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Determination of Anions in Acidic Mine Water from Pyrite Ore Mining Area
Using Solid Phase Extraction and Ion Chromatography
LIU Ling, WANG Li-xiang, WU Yu-xin
(Shaanxi Academy of Environmental Sciences, Xi’an 710061, China)

Abstract: To rapidly and accurately determine the concentrations of F~, CI", NO,", NO;™ and SO,
in acidic water from a pyrite ore mining area, the chromatographic conditions such as ICS-1100 ion
chromatograph and flow compatibility ratio were improved and optimized. Specifically, the hydrophilic
TonPac AS19 anion exchange column (250 mmx4 mm), the TonPac AG19 anion protection column (50
mmx4 mm) and the AERS 500 automatic regeneration inhibitor (4 mm) were selected. A 20.0 mmol/L.
KOH solution was employed as the mobile phase, with a flow rate of 1.0 mL/min and an injection volume
of 25 pl. Solid phase extraction pretreatment was adopted, and the retention time of each component in
the standard chromatogram was used for qualitative analysis, while the chromatographic peak area
external standard method was used for quantitative analysis. Compared to traditional ion chromatography,
this method achieved rapid detection within 9 minutes, thereby enhancing analysis efficiency by 40%.
The optimized method exhibited excellent correlation (>0.999), a low detection limit (0.006-0.016 mg/L),
high precision (relative standard deviation was 0.2%—3.9%), and a recovery rate range of 89.2%-103.0%.

The determined results of the certified reference materials fell within the confidence interval, with a
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relative error range of 1.9% to 4.8%. The proposed method is characterized by its simplicity, rapidity, and

high sensitivity, making it particularly suitable for the detection of anions in acidic water samples with

complex matrix.
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1.1 EENERIRF

ICS-1100 B T {11%4% (Thermo Fisher) [ff TonPac
AS19 B & F 43 B # (250 mmx4 mm) , TonPac AG19
I 8 54745 (50 mmx4 mm) , AERS 500 [ )4
P45 (4 mm) , RFC-30 kB A 3h A& 2E 4% , AS-DV
H shitFE2% , Milli-Q Reference #1401 7KAL .

FAL Y bR UEVE T - 500 me/L; ALY b 17 W -
500 mg/L; fiff PR £h AR MEV W : 500 mg/L; B F #h A
WEVE W 2 5 000 mg/L; Vil R £8 B M 75 W < 100 mg/LL
(T A bR RV TR 3 oh A S PR B TR IR B AR A S I Y
L) ; OnGuard 1T RZFEE S AL FEFE: : OnGuard [T M
AL FEAE  OnGuard Il Ba FiAb AL OnGuard I RP Fi
Kb FRFE (Thermo Fisher) o
1.2 BFEEGRREG

K 20. 0 mmol/L 1 KOH Ky k89, L K 45
mA , JL# 4 1. 0 mL/min; & 4] AERS 500 H 2l #4411
il 2 0 ) 5 LB 5 SR HH R SR T R A A
14 25 pLs AR 30 CL AR (1. 45~1. 72)%10" kPa,
1.3 HMmAraiE

BEVE T 10 59 TR M b FR K H R KRR SR
0. 45 wm K AH L 8 Sk 3 U8 5 B R E AR SRR M I K
T ARG HARAETS e W, ¥E ] OnGuard 1T R FAE i 10
ARFRAEPEAT AR B, N [ 28 A (1% T Ak B 1T D AR Al
F 8 AL B S RS L 0. 45 um ZK A 3 8 Sk 1
Ja BEREI AT . T B RS, OnGuard 11 RP i 4h B
FEAE FH AT R A S mL B EELL 4 mL/min A9 3 36 15 16
AER PR 10 mL 46K DL 4 mL/min A9 T 6, 8
AN 20 min J5 &Y. A RESESRER
W T 4 ‘CLUT A5, BEGIRAT
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2.1.1 (it
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W) R 2 R R D B s o A . L
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3 85— o s I, o w0 B A FH K R i 9 S
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B35 53T B S 0 R R T 32 ) N B TR
BIRRMAERIARR . RV AAAETT S
Sk K AR A AR A7 PR A B A 5 T A AEUAR
IRV AE 28 2k T 25 5 B AR LK, DU R AR Sl
S AR TR EE IR AR TR B 7K R E /N
FIE T4 b 3 2 0 ik 55 08 B AL 0, e R S SRR K
VRWRIAR 7R o 350 5 S5 X U SN AR C b 3 S A
GO TE SR AT IR, 24 5 B AH Sk 20. 0 mmol/L
B KOH i3 A 1. 0 mL/min 6] #5% B 3 4 45 mA |
HEFE TR 25 WL B, AT DA S FPBH 25 (F~.Cl7\NO,",

NO,™ SO ) REFHY 43 85 . Wi sl AH KOH 5 4l /K iy e
Eb X 0 BT 5 SR 2 i 38K, 24 KOH=18. 0 mmol/L B ,
FEAN AR A (3% 4544 T, 10 min PN 58 B S P TS
F 2RI GARER A 48T, 2 CIFINO, i
B 24 KOH=22. 0 mmol/L I}, 8 min N 5 I K&
D, {H NO, 1 SO,> PR Fh ES F AN BB 58 42 43 B9, 52 M L
B 25 R 5 24 KOH=20. 0 mmol/L i , F~ . Cl" \NO," .
NO, SO, F O/ B8 I 18] 43 51 4 3. 561 4. 791.5. 564,
7. 144 F17. 807 min, 7£9. 0 min PN A i 5 Fh B B 71
P 1 ) o 0,35 e A R4 53 2, 3K B ERA A8 B I RROR
(1),

60
50
S0 NO,” S0,
@ N
=130 oo ‘\(\ |
=20 1 A\ NO, J\ I
0 R, T | N
o 1 2 3 4 5 6 1 8 9

t/min
E1 SHMPEEFRERE
Fig.1 Standard chromatograms of the 5 types of anions

AT 0L, 24 KOH=20. 0 mmol/L s} A] {fi £ 25 1
I3 58403 1, DR AR A IE L (] A A 000 P )
M AR 09 15. 0 min 4540 % 9. 0 min, 4275 T
IIHTRCR
2.2 BRMEKEERTANIEFTIERIESE

FRAEK 6 & A BARVE B B IR (TR Eh R W
iz A PR SFE R BT K RE o SRS 2R A R 1 7K
FEdh A BEEVERE A, AT BB TS Gl B 1 g A i T e
RAERL, 20 3 HE A, BOH x5 8 58 H.
i 2 0 BE IR IE | L Rt S0 4 gl 2 A5 )l e ¢ o
AR I3 B 75125 189 SRAURE , DT 532 e A it 00 5 45 2R 114 1
TR o X T e v BE A A SR AR R PE AR A R = 2
A E , B RS b oy B A A IS Y
T AL, B 8007 RN R A O Y AT AR B . B TT
T J2 M R R 7K it A R 100~1 000 5 Ji5 P 328 4 43
B, F RS AR i T D0 SR IO o Y 5 A A Y
Hir KA R A B8 5~k P> 1 mg/L I, 328 FY A1 ]
Bz B [ AR ZE B (SPE ) ¥ #4720 3R] LATK B fR 47
OIS AR H R, S P s KA S W ICH A
AL & ¥ 557 &AL 4 ] 2R H OnGuard 1T RP 31
AL PRFEEY C18 TUAL AT HEAT AL P s i 5 Jm 2 1
B GLRAR 2 7] 4351 K H OnGuard 11 M i
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FO B R AR TS G ), -0 0 R 1 7K A 3 3 A N 1Y
SPE /MRS AT 538 o IR Sk
Jiih M ZRoK AN T 7K i 0. 45 wm KR I 38 3k o 0
J& EAZHERE BT, 6T M 0 B S KRR
FE 10~50 15 J5 FERE S0 M7 5 %47 R 1k 1R 7K 7 Sl i B
50~100 1% , F3 33 OnGuard T M 4 25 B4 8k 4 25 5 8
& BB TG BT SRR s A R YE R K &
A BRI SO, T B BE 50~ 100 15 Y 7K R 3 2ok
OnGuard Il Ba #: 2Bk SO J5 , # FHR 40 #1 F . Cl
NO, \NO;™, 4 J5 2 2 B 500~1 000 15 /5 F- 53 Bt
SO, 5 % F A ALY B A vmn A IR M A2 K, 5 Sl il it
OnGuard I RP Fi4b PRAE AL B 5 F M7 -

2.3 AHEEM

LI AR R A ORIV 7 == 3 Sl N s i D < 5]
BT B B R R A, el I P 0 T R 7 {1 Ry 2 Al
Pz il n e th 2, 5 Fh 91 85 rhobs e il e e M
70. 05~80. 0 mg/L, #H5¢ R % r 4 0. 999 1~0. 999 7,
it /£ HJ 84—2016 Hr & VEJE [ 0. 1~40. 0 mg/L it
LA R Er=0. 995 12K, HAUAK IS T s iy 2k
JO R AR CER B W I 43 B 2 m A 1T 4
ARG (HJ 168—2020) , X IR 0. 1 mg/L A
FEAEATINE 9 UK, A BRAYTHEA L TR =X

MDL = 1, 490 X S (1)

FUH MDL R 5 iR H BR 5 n AR i A4 70

Bt 1000 N FHHEE N n=1 B AR FE N 99% I ¢
A3 A A CRL ) 23R 5 H 2. 8963 A n YR AF-AT I
AR 22 o

2.3.1 AHRFRESAG R DL ARG R BRI R FR L 5 0 B B 5 1A ¢
K EARE R I A R B bR e R RECAG RN 1R
®1 STIABFHXRBKREHR
Tab.1 Correlation coefficient and detection limit of 5 types of anions
. RAEIE v o | AT A S R | DAL VR 8 T | Ao s s PR/ | Al vkl
SR .
bIsT KL (mg-L™") LES S (mg-L™") FR/(mg-L™") (mg-L™") TR/ (mg-L)
F~ | y=0.474 3x-0.008 3 0.1~8.0 0.999 5 0.006 0.024 0.006 0.024
CI" | y=0.699 4x-0.0100 | 0.25~20.0 0.999 1 0.007 0.028 0.007 0.028
NO,” | y=0.565 5x+0.004 3 | 0.05~4.0 0.999 3 0.007 0.028 0.016 0.064
NO, |y=0.692 1x-0.1143 | 0.25~20.0 0.999 7 0.016 0.064 0.016 0.064
SO | y=0.218 54-0.1721 | 1.0~80.0 0.999 5 0.015 0.060 0.018 0.072
PR B A BRYEE 4 0. 006~0. 016 mg/L,  BEHI .

5 F BRYE RN 0. 024~0. 064 mg/L, 5 HJ 84—2016
i o 7 3246 H PR (0. 006~0. 018 mg/L) FTi 72 K FR
(0. 024~0. 072 mg/L) A Lt , FE AL 5 7 15 B K HH BRI
DU R BRI FET /)N

Ak NO,™ SO, 19 J5 vk A th BR 43 51 4 0. 007
F110. 015 mg/L AR TARAE2:(0. 016 F10. 018 mg/L) ,
F R A AR5 RS I 5 vk v 4% [ B - U 5t
ST T S 19 el 51 75 == 95 /J\ FEL % B %I
TN PN E P AL A e N
2.3.2 Ki%

KA G i S A XHIG P R 3 R AR
HERE S BEATINAE 6 UK, 1S4 H AH X B v
22 (RSD) , LASRAIE Ty I WA 2% B, 45 Rk 2 s

2 2 Al g0, 5 R0 B B F 19 25 F AR RSD i [
0. 2%~3. 9%, 5 HJ 84—2016 FrifE )5 7% 1 RSD 75
(0. 19%~5. 0% ) FH Eb , SRR 5 J7 7500 5 45 51 RS 2%

®2 MEFENBEE

Tab.2 Precision of measurement method

s | ZER | by | bre e oy PRI
F (Mg (mg-L™) [S/(mg-L™)| RSD/% =K
L") RSD/%
0.2 0.184 0.007 3 39 0.4~5.0
F 2.0 1.97 0.022 1 1.1 0.4~2.6
4.0 3.96 0.027 5 0.7 0.3~4.6
0.5 0.599 0.0136 2.3 0.6~2.6
ClI 5.0 4.67 0.0237 0.5 0.2~2.7
10.0 9.42 0.022 1 0.2 0.1~1.2
0.1 0.098 0.002 3 2.3 0.3~2.5
NO,” 1.0 1.05 0.017 1 1.6 0.1~1.9
2.0 1.97 0.027 1 1.4 0.1~1.7
0.5 0.535 0.004 5 0.8 0.3~2.3
NO; 5.0 4.81 0.0451 0.9 0.1~1.4
10.0 9.62 0.0220 0.2 0.1~2.3
2.0 2.22 0.0315 1.4 0.3~4.6
5042’ 20.0 19.8 0.204 8 1.0 0.1~1.2
40.0 394 0.204 4 0.5 0.1~0.6
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2.3.3 JiiLIERAE
BU50 mL 5B E dh 23 S 2EAT AR [ Wik g,
B 6 LN E (S (B R b eI o TR X TR

WE bR #E Y BT F- . CI7 . NO,™ . SO, (204728) F11 NO,”
(200644 ) 470 52 6 WK, % 28 5 B E W 1, 4%
L3,

®3 IAREY R R A IEARAEY BRI E R

Tab.3 Recovery rates and the results of certified reference substance

1T | g o e g IR o ki | R T ey |
) H/mL g ) f&/(mg-L7") 2 /% (pgeml™) | mL) (pgemL™) %/
F 1.26 1.0 100 100 3.10 92.0 92.6~112.2 1.27 1.30 1.23~1.37 | 2.3
CI” 6.68 1.0 500 500 15.6 89.2 81.7~118.2 8.10 795 | 7.58~8.32 | 1.9
NO,” 0.098 0.1 50 50 0.189 91.0 89.5~113.2 0.053 0.051 |0.048~0.053| 3.9
NO,” | 0.274 0.3 30 100 0.810 89.3 91.7~108.3 0.396 0.378 |0.353~0.403 | 4.8
SO 5.48 1.0 500 500 15.8 103.0 91.5~114.5 15.8 16.2 15.5~169 | 2.5
H 2 3 a0, SR FOCAL S 7 B Se bt i) 2.4 AEMT A

T B 5 G L 89. 29%~103. 0% , FHER T-45 i )5
5 HJ 84—2016 19 IR (81. 7%~118. 2% ) AL
J7 3 DGR TR o AT UEAR I 500 A 4 R I A
B X)L N, AR 2R A 1. 9%~4. 8%
W AR T I e 235 SRt T

2023 4F 10 H 43 5 2R AR B 2k 0 L J] 320 18 14 40 )
JE K MK R 7K 4% 6 KRR, XS [R] 28 R kg 7k
e HERE it BT A B8 7 vk o AT AL 3, R F ALk
Jei WA BT i e S R B B Pl A T e v S e Ay
Br a5 L4,

R4 TRIEBKFHABFARER

Tab.4 Analysis results of anions in different types of water quality

FE 285 FE i i s pH F/(mg-L™") | CI/(mg-L™") | NO,/(mg-L™") | NO,/(mg-L™") | S0,/(mg-L™")
RLS-LHKYKQ| 2.4 8.62 123 2.48 7.31 3.23x10°
RLS-JLY 2.2 4.64 16.0 1.60 7.34 1.37x10°
. RLS-JLYX 23 452 105 1.71 7.30 767
PR RLS-DBS 35 4.17 10.4 1.62 7.21 367
RLS-JCG 2.2 1.72 145 0.836 5.18 793
YS-LHKYKQ 25 10.1 145 226 12.5 4.42x10°*
DBS-15 3.0 0.508 6.22 — 0.274 5.48
DBS-16 3.4 0.294 6.42 — 0.283 5.66
Wk DBS-30 4.1 0.614 1.62 0.058 0.927 215
DBS-31 4.7 0.464 1.94 0.076 0.987 254
DBS-45 2.6 1.26 6.68 0.098 0.274 5.48
DBS-46 2.5 1.72 5.80 0.084 0.262 5.24
DXS-5 72 0.132 1.13 — 0.445 33.0
DXS-6 6.9 0.165 0.899 — 1.13 18.7
ok DXS-7 7.1 0.166 0.841 — 0.541 48.3
DXS-8 6.3 0.110 1.08 — 0.859 13.0
DXS-9 6.2 0.102 1.10 — 1.25 33.7
DXS-10 6.2 0.101 1.13 — 1.34 33.7
CRR Rk Tlk V5 Yo W HE AR e ) (GB 20
28661—2012) 7% 3 Hhp I HE I BR-E '
(ARG T hbrifE) (GB 3838—2002) 1.0 250 10 250
R 2 FRE 2= 2 anifERR (A
<<i&?7kﬁﬁ%ﬁ@ﬁﬁ£% {1; 848—2017)% 1.0 250 1.0 20 250
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2ANIRYEAKRE R F AR S 25 S HH GB 28661—2012
3¢ 3 P RE R R AR . T SR S 19 22 /K B 2 A
HFHE H GB 3838—2002 3 1 2R BRAA, 1 &
o1 SO, Y GB 3838—2002 2 2 H bR 1k FRAE Z 41,
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BRAE . Fr AT AT e U i SR 46 118 T M 7 ] /K v 1 B
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AR
3 #iE

ST AT DA R AR S R K S A B
W PE I B (0350 oM REHE AR S 8034 1 bR Ty
LIRS (ARG 4 B R IE A R v OR FH (A
A I A 3 0 87 B0 5 A L RS A RPN AR 52
15 L (AT RE ; 0BT it A B IR, AT 7E 9 min 52 A2
JH o T R A 2 AR R R K R
it 3 AT B — g L3 TR R DX R MK rh B 5
T A T ELAT A S AT M
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