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WU/Qiag-qian' , WU Qiang'**, SONG Shuai®” ,"REN Jia-guo', YANG Sheng-jie’, WU Yan-qi’

(1. Schololu‘ of Earth Science and Engineering, Shandong University of Science and Technology, Qingdao 266590, China; 2. State Key
Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing
100085, China)

Abstract: Rapid urbanization and industrialization may potentially impact the spatial distribution and transmission of polyfluoroalkyl
substances (PFASs). Tianjin, a typical industrialized city with a high urbanization level around Bohai Bay, was selected to evaluate
the spatial distribution and ecological risks of PFASs. Water and soil samples were systematically collected and analyzed by using solid-
phase extraction and high-performance liquid chromatography-tandem mass spectrometry ( HPLC/MS-MS) methods. The results showed
that all 12 PFASs were detected in water and soils, and the detection rates of the other congeners were low. The concentrations of
Z PFASs in water ranged from 3. 93 to 357.85 ng-L ™", and the levels of z PFASs in soils ranged from 4. 60 to 63. 85 ng-g™'.
PFBA was the major component in water and soils, and the contribution of PFBA was 37% and 67% in water and soils, respectively.
The spatial difference in z PFASs in the water bodies was significant. Z PFAS concentrations in the surface water were higher in the
north (mean value of 63. 83 ng-L™") than in the south (mean value of 51. 71 ng+L™") and higher in the eastern coastal area ( mean
value of 71.36 ng-L™") than in the western area ( mean value of 36.08 ng-L~'). Z PFAS concentrations from upstream to
downstream of the rivers showed an increasing trend. The highest PFAS concentration was found in the Chaobai River, and the lowest
was detected in the South Canal. The spatial distribution of PFASs in soils was higher in the south (mean value of 13.33 ng-g~') than
in the north (mean value of 6. 38 ng+g™") and higher in the eastern coastal region (mean value of 11.45 ng+g™") than in the western
region (mean value of 6.94 ng-g~'). The soil concentrations of Z PFASs in the Haihe River Basin were the highest. The source

analysis results showed that the emulsification of rubber products, food packaging process, paper surface treatment, fire extinguishing

agent use, and electrochemical fluorination process in industrial production were the main sources of PFASs in the soils in the study
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area. PFOS/PFOA, PFOA/PFNA, and PFHpA/PFOA analyses showed that the main source of PFASs in water bodies was the

degradation of precursors. ZPFASS in a few areas originated from the direct emissions from production, but the atmospheric

deposition was small. The results of the ecological risk evaluation indicated that the exposure concentrations of PFASs in water and soils

in the study area were at a low ecological risk level. However, the long-term ecological effects of PFASs cannot be ignored because of

their long-distance transport capability and high food chain (web) accumulation capability.

Key words : polyfluoroalkyl substances (PFASs) ; congener character; spatial distribution; source appointment; risk assessment
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Table 1  Detection limit, quantitation limit, recovery rate, and detection rate of 12 target PFASs in water and soils
KR (BT 29) - CRERE29)

SHHT) Kot b CIrEs tihk R ERE [l % g

/ng-L_l /ng-L_I (n=4)/% /% /ng-L'] /ng-L'l (n=6)/% /%
2R TR (C4, PFBA) 0.1 0.5 110.6 £6.3 100 0. 05 0.25 90.2 +6.9 100
LHURIR (C5, PFPeA) 0.05 0.15 103.9 +9. 4 100 0.01 0.05 87.1+5.4 100
LR C R (C6, PFHxA) 0.02 0.07 110.9 +6.7 100 0.01 0. 04 90.6 4.3 100
A9BEHR (C7, PFHpA) 0.03 0.1 118.3 8.6 100 0. 02 0.05 95.1 4.1 100
2JREFR (C8, PFOA) 0.01 0.05 105.7 1.9 100 0.01 0.03 92.1+4.2 100
2L/ (C9, PFNA) 0.01 0.05 112.9 £3.0 100 0.01 0.03 92.4£5.1 100
L9054 (C10, PFDA) 0.02 0.07 111.7 £10.7 100 0.01 0. 04 90.6 +8.2 100
298+ —® (C11, PFUdA) 0. 04 0.1 104.6 6.0 75.9  0.02 0.05 88.8 £3.4 86.3
&9+ W (C12, PFDoA) 0.02 0.06 106.3 £9.2 86.3 0.01 0.03 93.2+5.4 100
SH T AR (C4, PFBS) 0.02 0.05 109. 1 +6.2 100 0.01 0.03 97.7 +13. 1 79. 4
LR R (C6, PFHxS) 0.02 0.04 104.9 £6.2 93.2  0.01 0.02 98.7 +10.2 72.5
LR (C8, PFOS) 0.02 0.05 105.2 £12.5 100 0.01 0.03 98.3 +4.4 89.7
1.6 Bdsrwr <HR<1 I, YW FF7E TR 7 XU ; ia HR <0 L,

{1 SPSS 25, Excel 2016 Fll Origin 2018 %/ BLHITE K. ! =] |
HEAT BOHE 5397, R AreGIS 10,5 4K 1 377 % 1] : V4
Ve 2 wREWR | S

il .

T E75 Y 0 2 25 XU £ 3538 R 7 i U

T (risk quotient, RQ) . ﬁﬂ%%ﬂké{t%%ﬁm-

f&ﬂ%"&ﬂ@a TE'FB[FF( TGD) , iz JH {544 %‘E/’b&,{ﬂffﬂ

% (f'{?r ( measures ' ohvironmental cencenfrdtlon MEC)
il ?ﬁ{)ﬂuaﬁ)&f‘ /ZU—B (predicted no effect €otic entﬁdtlon
pNE(:)fr% RO @ st Y)Y

, ' 5 RQ #FMEC/PNEC ¢ 4 41)
A, RQ" I XRLRT , o 49, MEC jﬂ%{ﬂﬂﬂiﬁﬁ?
B ngdl""; PNEC M HRIE  ng-L™". 24 RQ

>1 B}, iﬁ@%ﬁfﬂl&- é:o 1<RQ<1 W, BLHALE
TEAE RS s 24 RQ <0. 1 B, 1560 JC XU

B X AR b DX s Pt R DU A5 A 3 B3 A R
MK AT PRASs Bo {al R JXURS (B . gl Be XU (B
(hazard ratio, HR) H4F H 45 & (average daily
intake, ADI) AT (2) 52 % 7| & (reference dose,
RID) Y LLAEAS B A S (3) . A8 SEAT 8 AU DF- 4 v
X T PFOS Fl PFOA [ RfD {H 43 % B {1 80

ng- (kg-d) "' 1200 ng- (kg-d) =", i CHk[ 42 ]
WF- 211K K 60. 6 kg, H BR KB A=K 1. 85
L-d™".
cxV
ADI = v (2)
ADI
HR = o (3)
A ¢ A PFASs [  ng-L™"; V A H|A R,

Led™'s W o NK BT &, kg; ADI 2 H 48 A &,
ng'kg's RD W HH | AEMWN S FHH

ng-(kg+d) "' 24 HR > 1 B, SEHIAFAE UG ; 24 0.1

2.1 7klei$uii;%¢' reaswa i L A4
KB PEASs Ky 12 Frai s, PL G/ T
AT 10 ﬁﬁéﬁw@aﬁﬁg PFBS Al PFOS E’Jhtﬂiﬁﬁ
iLF) 100% (@ A5 ZPFASS (M“nzl%b%r 393 ~
357.85 ng- L', FHIME 57. 98 ng-L~"  Hor PEBA #
PR (21,46 ng-L 7' 7E > PFASs 5tk
K 37%, V- HI{E 55 % 1A PFOA (¥11H 15. 10
ng- L', TTHR 26% ) . (1SR R A9 S0 T U1 8 X
ACTEAET I HZ W T CE I 45 22 250 it A TR ET Y
18 5 i, PFASs ¥ i & i (357. 85 ng-L™") , %44
£7 LA PFHxS H{K A 3 (223.52 ng-L7"), Hk &
PFOA(93.53 ng-L™"), BTHk 431 2 62% i1 26%,
12 BRLAZEL B A 2 At 5 7 TR i G 1 £ LA
I, ATREAZ ) B A SRAL TR KR T R Rl
AT 1A 700 B 0 Y 550 s i, o) R v DXL YT
P B ] T e A B s 7 el AR R IS T X A5 H
BTk B XL A7 TR AL X ORHZ R B2y 1
km B9 12 5 ff D> PFASs W J¥ % /b (3.93
ng-L71) | BHZCRAE ST R vhoc HLIT 38 S5 8T
Ak AT JE e HETS T RSN B0, O Bk
ﬁ%ﬂ W32 ] F R 3 1] 5 22 1] 3 38 I 5 B A R AR
AT RERE 012 A R
Wi TGN 12 PR 2o IR BE /N T B
ST 10 (A FIRBRFN PFDoA S 46 6 5 i85 4 20 43
(100% FiH). > PFASs & B LK 4. 60 ~63.85
g ' FIME. 73 ng-g ™", Hirh PFBA SFXI(H R
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6.5 1 o) S PRAS: *ﬂ#ﬁtgﬁﬁﬁ’jﬁﬂlﬂ& s) \ P TUKHER PPEBA i SNTLES i
,{lﬁ Fﬁﬁ&(#]{ﬁ’l 61 ng-L- )ﬁ#ﬂ(}f‘fﬂ"ﬂ S, {E R LA ST X, 3K S ph T/ NI T MR
ﬁj 3 X ok 57 81 24 b S Ak T e X 2 HE B Ay g ,ﬁ'ﬁﬁﬁ
,H-K%QE TURRRIB/NT 3% . Horh 7 T R EEIE 65T

X AR HE AT 1 3 - E 0 29 5 S50 PRASs 19
i (61.34 ngeg™') e, Hob PFBA i LR ik
96%, 156 W11Z Hh X A GE 52 BL A Y PFBA s V5 Y52
M), At P Bl b I AR Ak T gt R R T
SLYEAL T AT RS 4

AR A H % e 8 114 R AR LR PFOS
F1 PFOA , A9 5 38 [ FLA A 5% IX 88 PFASs & 1
X E 2 B (3 2) , KT AT i K A PFOS Al
PFOA & {4 I Ab T 25 K, 40 i T 55150 AL 40
DX 38, {E S8 A1 52 2 G4k T ALl ™ 5 Wi 1 /)N 37 3
Vs, HIEFE D PFASs & (I 9.73 ng-g ')
[FIREAL T S5 7K, AR T VA 3 i (391
48.24 ng-g "), I T LB T B BRIV = A
PR VBT 7K AR V3 Sl R T ) 3 o 4 1 5 1
HEAMEESRE , RET XK A PFOS By e 2 4R
AL T L E Orge ], H A Tama A Yodo i1, PFOA
AR E R T H A Tama A Yodo 7] 17 K F| Po 1],
SR T2 [ Orge 0. PFBA /55 PFOA LY iy 5
TR, FEAKFER R 23 i RHL o E AR AR X5

5% DX 1] i -5 YR T T Xl FH 3 1 7] TR 1 751 1 i
HIEALT SE LA AT 6. © A BFSE L IR R &k R AE
TR A] 3 T AN Tk BB K PFBA L 31 78 AS B I
FHO JEEEL A PFBA J& KRG KA E) ) 5
SR AT BRI A FUAL B W A 7 ) A 7 R —
/\;J:bf—[“
2.2 JKIEFIEIHEF PFASs %5 [B] 43 A R AE
KT Hb R K PRASs W B R B {21 il 15 5
P 2 25 1) 22 S (18T 3) | v i) ALK E
T > PFASs #eE fie i (BB 43538 156. 09 ng- 1™
Ml 153.84 ng-L™'), M5 W & K (¥ {H 7.54
nge L7, FEARTAT A MR BE AR 2 (I 4). U0 | gz
T R A E VTN 1 S R R > PRASs Wk
SRR UL XA A SRS YR, ANt
BT ARST, S22 40 Tl R KRR 1635 K, R b
P TR X TS YK # ALIZ I > PFASs #e

JEX R, i WA IR B (46,18 ng- L") 42
Bz ] [ 6 A%, WA RE L T E R AT

S PFASs HOWRSE , 1328 T i 2 S e g
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HAEAE AL > PRASs WA BT/, 3 7l g A%
SV K BEIE B 52 . AR ST IX PFASs 23
B8] 23 A7 LA K RE 1 S0 5, B30 A PRASs ¥k B ( ¥914E
63.83 ng-L™") LR (HME 51. 71 ng- L") &, AR HB

VI X I (H4{H 71. 36 ng-L7") FL VU (341E 36. 08
ng- L") . I HT X (& DU X T IXCR K
[X) > PFASs ¥J{f 72.85 ng-L ™" it F H AT
X, 3355 Y I DX 3R 1T 2 e 7 %% N T 4

%2 FAEMEREFEKET+ED PFASs b
Table 2 Comparison of PFASs in surface water and soils of different regions
e 5 v PFBA/ng'L’l PFOA/ng-L’l PFOS/ng-L’l N
SRR BRI P T A G B e mm ™
KT 29 2.27~37.36  21.45  0.35~93.53 15.10 0.05 ~11.85 1.61 AW
ity 39 2.32~9.08 5.46  21.89~104.66  56.27 2.89~13.07  7.19  [40]
TS 35 1.4 ~79.61 8.21 0.96~4534.41 277.02 0.40~12.78  3.00  [48]
TR 35 1.08 ~2.84 .72 3.29-~5.95 4.9 0.29 ~2.69 .04  [12]
VNTRT) 30 1.77 ~34306 1295.16  15.3 ~967 611 36 639.49 0.68 ~39.2 9.67  [45]
PN KB 20 1.42~2580 830 2.17 ~772 239 0.47 ~6.95 2.60 [49]
SR 10 nd ~1.23 0.39  3.45-6.47 5.01 3.42~8.51 6.499  [50]
BT 11 nd ~13.7 1.3 1.0 ~402.7 139.6 nd ~286.0 46.5 [41]
Kb 30 0.6 ~4.06 0.86  2.15~73.9 28.2 0.5~10.5 3.54 _~T51]
i) 20 0.31 ~6.67 2.04  1.32~23.51 8.62 | nd~0.82 0'205'"‘!,. i(52]
7K Tama % Yodo 5 - = 1.9 ~110 58.6 <5.2-10  w6:8% / (8]
[ Orge 1] — — - — 8.6 ~10.0 9.4 15.2~19.6  17.4/ _[17]
BIH Po il 19 — ¥ 1~1270 [ 4 — | Wl1-25 A F0
. _— PFOS/ng g ! PFOA/ng g ! > PFASs /ngg!| & vy
- ES A 29 0.23~ 10.61% 2761 nd ~1.430 7 0.24 4.6763.85 9.73 AW
AL 11 Ad «-%;6 & 0.96 nd~2.89 ° 1 0.64 ) 15 ~5.89 2.69 _[37}“':;
G 74 010 <91/ 3437 nd~9.8 / _ 2,51 . 0.1~98 8.83  [35]¢
iﬁé BRI = A 45 0.05 7“2.4 1'0.49 0.2~1.2 & ois = 0.09~2.6 0.63 (341"
A e T 18 pdf0. 210 N — nd~0.2y % 1 f£ nd~1.22 — (3%
‘ AT 19 J0.‘7 ~1#3 [ 0.86 0.2~0.7 4 0.4 2.15~5.49 3.62  [53]
. BT 7 id~0.86 |_-07865 nd~2.8 2.8 0.1~8.5 0.69  [39]
e Ao 8 8058 ~10.4 =054 3.28 ~47.5 35.24 13.9~63.2  48.24  [25]

1) nd R T R s — e SClik v A A OCEHR

MK HE £ 38 PFASs & & A9 %5 ) o A ok B (&
5), B H0 (M8 13.33 ng-g™') HALES (H1H 6. 38
ng-g '), AREBUTIE X (XM 11,45 ng-g ) & T
PEHRIX I (1A 6. 94 ng-g ") , X Al HES K+ HA
HA BBV ZR, R 2 10 ORI, 3222 LIk
AP AL R 3 TR R AR 2 T, 2k
6 Bl RN T 36 sh AT 2 [a] st 95 0 A5 07 1 3 PFASs
SR AR A R 13,19 20 3% 3 AUV A
Oy TR M B AL T ) R A A
B 7R Atk T % e A5 PR S ) JE R, #6002 LA
PFOA i E L 53, I HE- 5k 46 T w25 20 BELAA |
BRI FLAL B R BN AR S A B DA
PSR PSS
2.3 KM L4 PRASs KR

PFOS/PFOA 1 PFOA/PFNA # %% FH T 45 5%
PFASs HIVEFERIESY 24 PFOS/PFOA K T 1.0,
VLA PFOS 776 SR T5 4, /NF 1.0 W m S RE T
A ; 4 PFOA/PFNA {HTE 7 ~ 15 Z[A] R U2 Tl

Az ELEEHE, MEHAE R T 15 SR B Bk i &k A=
FEfi. PFHpA/PFOA A ELE T LAE R KA DT B A
ROREEFIS . 24 PFHpA/PFOA fH KT 1.0 I}, R
FEERAUURE , /NT 1.0 MIVE B R TR AN 2 2
TGYRYRDO o R R A IR R TR 2t A AL S
AR A g, 33K AN ] 2200 A T A T e R T
ABF5E T, PFOS/PFOA HYJLIETE 0. 013 ~0. 969 (&l
6) , ULEHFFY X N PFOS fif A FEZORIE TREFNHIA
PFOS 1) 25 I8 75 Ye 4 /. PFOA/PFNA {H ¥ y1 il 7F
7.167 ~395.324, 1. 7. 14, 24 X 4 4> & i (4
PFOA/PFNA {E1E 7 ~15 Z[a], 75 Y4 IR T
Tl AR 7 0 AR, A AL PFOA/PFNA {H
BIRTF 15, Frm 52 X 15 Ye ) K843 8 U5 T Rip SR 1
%A YRR . AT o PFHpA/PFOA /N T 1.0,
VLA HEANIE 5 X PFASs 434 52 KA UL Y 52 1 45
N TRIRE R I R K AR PFASs 19 2R IFE
157K HERL.

F RS 43T B )12 T 4 PRASs V5 4ok
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KR 5 PCS s #ifir /& PFBA (0. 877) , ] fif B 1%
IX. 67. 2% (1) PFASs K.

FH T PFASs H A7 AN [A] SR R () S RL bR &9, 7T LA
A48 32 A% 43 F1SE B PRASs HEROR B A — 1
FEBEEDY . PROA = M U8 T 45 U5 BELR AR S di
FIFLAL A e e AR RN R SRt A B, AR K K 5
g 14512, PFNA #Il PFDA £ 8 H T2 R R E
P AR HEE Y PFHXS EEIH A T RS PFAS

AR s PFPeA 1 PFHxA 353K [ 2540 & 40
S F AL, PFUNDA FH T A4 8 o 1) 44 i il
#%19 PFHpA T ] F % 1 1% M. PFBS A
PFBA Al AENTR T Tll 2F 7= v bl fb 2 G Ak i 727
PRt PC1 AT i e R 19 R R v i) A i) 8 0 4 SRUR iR
et R PC2 TR RER F 454 1S AU B A AT
PRI G PE ;. PC3 AT iRk B KA UK PC4
K B Y4B AR I FLAE B e R A
AT, DL K K FIE FH A, PCS Al fi Bk A
Tolk A= iy B b 2 L B NS [E] 43 A B R,
PC5 1 PFBA = {E X 38 057 T 5% DX 0 1 DX B
FIRI AL T4 %, PC4 1 PFOA & H X 340 15
VA DX TR 11 DX, BRI A T 77l 3R AR LAt oA e A
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A KBS DA 45 2R R KT PFOS, PFOA Fil
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Tahle“,B* HR w\;alue of PFASs in the, water séutce i 5
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BT KR M L SR BT A I, 5 24 [EE A
1645 M BRI 17 B | 2 4 22 e ok
T K /& o PEASs B9 PFBA . PFOA FIIPFOS £
W20 51 /257, 36 .93, 53 M1 11 85/mgsl ", &
HE ol 61. 4% 1061 A1 1. 43 ng-g !, AT LLF U,
F UK (KA H e PROS 1 PFBA 15 3 1 46
10T 61 5 AP R s, FEA M 32K T FH K T 4 S
) A . SR Fﬁ%i}’éﬁ PFASs B I &
it AT JLAE SRR 5 PRASS AR b el P 4

reservoir area of Tianjin .I.-* u“'u ._J ¢ N, N K
, YT EL — BT 5T i KAR O PROA 1Y f 5 8 W s T
| OPRASs | - : s ; ‘ e b 22 A2 I KH
PV amr pmmio mete | il 1 e~ USEPA B 35 5 H Lk 58 45 M A5G 3 X 3 3 7k
” i — — -

BOs Gl J003 T oe W o2 fufe(d4), 01T N AL A 0 AR AT B

PFOA// 0. 10+ 2.57 1.39 2.80 NS

: FIRHE S it
=4 PFASs kik R +iEtRgD
Table 4 Guideline values for PFASs in water and soils

Wi /X bR (e R PFOA PFOS PFBA  4F{}  3Cifik
o CMC/CCC 2.50 x107/2.90 x 10° 2.10 x 10*/500 2014 [65]
B CMC/CCC 4.55x107/3.52 x10% 3.78 x10°/2.50 x 10° 2010 [66]
gk USEPA Provisional health advisory 702 702 2016 [67]
HAJE 7535 M Chronic health risk limit 35 300 7000 2015 [68]
524 M Interim groundwater enforcement standard 203 20 2016 [69]
JIEYN Drinking water screening values 200 600 30000 2018 [70]
Rk i 5] Health-related indication values 300 300 7000 2010 [71]
Further provision 300 300 2009 [72]
i [ Potential danger to human health 5000 1 000 2009 [72]
DU T E ST R BRI B AR 8 2 S (TGD) 2060 67 000 2013 [73]
3 T E FETRRA A 22 B XS T B2 AR H8 T 304 (TGD) 190 39 000 2013 73]

1) PFASs %R BAAT KA cng - L=" VTR B 3 ing-g =15 2) A4 USEPA X} PFOA il PFOS BIRLSE , 244K FH/K Hh [RIZ£4E PROS FI PFOA B,
HNER BRI 70 ng-L =15 3) ARAEBhSERAN XTI T /K BRIBLE , 23 T oK o RIEFAEAE PFOS il PROA H, 38 1025 A Wk R A58 4 20

ng-L~!

4 it

(1) K HT W JE KRR+ HERE b > PRASs
SR VE 2 3.93 ~357.85 ng-L~' 1 4.60 ~

63.85 ng-g ', #RLA PFBA g T B4 43 ( STk R0
H37% F167% ) 5 45K PFBA 1B MK 55401k
PR 2 — |, AR R Tl % e v ffi T L
WAL =7, 2 4 AL A 0 A 7 R0 o 1) i e
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E N A ik(ﬁnﬁﬁéﬁiik#)éﬁf/
(3)%%ﬁ$ﬁ,n%ﬁm7k1$qﬂﬁﬁ PFASs %3k
IR TR AR A, /DB DX ) PRASs YR 42 77 19 B
fiﬁﬁﬁﬁz RITR S DTRE R E/N. FRLS3Hr R A
Jiog it B FLAR B A0 2 2 R R 4 2% 2R T b B FITK ok
FUME R, A B Tolb Az = v e Ak 2 e Abaod B 2 F 5% IX.
3 PFASs i) BRI
(4) BFFE X P KA £ e PRASs % 528 e i 45
%, 10 A F A A A A A ARG AKOF- . 254 45 1 45t
X AR AR, BF 5 X R PROA AT 55 22 i A
I
ES7 Y 07 & N L a1 8 W € |
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