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Study on the Determination of 20 Perfluorinated Compounds in Water by Large Volume Direct Injection- Ultra-High
Performance Liquid Chromatography-Tandem Mass Spectrometry

SU Bo,GE Xuan, WANG Zaifeng, TIAN Yong, LI Mingming,ZHANG Houyong, XIE Xuan,ZHANG Shuiyan

Jinan Ecological and Environmental Monitoring Center of Shandong Province,Jinan 250100, China

Abstract: Currently, there are few reports on the analysis of perfluorinated compounds using the large-volume direct injection
method ,and no existing standards specify procedures for this method. Various influencing factors of the large-volume injection
method were analyzed, tested, and optimized in this study, and a high-throughput detection method for determining 20
perfluorinated compounds in water using direct injection coupled with ultra-high performance liquid chromatography—tandem mass
spectrometry was established. The method was applied to actual surface water and groundwater samples. The method showed good
linearity within the range of 1-100 ng/L, with correlation coefficients for the determination results all greater than 0. 995. The
detection limit ranged from 0. 1 to 0. 6 ng/L,and the lower limit of determination ranged from 0.4 and 2. 4 ng/L. Spiked recovery
rates for surface water samples spanned from 71.8% to 119% , groundwater samples from 72. 8% to 123% ,and seawater samples
from 71.4% to 121% ( excluding perfluoropentanesulfonic acid) . The relative standard deviations for the determination results of
spiked pure water samples was between 0. 4% and 10. 4%. This method is simple to operate, has good precision and high
sensitivity, with broad application prospects. It has been successfully applied to the analysis and testing of surface water,
groundwater samples from Jinan City, and seawater samples from Laizhou Bay, providing technical support for the regulation of
perfluorinated compounds in environmental water bodies in China.
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AR R i I ZE DRI B K I 0 A AT 4
P LLORIEAX 28 B9 IE W 1217, U3 41,20 Fl 4 Ak
BV R 8 A AL S W R T BN R
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1.1 FENSFESKF
L1 FEAUAR

7 i 20K TR A 8 5 - £ BB BT 3 X (3B [E Agilent,
1290 Infinity I1-G6495D) ,fitt 100 wL % H#3#;C18
FEIRFE (£ E Agilent,3. 0 mmXx50 mmx2.7 pm) ;
C18 WM (434 ( 22 [E Agilent, 100 mmx2. 1 mmx
1.8 wm) ; — YRR 38 21 4k K A B 2o 2% (R
Hepg  FLA% 0.22 pm, AR 25 mm) .,

1.1.2  FEH

FHEE (5 E Merck, BTG4 ); 4B (EE
Merck , BT 40 ) ; alideK (B b R 2B oK ) ;8 26
JK B2 ( 35 [E Thermo Fisher, i 4% ) ; £ B2 &%
( BW2E i) ;5 mmol/L & MR &7 W (L
0.385 g LTREH T 1 Lafikr),

1.1.3  brifEY)

17 Fh 2 Ak & Wb MEVE TR, A& 2T R
(PFBA )., & 5 J& MR ( PFPeA ). & W C M
(PFHxA ) ., 4 5 P iR ( PFHpA ) . & % ¢ MR
(PFOA) 2% T (PFNA) . &% % ik (PFDA) |
291 —M (PFUnDA) . &5 T .l ( PFDoDA ) |
29+ =R (PFTrDA) . 2% 1 MR ( PFTeDA) |
2 /5 (PFHxDA) (4 % T /A& (PFODA) |
T HEEER (PFBS) 2 9 C bEff 12 ( PFHXS) |
R PR (PFOS) |2 2 befifi 2 (PFDS) ,50
mg/L( RKEER/RIE WEEh) o 3 M2 gib &9 5
PRI - 42 R BE R R (PFPeS) ,50 mg/L( KR
IR W) 5 A 5T SE i iR (PFNS) , 50 mg/L
(R BT R B I mE v ) 5 42 B0 BR BE il R ( PFHpS) |
100 mg/L( RHEBT/REE  HEEH) . 13 e sifh b
PIN bR R W, & C,- 2 T R LU G- R
MR UC,- 2R TR CC-ARM O R UC,- 2R
BERR \CC,-2 RO B UC- 2R\ UC,-2
BT\ “C- 2R E bRV C-2 %R ."C,-
Rt —m].CC,-2R T R UC,- 2R IR 2
mg/L( 2%, gt 2 F 2L &% MR
PAFRIAW D C,- 2 N R, 50 me/L( b,
FEE) ;P C, -2 B e i R , 50 mg/ L ( KB /K
B W EE)



54 R R B

a2k B 202642 1

1.2 LBH*
1.2.1 BN

W08 B Sk RS & — K
PRI 27 4 3o U8 A% | A 0 D 55 B 3R
TR Ak VR ST . S R IE AR i AR
B 10~50 mL K AR A B0 A B N AR
JEIRAT o FH— U S 5 W B 0 A8 T K R it
0.22 um BEIGLFHEYE KI5, B 930 Ll & F b ke
AN R I i 2 TR B S WA LIS R IR AT
B, ¥4 BT 8 07 1 Y A €8 33 R BT i 2% 1 2E AT
L HERE R 100 pL,
1.2.2 8 R SO OR £ 35% 53 A 24

7 R 280 R 0 (A AR TS % 3 PEEK
BRI, RGBT LRI R
FAARE M BT, Sl 25 B 0 3l A o T B8 A7 A 1Y 4 9
WEWE ST, TR R RS A4 2 ] 2% —
M C18 ZER A (3.0 mmx50 mmx2.7 pm) ,

% o Bk H C18 AR (35 4 (100 mmx2. 1
mmx 1. 8 wm) , I 7E WA € 185 A i 25 i 500 2 0
h, BRROR A S A AN IR TR, Rl
100 wL, #3840 C, WM A #1285 mmol/L
CRERW , B M N/ B (B 11, F
[]), A 0.4 mL/min, K F &R EE P8 5 =20, vk
MR T WL 1,

®1 BEGEEEEREY

Table 1 Gradient elution conditions for
liquid chromatography

i (8] / min 5 mmol/L £ RV W/ % HE/ ZHE/ %
0 95 5
1 95 5
2 80 20
12 5 95
15 5 95
15.1 95 5
1.2.3 JUikafF

JB % A 0 SR FH B S 55 B 1 IR B T AT A
(AJS-ESI™) Fl 22 J 7 e ) ( AMRM) B2, B 4048
HUE :2 500 V; TR 150 C; TR MR .
11 L/min; 8§ E 375 C M0 A 12 L/min,
oAt T S AR L3 2,

2 R 5

2.1 FEMK
L 20 7 4= 98 Ak A 1 19 M o7 (L D [l g 54 D

B LS B SR AP R PRI, 43 0 B 4 T LR B A
WBE A MLV RN S A AL A & FE DR A
ARSI EREKRIE 5 AN EELB S
2. 1.1 LRI AR i

FE 4 9 B 2410 10 ng/ L 1 42 S8 AL & 9 4l K
FRoKHE O AR 3 A FATHE S ALK 2 TR
B AU I BE 4 R 0.5.1.2.4.5.8.,10,15,
20 mmol/L, X4l 3 N FATHAES 20 Fr i &
WY S 24 7 (B AT L, S R UL 1, L
FILLE 2 S IR S e FLZ it A i 11 Al 42 95
b & WAE LR B E R 8 ~ 10 mmol/ L i 0 J7 i
REIRR  FERH R )G H g 8 f 2w ik &
WIAE LR B e B O 10 mmol/L I M 5 {H 35 3] fx
K ZJa  BiE CRER B T+, 20 2 sl ik &
Wy o (A BB S B N PR 0 £ TR
RO A I AR E 4 10 mmol /L,
2. 1.2 A AL R ik

TE 7 94 B 2410 10 ng/L B9 42 S84k & 8 4 ok din
PRoKHE 4 A B 3 A FATHE JT XS & Al i O
1AM I AH BLE R A 5 pl 0. 1% 27K H
BE A S pL HEE A 5 wL HEL/ 206 Ab 3,
XA 3 AN FATREH 20 B4 AL A W 09 SF- 24 e
RNAEVEAT X S5 R 0L E 2, I 2 aTRLE S,
A5 pL HEE/ 2548 20 Fh 4wk & 8 0 SF 1
M) 7 i B 8 s T A b B 5 TR, e R
CEAE R B AR i 1)
2.1.3  AHLEFIMA R E

TE 1 94 B8 2410 10 ng/L Y 42 8 AL & 9 4 K din
PRoKHE 4 AR 3 A FATHE JRAE & A FE
H 3 5 A 200,300,500 800 pL B/ 2, %F
B 3 A FATRER 20 Fh 4 AL A 0 F 2 v
ARG AR ILIE 3, B 3 AT LLE S A
200 pl HEE/ 2B B, 42 50T R T 1h B0 3 770 8%
Jp DR ARG B AR B8 4 A 300 wL B/ 2
IS, A 980T IR BT Ay 1Y Sk A R S0 e v A
IRHE 2 | W8 TP A8 45 BT 58 5 4 9803 R o I 4y o S0 74
RO WETEAS 8 L S 800 L BB/ Z A5 B
S SR A A H /R N 3 4 T 1E H A,
Hih&wm ik A WHh g RaEm s, Wik, &R
0 4 4 AL S W, S B v o RS E T AT
VERE A R B FHRE/ 20 o 24 FO0 5 ik 5L
TE S ANV R ARG P S 4R s e N AE AT ik
FEMA 500 pL B/ N ;25 BRI E 28X mR
AT N A, i EE A 800 wL H /2 & .
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Fig.1 Comparison of response values of 20 perfluorinated compounds at

different concentrations of ammonium acetate
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Table 2 Mass spectrometry conditions
1A W 4 B BB/ min BIRE T m/z PWET m/z BREBIE/V MEEE/V  BEEE/V S X A bR
LT 4.8 213 169 166 4 6 PC, R TR
219 6
EX A 6.6 263 166 4 P Cs- A Rk R
69 45 ’
e TN 99 35 13 — 4. o
AT B R 7.5 299 %0 166 4 20 Cy- 2 T Betifimg
269 6
£ R 7 7.9 313 166 4 Pes-A e m
119 25
s 2y 99 35 13 s 2y
4 R B i R 8.5 349 %0 166 4 45 C, -2 R
= 2y 319 5 13 L= 1 T
£ N 8.8 363 166 4 C,- 2P
169 18
L= 2y 99 40 13 Rl
229 C Bl R 9.3 399 %0 166 4 S Cy-2 90 C b i
369 8
LRFEMR 9.6 413 166 4 PO R
169 20
4= g - 2 99 45 13 S5 WA
2 9B e i R 10.0 449 %0 166 4 S Cy- 2 R
— 2y 419 8 13 = £,
R TER 10.3 463 166 4 Co- 29 T- 2
169 25
S TN 99 45 13 f= 2y
2 JF R TR 10. 6 499 %0 166 4 I Cg A2 F BE B R
469 8
SR 10.9 513 166 4 PR
219 20
. Tl 99 45 13 =3 N
2T Bl R 11.2 549 %0 166 4 s Co-2 MBS
519 10
£ 7 11.4 563 166 4 e, amt—®
219 20
;o el 99 50 13 = N
Ko TRAT ST 11.7 599 %0 166 4 60 C, -2 T % i IR
569 10
SRR 11.9 613 269 166 4 20 RO 1
80 55
619 10
LR =R 12.3 663 166 4 Be,-2Et Tm
169 30
669 10
ES RNl 12.7 713 166 4 e, -2t g
169 30
769 15
N 13.2 813 166 4 Be,- R A
169 35
869 15
xS AN 7 13.6 913 166 4 RN/ RV
169 40
80 000
70 000 B0.5 mmol/LZ % =1 mmol/L ZE% @ 2 mmol/L Z.Fg %%
s (5)8 888 04 mmol/L Z.FR#% 05 mmol/L Z.FR%% 01 8 mmol/L Z.FR#%
= 40 000 BIOmmol/LZE%% @15 mmol/LZE% & 20 mmol/L Z.E%
F 30000
20 000 ;
10 000 .‘-‘ i
0 £ ¥ b £ Wucs it
NPT P S gl G g N AR R
B T R R X e B R X R B X & X7 X7 X XX
% FZ«@{\ V&@) V&@(O sz@?‘ F&@z& v&@é& Wﬁgf Wﬁ ,%@* Wﬁ*@@ Eﬁ
% % % % % % %
EHENE YT
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Fig.2 Comparison of response values of 20 perfluorinated

compounds under different organic solvents

PRI, A T e A 4 Ak 5 4, a2 i )
R, T TF 200 wl B9 B R/ 206 . %43 )
JA 5.10.20.30 .40 .50 .80 100 wL HI 5/ Z JiF il
BEEYL 3 AT 20 Bl 4 L& 1S 25
RAEVEAT X E S5 R0 R 3, I 3 AT LLE Xt
THE 10. 0 min N UERY 9 Fh 25L&, 5 H
B/ ZHEMA A 5 ~50 wl i S 20 )07 {f 3 A
B B/ M TN S 1 3 0 32 T 38 K H 1 i A
N H R CNE AR 50 wL J5,  F 34 0 )
EHAEA K TRUE IR, X F7E 10. 0 min J5
R 11 P ARG, S B/ BN A &
5~50 wL B, - 2w iy {8 3 A [ P/ 20 A S

ARG I 3G R 5 M A b AL 50 L )5, bl & H s/
CNE A S 185 i ~F- 347 o 1o 328 T ks o AT
LRG58 20 M4 AL G W Y I R RO e R (B S
2 i H I/ RS BBl 50w,

i b B/ OEIMAE R 0~100 pL A, 4
S AL B O A BE TP I/ 20 06 A R £ 8 i G
K, BAERIME R 50 pL, P RESFLSY A
5 RURH i 157 4 24 R 2B B R S 500 ~ 800
L R Hm R (B 4 B0 3 TR, H R 2
A 20 Fi 4 G AL A W IR ) B2 AE A
25 WA BRI AT S04 T R B B
) 42 1 348

120 000

100 000 B5ulL ®10pL B20pL E30pL
g 80000 240l ®S0pL @80 pL 100 pL
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Fig.3 Comparison of response values of 20 perfluorinated compounds to

different amounts of organic solvents added

2.1.4  FERRTER AR

e il v B 29 O 10 ng/ LAY 42 SR ALA W 4l K
PRoKEE BT AR BB 10 mL 3 3500
PR TR 24 B W PP L. 1 {0 PP R AR (L
PP Jifi 7 W 3% B0 AR B B . B A 40
ST 3 A A 09 4= 31k & 0 i br K 3 W, 47 5
w5 BT 4 C KA TP ORAE 20 h DL b o kAT
e, a5 R 4, B 4 0] LA YRR L 7 3% 5
AR AE 20 h DL R 2 — R e HZ )5 1

WA %) A 2 ST 0 ) D DO (LD 8 o8 T 3 A
@ PP AR AF B ARE & T AE 42 9T — PR Z i
WA 14 R v i e A 0 1 ) O 5 G A £ A7
FAREERL 22 A K, P, R P B E O AR AT K R
(T B X R AFBOR AR o
FHUEC RV B2 158 10 ng/L 1 4 5 Ak & ) 2l
AKINFRAKRE B F A PP R (LB B,
MO T RCH] 3 M KK AERCE 2 d )5, I 3 )R
Bt PP R 3 RS (5 35 B P Y 42 SR AL & i
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(19 1 4 4 9 Al & 0 1 IR0 L 875 2R w5 T A 4 PP

160 000

TRAFRE AL T 7 4 98— R 22 BT H e ) J 8 A
il 4 SR A 0 9 I B (EL 5 B PP DR AT A i 22
BIAK X 5E 4 PoRgs R—3,
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Fig.4 Comparison of response values of 20 perfluorinated compounds to

storage containers with different materials
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Fig.5 Comparison of response values of 20 perfluorinated

compounds stored in different materials for 2 days

2.1.5  FEREXREELIE
Fic ] 9 B 2410 10 g/ L 1 42 S8 AL & 9 4k hn
PRoKFE BT 2 mL BESS SR o VRORE €5 (L
FERS AL AT DL B i I BE Y Ll 4~ 40 C A
I, 3 K 2R R DXL B O 4,20 ,40 °C 4T U
ELVEMNRETEENE S WK, AR K6, HE
180 000

6 AT LAFE H, HHEFEIXR EE 4,20 .40 CH 7E4
ISR Z AT 11 Fh 4 Ak 5 W Y e 0 B 22
FIARK ;e IR BE N 4 CHE, 250388 X A =
Z 5 M 8 4 G Ak W Y e A B . T
FEIXIRJE R 20 °C F1 40 C WY TEM . R, e 7E
PERE X IR N 4 °C iR RE

160 000

140 000

K 120000

1= 100 000

E 80000} 4
60 000

40000

20 000

=+ 20C = 40C

- 4T

EFAE MR

Bl6 [ RIERER 20 F 2 H L &40 A E X Bt

Fig. 6 Comparison of response values of 20 perfluorinated compounds at

different injection zone temperatures

i b RO S0 A 20 B4 g AL S W Y B
AN TE 25 1F R < S DRI B I K R i AR e Bz A
50 mL KA A AR IR TR 2T, T — U 3 A

W S 2o — WM B B 2T 4 2 JE A L AR5 B 930 pl
IS B K AEE T 2 mL BEES HERE LR, in A 20
WL R (W B 5 mmol/L) A1 50 L H
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B/ N TR A1 e B AL A | I35 5 2F A R R
100 WL, BLAh, 5250 U7 A a4 L FE B 4 2 T 5
FH 3 2 R 0 R 4l K o vk S R . 7 e R 1
T ,20 Fp 4 3 AL A P EE] L3R A5 0 R 04 e 0 {E AN
Mk
2.2 FHEEMG
2.2.1  ZetkJr RN R

e i o = Wk BE 43 il o 1.2.4.5,10,20,50,
80,100 ng/L 1Y 20 4 1L & W TR & br W R

H) Jf1 Hopoim A 15 Bl AR W (R EE B R 20
ng/L) BT ALIE AR il TAEITZ . X
FRUEE S 1 ng/L Ml 2 ng/L B4l KK AE (4% 7
A HEATIE 48 A3 MDL =1, o9, Xs TEE 74
Kt B, MEEERE n =7 B, 0, 00 N
3. 143, 20 Fh 4 3k & 9 i Kt B R 1 O R O
W3, mER3WLEW ZI7TETE 1~100 ng/L
0 HIN &M RAF A E R B R T 0,995, £t R
$90.1~0.6 ng/L,ME FRH 0.4~2.4 ng/L,

K3 20MEALEGYRIREHZE BXREMEHR

Table 3 Standard curves,correlation coefficients,and detection limits of 20 perfluorinated compounds

R D7 A PR/ (ng/L) LA R r
T 0.2 y=0.811 4 x-0.010 0.999 9
£ 0.1 y=0.962 7 x—0.019 0.999 9
T BeifiiR 0.1 y=0.968 4 x—0. 022 0.999 5

LR R 0.2 y=0.923 5 x+0. 004 0.999 5
4 0 B i R 0.2 y=0.970 0 x—0. 008 0.999 8

£ 07 0.1 y=1.767 x=0.012 0.999 2
A9 C BE i R 0.2 y=1.134 x-0.012 0.999 9

2R 0.1 y=1.963 x-0.011 0.998 0
2 B i R 0.2 y=1.252 x+0. 008 0.998 6

LR 0.1 y=1.053 x-0. 004 0.999 2
2 JF BE Tt R 0.2 y=0.961 4 x—0. 006 0.999 7

AP S TR 0.5 y=1.831 x-0. 026 0.996 0
2T Bl iR 0.4 y=0.876 8 x—0.011 0.999 7
LRt —m 0.6 y=1.408 x+0. 042 0. 998 7
4 JIE ot Tt R 0.5 y=1.508 x-0. 056 0.999 2
o8 I 0.6 y=1.428x-0. 029 0.999 6
LR =m 0.6 y=1.158 x=0. 029 0.999 1
AR 0.6 y=2.032 x-0.019 0.999 7
SR 0.5 y=1.004 x-0. 033 0.997 0
£ AN 7 0.3 y=0.983 8 x—0.016 0.999 8

2.2.2 AN SR NG %

e Sl J3R 5 v B 439 A 2.10,50 ng/L 4 20 Fh
2R WS A MBRKFEL 6 4y, IEXT LR K b
K AR KRR AT AH ) B I Aw Ak B 25 R Dk
4~ 7, HFEA~F T, 20 FhEFALE Y
Hit 2 KA SBR[ R 71, 8% ~ 119% 5 b T /K
FES IR B Ry 72, 8% ~ 123% 5 i K KE 5
o 4 NG e it R Y I A ] e R A e (124% ~
141%) 5h, Fo 4% 19 Fi m s [ 71, 4% ~
121% o PR 0 ¥ 7K A i v 4 902 TR 1 AR DG vk 32
B0 (45.6 ng/L) 8O H 2 ng/L AR B s A 1R
A OO 0 7 NI 7 3 -2 B ) | R 0 = 7 A e )
AAXF AR AEDR 2% (RSD) M 0. 4% ~ 10. 4%, L4 F
o [ S 56 RTORG 5 8 50 08 I 12 T E R L T A
R PR UE I 72 25 5 0 v ff R R R g A 2 SRR A
Yy FH 55 AR G IO 08 PN bR P AT TSR AR

H Al & 28L& W N bR ) Fh SR 800 38 T sk
NG EFAEY ——XT N, B, W E 2 F
SR & B TR AR H 2 2wk s
YN
2.3 ZERERSN

BTG B 5 3, 2 UG R 7 M 3R KK A
(MoK 1 MK 2 HhRK 3 HIZRIK 4 Hi KK
S)MIM T KAKFE (MK 1 7K 2. 8 F 7K 3,
MUK 4 MR K 5) RMNVE K OKFE (K 1)
1720 P 2w AL & Wil 2 , 45 0 WL 3% 8, Mg /K 2
JAE 2 R RO W] i 22 B i K
FE S, FLI S 58 —HE IR KRR i e, 75 7 B 2tk
FUH R AL B A B . R 8 WA AN I KRR
1) 20 Fl 4 AL G WA A SO TR . FE RN 11 4y
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x4 20MMEFUEYVRFERENEREE
Table 4 Precision of 20 perfluorinated compounds at low,medium and high concentrations
- AR M BE A7 (2 ng/L) vk BE AR (10 ng/L) 1o MR BE AR (50 ng/L)
M/ (ng/L) RSD/% SEHME/ (ng/L) RSD/% A1/ (ng/L) RSD/%
LR TR 2.35 1.8 9.26 0.4 48.3 0.5
2R 2.30 1.7 9. 40 1.4 48.2 0.5
T bR 2.19 3.2 9.54 4.9 48.5 4.8
£ N 7 2.21 2.6 9.19 2.5 47.1 1.8
4 PR St B R 2.12 3.2 9.25 3.5 48.6 1.7
RBPER 2.27 2.8 9.19 3.1 48.2 2.4
A O bR R 2.30 4.2 9.34 1.7 49. 4 1.2
A R 2.28 3.3 9. 10 2.9 47.6 2.9
42 IR o i 7R 2.29 2.5 9.02 1.9 45.8 3.3
ERTMR 2.16 4.5 9.16 4.1 50. 6 5.0
AT DR IR 2.16 1.4 9.11 3.1 48.6 3.0
o 1.99 7.8 9.33 7.3 50.5 5.5
T BRI 1.98 4.6 10. 4 6.0 58.5 6.7
Rt —® 2.29 5.4 10.2 8.3 45.9 6.3
A FH S B T R 1. 80 8.6 9.16 5.5 47.3 3.1
o 2.20 8.7 9.35 10. 4 50. 8 8.8
LR =M 1.91 3.0 9.08 3.9 49.8 7.0
A R 2.15 7.5 9.02 7.3 58.0 3.3
£t WA 2.17 6. 1 9.61 5.9 53.9 3.4
S NR 2.16 3.1 11.1 6.0 50. 4 4.7
x5 MRk 20 MEEMLE YA INERE KR
Table 5 Spiked recovery rates of 20 perfluorinated compounds in surface water
57 ARV BE AR (2 ng/L) Y BE AR (10 ng/L) 1R M BE AR (50 ng/L)
Il 2R/ % RSD/% EH /% RSD/% I/ % RSD/%
LR TR 102~ 107 1.4 105~107 0.6 107~ 108 0.4
AR 99.1~108 2.8 103~ 106 0.9 106~ 109 0.9
LT e R 105~116 3.4 98.9~113 4.6 94.7~111 5.1
Ko W 7 99.0~115 5.0 103 ~ 108 1.6 103~109 2.1
4 PN St B TR 91.2~111 5.4 106~ 114 1.9 108~ 117 2.3
AR R 104~ 110 1.9 100~ 107 2.1 103~111 2.8
429 O e B TR 94.0~110 5.1 102~107 1.7 106~111 1.7
IR 96.0~111 5.2 98.8~118 5.2 106~113 1.9
A F P I R 85.6~102 6.4 99.9~108 2.9 101~113 3.4
TR 97.5~111 5.5 106~ 115 2.6 109~118 2.7
AP B I R 92.3~111 6.6 105~118 3.1 109~116 2.1
LRI 80.3~101 7.7 81.7~93.9 4.5 82.0~90.7 3.8
A T B ii R 76.8~95.2 6.8 78.9~89.7 5.4 82.6~92.7 5.1
R —R 106~119 3.6 109~119 1.8 102~119 5.1
A28 BE TR TR 83.2~106 11.4 84.2~93.8 4.5 92.0~119 10.5
LR+ TR 78.1~106 10.8 102~118 5.7 97.5~118 6.0
L = 80. 8~ 103 8.8 90.4~115 7.4 85.0~99.7 5.1
R 92.8~109 5.6 96.1~118 6.1 90.2~117 9.2
A NR 112~118 1.6 92.0~105 3.6 97.8~104 2.6
ST WAN7d 76.2~85.5 4.3 71.8~84.2 5.6 97.2~113 5.5
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Table 6 Spiked recovery rates of 20 perfluorinated compounds in groundwater

- AR M BE AR (2 ng/L) Y BE AR (10 ng/L) 1o W BE AR (50 ng/L)
ER &L RSD/% 1 2/ % RSD/% 1 2/ % RSD/%
TR 94.2~104 3.5 97.9~100 0.5 100~ 102 0.4
AR 96.2~103 2.8 96.2~100 1.7 98.2~103 1.4
T bR 92.9~108 5.0 98.9~118 7.8 97.6~116 4.9
2RO R 89.3~103 5.3 92.8~100 1.8 96.0~99.7 1.4
A FR o T TR 103~112 2.7 103 ~107 1.3 106~112 1.8
2 RPER 97.6~117 6.2 93.7~105 4.2 102~107 1.4
A9 O bR R 91.4~107 5.5 95.1~101 1.8 101 ~109 2.5
R IR 86.8~107 9.8 94.5~109 5.9 92.2~111 5.4
A T BEE I TR 92.6~103 4.5 92.1~107 5.1 88.7~96.9 3.0
TR 89.9~102 4.6 93.3~103 4.5 96.5~108 3.8
A DR IR 86.1~102 6.7 95.2~103 3.0 102~111 3.3
TR 80. 6~ 106 11.6 94.7~112 6.4 104 ~120 5.0
AP T B i R 84.4~105 7.6 87.3~109 8.2 95.0~115 6.3
R+ —R 94.8~110 4.9 108~ 117 3.2 105~121 4.7
AP e T R 96.1~112 10.6 115~123 2.0 103~117 3.9
(o8 T 83.6~104 9.1 103~119 4.5 101~121 5.9
A =R 113~122 2.8 101 ~114 4.5 103~118 5.3
A R 113~119 2.0 87.1~118 8.9 77.4~105 9.1
AR 103 ~120 5.5 108~122 4.7 107~119 3.9
K TR ANy 75.8~84.2 3.7 72.8~82.9 3.9 73.2~82.7 4.5
Fz7 kT 20 FMEELEWEINERE KR
Table 7 Spiked recovery rates of 20 perfluorinated compounds in seawater
57 ARV BE AR (2 ng/L) Y BE AR (10 ng/L) TR BE AR (50 ng/L)
T R % RSD/% TR R, % RSD/% B/ % RSD/%

LR TR 92.8~110 6.0 103 ~109 2.1 107~ 109 0.7
A TR 98.4~107 3.3 102~108 1.5 104 ~107 0.8
LT B R 93.8~107 4.5 101 ~120 6.2 99.2~110 4.1
Ko N 7 97.3~98.7 5.4 100~ 107 2.8 101~107 1.9
SR o s 1R 124~136 3.0 135~139 1.0 136~ 141 1.1
AR R 92.9~107 5.6 99.0~109 3.1 104~109 1.5
SR O e TR 95.1~110 5.6 103~ 109 1.8 107~112 1.8
IR — — 86.2~96.6 5.6 110~119 2.8
AR I R 102~119 5.5 90. 8~ 102 4.0 82.1~90.5 4.0
2RI 85.6~96.6 4.8 93.0~103 4.6 97.0~109 3.9
AP B R 95.8~112 5.7 98.9~109 3.5 100~112 4.3
LRI 107~ 114 3.3 100~ 112 4.0 102~115 4.9
A T B iR R 80.0~89.6 4.5 106~116 3.4 97.6~107 3.5
2R —®R 93.1~108 4.6 99.3~110 4.6 80.9~93.3 5.5
A FRBE E  R 93.5~102 3.4 96.4~113 6.1 106~119 4.5
LR+ TR 89.9~103 6.0 93.7~106 5.0 86.2~102 6. 4
LA =] 85.7~96.0 4.7 107~118 4.1 112~121 2.8
A R 86.0~107 9.5 103~112 2.8 100~109 3.0
K T AN (4 83.6~90.6 3.5 94.9~106 3.2 97.2~107 3.3
SR A NR 75.4~83.3 3.5 71.4~76.6 2.4 71.5~76.3 2.3

V¢ 2 AL B AR AT B
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Table 8 Content of perfluorinated compounds in actual samples
o 3 V5 Gy b 8 Je 5T FE e BE / (ng/ L)
EETE A /. ERTH .. BRKE EROH o EIRVLE e
ERTHR 2FKR - L O MR Wi 2B - LHEFR ERTR - Lt —R
HFEK 1 6.9 1.6 1.2 1.6 A 0.9 0.2 7.9 0.3 1.1 R A
K 2 3.2 0.7 0.6 2.0 AR Hh 0.5 E oA 2.4 0.1 0.2 A A
K 3 3.3 0.5 0.7 1.4 AR 0.5 AR A 2.0 0.1 0.7 A
K 4 7.9 1.8 3.8 17.9 0.8 1.2 1.8 10.0 0.5 1.2 0.6
K 5 6.4 1.6 1.0 1.4 AR A 0.7 AR 4.3 0.3 0.9 ARAL
HFK 1 9.2 4.5 2.5 3.8 A th 2.2 2.1 11.7 0.2 1.8 RA
K 2 9.9 3.5 3.5 3.0 AR 1.7 2.2 10.2 0.2 1.4 0.9
R K 3 4.0 1.0 1.1 1.0 AAG 0.6 ARG 3.6 AR A 0.6 ARA
K 4 5.3 1.4 1.9 1.3 AR 0.9 0.4 5.3 AR A 0.6 0.9
RS 3.9 0.9 1.2 0.8 ARA 0.6 0.3 3.6 AR 0.4 RA
MK 1 26. 4 9.6 2.9 12.5 A 2.7 0.5 45.6 0.6 0.4 ARA
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