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WRA| HERHRERE =T EN &
B RELREREZABANBRERERSR T
B AR F T E B A R TR A I R 2 T R
:Iﬂ: °

M A E

— - BERrE
() e i 2
ARRFIRAZBEFRERY R
# o a-BHC (98%) ~ B-BHC (99%) * y-BHC
(99%) ~ 8-BHC (99%) * 2,4’-DDE (96%) ~ 4,4
DDE (99%) * 2,4’-DDT (99%) * &% 4,4’-DDT
(99%)1% ¥ E Riedel-de Haén ° &I IE T ke
PR B 7S #1227 Mallinckrodt 2 HPLC #% »
Ether Rk Al Mallinckrodt Z Nanograde °
NaCl K ¥ K Na,SO, ~ #E/K MgSO, ¥k H
Riedel-de Haén Z i 2E#K > Florisil 60-100
mesh Bl £k A Mallinckrodt Z residue analysis
# o

(e

th 2%t # & (Astragali Radix) ~ X &
(Zizyphi Sativae Fructus) ~ ¥2# (Zingiberis
Rhizoma){% I B & b it 1k 7 865 & & ~
B2z REEE o /NS K H A RS A A
JR R o
Z BRAEH
() e 5 R 2 e B
1. IF B’

F§#F 10 mg 9 o-BHC ~ B-BHC * vBHC ~
6-BHC ~ 2,4’-DDE -~ 4,4’-DDE -~ 2,4’-DDT
K 4,4’ DDTHEMES » 433 &R 100 mLZH &
EFEMP > BBERLFLCKEP  REZER
o BINERBRHEZEZE  FZ2RER
100 ppm °
2. B AW

® vk )\ S WP 4 BB B 0.25 mL
BER—2smLBAAEER BUECKESR
ZHNE RGN FHEBEREH R
ppm °
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(S it 2 W

MR~ BT BB A OR R BURK
20g » BT R WA B H UK 20g 0 AR E B
BR1% - 1 mlZIECHE » T GCaHr o

=-EBRAE
()25 S B A Ik
1. BRaRs

(1)GC: Shimadzu GC-14B B A B i & Bt 45 &
F A5 B 25 (Electron capture detector,
ECD)HZ A ShimadzuAOC-17 %I [ &) i 41 2§ o

(2)GC/MS: Finnigan GCQ™ Y 58 #H J& t & H?fzﬁ

Ion Trap mass selective detector, MSD °

2. AT A

(1GC
A. Column v
Capillary, DB-1, 0.25 tlm, 0.25 mm X 30 m
B. Temp Program
160 - 162°C at 0.1°C/min
162 - 232°C at 20°C/min
232 - 234°C at 0.1°C/min
234 - 284°C at 5.0°C/min
284°C for 7.0 min
C. Injector Temp. 200°C
D. Aux-2 Temp. 200°C
E. Detector Temp. 300°C
F. Carrier gas N,
G. Injection mode Split ratio = 1:50
H. Injection volume 2 UL
(2)GC/MS
A.GC
(A) Column
Capillary, DB-5, 0.25 Um, 0.25 mm X 30 m
(B) Temp Program
140°C for 2 min
140 - 240°C at 10°C/min
240°C for 5 min
240 - 265°C at 5.0°C/min
265°C for 10 min
(C) Injector Temp.  250°C
(D) GC/MS interface 270°C

(E) Carrier gas He 1 mL/min
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(F) Injection mode Splitless
(G) Injection volume 6 UL
B. MS
(A) Ionization mode
Electron Impact (EI)
(B) Ionization energy
For 3BHC 70 eV

For DDE 70eV
For DDT 35eV

(C) Ion source temp.
200°C

(D) Scan range
Scan mass range 50 - 650 amu
(E) Vacuum
20 - 30 mTorr
(F) m/z
SIM For 8-BHC 121, 146, 181,219+ 1
SRM For DDE 318+ 1
SIM For DDT 165, 199, 235, 283,355+ 1

R BARZ WAE

FHREERETFEARBE  E— R H
B oEUNEE—BERFRO25 0.5
1.0 ° 1.5%2.0 ppmZEEEJER > E5 2
UL > DAUREE R XY > Brl s e R4 mak R
Yl SEAWRIESHRER  WREHEFE
Hi(y = ax+b) KA BZE (1) -

(kW

B i B TR R R BR B R s B 2 2 BUKS
WO MBI~ MEZHRBEESE - AE
RECE) B PSS BB » K5FE 20 g2 500 mL
$EIEHH > iMA 100 mLIES % ~ 50 mL N EH
X100 mLuK » RE RIS RE 300 & 5 AF5
Mo 6 X EELE 0 DIEE 3000 rpm B L
1546 > MIECHEE > BIASBRFA - U
2% NaClK¥E B UE 3K » MIECKE » BH/AK
Na,SO k1% » MBBIKEZBER P -
40°C/KBRBRFEEE - UECHREFES
mL * #% H ¥ A Florisil mini-column (&7 /&@
K MgS0,) * W Lh15 mLZECk: 2B =
QLAWK > MR BB ENBEM
H o PL40°CAKBBBIBMEE » BUECK
EAZE1 mL HIEGCHWHGC/MSEE
}Eﬁ o
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(mo) e 2 o B
1. ¥ % E (Precision)

WEAEEM

HESEREN R ppm 2 EEFZBRE
GCEEM YIS WK » LB pr {48 2 /& #r g |
B A ETEAREENYN > UUCVER

QHRER

WK~ > REEREZEERBER
FEF— R A RERFB » 88 GCHRE » LLBR AT
P/ Z A E AR - w5 HA B R 2
PL%CVRR ©

QHHER

ERME P BZEREZEELE
B EHSR  MGCHEN » LLBRFTHIEZE
Prig AR - FHE AR B ERE > L%CVE
oo

2. ¥FEE (Accuracy)

AZREMPEL ppmFEMEBEZ=ZRE
BE R BR o BUAREERREE T 20 g 0 72 2 BUAT
MAL mLZEEGERNESERES R
ppm) * SRAEAK AR AR A S BRI E 0 LUIGC
SR 0 RS IR E AR 1 ppm A EE R
BRzZBEEEIEEMALLE  BRAERE -
A ] g 3R 3R R o

3. M B e AR RR

A& JR9E 2 %5 H (placebo) E BUK 4K GC
HART =R - BRTHAXOFH:

MR LOD =3.3xS,/S

BB LOQ=10x%S,/S

Hepo

S, - Standard deviation of noise

S - Slope of the response (peak height)
versus concentration curve

(B3 51 S 5% B R 638 1R W

AR VAR AR W 0 S AN ST 2
UL 2 GC » B4R B BT 15 U 14 v B e ) B AR
WRBERFESRERMELERER » H8Es
TEE > Bl L GC/MSHERR ©

BEEUERUMBKEREERE ST
B FIALEREERUNIEEFTELRE o
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A M VA R LA SRAE AT R 0 KA R B
BBz Es o HEWEZWD
Figure 1F77R » &M 2 W B EKF & o-
BHC: 13.56 min ; B-BHC: 14.76 min ; O0-BHC:
16.51 min 5 0-BHC: 17.07 min : 2,4’-DDE:
27.19 min ; 4,4’-DDE: 28.61 min ; 2,4’-DDT:
30.96 min X 4,4’-DDT: 32.98 min °
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Figure 1. GC chromatogram of a mixture of 8
standards of organochlorine pesticides.

Table 1. Parameters of system suitability
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(k) ~ Selectivity (0) * Measured plate number
(N) ~ Tailing Factor (T)#! Resolution (Rs)% *
HETE 47 28 speed B € & 40 mm/min * BTG Z
A e V5 R AT BB % 0 4K USPXXIIT A 5t
B RN Table 1 ERERLESHIES
HEEA -

H+# > 2,4-DDE - 4,4-DDE * 2,4’-DDT
K44 DDTZkEERABEEERATAER
TR 4 BRI A0 AT R R BT Bk o

Cti B4R 2 WAE

WGCHE > WBEHE D H R 0.25 ppm
F2.0 ppm ZHEEFER > UHBE BXHE -
EBEEBEIEERYH ZREWESRN
AR M AR BRAR B K 0.99 ©

(o) 354 ol B
1. ¥§ % ¥ (Precision)

(D)FEAEE M (Injection Repeatability)

BGCHEBAMBINK > IstBEB 8 RA
B &R0 Table 2a /R CVH A 3.4 - 5.0%
ZH e

(2) H W £ & (Intraday variations)
CHERBEAER KA SRR F
B=EFE > ARBEERRELGCEHME
=W R FTSI0 Table 2b BU/RE H A AH
Rl 22 (CV%)TE 5.0% LAF ©

(3)H % & (Interday variations)
ZHEBERE— 2= AKENAX
HEAHW—W > TRESERESsERERH

Parameters  ty 0o-BHC B-BHC y-BHC 8-BHC 2-DDE 4-DDE 2-DDT 4-DDT Afedue
Ret.time 223 1356 1476 1651 1707 2719 2861 3096 3298 -
Width 020 020 023 025 013 018 020 020 -
k 508 562 640 665 1119 11.83 1288 1379 2-8
o 1106 1139 1039 1.683 1057 1089 1071  1.05-20
N 73549 87143 86148 74594 757039 427641 383408 435072 >20000
T 0938 1172 0978 0864 1250 1.150 . 1.167 1217 08-15
Rs 6.0 82 24 270 98 125 101 >2.0

Definition: Capacity Factor k = (t - ty)/ to; Selectivity o = k41 /k,; Measured plate number N = 16 (t/W)z;
Tailing Factor T = W o5 /2f®); Resolution Rs = 2(t 1 - t,))/(W p41 + Wp).

*n and n+1 mean consecutive peaks.
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fH] AH 45 2 i 22 (CV %) K 3R 4 ¥ 72 15-20% Z
[ o (Table 2c) T & K AL BT G AR 28 i I8 W
A6 48 GCARB » 8 AR B A e T A B B
ZRE DUESET10%ATEXZER - 3%

Table 2. Precision

(a) Injection repeatability

Standard CV% (n=6)
o-BHC 4.0
B-BHC 4.2
v-BHC 5.0
6-BHC 39

2,4’-DDE 34
4,4’-DDE 3.8
2,4’-DDT 4.9
4,4 -DDT 4.9

(b) Intraday variations

Standard Conc Three time intervals
(ppm) CV% (n=3)

0.26 1.1
o-BHC 1.02 2.9
2.04 31
0.25 0.7
B-BHC 1.00 4.0
2.00 3.5
0.25 1.6
v-BHC 1.00 3.7
2.00 3.0
0.26 1.3
d-BHC 1.04 4.0
2.08 3.1
0.18 4.6
2,4’-DDE 0.72 35
1.44 49
0.24 5.1
4,4’-DDE 0.96 2.1
1.92 3.2
0.24 4.2
2,4’-DDT 0.95 4.5
1.90 3.1
0.25 33
4,4’-DDT 1.01 49
2.02 1.4
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GeBMBERERARNEZEHABR=
X o

2. WEFERE

YETE I S BB 45 SR 1N Table 3: 8TE A M EAS
BEEHRERMAFZEKEANN66.4F98%
2 EREHFHPZEWER > B S-BHC W
K4 - B 58.2%85% 2 M ¢ TERLTEMR
i 2,4 -DDE * 4,4’-DDE -~ 2,4’-DDT &
4, DDTZHERREETEN  HEAR
31.1 ¥/ 109.7% Z [#] °

3. A BT PR K & EARBR(LOD & LOQ)

WA BB 2 % A (placebo) ZE BUR & GC
Wl BRI ER K E—BRFFMA - B
Mz L HEHEESEERKE (peak-

(Accuracy)

(c) Interday variations

Standard Conc (ppm)  Up to 8" day

CV% (n=5)
0.26 11.3
a-BHC 1.02 15.8
2.04 151
0.25 9.2
B-BHC 1.00 18.7
2.00 19.9
0.25 16.5
v-BHC 1.00 16.8
2.00 17.9
0.26 14.8
8-BHC 1.04 17.1
2.08 18.0
0.18 18.6
2,4’-DDE 0.72 16.0
1.44 19.1
0.24 19.9
4,4’-DDE 0.96 17.4
1.92 17.7
0.24 16.2
2,4’-DDT 0.95 15.5
1.90 15.6
0.25 18.3
4,4°-DDT 1.01 15.5
' 2.02 16.4
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Table 3. Recovery of o-BHC, B-BHC, y-BHC, 8-BHC, 2,4’-DDE, 4,4’-DDE, 2,4’-DDT and 4,4’-DDT in
Astragali Radix * Zizyphi Sativae Fructus ~ Zingiberis Rhizoma

Compound Added (ppm) Found? (ppm) Recovery® (%)
Astragali Radix
o-BHC 1.02 0.75 73.7+4.9
B-BHC 1.00 0.94 93.6+4.1
v-BHC 1.00 0.73 72.7+3.8
8-BHC 1.04 0.69 66.414.2
24’-DDE 1.01 0.70 69.2+3.4
4,4’-DDE 0.96 0.66 68.8+3.8
2.4’-DDT 0.95 0.93 98.0+2.3
4,4-DDT 1.01 0.71 70.1£3.6
Zizyphi Sativae Fructus '
a-BHC 1.02 0.63 61.3+4.0
B-BHC 1.00 0.59 59.1+4.1
v-BHC 1.00 1.67 67.3+4.7
d-BHC 1.04 0.38 36.7+4.9
2,4’-DDE 0.72 0.49 67.9+3.3
4,4’-DDE 0.96 0.83 86.9+3.2
24’-DDT 0.95 0.55 58.2+4.7
4,4-DDT 1.01 0.86 85.0+3.7
Zingiberis Rhizoma
o-BHC 1.02 0.85 83.3£3.6
B-BHC 1.00 0.31 31.1+4.4
v-BHC 1.00 1.10 109.7+4.5
8-BHC 1.04 0.78 74.9+4.1
24’-DDE 0.72 —¢ —
4.4’-DDE 0.96 — —
24’-DDT 0.95 — —
4,4-DDT 1.01 — —
2, Mean, n=3.

b Mean + RSD, n=3.

¢. Interfered by the constituents of the sample, cannot be determined.

to-peak) ZBEBE A N,, » BIS, = N,, / 540 &
BER BN =R E 2 R ER - LHE
MR EZ AR IREAERELE - R
REGS) RAKXOUFHBELBEEZLOD &
LOQ * &5 4N Table 4 °

LA —RINBE IR ERFBEGCHIS
K REHEHIEEE 2 CV%<15% 2 &K 1B
ERLOQ » M GC RFKMIEEB(S/NI)Z &
KR A LOD » B8 2 &5 3tk Table 4518
H A o

(B VR 2 R ZE R B W
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Figure 2. GC chromatogram of Zizyphi Sativae
Fructus.
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Table 4. Detection limit and quantitation limit of

pesticides (ppm) m{ l
L
|
L

LOD LOQ -
o-BHC 0.04 0.12 -
B-BHC 0.06 0.18 (@ =
v-BHC 0.05 0.15 ‘2; R " " '
8-BHC 0.06 0.18 oottt ol = videthgholn e l
2,4’-DDE 0.03 0.15 R T T
4,4’-DDE 0.04 0.12

2,4"-DDT 0.04 0.12 s —
4,4’ -DDT 0.05 0.15 '.mw A—{

| i
S 1 A AR
- |

|

2
- = =
I .
100 200 300 400 500 600 700
6:42 22 10:02 11:42 13:22 15:02 18:42 Time
@) " Figure 4. GC chromatograms (SIM, m/e=165,
" 199, 235, 283, 3551, EI=35 eV) of (a) 2,4’-DDT
LT - Standard; (b) Zizyphi Sativae Fructus Sample.
sﬂnl‘ A 'm Il“mi"m 385 386 446 500 633 565507625
80 100 150 200 20 ﬁrnllw 00 “0 500 550 00 €50
100% 28 _
|w§§‘ 248 38
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) " @™
J e
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RO o W W 7.1 SEVIE ) T T W R B W B M W %
100% 28
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T 178 '
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(C) T 38
210
]
281
',ff‘:‘unA 1J la: 1“’_ 355 401429 4p1 503 535 578 8 10 120 o 160 ‘éomzéa 20 20 20 20 300 850
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Figure 5. MS-MS spectrum (SRM, m/e=318 + 1,
Figure 3. MS spectrum (Full Scan, EI = 70 eV) of El= 70 eV) of (a) 2,4’-DDE Standard; (b) Zizyphi
(a) 2,4’-DDT ; (b) 2,4’-DDE ; (c) 4,4*-DDE. Sativae Fructus Sample.
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100% 38’_
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Figure 6. MS-MS spectrum (SRM, m/e=318 *+ 1,
El= 70 eV) of (a) 4,4’-DDE Standard; (b) Zizyphi
Sativae Fructus Sample.

SHEMEEE  KEREEZRBER
PLGCar#r » B B RFR th 3 B RHEE
WRBHEMABARE Z peak o RKEW
Figure 2 i~ 7 2,4’-DDE ~ 4,4’-DDE #l
2,4’-DDT ° W W GC/MS 57 » Hd » 2,4°-
DDE#HE E AN 0.014 - 0.126 ng/g Z 4 »
4,4’-DDEHi B E A2 0.012 - 0.046 pug/g 2
il » 1M 2,4’-DDT A& 5 & B A+ 72 0.013 - 0.229
ng/g 2 Ml o 828 GC /M R B B AT/ BHC
BB peak  ERXEETE  EBEHERS
% DDE S DDT B 5 B8 JR 2 o 7 & IR A8 W) /)
Se R B F A P 25 SR P B SR AR AT ] B A
BB -

=~ BRI
(IR BB E 2 GC/MS & 7 H 5

FIRE#ENZ GCaM iRl > BMAER
WEARELAGCHEEL P 2 W B - I 5t 8k
2,4’-DDT ~ 2,4’-DDE X 4,4’-DDE = FH 1 % f
Z EFEE (Full Scan) ° I Figure 3 i/ °

A KES2,4 DDTREHT > ;R
2,4’-DDT 24> T ¥ m/z= 3557 70 evBR B T R
BB o 4 2 40 — 2 MS-MS (SRM) 2 43 #r
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# o MHET peak REMARE » MFKEFH#k
WEERF 35 ev’ K m/z=165 * 199 »
235 ~ 283 ~ 355+ 1 SMARRUZ B KE
— MS (SIM)Z A 2L 4 » W FERR RE
B8 A 2,4-DDT * fl Figure 4 fi/R © K%
# 2,4’-DDE } 4,4’-DDE 2 &5 #e 52 QI 5 i 3k
m/z=318%1 2 DDE 4> F % ki — 2 MS-MS
(SRM)Z 7 Hr £ ¥ » SEAT K BB & ¥ W MS-
MS (SRM)#IF » £ GCQ-NIST 1k & ¥ & 7% &
FEETEL S AMERAKRERTRERF2,4°-
DDE ¥ 4,4’ -DDE ° il Figure 5 X% Figure 6 °

2,4’-DDT 2 FEAHB Z K EFER 2,4°-
DDT i 34 5 #2 2% HCI1 4 i, DDE®

C¥EPBERE Y GC/MSE R H 5

R IE GC B 7% 2 W% - 5708k O-BHCHE
e E Rk E](Full Scan) * HiEITH B  o-
BHC M BB W > AN S-BHCZ o T
m/z=2917E 70 ev#R % T REAEH » Eik g —
# MS-MS (SRM)Z /rth B » iR B HER
AR FMZ 0§ m/z=121 ~ 146 ~ 181 ~ 219 *
1% A MS (SIM)4r#r 2L 4 > $F BB E A &
T B4 IR7 FH) B2 5-BHC 122 ¥ 7 AR5 2 5 1838 4T MS
B SRERHE > FMERFEMLE
%7 8-BHC °

W

A FRIFZSZHE B AR RO 2 3 B
B MENERHRREMUERBERAE
WEERE > BUGCHAEAEZ -
TERANN —MRBE I ESEEMR
* 7E 100°C /K R RLE » BIEE > BB
{%ﬁﬁ FIAEFE R E TR &)
BEMPEAREBREE  RUBSRFEENE
BEMEAR S > BT RAR o
GC/MS AR EAT K3 o 2 22 58 B 1 1 7
FAEF 0 HP 2,4 -DDT TS T4 k2 i
ZMS MS(SRM)Zr#7 # J7 BH Fs KBBR8 B
BE Y A FIEEERK  FNEREES T
TR U Ry B ¥E > 3T MS (SIM)Zr AT - T B4R
HEMS B 3% tb # 0 LARERR o
HEBEREFAERZTEYEHAEHESE
S ABEER REGCZAWHE
B DB KIFEY L DDE X DDTEE R
JR BE o SR 2K RE W] B B B L 2K BU (Superecritical
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Fluid Extraction) * [ #8 % BX ¥ (Solid Phase
Extraction) & V8 J& 7% #8 (Reduced Pressure
Distillation)% 77 [ AT AR 5% » LAHABA % %0
M EEE T BEEHSEYEMPEM
REEREM AR R G Z ABMERENT S -

BEHELMNWGC/MSEGCHERERN F &
By—#EXEARE T PEMBER B HH
b oo BRIFRBERE S EAT A P L E RE
OHE > BPEMAEMRERES K &
BETARREAABTNZ2E R IIHEE
HU LR o

&!l

B
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ABSTRACT

A multiresidue method using gas chromatography (GC) and gas chromatography/ mass
spectrometry (GC/MS) was developed for the determination of several organochlorine pesti-
cides in three crude drugs: Astragali Radix (3%) > Zizyphi Sativae Fructus (XB) * and
Zingiberis Rhizoma (323F). The pesticides including «-BHC, B-BHC, y-BHC, 8-BHC, 2,4’-
DDE, 4,4>-DDE, 2,4’-DDT and 4,4’-DDT were determined using a modified extraction and
refining procedure, separated by a capillary column (DB-1, 0.25 pm, 0.25 mm x 30 M),
observed with an electron capture detector (ECD), and confirmed by GC/MS if necessary. The
precision and accuracy were satisfactory. Calibration graphs of eight pesticides were con-
structed in the range of 0.25 - 2.0 pg/ml and their correlation coefficients (r) were in the range
of 0.995 - 0.998. Recovery studies were performed at the 1.0 ppm spike level of each pesticide
in these three crude drugs. Recovery rates were 66.4 - 98.0% for Astragali Radix, 36.7 - 86.9%
for Zizyphi Sativae Fructus, and 31.1 - 109.7% for Zingiberis Rhizoma. Coefficients of varia-
tion were between 2.3 and 4.9%. The estimated limits of detection of the pesticides were all
below the 0.06 ppm level. Coefficients of variation ranged between 6.3 and 10.2%. This analy-
sis method could be also applied to concentrated Chinese medicines.
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