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Determination of perchlorate in soil by solid phase extraction-ultra
performance liquid chromatography-tandem mass spectrometry

SUN Wen-Shan, ZHU Jun-Jie, ZHONG Han-Hui", DONG Ye-Qing, YU Jie, LIU Jing, ZHENG Jian-Feng

(Greentown Agricultural Testing Technology Co., Ltd., Hangzhou 310051, China)

ABSTRACT: Objective To establish a method for the determination of perchlorate content in soil by isotope
dilution ultra performance liquid chromatography-tandem mass spectrometry. Methods The samples were extracted
by 0.2% acetic acid solution and dichloromethane, purified by HLB column, determined by liquid
chromatography-tandem mass spectrometry and quantified by internal standard method. Results Perchlorate had a
good linear relationship in the concentration range of 0.1-100 pg/L, the correlation coefficient was 0.9995, the limit
of detection was 0.3 pg/kg, the limit of quantification was 1.0 pg/kg, the recovery rates were 85.2%—102%, and the
relative standard deviation (RSD) was less than 8.0%. Conclusion This method is simple, reliable, and stable, and
can be used for the determination of perchlorate in soil.
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S RES NTNCE S I1BE BUN- €75 MNP SO DNES =5 % i)
H o MR R AR SR A i o SRR s e, e
2 IR RGO R P R R AR, e R
AR, AR IEANR . m IR B A s A
MR, i A= R R iz N, TG g gl it 225
A PR 25 R T AR 2 G A R T AR, DR ke x4 38w ) o S
FRER ARG o AR H HE

e SRR R I ik s ik Rl
SRR 2 HORIE B - B R DR G-
JRE U A B I e SR R E TR TR
S KSE R PR b, H R BUZA R, Fm R 2 B
Sk TR s T - O A 2 i AR R,
HAR R B E N, FREFahiEsk, Hrk
A A, AME T W G- Tk A
R BRATR, 0PI 3, i 0 S5 ST YR 2 i R 6 S v
FE 15 Y b e R IR ER R IANER E BE AT T ERE, %07
TEATARBEEERA, SRR [R]RC, SR OB T HEAE W 4 AR i A
Wk, BORIE, RASMRIE, RIS R0 .

ASBIRFE SR P T AF A 3 s R A (3 - R R T
SE LR B R SRR, E S (R AR AN S AR B Ak,
1o AR R BAT i R UL AT 1 3 B OR, ATAL BEGT: He
a6, PRBOR B AL EALAT, BRI R AR L E
AT DA R T BR AR B, T R S R A R A
e AR AR I ) 2R, SR IR IS %

2 MRIEREE

21 MUE5EHF

LC30A # i5 JAH 4 31% 8050 = T PU LR AT A3 (g Fiy 15§
ZETR, BARHEE]); STI6R v B OAL(E E 2R K
R A F]); Milli-Q &Y 4l K A (3 F % B A H));
BSA224S HLFRTV-(TREFEZ I AF); TI8 HHALs)
FHLEERE KA 2.

HLB /P60 mg, 3 mL, 3E[E Waters 23 F]); Waters

BEH Amide Z 3 (35 E Waters 23 7)); —EF 5. &K,
R(aTEal, fEE CNW BHEA R, I B (s
af, &EFEB IR A wl); m SR ER [R) 7 3= N AR (A >
98%, F[E Sigma AF]); & AMREAR AR (1000 mg/L,
T E AR AER AT L), SER KON — 2ROk, B G 4l
VK i Milli-Q AU 4l KA kb5 3]

SR i AT I A R S R AR FHRAE

22 ®IiEEH

{6,354 Waters BEH Amide ZH:HE(2.1 mm»50 mm,
1.7 pm); FEi: 30 °C; #EFEE: 5 uL; #E#: 0.25 mL/min;
WEIA: A ZJF, B: 10 mmol/L ZIRER AW, & /KT
pH=10, PEMEIFEFH: 0~0.5 min, 80% A; 0.5~4.0 min, 80%
A~ 20% A; 4.0~4.2 min, 20%A~80% A; 4.2~8 min 80%A .

2.3 FRikFH

KA ESL ¥, g5+ 2 &N I (multiple reaction
monitoring, MRM)IGE B, B FIHS 8 BAHERIE
4.0 kV, FASF R 3.5 L/min, 1WA 10.0 L/min,
Heat Block & E 400 °C, DL 4 15JE 250 °C, Interface J& /&
300 °C, HAWA TGS HLE 1.

24 FREBRBREIHIE

P R BRI ke SR 6 R0 38 b, T T O o e
9 200 mg/ L PIFRFRIEAG IR o TG SR R A vV VR L )
S5 0.1, 02, 0.5, 1.0, 5.0, 10.0, 50.0, 100 pg/L iy
PRUERNZR o ZERRIE TAER R P AR EEN 1.0 pg/L B4
PR AR R R A
2.5 HAEILIE

FRICE SRR S (AR T, Sidr, of 0.25 mm i)
(2.50+0.01) g F 50 mL .0, A 250 uL =&k
BEEWFR(100 pg/L), HIA 25 mL 0.2%H) ZERIF I 5 mL
A, mEAIE 1 min, 10000 t/min .0 2 min, bR
WAL, BRI 3 mL i HLB /MEFZEH 5 mL 1y
4li7K 1 5 mL 3% S 1)k, B0 2 mL FF N2, e
Ji 1mL, & 0.22 pm /KGR, fF EHLINE

®1 SRREREAGHRERGSH

Table 1 Mass spectrometry conditional parametersof perchlorate and internal standard

a4 BTX(miz) Qu-fh % B /v i RE /v Qs-Th % H /v
AR T =X 98.9/82.9 19.0 35 18.0
o Rk M Bk 100.9/84.9 22.0 33 31.0
AR E AR 106.9/88.9 26.0 30 33.0
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e 2 X A e S R, e B R SR R [ A 3R W1
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TR AR . Qu-f % L R UEA T O A A5 3 5 A oS 45 1R (IR
D, WG BMEBE ., SRR, MR RE.
Heat Block 1 . DL &R | Interface I 55 & T RS EL
PEFT AL, A5 B AE RALES A R
3.2 GIEHEFREIERNML

O ARG W R AR LA R I R R B, (AR T
1o SRR P SR M FIK A P, T B B3 1 (8 R A R
SR DA R R I8 2% A2 (5 L EL A Q0 X AR 118 0 T8 AR — 22 114 43 4

FE, AREREH BUS R L, WA Cs A Ty S G AEXS
mEARER A R, TERKMEM 7% (hydrop interaction
liquid chromatography, HILIC)A& 2 ik % Hlb 17431 .

FIEHJE HILIC B i —Fl, TERERSEmoKAL S 70 i
Tz N . AL RO S AR CIEAUK, E R RRER
R TR, TRV S AH T AGE Y9 B ) L BRI
GOKHE R B TR, (R s G i e (A R, 20 e R
LIREERIWRBE N 10 mmol/L B, WERIJQBEXTFR, dkLiiin
RS FE S XA i 5 e, TR0 2 L BRIk
JES4 10 mmol/L, FRESNE/KIYY LIRER WM pH, HT
2% [& Waters BEH Amide 224 pH I FR, HZ&H0x L IREL
VAR pH A 100 [R] A B2 BRI AT By T/ SR o H ARl
BYRTH, PA5 S UF 0 BTi e N, TR R A BE VR

L SIS B AR RO A5 PF Dy S A B VR
SR8, WA pH=10 (4 10 mmol/L ZFREVE A 2N,
EIEEIILE 1. A 1 ATLLE H, DA i SR kiR
BUXSFR, AT LLEA T R B i
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Fig.1

Scanning chromatograms for typical multireaction monitoring of perchlorate correlation
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3.3 EBGTIAERE

AR ER R ZH0E T K, BOR F 4Kkt 438 rposg &
FRER UEATIR I, (H2 & IR B ENCRAE 60%~100% 2 (7],
o A SRR, A7 ST PR GE F 2R K T T
PEATHEE, TR CHMK IR TIRIG, funk
PR 0.2% 19 & 1 v W kAT B O, [l i R 7
85.2%~102%Z ], FIREJR A A S &R 5 — 48 &1
EREEAZS, MALRZ G Eas G Bk, FleE
Rt I RERR 0.2%0 Z BRI W AE A IR B
34 REEFGERRE

ARG R T G AR I . SR AR IBUR A P 4R 3 Aoy
P PSR AR R[], Y4 35 30 U 1 S ORI, 510K
PRI ) Fe (1 miin) o 3 PRy i s 21 45T L e i
SRE R B TR 4 T ik T AR, DT 650 6 ) B I
TR E) R I ER BRI S SRR .
3.5 BUFHERRE

- ERE S S B AR AR, U e T D R 25
— BRI A A UM E T8k . OasisHLB
ANEE R SEDRL R S5 K B 1 AR R 590, % 26 1. B G
R W) o AT ARG W, AR A 2SI b
I3z, I OasisHLB /IMEME LA 6 1.0 ng/L B4
FRER e I ARARMETA WG HLB /NVEE, WA I v, G [l
WORAE 93.8%~98.5%2 1], i HLB /MHEXT my SEAR R I
DAL VS TR T A WO A, PRI AT DA SR P ek 0 e T WO A 2
o FREUFESh 2.5 g, SEATAIRAREL, B0 RIS HLB
/NKE, R 0.5 mL YRR R, HERETNZE, 2 mL DA S
FRER N S 25 Rk 2R, I AR S0 7 B i AR L
3 mL, WHESHEIR ImL YRS, AR iR
HLB /MET g #E
3.6 HERIUNHEE

e TR0 s 3 5 5 1 A ) i 7 £ 5 U 55 A 1 5 1Y
MG, Wi A7 AE T Tz b, iy s s
IR M TR E 1) — S fb 59 . BRI IR U 1 7
R RN ENbRE . Fibk . SERVCEARAE LR
FEURRMEE R o ASWFFORE A 2L U0 5 TR R I ARik 2
B T B FEAASEON ) SR T ORI B AT R R . B
FREHRE AT B RN 30.5%~47.2%, [EAHZEBUA L IERE
SR A 50.1%~67.4%, [EFIAEBUSL S A7 E AR
PGS PERE M IR Ty 85.2%~102%, 1] [ AH 2 B
055 TR 28 PRI AT LA 205 R S5 02880 Xof 7 it ) S 0
37 FEMEZMTEE. ERESHEEE. RUER.
E=MR

1E 3.1~3.2 LM, FAMRERLE 0.1~100 pg/L ¥

FEVERNAT RAFIZME R, Hoh Y i, X Wik,
WA TR RN ok BE AT LR S A, ZRME R A Y=25056X-389,
AR ZRECH 0.9995, 6 H B B3 A2 38 20 25 R i AR T FAAIK
TSI R AR AR VR UG T, 24383 3 A5 (5 M LR X i
FIARVE B, 8 1T PR A0 8 38 2o 2 R A A W AR s
o FRERAR RS, MR E] 10 A5 M HL IR 1Y
Jibrve BEUOL H R A R4S (1 SRR, IR 3 A5
B XoF IO )~ SEARE o v A VAR BB A SRy B, 10 3% 175 188 BE X iz
B R HERE S R YR BEE R e R A ST AT A B R
FERBR B 0.3, 1.0 ug/kge H ki | A5 %
S35 AR AR o o o i 22 0 A, VR R B2 391
IARESRARMER 0.5, 1. 2 Rf5AAT, TRDSCER R X b o i
#(relative standard deviation, RSD)ZE R L3 2. % ik
P IR M RAE 85.2%~102% 2 7], [l i Ay 45 57
PO, JrikiMERR eSS, TR #EE RSD /T
8%, Ui B ik R E LT
2 SEBRIMEEEMEEEIELER0N=3)

Table 2 Experimental results of the spike recovery and
RSDs ofperchlorate(n=3)

AR IR WEM ER
fhghe)  Mughke)  Mughkg) %
2.50 7.36 85.2 6.58
5.23 5.00 9.61 87.6 5.49
10.0 14.3 90.7 4.48
10.0 29.8 94.0 7.15
20.4 20.0 39.6 96.0 6.78
40.0 61.2 102 5.23
100 308 94.0 7.19
214 200 407 96.5 6.43
400 618 101 5.68

3.8  SERREEMNE

iz I e A v AR R F b L R R A A R
2040y, BEARXT, EEH4E4, 110.25 mm i, SR)EHE4TI00E,
BRSO E A R AR A, W E {H AE 0.0052~
1.31 mg/kg,

4 £ ®

AT R TR IR . TR | S BhAH DL TR
FAFHATIAL, HE T R R R AR -VROR €2 335 - HR BB T
T LI R S IR ER W T i . O R R B,
WK 03 pgkg EBN 1.0 pgkg [k % 7R
85.2%~102%2 |1, RSD{E/NT 8%, MEwffE s, HLigEh
ATREL A MR SR AR S 4
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