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Comparison of Health Risk, from Sources of Perfluoroalkyl Substances in Talhu Lake
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for leferent Years 4 '/ €y & :

WU Tlng SUN Shan wei® , FAN Jing-pu®, LU Flla'l?:l CUO Chang sheng”* , XU Jian® = =

(1. State Key Laboralorv on Odor Pollution Control, Tianjin Acaﬁemy of Beo-Environmental Sciences, Tlan]ff 300191, Chlna 2. Center for Environmental Heallh Risk

Assessment dnd Research, Chmese Research Academyl of Ejmqronmentdl Séiences, Beijing 100012, China) 4
Abstriét qulutlon characlerlstlcs and;spatial distributions of perfluoroalkyl substa}fces’_ (PFASs) in surface water samples were investigated in Taihu Lake in 2010 and 2019,
respectively. A hybrld “model baséd on the positive matrix faetorization (PMF') dnd-the health risk assessment model were employed for quantifying the contributions of sources
to PFASs concentrdtlons and_the source risks. The method contained two stdges (D the sources of PFASs were apportioned using the PMF model, and ) the contribution of
health risk§ from each source was quantitively estimated. Three factors ( source categories) were exiracted using PMF, including; coating mduslry sources, textile and
electroplating sources, and fluoride-processing industry sources. Their contributions to PFASs concentration were 29. 59%, 25.68%, and 44.72% for 2010 and 67. 69%,
10.26%), 22.05%, for 2019, respectively. The health risk of PFASs in the water assessed by the health risk assessment (HRA) model was 4. 56E - 07 for 2010 and
2.69E -07 for 2019, which was lower than IE -06. The source contributions to health risks estimated by the PMF-HRA hybrid model were; 64. 86% (2010) and 92. 48%
(2019) for textile and electroplating sources, 31.30% (2010) and 5.04% (2019) for coating industry sources, and 3.84% (2010) and 2.48% (2019) for fluoride-
processing industry sources. For the two years, the concentrations of PFOA and PFOS were reduced significantly, indicating the effective control of their emissions during the
past ten years in Tathu Lake. However, it was also shown that the concentrations of PFBS and PFHxS were increased. These findings suggest that the above short chain-PFCs
species should be the focus for further control and management, and their health risks should be studied in future research.

Key words: Taihu Lake;; perfluoroalkyl substances(PFASs) ; PMF model; health risk; source apportionment
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FEA AR @ AN A2 A3 0 o O 22, AN 1 o .
PMF iz SIS S5 e T R 25 Rl Q (/. AR F
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.
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K0, SHRE R R aj;”zﬂgiﬁp/l\?ﬁ ng-L~"; 2019 4F | W1 /K 38 29 A~ R Ff A KRR

T LN RE T AT E Y 0, 0 p IR
ANFHEZR 3 i i £, 58 p AT AR | A HRE
Ao PiffE B (E. ABETEH EPA PMFS. 0 B8 )
s E I RE AT
1.4 {2 3 XU BF 4 4% BY ( health risk assessment,
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PEHT7KAR T PRASs X A A8 75 75 fidt e XUy 32 22
R AR AT 2T B ERAUS: , THEAanT .

R, = (D, x10°/RD,) (k =1,2) (4)
b, RN RHARBUR Y B LASE kAT %

BRI 5 D,k FRLSLRE X2 7 Rh el B0 ¥ i
PEEE kAR AT Y H AR & RID, S j b
BRI S H R G, AR, MR S &
V) REEN FER AL A I, AW &
B BRI NN EH PRASsAN IR K S &
FHK = ( SEZE Jgais) | ARG 35 [ 4 (i 8 (USERA)

wrwmuéﬁi&>%%wgﬁbm”

pg-f kg-d) 7 PFOS(%%%HEM)% %Jg)@
0.20 pg- (kged)
EﬁMVPDAFANEYTMMU?ﬂﬁ”

‘- 1; C, x IR, x EF x ED 4 ._flg__x
© DT T BW X AT (5)
s G, Shk e g S S A 2 B B (A

PFOA F1 PFOS PiFl b5 3 ) 5 MR 1) PFASs
WM ETT LI ¢, x BAF 8. AR I8 CHk[35],
AF 0 122 0 il 26 615 ~ 46 620, BAF,,, 15
HAH TN 184, AW R T CHk[35 ] S % (H, 1T
RIS BT BAF s 2 25 10 L O 25 18 IR
HPEATHEL IR, NS kAT AR R
%Ej‘cﬁeiit[36] %EU%‘E%‘ HFER A 30.1 g-d™',
oK M 2.3 Lod™'. BEEIHR(EF) } 365 d-a™';
FRBEFF LTI (ED) Ex 30 a7 MR (BW), B
60.6 kg *'; AT ﬁﬂ?iﬁ%gﬂﬂﬁu%s dxED).

E:ZEA a ) (6)

P, R AR G TR 2 R i A 1) XU (TG

)5 Ry XA (4).
2 ERER

2.1 KA [F4FE0 PRASs 250 FFE 5Bt
2010 4EF1 2019 4F A /K KR 5 PFASs 454

[\

-
=

p(PFASs) JE I A 1.62 ~ 112.4 ng-L™", F{E R
60. 77 ng-L~". PFASs %éﬂﬁj\?ﬁﬁmﬁf‘j&%ﬁﬁ
2010 4F PFASs 4143 p ( PFOA ) ¥ {i fi%
(28.19 ng-L™"), i PFASs B A9 21. 4% ~ 63. 0%
CPISMER 46.76% ) , FU e B 55 a1 10 21 40 KR hy
PFHxA (SEYI{E K 11. 25 ng- L") A1 PFOS (SEX{E K
3.53 ng-L~"). 2019 4 PFASs 414>+ p (PFHxS) fY
S H4(H B 5 (26.58 ng-L7'), i PFASs A& ()
1.99% ~86. 42% (“FIMH N 43. 74% ) ; HR Mk 5
T I ZH AR PROA (SE3{E M 12,97 ng-L~") Al
PFBA (CFYJ{E M 6. 13 ng-L™"). BARFE, 2010 4E
KWK h PFASs £ Z 4143 PROA, PFHxA il
PFOS; 1 2019-4F /KA F 2241 53Ky PFHXS.TF PFOA gl
PFBA. /

—

%1 x,ﬂmkﬁﬂlﬂlPFASs}ZQF’“”/ng I i ‘;-f"'

Table T Conpemrallons of PFASs in lhe water i
I sarx}p‘leb from Taihu Lake/ng-L ! g
- g 2010 ¢4‘ : A 2019 4E
TR, Sh(fiEk2)  FHME bD()rT{Eﬂﬂ?zi’é?
PFBA /0. 86 1.09 6.13 2.12
PFPeA ./ 275 1448 2.78  *F.1.47
PFHxA 1125 6.'44 4.20 2,06
PFHpA 3,177 0. 65 2.19 0.70
PFBS — — 2.25 1.23
PFOA 28.19 16. 06 12.97 5.30
PFNA 3.04 1.48 1.21 0.58
PFDA 1.8 0.79 0.32 0.35
PFUnDA 0.63 0.91 — —
PFDoDA 0.22 0.32 — —
PFHxS 1.41 1.71 26.58 18.36
PFOS 3.53 2.61 2.14 2.52
z PFCs  56.86 24. 46 60. 77 27.70

1) “—"FoRMR TR R

2010 455 2019 4F Bl K 5 7K A v ke [R) 28 43 1Y
PFASs ¥ BEXT EE UL 1. 559836 B, 2019 45 2010
AR KFEH Y PRASs B FEARFRE; (H4FpI5 4L
Wi SR AR T 284k, 2010 4EA9 3 Bl 2 BG4y
PFOA ., PFHxA F1 PFOS ¥ £ 7E 2019 “FE3¥ A B E T
[ {5 2010 44 B 42K 1 PFHxS £ PFBA 7E 2019
AR T BB R AR PRHXS W C it T
PFOA F1 PFOS, i /7 2019 4F K Wi /K £ 1 PFASs ¥
JE R Ay, X S Ma 2578 H Chen 2 75
IR B BTSSR — 3. I X PFHxS #9350

A[RER 1 T X PFOA F1 PFOS Y W 8 | fi 0 A= 7 ANl
i PFHxS /E AR B 45 5. PFHxS HIPER A&
PER, 2 T & R G W LA S B | 4Rk F 9

."‘.
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oI AR W25 55 (TR, P <0.05) , %] 80 -

R 10 a AWK IR A HE RIS AE 2 2 T 2% 2l )

2.2 KR[AAEAY PFASs S5 f# AT g
ARWFFEAdFH EPA PMFS. O R 5 X6 A ) 4F 453K 8 9[-

JKAR T PFASs (R IEHEATIEAT. #2010 4F (30 4> a5 2 |-

57) A1 2019 4 (29 A~ A0 ) 1 32 1A HR BE 4 50 B0 d 43 @ + "

49N EPA PMES. 0 B8 SEF7- 4T, 3 iot 3E A< 32 51 ’ ‘.? A .a}*.* i %ﬁ .

FPLZF IR T 3 AT HFisE B0 2. = 3t 52 35¢ 8 ¢
H 2 2 S5 T AT A, 2010 4EPHF 1 H PROA e B &8 R oA

1 PFHxA MR ER S, HT PFOA # % F T A PR
WERE kL i 3 Y T PFHxA %k F/E PFOA 19
AR R PR T DA Ay 4 ek i i

1 2010 5.5 2019 FRMKEE A EHFHENE
PFASs ik Xt b
Fig. 1 Boxplot of PFASs concentrations in water samples-

of Taihu kake in 2010 and 2019~

= #
-

U 972 Y PROS A R B e, 20 0 2 0 B, R A ' =/ §
F2 2010 £5 2019 £ PMF HEURIKE F it/ ng T -
Table 2 Factor profiles é;‘.(‘-t.racted by PMF model in 2010 4nd :2019/ng“'LJ"1 ,ul"f |
_— 2010 4EFFHTES D019 “EfRHTEE R « I
M1 [T 2 L T3 R M2 PR3,
_PFBA N ) | ofeg, ) o/ =0 on o ¢ 056 2.08" ) |
S PEReA s [ )L o,.i“q;“,-';?‘.r*' ‘,,f'“' 1.01 o % | P o 111§ £
SPFHxA o [ 0 7019 A B Y 119 2456 _ 0,17 113 g
PFHpA /. * 1.3 oo 4 0% 0. 94" T 0.91 ¢ 4
_pEBs || - — 2y 0 - 1.40 0.59 0.00 4
I prOA = 12.76 LT A 7481 0.39 3.84
": PFNA ) 10552 Lot | 4 Jﬁo 0.32 0,10 0.65
| PFDAC " "0.34 043 __0.80 0. 00 0. 00 0.28
PFUADA 0.02 0.02 ) 0 — — —
PEDoDA 0. 00 0. 04 0.0l — — —
PFHxS 0 0.05 0.92 19. 45 0.00 0.47
PFOS 0.53 1.42 0.04 0. 00 1.99 0.00

DX JE 3 T G N RN 4 s AT b o A A, B
BK, M PFOS & 8% FHAE 25 210 i sl 5 FH 1 4
LR AR DRI Bl TR0 A 435 2l R L L o
U5 3 o PENA ¥ B2 Ay, H = 2R Ak
Az e A I T B R 3 TR R A R Ak
Yrin Tl 8. 25 BT TRkl 2580
P8 R AL A T il b 7T B2 2010 SRAERTHA K
WA AR IR Y 205 e I8, Xt 5 E A FIE 25 2
Bl —2 R T PMF AR T 2010 4E
FURIEXT PRASs SOk BE i sk, TH A R an A 2
Jim B L CERRk R b 6 ) X PRASs B & 57 ik %
1R, N 44 72% , H R R 3 (AR P il &
U5, DTk 29. 56% , AT 2 (L85 VIR ) BT
MR /N, N 25, 68% .

2019 4EJRMEHTEE A 2010 AEAHM,, A5 T 3
AT, H T L (BRI L YR ) o PFHxS

PFHxA 1 PFOA ¥R ; N+ 2 (L4l S5 gl
J5) o PROS W BEdE . N1 3 (AL Tl il v

80

[ 20104
[ ] 2019%

70
o0 F
50

40 F

BHRAFA/%

30

]

A1 M52
E2 2010 F£5 2019 £ K PFASs
RS R E T
Fig. 2 PFASs source percentage contributions

obtained by PMF in 2010 and 2019
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J5) th PENA e B s v, a1 2 X e ml i, 5
2010 AFAHEL, 2019 45 F 1 TRk E L IR ) 18
TR LT W 2 (2521 5 LR Al
P 3 (U n Tl ) X PFAS A STk 2 T
Ras i pl bk 22 5 0 EE R & T PFOA Al
PFOS 25K 55 PFASs HA Btk Sir A EFIE R4
Yy B R, B e 4 R AR FHUY) | A5 PFHXA
PFHxS F1 PFBA 45457 4% PFASs /£l PFOA FYE AL 5
B2 B TR L B 2019 AF KR
PFBA F1 PFHxS ¥k B %% 2010 4F I 3548 K, o i ik
THETF L (ERRE IR ) 1Y TR

3 (EBERXBEVEM F0 SRR R

3.1 fEREXURIEH

P XU A (HRA ) A8 A 8K I K e
1 PRASs B BREPRURS , bRt B KL B 4241
RN B AT A B BST , 33 4 R A
R PROA Il PFOS S5414M3E1T T HEHEXL R F
A4S0 ABFFEAE FE 4325 1 R B B R R

Bl e R SEA 1, 254 2010 4R AN 2019 AR g

i AKRE AR B e 2 5 ) R
IR K BRI PFOA A1 PROSTIE T i HE KU

Y, FETT SRR AU B 25 B T IR R K R FH 25
AR BRI, T AR RIMIX A RN, 5
BRI 280 BAF 05 CCEW RN ) IFAERE E1E,
ZHH N6 615 ~46 6207 ABF5T 43 HIHA T %
JEEAET S (E (44 620 F116 615 ) 1% 0 F A £ XL
W, 25 L2 3. AR AT, 2010 4FF1 2019 4 fid i
KU o B K K 1.26E - 06, & T 1E - 06, X T
1E - 04, YA K /K 38k o PFOA 1 PFOS F) ft J32 X
B AL PR A T AT 4232 K- TR B, 2019 4F A T8 7K 44 Hp
PFOA Fl1 PFOS P15 Yy i) 4t J3e AU 7K - B (2 A1
2010 4, AT AU B, 3 B PFOA Fi1 PFOS 1Y
TG YR LA TAERUS T — 2 Wisk, X Rk 5
Yur | g R fa R B T B AE H.

AR % T PR 5 B i A2 1 XU A9 & B, 2010
AEZHK TR A PROA il PFOS 19 5 AU 10 il
1. 13E - 09 ~ 3:-58E - 08, 1M £ J f1. % $5E ACPFOA #0
PFOS {19,435 % 5. 90F - 08 ~ 1. 24E £06; 2019
8, ZARHIKEEA PROAVRI PFOS 1 i Ja T o 0
~ 1. 27E - 08 , i LTt J6HE A PROA 1 PFOS (4 0K,
Wi M 0 29. 88E 07, % L& B, 112 BE AR 8
A TR DA R K 72 2 TSR R 3R
i PROAJFLPFOS BN 2 —. | 4

L ®3 2010 F£52019 f:&ﬁ:ﬂ ki3, PFOA #1 PFOS ﬁgémﬁiﬁm” | =
; - Table 3 Health rigk ac‘ces.sment of PFOA and PFOS of Taihu' Lake im 2010 and 2019
r V] X i ‘3 12010 4F A . 2019 4F
[ (= R & Al R R
By i (BAF ppos =46 620) (BAF ppos =6 615) (BAF ppos =46 620) (BAF o5 =6 615)
B INIEl 1. 26E - 06 2.41E -07 1. 02E - 06 1. 83E -07
He/MHE 6. 44E - 08 1.31E -08 0 0
A5 {E 4.56E -07 1. 04E - 07 2. 69E - 07 5.65E - 08

1) R FoR @R BAF FoREMBRK T, TR

3.2 (AR AR ST
3.2.1 IR
TR IRV TEAG AR AR J2 X0 PR A i ) A 2 5 XL
Bz HEA TIPS, ASBE PPk AS [m] 5 288 1 £t e XUy . Rt
H T 204l PFASs 2% 28 U5 ) £t Bl XURS: , AR 5
FIFH AT B IS M 2 () PMF-HRA HEA LA B3 i
F4A PMF SZAARIRIFN HRA BRI K A& h PFASs /Y
KB R T HE IXUSS: T . PMF-HRA £5-4 B0 1) H 4
TR AR R LR
S5—2, M 32 PR A 3 B ) HE IR X
PFOA Fil PFOS 5Tk, 732 Con,; " F1 Con)i™
Con,; ™" = g, x f " (7)
Conf!™ = g, x /" (8)
=1, Conl ™ Sy PMF AEUTHEEAT R 1955 p IR
i AT PFOA 1 STHRIK L (ng-L™") , g, A PMF

PR SARBIES p AUEXFES @ AR PRAS fF
AA Y ETTIRIE (ng-L7"), £ " PMF #
AT B FES p IR PRFOA 7E PFAS BT 1k
EPE A (ngong ™). Con)l “ YIS Con) ™
HHTA.
55 TR ERAN S TR R B XU 1) TRk
© & (Corl; x IR, x EF x ED) x 107°
SR, = 2, 2, Lo BW x AT xRFDj

j=1 k=1

(9)
SR, =m™ - is&p (10)

A, a =2(FRARPIFYIIT, PFOA Fl PFOS) , b =2
(RRPIFEATTR) 5 Con,, = Con, ™, (7)1
5 Con, = Con, ™, 1 (8) 1155, SR, N it515 5
T B RURS: SR TR A T 25 1, R ok FL B @ ANREAR IS p
ASKIR Y f e XU BTk ; SR, AN 98 XIS p
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3.2.2 fEbTER I R, T3 (A Prn Tl ol I8) s A, &

HT PMF-HRA 8 f## 1 2010 4512019 4F
AN TR HE T B A B XU | 25 R DL 3% 4. AR HE 53
5, 2010 45 PR 1 (TRRk il b U5 ) X R 8 K iR 45
RUPLRY PFASs gt B XU 1 o1 Bk Y [l o 0 ~ 2.33
E -07,F¥{H K 4. 37E - 08 ~ 8. 41E — 08, STk R
YA} 31.30% ~36. 5% ; FHTF 2( i85 H IR )
XF 7K A4 PRASs fat B XU 119 BT Bk 6L 0 ~
6. 86E — 07, F-YJ{E }y 6. 84E — 08 ~ 1. 74E - 07, 5Tk
B K 57. 09% ~ 64. 86% ; HF 3 (ALY N T
) KRR h PRASs {dt B XU 114 5k 3 il
0 ~3.48E - 08 ,“F-¥{i N 7. 67E - 09 ~ 1. 03E - 08,
TOER BN 3. 84% ~6.41% . 2019 4F, A1 1
(TRE TP ) X AT 7K A& 25 s A7 1Y) PFASs {3 X
W6 Y BT RIS Bl R 0 ~ 3. 02E - 08, FHI{H My 1.26
E -08, TTHk F ¥ {H N 5. 40% ~ 12.35%; T T 2
(G485 HL B B ) Yot Al K Ak T PRASS el R JXL
FTTHR S Bl A 5. 46E — 13 ~ 9. T1E/= 07, E I {H Ky

8.35E -08 ~2.32E # 07 fiﬁki%ﬂj{aﬁ 81 58%_4

~92! 48% I%a(ﬁﬂ:%bulﬁ J_JM?) i:/ﬁﬁﬂ(
fA P PRASs &%ﬂ%ﬂ 3 (1) 5T 1k 9 8L 70 B = 5
1.97F <08 AP 6. 21E - 09 iﬂm‘iﬁ%iﬁﬁjﬂ
2748% £5. 07% . =

Lﬁiﬁﬁ*ﬁ‘f’ﬂ 2010 4E i1 2019 @E’Jﬁfa@ o

WU AR 25 R A 2 (2521 U AL ) AT

THERE 02 R BT 45 5 (6 4) 5 PFASs 4
e BE AT 4 58 (J1 2) 19 9255 B R R AN [,
[l % AL £ 5 ik X vk B () Sk IE
L T 43K T o B kA, LRt B R 52
ﬁﬁﬁﬁdmﬁwiﬁﬁﬂffﬁ&/mﬁ@%
IR B 2 M . 3 3 2 R XU, S A 32
F@ﬁ%ﬂﬁAﬁﬁﬁmf\ﬁﬁ%Aiu&m
Yl AR/ TR 2t A G, T LA R fek B
SR B TR AL B 8 T AR [R5 % % 3
B ek B ) TR, (B % TS Y ) R
ARyl B Pk 2 5 0 B, b 4 B ) B
Yty o

S 1, S SR AT T e U HE B i 7

AT, M PFASs /&fﬂﬁfﬁkﬁ]ﬁ?ﬁ%ﬁ HF 1
CIRRH S0 3 WL ) R 5 05, A1 0y B 1R 2 X Bk
PFASs BV 47 % B R 0 e s oAk S L
FABERTR , 2R IR I T2 (LU b )
IHe S A2 Sl B DL, 7 A OCTE 2 Tl
m%%Ik%Pm&ﬁmkﬁﬂﬁﬁ%%@%ﬂh.
PEAE EE T PFOA Al PROS Wi R 414y, i HA4E5k
KR PEAS (94 re % 2 T e, PEDA
1 PFOS [k BEE T B 3 i —LE ST 5E Y PFASs,
U PFHxA 1 PFBA 05 W) ik i 5 3 BT 78
A5 TR i

x4 KiHKEER PFASs 8BRS Sk B ZHT

Table 4  Quantifying the health risk of different PFASs sources for surface water samples in Taihu Lake
2010 4F 2019 4
T H R R R R
(BAF s =46 620) (BAFppos =6 615) (BAF ppos =46 620) (BAFppos =6 615)
R ME 2.33E - 07 1.21E -07 3.02E - 08 3.02E - 08
KT 1 /MY 0 0 0 0
SEHIE 8.41E - 08 4.37E -08 1.26E - 08 1.26E -08
TURRE T % 31.30 36.50 5.04 12.35
R ME 6.86E - 07 2.69E -07 9.71E - 07 3.50E -07
ppa BUME 0 0 1.52E-12 5.46F 13
SEHIE 1.74E =07 6.84E - 08 2.32E =07 8.35E - 08
TR % 64. 86 57.09 92.48 81.58
KM 3.48E - 08 2.58E - 08 1.97E -08 1.97E -08
s WM 0 0 3.70E - 15 3.70E - 15
FIE 1.03E -08 7.67E - 09 6.21E -09 6.21E -09
TR 1 % 3.84 6.41 2.48 5.07
PN S-4448 K 60. 77 ng-L ™', PFHxS . PFOA Fl PFBA 2

(1)2010 K#IZKEET p( PFASs) 175 Bl A 10. 03
~119.8 ng'L_1 s S {H N 56. 86 ng-L_1 ; ,ﬁ\:q:’,
PFOA ., PFHxA F1 PFOS iX 3 Fl#) ik B #5¢ v ; 2019
AEIKAAR T p (PFASs) FOTE 4 1. 62 ~112. 4 ng-L~",

SRR 3 AT, o PFHXS A1 PFBA kB
BT E, H PFHXS BN T B 25 54,
(2) fdi 1] PMF #BI%F 2010 F12019 4F K1k FE
FPE’J PFASs S URHEAT T AT, 0 3 Fh 2220
YRR, 4300 A Rk Tl 25435 gl A
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AL T k. 2010 4, 3 Fhis gL IE X R W
PFASs ¥ FE 1Y 57 ik 2 F 34 18 73 %1 4 29.59%
25.68% Fl 44.72%; 2019 4, 3 Fi5 Y J5 T K W
PFASs ¥ FE 1Y 51 #k 2 F 318 73 %1 4 67.69%,
10. 26% F122. 05% .
(3) {5 AU 45
PFOA F1 PFOS 1 Fif 5
2010 4, HHAg R RS
NS B R R IR AR
(4) M H PMF-HRA BERUfEAT T 3 FhHERCE 1Y
SR JAURS: Tk %, 25 2015 R B8 M 305X fRE R XU 1) BT
kR SE ¥ (H o= (2010 4E 64.86%, 2019 4E
92.48% ) , H- Y I U B 38 Ml 5 (2010 4F 31.30%,
2019 4F 5. 40% ) FaE ALY i T 3l I (2010 48
3.84%, 2019 4F 2. 48% ). PFASs fit e XU fif b 4%
H1 PFASs ¥ B BT 285 S 10 V8 53 kR HE P AR ], 163
AT SEHI AU e B TR AC , ELN e B DXL TR S
Mide/N; T2 AR8K. BAEXT PRASs %5 HE A FE A4 B
W B4R R B AR AL B iR S TR AT %
Lﬁ R 07 25 4 2 1T e W HE R BE ﬁ:r 7Jd2!i1ﬂ
u&)\ﬁi%ﬁ%‘?l? .
(5)7!%3%451&13? PFOA A PFOS
B, 1%}?%%%@% PEHxA il PFBA %‘j:%n%
Efgugi%i gl Illﬂﬁﬂﬁ

%i‘%ﬁﬁ 2019 4R KWK fA
e W 1) it B XS 7K AR T
5 P4k T T 4 32K f2E B

@Jﬁ%ﬂ
#?E’J/Z%
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