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ation chromatography-gas chromatography/mass spectrometry mothod
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Abstract; Based on automatic Soxhlet extraction-gel permeation chromatography ( GPC)-gas chromatography/mass
spectrometry (GC/MS), a method has been developed for the determination of 16 polycyclic aromatic hydrocarbons ( PAHs)
in aquaculture water, sediment and aquatic products ( grass carp, Macrobrachium rosenbergii, Eriocheir sinensis) by

comparing different Solvent soxhlet extraction and GPC purification conditions. In addition, the aquaculture water was extrac-

ted directly by solvent without Soxhlet extraction. The
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TEE RS B (1985-) 4 1T H13 Zs A L it th g% TR0, & methylene chloride (volume ratio 1: 1), and acetone :
TR R 2 KM S TS, (E-mail ) 243188769 methylene chloride (volume ratio 1 : 1) after injecting into
@ qq.com GPC to purifying. The purified samples were separated by

BIWESE  REEE, (E-mail ) xhz824@ sina.com DB35-MS capillary chromatographic column. The electron

sample were extracted in automated Soxhlet extraction with

cyclohexane : acetone( volume ratio 1 : 1), cyclohexane :
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bombardment source selection reaction monitoring model was used for mass spectrometry analysis, and internal standard meth-

od was used for quantitative analysis. The result showed that the average detection limit of 16 PAHs in aquaculture environ-

ments ranged from 0. 017 pg/kg to 0. 171 pg/kg, and the lower limit of measurement was 0.051 pg/kg. The average spiked

recovery rates of sedimen were in the range of 52.4% —110.7%, and the relative standard deviation was in the range of

0. 64%~8.94%. The average spiked recovery rates of aquaculture water were in the range of 74.1%—116. 7%, the relative

standard deviation was in the range of 0.52%~8. 91%. The average spiked recovery rates of aquatic products were in the range

of 70.3%—126. 4%, and the relative standard deviation was in the range of 0.14%-8. 91% , respectively. The method could be

used for the determination of PAHs residues in aquaculture environment (including water and mud) and aquatic products.
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wm) , PR CHRE 260 °C, #38 99. 999% 1= 4 A
RO RE AR 1 pl, i 1.0 ml/min AEF
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Fig.1 Total ion current of 16 polycyclic aromatic hydrocarbons

(PAHSs) in selected ion monitoring( SIM) mode
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Table 1 Abbreviations,

quantitative limit of 16 PAHs and 4 internal markers

quantitative and qualitative ions, retention time,

linear equations, correlation coefficients, detection limit and the

e e O apert ern SUR ERES
1 %= NA 128 128,127,129  6.347 Y=2.42x+3.25%x102  1.000 0.018 0.053
2 e ACL 152 152,151,153 8.892 Y=2.47x+2.71x107%  0.999 0.017 0. 051
3 J&-D10 AC-D10 164 164,162,160  9.121
4 JicA AC 153 154,153,152 9.182 Y=1.65x+1.98x1072  1.000 0. 041 0. 124
5 il FL 166 166,165,167  10.164  Y=1.72x+2.17x10>  1.000 0.033 0. 099
6 E[d PHE 178 178,179,176 12.169  Y=1.13x+1.49x1072  0.998 0. 060 0. 171
7 3E-D10 PHE-D10 188 94 80,188 12.222
8 H AN 178 178,179,176  12.347  Y=1.18x+1.38x10>  1.000 0. 082 0.249
9 B FA 202 202,203,101  15.688  Y=1.92x+1.88x1072  0.999 0. 029 0. 087
10 B PY 202 202,200,101  16.443  Y=2.00x+1.32x107%  0.999 0.031 0.093
11 HIf(a) B BaA 208 228226229  22.849  Y=1.24x+1.91x107>  0.998 0.131 0.297
12 D12 CHR-D12 240 120,236,240  22.901
13 i CHR 228 228226229  23.078  Y=1.20x+2.02x107  0.999 0.125 0.375
14 AIF(b) HE BbFA 252 252253126 30.741  Y=1.82x+2.03x107>  0.997 0. 061 0.183
15 I (k) DT BkFA 252 252253126 30.983 Y=1.93x+1.17x102  0.999 0. 046 0.112
16 HIHF(a) BaP 252 252253125  33.442  Y=1.42x+1.17x10%  0.998 0. 062 0. 186
17 JE-D12 PER-D12 264 264265260  33.981
18 Efif(1,2,3-cd) B P 276 276,138 277  42.946  Y=1.04x+1.37x107%  0.998 0.125 0.373
19 T3 (a,h)E DBahA 278 278.139.279  43.499  Y=0.96x+1.21x107  0.998 0. 051 0. 152
20 #9f (g,h,i) 4k BghiP 276 276,138 277  44.875  Y=1.24x+1.74x107>  1.000 0.171 0. 489
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Fig.2 Extraction rate of PAHs in the sediment with

different solvents
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Fig.3 Extraction rate of PAHs from aquatic products with dif-

ferent solvents
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Fig.4 Extraction rate of PAHs in aquaculture water with dif-

ferent solvents
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Table 2 Operating conditions of gel permeation chromatography( GPC)

F 3G BB — B 23 (mbar)  BrBEZSE (mbar)  RUEATASRI(s)  EBITHEE(s)  JRIEFTAFIEI(s)
AR EZS &1 170 210 1 140 2200 120
At 20101 180 210 1 140 2 200 120
308 400 400 1 140 2 200 120
ENELESi ] %A 4 170 210 1 140 2 000 120
St 5018 170 210 1 600 2 200 120
et 6120 170 210 720 1 140 180
1201 120
. 1osp _ 110F
s S ook
w0 B gl
X =
= 75+ il 801
60 70
EZ7S 7
= R[S AR R A E S A2, AR E 2 E 443 = ORI 4510 4; —o— ARSI R & AFS;

==
AR 28 BE R 1 AN 28 B 26 2 AN TR L5 B 45 3 L3k
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(a) Bj 8 sk A (b) DEBG 1L A8 F (k) P8 B m: 289 (a) B
Bl (1,2,3-cd) B j0: I (a,h) B p. #IF(g,h,i) Ik,
B 5 GPC AREZEFMXT PAHs [ 5500

Fig.5 Effects of different vacuum conditions of GPC on the re-

@

covery rate of PAHs

2.5 [EIE 5% E R TIR
FREUFIHER AR SR K (Rt % (TR IE
TR A BIIA 1.0 peg/kg 5.0 pe/kglR AR
HEVS VR, B A0 6 P47, B i N BT = TR B2 Ry
500 ng/ml, FZMETTVE 1.3 FESr 5 B4R, o b
[N R, F A A SR E IR 22 (RSD ) |, K56 H:
MR RORE %5 B, 45 SR 2R B VR I A [T i3 5k
F]52. 4%~ 111. 0%, #H XF 45 #E i 25 4 0. 64% ~

—A— NIFERI TR 56

AN I TR 2500 4 AN TEPCEE IS TR 26 5 A [ WL I ] 25471 6
W2, a:Z5;b. 6. )8 d: Zse: G B0 9B he i oK
I (a) Blj B sk AR IE () 98B 1L 2891 (k) B m 50T (a) B
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Bl 6 GPC AEYERTEX PAHSs @42 59§00

Fig.6  Effects of different collection time of GPC on the

recovery rate of PAHs
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B 3 W 45 S 2 WA 6 Yl 3R B PR B (SR
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FHK JREYE) KoK 7= i PAHs S EE (£ 3)
2.6 HiEmSH

DU 7 VL5 e A e V5 T T A5 5 b 1Y) % G Y
R TR /K 5K P2 LB 100 SRR 45 R IT .
7 A 16 Fh 2 35 1R & 5 BE R 22. 02
pe/ke, EEH N, D(/NFRIMER ) 2 63. 25 neg/ke,
IR ahrh 16 F Z 3 5 1 & & 4 (E R 11.23
pe/kg, WH N N. D &= 38.65 pg/kg, 835/ fh rp

%3 16 PAHs MBI R iRz
Table 3 Recovery rate and standard deviation of 16 PAHs

16 FZ W 05 18 & = P4 34.23 5y N. D
% 80.23 pg/kg, JEJRH 16 Fh Z I I5 1A 2
fH 4 231.08 pg/kg, [ & 85.21 % 345.45
pe/kg, 72 FH K 116 B 2 35 5 I8 & wE O BIE R
74. 11 wg/kg, WM N. D 2 213. 89 pg/kg, MIE
B & BAE B 38 (R B R R I 0 A
W AT (a) BB

JEUR FRIHK Hifn LARSEE POl

R AR 1.0 pg/kg 5.0 pg/kg 1.0 pg’kg 5.0 pg/kg 1.0 pg/kg 5.0 pg/kg 1.0 pg/kg 5.0 pg/kg 1.0 pg/kg 5.0 pg/kg

Fle RSD [l RSD [t RSD [Eldit RSD  [nik RSD [nlik RSD [llg RSD [l RSD [l RSD [t RSD

(%) (%) F(%) (%) (%) (%) (%) (%) F(%) (%) (%) (%) (%) (%) F(%) (%) (%) (%) (%) (%)
% 52.4 5.27 83.0 3.96 82.5 507 96.7 2.67 72.7 3.96 106.4 3.28 86.5 4.66 103.1 2.64 77.1 2.67 110.4 3.8l
e o 60.4 4.66 84.4 0.64 87.9 0.97 99.3 1.19 70.3 3.64 103.4 3.29 83.5 3.63 951 1.79 74.1 1.19 109.7 3.38
J& 68.9 4.65 88.4 2.85 90.8 1.80 100.8 2.98 78.8 2.85 113.6 4.41 89.1 5.20 102.8 1.24 75.5 2.98 111.8 1.50
% 85.8 4.64 106.9 5.43 94.7 1.44 105.0 2.39 75.6 5.43 108.5 3.98 71.0 3.45 95.9 3.93 89.5 2.39 107.2 1.97
B[ 104.4 5.30 110.7 4.77 89.1 1.41 100.3 2.41 99.6 4.77 108.1 3.02 98.0 4.28 94.6 2.12 98.2 2.41 107.5 7.36
h? 60.5 5.89 85.2 3.03 86.7 3.24 950 1.33 71.5 3.03 100.8 3.18 80.0 4.02 89.6 2.27 7.4 1.33 105.8 3.18
P 70.2 5.27 92.0 2.05 97.2 2.66 105.2 0.52 81.2 2.05 109.9 2.81 9I.1 3.48 96.5 3.21 83.0 0.52 110.2 0.14
3 66.0 6.17 86.8 2.54 88.4 3.01 98.0 1.21 77.8 2.54 109.5 3.08 85.7 3.58 99.4 2.83 8.3 1.21 106.5 1.62
HIf(a) B 71.6 6.16 84.3 4.47 94.2 7.33 99.0 1.81 75.9 4.47 114.5 2.80 86.1 3.84 117.8 8.24 80.9 1.81 118.9 1.86
i 6.2 6.93 84.5 5.85 91.8 7.53 96.5 2.07 74.7 5.85 114.1 891 87.9 3.68 116.8 4.91 76.5 5.07 116.2 3.05
HIE(b) W 711 7.50 85.2 1.48 94.4 1.63 107.3 1.01 75.0 4.48 126.4 8.57 86.5 4.03 100.9 6.18 72.3 4.01 111.3 7.46
HIE(K) P 68.7 7.59 82.4 1.03 101.3 3.22 116.7 1.32 72.4 4.03 125.7 5.63 9.4 3.61 98.6 6.65 75.9 4.32 111.3 7.14
HIf(a) Bl 66.5 8.94 85.7 0.68 74.1 891 98.6 0.76 76.0 3.68 104.4 3.53 829 593 886 3.17 73.8 3.76 99.9 2.55
Bl (1,2,3-cd) £ 76.2 2.92 92.7 3.30 89.4 5.70 107.4 2.03 84.4 3.30 102.7 7.32 78.3 4.77 87.9 2.07 87.3 5.03 93.2 5.72
T2 (a,h) B 76.7 4.79 96.3 2.43 93.9 579 112.1 1.14 75.0 2.43 111.9 6.08 83.1 4.05 93.2 3.82 83.5 4.14 99.5 6.91
HIf(g,h,i)dE 71.2 2.40 82.6 2.95 84.2 4.91 101.6 1.72 72.8 2.95 107.9 6.59 83.1 4.71 93.2 1.74 81.8 4.72 97.9 5.70
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A I # 7 T A Bh &R [l -5 8 0E A
(GPC) SR (a3 3 10 JoT 3 0] 2 ¥ oMb R 455 v 52 5
K RV B K= dh R 16 A PAHSs ARSI 7 ik, 38 i
XTIk 86 4% 2R 19 O AL, i VR 0 i AR [l iR ik F)
82. 6% ~110. 7% , AH X 5 14l 25 4 0. 64% ~ 3. 96% ,
FRAE K B A [BLSCR T8 £1]96. 5% ~ 116. 7% , FHXT
B 22 0. 52% ~2. 98% , 7K 7 i B bR [T % 5k
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