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Simultaneous Determination of Propanil, Carbaryl and 3,4-Dichloroaniline in Human
Serum by HPLC with UV Detector Following Solid Phase Extraction
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In case of poisoning by herbicide compounded with Propanil (DCPA) and Carbaryl (NAC), we attempted simul-
taneous solid—phase extractions of DCPA, NAC, and 3,4-dichloroaniline (DCA), a metabolite of DCPA, from the
patient’s serum, and quantitative analytical method using HPLC-UYV detection. With this HPLC method, the quantita-
tive detection limits in the serum are 0.005 ug/ml for DCPA and DCA and 0.001 ug/ml for NAC, and the UV spectra of
all three compounds could easily be obtained using a diode—array detection limit of 0.05 ug/ml. When the three com-
pounds were added to serum at concentrations ranging from 0.1—10.0 ug/ml, the recovery rates were satisfactory at be-
tween 91.1% and 101.9% . On analysis of the serum of patient who had ingested Kusanon A Emulsion, the ingested sub-
stance apparently caused an increase in the DCA concentration, which led to the appearance of methemoglobinemia.

The possibility that the DCA concentration might be used for prognositic purposes was suggested.
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1. AERUMH

DCPA, NAC, DCA I3 M E T2 K 0B A
U, AR E U TR W, RINEE O i,
b ME#E MK (Sigma Chemical Co., USA) & W
7z

I ¥% 1 DCPA, NAC, DCA D% E i 8#Icit 5
HOMFERAN (BIE3 4, ktk24) KOREERS
THRELL 728 fif 7z 1 375 2 TR I WL 72,

Z DM O, HPLC 7' L — R K OV i 3
Wiz,

2. UVZRY7 MILOAIE  pH2.5, 4.0, 6.0,
7.4, 8.5I1THELL /- 10mM Y D EFEME IR 2 ml D%
NETUTHRAIRIED 10 ug/ml &£72% K 512 DCPA,
NAC, DCA fEH#E R % ) — VIR & 0N, 48940t
HEFE (UV mini 1240 5 S &EFT) T UV @E
KOZ X7 )V ZEBEIE L DCPA, NAC, DCA O &
ISR ZFE L2, S5 EHZ DWW TE
5, BNHOCT T 12, 24, 48 BfEKE L =12 O WE
& (DCPA % 250 nm, NAC |3 220 nm, DCA 13
245nm) ZPIE L TREMEEZHRL /-

3. I ml ®OIf{EIC 10mM U > B8 5% & iR
(pH4) 3ml Z{EM, 3mlDOAY J—)L &2, 3
ml OFEE/KZ 28], 1 ml/min DFHETEELL =
Isolute® C18 500 mg/3ml U F—N—h—FK U v
(International Sorbent Technology LTD., UK) |Z3&
A, 3ml QAR THERIZ 0.2M B4 (pH 2.6)
/A% J—)L (1/5) 3ml T DCPA, NAC, DCA %
WL, S0°CICRRE L@ DI NRL —%—T
WEE L 723k 2 100ul D A% ) —)L THIEMR
L, Z® 10ul % HPLC IZ{x AL /=.

4. HPLC%# 7t bh=btUJL/10mm Y >
Bz#z ik (pH 4.0) (65 :35) OB &% 1.0ml/
min |2 i L 7z HPLC (SCL-10A VP ; S8 E
A ICiEA L ikl 2 40°C o EEE A H 5 A
(Inertsil®, ODS-2, 4.6 mm X 150 mm, 5 um particle
size; GL Sciences Inc.) IZTCHEE, Y14+ —K7 1L
A #eiti#s (SPD-MI10A VP ; EitBfEfr) T,
DCPA {3 250 nm, NAC % 220 nm, DCA 1% 245 nm
ZHWTHENY 7+ (Class VP; BiE#UERT) 12T
Mo ERIEIC TERL 2.

5. AMNEUNSEER 10 ul © DCPA, NAC, DCA

BHEA & ) — VR Z RN L CTHRALIRE 0.1 ug/ml,
1.0 ug/ml, 10.0 ug/ml i272% &K ST FHEL L 7= FE e
H1lml 2L, HPLCICCTERLZ. 5N
», I hO—)LIiiE Tlid DCPA, NAC, DCA %
NTNOHRFREMICE — 7 D I e 2 & &
ABL7ZS5AT, HEMHITHE L7 DCPA, NAC,
DCA fEH#E X & /) — )V ¥R ¥R 0.1 ug/ml, 1.0 ug/ml,
10.0 ug/ml O HITE I T 2 EINE (%, n=35)%
FHELUL.

6. I1557 DCPA, NAC, DCA ORFEMH il
TEHKDRFF 1T L T DCPA, NAC, DCA D%
HamitLiz. SHDORT > T 107 XOERIRL =85
72112 N F 4T 10 ul ® DCPA, NAC, DCA &
HRAY ) — )VIRIRETHIML T 3L O RAKEE N
lug/ml 725 X5HFM L. ZOMmiEE —20°C T
1AM, 288, 115 AMEGERELZHBOEE
il 2 R E B2 100% & UCEHEL TS 401
THIZHBT 2l TRHME L 7z,

7. Bl 67 5%, ik, BWE SERL 1249
A24H, BZREMICZY > AAKI®Z 1H (100
ml) k7, HEREMTHENTVSDE2FKANFA
U, WREDN 5K 2 KRR ISR I Nz

AR R« E#k L X)L JCS11-30, [fiJE 120/64
mmHg, Hk{A 92/min, (kiR 35°C. MEfLIT LA I
3mm THREKFHIEE TH o 7=, RO A HAkH
HMRENERTH > 2N F 7 J —E R IHEEDFEIR,
VDHATRRD NNz, O T AT 7 —HHE
I 83IU/L E\ERTL Tz, [RENFEICEX
DZBEZRERL, BUHRO/NGEG % T L7

% DCPA, NAC, DCA #E - A hAE/ OE
EZBIES 2 HTREER, H2WH, B3
H, %5 4% HOIMEZHmM, H#EICHITIcl 2.

] R

1. DBEEHG BE#tHICyEE = MUIL/10
mM U > EEREE R (pH 4.0) (65 :35) &AW/
DCPA, NAC, DCA /7 0~ k% 5 L% Fig. 112
RNY. BEHOU CEZEERKR pH & 2.5, 4.0, 6.0,
7.4 EEZTHHF LU THERICBWT pH 4.0 7% 3
fbEYzmd B IR, T2 &2 AL
z. TLUTCZOBEMEITEML /2 DCPA @ A max
1% 250 nm, NAC @ Amax | 220nm, DCA @ A
max |& 245 nm Tho7z. L-BEHF TEILEY
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Fig. 1. HPLC Diode-Array UV Chromatograms of the Standard Solution Containing DCPA, NAC and DCA
SCL-10 A VP (Shimadzu). Column: Inertsil ODS-2 (4.6 mm ID X150 mm, 5 um).
Mobile phase: Acetonitrile-=10 mm phosphate buffer (pH 4) (65 : 35), Oven temp.: 40°C. Flow rate: 1.0 ml/min.
The concentrations of DCPA, NAC and DCA are 10 ug/ml. 1=NAC, 2=DCA, 3=DCPA.

D A max [ZBVF B HRIEMI 24 KR L ETH > 7.

250 nm iZ & % DCPA OfE##I 0.5, 1, 10, 20,
40, 100 ng D TREAFIRERR y=55707.2x +469.3
(FHEAfRE r=0.999) 731% 5 & &= FFRIZ 0.5 ng,
Signal Noise tb%& 5 &9 FUIM MRS IZ 0.1 ng, UV
ARG BV X BEEBER T Sng TH- 7=,

220 nm 2 &% NAC O#E#IZ 0.1, 1, 10, 20, 40,
100 ng DT BAF7REAR y=28088.1x+56.7 (FHEIf%
¥ r=0.999) 245 N E & FRIX 0.1 ng, Signal
Noise fLZ& 5 &9 UM HIR1Z 0.05 ng, UV A X
7 BMIVIZ L BHEERT T 5ng TH o 7=,

245nm iZ &k % DCA D& 0.5, 1, 10, 20, 40,
100 ng D f# T RUF7/REAR y=29954.5x—67.9 (FHBE
RE r=0.999) NEo5N, && FBRIF 0.5ng, Sig-
nal Noise [tZ 5 &9 HUIBmHERRIZ 0.1 ng, UV X
R MIVIZK S ERMT Sng TH - /=

2. WHSEHFLERE  EEEMIEIC 0.1, 1.0,
10.0ug/ml &£ 72 % X D iU 7= DCPA, NAC,
DCA DO[E{ K % Table 1 IZ/-7. AjEIZH &
FHETIZ D 273, BREFRENER & BRENE SN,

3. I[M;E#{A® DCPA, NAC, DCA DRE 4
—20°C T 1R, 2:ERM, 1 » HRMEERE Lz
& DCPA, NAC, DCA D ll5E fE D41t % Table 2
WRT. BSEEMIT DO W THEREOHIEME % 100%
ELEZX-20CTI1 7 HEEEREL TV MG
DOHPEE TIE DCPA 13 3.8%, NAC 71 5.9%, DCA
P 0.8% LT L Tz,

4. EFDODIT 74 2 AAEI®EE 100 ml

Table 1. Recovery Rates of DCPA, NAC and DCA from
Serum

Added? Recovery (%)% C.V. (%)
DCPA
10 101.3+ 3.7 3.7
1 98.0+ 5.3 5.4
0.1 91.1+ 9.3 10.2
NAC
10 98.7+ 3.3 3.3
1 95.8+ 6.7 6.7
0.1 91.9+10.2 11.1
DCA
10 101.9+ 3.4 3.3
1 99.2+ 5.1 5.1
0.1 94.5+ 8.5 9.0

1 Amounts are expressed as ug/ml of serum.
2 Values are means (S.D.) n=5.

Mz LB FOYIZEE, HF2WH, 23N HITHI
LizmiEns&Esin/zr7a0x h7 4 (250 nm 2
i) & DCPA, NAC, DCA OE&M#E, i X kA
B OEME (%) % Fig. 21TRT

DCPA KN 558 3 W HITHT THREA, 64
i H AR ISR R LU & 72 o 7=, DCPA DR
¥ Tdh % DCAZHZ W 0.94ug/ml, 56 2 5 H
29.85 ug/ml EHEHNL 721, %5 3 % H 1T 3.48 ug/ml
NEWA, B4R RRISRHBRLIT &leo 7.
NAC IZHIZRE L D 3 W H I T THEA, %6496
HLABRIIMRALL N &5z, —Hilif A FAE
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JOY MEIZHZR 0.8% EIEH TH o724, 2
% H DIl DCA JRFE DO¥EMO 0 & 278Nz
AL, 60 FFRIBICIE 24.2%1CEL -, T D% 72 I
I3 14.9% LA LIgw, wEANEmh-o 7.

1 =

ZNE TIZIA+ DCPA |Z HPLC % GC/MS ik
THIENRINTE /.Y L L DCPA &ZDRH
M@ DCA, ZL CHKIICESGINS NAC D—F
SIHTEIE IR A MR SR D & SN Tnisn,

T MU/ R ER E W2 2 O
R NTTT4—T, 3{bEWE RIFICREE, SBET
B3 SRR O pH X 4.0 5L TWiz, &
Z AT DCPAIZE: - 7IVAY TAKGEENDT
<, KXo THRMRINS. Y NAC IFH—55E 1%
WIRPCTRE, 7INAUSRRIZK S THR - B
MV, HITIFREY TH S DCAY DL EME

Table 2. Stability of DCPA, NAC and DCA in Frozen Serum
Prepara-
tion time 1 week 2 week 4 week
DCPA (%) 100.0 99.9 8.4 96.2
NAC (%) 100.0 97.4 95.8 94.1
DCA (%) 100.0 100.1 99.9 99.2

Each 1 ug of DCPA, NAC and DCA was added to 1 ml of serum ob-
tained from 5 healthy human subjects. Samples were stood at —20°C for 4
weeks. The concentrations at the time of preparation are expressed as 100
9% . Values are means, n=>5.

IABHTH S, ZDOBEHMH T DCPA, NAC,
DCA @ A max I[ZBT 2P EZHIE Lz & E&/1L
EYNI B REHZETH Y, NEEORETOHRIT
BNEZEZLENS.

B HIIZ A max 2 W) /2 DCPA & DCA D&
1% 0.5 ng—100 ng, NAC 3 0.1—100 ng D[ T B #F
mEHEEERL, HHEICXD 10 [SEES N D
R, MmHREDOE R FRIZ DCPA & DCA 7% 0.005
ug/ml, NAC {3 0.001 ug/ml & &3 F TRIRET H
o7 F, 1A —RT7 LA BHEGEZEHWEZ UV
ZRY MK 2B OMERFII 3 LEamEd
IZ Sng (Ift 1 #E TiZ 0.05ug/ml) &, DCPA,
NAC GHIDOIRBENHE N THRWEAED A7) —=
STELTHEHTH S, I 5IITmiEIC 0.1 ug/ml
ETRDEDWMU 2 3B DEIEIZ 91.1—94.5
% ERIFTHo .

% H @ DCPA, NAC, DCA & —20°C T #& i
HFLESE, 15 A%IZE0.8—5.9% DEEK A
Ronsd, Lads THRIFEITE, #Hencnsind
DT EMEFELL, HBRERICHTT 25513
BIHRICBT 2 ERMEOMRITIIERENLETH A .

7Y > ARFICITRE TN S DCPA, NAC &
FZX2HETIE, WRELDOPENTHIT 2
MIZHBAMNEZOE MENFEHTHD, FiE
D WriB RS - HIEITHB T DCPA O I H i
BEHENEETHLEEDONTNS. Y LML AL
ANEZ OE CIfifEI: DCPA ORE - M TH 3

Day of hospitalization Second day of hospitalization Third day of hospitalization
50 50 50
250 nm DCA ¥ pepa 250 nm DCA 250 nm
2 nae DCA
ERE 25— ac| | PCPA 25| NAC
i Mip™
0— 0 0 !
i | | | | | | | | | |

2 3 4 5 0 1 2 3 4 5

Time (min) Time (min) Time (min)
DCPA 8.50 ug/ml 2.99 ug/ml 0.18 pug/ml
NAC 9.84 ug/ml 5.43 pg/ml 2.75 ug/ml
DCA 0.94 yg/ml 29.85 ug/ml 3.48 ug/ml
Methemoglobin 0.8% 2.0% 8.0%

Fig. 2.
A® Poisoning

Changes in Serum DCPA, NAC and DCA Concentrations and Serum Methemoglobin (%) of a Patient with Acute Kusanon
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DCA, TSI DCANGETHHELDT = 1t
EMNBIER TV ENSH DCA OHENL D
HYIEEZASND, A, RRRFEYIT I AR E 2 HE
LU 7=REFNZ BN TH DCPA O Ifi H i i 1 b 19 5
PNITHELTHD, DCPA ORH - HRICE -
THAHIZEEML T< % DCA &lfiff X hAEZ OE
CEDHEBRDAENLVDERENTH S 7.

IR 73R B D 3512 DCPA, NAC &#I% 585
A & U TIXOARBARGE D[R, @1—N
A—HF(NAC)HHFICKDHEEDLTY VT AT T —
TOET, QA METOE VMENET 6N, &
U WREE QBRI REIRAEIR « MERERN S A FAE
70K 2MEZE RO HTEREDOBZR TN RA >
MEEDND .Y SRIEIADEZMEATZ LI
& > T DCPA, NAC, DCA Ol —F A7 Y —
ZOUMEEEERD, A RANESZ OE VIMENHH
I 2R DB T DCPA, NAC A#FIh#HZHET S
MEIDIREIND TH A5, I SITHNHER OE/H
IZ& > Tid, DCA O i Hr i & —RE s ih R T
(AUC) & D A RAEZ O > MLYELV I O HEiE
MTPHE N0, HEITETLIHLWAERNEGS N
S0hb LN,

B AWRIITR 13 EEEAREHFREIC
KDL BITLD2DDTHD, EIEHHOEZE
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