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Characterlstics, Sources, . and Rlsk Assessment of l}erlyﬂugroalkyl Substances in

Surface Water-and Sediment of Luoma Lake g

HUANG Jiadiao*, WU Wei' , HUANG Tian-yin", " GHENG Shu-gin® , XIANG Song”, PANG Yan®

(1. Schoo of Fnvitonméntal Science and Engineering, Suzhou Univeisity of-Stlence-thd Technology, Suzhou 215009, China; 2. thlondl Engineering Laboratory for Lake
Pollution Contml and Ec ological Restoration, Chinese Research Academy of° En\'lronmental Sciences, Beijing 100012, China; 3. College of Resource and Environment, Anqing
Normal Unrverslty, Anging 246133, China)

Abstract; Through the investigation and detection of the surface water and sediments of Luoma Lake, the structure and occurrence characteristics of PFASs ( perlyfluoroalkyl
substances) in the two types of media were analyzed, and the principal component analysis method was used to analyze the characteristics of such substances in the surface

water. The source was analyzed, and the potential health risks of such substances were evaluated using the risk quotient method. The results showed that a total of 13 PFASs

were detected in the surface sediments of Luoma Lake, and one more species was detected in the surface water (PFTeA ) ; ( Z PFASs ) in the surface water ranged from

46.09 t0 120.34 ng-L ™", and w ( Z PFASS) in sediments ranged from 2.22 10 9. 55 ng-g ™", PFPeA was the major component in surface water, and the mass fraction

of PFPeA was 38%. PFBA was the major component in sediment, and the mass fraction of PFPeA was 61%. The multi-media PFASs in Luoma Lake were mainly short-chain
substances; the high concentration area of PFASs in the surface water of Luoma Lake was concentrated and distributed at the mouth of the northern rivers. Its concentration

showed a decreasing trend from north to south, and the content of PFASs in the sediments showed a decreasing trend from southwest to northeast. The distribution of
Z PFASs , PFBA, and PFOS in the sediments of Luoma Lake and the TOC content in the sediment were related; the principal component analysis showed that the PFASs
in the surface water of Luoma Lake were mainly from textile flame retardant, rubber product emulsification, food packaging processes and paper surface treatment industries,

the metal electroplating industry, and leather and textile manufacturing industries. PFASs in the surface water of Luoma Lake were at a relatively low health risk level.

Key words: Luoma Lake; perlyfluoroalkyl substances (PFASs) ; occurrence characteristics; source analysis; health risk assessment
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Table 1  Method detection limits and recoveries of PFASs in the surface water and sediment samples
pS—— MDLs \ LI&Z%(AVHSD)%
FZK/ng- L1 DU /ng-g ! FZEK TR
2T (PFBA, C,) 0. 987 0.04 92.5+9.6 69.4 +10.7
EFULR (PFPeA, Cs) 0.062 0.04 81.3£12.7 74.3 £13.3
25RO (PFHxA, C4) 0.006 5 0.18 97.6 £4.2 72.8 £11.5
S5 BER (PFHpA, C,) 0.02 0.18 88.4 +14.9 90.1+14.2
MR (PFOA, Cy) 0.008 0.002 103.9 +8.3 88.9 9.5
TR (PFNA, Cy) 0. 005 0. 005 96.1+5.6 75.1+12.8
L BEMR (PFDA, Cyp) 0.041 0.005 97.5 4.9 73.7 +14.1
2+ —R(PFUDA, C,)) 0.025 0. 005 82.8+9.2 75.2 +14.0
429+ R (PFDoDA, C,,) 0.012 0.005 96.5 3.6 68.5+11.3
4+ =B (PFTDA, C,3) 0.082 0.2 76.1+£7.6 65.6 +10.2
49+ VUL (PFTeDA, C,,) 0.081 0.2 68.2 +4.4 76.0 +13.9
S5 T SRR (PFBS, Cy) 0.211 0.5 72.7 £6.1 74.8 £13.3
IR (PFHxS, Cq) 0.1 0.2 98.1£8.7 75.1+10.1
EF IR (PFOS, Cy) 0.015 0.18 95.5+5.3 70.5+7.8
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TEAG B925E9% 2 9 3 2% .24 HQ=1 I, i) PFASs Xf
AR T A0 BRI AR ; 2 0-2 <HQ
<1 BRI R E (0 AR, 4 HQ <072 i, B

0.2/%), ADI M4 A AR pe- (ke- d) ', B PFASs XT}\%’@@)%ﬂ:ﬁEE’J@%HI&T@H%T
BW K0 T (k) , ADI. BW I DWI E-C R S '. 4
®2 ERFED/ HHAHTFHKE(BW) , GAKENE(DWI) fu PFASsﬁE]TB%y.f%)\E(ADI) ‘ &
lable 2 Mean body wmght (BW) , quantity: of drmkmg water intake (DWl) #and adgeptable daily intake
i~ i ) of PF AS values (ADI') ﬁ@k dlfferenl age/ gender ﬂroups ing€hina i
s | 1 ;;u By 4 oWl I T AVpghe T T 7 f— " g
‘ ~/kglt /L-d' PFBS PFH)_(A PFHpAZ" PFHxS  PFOA / PENA| PFOS | PFDA  PFUnDA, PFDgDA
g | AT .6 108 500 1009 )100 J 5 02 [ A5 0.15 6 5.05 0.1
o 18.65  1.08 500 J1000 | 100 5 0.2 4.15.  0.15 6 5.05 01
Loy /B R L 500 | 100 o /s 0.2 Y415 0.15 . 6 5.05 0.1
I &k g 500 100 A 10075 0.2 4.15 0.15 6 5.05 0.1
AT L L 500 100 o s 0.2 4.15 0.15 6 5.05 0.1
Tt 4944 173 500 100 100 5 0.2 4.15 0.15 6 5.05 0.1
T y W 6343 2.26 500 100 100 5 0.2 4.15 0.15 6 5.05 0.1
#5267 2.26 500 100 100 5 0.2 4.15 0.15 6 5.05 0.1
0oy M 6120 281 500 100 100 5 0.2 4.15 0.15 6 5.05 0.1
¥ 53.80 2.8l 500 100 100 5 0.2 4.15 0.15 6 5.05 0.1
2s5.sgy DHE 7077 281 500 100 100 5 0.2 4.15 0.15 6 5.05 0.1
T 58.37 2.8l 500 100 100 5 0.2 4.15 0.15 6 5.05 0.1
s Ot 610 28 500 100 100 5 0.2 4.15 0.15 6 5.05 0.1
It 59.45 281 500 100 100 5 0.2 4.15 0.15 6 5.05 0.1
SCHR [38]  [39] [40] [40] [40] [40] [34] [40] [41] [40] [40] [40]
Vol _H4 > r Y L/ 2,
) EBEp FIBREER B =6 1Y PFSAs A K4 PFASs. fifi 5 24 5

2.1 SRZAKMPURY T PFASs 14 I3 RHE

TS5 ShMRIZ K, p (3 PFAS ) % 46.09 -
120. 34 ng-L~" (SFH4{H R 76. 35 ng-L™") , 4niE 2 JiF
7~, Horp PFCAs (5 [ oF 93.7%, PFASs 5 Lo
6.3%, > PFCAsVKIEERT > PFASs He¥. X 5
WRET 2 BT (0 VA8 R R Ak & W R BE 1 -

{E AR ISHY — 1 AL RIS AR
8 OECD 15 X e K BE =7 1Y PFCAs

X HE PFASs 635 B INRASKITR A, 4 T 1 25
PRI SEAE PRASs OB E B8R L X Fh A
A2 2 T 2T YW 2E SREE A T () A
RAS. B AT, 5% i) 3R 20K th A % PRASs JT it
SRR BE PFASs, 7E PFASs Hik %] 56. 13% .
o PFPeA (Cy, Wk BESF-3{E R 28. 64 ng-L™") E 1
JFEHY PFCAs, PFBS (C,, ¥ 3 {H Jy 1.98
ng-L™") B ACH FE Y PFSAs. BARANLL, 5% thil) %
JEAK PR AEY AT AN T Z A0, PROA ( Cy , W 3491(H
4 24.69 ng- L") /515 PFASs &L TR Y 32% .

=2
ALl
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] A R 7K P X R BB R RO AR K 61 2FTS %
FAVE4 R AT h PFOS 985 90 Tiii PFPeA
JE6: 2FTS Ak =Wy 2 — 1), 0% Tl 2 2 K h
PFOA ¥ FE7K-5 A | VT AN Z3 k] g 5 Bl Y,
TR TR ] 7S AT, G 1K T Rk T el X L 4 HE il b
X

SHAb s X AR L, 3% T FZ KT > PFASs
VB A T SR PR A KT T R R R YA
] I S8 b e AR RN 5 [ 7S R I , 5 R AR BLR T e
FEMIE TR /N, (APEGE KU, e R
S BORISE E R 4t K X (% 3).

53R Z KM e, 5 53 U0 Y b ok jE K
PFTeDA, o ( > PFASs | 5% 2.22 ~9.55 ng-g

(CF¥MER 5. 61 ng-g™") , 4n1&l 3 iz, PFCAs (4 L
KA 90. 0%, PFSAs 4 FbTFi ok 10. 0% . (bl
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f o l
.., 7 'II Fig. l C éllen ations and ';s ﬂ ion of PFASs i;1 surface water "':
J .I lr .I Jf | J::;r.ﬁ g ,.g{ tf'}’}g ?ﬂh I
CRAAAE LB B i F 2 K P PFBATT R WL, KA rh PRSAs #2:2 PRCAs 1 5 B 0 AR 49 W

M FEIE B, DL PFBA (C,, & &3 (E
J93.44 ng-g "), 7E PFASs " & 0501k 61% , W
T B 5 AR R HE T 37U 2 48 v 3 5
i K, O PFHXA (G, iR 7380 8% ) |
PFOS( Cq, 4380 8% ) #1 PFTrDA (C,y , i 43
B 8% ).

LRI > PFASs & B[R REAL T K F,
A ERE & TR AR DU, ST
LB AR AR /NE R R TE. 5 E A R
KA, T R S I A e Al FU R B B i (T
S E RGN K X A (R 4) . REF AR
MBS, 2013 AR08 AT R > PFASs &
BN 0.929 ng-g ' i EE LG Y PFOS, AT
SER I, 56 IUUR Y PFASs 482 2013 4FE
ST 6 £, HFEAEGWT N PFOS #AERL T
JHEE PFASs , iX R 9% Eh i) PFASs 5 4% 2 Jii i 2 3
HEA T e AR,

2.2 RIZKAVUEY T PFASs 75 [B] 4341 FEAE
g% h i) 3¢ )2 7K i PR ASs ¥ B R 5 1 43 BRI 3 A
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Table 3  Comparison of PFASs in surface water of different regions
PFPeA(Cy) 14.5 ~44 28. 64
4% Eh ) 2020-10 PFOA(Cy) 7.6 ~81.34 24.69 EN TN
> PFASs 46.09 ~120.33 76.35
PFOS(Cg) 3.6 ~394 26.5
K 2009-11 PFOA( Cg) 10.6 ~36.7 21.7 [17]
> PFASs 1.4 ~131 43.6
PFOA( Cg ) 6.2 ~47 18
FRTIF/TRC 2011-03 PFOS(Cg) 1.4 ~25 4.7 [23]
> PFASs 11 ~79 28
PFOA(Cy) 34.9 ~84.6 61.38
A DY 2013-04 PFHpA(C,) 1.34~3.42 2.38 [22]
> PFASs 38.4 ~91.4 67.05
PFOA(Cyq) 15.3 ~967 611 101.22
UANCRT) 2013-06 PFBA(C,) 1.77 ~34 306 89.33 A7)
> PFASs 32.2~1060295 | 165.4 L‘*’. P
~ PFHxS(Cg) 2.07 ~ 1688 684 i
[ PEVE 2016-03 [ PFOA(Cy) 13.6~ {}4'1 4 147 . ;}8.],
> PFASs 140.5 ~ 11828.5 1 — % A
PFOA(Cg) 12.5.~66 + 25.8 .
KITAZ e 2017 ~2018 |1 * PFTpA(C, ) @72“37.8" v V- [48]
~- / : J & f"f}gi)b‘Ass 138 2747 | s & — (¥,
. I~y J VA Jros(cy) ndf15.07 | 3.89 ,.
shEANAEE 2010 ~2012 " PEOA(Cy) A ~§' 34 A\ 2.49 [499
a ¥ J 1> PFASs 1.17%-40. 63 10. 44 i
= [ © F 7 Frreeafcs) 507 ~45 25.8
Tﬁﬂkﬁmﬂi | & u 2014-09 : A _REOS’(,JQ{) 0.4 ~35.7 5.6 [50]
PN 4 S PFASs — 73.43
PFHxA(Cq ) 1.5~187 80.7
5 [ B 30 4 3 i Ak X 2019-01 ~2019-07 PFPeA(Cs) 2.3~170 52.3 [51]
> PFASs 3.8 ~591 223.44

1) nd FR R TARL IR ; — 27 SCHk b B AH G Ed
B S B o A R AR (B 4) . 3% il 3
JEKHT DT PFASs Yk 3 8 1k 52 B0 1 AL i R
3X S PRI DA % B T I 4 P Tl Al 3 B A T L R Y
T 3 5512 X ARG 5 b i 38 Y At 7
LYY N 43 W T Y (endocrine disrupting
chemicals , EDCs ) 124 ity S~ N3P 3L i ( PPCPs ) 9
SR AR TR e B AL AR I S PRASs
FE G YR I RIS E A W5, KB KDL
PFASs M i B R 2 5700 X — LR AE AT
FEHR IR ] TUESC B DR R K > PFASs |
PEPeA | PFBA Hil PROA i ¢ 2 IX 22t BRAE L
NI AL  TGTAR ) bR LAY e 2 e DX 1) A A
(K's).

AR T ) 2 e K AL TR A 2 e 0 KA O
PAFH) TR (B IR 58 Ak R AROIRAE T dr L

] R AR ) B PRASs 3 A UTRR WA AE— R 1A ]
e

Hi &l 5 T %0, PFBA H1 PFHxA 7 5] X 114 23 [6] 43
A HERE R AR, T PFOS 78 A 358 A W A 37 Ak 1 &5
AL, X A BB A PFOS N K4 PFASs T4 5
BEUUR g B, S SO S R0 AR 55 AR 5
AW ST, A 32 N ZEE SR A T A A i Y
X, PFASs FI4™ i o TOC A 5 5 3 I AH &%, 3% 5
WIULE Th PFASs 1 TOC Y Spearman #H 5G4 #1485
RnZE s pw.

HEe 5 Al 3% D LA ToC & iR RN
PFBA %4 i E IEAE (P <0.01) , #ll PFOS & 3%
EAHFE(P <0.05) , 1 PFHxA 21 TOC [IAH 1
YA 8 B G245 L (P >0.05) , PFASs 4541
43 HTTOC FAH G M 1T RE 2 e e L HLAT R [ 23 1] 4y
AR B F R P 2 —.
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Fig. 4 Spatial distribution of PFASs in the surface water of Luoma Lake

i P?S S, (b) VLB PF-fASsﬁﬁy A
| ! | * ]
SR o PRASS H’a@%%aﬁ}?ﬁ
o I 1 ‘IF_-'_J, Fig. o ncehﬁtior‘s/aﬁj/ﬁ}n action of PFASs in sediment

PFOS
PFHxS
PFBS
PFTrDA
PFDoDA
PFUnDA
PFDA
PENA
PFOA
PFHpA
PFHxA
PFPeA
PFBA

p(PFPeA)ng.L™!

. 14.50-19.23
. 19.23~22.16
. 22,16~23.97
. 23 97~-25.09

25,09-25.78

25.78~26.90
. 26.90~-28.71
= 28.71-31.64
B 31.64-36.37
. 36.37~44.01

p(PFBA)/ng-L™!

B 4.16~5.96
. 5.96~7.22
. 7.22~-8.10
o E.10-8.71
8.71-9.59
9.59~10.85
. 10.85~12.65
. 12.65~15.24
. 15.24~18.94
I 18.94-24.24

R



7 WG B TR Z KRR T 2 A G WA RAE | R R AR KURS: A 3569
£4 TRMEXTRYFEE PFASs L&Y
Table 4 Comparison of PFASs in sediment of different regions
WFEIX FAEHIA(AE-H) iH B/ ng-g ™! S/ ng-g ! Sk
PFBA(C,) 1.15~7.93 3.44
4% Ll 2020-10 PFHxA( Cq) nd ~2. 1 0.47 ARBESE
> PFASs 2.22~9.55 5.61
PFOA(Cy) <0.02~0.52 0.16
pNUl 2009-11 PFOS(Cy) 0.06 ~0.31 0.15 [17)
> PFASs 0.26 ~1.11 0.51
PFOS(Cy) 0.17 ~0.83 0.42
Lk 2013-04 PFOA(Cy) 0.11 ~0.44 0.25 [22]
> PFASs 0.47 ~1.81 1.09
PFOA(Cg) 0.37 ~153 20.62
IINTE T 2013-06 PFBA(C,) 0.06 ~56.9 2.67 [47]
> PFASs nd ~162.33 33.95
PFHxS(C4) nd ~20.5 —
T 2016-03 PFOS(Cy) 0.11 ~8.59 — (48]
> PFASs 2.22~16.9 — -
PFOA( Cy) 12.5 ~66 25.8 =/
VT RNZ T R 5 B 2017 ~2018 PFDoDA(C,,) 0.33.0 — A 118]
r > PFASs 13.0~11.4 — .}f"'
- ; PFOS(Cy) /0101 ~0.48 0.12 4 ey,
LIERVSTNS 2010 22012 | . PFDoDA(Cy) Nd #0.28 0.05 Tao1"
~ V4 N /gy S [ feog o Y ooss ")
vk s 4 bl )/ P . PTG [ ndp2.00 - —£50]”
/¥ =LV gt D PRASs ! gdi236 e —
[ . j J PFDS(Cyq) SThd88.2 12.2 ;
TR A aot0lo1hogrogr [ PERACCS) ndg 18.7 2.8 [s1]
7 U y ! /' 2JPFASs nd ~134.2 26.59
[} ¥ ; — r ."- — =
1y AR MR |« — s ik Ao =
%5 BRYWHEE PFASs B TOC HtE XN BEIEA G, PFOA Fil PFDA | PFHpA | PFHxA £ i
Table 5  Correlation analyses among main PFASs %E*Ha\é , %% %ﬁ%{%%% af ﬁlé;ﬁ\:% #H ,fu E(Jﬂé JE N
content and TOC in sediments Z i@_’:ﬁﬁ%gﬁ“ﬂ ] TE ﬂilﬁ , PFHpA/PFOA E/‘J ttﬁﬁﬁ%ﬂﬁ
TOC PFOS PFHXA  PFBA PFASs . ) ‘ . N
o T ow B AR AR IR B 0 1S I HG K v LU (E AT R KR
PFOS  0.403*  1.000 VURERA B0 B9, FESR T L IX A 0.5 ~ 0. 9, 76 f
PFHxA -0.053  -0.188 1. 000 JCHBIX 6 ~ 16" FEAHF ST H PFHpA/PFOA /)N
PFBA  0.548™ 0.415°  0.384*  1.000 . .
24 HH IK T, Y S =, 5 7
PFASs  0.518™ 0.500 0.422*  0.876™ 1.000 T UL H ] PRASs (14 A2 RS DU T

1) * FIBAE 0.05 A (AUR) , MM B 3,
(XU , AHSEE 2%

= FRTE 0.01 95

2.3 RJZ/KH PFASs HITELE R

TR BT X T403% PFASs 76N B9 H: A A HLTS
YW AP AR A ok A A | AR O T 0% L
PFASs HISRIRH AW 5. EAE 4 Fl PFASs 2 [A]
FRIAR S 3B T T HEWT PFASs B3RS IR 78
AT R ZK Y H SRR R B, PFPeA S ik %
LS, HA S vk B2 RN A Hh 3% HC K2 PFBA
1 PFOA(E 2). Spearman AH/ TR B (K 6),
PFPeA il PFOS £ I 3 1E AH ¢, PFBA F1 PFHxA 2

S HEHET

KMO FI Barlett ¥:563 1 | 3% & ] 3 )2 7K PFASs
f) KMO {E4 0. 663 ( >0.6) , BIE R I P {HN
0.00( <0.05) , Al A5 E i 2 PCA 34T 5%
F. FIFH PCA/MLR i#f — 2 24k PFASs 47 76 R A
FHTTHR O~ B RIART 4 A B R T B
£ 86.99% (&l 7 v R[] Bt £ X 331 A~ B 7 1Y)
FEAEY) . th FRIAA YT aek IEAH L, 3% 5
122K TP Y PRASs 1 B R ERIE T 4 FoR RIS
V5 YR, P 1 E %l PFHxA | PFHpA fil PFBA
R, R TR BT R 16. 94% , PFHXA Al PFHpA
AR R SR R HE RN L 4 5 ) A R AT I
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