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Distribution Characteristics and Source Apportlonment of Perﬂuoroalkyl Substances in
Surface Soils of the Northeast leetan Plateau [ & \

' 4

WEN Xiang-jie, CHEN Zhao-hui, XU Wei-xin, WU Xio-| Juan HAO Yun-ging, LIU Wei, YIN Hong Aing, FANG Shu-hong * o

(Co]lege of Resources and Env1r0nment Chengdu Lnlvelslty of Informatlon Technolegy, Chengdu 610225, Cl’llnd)

Absu:act Surface soil* sdmgle:a collected at 18 sites from the’ nonheas Tlhemn Pldtedu were used to analyze pérﬂuoroa kyl su}stdneé‘s (PFASs) via ultra- perfomldn(e Tiguid” !
chmmatngraph} tan(lem mass spectrometry (UPLC-MSAMS )<fo’ study thé cont entrallon levels and sources of PFASs. [The resulls showed that 11 PFASs fvere detected inthe

soil, and the o ( Z PFAS%) ranged from 0. 043-1. 573 ng g ! with an cweldge concentration of 0,398 ngr ‘¢ '\ PIBA d'isp ayed the highest concentration level w1th a

N , whereas PFHxA was at lhf owest 1 e\elj(O 005 ngtg ). The conc entrations of the other PFASs were similar to each other (0. 011~ 0 057
ng-g ',,) Ce“neldll\ PFASS contents in the west and north, ere highet than that in the southeast, andthe dlpme condensation effect existed for PFBA. The principal

mean-content of 0. 164 ng-¢

component dndly51s shawed that PFASs in surface soils in the northeagH{Tibetan Pldteatr region mainly originated from the atmospheric transport of PFASs and their precursors.
Few areasiwere affected by direct emissions of point source pnllullon andithémain sources were the industrial production of metals/minerals and other human activities.
Key words: perfluoroalkyl substances( PFASs) ; Tibetan Plateau; surface soil; distribution characteristics; source apportionment
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(PFPeA) | 29 CLEAR MR (PFHxA) | 49T S fili i
(PFHxS) | 2 9BESER IR (PFHPA ) | LR IR
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(PFNA) | 2FZEHORIR (PFDA) | &9+ —keRIR
(PFUnDA) Fl498+ B SRR ( PFDoDA ) . ik ic N
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BC,-PFNA | C,-PFDA | "C,-PFUnDA | "C,-PFDoDA .
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KeREN LR BRI R REVERSE , 2 % T
fe | WHEE LR (100 H) J5, FREC 1,000 g 14T 50
mL (B DB, ERINA 2 ng MRS Y
PFAC-MXA 5 TR IER &, 8 o 5. 2850 A
5 mL i H BT, IR E 30 s, B 75 AEHL 30 min, 7F
200 remin~" | 30°C & FAEHR G 4 TR 3 h, 1
3000 remin "' & FEL 8 ming iG] 15
mL PP 4 A B EAE 3 W AR LI
(AT AR AR TR 5 mL 2 A5 54 7 g
BUS mL 9 001% %7K H . Al AR
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0.22 pm JE JEIERE T W RE/NI P P74 B, T AL
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L4 WA B A &

ARSI YRR PR 5 280 A €0 315 - 36 3 ((UPLC-

" MS/MS, 1290- 6465B, ZZ {1 ) K C18 & i 4+

(Zorbax Eclipse Plus C18, 2.1 x50 mm, 1.8 wm) X}
SRR S AT A R A B, AR SRR R 5. 00
L, AR 35°C, iiE M 0.3 mL-min~". FBIAH
He % & R :0. 00 ~0. 10 min, A AH(5 mmol-L "
CPREEVEW ) M 90.0%, B #H ( H ) M 10.0% ;
0.10 ~6.00 min, A #H 90. 0% F 4 5. 0% ; 6. 00 ~
8.00 min, A MIPRFFFE 5.0%, J5i2 17 3 min. R H
ESI 61 8 T80, 2 5 iy A il A =0 ( MRM) |, B 4
EHE3 000 V, M55 K 35 psi(240 kPa) , T4
SIRE 250°C.
1.5 JREPAIES s

Shy A X AR i 7 A S Y R T, A R R
NG TRAE AR PP BB AF. A5
PR T AR 30 R AR, DLk G 2R DU 3R & M
MBS S T, L8R s @ &2, 6 4
(0.0.05.0.1,0.5,2F15 ng-mL™") RHNHEN
PR gk, ek 280 R > 0. 99. {XE8I 2 & 12 4
FERISE 1 YR 2 ng-mL ™" ABRAE S DLW AL 28 58
PE. I 38 S 56 B AR 25 2 43 08 2 ng-g ™' il 20
ng-g | RHBCE 3 M TATHE, AR BIBCR R 78. 2%
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~124. 7%, 255 LR R 69. 6% ~ 121. 0% (WL 3R
1), 0 2 S 2R, B bRtk & 9y Jr kA i FR
(MDLs) Sz [k H 09~ 24 0 3 455 4 o I 2 XoF
LB, A7 A R, I MDL A {5 L 45 F

3 AP,

TR BRES RN 1 R, B RAE
SUBLEC3 A PATRE AT FJMLIE%*E I AT
e SR R s SRR = T i B A S b= B
R S RAG I PFASs Eﬁﬂ:’é%.

&R 1 LiEd PFASs 9O 3R 5075 %46 H R (MDL)
Table 1  Recoveries and method detection limits ( MDL) of PFASs in soils
N . -1 N . -1
5 it Roh R MDL/ngg
PFBA 69.6+1.3 78.6 1.7 0. 005
PFPeA 102. 1 £1.6 91.3+4.9 0.015
PFHxA 93.1+2.4 86.2+1.0 0.010
e SR K PFHpA 121.8 £7.2 98.3+1.9 0. 004
(PFACs) PFOA 109.8 £0.9 87.7+1.3 0. 006
PFNA 103.3 £1.9 85.5+0.3 0. 008
PFDA 106.7 £3.2 90.9 +£2.3 0.011
PFUnDA 97.5+1.6 84.7+0.0 0.011
PFDoDA 108.0 £6.3 89.6 5.7 0. 009
e SR K PFBS 110.7 £8.6 97.4+1.2 0. 004 -
(PFASs) PFHxS 105.6 £1.9 93.5+0.5 0. 00_6_,.—"'
PFOS 121.2 £5.6 93.9/%6.8

“0.00659 [

1.6 FIEgitirtr
KB 5E i B IBM SPSS Statistics 25 ﬂEH Ongm
2021 Xﬁﬂ}%’ﬂﬁ ?ﬁfréﬂﬁﬁﬁfl’é‘l SR Ate GIS Pro

i

25 [H] ﬁ%'JlEl S 27 4
2 %Eﬁﬁ ﬂf”ffﬂ
2. 1. PEASS Em 7k$&thfm%ﬁ J

AR ﬁm)ﬁ?ﬁtiﬁziﬂﬁiﬁwﬂﬁ 2 i/
PFASs mﬂh«‘*%ﬁf AT, S Eltlji’ﬁhﬂi
FFAT RE D D PRASS 4 Hy UAHH PFASs 76 77 i
i T S A7 AE . R B KO B R 35 2,

w( > PFASs) 70.043 ~1.573 ng-g ™', FHI{H
H0.398 ngeg”', IR T L BT A+ HE (2,69
ng-g_l)mr?ﬁ]%ﬁ?ﬂ'?ﬂi%(Q 73 ng-g_l){m%,ﬁ
T Ak T X 4 B £ (224.73 ~ 476

l.'l

ng-g 1) 20N g I 4 HERF Y A 5 IX(0.49

ng-g )P M EE A 43 (0.39 ng-g )P AR
FHY  AE TR d KT o A6 303 A = 1
PFBA Fl1 PFHpA (100% ) , 2.1k 7 PFOA (94.4% ) ,
R G MR M. PFNA (66.7%) > PFOS = PFDA
(61.1% ) > PFUnDA(55.6% ) > PFHxS = PFDoDA
(50% ) > PFBS (44.4%) > PFHxA (16.7%).

PFBA(C4) . PFHpA( C7) Fl PFOA ( C8 ) 7 fi izt H1 [X
P A i O AS HH AR | HL PFBA(0. 164 ng-g ') 2
K Hy & B B 5 19 PFASs, X 5 Giorio 5P Al
Kirchgeorg 25 76 i 126 14 BT /1% B 357 114 M 1 X 140387
TFIPKOEH PFASs BF5E 45 L. X2 T 23kl
FEIN PFASs UZE P2 IEN K EE (C=7) e 1 AE W o

o
-

- F

AR (Y HIHE (€ <6) , FL PFASs ] Mifle(ﬂnﬁm
TR A0 A SRR e 2 %ﬂﬁ“ﬂ)fjtm%ﬁ?mﬁ&#ﬂ\
R W fi })\ﬁﬁ?pﬁ%n% PFASs 7 i 175 il lzﬂtﬁf
TE. ZRIEA #“8 Eﬁ%ﬁilfﬁiﬁléﬁfj:i%qj PFASsT/‘tH,

PTG PROS, BERHRTT - Erh PRASs-#975 e
FHE 'ﬁf}ﬁmﬂy[ffﬁjtéﬁ X 1] BESRE 27 BT
Tﬂkifﬁiﬁz)ﬁ%ﬂm B PFBA b, Hifth PFASs faftib
TRk T (CFHIE N 0.011 ~0.057 nge-g™') A
PFHpA (100% ) il PFOA (94. 4% ) ¥ 1 5 T PFOS
(61. 1% ) , X 5 I 4F 3k 4= Bk 7 [ P9 & 1 1 1K A4 7=
PFOS #H &7 dh A ¢, (B H 5 5K P UEW] PFASs 76
B IR ACHE.

3 SOOI A DX A B e oA HY Y 11 A PFASs BT
HRRAT R B 2) 4% S5 41, PFBA 7E45- L PFASs
T otk RE CFHER 49.7%) , ik K
PFOA , PFHpA ., PFOS #i1 PFNA (F-2{E 4 9. 5% ~
15.7% ), PFBS, PFUnDA . PFHxS. PFDA . PFHxA
1 PFDoDA (SFHI{E 4 3. 3% ~ 5. 3% ) Xz X 51wk
BAK, s (C<6) BTk Rk E] 74. 0%, 2% X
B A PFASs 147, iX 5 Wang %) 76 5 = )
LIS & LA B T 4% PFASs & &K O &
#id PFOA AYZ5E—2 1M PFBA & i i T Hifth
B R T ZE AR, 7R TS YR HE S BT DL
FEHEAT LRAT™ [A] i} PFBA W] 1 Z Fh iR 1L & 9
R AR T i, AR 32, JT LA fi 25 L DX o 55
WAL R X S UTAR SR R 2 M IX 5 A I L — K. 7E
RAERELE BBEFE h, PFBA (6. 54 ng-g ™' ) 1E R

Hi R > PFASs (9.73 ngeg ™) B EE 414y,
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Fig. 2 Concentrations of PFASs in soils in the study area
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