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Establishment of trace pentachlorophenol and its sodium salt in animal-

origin foods by automated solid phase extraction-coupled with ultra

performance liquid chromatography-tandem mass spectrometry
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S BEM NFFNMNELERG PR, RARR SUA
K— TR I MAX B A8 3 BUAE 440, 1020 F 88 9 BF 75
R, Rk R % e A T — KR E &R (50 1 50,4k AR b) &
% ,Kinetex Cis &3 42 (100 mm X 2.1 mm,2.6 ym) % % ,
LA 5 mmol/L T 469 0.1% F 8 K 7K & # & ok B,
B F R & & T (EST ) % R 8 S 42 X (MRMD) #
NiREEZE, ZRET:AA A 0.2~10.0 pg/L LA
MM £ R RS ME R >0.999;1.0,5.0.10.0 pg/ke
A KT T 8 e AR Ek FE A 86.0% ~106.0% . 48 2+ 47
Y £2(RSD) A 1.62% ~4.27%, EF ik A HAES, TN
VT, BB E 0 A A R T R T R 3 R A
BPRBLABHALMERG.
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Abstract: In order to develop a method for the determination of

trace pentachlorophenol and its sodium salt in animal-origin foods
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by automated solid phase extraction-coupled with ultra perform-
ance liquid chromatography-tandem mass spectrometry, the
effects of extractive solvents, solid phase extraction columns,
eluents, mass spectrum and chromatographic separation condi-
tions, internal standards were studied and compared. Finally, the
sample was extracted by 5% ammonia acetonitrile, purified by
MAX solid phase extraction column and eluted by 10% formic
acid methanol. The extract was dried-up with nitrogen and re-dis-
solved with acetonitrile water solution (50 : 50). The solution
was separated on a Kinetex Cis column (100 mm X 2.1 mm,
2.6 pum) with gradient elution program of acetonitrile and
5mmol/L ammonium acetate (0.1% formic acid) as the mobile
phase. The detection was performed by UPLC-MS/MS using the
negative electrospray ionization interface under the multiple reac-
tion monitoring mode ( MRM), and quantified with internal
standard method. The developed method showed a good linearity
in the range of 0.2~10.0 pg/L, with correlation coefficients (r)
above 0.999. The mean recoveries spiked at levels of 1.0, 5.0,
10.0 pg/kg were within 86.0%~106.0% , with relative standard
deviations (RSD) were in the range of 1.62% ~4.27% (n=26).
The method is sensitive, reproducible, accurate and precise, and
is suitable for the determination of trace pentachlorophenol and
its sodium salt residues in animal-origin foods.

Keywords: auto-solid phase extraction ( ASPE ); ultra
performance liquid chromatography-tandem mass spectrometry
( UPLC-MS/MS ); animal-origin

internal standard method;

foods; pentachlorophenol; sodium pentachlorophenolate
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T W (pentachlorophenol, PCP) K& H4 3 g m A
HUSRAR 25, W) 12 0 F T B JB BB o R B R A5 DT T .
rp ] 3 K S TR R TR R OR B
BB IR B RM I B L LA R SR B K AR 1 T B L
SN RAM R NG . AR Y E B
R B0 VBUE B05 A S B B B g o A AR LA
TARC %12 2B 8 80 9™ . 10 S B 4l 2 A B i W K 7
PP K AR ) AR AR R E
(AR e N R S RN IR N[k &R RN
TEER, 55 0 P 40 B D e 2R 45 A PR S o AR AR
B R E AL B R AL S T S P AR AR AL
M IEHR AEBE ST . R EA S 193 5 &5 235 S 4L
SE TR B IR R A O A R R 3
L7/ Ri R L N R o = S e T o g =1 B a9 |
(2018 4F JiD) b B iff B o &5 & PR B Ll ™ o A )
A KR AT B, B R R L E B
AT 80 E sl U5 £ R T B L R R B Y A
Wy w AR EE,

H R B0 0G0 B B 4 468 A 4G 7 1 A <A
3R (GO BT S G — TR 5 (GC-MS)YT 1 3
FRAELTE 3 CLOT1 AR € 3% — BB IR 3% vk (LC-MS/
MSYITT A g S B ik % . GC R GC-MS 75 4 1l A7
A LERVEEBGLC REER . BB 2 LCMS/MS A
AREE S EEERERES. O ZER TR R
R 2 Ek B A S I A 0 B UE A I . GB 23200.92
2016 Sy 2h 9 IR £ i v S0 T R B TR B L (HIZ
JOL e R I o o 2 AT A L 24 () B A 22 R ORS [) 2%
TURE S, 75 TC ) 22 4% Bk T AR o i £k Bk 2% B AR
R,

ARBESEINE 4 B 3l A R A ZE IR S 7
GB 23200.92—2016 [ £ fili & . O f0 & & B 4L 35 2% . ok
FA DI bR 5 St BIF 50 B TR0 VL 1 3 5% I R 2 I A% 1 11 i
B 5 004K L P A I 3 45 S U0 A 5 S 0 R e L A T I
AV B AI0RE M T R G M A A R R ik AT
J A 2 A W AE T R i SE R AR A T R AT
1 MRSk
1.1 #5EE
111 MRS

AR TS AN I R - A N I NN LB
%:ﬁi%;

Cos [ FHEEHUKE : 500 mg/6 mL, Kt gh & AR BHE
HRRAE

Oasis HLB [& A ZE B4 : 200 mg/6 mL, 3 E Waters
NGIE

Oasis MAX [ AHZEBAE 150 mg/6 mL, 3% [E Waters
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&l

T B B (PCP-Na) A5 fE i : #it 5 Lot 94492, 4fi fif
86.0% ,f% E Dr. Ehrenstorfer A ;

T - Co (PCP-P Co) b ffE b+ dit 5 Lot M-310, 4§
B 99% . & K CDN 24 ]

LI B (PBP) b5 fE i 4iE5 Lot 160473, 4l i 99.6 % ,
% [E Dr. Ehrenstorfer /2] ;

CNE g s, £ Fisher 2] ;

SO AT S E CNW A ]

K R ERIR LR o3l T N2l R s

X5 K — %K, & Synergy #8 4l 7K 2 48 4l b 1) 8
47k (18.2 MQ » cm) ,
1.1.2 U5k &

VR ROBURE 2,354 . UPLC-30A Y, H A Shimadzu 23 7 5

= PO AT BT 3% A : Triple Quad 5500 %1, 25 F AB
SCIEX A 7l ;

4 [ gl e 8 A = AH 25 BCR 4 SPE1000-8 T, 36
[E LabTech 247l ;

AT KA UW6200H %Y, H A Shimadzu 23 #] 5

3T KA. CP225D %, 8 [ Sartorius 24 ;

Y HL: T18 digital ULTRA-TURRAX 7, 7 [ TKA
NG

WEWR IR A28 . MS 3 digital B, {85 TKA 27 ;

AHEYR % %% : Multi Reax B, 7 [F Heidolph 24 ;

B 0L Allegra X-30R A, 35 E BECKMAN A ] ;

AWML :N-EVAP 112 &I, 3% EH Organomation 2\ ) ;

2K RS : Synergy B, {8 [E Merck 2] .
1.2 RWAE
1.2.1 fREUARIMER BRI 2.00 g WFERFER A T
Gy F 50 mL BOE 9 10 mL 5 .5% =42
W 2% = L We i) S WG — K BT (70 & 30, (R BUE) (54 =
IR E— KB (70 & 30, AR (8% = Z i 2
K% (70 0 30, (R BUHD 2 " AK—Z E. 5% &
K—ZIER 8% E K — L IEF o B ¥ 1 min, FETR TR
4 5 min,8 000 r/min B5.[> 3 min, A SEEUR .
1.2.2 [BEUHZE S (R 0 i e

(1) [ ARZE AL Ay 3E$E - ] 1.0,5.0,10.0 pg/kg i
TR T W 5% AR &, L 88 Cug, Oasis HLB #il Oasis
MAX [ FH % BUH: (19 26 B Rl

(2) PRI 1% 5 - 0 5 i Oasis MAX [ 4 < Bt
MG AN iR HEE 6 HR  FEESHER
P10 %6 iR — FF B2 0.2 %0 h BR— W B . 0.4 Y0 Eh R — W %
SRR TR R B W R B P R BB . i R R LK
WAL Oasis MAX £, 880 5 mL 250 YA 1 mL/min i i#
W AR AE B . ) 5 mL 5% K A L L H R
WE— KBS C2 0 49 T 49 IR BUHD Wik . MM T . 4 348
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S mLAYFE—FEL.6% FmR—FE.8% FmR—
FEIOY R — FAEE.0.2%0 3hiR— AN 0.4 %0 4h MR —
P 0 58+ VAC R O B VL

(3) EAWR M LR BT 40 CTAIRZEIL
T oy K Z BRI I — K3 W (50 @ 50, (R TR L) &
AR 2.0 mL, 2 0.22 pm U5 UE AR O3 — 8 5 R
A A
1.2.3 8 i SSOBORH 8 1 — HR 6 R 1 2k 2 1 1 A

(1) Bril sk -l i 25 iy o $ 8 7 (EST H 2 R
7 A = (MRMD , % A (CURD 0,206 9 MPa (HJ
30.0 Psi) , i 5 (CAD)0.062 1 MPa(lJl 9.0 Psi) , i i %
B (1S)—4 500 V, & F ¥ B (TEM) 500 C, 5246,
(GS1) 0. 344 8 MPa (Bl 50.0 Psi), # 0 < (GS2)
0.344 8 MPa (Il 50.0 Psi) % 5 £ 5 7%t i b K 7 o &
(DP) it A L CEP) | filf 43 /1L e (CED 0 filf 4 25 3 1 /L &
(CXP),

(2) O3 24« 0 3% A 4 Kinetex Cig 4 (100 mm X
2.1 mm.2.6 pm),H#E 0.3 mL/min, i 40 C ., gEAE &
5 uL LAZIE R EAE A AR 8K 5 mmol/L Z ik
WA 5 mmol/L ZEREEAY 0.1% W R KIS N R sl B
AHET I 43 B OR  E B d AR I B A .

(3) FEFRRON 5 AR AY 8+ BC S A I X8 IR 3G
ALY U T R AR R Y B B A VI 2L R Ve iR
BRIV R o Y 28 L 38 I 90 B 00 o B B0 (ME) =
[ CHE S5 A o il 2 010 A %+ i AR it R i R 8D — 1] X
100% . HoB HOG B Co RT3 i M . 2k R A S
IR
1.2.4 FikEHEE

(D KMEXRGEEWR M KEBGO 50,
PRFRLL) 7B B e A of 0 48 W0, I A AR S 045 0.2,0.5,
1.0,2.0,5.0,10.0 pg/L By b5 HE T VE ¥ W M b Wk E
1.0 pg/L, LATLEM 5 AAR 0 AR 2Z Lo A b v,
BE R A AR o AT AT RNIE . SRR 5 L, 158
H AR 0 i 5 B AR R 7S K E R L (S/ND L L S/N =10 2
ASCAS A e BR300 2 2 1A A R0 0 £ MR L L i E
Tk R

(2) MEMf L SR B ERN BRGNS M
PR ORS8RI A A5 R S TR 1.0,5.0,10.0 pg/ke HLER
By A2 AE 6 YK, TG N AR a] U 2R AR X b o e 22
(RSD),

H
H

1.3 HiELE
K Excel 2016 JE47 5085 382 007, H 22 il 3%
2 #iRS5nbr

2.1 REAFHHEE
HiR 1 AT B2 HCIRD i 5 I A £ IOV R ol k)

BE 2138 | 201947 A | AR5V

TG 0 2 B RN — e R L RCRE B T R
S HAR IR o &K i S ORI T A &k m. 5% =
LW ZIE— KB (70 2 30, MR FR LE) T 506 20K Z i
IR AR I I B 2 ) 5 00 UK — 2 G E AT $2 1L
S AR IR L PASE A AR BEIAT W
JK A CHn IR B o ) B AR AR RS A . T R RT3 o R
pH B ,PCP [y pKa H 4.74%21, 24 pH>pKa+ 2 /> B {if
. PCP kA B 1Ak BB B 7B S

F 1 RBURFI X3S P AR HE @ B SR X
ERES R

Table 1 Extraction percentage of pentachlorophenol
from pork spiked samples by different extrac-
tion solvents (5 pg/kg)

PRI 71 I/ %
LIk 64.0
SHE=C— 72.2
2% = LRI CNE— K 76.9
500 = LI s — KT 83.2
80 = LR L E— K 80.1
2 RK— i 74.8
SRR 85.4
8N EAK— LNk 80.4

2.2 BEHEREHNHTE
22,1 [MAMZFERMMEE HE 1A, 7E 10,50,
10.0 pg/kg WMNAKE T, Oasis MAX Ay 25 B IA] e % 55
£, Oasis HLBHWRZ ,Cis Hife 22, XMW T Ce BTG
B F AR B b AR Y A6 S W N SR AR P Y G
FRHAR B8 ROR 589 . HLB #E 56 7K SR g T A5 4 2 38 T
T | R Ak A B R BN A X AT R
R T B A A 1 KR I M R B X KR P L S
[ i 28 A A, AR X Bl 40 U A v ST Y Il i —
Oasis MAXHE ly — Fpii & A i B 8 7 38 e b, Ho 30K

1001

&S

Recovery/%

1.0 50 100
RN
Addition level/(p g * kg™)

Bl BMFERENHEATEASHFREKE G R
Figure 1 Extraction percentage of pentachlorophenol
from pork by different solid phase extraction

columns
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N-Z W Bt g B i-— 2 M R L R ¥ & — CH, N
(CHy),C, Hy . BAMHIET . 2REMNHAH LAEE T
oot KB R AR N 1 AR BAME 7. B
5 MAX AR BRI 1A T L7 BB 5 1Y 2 4
KM BT 3 A S B ST B R R B IR T MAX R
EOTL B, B & 3k A Oasis MAX [ A7 2 U AE oF 17
#Ak
2.2.2 VMR MERES A BB 2 ATHE BEE H R
JEE (g B0 O G VA1 VO O R ) 3% T SR . R IR I IR R
FH R, B IR A e R ) B T S B A A Ok
JBE o AH T R R R RE G uiR L VR DG T 40 5 R K A T AR
Jo BT T A0 R mcR . R R4k A 1000 H
2 — R BEE AT U

PR R M R R G L R R R M pH R R g
W o ) B 8 A 2 B AR AN T S R B R
ARG, 24 pKa—2 DAL <<pH<pKa+2 4~ FAff
B AW N TS AW R . MR EA RN, T
A ME L 5E 4 25 8 F Ak AN RE 58 A VR B 2 R MR R K
i A LNyl N S 1) I 7 7 T v A
A SRR R — PR /KA TR (2 1 49 ¢ 49, (R BUED
VR UL TE B IR B AR 4 TS AN 1 3 AT R I A AT R R
JS AR 3 555 MR B 1) T B 0 B R A R A

100
“l /0—’4\’/"
60

40+

[HEES

Recovery/%

20+

O
R q® Q¥ q® ¥ «®

@‘@/ S @‘i@/@@ G
\(\0’0 Qn'

DA A o;s%?»w&o;é&
VR
Eluent

BR b 7 BE I R K JE AT B R SR LA A 84 e

Elution ability of acid methanol solution with

A 2
Figure 2
different acid concentration on pentachlorophe-

nol

2.2.3 ERWWMWEESHA 2BEHAK LML
H— KW (50 1 50 TR 58 28 & BLK o AR A I 21 H
PR T A s £ FP T SR B 0 T A 2 L o B SR RO s &
i — 7KW (50 50 fRTR L) F A B W B RL AT . PRI
BAEH NG KB G0 50 kB T ER. &
AWK W AR AL 2 pH o 6.6~6.8 I O R
AT . MAX [ AR AE IR R Y e A
TR A TOA B . TR 8 5 3 Tk gk 1B
S T T oK T 2 BCA PR
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23 BEURHEAE—SHBERILEEZENHE
2.3.1 kA MERMEIE LEmE—FEAE YR,
T T R R A A I X, o T = e e
WAk B BB R R K AR RE M & B L A B A
B EE. REABS FEF(M—H] HOE=EN
AT 95 2= N AS T 9l FT R, 24 6l B e i (CED 3 m =48 kK
R HRE RS P2 1 AN LCL R MR AR R AE 7
BT, A 3 iR,
1007
g0 F
Z 6ot

S a0l

LOE S
Relative intensity/%

= 20|

0
50 100 150 200 250
JBifi He
mlz
B3 AZA®mm/z2028 BT 2B TAMRER
Figure 3 Production scanning mass spectrum of penta-

chlorophenol m/z 262.8 ion (CE —40 V)

PRt o )P S b ST R ™ CLAN CL T R R0 2
VEE 4 AR R BB T X (262.87>>262.8,264.8>>264.8,
266.7>>266.7 Fl 268.7>>268.7) 17 & M & B M. R
BIESE R, Hop, R Tl 262.8>>262.8, MBS
FufH 264.8>>264.8,266.7>>266.7 F 268.7>>268.7, ELIk
S 2,

2.3.2 BIEEAMNTE K5 mmol/L Z R K
WOR 5 mmol/L ZERE 1 0.1% B iR K VAT 3 ik sh Ml S
R VLKA sl A T 5R  U6 RY2658 25 5% ) 2 o UE A 5 LA
5 mmol/L R IK WK Ay ik 3l A e 7 ple 2 L (RLOR B 1
W5 ZWANE A T4 L 5 mmol/L ZERELY 0.1%
FF R KV I R T B A W B R L R R R AR . P R
£ 5 mmol/L Z FRE Y 0.1% I BR K I K I s A B
L5 MG (A MDD 4G 3478 B BB, M R s AR T I
* 3, HABEEENRELS Y, Cs i LR
W, WA TR, AT BEAR pH A 6 S8 L4y
FIBSAFAE 7K o U A P R A1 W M 08 38 L AR A B AT IR B 5
T B AT UG £ 33 A 7k A ik P2 R 00 T L R L S 5 R
FRHE AR HAE R ARAF R i e B, A LR R
AR R LA B B T A RO R R B e
BAZWER. e sl A pH HEE .

2.3.3  FEJRAN 5 N ARk £

(1) B BT« AR 38— Bl 40 A b 2 SR AL T
Yo A B s S M s e AR M RS 5 SN F
B R T AR ] v B Y v 700 B oA A YA 1 e 7 A A T B B K
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Table 2 Mass spectrum conditions of pentachlorophenol, pentachlorophenol-"*C; and pentabromophenol
2 45 BT (n/2) PEYET(n/2) DpP/V EP/V CE/V CXP/V
PCP-1 262.8 262.8 —110 —10 —15 —15
PCP-2 264.8 264.8 —110 —10 —15 —15
TAB -
PCP-3 266.7 266.7 —110 —10 —15 —15
PCP-4 268.7 268.7 —110 —10 —15 —15
PCP-1*Cs-1 268.7 268.7 —120 —10 —20 —15
) PCP-13Cs-2 270.7 270.7 —120 —10 —20 —15
L -1 Ce )
PCP-1¥C4-3 272.7 272.7 —120 —10 —20 —15
PCP-1*Cg-4 274.8 274.8 —120 —10 —20 —15
PBP-1 484.4 484.4 —170 —10 —20 —15
. PBP-2 486.4 486.4 —170 —10 —20 —15
TR
PBP-3 488.4 488.4 —170 —10 —20 —15
PBP-4 490.4 490.4 —170 —10 —20 —15
x3 RHEBEERER 100 26-8
Table 3 Gradient of mobile phase o /
2 80
5 ] /min A /% B/ % ")
g 6o
0.0 50 50 g
B o4
0.5 50 50 £z
<
4.0 80 20 &£ 20
6.0 80 20 |
275
6.1 50 50 T
8.0 50 50 mlz
100
5 BRI S W 43 B Y R B L T R RIORG

H—nu;&ﬁ H AR LT AL %%‘mﬁ:ﬁﬁ n\
BT 25 A4 8T VN A 0 TG o) 5 T3 A ol £ 45 T 0/ B TR
G5 G ITAR

e RN I LB A I N (N o ]
SR I T A o it £, 5 N b o ot £ L A T A A
IJ/:J\%H?\Xgl/\l\X%E\@IAJ\?]:\%*Hq:ﬁﬁﬁ"]%fﬁﬂ@ﬁﬁu
H—22.8%,—32.3%,—23.6%,6.0%.,10.8% ,—34.8%.,
—25.9%,—7.1%, Ho G E AR F PR EKER
TR AR B Ol B9 3 SR AN (| ME | <220 %), HoAth B
i g PP A R R R TR AN (20 < | ME [ <5090 ™, 4[]
R G 00 22 B AN ) 2H AU A L ) T T ) 22 4% Ak b O I £
R e BRAE BB, SO WE SR T AR I E i T AL
A,

(2) PIbR I 8 45 < 308 5 b 45 0 SR 1Y TR) 0 26 PN s

S Co FE A T 09 100 R N AR TR f &) 4 WA T
Al-U Co M TLE M m/z HARZE 6,105 T &0 R MY I\ 67
ZPEPERE B X T -1 C F T AR A 7E A IE) B B 1
X} 268.7>>268.7, BTt 5 5 K E BN 5 W E = E MR
Pl U g 2835 FH HOIR 8 0 N A

A
Relative intensity/%

LOESES
Relative intensity/%

A 4
Figure 4

£ 60
S 40

= 20

o®©
(=]

D
=

IS
(=}

3%
=

100

80

270

(bh) HEB-"C
486.4 488 4

275

280
Jpivi=a

mlz

AR BB RE-Co A B By h —

490
(c) TR

295
i

mlz

Mass spectrum of pentachlorophenol,

chlorophenol-

BB

penta-

s and pentabromophenol



&M | Vol.35, No.7

2.4 HEZFEN

FLABAE 0.2~10.0 pg/L JEE ALK ERR R, F
JHJ5 8k y=0.600 752 40.030 01(r=0.999 38), & & fi
N 1.0 pg/ke. HIFE 4 ATHD, TG AY 110 Ry 86.0 %0 ~
106.0% AHXFRUEMR 2 R 1.62% ~4.27% , H[El 5 75,
TSR A TR B 00 €51 A B RO R, o 4R B TR
W5 YR e LR G R RO R R
3 &5

AR gE0T $ BOHE ) [ A 28 IR L Wk VR L B 4 A
TS B8 4 AR ST TR S T S IR
st A SR T B LA R 1 4 1 Bl R A R i RO
R — EREC TR A . ARSI A RO B N AR 4 SR
K—ZHEHEE. 32 4 B 3h s i it pk =S B A 2 IR 4
Oasis MAX [ 02 B Ee 4k .5 % BRI P B R —

F4 ATAHESRPESBIEKERMBENIRERE
Table 4

Extraction percentage and relative standard de-

viations of pentachlorophenol in different
samples (n=6)
s/ W A/ B/  RSD/
FE il
(pg - kg™ H (pg+ kg™ H % %
1.0 0.87 87.0 4.13
A 5.0 1.71 94.2 3.42
10.0 9.82 98.2 2.32
1.0 1.06 106.0 4.27
3iis 5.0 41.66 93.2 3.90
10.0 9.56 95.6 3.88
1.0 0.94 94.0 4.05
PR 5.0 4.92 98.4 3.16
10.0 9.72 97.2 3.04
1.0 0.92 92.0 3.15
5 5.0 5.02 100.4 2.39
10.0 9.65 96.5 2.66
1.0 0.93 93.0 3.27
1 1A 5.0 4.72 94.4 2.46
10.0 10.09 100.9 1.62
1.0 0.86 86.0 2.15
LI 5.0 4.82 96.4 3.18
10.0 9.66 96.6 3.63
1.0 0.89 89.0 3.43
b3 5.0 4.57 91.4 2.89
10.0 9.25 92.5 3.27
1.0 0.95 95.0 2.94
44 5.0 4.72 94.4 1.95
10.0 9.61 96.1 2.08

BREEE :ASPEUPLCMS/MS I ESiER AP REFTAHMRENEL

AR BE
Relative intensity/%

00 10 20 30 40 50 60 7.0
I ]

Time/min

(a) T
393

100

AR
Relative intensity/%
N
S

M A st it
1.0 20 30 40 50 60 7.0
R[]

Time/min

(b) MR
B/ 5 A miFE S MRM RE B

Figure 5 MRM mass spectrum of pork spiked
sample (5 pg/kg)
FHBE— KA M (2 0 49 0 A9, (R B HO Rk, 1026 B iR —H

e % VAR U G anAM;ﬁ FH G /KW (50 & 50, (R F]
FOREZ . LLZHE A 5 mmol/L ZER &%) 0.1 %0 B BR /K I Wi
hy it B AR AR BE BRI, Kinetex Cog (835 4% 43 89, A & 1Y [
AL FR e 7 B B X I AT B RE 40 A . 7R [F 3l IR
FE LR 2O o B AR R, U L v R
i 25 BE B0 RE W AT B VR R A P R S B R AR
B BRE A BT oK L R G — B RS R S S R A
sty 22 B S A0 W I E v

S &k
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[2] World Health Organization. IPCS international programme
on chemical safety: Health and safety guide N0.19, penta-
chlorophenol [ EB/OL ]. (2014-05-25) [ 2019-03-28 1.
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