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Abstract; As a class of emerging environmental persistent organic pollutants, perfluorooctanoic acid
(PFOA) and perfluorooctane sulfonate (PFOS) have received much attention on their distributions
in environment. Nineteen surface water samples were collected from Tongsha Reservoir of Pearl River
Delta, South China in the present study. Concentrations of PFOA and PFOS were determined by high
performance liquid chromatography-tandem mass spectrometry ( HPLC-MS/MS ) system. The
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concentrations of PFOA and PFOS ranged from 2.15—26.70 ng- L™ and nd—44.85 ng-L™",
respectively. The average concentrations of the PFOA and PFOS in the central area of Tongsha
Reservoir were higher than those observed in its tributary. The relative abundance of PFOA and
PFOS fluctuated significanthy in Tongsha Reservoir’s tributary. The results indicated that more
industrial and agricultural activities had found in its tributary. The concentrations of PFOA and PFOS
in TS3 and TS7 surface water samples were higher than those of other samples from Tongsha
Reservoir. This might be due to their special locations, the various manufacturing and industrial
activities. The concentrations of PFOA and PFOS in Tongsha Reservoir were higher than those of
other regions in China, and lower than those of the regions in the world.

Keywords: perfluorooctanoic acid, perfluorooctane sulfonate, contamination status, Tongsha

Reservoir, Pearl River Delta.

BEEfL S Tl R s & B, Bk B2 ik 5 e E AT AE ARG E 2RiLEY
( perfluorocompound , PFCs ) &—28 N T & Wb & ¥, Hod 2 5 2E 12 ( perfluorooctanoic acid , PFOA ) Fll 4
S JER R ( perfluorooctane sulfonate, PFOS) J& H filj e 32 < VE I P AP LAY 1 2 &%) . th T HZ5 /g p
A BB C-F fharsl i BATROR AR b2 oo Pk DL i K s B AR 81t )3z i Kk
) ARk RGP JE VR At 58U BRI | R B s L AR
Z Tl A F= A TG L P T PROA A PROS HAT FREERR A1 | A 4 SRR UM L B 3 1 46 fr THT AR AR
FAF R M AABE R RS2 8] 7 M09 12 260 WE5E o Bii%E PFOA R PROS 19K i A 7 i FH LA K% 4 b
B AR TS RIS TR 0 I i 7R A W i g SRR B R R IOK , AT RE X A
BRGNS A et O e fe . H AT IR E O 4 MG 22 R 7 56 F PFOA FI PROS V5 YL RRAE [ IF 5T
IFAEAS FIERBE A i & L Al PRCs [RIB A7 AE R KERBEME M i AL & W 0 E B A AT A 2
— B AMTTFSE PRFOA F1 PFOS 15 YL A E X 42

BRI = AN R TR E 2 0% iR By X 22—+ ) N VR B K, I A R ke () el 2 6 ) D K Tl
Z— B A TA R R R BRIV A UE 5 S B IR EE TS e [l DU 2R ARG LTS e (POPs ) 15
YLlal A2 BT T2 D A SCLABRYL = A PN X 1) [RIVD 7K PR R R % 42, 23 A Rl ED 7K PEZK A PROA FiI
PFOS &5 7KF, W58 PFOA FI'PFOS Y2 18] 73 Ais LI B TS BL BLAR , D97k e BR a4 BRI AT

1 #ES 7 (Materials and methods)

11 5 DX it

PRV = AR Y Ml DR [ 2 0 2855 rpul B, o Bt A e B i B e X — WP TR T
TR G AR REA R 2 D 3T 3 S IR 22 R, D AT 2 KA Sy 3 TR P K 2 DRy iz,
XY 7K A28 KR B T BRVLUR TS K R KA. TARSETT X AR RS 8 km , FEIRIK S B Vb i) vp
U, R L PRIE LU A LR K IR BT AR 29 100 km®, BUFEZY 6520 J7 m*, N H85 B3R 8 °F 7
N 4000 ALt ol i BE AR AR AR B - =Rl Oy SCRE B T4 SRS B IR Al
TARIAFI 22 T0A TV R 2 DX 0 0 AR 35 15 7K MR AR It S Ak B 198 Tl R 7K A A AR A K .
1.2 FEARCREE

ARHIFFEAE VD 7K X B HE A P ST AR TR A 19 A, o PR IX B R AR A 6 A, AT SR
FER 13 AN SRAE JU A0 LR 1 AR SRA 0P SR DU R (SBURE iy ] PR AR 4 AR 0 ) SR A R 2 /KA
1L, [A] I 7K B FEAR AR SRAE IR IC SR W3R 1R AF KRR B S | a7 PR IR & N DR AT, i [l 52
RE 5T -20 CRBALLE.
1.3 F 2 SR

7. PFOA | PFOS Frifi ity 2 ARTE A4 (1 C4-PFOS F1™ C4-PFOA ) 0 T 3 [ R R AR 2 7, 40 >
98% ; Waters Oasis® -WAX (6 cc, 150 mg) &1L 41 14 F 3¢ B Waters 2\ 7l ; JE JE R A Sarorius stedim.
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Germany SARTOLON POLYAMID ; (A4l 1 20 T 26 [ Fisher A F]; 15 mL 208 W TR T /A A ;
Bt KA RN S i g AR X A B, BT PRI 4 T Milli-Q 7K e .

A

TS14 ¢ TS8 «
TS17 »TS13 N l
TS15¢ TSI12* TS9 =
TS11e >
sl s TS10
TS3 e TS5» TS6
TS1e TS2e
TS4e
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*TS19
0 1 km
B 1 [RIVKEERFE A

Fig.1 Location of surface water sampling sites in Tongsha Reservoir

R1 FEWKERGREICR

Table 1 Record of Sampling in surface water from Tongsha Reservoir

a3 %= H A

sl Dissolved Electric K B &

Number oxygen/ conductivity/  Temperature/ C Transparency/cm’ Remarks
(mg-L7") (us+em™)

TSI 7.88 8.96 328 16.3 40 TGS B

TS 2 7.87 8.90 329 17.0 90 HRGEN] RS

TS 3 7.85 8.68 254 17.5 30 K B

TS 4 7.35 4.58 390 17.9 40 Kk et K AR

TS5 847 10.84 358 17.5 40—350 BB W R

TS 6 8.03 2.27 560 16.4 20—30 K TEHE R

TS 7 7.46 3.90 858 17.7 20—30 Kk AR EEEE

TS 8 7.92 2.88 591 19.1 10 BAGINE GBI REAR PR R Z R
TS9  7.80 4.36 454 18.2 20—30 TR T TS K PRV D R B by g b
TS10  7.59 332 293 18.9 10—20 KihiEL FEZ ElA Rk

TS 11 7.83 2.63 298 17.4 30—40 SRR K A A B
TS12  8.19 0:82 817 16.0 10—20 IR Tl A A 3 B

TS 13  7.55 3.35 511 16.7 20—30 KT 2R

TS 14 7.82 0.94 663 18.3 10—20 IR ML 48 (PRI B 2
TS 15  7.88 5.21 507 18.3 70 AR A

TS 16 8.59 11.00 422 17.7 60 SEUTAE TR X FRTE TR

TS 17 6.72 8.54 475 17.5 20—30 A B TR

TS 18 7.35 8.42 414 17.3 80 TEMEE )

TS19  7.18 7.50 418 19.3 80 AWK ST KT

%% : Supelco [EIAHAE R B 5 & 32 7 B O AL Thermo Fisher) 3 ZIWKAL (BIS HGC-12A) ; Milli-
Q KALFE £ 5 ( Biocel Milli-Q) ; BLAS %L (% GM-0.33A) ; el IR A1 #% ( VORTEX-2 GENIE ) ; #8715 vk f
(#15 UC-300A1) ; Agilent 1260 F 51 P i AH (5,335 ( 31, Agilent-AB SCIEX ) 4000 Qtrap £ 3k = PUik
FF % (55, AB SCIEX ) B¢ Y.
1.4 FESFTALER

KR 0.45 wm JR RIS UE , 13 385 L 500 mL KA TR EH , T INA 2 ng WHR (P C,-PFOS
FPC,-PFOA) , & 30 min. BHKH 60 mL HRHT S 8045 30 mL ZKFEIIAZ] WAX AU (TR
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4 mL 0.5% V/V & WP EEAER 4 mL F B 4 ml 82K MR PETE 1k ) , 45 00 45 il /e R0 1—2 W, 78
WAX AEHURE R R 55 H 0 P T E I A KRR K AR LS, SE ] 4 mL pH 4 BT R B i bk | 1
FHAB LK Wt Bk, 76 U Nl AE R Ak, BRI 4 mL FEBE 4 mL 0.5% 20 Y B e B o i 4.
Ve i R P A, I E AR E 1.0 mL, % 2 5.0 2L 10000 r-min™ (755 8 3.0 10—
20 min, e K BLD I IRE SRS ERE SR RR T
1.5 AXER5Hr

PAYRAH €210 - = Fh DU AT SRS E AL (LC-MS/MS ) %E ¥ | fE M K R Hh PFOA 1 PROS, ¥ A (6 1%
1 Agilent 1260 2251, = PUMLAFF B 1IN API4000 = PUML AT ER IR B % 2 48 (351 AB) . (G4 K
C,s(EE Waters 2> 7)) #, sl A HHEE, W sIA B 4 25 mmol - L™ BEFRREL VAW, i A 500 plL-min™'.
PEREARRUR 1.0 wL R ok BRI 0 5 =X, VENRE % 4 . 0—4 min, 70% A—O0A ,4—7.1 min,0A—70%
A;7.1—10 min,70%A—70%A.

Fig a5 R A A e 55 B AR IR (ESI) |, 1708 B AT 0.24 MPa; lf# < 0.021 MPa, B 1155
HiFE-2000 V,IRJE 375 °C, Bk w88 2 x5 B an sk 2 k.

R2 USRS TXER

Table 2 Information of the selected ion monitoring

wEw I THET Ew B3 RE THET
Compounds Q1 Mass Q3 Mass Compounds Q1 Mass Q3 Mass
PFOA 412.9 368.9 PFOS 499 79.9
" C4-PFOA 416.8 372 " C4-PFOS 502.9 79.9

1.6 Frim#aiil

Shy sl IR AE S5 Y ARSI I A REA D RN AT, A I 4 PEEK BRHE B BN 55
B B AEHERE S (10 ) v, BEE T 3RS PR TEAS I 245 SR A o e e ) A B 25 P b 2 SR | A IE
J5 1% B A B AR 1 [T BT A B S 25 LA SRR | A 768 7R W 0, AR MU A B kK 28 TRk
Uk, 105 CHET, BT B 2R IL7E A R i A ol FH P PR vk 047 2 540 BT, PROA. 1) 5L S [T i %
102.6%—109.4% , AT B UENR 22N 2.59% ; PROS 4 3% T hAR MR SN 94.8%—113.4% , A1 X A i
221 7.92% F5 6 S5 % i P AR X RS v 22 /8N T 15% AR PFOA Fl1 PFOS 22 434 i b o 1l 2%
(0.01—5.00 pg-L™") et L RECK T 0.99, W 2 AR R4S B AR HERE S AR IE I #8 Fa 1, 1
22 R PFOA il PROS A9/ Unge 3 iz,

6 - 0
4x10 Y=5711.06147+147600.7172.X 2.0X10° ¥=3020.80686+72234.52822.X
R*<0.99934 R*=0.99747
1.6X 10
3% 109
g 5 20X 10°
< <
2 2% 106 %
jo) L
[ A~ <
8.0X10°
1106 .
40%10°
0 | 0 |
0 5 10 15 20 25 0 5 10 15 20 25
PFOA/(ng-L™") PFOS/(ng-L™")

2 PFOA Fil PFOS #rifi i £k
Fig.2 Standard carve of PFOA and PFOS

1.7 Bdsaba
AR SCH PFCs 557K PFOA il PFOS W5 YL & 8 /K2 F, B A ng - L1 AR 25 SR
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22 [N TE . F FH SPSS11.0 AR FEAT ST BEAS TR, Heds Rl Vb /K AR [R] X 38 - PFOA F1 PFOS )&
2 7K (P>0.05).

£3 HERIZEF PFOA F PFOS (5 H K-
Table 3 Concentrations of PFOA and PFOS in solvent blank

G5 PFOA ITHI R PFOA/ PFOS W4T 1L PFOS/
Number PFOA peak area (ng-L7") PFOS peak area (ng-L7")
SRR 1 0 nd 0 nd
M 2 0 nd 0 nd

7 nd, #/RAKKH .nd, not detected.

2 R 51718 (Results and discussion)

2.1 PFOA F1 PFOS 5 4L R

R0 7K 2 DX b L S i 26 2K BE R PFOA I PROS Wil 25 SR 03¢ 4 PR ARFF A RES P R T
BEf TS6 AAM i PROS 4b , HAHE i R 5K [RIRE BEAG I H PFOA 1 PFOS. A3 4 FR AT LA, TR b7k
JERIZKM PFCs BB LN 4.31—52.80 ng- L', Hirh PFOA #1 PFOS (%) 4 B 35 Fil 43 551 hy 2. 15—
26.70 ng- L' Fll nd—44.85 ng-L™", EIX. PFOA HI PFOS F-X7#k 43514 19.68 ng- L' 1 17.57 ng-L™' | &
T AFESC KA PFOA 1 PFOS B-F- YU BE |, 3X 5 1 e AR 06 15 7K MR AR It S A B 1) Tl 1% 7K HE
AF K, PFOA I PFOS Bl 7K I 1E A PR X, AN W 76 2 DX 2 BLFE e XK A& rh , PFOS B AR vk BE K IR T
PFOA ; ITFEA S K A PFOS AV BE7K P55 T PEOA.PFOS % 5t /K - KB HH BRAE TST RN,
M ARAE H BUAE TS11 RAE A PROA B i /K P e RAEHIRAE TS3 SRAE A5, S AR Bt HH BAE TS11 SRAE AL
IAh  PFOA Fll PFOS & fE /K8 1Y B A TSYTS12 'TS16 45.

£ 4 [HEVKEE PFOA Fl PFOS &K
Table 4 Concentrations of PFOA and PFOS in Tongsha Reservoir

KA X 4 Sampling area %5 Number PFOS/ (ng-L7") PFOA/(ng-L7") PFCs/(ng-L7")
Ts1 19.95 25.75 45.70
TS2 10.40 9.20 19.60
TS3 22.25 26.70 48.95
[FYPIKEPEIX (n=6)
TS4 12.15 12.95 25.10
TS5 20.65 23.35 44.00
TS16 20.00 20.10 40.10
TS6 nd 12.75 12.75
TS7 44.85 7.95 52.80
TS8 7.70 16.65 24.35
TS9 6.85 11.20 18.05
TS10 5.95 5.05 11.00
TS11 2.16 2.15 431
[FB K FEAPESC IR (n=13) TS12 23.60 9.35 32.95
TS13 16.00 9.00 25.00
TS14 5.55 2.44 7.99
TS15 15.40 16.15 31.55
TS17 7.95 11.10 19.05
TS18 11.55 11.90 23.45
TS19 10.40 11.35 21.75

7 nd, Z/RAKKH .nd, not detected.

W s, TP EVK R ) PFOA Fl PFOS 83k B T84 WAL i Tl &K 54 35 75K 2
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G VD 7K AT S 3 81 30 1) Tl el X 2R AR [R] , F2 8295 S Ep e Ak T o Tlk 45 K i A 1 T K R
AE BRI T V5 7K 30 A KA A4 T F 150 A B AR | B Ao o 25 Tl Aol B Y TS7 \TS12, TS16
S SRRE ALY PFCs 2 i BB Tk XL Y TS3 TS5 SRAE & PFCs & HHAL s, 5 AR % 15 K HEA
DA K 5 1 T Ak B R BR R K B0 1 3R B8 06, A R KR PRCs ANBTTE LA SR TS 11 SR 5 A0 4%
U, H IR B LAHEA A TG TG K R 3 KR AN A R PFCs 4 /b v il T KRR B AR IR R il
3 TS11 RAFE S AL 1 PFCs 75 5 K AR AR, 33X — &5 2R 5 ¥ I — K 30907 7K 38 R 2R 350 A F 9 405 SR Sk AR
#ﬁ[“‘"ls] .

[V 7K 2 B XA 323 o PFOA I PFOS BYFHXT E 2 & AN 3 B 3 XK AR B df i PFOA Al
PFOS AHX 1 43 & 53 FE 43 T M 46.94%—56.35% Fll 43.65%—53.06% , F-I{E 43 518 52.10% F147.90% ;
AJESCHOKARFE i PFOA F1 PFOS AR A 43 7 =0 [ 73 514 15.06%—68.38% F11 31.62%—84.94%,
SEYE AT BN 45.71% F1 54.29%. )\ PFOA F1 PFOS 1940 it = ml LAF H, A X Wi K4 b PFOA FiI
PFOS FIHFAXT B 42 i Y it sh K, i J2E XK AR LE 88 B 52, PROA il PROS AHXT H @& i I sh A K, Bt
B P S A2 N Sl i K.

A 2AProA  RJPFOS B w2ProA PFOS

N\

TS18 2227222222222
IV 7777

N

N

Tss TS15 V77777777777
i 8 Ts14 V722222
7 TS4 % TS13 V22222272222
El £ TS12 V7777777

o ' 5 N\

s \\\\\\\\\\//////////////////% i,

0 20 40 60 80 100 0 20 4 60 80 100,
Relative abundance/% Relative abundance/%

B3 RWKEEX(A) AFESZH(B) KA&H PROS F PFOA 41 A=t

Fig.3 Compositional patterns of PFCs in the surface water from Tongsha Reservoir ( A) and its tributary (B)

2.2 PFOA Fll PFOS % 5 HoAth D45

[FVPIK PEZKAR 1 PROA FEPFOS Y3k B2 3 [ 37124 2.15—26.70 ng- L™ Fll nd—44.85 ng-L™" -1k
BE5r51°A 12.90 ng- LA 14.63 ng- L™ WALA 1 B FEAS [R] s X 14 5 5 /K S ] DAz e 224 A 28 355 5 8
FIIASE V5 Y GO0 P SRR R PR AL & P 0 & 1 W3R SR S ] LUE ), 5 B P HL R KA L, [
JKIEH PFOA S8R TR TERIETT R0 KT 1 = A 3K LA S YT A5 T AT i dsk o, 24 3 T L fh Ak ik
PFOS & & bk TR TREGE R AR BISN , 24705 T H ALK L [ V7K H PROA 1 PROS 5 78 [ P b
TR KT, ) K R L AR AL 55 ok 2 5 SR E— K RM e, I S & B R E TR
H| Lake Maggiore . H /& Lake Biwa % K Highland Creek F13€[E Great Lakes #b, #MF HAB KA, 156 B4
[FVPIK EH PFOA Fl1 PFOS & & 7E H A 1AL 48 R (7K -

RS [AVKFERIZKM PFOA FI PFOS 5 85 [ N ML At X T
Table 5 Comparison of PFOA and PFOS concentrations in water samples from

Tongsha Reservoir with other region around the world

KA Sampling area PFOA/(ng-L7") PFOS/(ng-L™") 2% CHR References
[RIVPIK R 2.15—26.70(12.90) nd—44.85(14.63) EN R
AR 15.8—158(55.0) 9.06—132(60.4) [14]
T 1.52—6.32 nd—0.91 [15
FALR] 5.81—7.12 1.54—1.65 [
[

4ty 6.71—18.1 0.810—13.0
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£S5

R A5 Sampling area PFOA/(ng-L™") PFOS/(ng-L7") 2% CHK References
ZRIT ik 0.01—1.25(0.25) 0.01—2.93(0.97) [16]
TRITI O 0.24—16 0.02—12 [17]

de e Tk <MQLs—20.3(7.9) <MQLs—7.4(2.5) [18]

PN EsE30) (3.7) 4.2—42(15) [19]

S BH 1 0.30—1.89 nd—0.71(0.35) [20]

K= Rk 2.0—260 nd—14 [21]
AIDIN iRk (18) (4.7) [22]
R 65.9—102.4 nd—0.798 [23]
FAAETL 0.02—2.68(1.21) 0.06—8.04(0.17) [24]
W] 2.04—3.36 0.86—1.31 [25]

Th BH b X K 45 nd—2.83(1.11) nd—35.71(2.13) [26]
Kt 20.81—43.19 7.23—44.34 [27]
22 K <0.5—18 <0.5—150 [28]
ELAEVEIE 1’ Albufera [ 8872 el 0.99—120(49.5) 0.94—58.1(14.2) [29]
E[BE B8 K IR AT R K 4—93 3—29 [30]

H A Lake Biwa 8.7—26 0.8—5.3 [31]

H7Z Yodo River 4.20—2600 0.40—123 [32]
FKH| Lake Maggiore 1.8—2.9(2.4+0.4) 7.2—8.6(7.8+0.6) [33]
J K Highland Creek 2.2—17.9 2.1—65 [34]
[ Great Lakes 4.4—22 2:6—17 [35]

e

. nd, IR AR ; <MQLs Fn kT & BB, nd, not detected ; <MQLs, lower than the method quantity limits.

3 28 ( Conclusion)

(
PFOS

1) Rk 2 B K R4 1 T BFOA FilPOFS, SRS 4 4.31—52.80 ng- L™, Hith PFOA Al
e BETE L2091 2.15—26.70 ng-L™"#l.nd—44.85 ng-L™" , FWAEVE /K FERZKAEZ R T A EIFEEE

fO 75 5, FErp e DX TG e T E A ST e

(

2) AP FEIXAH HE, PFOAHT PROS A 7 735 B Y R e sl 85K, e AP S K R 2 BN

A AR, KA PFCs 2k [ 22 Ffis Je i ; PR XK AR PRCs W12 75 3 IR Y A 5 A i RER Y

45

(

3) [FIVHIK ZERIZ /KM PFOA Hil PFOS & 0 75 T 5SS R N 38 4k T BARKF (B B KR AR LE

Ab T KR FERT BRSO P XU 75 5 | AT DGR T T
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