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Abstract: An improved method based on accelerated solvent extraction/gel chromatography purification/gas chromatography-triple-
quadrupole mass spectrometry was set up to detect 46 POPs in aquatic products. The aquatic products were freeze-dried at -105 °C and 100
mbar and then uniformly mixed with diatomaceous earth. The accelerated solvent extraction and gel chromatography purification were used to
remove grease. The quantitation and qualification analysis of 16 kinds of polycyclic aromatic hydrocarbons and 30 kinds of organochlorines
were performed by gas chromatography-triple-quadrupole mass spectrometry (GCMS/MS) in the multiple reaction monitoring (MRM) mode,
using Naphthalene-d, Acenaphthene-d, Anthracene-d, Chrysene-d as internal standards. 46 organic contaminants were extracted with
dichloromethane:hexane (1:1, ¥/V) at 100 ‘C and 1500 psi, and their distillate (7.5~16 min) was collected. The separation
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of 46 POPs was good, and the correlation coefficient R? was above 0.99. The recoveries of low (10 pg/kg), medium (50 pg/kg) and high (100
ng/kg) levels were between 81.0% and 121.0%, the relative standard deviations (RSD, n=6) were between 4.1% and 11.0%, and the detection
limit was 0.0185 pg/kg~0.7377 pg/kg (dry weight). This method, with accelerated solvent extraction and gel chromatography purification as
pretreatments, has good stability, low detection limit, and a high recovery rate. It is a promising method for analyzing trace POPs in aquatic
products.
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(2 P 2 A5 5 sk FE BoE R, iAol AE 2
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R R EBX LT, H A CARE R T
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BORSE, 40 Shrivas K 251 DUk RS i A DA 0 PIRE
a2 FE LR, AR5 PR B R B AR AT
AR, {H453%) £ R FH OCPs $2 B 1WA ZE7E 82.1%~95.3%
Z )5 Ankita A 2SR R A B 23 B0 LU
HCH AR SRR R 2 FA LS A, DAL
AR B A P R A R TS, S fRA HE PRy
1.06 ng/g, [AIUCRTEE 88.5%~108.4%; T 45!
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REGFIZ A TRV, %570 T4 ) POPs $2HK
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BTP-8ZL00X % T4, [ SP Scientific A#]; E-914
NIAFIAEEUX, it Buchi A#]; 4 HAERIRL
A4t (GPC), f#[F LCTech A#]; HEI-VAP/LR20 jiE
& RAL, fH[E Heidolph GmbH A7]; N-EVAP 116
ZWAL, L[ Organomation 2 7]

Hokt (failkal), Merck AT, ZMRZMG ({hil
al), Merck ANF]; MR (O0tra), EZER;
PEEALES (100~200 H), Macklin; 16 ' PAHs {8 &
PRER, £ 02si AFl; [Ff AR, EE o2si
ANFE] AWLERAEER, AR B b T .

1.2 ARoBE V5 R Wy e

16 Bt PAHs ¥ JE 4 100 pg/mL CHLFGZE, JE# .
e 5. FE. B OREL B FH[a]BEL . KIEb]
WL RFEKREL ZI[altb. BiFE[1,2,3-cd]tE. —
FKIF[ah) B, HI[ghilth) , BUEERFRESYIF 1 mL
FHABRE 22 100 mL AE & e A, Al ek iz
N1 pg/mL.,

30 Ff OCPs ¥ E A 100 ug/mL (FLHE a-757575
AV AVANE & A v AV AN By A vAVANIVAY: - b S TR P (B 5 N
HECRE. LR HECRERRE, —SURRE. LK
Al HEEE. AESE -EFE op -, ot
Fho R-F5F LA R-JUES IKIRALS pop -
B opp - RAKIRH B0 ek IR
p.p - o.p - TRFHREREE . p,p -TH T
SRR KGR, BUREFRAE R 1 mL
P E 2528 100 mL /E AR, RN 1

pg/mL.

4 FRE RS AFRKEA 100 pg/mL (RLFEZE
-d. Zj-d. BE-d. JE-d , HUREFREER 1| mL, H
PIBRSROE RS A 10 mL A3 [FIAL R ARSI, 1258
.

PR 2R FTC 43 P POPs it 4% 50
pL. 100 pL. 500 pL. I mL. 1.5mL. 2.0 mL, FH/E
fii £ 282 10 mL /4 5 ng/mL. 10 ng/mL. 50 ng/mL.
100 ng/mL. 150 ng/mL. 200 ng/mL Frifi: £k, [FRf &
AN 10 pg/mL B[RS 2R AARER 20 plo

1.3 a4

1.3.1 Ak TFaRE&mt

BURELIRE: 105 °C; AE=EIES: 100 mbar;
AURTIENA]: 24 ho

132 HRERIEAFBAL (ASE) 44+

PEEAR]: EHBIECKE (11, VD ZEEL
HAAR : 80 mL; RS K 1500 psi; ZXHUEZ: 100 °C;
FRAZEHUN ] 10 min; JAFIPPRIRE]: 2 ming Z0US
MURIRTE]: 3 ming JEFRREL: 2 K.
133 B &S (GPC) &4

GPC & F:: 40010 Y (300 mmx20 mm, [ 24
cm, 24 g Bio-Beads SX-2 kD) ; zhi: # ko
FROBE (1:1, V/V); Jii#: 4.5mL/min; E&EH: 5.0
mL; BTIZ47ATE]: (0~7.5) min; YCHEIR SRR T] -
(7.5~16) min; JEVERTE]: (16~18) min.
134 GC-MS/MS 44

1 46 T POPs F A1) K Mol 8 F ot
Table 1 MS/MS parameters for 46 POPs

e FZ BT/ (m/z) FNEB T3 (m/z)
%5 edh F LA AR Bl/min X T5 FRABHE X FB  mbdEg
¥ ¥ eV ¥ ¥ eV

1 2Ad d-Naphthalene 6.24 136.2 108.1 20 136.2 134.1 20
2 - Naphthalene 6.25 128.0 102.1 20 138.0 125.0 15
3 b Acenaphthylene 8.16 152.0 126.0 25 152.0 151.1 15
4 Z-d d-Acenaphthene 8.33 158.1 156.0 20 160.2 158.1 20
5 & Acenaphthene 8.37 154.0 153.1 20 153.0 152.2 20
6 0-7N3N N a-benzenehexachloride(a-HCH) 8.53 182.8 146.7 12 218.8 183.0 8
7 L Fluorene 8.91 166.0 165.0 15 126.0 113.0 10
8 ) SRy p-benzenehexachloride(B-HCH) 9.51 180.9 145.0 14 218.7 183.0 8
9 P-INININ y-benzenehexachloride(y-HCH) 9.74 180.9 109.0 18 180.9 145.0 14
10 SRR Hexachlorobenzene(HCB) 9.76 283.8 2488 18 2858 2508 18
11 0-73N 7% d-benzenehexachloride(6-HCH) 9.93 218.8 146.5 20 182.9 146.7 14
12 B RAFHAERK Pentachloronitrobenzene(PCNB) 10.08 295.0 2369 20 237.0  236.2 18

TR
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BELER
13 B-d d-Anthracene 10.11 1602 1582 20 1882  160.0 30
14 ErS Phenanthrene 10.16 1780 1760 25 1390 1259 10
15 & Anthracene 10.24 1780  176.1 25 1530 1266 25
16 AR Pentachloroaniline(PCA) 10.67 2650 1938 22 2300 1920 28
17 L # Heptachlor(HEPT) 11.24 998 650 12 2178 2369 12
18 AFGRAHE Pentachlorophenyl 11.62 2960  262.8 6 2980 2648 12
sulfide(PCPs)
19 Z R AT Dicofol 11.85 139.0  111.0 10 1.0 750 10
20 LKA Aldrin(ALD) 11.92 2627 1929 32 2627 191.0 30
21 KA Fluoranthene 12.63 2000  199.1 30 2000 1980 20
22 AR Heptachlor epoxide(HCE) 1262 3530 2629 20 3530 2819 20
23 ETE 0 oxy-Chlordane 12.71 1150 870 10 1850  149.0 10
24 -2 S+ cis-Chlordane 13.12 3728 266.1 20 3747 2658 30
25 i3 Pyrene 13.16 2020  200.0 35 1380 1372 15
26 o,p - EF o,p’-DDE 1330 2460 1760 28 3180 2460 20
27 o-FSt a-endosulfan 13.42 2406 2059 14 1947 1250 22
28 & trans-Chlordane 13.51 3727 2659 30 3747  268.0 10
29 JIRA-FLR cis-Nonachlor 13.73 4070  263.1 30 4090 3000 30
30 F-IUE trans-Nonachlor 13.73 4070 1089 20 4070 4059 10
31 K Dieldrin(DIE) 1402 2770 2053 28 2770 2409 32
32 p.p - AR p,p’-DDE 1407 2460 1760 28 3178 2460 20
33 KK Endrin 14.46 262.8 1929 30 280.8 2453 8
34 BTt p-endosulfan 14.55 240.6 2058 12 1947  159.0 8
35 FREF B Endrin aldehyde 14.94 1730 1379 20 2500 2483 36
36 p.p & p,p’-DDD 1500 2350  165.1 20 2350  199.0 14
37 o,p - iE o,p’-DDT 1520 2350  165.1 22 2350 1995 10
38 I ERR 2 Endosulfan sulfate 15.61 3870  289.1 6 2720 2369 16
39 p.p A p.p-DDT 16.11 2350  165.1 22 2350  199.5 10
40 TR F) B Endrin ketone 16.70 3170 280.9 6 3150 1009 20
41 FH[a] B Benz[a]anthracene 17.18 2280 2260 40 2260 2240 40
42 Jifi-d d-Chrysene 17.20 1201 106.0 10 2402 2362 30
43 il Chrysene 17.28 2280 2260 45 2280 2270 40
44 KRR Mirex 1892 2738 2388 14 2720 23658 14
45 FIF )R E Benzo[b]fluoranthene 21.22 2520 2500 40 2520 2510 45
46 I E Benzo[k]fluoranthene 21.31 2520 2500 45 2520 2510 45
47 Fita]th Benzo[a]pyrene 2224 2520  250.1 30 2520 2511 30
48 %%[1}%3 o] Indeno[1,2,3-c,d]pyrene 26.11 2760 2740 30 2760 2749 20
49  =FH[ah)E Dibenz[a,h]anthracene 26.30 2760 2740 50 2760 2752 35
50 FIt[gh,i]it Benzo[g,h,iJperylene 26.80 2770 2752 20 2770  276.1 35
Ok @itk DB-1 (30 mx0.25 pmx0.32 HERTHRZE 90 CHAREF 1.5 min, LA 25 ‘C/min fHH
mm); BEFEIRAE: 280 C; #EEERE: 1 uL; AR FHEZ 180 °C, PA 5 C/min FEHFRFHESE 280 'C, LA

H (EAES): 1.2 mL/min; 3T AOTHERE
FERFFHE: 40 C/min ££FF 1.2 min, F§LL 25 “C/min 1]

10 °C/min FEFEFHEZE 300 CLAEF 6 min,
g B TIRIRE: 300 C; PUZRHFEE:

307



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.4
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&1 46 # POPs tiL[E]
Fig.1 Chromatograms of 46 POPs

14 RBR

BOKP R AT B o UIEk,  H TR SR
JRBEIR, FE-40 CFREATHIA 24 h, PRTHLERZK

yIa, FURERHI ISR, T e A7 . #R
B2 1.00 g iFER K 5 1.5 gk LR &5, I 20 uL
10 pg/mL FINFR, BE 15 min 2R ERER AFE
B B 50 g PR RS (R IEEER R TG
BT 450 CHIpph bR b4h), 2 giEET. 1g
FEATRE D A D CEIFBASO) TN 80 mL
) ASE ZEUGh A, 28 1.3.1 SEIGAAHEIEREEUE,
VAN R ROORGE LT TR T, A
WOk OB Ol (11, VW) WRERE 10 mL, 7
JiEfE3% 2 min, 3EBORH 0.22 pm A PRI 8 5 1218
1.3.2 MISERGAAEE GPC 1§k, I H YRk 4 e 2%
1 mL AR5

2 HR51He

2.1 ASE £ ¥ttt

2 fEERREXT POPs [EULERAYEINN
Table 2 Recoveries of POPs with the extraction cycles from one to three in accelerate solvent extraction

PBIRREL VB & d
%E 44k Y Ak
1R 2R 3k 1k 2K 3K
2 A 53.1% 9.6%  99.6% 27 o-FRFT 71.1% 86.7% 93.0%
3 JEM 45.4% 1013%  127.3% 28 BRIt 77.8% 88.7%  100.5%
5 V3 24.3% 59.7%  99.1% 29 NA-FLE 80.8%  103.4%  96.1%
6 - 18.8% 101.0%  37.1% 30 B-HA 61.2% 95.5% 93.3%
7 % 30.3% 100.0%  82.4% 31 KK 65.5% 91.7% 96.7%
8 P-oxoRo 29.8% 932%  97.9% 32 pp-EEF 101.0%  908%  1322%
9 PRI 78.7% 852%  92.9% 33 FREF 62.2% 87.0% 91.5%
10 AR 25.9% 85.6%  101.8% 34 p-FFT 49.4% 73.6% 52.5%
11 d- RN 11.7% 703%  94.1% 35 FREFIEE  473%  1062%  106.7%
12 BRMEK 61.5% 80.0%  99.2% 36 pp-AEA 33.0% 74.0% 51.9%
14 El 26.9% 100.5%  108.9% 37 o,p - i 50.8% 94.2% 90.5%
15 & 30.3% 98.4%  101.4% 38 ESTEER 86.4% 95.1% 93.1%
16 BRI 69.6% 70.6%  100.6% 39 pp-iEiEE 76.6% 87.2% 97.2%
17 LA 57.2% 77.1%  101.6% 40 FIKKFERA 77.5% 91.8% 96.4%
18 ARFAFEE 60.3% 72.2% 98.3% 41 FIH[a] B 72.5% 80.8%  104.6%
19 Z ARG 60.4% 67.0%  105.4% 43 i 1353%  78.1% 99.7%
20 SR 63.1% 725%  104.1% 44 RBR 71.2% 73.9% 98.3%
21 RE 70.0% 111.4%  97.7% 45 FIH[b] R E 74.9% 80.6% 99.9%
22 HKALR 73.3% 81.2% 95.8% 46 FIFK]RE 76.8% 74.7% 97.1%
23 P 57.4% 70.0%  98.2% 47 K [a]tt 69.1% 68.9% 91.7%
24 NIR-F2FF 68.7% 86.3%  101.4% 48 EFH[1,23-cd]E  76.4% 833%  102.8%
25 it 94.4% 1173%  130.8% 49  =XHf[ah]E  843% 929%  107.3%
26 o,p - A 90.5% 93.8%  111.9% 50  FHghiltt  89.6% 98.1%  124.1%
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XFTHRHGSFE ASE SR, S2mR R £ 8 $2HL
N RGNEE RS SR, DUR PRI GE At
T B SR BUE IR REL. PEBUATIIRPZR K L) 5
KW ASE ZERURM 1AL 32 B S L E bR
% EPA-3545AM), e — & IEC ke (11, vy
VE SRR, EARUR I 1500 psiv ZHUREEAN
100 ‘C. FEASAE A4 10 min FI24F F AL TIE3F
UH RREHERA RS B RE, AN R L ATt
177 3APATRERER AN | N2 EARER I 00T . ZEEUE

WA 1 ke, BERPIEREUERAE 45.0%~101.0%Z ],
FEEUIEIR 2 IRH, [AISCRTE 63.8%~111.4% 2 8] [HIi %
ARRIET, MU RE R EIEINE 3 K, Bir
AR TCH B2 . 4562 1 H stk & 4r Bl
e ZERGRA I E RS0 RCR, AFFFUIEEL 2
UAEIE A S AAEBAEI L

22 GPC F ke

7% 3 46 T POPs £ GPC INEIRIBIEZHYIE LI 4R 5>
Table 3 Distillate components at different time periods in GPC for 46 POPs

AR B 1) #&/min
Uy AR $R % B 18] /min
6.5~16  75~16  9.0~16  10.0~16
2 A 6.26 \ \ Xt \
3 b 8.2 \ \ y \
5 J&, 8.4 \ d V \
6 AR 8.59 x/ v y \
7 % 8.96 \ V \/ \
8 B ) 9.57 \ V V \
9 PRI 9.82 x/ \ v \
10 XEK 9.8 V \ V \
11 O35 9.98 \ V Y \
12 ARAEK 10.12 \ \ y \
14 El3 10.21 \ 3 V \
15 & 10.29 x/ v Y \
16 R E 10.72 \ V V \
17 L F 11.28 \ V V \
18 B R 11.67 \ \/ V \
19 Z ARG 11.96 \ \/ V \
20 3RA 11.95 \ x/ V \
21 ZE 127 \ \ y \
22 RALR 12.68 v v Y \
23 8y 12.77 \ v Y \
24 IA-F S 13.18 \ v V \
25 it 13.23 \ V V \
26 o,p - A 13.36 \ \ \ \
27 o-Ft 13.48 \ \/ v \
28 R3St 13.57 \ V y \
29 NR-FUER 13.79 \ \ y \
30 R-AA 13.79 \ v Y \
31 KA 14.09 \ d Y \
32 p.p - EEF 14.14 d v Y S
T

=

2
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HEER
33 SR 14.53 \ \ V \
34 B-FTr 14.63 d v Y S
35 SR B 15.02 \ \/ v \
36 p.p - 15.09 \ \/ v \
37 o,p - A 1527 J J V \
38 b i 15.71 \ \ y \
39 p.p B A 16.2 \ v Y \
40 SR B 16.79 J v Y \
41 FHt[alE 17.29 \ \ V \
43 i 17.4 \ \ V \
44 RIBLR 19 J x/ V V
45 FRIH[b]EE 21.34 J V x x
46 FHHK] % B 21.43 \ \ x x
47 FiH{alitt 22.39 \ y x x
48 2 3t[1,2,3-c.d] i 26.23 v N x x
49 =¥ [ah)E 26.45 R v x x
50 FH(ghilk 26.92 J v x x

i VR RIE GC-MS/MS T A, “x &7t ki it GC-MS/MS A Rhth

1800 N

1600

1400 /] ‘

1200 [

1000 | ]
800 | \
600 | I \x
400 | 2\

200

T
Bty

R AH / Abs mV

8 9101112 13 1I4 1|5 16 17 18
I [A] / min
[ 2 F[EIRFEIER 46 # PCBs By GPC 7 HiHHLLE]
Fig.2 Concentrations of 46 POPs eluted in GPC at different

time

1800 |
1600 -
1400 -
1200+
1000 -
800 -
600 -
400 |-
200

W GAE / Abs

123 élt é é 7I 8I 9 1I01|11I211?) 1I41|51l61|7
I [A] / min
& 3 EFHEmAY GPC [Elik
Fig.3 GPC chromatograms of matrix
E: A BREAES, COARBRES; ‘A Z G
At

310

GPC i A& T 25 (A HERH 1 SR FEAR B 7 F 2K
AT AN B, ABFFTiIER LCTech ) 40010
RUE A EREVE A, 44 GPC 1L )5 1) POPs
WCEERHTEHEAT T4k, LA 46 Ff POPs TR & ndia it
ITIRE, X2 GPC L5 7.5~16 min [EIWEE M
AsbR,  CATRH S [N AL AR, #3214 POPs (1) GPC it
Mgk A 2) o w2 R, SEAKERER R
JEWITE GPC s L (3.0 min~7.5 min) FIAN[H]
IR B e A R (LK 3D , B IR ]
N 7.5~16 min.

KPR SR Z K JBlE . A, FF
N € Y ORE M AN S N o)l NG S 1T N
ST AR o PRI T VAR T J5 I R i B A i AN B 1 S5
GPC X el LB, Wl 3 fs.

23 GC-MS/MS %11t

H bR o e ik SR 0 n B DU A7) B A f5 7547
(Er B A AT, K R i, ik
WX K b R B AT RREE M S Qe R I R, AR
SCRH T AR S A = FE DY TSR K AT A
AEAET AT REE S5 oA T 43 B ARSI o

46 FiEH BRI AT EY), BB RNR
S5t BANE A, WokdE | HP-5 ik A DB-1 1
AR IEAT B, S rh & B A (A H AR
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RCRAXS T DB-1 M2, HARIHo) B 5E. It
[b]Z B S A IR KRB, W R R 815 3 R
AN, Hscieik ] DB-1 iR T 04T .

O 46 FPRTREEEMETS B bRitEs (1 pg/mL)
it GC-MS/MS MR, &It SCAN 15 2] HAr4m
LR BRI IA], (RIS R 5 PR A A AL S AR 1 o
B, RN SRM-Precursor Ton #53%, 152 Hbx
VI IR IRES 5, AR IR e ) B A e e YA e
BHE T BT, i8id SRM-Product Ion
IS B PE RS I B 1, IR R S S
TR N Z R B EVES Fxb, s A
SRM-SRM Optimization #EZ0ALAE H R4 2515 1)
EAE e, e A 25 e [ IS UL N R AT
b RE R, 1930 HZ BRI GC-MS/MS 414

24 FEFSHERIE
241 AMTLEA T EE IR

BCHIMREEN 5 pg/L 1 46 Pl FREEis 4 2771
PRV, RN IREE RCPATINE 6 1K, DA AT
H5 WFRIGEIAR LA Y X sk BT & PR,
BEIMEIETFE (R 4. % POPs HIZEMEVERETE
1~400 pg/L 2 8], AHK REIIKT 0.99.

KHEEREGRYE (EPA) A H L
[k R (method detection limits (MDL) 2%, H g%
PR HAERE TR FE R TR BE LA 99% ELAS FE
H IR BARIRE s HAUE RN R, S ille 7
ANEFPURIREEIIAREE S, bR EENE e, —&
TEER) 1~5 i, FHRBBLE € i s Al A2 it
ATREFRAIIE , AN MDL=S%t (1.1 =0.990» FH S N
HEWERIbrERZE, « NEHEEEA n-1 B 0.99 [ ¢
IR o ASHIF IR 25 1 AR i 5 S PRV B VA
AT (5 ugkg) HEATIGE, ~FATIE 12 MrFfan.
% POPs At IR (CFED Wi FRpR (LR 4).

4 46 T POPs UL 7512, MR RBUNFTER IR

Table 4 Linear equations, correlation coefficients (r) and method detection limits (MDL) of the 46 POPs

%5 bt KA FE AR A B FRMDL/(ug/kg)
2 -4 y=424688+5720.39X 0.9989 0.0185
3 JEHe y=-460.6+9410.78X 0.9992 0.1364
5 & y=17424+5701.78X 0.9991 0.1923
6 0N y=2428.02+339.32X 0.9979 0.6522
7 % y=606672+42450X 0.9998 0.0287
8 BRI y=446.384+4378.58X 0.9985 0.1145
9 PIRA Y=58.5723+2256.51X 0.9987 0.2406
10 NEKR Y=33538+4069.36X 0.9988 0.0420
11 S-5FT Y=949.88+909.206X 0.9961 0.2601
12 EX VPSS Y=-1138.58+1445.58X 0.9960 0.1355
14 ErS Y=123850+3978.76X 0.9994 0.0366
15 & Y=-1575.45+6548.4X 0.9998 0.2727
16 TR Y=3458.15+1872.32X 0.9981 0.0347
17 L F Y=15491+4419.88X 0.9927 0.0785
18 EAFRAE Y=5906.3+2044.4X 0.9957 0.1915
19 ZRF A Y=29312.5+6936.36X 0.9955 0.2586
20 KA Y=-192.285+1006.72X  0.9998 0.2446
21 %E Y=33058.4+6481.9X 0.9979 0.2332
22 FRELR Y=275.035+1293.91X 0.9987 0.2885
23 &S Y=4772.114975.876X 0.9935 0.4592
24 IR-F I Y=-120.242+204031X  0.9988 0.2459
25 i Y=30997.2+4283.27X 0.9973 0.2406
26 o,p - EF Y=-11373.5+430.11X 0.9975 0.0804
27 o-Figt Y=814.655+406.578X 0.9970 0.4891

TR
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BER
28 B2t Y=1304.22+1199.55X 0.9975 0.3409
29 IR-FLE Y=217.55+1014.04X 0.9976 0.3488
30 F-IUE Y=629.74+1003.05X 0.9977 0.3409
31 KT Y=963.344+182.264X 0.9925 0.4639
32 p.p B AR Y=82938+7978.95X 0.9919 0.0489
33 KK Y=2828.08+738.325X 0.9927 0.2711
34 S-FRIT Y=1322.13+888.285X 0.9975 0.2332
35 FREFIEE  Y=-736.433+188.467X 0.9967 0.7377
36 p.p-iE A Y=-234384+68862.5X 0.9990 0.0291
37 o,p - iE Y=250853+49830.8X 0.9881 0.0344
38 AR 2 Y=326.314+1595.39X 0.9994 0.1815
39 p.p &R Y=107653+38730.8X 0.9905 0.0932
40 TR B Y=13963.5+2410.76X 0.9968 0.4327
41 FFH[a] & Y=52759+6814.1X 0.9980 0.1495
43 i Y=124324+12476.3 0.9941 0.1613
44 RIBUR Y=4706.63+21655.5X 0.9991 0.7895
45 FIHbIRE Y=6071.49+539.717X 0.9984 0.5000
46 Ik B Y=-138870+40831X 0.9987 0.1304
47 Ft[alk Y=11423.1+25847.1X 0.9997 02153
48 HI[1,23-cd]iE Y=2321.51+351.794X 0.9986 0.1557
49 Z¥5Hah)E Y=-256701+33793.3 0.9932 0.0841
50 F g hilte Y=221460+1587.45X 0.9928 0.0640
242 REFAAFEER L

+=5 BRFMTIAZAERD 16 7 PAHs 0 32 1 0CPs BUMNAREIYIRFNFEXFRERE

Table 5 Recoveries and relative standard deviations (RSDs) of the 16 PAHs and 30 OCPs in fish and shrimp matrices (n=6)

&an $FR
%5 wadh = CE /% B E A
RSD/% RSD/%
10pgkg 50 pghkg 100 ugkg 10 pg/kg 50 pugkg 100 ugkg
2 A 113.8 ZEr 106.3 <13 102.2 91.9 933 <74
3 JeMs 112.9 102.2 1195 <10.5 103.5 84.9 118.0 <76
5 J& 1109 105.1 112.0 <719 93.0 88.9 82.4 <75
6 O~ IR 83.6 99.2 101.7 <6.5 105.2 117.7 1203 <8.0
7 % 93.8 86.3 90.3 <9.6 113.8 84.8 108.7 <10.1
8 PR 114.6 94.9 101.4 <14 106.7 109.8 99.1 <93
9 PRI 82.6 1145 88.3 <82 111.9 1192 82.4 <10.0
10 AR 107.1 110.6 102.2 <7.0 109.6 932 116.1 <6.2
11 SN 109.8 85.3 88.6 <9.8 99.9 98.4 117.2 <6.4
12 AAFER 85.3 102.0 102.9 <8.1 110.1 87.5 90.2 <9.6
14 Ei3 81.9 120.6 83.2 <10.0 96.7 115.6 87.3 <83
15 oA 89.4 1182 84.0 <6.3 110.9 86.5 86.0 <8.6
16 R 121.0 88.3 115.6 <6.4. 98.8 109.3 81.3 <82
17 B 119.1 102.7 84.8 <14 98.5 101.6 99.8 <7.1
18 AR 113.6 112.9 99.5 <6.5 95.1 113.7 88.1 <6.8
TR
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LR
19 Z RSB 114.9 81.8 99.1 <10.0 81.3 109.6 115.8 <9.0
20 LR 91.4 106.2 90.3 <43 109.4 108.7 100.1 <1.7
21 RE 95.5 100.3 109.1 <6.9 100.1 89.8 113.7 <85
22 FRAALF 105.5 81.4 114.6 <72 116.6 103.0 95.6 <838
23 5T 98.2 90.7 116.0 <9.7 86.8 108.6 88.5 <99
24 IR-2FF 99.8 1153 116.4 <74 97.0 97.6 1125 <8.0
25 it 95.6 100.6 90.3 <6.9 81.0 119.2 81.0 <10.8
26 o,p -iAFE 107.9 93.5 1003 <42 97.9 112.1 114.4 <8.4
27 o-FRFT 88.4 11222 98.5 <9.1 97.9 118.5 93.5 <8.4
28 R-A2IF 105.0 1155 107.0 <45 112.1 86.7 97.7 <9.8
29 NR-FLE 110.8 81.6 1165 <7.1 84.9 94.9 84.3 <6.9
30 R 82.6 101.0 83.5 <6.8 102.7 107.9 87.9 <10.9
31 KA 82.5 114.0 116.8 <6.4 92.9 116.9 87.3 <10.8
32 p.p - E AR 1153 114.7 84.9 <10.9 87.8 112.5 114.0 <9.1
33 FKKF) 118.8 90.6 88.8 <8.1 100.9 100.3 101.0 <7.0
34 p-HFt 106.3 85.0 105.4 <47 84.7 85.6 92.8 <10.0
35 TR ) B 100.9 106.2 107.0 <72 98.2 92.9 117.2 <83
36 p.p - R 85.6 95.4 103.5 <55 103.0 111.4 100.9 <9.0
37 o.p -l 86.4 89.9 80.8 <9.8 86.1 91.0 107.8 <15
38 FRITHLER 2 113.7 82.5 93.7 <4.8 83.7 86.4 88.9 <83
39 p.p -EE 100.8 1203 94.2 <8.1 86.5 117.4 1093 <11.0
40 TR B 112.0 99.4 87.2 <6.3 86.3 84.1 93.6 <10.9
41 K [a] & 81.1 82.7 81.5 <5.8 87.6 99.6 110.9 <94
43 e 85.9 102.3 100.2 <43 87.6 99.6 110.9 <62
44 RBFE 105.5 82.1 98.3 <6.4 101.3 119.9 84.4 <15
45 FIH[b] % & 105.2 103.8 925 <8.6 112.1 1152 116.0 <83
46 FIHK] % 1117 84.7 107.1 <6.4 119.0 1157 91.5 <87
47 R [a]be. 93.9 89.0 105.3 <4.1 100.2 103.0 94.3 <8.4
48  E1,23-cd]ie  106.8 95.6 113.1 <109 114.7 115.9 85.1 <6.7
49 —¥H{ah)E 103.5 112.3 107.9 <8.0 95.7 99.2 110.6 <6.5
50 Rt h,ilE 95.0 1203 104.4 <6.6 102.5 87.7 117.4 <8.1
737 AR P AR PRI PARE O 2R BT EA TG 80

151 3 DA IR SR, BN A FATIIE 6 1K, ol

3 ANIARZKCE P EIERETE. 81.0%~121.0% 17, 5

RSD /N 110 CR#S), WHPENHERIERRENE & a0

R o o

X 20
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RIFE [ -
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Fig.4 The results of persistent organic pollutants in 227 batches

of aquatic produ

cts
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Fig.5 Detection rate of persistent organic pollutants in 227
batches of aquatic products
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