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Empirical Analysis of QUEChERS Method for New Risks of Polycyclic
Aromatic Hydrocarbons in Spirulina
ZHONG Ciping, WANG Ying, HE Chengjun, YANG Chaolin, FU Ling, YU Xiaoqin"

(Sichuan Institute for Food and Drug Control, Chengdu 610097, China)

Abstract: Objective: The purpose of this study was to systematically establish a gas chromatography-mass spectrometry
(GC-MS/MS) analysis method for polycyclic aromatic hydrocarbons in Spirulina, and empirically analyze the new risk of
polycyclic aromatic hydrocarbons found in Spirulina. Method: The polycyclic aromatic hydrocarbons of the sample were
extracted twice with n-hexane ultrasonically, purified by QUEChERS, and tested after being concentrated by nitrogen
blowing. Qualitative and quantitative: Separation using DB-5 MS capillary chromatographic column, multiple reaction
monitoring mode (MRM) combined with matrix-matched external standard method for analysis. Results: The recovery rate
was 68.8%~101.9%, the relative standard deviation was 1.8%~8.4% (n=6), the correlation coefficient of the equation
reached above 0.999 within the linear range of 1~32 ng/mL, and the limit of quantitative (LOQ) was 2 pg/kg. Polycyclic
aromatic hydrocarbons were detected in all 69 commercially available Spirulina samples, with the content in the range of
2.4 pg/kg to 3491 pg/kg. Conclusion: The QUEChERS detection method for 15 polycyclic aromatic hydrocarbons in
Spirulina established in this paper is fast, accurate and highly sensitive, and can provide scientific technical support for
daily supervision. It is necessary to pay attention to the risk of polycyclic aromatic hydrocarbons in Spirulina products, and
further identify the source of pollution to establish prevention and control measures.
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Table 1 Mass spectrometric parameters for 15 PAHs
B FE B TR FEVER X EMEE T2
5 k&Y CAS - - - 4 B4 5} 1A] (min)
m/z TifERE R (e V) m/z HifERE R (eV) m/z i RE R (eV)

1 e 208-96-8 152.10>150.10 28 152.10>126.10 28 152.10>102.10 28 6.692
2 & 83-32-9 153.10>151.10 28 153.10>127.10 28 151.10>77.00 20 6.930
3 Ui 86-73-7 165.10>163.10 28 165.10>115.10 28 165.10>139.10 28 7.723
4 B[ 85-01-8 178.10>152.10 20 178.10>176.10 28 176.10>150.10 20 9.476
5 P 120-12-7 178.10>152.10 20 178.10>176.10 28 176.10>150.10 20 9.579
6 P 206-44-0 202.10>200.10 30 200.10>198.10 30 202.10>152.10 28 12.021
7 3 129-00-0 202.10>200.10 30 202.10>152.10 28 200.10>198.10 30 12,517
8 #9t(a) B 56-55-3 228.10>226.10 32 228.10>224.10 32 228.10>202.10 60 15.381
9 i 218-01-9 228.10>226.10 32 226.10>224.10 32 228.10>202.10 60 15.466
10 ZFIFL)FE 205-99-2 252.10>250.10 36 250.10>248.10 36 252.10>226.10 60 18.195
11 FIFMOZE 207-08-9 252.10>250.10 36 250.10>248.10 36 252.10>248.10 60 18.272
12 It (a) B 50-32-8 252.10>250.10 36 250.10>248.10 36 252.10>226.10 60 19.046
13 Bfidf(1,2,3-cd) B 193-39-5 276.10>274.10 36 276.10>272.10 60 274.10>272.10 36 21.975
14 ZHJF(a B 53-70-3 278.10>276.10 36 278.10>274.10 60 276.10>274.10 36 22.081
15 #f(gh D8 191-24-2 276.10>274.10 36 274.10>272.10 36 276.10>272.10 60 22.608
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Fig.3 Effect of ultrasonic extraction on the extraction
efficiency of PAHs in Spirulina
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Fig.4 Purification efficiency of PAHs in Spirulina by
different methods

2.4.2 QuEChERS #iEl&E Mtk HHET QuEChERS

¥ R I AR AT PSA(N-IN 38 20 1% |
C, s (/e BL G i g W B 571) ) T GCB (A Sl

#3)3 Bl GCB MIFRMELEAT IE/STCIRGE, X4
TR RN T T, BEAT AS 2% SR MR e v AL o v 11 £

M BT, (AR T2 e b & i
FFEI, WSS [FIRR EEWL I, 520 PAHSs Jbs 11l
SEFAR, SEBRR I b JCvk S HERG 2 B . PSA 4544
TS P S, B SR T Bk S e A

T R RS S R . AR IBITIR L el LR

855 Cg FERBRARME TR, Blanihig . ASC5
XFEE T AN S = PSA B3 FN C g B X IBERE 2 25
TR (UL 5) o 455 7R, QUEChERS
T AR Z I IFIRAE YV R, PSA A C g
Xt (0,23 (AL SOR LA B B, B 3 S i i 3y

i, 3 & G A0 B, AELE A HE A N (B 2 28 T

L BIA T AR —ki5 gy, BRI k5 4L

Z [a] P, e H T PSA KA C g B34% 100 mg
S A E A e =,

241 ke
2 50 mg
20 A 100 mg
Bl 150 mg
g 16 - Il 200 mg
X
=121 ;
: { ool
w 87 ii I
- Ami
4 it 1 |
0] i f o I
100 0 i i
RN S L e SO
R TR
&
EZS Y aey]
K5 RS PSA F Cq WIZHERE F 235501
&S

Fig.5 Purification efficiency of PAHs in Spirulina by different
contents of PSA and C,4
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Table 2 Matrix effect of quantitative analysis of PAHs
in Spirulina

FEBTRCH e ARSI R BTN

WE BT Chemivesm MARESs (%)
1 e 2501.933 2535.003 98.7
2 & 1900.358 1966.806 96.6
3 Vil 2774.097 2892.63 95.9
4 3k 6055.434 6205.823 97.6
5 J) 5083.664 4952.53 102.6
6 P 7182.905 6885.475 104.3
7 5 7077.939 6834.102 103.6
8 #I(a) B 9363.846 8455.756 110.7
9 i 9606.246 8885.886 108.1
10 AJF(b)RE 6486.13 5615.74 115.5
11 I (k) D 5986.21 5182.756 115.5
12 91 (a) 5349.769 4507.589 118.7
13 EiIR(1,2,3-cd) it 3385.811 2921.115 115.9
14 ZZJf(a, h) B 3932.203 3074.073 127.9
15 #If(g h, DIt 4065.72 3569.786 113.9

2.6 FEHIZMTERE. EERER
Fh T MER e e A O T S A R v A AR B Il R T RK
I, AR T3 DA PR iE B i B IBOR A s 771, SR
FRULACA MR ER . Bl 1.2, 4. 8,16, 32 ng/mL
IR SFRUEW, GC-MS/MS REFIL I LA Z 5
SRR S (ng/mL) A AL AR, I T B PAAL AR, Ll bR
T3 ISFHEAFRMEEA LR, R & ER

Table 3 Regression equation, correlation coefficient and LODs

of 15 PAHs
R 17 W6 R K fi'f)
1 JE M Y=2501.933X+1344.625  0.99997 2
2 & Y=1900.358X+7235.572  0.99972 2
3 Uil Y=2774.097X+6584.985  0.99971 2
4 EIZ Y=6055.434X+30892.78  0.99966 2
5 P Y=5083.664X+4820.363  0.99969 2
6 P Y=7182.905X+8168.333  0.99989 2
7 5 Y=7077.939X+6622.308  0.99980 2
8 #9(a) B Y=9363.846X+4511.279  0.99981 2
9 i Y=9606.246X+9947.418  0.99984 2
10 FIFD)FE Y=6486.13X+3258.801  0.99986 2
11 FI(OTEE ¥=5986.21X+2883.791  0.99995 2
12 It (a) P Y=5349.769X+1798.592  0.99986 2
13 EfiJR(1,2,3-cd)¥ Y=3385.811X+2306.985 0.99961 2
14 ZAJF(a,h)E Y=3932.203X+1914.04  0.99976 2
15 A9F(gh DA Y=4065.72X+1157.607  0.99993 2

HEhZe . W3k 3 Ao, 15 FR 235587 1~32 ng/mL
T RO BN, B vk R A T AL R A Z A DG
R, LRMARC R EIILE 0.999 LU F. i EBRR 2 ng/ke.
27 FHEREWEREREE

IR 4 A5 E FEIRA 10 £ JER I IKF, 4
g e T S I AR ZZ IR DT SRTR G AR UHE U, SR
FH 1.2.1 5 ATAEER ST P TIE 6 ¥R, T N30
RSD(ULF 4). 15 P50 8 F1 20 pg/kg
Af, [ R B FE 68.8%~101.9%, AH X i e 22 78
1.8%~8.4% (n=6) Z[H], J7 12 HAR B4 10 ISR AN i
=K

T4 15 T RRE R 585 % B (n=6)
Table 4 Recoveries and relative standard deviations(RSDs) of
15 PAHs(n=6)

&Y AR (pg/kg) T (%) RSD(%)
e 8 83.2 33
Tk 20 712 27
- 8 89.6 5.5
& 20 80.9 52
8 89.7 8.4
& 20 83.6 42
8 89.7 5.5
4 20 95.0 6.8
- 8 86.7 3.9
20 91.1 3.8
. 8 94.9 43
e 20 101.2 23
n 8 925 32
e 20 99.4 4.0
8 89.6 2.4
SO

HIF @) 20 99.6 26
8 932 3.1
= 20 101.9 33
8 88.2 55

iy B
HRIF(0)FeRS 20 93.5 2.8
8 85.9 72

B —
HRIFOFR 20 94.4 3.1
. 8 87.2 3.4
HIF(a)ie 20 93.7 25
s » 8 68.8 73
BiJf(1, 2, 3-cd) it 2 08 40
8 86.5 35

S
—Aka, B 20 88.3 3.4
. . 8 83.4 6.2
#If(g, h, 1)k 20 $5.0 18

2.8 EFFHERNELER

iz FHER ST ARSI 7 725, XoF S BRAE S BEA T BT -
N S BEAT LA BCIR E e AR i 69 LR, S s T
DLER 5, Z5R IR 15 P25 B 69 HE R IR TiE
B AR, KRR 100%, SRS ATE 2.4 ~
3491 pg/kg JEBIP, FRAedlE. Bl 2880 . 291 (a)
FEL L IR (D) TR () BEAE L B G H R4
=, i e HAh ZZ PR AT et B B e . il as
F1EL B T L I RTISIE 8 rh 2 R D5 R B s T 1433
WK 6 FlE 7.
3 ZEip

AT I X PR BGRT | A A S Ao i i
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Table 5 Summary of analytical results for the determination of
15 PAHs in 69 batches of Spirulinas

' e Kt Krmia(%) Kl (ne/ke)

1 JE 41 59 5.9~542
2 A 69 100 8.4~48.5
3 % 65 94 3.0~374
4 E[B 67 97 4.8-2418
5 A 63 91 2.4~786
6 P 63 91 4.6~3390
7 T 63 91 3.3~3491
8 It (a) 48 70 2.4~932
9 Jifl 59 86 2.6~893
10 I (b) e 59 86 2.5~975
11 I () e 27 39 2.6~370
12 AI(a) Bt 36 52 2.6~744
13 BiFE(1,2,3-cd)iE 28 41 3.2~584
14 ZIf(a, h) B 16 23 3.2~56.9
15 #I(g, h, DAk 35 51 3.8~633
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Fig.6 Total ion chromatograms of full reagent blank
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Fig.7 Total ion chromatograms of PAHs in Spirulina
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