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Abstract: Objective To determine the concentrations of 24 per— and polyfluoroalkyl substances (PAFs) in marine and
freshwater shrimp sold in Tianjin and to characterize their pollution profiles. Methods The concentrations of PFASs in the
samples was determined by UPLC —-MS/MS. Descriptive statistics were applied, and non —parametric tests were used to
compare concentrations. Results A total of 67 samples of marine shrimp and 105 samples of freshwater shrimp were tested. A
total of 14 kinds of PFASs were detected in marine shrimp, and the X PFASs concentration ranged from 0.160 to 43.4 pg/kg.
The overall detection rate of PFASs pollutants was 100%. 17 kinds of PFASs were detected in freshwater shrimp, and the X
PFASs concentration ranged from 0.135 to 27.9 pg/kg. The overall detection rate of PFASs pollutants was 99%. The main
detected components in the two types of shrimp aquatic products were all long—chain PFASs. The number of PFASs detected
in a single sample of marine shrimp ranged from 1 to 11, while that in a single sample of freshwater shrimp ranged from 0 to
13. Among them, PFOS, PFOA and PFNA were the main pollutant components, while 6:2C1-PFESA and 8:2CI-PFESA were
both detected to a certain extent. Through comparison, it was found that the pollution of river shrimp among freshwater
shrimp was relatively serious. Conclusion There is a certain degree of PFASs pollution in the shrimp aquatic products sold in
Tianjin. In-depth research, attention and strengthened management should be carried out.
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Table 1 Concentrations of PFASs in 67 samples of marine shrimp from Tianjin

i TS YIRS /ME (pgkg) R (pgkg) PO (pe/kg) A (pg/kg) e A () K 4R (%)
1 PFBA 0.010 39.2 0.010 1.21 8 11.9
2 PFPeA 0.010 0.010 0.010 0.010 0 0.0
3 PFHxA 0.005 0.005 0.005 0.005 0 0.0
4 PFHpA 0.005 0.005 0.005 0.005 0 0.0
5 PFOA 0.005 2.44 0.028 8 0.233 42 62.7
6 PFNA 0.005 1.86 0.005 0.156 27 40.3
7 PFDA 0.005 0.846 0.0715 0.296 55 82.1
8 PFUdA 0.005 1.94 0.695 0.638 66 98.5
9 PFDoA 0.005 0.785 0.132 0.290 54 80.6
10 PFTrDA 0.005 4.38 0.655 0.852 64 95.5
11 PFTeDA 0.005 0.523 0.107 0.119 55 82.1
12 PFHxDA 0.005 0.030 5 0.005 0.005 59 2 3.0
13 PFOdA 0.005 0.005 0.005 0.005 0 0.0
14 PFBS 0.005 0.005 0.005 0.005 0 0.0
15 PFHxS 0.005 0.458 0.005 0.018 2 4 6.0
16 PFOS 0.005 3.24 0.255 0.387 60 89.6
17 PFDS 0.005 0.005 0.005 0.005 0 0.0
18 PFPeS 0.005 0.005 0.005 0.005 0 0.0
19 PFHpS 0.005 0.451 0.005 0.0117 1 1.5
20 PFNS 0.005 0.005 0.005 0.005 0 0.0
21 HFPO-DA 0.010 0.010 0.010 0.010 0 0.0
22 NaDONA 0.005 0.005 0.005 0.005 0 0.0
23 6:2CI-PFESA 0.005 1.52 0.005 0.049 1 2 3.0
24 8:2C1-PFESA 0.005 0.357 0.005 0.0250 4 6.0
25 > PFASs 0.160 434 2.50 4.35 67 100
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Table 2 Concentrations of PFASs in 105 samples of freshwater shrimp from Tianjin

el HHEYRE RME(pgkg)  RAME(pgkg)  TE(ugks)  HE(ngke) LA () K (%)
1 PFBA 0.010 3.03 0.010 0.098 9 20 19.0
2 PFPeA 0.010 0.010 0.010 0.010 0 0.0
3 PFHxA 0.005 0.307 0.005 0.007 88 1 1.0
4 PFHpA 0.005 0.005 0.005 0.005 0 0.0
5 PFOA 0.005 3.80 0.023 6 0.270 55 52.4
6 PFNA 0.005 1.78 0.129 0.237 73 69.5
7 PFDA 0.005 2.18 0.113 0.305 93 88.6
8 PFUdA 0.005 1.77 0.403 0.456 102 97.1
9 PFDoA 0.005 1.52 0.104 0.161 96 91.4
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(5ik)
W RIEE  RMA(pgke)  Rkfi(ughs)  POB(ugke)  Hffi(pgke) KRB K@)
10 PFTrDA 0.005 2.29 0.646 0.742 102 97.1
11 PFTeDA 0.005 0.526 0.044 9 0.0599 82 78.1
12 PFHxDA 0.005 0.005 0.005 0.005 0 0.0
13 PFOdA 0.005 0.005 0.005 0.005 0 0.0
14 PFBS 0.005 0.246 0.005 0.008 25 2 1.9
15 PFHxS 0.005 0.454 0.005 0.030 8 13 124
16 PFOS 0.005 19.8 0.140 1.09 95 90.5
17 PFDS 0.005 0.028 0 0.005 0.005 65 4 3.8
18 PFPeS 0.005 0.039 8 0.005 0.005 33 1 1.0
19 PFHpS 0.005 0.088 1 0.005 0.009 15 7 6.7
20 PFNS 0.005 0.005 0.005 0.005 0 0.0
21 HFPO-DA 0.010 0.010 0.010 0.010 0 0.0
22 NaDONA 0.005 0.005 0.005 0.005 0 0.0
23 6:2C1-PFESA 0.005 2.85 0.005 0.097 6 12 114
24 8:2C1-PFESA 0.005 0.756 0.005 0.038 5 13 12.4
25 Y PFASs 0.135 27.9 2.10 3.67 104 99.0
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Figure 1 Types of PFASs detected in marine shrimp and

freshwater shrimp
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Figure 2 PFASs detection results in three categories of freshwater

shrimp
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R 3 MIKIFSIRIKIFH PFASs & it lEAE L M(Pas, Pis) , pg/ke |
Table 3 Comparison of PFASs concentrations between marine shrimp and freshwater shrimp [M (Pss, Ps), peks]

LS IES HIKEF AR Z1H P{H
PFBA 0.010(0.010 ~ 0.010) 0.010(0.010 ~ 0.010) -1.124 0.261
PFPeA 0.010(0.010 ~ 0.010) 0.010(0.010 ~ 0.010) 0 1.000
PFHxA 0.005(0.005 ~ 0.005) 0.005(0.005 ~ 0.005) -0.799 0.424
PFHpA 0.005(0.005 ~ 0.005) 0.005(0.005 ~ 0.005) 0 1.000
PFOA 0.023 6(0.005 ~ 0.237) 0.028 8(0.005 ~ 0.427) -0.795 0.427
PFNA 0.129(0.005 ~ 0.284) 0.005(0.005 ~ 0.259) -2.915 0.004
PFDA 0.113(0.053 5 ~ 0.277) 0.071 5(0.028 9 ~ 0.690) -0.816 0.415
PFUdA 0.403(0.235 ~ 0.623) 0.695(0.256 ~ 0.898) -3.264 0.001
PFDoA 0.104(0.062 1 ~ 0.180) 0.132(0.018 7 ~ 0.660) -0.827 0.408
PFTrDA 0.646(0.333 ~ 1.00) 0.655(0.262 ~ 1.24) -0.144 0.885
PFTeDA 0.044 9(0.011 7~ 0.076 7) 0.107(0.017 1 ~ 0.200) -3.710 <0.001
PFHxDA 0.005(0.005 ~ 0.005) 0.005(0.005 ~ 0.005) -1.776 0.076
PFOdA 0.005(0.005 ~ 0.005) 0.005(0.005 ~ 0.005) 0 1.000
PFBS 0.005(0.005 ~ 0.005) 0.005(0.005 ~ 0.005) -1.133 0.257
PFHxS 0.005(0.005 ~ 0.005) 0.005(0.005 ~ 0.005) -1.398 0.162
PFOS 0.140(0.050 5 ~ 0.338) 0.255(0.087 7 ~ 0.498) -1.466 0.143
PFDS 0.005(0.005 ~ 0.005) 0.005(0.005 ~ 0.005) -1.612 0.107
PFPeS 0.005(0.005 ~ 0.005) 0.005(0.005 ~ 0.005) -0.799 0.424
PFHpS 0.005(0.005 ~ 0.005) 0.005(0.005 ~ 0.005) -1.536 0.125
PFNS 0.005(0.005 ~ 0.005) 0.005(0.005 ~ 0.005) 0 1.000
HFPO-DA 0.010(0.010 ~ 0.010) 0.010(0.010 ~ 0.010) 0 1.000
NaDONA 0.005(0.005 ~ 0.005) 0.005(0.005 ~ 0.005) 0 1.000
6:2C1-PFESA 0.005(0.005 ~ 0.005) 0.005(0.005 ~ 0.005) -1.900 0.057
8:2CI-PFESA 0.005(0.005 ~ 0.005) 0.005(0.005 ~ 0.005) -1.307 0.191
> PFASs 2.10(1.36 ~ 3.54) 2.50(0.990 ~ 5.01) -0.0800 0.936

X = APOR ] 28R K UF (Il IR 2 [QUF /N JREF )
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Table 4 Overall comparison of PFASs concentrations in three categories of freshwater shrimp [ M (Pas, Pss), pg/kg]

LTS /IS L % RHR /NJEHR Hd PAH

PFNA 0.172(0.005 ~ 0.535) 0.153(0.094 1 ~ 0.246) 0.176(0.097 8 ~ 0.256) 0.726 0.695
PFTrDA 0.608(0.316 ~ 1.14) 0.600(0.448 ~ 0.746 0.600(0.267 ~ 0.885) 0.551 0.759
PFOA 0.054 5(0.005 ~ 0.354) 0.005(0.005 ~ 0.005 0.204(0.078 9 ~ 0.403) 32.526 <0.001
PFDA 0.172(0.062 1 ~0.914) 0.173(0.124 ~ 0.276 0.079 3(0.050 7 ~ 0.132) 10.205 0.006
PFUdA 0.563(0.335 ~ 0.790) 0.302(0.201 ~ 0.409) 0.385(0.226 ~ 0.607) 8.587 0.014
PFDoA 0.153(0.077 6 ~ 0.256) 0.072 8(0.048 7 ~ 0.096 7) 0.123(0.069 6 ~ 0.199) 10.385 0.006
PFTeDA 0.067 1(0.0352 ~ 0.123) 0.005(0.005 ~ 0.023 7) 0.027 7(0.012 1 ~ 0.062 6) 26.466 <0.001
PFOS 0.288(0.127 ~ 4.23) 0.173(0.151 ~ 0.259) 0.035 5(0.005 ~ 0.065 7) 35.207 <0.001
> PFASs 3.42(1.87 ~9.87) 1.54(1.25 ~2.44) 2.03(1.22 ~2.67) 13.640 0.001
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Table 5 Pairwise comparison of PFASs concentrations in three categories of freshwater shrimp

s , % [QHF — T UF B ICHF - /NJEAR TR — /NI AR
REP YIS

Q18 P1E (01 PiE (o1 PE
PFNA — — — — — —
PFT:DA — — — — — —
PFOA 3.927 <0.001 -5.691 <0.001 —2.484 0.039
PFDA 0.501 1.000 ~2.744 0.018 -2.775 0.017
PFUdA 2.887 0.012 -1.462 0.431 ~1.490 0.409
PFDoA 3.176 0.004 -2.455 0.042 -0.608 1.000
PFTeDA 5.083 <0.001 -2.649 0.024 -2.534 0.034
PFOS 1.127 0.779 -3.752 0.001 -5.848 <0.001
Y PFASs 3.193 0.004 -0.620 1.000 -2.863 0.013

T 2R T SRR ARSI LA AR A 35 22 5, IR AT 2 TR LU AR

3 i i

AT SE Y, T X R B WK R SR 7K R 24
il PFASs ()5 8 K15 YL REmtoE . Hoh a4 14
Fih K 5% PFASs:PFOA .PFNA .PFDA .PFUdA .PFDoA .
PFTrDA . PFTeDA . PFHxDA . PFODA . PFHxS. PFOS .,
PFDS .PFHpS .PFNS;6 i %5 fif PFASs:PFBA .PFPeA .
PFHxA .PFHpA .PFBS .PFPeS;4 Fff i 2% PFASs:
HFPO-DA .NaDONA .6:2C1-PFESA .8:2CI-PFESA , i}
TR HRFIIR AU A 11 2285 = 1) 8 LA PFASs AH
[F], 8K A% PFASs, UL 55 PRASs 38R SR RS K
i R e DGR B — 22 0 5 RIS i v B P o
2 PFASs(6:2C1-PFESA 8:2C1-PFESA )44 — & Ho 4]
K, U BHET XTHR 27K ™ i v T 2% PFASs 42 15
R,

AHIESE PR AR b — RS 6 ~ 9 FPORTRI Y
PFASs, LRI KR i 2 5 11 Fhdd o3 iR
KEFh 2 5 13 Fhdd gy, BEBREL B IRk ™
i PFASs 1543812, W RBAFAE 2 RS Yok i, H
HTE R 3R 501 3 F LA (PFOA PFOS \PFNA)
LG TEAISEARE t rh YA vy A H 238 RRG H VAR JE 5 ¥fg
JKAERH PRFOA £ R B2 YA R 0.233 pglkg, IRIK
IR 0.270 pg/kgs; KR PFOS A6 H ik B2 1 {E
k1 0.387 pg/kg, IRIKEFHH 1.09 pe/ke. SEPNANE
A BI7KT i PRASs A OCTS YL pff 58 245 BL052 04 L n]
PLK B, AT IR K AR PROS (975 e s T4 7K
-, B EHIR KR o PFOS 75 G AHXS ™ 8 [m] B A
FEHRPIZAES B PFOS 235 PFOA, X 51k,
g 2= HVRIIR Jak PO BIF 9 5 SR — B, 16 B T BB AR 28K
mnH PROS A R HE 158 T PFOA,

I AT, HEK AR AR K BR  PFASs £77E
25 XA S AR IR JAERRIE JBTEE YN
RAKE YN DR B E AN R OC . A5 ik
Y53 T IRAKER A = RS [RI2E78 3 3 F A5 m LA

A RS Yed M E, EIRAKIR R PRASs 19 £ 2
DRI

SERFEAF PR, AW BA B ER TN T B IR 2K
7 iR A R BRI U™ M, RIS E 20 B v A DX 1T
IKERFIR K MRS KR L SRR AR = A~/ A
XK AN R E— 220 73 BT AR Sk v {5
Yot RS Tt — L A 2N K E R A
[IFROLFEATHTSE , IR B ERRE R U, 2 — L TRAWT
FERRIAIE LTS S ISR, LU O A8 B SRR R o il <
PRATRLAA S
PR EmR AR 45 P
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