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Distribution and potential PFAA pollution sources in farmland groundwater from Hainan Province

TAN Dong—fei'?, ZHANG Yan—wei%, WANG Lu% XU Ya-ping?, WANG Ji-shi? LIU Xiao—wei*

(1.College of Land and Environment, Shenyang Agricultural University, Shenyang 110161, China; 2. Agro-Environmental Protection Institute,
Ministry of Agriculture, Tianjin 300191, China )

Abstract: Perfluoroalkyl acids(PFAAs) are a type of persistent organic pollutants(POPs ), and are of interest to many scientists. In this pa—
per, 21 kinds of PFAAs including perfluorooctanoic acid (PFOA ) and perfluorooctane sulfonates (PFOS) were detected using solid phase
extraction(SPE ) and high performance liquid chromatography tandem mass spectrometry (HPLC-MS/MS ). Their concentrations and distri—
butions were analyzed, and the potential pollution sources for PFAAs were investigated using SPSS. The results showed that PFAA pollution
occurred in farmland groundwater from Hainan Province. The main pollutants were PFPrA, PFBA and PFOA, and the total concentration of
PFAAs ranged from 0.85 ng+L™ to 49.62 ng- L. The city of Lingnan and Sanya had the highest level, which were located in southern area of
Hainan Province where there are hills and tablelands. These areas were mainly dominated by tropical agriculture. Atmosphere deposition
was an important source pollution mechanism. Furthermore, it was the first time that the ultra short chain PFPrA was detected in Hainan
farmland groundwater where it was one of the main pollutants in the groundwater. This result is important and needs further research.
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43 o 2L R (Perfluoroalkyl acids, PFAAs ){E H 3
B L et i A AL B, 2 — PR Y B 1 R
AHEAHLIE G (POPs) .l F SEAT e KW L f bk
(=4.0), i 75 7k 560 B EL A s A P (BEERE R 2y 460 kJ -
mol ™ )M, HAE Bl HAR G , PRIHTERREE rP AR XERE K A |
AR LA KA A WA A by B A A 2 T T
I, PFAAs HATHK (il BEe e Ae2e e e S5k,
BTz T Ll AR AR 7 T 2R S DT T, A A
A 60 ZAERY PR, SR E F) 2001 4, 4G A
RSCHRHA TT5 Yok dRIE , b4 g e J AR IR 2R
(Perfluoroalkyl carboxylic acids, PFCAs ) A4 Fil Jo B itk
122 (Perfluoroalkyl sulfonic acids, PFSAs) iS4k
Wy AE NAA IR B A A DR it L 2 A0t s 1t [X 55
IS g S, IR B PRAAs HA IHIE#EPE AR
B REVE SRR R TEBURIESE, 2009 A, 2R
LR R (PFOS ) K H AR 1 4 980~ ot Tk 1ot 8wt 1E X8 A
FE A LTS G (POPs ) 24 530 DA 21 22 TF iR, 4>
TR T S AL 1) (POSF ) i 4 BLIT 1 328 25 Bl T A, L
PFAAs(CA~CORET A LA IZ 5 R 1Bk
B TEY,

F T E 2847 A Sk E PFAAs 24 39E AFK
PR, AT A ) PRAAs AT DU i 78 K
VERTAY B E SR 2, il FE T A% B
AT A BRI Z AT, B O KRR A AR T
K AN AP E R KRS 2 b, ST )
HEROR TR R 2k AR, G, ENB LK &R
FINA TP A PEAAs Kt o VLI DU 5 Y
I/ E ALK, PFAAs $5 = MR IA 3] 568 ng- L7, B
i HLIX, Wang S5 5E K BL PRAAs 7RI K HSE
FEL PN RS- E MR R 13 ng- L, e 280 A bt i vk
410 ng- L™ ST 2 b 7 7K A4 i i Gl s oy 7 B A T
Ui, Yang 881"k BLIL ] o PRAAs (19 55 8 M fie AR ik
FE43 9 131 ng- L' Al 1.40 ng- L', SEI 4k 43.6
ng: L™, 5 2012 4F Wang S5O 57 45 280, 1EERTT
T, 2007 4F Jin S5 IE A A5 R BOR BRI K
PFAAs ¥ FEBRAL 7 s XA 22 AN K, P SR TR
8, PRI AE S ) S R K R T G L™
EiNiUE S Sl N iR RTIE 817 B N /i PR P o S w
X, H:PFAAs ¥ EEVE R 17.8~448 ng- L7, SEXHE FE hy
51.8 ng- L7, A 42 G0 R (PFOA ) VR I 1 T
i, R T B A 4, 5 36 FORMIKP A
R PFAAs W] RE-5 08 AR M55 1 1) 5 ol Ak
AR M WFSE IR, PRAAs 11475 Y 7KK A2 1] 43

A5 5575 G AR R SO T AR BE AR DG, TR K
HIPFAAs VR BEEIR T 127K o Moody S5 i 2y 55 [ 23
TS RIN, BT AR R KGR T 8as
FURBRISHC FE =13A 7090 F1298 gL, Murakami 251
WFFE & B0 H A T 7K PRAAs SR T5 K fil i 542
TR Lk 54%~86%F1 16%~46% ., T [E NI,
B B R A5 I 5 e BV S, X T Tl el A5
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ERVT =AU X H T /K A e ISR Ik B 5 H AR 1
iU 20 [ b X IR BEAH2ZEAN K S E Bl 6.7 ng- L,

AER , 2RO T R RS IT  SCEE R T
e FRE I IR A 3 T M X = AT AT P ) stk
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Figure 1 Distribution of sampling sites in Hainan Province
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1.2 i_FIFTE
1.2.1 525035

2 K (97% , ACROS Organics 23 w) ), fifi B2 &4
(ACROS Organics N, s F I ( Fisher Scientific
2wl KD, UKL (99.9% ) o

16 T PFAAs BRifEfh - 13 FR RIS e LR N
AN R (PFPrA) 43 T 1R (PFBA) 42 51U R (PF-
PeA) 43 C R (PFHxA ) (45 FE2 (PFHpA ) 4> 9F
fi% (PFOA) 4> 55 T- iR (PFNA) | 2 5 28 ig (PFDA) . 4
1+ — (PFUnDA) 25+ 2 (PFDoDA ) , 23§ 1
W& (PFTDA) . 2 56+ VU2 (PFTeDA ) . 4 38 75 iR
(PFHxDA ) ;3 Fifidh PR 21 4> 38Ut L1 o 4 L T e il iR
(PFBS) | 4 6 O % fiff iR (PFHxS) | 4 96 =% i ik 1R
(PFOS),

9 Ff PFAAs NARY i (Wellinton Labs, &K ).
(mPFBA .mPFHxA . mPFOA .mPFNA mPFDA .mP-
FUnDA .mPFDoDA .mPFOHxS .mPFOS,

1.2.2 SERAUAR

HPLC-MS/MS i AH €35 5 6 o 135 B AL (15
8050 fE AR (5 — H ER R PUBRAT J5T3% ) , ACQUITY
BEHMS C18 %45 (2.1x50 mm, 1.7 pm, Waters 2\ 7 ,
M), Oasis ® WAX [ AHZEBUR: (6 cm, 150 mg, Waters
Aw),EED,0.2 wm BERS LT 4R U8 I (PALL, 25 ),
0.22 wm Z N M T L g B (PALL, € [ ), 1K 788 25 .0
HlNeofuege 23R( 1 HER A RR/AH], FHE ), Agilent
TR WA /N (2 mL Agilent, 22 [ ), Milli—Q il KL
(Millipore 23], ZE [ ) ,N-EV AP &W{Y ( Organo—mation
Associates A H], F[EH ).

1.2.3 SEBT7

SR T IS5 ST, I AT T — R B PR R o T
UR 15 B RAR B KA TR0 28 1k , 3
SELTAEUB A Tt U8, Wk 200 mIL VRV 3 B g 0L
Hr, SRR 200 mL K AHEE SIS ng (N FR ; H
U A TAE TIE AL, R 5 mL 0.1% 237K VA R
4 mL FFPEA 5 mL 222570 Oasis ® WAX(Waters )
[E6] A A BORE Ak 5 B, AR s L B R AR A L
T ™ B E T R AR L R AR SE U L 8T 4 mL 25
mmol * L™ AYBRER N 2% s U ( pH=4.0 Yt rigAl, FA
5 mL 0.1% %K H BEA IR THe I s S5 K I v
FARARREL T, EAZE 0.5 mL, &L 13 000
remin”, B ETETRCE TR ARAEAE-20 CCF AR
1.2.4 380l i N B o b 25 1

J T EBRIES T PFAAs iT5 Yy, fEH 5D

ZIEm 7 —H Waters 28 6] A4E 7 AR AT (2.1 mmx50
mm, 1.7 Mm),ﬁﬁﬁgﬁ:l% 10 pL, #EFEREE N 20 °C,
FEVRAR IR B2 A 40 C, B 0.4 mL-min™', I
SR A B WAH, HAPEsiH A R 2.5 mmol - L
IS PR KSR, Ui s AH B S H . R SAE DI 46 L A1)
1 A90% B10%., FABEEFETJy: WashHl A 1 0~
0.8 min £k P 34 fil & 60% ,0.8 ~6.4 min £k 1 14 &=
100% , 4k % 8.4 min 5748 I WA ShAH HL ], HL 2
14 min . & P54 300 C, 546 m# R 3 Le
min™ , THEESIEHCN 10 Lemin™, SR 2 SOWAE AT 7
W
1.3 JREEH

R T ANBRANER TS SR A TS Y K BT Y 2R DY R
B AT T AN, I HAE R S 0 22 ()
INBERF ALV — AR S5 g, AT A L&Y
W AR T AER A H R o o 17 W i b ] 2o i
LG, ARSI 10 M S A — AR 2 1
F—A AR E TAERE . B AR IR T 1, T
PR E Nk BE YU R 0.1~200 ng-mL™' . fiT A5 PFAAs
HiR bGP ANE R EIE T 0.99(°>0.99) , F:F H
A& 10 1515 e b AR S o 1 B LOQ ( Limit of
Quantification ) ,3 1% 15 M b 9% & M & H FR LOD
(Limit of Detection ), ™4 H ARk A 4He BE 5 T4t FRAIK
T R, e B e A iR A — 2 SR IR TR
PR W EEARIC AR tH (ND)P, - BAsib &4 s
23 FIHIAR SRS AE 75%~113%2Z 7] , S i i 22
BUNT 1%, B2k B A R ERYE. Tl
PFAAs (AP0 E R T35 F 0.1 ng- L7, 4
#B HAn A Wk s BR AN E 2 RN 0.5 ng- L7,
SR R B A PFTeDA BAG HIBRAL R 8 0.2 ng- L7,
FETERR R 0.5 ng- L, & FHAth HbRfb &4, Hk , PF-
BA fE R IR 0.5 ng- L, B T HAL Hirfb 59
WHRI IR LR 1,

2 #BREWR

2.1 BEAEHS RIEK Bt K H PFAAs 751454
S

&l 2 iR 5 g i A (HK) B (QH) |
Bz K (LS) | =W (SY). 5k 4< (LD) 4 H MR /K # i
PFAAs WM BB ALK, WK AT LI iR
T T b DX A FH T 7K PREE rh il A5 ) PFA A, T
K PFAAs BHEVE RN 0.85~49.62 ng - L, 44 vk JiF
7 10.31 ng- Lo HR FEACEZE IR T 58000977 b el 1)
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R 1 9% PFAAs B FER(LOQ) #aillZk (LOD) RARXIFRHE R Z (RSD)
Table 1 The recoveries, limit of quantity(LOQ ), limits of detection(LOD ) and relative standard deviation(RSD)
of 9 kinds of PFAAs in samples
miH mPFBA mPFHxA mPFHxA mPFOA mPFNA mPFOS mPFDA mPFUnDA mPFDoDA
[/ % 110 101 109 106 110 104 101 88 89
105 99 109 106 108 104 100 91 86
106 106 104 105 106 105 107 100 96
105 101 106 103 102 108 106 103 102
103 100 103 101 96 105 109 102 108
107 93 99 102 100 103 107 104 104
113 94 94 95 94 109 103 104 109
102 75 80 83 75 94 95 99 98
LOQ/ng- L™ 10 10 10 10 10 10 10 10 10
LOD/ng- L™ 10 10 10 10 10 10 10 10 10
RSD/% 3 10 10 8 11 4 4 6 8
. B X R K G BE S 269.1 ng- L) {HZE S
40r VLI 47 M 1 X b T 7K BE A > (G245 8.5
_— ¢ ’ nge L), FALI P00 P AR 1 T K P13 12
B 523 mge L) 4 MV FE RS 3 Ak > = T B
L HSUGIT, ¥ 114 HHL R /K PRAAS -39k g 6.42
tof e % gL gk 5 AT VR HE RGO , JRRFE VR HE
o s R % 19.05 ng- L, FARKEE Hy 0.85 ng- L™, itk 5.77
HIK QlH LIS S;( Li) ng- L7 MK HE R 7K PFAAs SEYHE M 16.31 ng*
e L7, 2 5 g bk B R m i X, o e B

‘OIS 25%~T5%,“* R 5 {H, - @ IR B HUE,
“ TR R MEB R
“[d”represents 25%~75%, “*”represents the outliers,
“@7 represents discrete value, “ | "represents Min-Max
2 BEEESREREMTKER PFAAs B2 E
Figure 2 Distribution of total PFAAs in groundwater in some areas

of Hainan Province

EPFTrA % PFBA I PFPeA

B PTURDA ® PFDoDA B PFTrDA M PFTeDA # PFoDA B PFBS ¥ PFHxS

42.95 ng- L', H{H K 15.11 ng- L',

& 3 AT, PFAAs 764 3B A R AL S 38 4
H, K H R BE R 1) PRAASs 1) 6 Flt PFCAs 4351 &
PFPrA .PFBA .PFHxA .PFHpA .PFOA. 16 Fhfpmfb&
Y, KA PFCAs(C10~C18) K H R ERARAR L 28 R A4S
H XS BRAEF PO T Hh ] AR AR A HH DX MR 75 YU

“PFHxA HPFHpA Ef PFOA B PFNA B PFDA

PFOS
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Figure 3 Distribution of PFAAs in groundwater in some areas of Hainan Province
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ERE ., PFCAs F% LI PFOA ¥, 7R K
FE s R B R MR EESU R 0.55~9.02 ng+ L, 3F-3
WeEEN 1.79 ng- L7 &4k BF i T B/K T PFOA
W TARARTH A =T, i AR R /K b X
(LS=5) 9.02 ng- L', |5 MUk BE (1) 53%,

ARG 74.2% FRAE SR H T R S 55 4 R
b4 PFPrA  Hor s ik B2 S BI7E QH-14 .QH-15, ¥k BiE
4351 28.16 ng- L™ F1 46.25 ng- L™, SR FE ti 34907 F55
T ZH X, 399 A 30.14 ng - L, 1 30 R EE
SR B Ry 7.23 ng- L7, o b DX R B 1) 1/
4, b B L Hb X 52 PFPrA 15 Y U3 ™ 5, SR BT 5T
RIBIK . SRR T X PFPrA 6 H R 5 T30
7 (81%>40% ) , g 1T A RAY S AR Y PFPrA . 15684
THIZEHb DX AT A AE SRS YL Ui o AT 3 Fh B g m] U
L BRK T AT =TT () PFPrA 5 4% He A ™ 5, 43 5 o
SR BEA) 12%~54%F 24%~66% , 3%~ HAd] 5 Kwok
ST A L X PFPrA 28 (A 55 — 20, UL 4
A FH - 7K SR U T BB AT DL AR SR TR 17T 5 vt DXL
A AFA] PFAAs AHOCA L, V5 L R AT Ge & i T
AHER Tl A X sl e 7 A48 Tl RS, v e
A H T 7K PFPrA 75— & R L2332 2R Tl
X3 A

HAT, CTHET, JUHEAR H AR5 ol ke 5
PFAAs 434 R 52 A8 A X /0, {HE A #iE PFPrA
A H AR b A2 I8 8 36 [ g R AR ORI
i H R 66%~100% , e ST FE A 0.1~57 ng - L7272,
ZBAE S AR SO PRPrA A6 H R BRI Y . RV
FAYNTG 7K AR FR ) i e B AR Tl bl X K FRE
PFPrA [V 4.41~395 ng- g™ F1 35.7~3 292.1 ng-
L0727 e i St vy TR FH RS, B IH Tl 2B 7 = A=
KA PFPrA , 1M e A H o 7K 575 KA B K2 36
A7 M el P REAEAEAS R A5 il

1T PFBA W] BB S e A\ 2 HEH R 5, ZE AR R it
YRR PR R Ik 65.2% , WRETE K 1.59~
6.76 ng- L™, Sk BE Ry 2.62 ng- L™, FHor =7 17 Fls
KT PFBA R P58 5 , de o ViR JEE HH AR — P T g 3 X
(SY-2), = HiWkEEVL R 1.81~6.75 ng- L, P34k
F£°8 3.02 ng+ L™, PNl 3 Hn] LA H i 111 b X B0
M IX AR A2 3] PFHxA V53¢, o HOR O 2 gt X
(HK-5) Bytifg (87 (QH-7 ) 1 X HVR 4 13.93 ng- L™
1 13.63 ng-L",

32 BRI A AR H R /K 3B 25 Y W) SR
XF L ] PN A1 1 DX T 7K e BE 7K F- , MR AT LA
P T K5 Y A 2R AR — B VR T IR, MR LR
TRU . BRIT = AN X S E S ek R 22 AN K, 38
TEAR VL0 % B IX , W1 PFHpA PFOA , 2% & 313 3
BT R X, T Tk TG 433 PFAAs 15
e b e H AR ARTS YLK F i, 5 M
FT5 G AR, R b A L K 22 5 A K
22 BEAES KK Bt K H PFAAs 75 RAEIE
R R

HAT, FENINZEET PRAAs ISR #4E TR AE
38T b DX R AT T 43 A BT G R 3
AE LT TG A AL BT 4501728 e FH R AT AN [] 408 Tl 2
B, R GZ R 05 AN A TE A5 KN R
G2, RN R T5 K E B Lead b Bk E 4 0E A\ BR 5%
W SR 5 G B AR A S T I E A K B T K
Fa,

FITRHAEAL 5 9 HO A TR 73 A AR AN il X PFAAs
FEMIEYORIE, A5 PR IR I — {5 BAFE bR
PFOA 1Eh PFAAs HlBl () Hrfb A1 2 —  FEAN ]
X 5 Y R T 5 PFAAs (9 HLBIARTR], dndifbdy
T (599%) 5 KA R (509%~80% ) o KA ILRFEAH
Xf F i AK A 5 m  PFHpAR, [K] It , W ] PFHpA/

&2 ERIMETKPEZEHIIREK TR (ng- L)

Table 2 Comparison of the concentration of major compounds in Hainan and foreign groundwater(ng-L™)

Hi X PFBA PFHxA PFHpA PFOA PFOS E = 3TN

[ Wurtsmith Bl 23 <20 ND~105 4~110 [15]
HARL ND 0.1~94 0.47~60 0.28~113 [16]
WP 2% 1] <38 <39 <135 (28]
LTI 0.1~3.47 0.1~2.38 [29]
VLI A 0.08~16.1 0.16~50.1 ND~43.94 ND~176 ND~36.98 [17]
43784 <1.88 <0.59 <0.64 2.29~5.29 ND [22]
BRIT =M 0.004~1.07 0.008~1.49 0.016~7.76 ND~41.40 [18]

R AR <0.75 <3.96 <1.83 0.54~9.02 ND BT
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PFOA FU{EAE A KA DTRETS Y B 7R BR8] PF-
BA Sl 5 B FRAVE M AN B HEM 0 28 bR, A
SC ) PFBA/PFOA . PFHpA/PFOA S - 31 4 FH L R
7K PFAAs V&ELE B 15 Y SR 5™, & 4 24 PFBA/PFOA .
PFHpA/PFOA HAE /R B, B AT LU HRAE 451
S H PFHpA/PFOA HE A 0.17~1.04, T K439
e 1T G KA ER T ELE /N T 0.01% i Al
U Ied T K dm K Ab B J Rl HP 8 e AR, 156
T e R K PFAASs V5 3 s RS DR LB K,
HRB K =THIX . [FEHE 4 iF 575 PFBA/PFOA
HAE 5 PFHpA/PFOA FUABAFAE# 3 M AH e (R*=
0.91,P<0.05) ,4 PHBIX FEAHRAE— S5 HEL . PFBA
J& PFAAs AR %, Fr LA AhAE S ml LB ol
A TE R KRN R S DT AR B R B B4 1 . 36 3 AR
SPSS Statistics FH 73 B A4 X 7E £ AR AE R H o
BRI 6 M EFURIRIME A WA TG T 2500 b, N3
] LUE th PFBA 5 PFHpA (PFHxA 5 & AHOCHE,
ULHIPFBA J& PFAAs FEARY) , PFAAs 2 1] 1) i 25 4H
NI RE AT PFAAs V5 YR IR AR . hifE R
) R is KAL) 285 Y 2 — ) PFOA 5
b i5 Yty AR A ARSI R 7K PFAAS
TGP A T T Tl A 7= By K AL BT A5 YL

WSR2 B PFAAs Y BE 55 L IX. 2 24 T 7E M R
i bR S IX, I X ARG 21358 R w35k 8 [
KEE, BIRIEIIH &1 f A P s ol A -
TP IX, BRI BE B b ARG el A 72 ol
F, Z b A =R AR b AR e A T
BN AT S AT 2 —, T BK B R R
S T BRI TR R T A8 AR 7 Hl, T A S R
SRIGIEIN THBIX , X PFAAs V5 et 2= — 2 i 5%
M), G UGS () A= 7 A TP

5.0
4.5 QH® -
4.0 -
35 R=09134 "

3.0
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Figure 4 PFBA/PFOA, PFHpA/PFOA to identify pollution sources
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Table 3 Analysis of the main components of the correlation

PFBA  PFPrA  PFPeA PFHxA PFHpA  PFOA
PFBA 1 0.104 0.092 -0.340** -0.317** 0.023
0.412 0.464 0.006 0.010 0.855
PFPrA 1 0.052  -0.263* 0.308*  0.240
0.679 0.034 0.013 0.054
PFPeA 1 -0.017 -0.015 -0.059
0.894 0.904 0.641

PFHxA 1 0356%% —-0.091
0.004 0470
PFHpA 1 0.021
0.867

PFOA 1

TE % HSGTETE 0.01 /K 225 (BUR ) 5 ##. AHCHETE 0.05 /K-
FRFGUR).

ThE R 8 AR FH TR K 2D % i PFCAs oy 32
S5 Y, EER A S, i TR TS Y R e
R E A R IE R R P I SR
HIEEY) 2 TS A 7T 7K s R eI
Hn PFBA(C4) , AHXF R A5 A Pk i HAT B & 1)
IR N 5 5 SRR BT, BT ARG Hh 28 LA ™,
M 21 2B PIE , 4 3RA8 SR e B A S A R A
BHERBA KA Y, A PFBA(C4)UE
PFOS(C8)"™, 33 b J2& 3 B 5 1k A W0 H 4 i 1Y)
— AR ANEME FHEME Y A PFBA Bt
i, Perez WP ST IR IE PHHE A L ZER TR 30 A A IR P
PFBA it A% 483.5 ng+ L7, A 2K R R IR0 1%
FYI E R B A FHERSE H PFBA (1) 3 ZOR A
Z—o VERAR IR R B 5 YRR KA DU, PFPrA
TENVPI RIGH 22 = $45G A6 1, A i 76 3 [ B3R T RN
TKAE S RS HHRAE 88% L) |, HAMIRAZA A PFPrA
K R ZRIR 3] 66% V-3 R 2.45 ng- L,

3 it

(1)1 B 44 AR FH T 7K 3 A6 0 H PRA As, ¥
TN 0.85~49.62 ng- L', LUEEESFARMRBILEY
o FH5 YLy, b PFPrA PFBA .PFOA .PFHpA
VR R K EZS YY) . PFOA K% 100%, &
BE PFAAs 6 HPREGIRH AR H o 7676 R 24 A H 3
K H ARSI H R S B AL A ) PRPrA B i s T
TR IX PSR E N 7.23 ng- L7,

(2) I FH HU AR 0 25 4 1 i 44 A% F b K 5
5 AT LB Ak A 06 R K R ST RE i 28, PFHpA/
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