > DETP > DEP > DMP
> DEDTP. No residue of DMDTP was found.

(Key words: pesticide residues, organophosphate metabolites, human urine).





