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Determination of 16 Polycyclic Aromatic Hydrocarbons(PAHs)
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Abstract: In this experiment, an analytical method for the determination of 16 PAHs in fried squid by ultrasonic extraction-
gas chromatography-mass spectrometry (PAHs) was established. The effects of extraction reagent ratio, extraction reagent
dosage and extraction temperature on the recovery rate were investigated. The best extraction and detection method was
determined as follows: after freeze-drying, 5.00 g sample was extracted by 25 mL n-hexane at 30 °C for 20 min, and then
reextracted once. After purification by alkaline alumina neutral silica gel composite solid phase extraction column,
compounds was determined by gas chromatography tandem mass spectrometry and quantified by deuterium internal
standard method. Under these experimental conditions, 16 target compounds showed good linear relationship in the range of
1~100 ng/mL, the linear correlation coefficient () was not less than 0.9994, the detection limit was 0.09~0.52 pg/kg, and
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the quantitation limit was 0.21~1.21 pg/kg. The recoveries were 73.98%~128.17%, 73.21%~133.24% and 76.35%~
133.68% at the spiked levels of 1, 2 and 20 pg/kg, respectively. The relative standard deviations (RSD, n=6) were
1.32%~2.98%, 0.93%~2.47% and 1.08%~2.87%, respectively. In the actual sample detection application, PAHs were
detected in all the six samples. The detection range of single component ranged from 0 to 48.65 pg/kg. The results showed

that the method had good selectivity. It could be used for the detection of polycyclic aromatic hydrocarbons in fried squid

and other similar processed aquatic products.

Key words: fried squid; polyaromatic hydrocarbons(PAHs); ultrasonic extraction; gas chromatography-mass spectrometry
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1.2.42 MS & EIJH: 230 °C; BT HEE 70 eV;
IR : 280 °C; BT BIFIEE: 200 °C; FLF15 4
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Table 1 SIM ion and physicochemical properties of 16 polycyclic aromatic hydrocarbons and their deuterium substitutes

EW AR PR QUEEF) (m/z) Q3(THT) (m/z) ()
% Naphthalene 126.9 127.9 209.8
%5-d8 Naphthalene-d8 134 136.1
Je s Acenaphthylene 149.9 151.9 290
JEH-d8 Acenaphthylene-d8 157.8 160
& Acenaphthene 152.9 153.9 252
JE-d10 Acenaphthene-d10 162.1 164.1
Vil Fluorene 165.9 166.9 276
2j-d10 Fluorene-d10 173.9 176
E[3 Phenanthrene 183.9 188 326
4E-d10 Phenanthrene-d10 175.9 177.9
& Anthracene 183.9 188 326
H-d1o Anthracene-d10 175.9 177.9
P Fluoranthene 152 201.9 369
PR Fluoranthene-d10 180 212.9
B Pyrene 150 201.9 369
EE-d10 Pyrene-d10 180 212.9
I [a] Benz[a]anthracene 225.9 227.9 400
FIf[a]-d12 Benz[a]anthracene-d12 236.2 240.2
Ji Chrysene 225.9 227.9 400
Jii-d12 Chrysene-d12 236.2 240.2
ZIF 0] Benzo[b]fluoranthene 126 252 461
ZIF[b]E E-d12 Benzo[b]fluoranthene-d12 260 264
IR Benzo[k]fluoranthene 249.9 251.9 430
Ik E-d12 Benzo[k]fluoranthene-d12 260 264
HIf[a]eE Benzo[a]pyrene 249.9 127.9 461
FIf[a]EE-d12 Benzo[a]pyrene-d12 260 136.1
BiiIF[1, 2, 3-cd]iE Indeno(1,2,3-c,d)pyrene 274 151.9 498
EfiFf[1, 2, 3-cd]iE-d12 Indeno(1,2,3-c,d)pyrene-d12 284 160
ZHIf[a, h] B Dibenz[a,h]anthracene 124.1 153.9 487
Z¥Jf[a, h] E-d14 Dibenz[a,h]anthracene-d14 288 164.1
HIf[g, h, i4E Benzo[g,h,i]perylene 274 166.9 467
#If[g, h, iHE-d12 Benzo[g,h,i]perylene-d12 284 176
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Fig.1 Recovery rates of 16 PAHs after water removal
optimization
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Cbe: —E H bi=4:1 0, SR EIEY 66.41%~
120.19%; B M 1IE O bt s G k=311 B, &
1A 8] i % K 60.28%~123.68%; $i& B il ¥ 2 1E &
bt & E=2 11 B, BUARREMCERA 56.18%~114.91%;
PG IE Okt & bi=1:1 B, BRIl
R 72.69%~146.22%; FEHGAF A & bR, SR
ESR N 56.43%~132.13%., ALY RIS R,
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Table 2 Recovery rates of each component extracted by different reagents

IR (%)
2K
A B c D E F

ES 75.88+1.63 70.30+2.36 60.38+1.61 58.28+4.85 83.45+1.61 62.22+1.13

e 88.56+4.29 70.87+4.63 60.39+1.82 57.66+2.37 87.20+2.47 56.43+4.68

e 91.23+1.05 66.41+2.80 62.98+3.47 56.18+3.27 87.03+4.85 57.6242.71

U 93.68+1.19 76.10+£3.20 69.19+4.51 64.84+3.63 94.11+2.50 64.98+4.43

E[B 97.40+1.77 82.32+1.35 74.87+4.41 70.37+1.32 100.40+3.51 71.43+4.22

A 102.72+0.76 86.84+3.72 84.48+2.23 74.70+3.24 107.80+2.76 74.29+4.65

PR 106.72+3.24 90.06+2.40 87.98+2.46 75.49+3.86 111.88+4.07 79.95+3.06

EE 111.26+2.64 90.97+3.93 87.87+2.37 75.88+4.81 112.58+4.72 80.94+4.88
A [a] B 130.24+4.33 69.03+2.76 67.54+2.61 70.38+4.39 72.69+3.24 106.45+1.76
J 116.27+2.49 72.55+4.29 60.28+3.33 63.98+0.79 74.14+3.95 91.96+1.81
FHI[b]2¢ 128.87+3.90 101.96+4.79 123.68+0.23 79.34+1.57 106.37+1.55 113.84+3.39
ZIF K] 118.66+1.33 107.87+4.74 109.65+4.74 114.91+3.29 146.2242.62 99.68+1.81
I [a]ts 132.27£2.65 107.01£2.21 102.46+1.05 93.70+2.09 125.01+1.83 108.53+3.14
Bif[1, 2, 3-cd]E 125.46+2.24 102.23+1.71 75.0242.59 79.54+4.14 111.41+4.23 126.86+3.92
ZHIf[a, h] B 127.53+2.84 120.19+4.33 78.49+2.87 93.05+1.81 128.49+4.97 132.13+1.07
#JF[g, h, iHE 107.12+4.64 68.69+4.81 70.42+4.99 71.97+3.76 80.90+1.62 103.10+4.98

TE: AU IE C bt BIOERIRIUAH N IEC be: — A bi=4: 1; CIREHRBURARI N IEC bt : — 5 k=3 1; DIREARBURH M IEC he: W
He=2: 15 EFGRARBURH A IE e : — S M =1 1; FAREEREGUR D — & b
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16 Ff PAHs [ [BIIKCR I35 AR (75.88%~132.27%),
PRl A S 86 e 2B 5 1E O ot A FAE R B 1) o

222 EBUEFIHEMERE  LUOEC LRy HRE

BFR], AR R &R B an e 3, $E B0 R &

15 mL B, 16 # PAHs [0 K 61.31%~137.38%;
PEHUAF N 20 mL B, 16 ' PAHs B [EIRCR N

75.88%~132.27%; $2EE I FH 2 25 mLET, 16 Ff
PAHs 4 BIRCR A 82.69%~134.33%; HEHUA I &
>k 30 mL B}, 16 Ff PAHs [EMCERSY 74.49%~133.31%.
15, 20. 25, 30 mL IECLBEXT 16 Fl' PAHs 1Y A&
JE R R, (B4 ] 25 mL 1E & Bef U, SHEFR
Z TP IR INZR PR BRI AR, IR, SEge BE R PR HR
I s E Ry 25 mL.

2.2.3 RBURE ML ANRERBUREEET FleRn
2 4, #EBUR B 20 °C B}, 16 FF PAHSs [0l it Ky
82.69%~134.33%; $EHUIEE /7 30 °C B, 16 #) PAHs
[N 96.26%~132.39%; $EBUE N 40 C B,
16 ' PAHs [E 3K 104.07%~136.48%; $i& HU G B

3 ARG T £ 41r [hiiR

Table 3 Recovery rates of each component were obtained at different doses

IR (%)
2K
15mL 20 mL 25 mL 30 mL
B 61.31+2.30 75.88+1.25 82.69+1.66 74.49+1.77
e Hi 93.34+1.48 88.56+2.35 101.04£1.01 106.95+4.80
A 94.26+2.38 91.23+1.35 108.28+4.05 114.2242.19
Uil 96.42+1.40 93.68+2.50 100.30+2.36 91.92+1.87
B3 100.57+4.49 97.40+4.51 102.78+4.12 96.27+2.57
J2 3 100.13£2.66 102.72+3.25 108.62+1.16 104.04+4.70
DIE 99.30+2.37 106.72+4.13 115.43£1.98 106.58+2.21
(3 114.52+2.53 111.26+1.14 116.16+3.91 110.15+4.80
HIF[a]E 132.18+2.81 130.24+2.02 134.33+3.24 133.31+4.01
i 117.87+3.64 116.27+1.29 129.25+4.43 118.60+2.29
S 133.77£3.99 128.87+4.60 132.96+1.18 132.77+3.07
ESIHINE 122.66+3.10 118.66+1.23 129.05+3.72 119.76+2.75
HIf[altE 137.38+4.05 132.27+3.30 133.93+1.66 131.64+4.07
EiIF[1, 2, 3-cd]EE 135.18+3.10 125.46+1.26 130.52+4.68 129.10+4.39
T3 [a, h] & 134.62+2.03 127.5343.96 134.11+3.68 130.86+2.97
#3F[g, h, iHE 111.59+1.39 107.12+3.70 114.49+3.61 111.07+4.50
F 4 RFEREEARBCN 415 IeR
Table 4 Recovery rates of each component were obtained at different temperatures
IR (%)
E4s
20 C 30 C 40 °C 50 °C

ES 82.69+2.07 97.26+4.49 104.07+3.92 95.87+4.66
e 101.04+2.32 96.26+1.72 109.23+4.93 114.65+3.99
hic 108.28+4.65 105.25+4.12 122.30+4.49 128.23+4.29
i} 100.30+1.74 97.56+2.24 104.74+4.97 95.79+2.30
E[3 102.78+4.79 99.61+1.47 104.53+3.95 98.48+3.17
H 108.62+3.96 105.21+4.88 111.04+4.98 106.53+3.88
D 115.43+3.58 112.79+3.50 121.70+3.38 112.65+1.02
(3 116.16+4.94 112.83+4.16 117.5242.78 111.70+3.32
FIf[a] 134.33+3.26 132.39+1.33 136.4842.47 135.46+1.11
Ji 129.25+3.47 127.65+4.57 129.63+3.34 129.99£1.51
FIF[b]TEE 132.96+1.46 128.06+2.82 132.15+2.48 131.96+4.25
HIFKEE 129.05+3.34 125.05+2.27 135.44+1.75 126.15£2.76
LSRR 133.93£1.35 128.82+3.83 130.48+3.14 128.19+3.91
EiIF[L, 2, 3-cd]iE 130.52+1.57 120.80+4.63 135.85+3.08 124.44+4.42
T2 FF[a, h] B 134.11+1.99 128.40+4.78 134.98+2.53 131.73+2.80
#Jf[g, b, il4E 114.49+2.25 110.02+3.35 117.39£1.17 113.97£1.34
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A 50 °C B, 16 F PAHs [EISCE A 95.79%~135.46%
SEUOAE I R IR, PEBOGREE 2R AT S 56 RIS A5 i)
FEATK . Bk, SEE R IR AR e =
M 30 °Co {HAFIFEREIYE, LS, AR 5 0 IR
PAHSs 1 [0 3R T 5 38 PAHs. fF 38 00, IR
PAHs(ANZE | J& . J8¥s . 2558 T4 AR DR ) 55 k%
2=, FE A AR 5 e,
23 FERZMSEE S HR

JHIE T ka4l ik 16 Fh PAHs BT 5 W 345 51K
0.001. 0.002., 0.010. 0.020, 0.100 pg/L Fl& PRI
St RS 0.010 pg/L IR-GARUE TAER W, 76 1
AL ATESAE T 750, DL EARY S5 X RN 19

PRI A RE e B UG TR RN EUABE A AR B, Xoh o A T
W BE LU o R AL AR AT e M H 43 B o LIS B Lh
(S/N) A 3 HEHK H R (LOD), LIfEM: L (S/N) K
7itEEER(LOQ) . 4R F A, 16 F PAHs 7£
0.001~0.100 pg/L Joi & ¥ 5 Y15 Rl P9 5 i 7 fE 42 R
BFI MR G R, ERVEAE S R (r) AT 0.9994, 16
il PAHs 19K H RV 2 0.09~0.52 pg/kg, i GERR
VEREISh 0.21~1.21 pg/kg. JriRmISETTE . FHIE R
B KRR UL 5,
24 FHEREWERSHEZE
ISR FAEX R ZE S R UL 6. K 6
A, AUEBLOAESTE 1. 2. 20 pg/kg 3 DHERKE R

#5516 PR TR TR RO R R & R
Table 5 Standard curves, LODS and LOQs for 16 PAHs
AW FRAERR R R MR RE i PR (pg/kg) PR (ng/kg)
S Y=0.874410X-0.064700 0.9997 0.32 0.75
e Y=0.702170X-0.074409 0.9994 0.25 0.58
& Y=0.894140X—0.179851 0.9998 0.15 0.35
% Y=0.671608X—0.025385 0.9998 0.10 0.23
B[ Y=0.569669X—0.002427 0.9999 0.21 0.49
H Y=0.726902X~0.028271 0.9998 0.23 0.54
PR Y=0.539355X-0.001168 0.9999 0.27 0.63
B Y=0.675139X-0.056889 0.9995 031 0.72
HIF[a] Y=0.364375X-0.006135 0.9999 0.30 0.70
J& Y=0.438787X-0.016458 0.9998 0.28 0.65
FIF[b]5E Y=0.600169X-0.017192 0.9998 0.27 0.63
AR Y=0.648967X-0.017385 0.9998 0.28 0.65
g SN[ Y=0.562440X-0.013108 0.9999 0.09 0.21
Bif[1, 2, 3-cd]iE Y=0.436954X~0.014837 0.9998 0.12 0.28
T2 [a,h] Y=0.112842X-0.001874 0.9999 0.35 0.82
FIF[gh il Y=0.522098X-0.004678 0.9999 0.52 121
6 16 FhEZFRIFIRM I IR B K AR R 2% (n=6)
Table 6 Average standard recovery and relative standard deviation of 16 PAHs(n =6)
FEAA IR 1 IS5 RS 2
2157 1 pg/kg 2 pg/kg 20 pg/kg
IR (%) K (%) IR (%) FEEE (%) IR (%) FEEE (%)
B 73.98 1.84 73.21 1.24 76.35 1.53
e 81.36 2.35 83.54 2.05 80.37 1.68
& 82.89 2.58 80.49 1.24 83.48 1.65
Vil 93.29 2.08 90.68 2.03 94.49 2.02
I3 97.43 2.92 99.78 2.08 96.28 1.58
J<} 94.18 1.83 96.49 2.07 92.66 1.24
PR 10233 1.42 104.56 0.93 100.49 145
3 102.71 1.76 102.47 234 103.34 1.08
I [a] B 124.49 2.78 125.46 2.04 122.11 231
Je 114.45 2.71 112.34 229 116.56 139
FIF[b]F A 124.49 132 126.49 225 122.28 1.68
ZIF K] 102.10 2.12 102.38 2.02 100.02 1.58
LSS 96.23 2.84 94.68 221 99.38 1.38
BiIF[1, 2, 3-cd]iE 128.17 2.98 133.24 1.38 130.29 2.87
T [ah]E 122.69 2.09 129.89 2.47 133.68 2.09
FIf[gh,ildE 88.96 1.97 87.89 1.35 9223 1.88
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ARSI TN 73.98%~128.17% . 73.21%~133.24%,
76.35%~133.68%, FHXTFRAEMm 22 (RSD, n=6) 4351~
1.32%~2.98%. 0.93%~2.47%. 1.08%~2.87%, #F &
1545k B8 53T O IR B HERR I RS 28 BE 25K
25 HMBAMIEZHSRETWL

-8l RE T AE 16042 °C S54 R ATEE 3 min, $8
JEREDIAE T Z IR 7k B DA & 16 a2 38 5 &
B &R, S5RaE 2 fR: 48553 3 min A9
AbFR, ZE L TEME OB 25 JE L PERL. BRI [a] B JE .
ZRIT [b] D AIT [K] P BIF [a] EEHIH
BT L JF, B BB BEIT (1, 2, 3-cd] B, 28I [a,h] B
ErEA AT R, SRR 255 R B A e R (4
fef i fn ) A W ZE N, SR B T 33.44 pg/kg, XY RELH
(ZE®hta) &R 19.46 ng/kg, K2k 71.84%.
e fn FE NN T bR A 2 POTREE Wi, PSSR
=L AR IR TR . k. RGBT
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Fig.2 Content of 16 kinds of PAHs varied before and after

frying and baking

SRR BEH IR, JE T S T R S r e,
2.6 SERREEGREVAE

SRAIZ Tk A SRR TTAESL 6 HL TSR A Rl
JEE it 6 MRS TR, S5 ILER 7, 45IRER
B, R It b Z 3R 5 R A AN R R BE MRS 1, 2230
FFIR R 20.29~73.96 pg/kg AN, Bugmtib S ran
TEE L 2. LRI [a] B JE L 2RI [b] PR ARSI
[k] 2R, I [gh,i] FEARKEH, (H2RIF [a] CEIIE K
W, AR L BEE 2 PRI [a] R R T
[ [ 5B 284l GB 2762-2017 Xt U= & v
IR & 5.0 pg/kg™, WS R EM . £S5EE5H T
Z SRS B 2R, W e H S I E], R Al A
BHEEEE G,
3 g

ARG S (- BRI BT S T T RSl
firf 16 ' PAHs MR k. FERGR R TG,
25 mL IECVEE. 30 °C MEFE RN IR, W4 Ja Stk
AR RS B A EIAHZE U AL, SO -5 e
JERVEAGIN, Z2 A5 S AR AR e B, SEER T RIS
B 16 # PAHs & &0 & WM IES T . %07
7% 16 i PAHs 19K BRYSESY 0.09~0.52 pg/kg, x&
EFRIERLA 0.21~1.21 pg/kg. E 1.2, 20 pg/kg3 /Ml
BRASE FRYEICERS R 73.98%~128.17% . 73.21%~
133.24%. 76.35%~133.68%, #H X #5 7 i 2= (RSD,
n=6) 47 A A 1.32%~2.98%. 0.93%~2.47%. 1.08%~
2.87%. FFE 15 5L B S AT Tk i HETR 0% ROk 2%
JEELR . AESCBRRE RN FH P, IR E R, 5
GG ITIRAH LY, Z T R E A PR E R A A PR Ay
M ST AR EIRET AR T IR, S
e B PR RN ST 5 NV =

TSRS TP ZHIF AR R (pg/kg)
Table 7 Determination of PAHs in actual samples (ug/kg)

FEdh1 FEh2 FEf3 Feiha FEfS K6

£ 20.85 48.65 9.24 6.12 12.94 34.74

e ND ND ND ND ND ND

& 1.78 2.90 1.16 1.45 131 1.51

Uil ND ND ND ND ND ND

E[3 1.36 127 1.13 1.18 125 1.44

H ND ND ND ND ND 1.84

PR 0.81 0.84 0.45 0.79 0.42 0.55

4 433 471 2.08 4.94 5.20 547

I [a] B ND ND ND ND ND ND
Ji ND ND ND ND ND ND

I [b]FE ND ND ND ND ND ND
ESIINp <Y ND ND ND ND ND ND
F I [a]tk 8.53 8.89 0.71 1.60 1.06 0.69
EiIF(1, 2, 3-cd]EE 5.86 6.28 5.20 6.91 5.15 5.93
ZHIf[ah]E 0.36 0.41 0.32 0.48 0.44 0.58
HIf[gh,i]HE ND ND ND ND ND ND
B 43.87 73.96 20.29 23.48 27.76 52.76

TH: NDFTRAKH
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