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WE #3sFeEERNER TR F,Cl,NO,,Br,NO,, HPO, , SO, , SO,” 8 #F RALM & F 89 7 %,
vA TonPac AS 14A 1A & F X ¥ &35 4 A 9474, ¥4 6.0 mmoL /L Na,CO,-5.0 mmoL /L NaHCO, & 3048, 7% #4 1.0
mL /min, EHALEG GG TAEEH TN T, SHMBEFELARTRAETLAAS &ETRLA RIAFHLNT
£ AR, MR RAHH RN T 0.999, F kA R A 0.003~0.049 mg /L. AP T 35 515 3 40 R R R E 6 RA AR L
RBEAT M, M L5 R AR AT AR AR £ A 0.62%~2.90%(n=6), Xj'lﬁ:)/\z:];]i’&[:éﬁi’&—F7K7I“T‘m:L4T75U7]‘TEM§Z1J&§/I Hm
AFREDICE A 92.64%~107.8% %7 i B IRAK 45 5 B &, EAAST , RAZBRE , 7T /2 18 min M 2R T K 8 A A
BT AT, R 3T AR PR AL & F a2 K,
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Simultaneous determination of eight inorganic anions in groundwater by ion chromatography
LIU Bingbing, LIU Jia, ZHANG Chenling, JIA Na, ZHANG Yongtao
(Institute of Hydrogeology and Environmental Gelogy, Chinese Academy of Geological Science;
Key Laboratory of Groundwater Science and Engineering, Ministry of Natural Resources, Zhengding 050803, China)

Abstract The method was established for the simultaneous determination of F, CI', NO,, Br’, NO,, HPO,”, SO,*
and SO, in groundwater by ion chromatography. IonPac AS 14A anion exchange chromatography column was used as
the analytical column, 6.0 mmol / L Na,CO;-5.0 mmol / L NaHCO; was used as the mobile phase, the flow rate was 1.0
mL / min, and the determination was carried out under the optimized working conditions of the instrument. The mass
concentration of the eight anions had a good linear relationship with the chromatographic peak area in their respective
ranges, the correlation coefficients were not less than 0.999, and the detection limits of the method were 0.003-0.049 mg /L.
The established method was used to measure three mixed standard solutions of different concentrations, the relative
standard deviations of the measurement results were 0.62%-2.90%(n=6). The standard addition recovery test was conducted
on groundwater samples from two different regions, the standard addition recoveries were 92.64%—107.8%. The method has
low detection limit, high precision, good accuracy, simplicity and speed. It can complete the determination of eight anions
in groundwater within 18 minutes, which meet the measurement requirements of conventional anions in groundwater.
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PR 55 T ik B A s i), 2t 3l 1 o S B K R
W IR T AR AR AR FR AR B RR AR S5 B 25 T
B 3 R 47 2 o N I Ml B SR v 1 KU 2,
X Hi T 7K T S A T AR ORI 7K BT Sl
KRR BRI RN 2

i SCEk R T B ik iz
T K PR LB T TS N T AR
UE — B TSI E K R F, CI, NOyT, SO, 4
P S 1 73, 4 Pl - hm o il ZedE DG R B KR
F0.999, J7 A4 HBR & 0.005~0.015 mg /L. E#fh
el SR B T I R AEK R F, CT
NO, , Br, NO; , PO, SO, 7 FiBH &5 7, Ml & 45
(9 FH o B v i 22 7E 0.80% ~3.38% =2 1], Jil A [a] i
HH 75.0%~98.7%. FEHTE R SCHEREEAN |, T
TE TGS A I E # R K F, CIL, NO,, Br,
NO,, HPO,”, SO,”, SO,” 8 Fi CHL A& T 5 .
T2 TR B R G B A G % v, R A
s e bR 7K Z2 A0 B B AR K
1 SLIHES
1.1 EZEZME5EA

BT {0 3% 1% . ICS—1500 %Y, i /7 ASRS 300 %!
I3 2 41 o e A L ARSI 1 A S £ RS e B R
(Chromeleon 7.2 CDS {4 ), 35 FEFE 8K /- BHL
FBRAFL

— ARG RS 0.22 wm, REET AR
HARAF;

W T VHET HRRE T R R B iR
VW 1000 w g/ mL, HE TR RARFE B ;

TR T RS AR BTl iR SR B A
Wi: 100 wg/mL, i EFHERHAIFTE B ;

B R A 2 AR VA W : SO wg/mL, TP E T
AT B ;

SEHS K R B4tk
12 BBIAEEH

{6, 3% k. TonPac AS 14A Bl &5 1 52 i K= (4
mm x 250 mm), lonPac AG 14A [H & F3 94+ (4

mm x 50 mm), 5 EZEER I RBHCA FRA R ARl -

30°C; sl HH: 6.0 mmoL /L Na,CO,—5.0 mmoL /L
NaHCO,, i & & 1.0 mL /min ; # #] %% & #i: 50
mA ; FFFEARR: 25 n L.
1.3 ik B

AR PR ARANTRE , W 2 B E AL R R AR . M B
1R AR Ak, S R AR PR v S W D — I 0.1%

ISR . RN HERCR ] 7+1 7 2XC ], B o
MIECH F, CI, NO,, Br, NO, , HPO,”, SO,> 7 F[
BT RNRAbRE ARSI SO,™ RAARME T AE
B

7R IR A HER W F, CI, NO, , Br,
NO,, HPO,”, SO,* 1y Jfi &k ¥ FE 4% ] 24 10.00,
200.0,10.00,10.00,100.0,50.0,200.0 mg /L, /3%
B F, Cl',NO, , Br, NO, , HPO,”, SO,” FrUfEIR K
1.00,20.00,10.00,10.00,10.00,50.00,20.00 mL, &
T 100 mL &), LK E A BhR, #25].

7TFBI B RANR AR E TAER W HROK
I F, Cl', NO, , Br, NO, , HPO,”, SO, 7 FhB &S
TR A bR ME VA W 1.00,2.00,5.00,10.00,20.00 mL,
S E T 5 H 100 mL iy, 4K ERE
PRER, 557, BLl s 7 Fh B8 RANR A brifE TAE
T -

SOy RAUARME TAERI : KBS HL SO Arife
% Wi 1.00,2.00,5.00,10.00,20.00 mL, 43 5 & T 5
100 mL i, M 4K 2 25 BhRLR, $£21,
B A SO,™ ZRFARHE T AR

ZANBRE TAEZ T 8 FlBH B T 110 i e i i

% 10
F1 RIGRETERRS S MIABEFHRERE

T FrifE 20U E / (mg - L)
F 0.10 0.20 0.50 1.00 2.00
Cl 2.00 4.00 10.0 20.0 40.0
NO, 0.10 0.20 0.50 1.00 2.00
Br 0.10 0.20 0.50 1.00 2.00
NO;~ 1.00 2.00 5.00 10.00 20.0
HPO427 0.50 1.00 2.50 5.00 10.0
SO 2.00 4.00 10.0 20.0 40.0
SO;zi 0.50 1.00 2.50 5.00 10.0
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i — R A B AR R, 7E 1.2 B A T AR
ST HAEEIRE . AR EE USRI RE i T 2 1B 2
i T J I 2 o
2 #ERE5IHR
2.1 &R shniks

K JH TonPac AS 14A [ B F 3¢ # (4 3% 4 A
TonPac AG 14A BTE 52 e 4T, AR 20 5l
4 mm x 250 mm A1 4 mm x 50 mm , B4 A AL AT
SEBLAE SRR S E R B E . AS 14A BT ES
T3S ¥ b SR TR R £ / ok R SR VR I v 1 a3
(EENCIRY ST 0w TR Uil S S i RS oty N A -
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ASRS 300 #1728 5 AS 14A €85k — & fdf A 52
PRAGMEFE A BTS2 . AS 14A [ B T 28 ki (1 55 7
ARSI R T BB e T4 5 7, Sk M, R
P ELAT R 80R, R4 R AN, PTAE 18 min PR
Sy B K WA R T, HAATG e BAR , RAEUE &,
HAMRES IR EME M, FILZESE TonPac AS
14A {6354 F1 Na,CO,—NaHCO, JishAHIAZ .
22 AFIHAMREARETRF

ML AR 1) 53 B 3R AT, Bk IR R 5 i
SR 2 BRIR SN B 25, B R RR R A —
TR TR S AR RAE N TR BAH o Sl v B Rt 1 X
5 45 SR B HER P R RT SEMES R . R BV
W AR, &y R ECGR S AH 4> B RE 12255, & BB T
Oy ESANHAR ; B B TR BN TSRO R T e R
B, BEZATRE . A5G A BTER IR R
i s AH e 2R 6.0 mmoL / L Na,CO,—5.0 mmoL /L
NaHCO,,

WAL A 0.5~ 1.5 mL / min, i i
N AN B R BA B TR A, A BT 3R AR 5 Dt ik
KIMRGEA T, s A dar . 256 %18
VEBE RSB 1.0 mL/min. & 1 FIE 2 435
RAETEE R AXES TAESAE TR, 7 Fh B B IR A br i
VS TRRE S RN SO ARiEE TR S B i . fE 1
FIE 2 ATLLE A DTES 00 B ACR I i, a3
RAF, AT7E 18 min PN 52K 8 F A A9 43 B I o

t/ min

BT 7 A e TR AR IR i ) (i ]

P2 SO hRMEEHRE S 1o i Pl

23 KMETRESEHIR

TE 12 A0 TAEZRMT, 0t 1.3 i &1
B TR AT AE , AR 2 1A R R B ()
J R AL bR, LTSI T R (v) S DAL bR 22 A o R
TR R R L A 12408 TAESR
PR RS MR (R BRAELRY 2~5 1% ) 4k
e 8 U, T HpR I 2=, AR 3 HI 168-2010 (¥
B8 W I A0 7 PR AR VE RIS T HOR S0 ) 1 e G iy
BRI T, DL 2.998 fihn i fi 22 /E A i FR, LA 3
FAe  BRAE R PR 8 Fh B F AU 2R PESE IRl £k
PEJTRE AHOEZR B A H B A PR LR 2.

R LWER.&MEAEEXRBRHREESR

HIEHRBC Kol /(mg - L)

FERR/(mg- L") HI 842016 KR /(mg - L)

B MR/ (mg- L) MR
F 0.10~2.00 1=0.2333x-0.0028  0.9997
cl 2.00~40.0 3=0.052 1x-0.0183  0.9994
NO,” 0.10~2.00 1=0.2414x-0.0021  0.9998
Br 0.10~2.00 1=0.068 8x-0.001  0.9990
NO,” 1.00~20.0 1=0.0958x-0.0109  0.9996
HPO,’ 0.50~10.0 $=0.0458x-0.001  0.9999
S0.* 2.00~40.0 =0.1353x-0.0468  0.9996
S0, 0.50~10.0 1=0.058 1x+0.0018  0.9999

0.003 0.009 0.006
0.006 0.017 0.007
0.012 0.036 0.016
0.013 0.039 0.016
0.012 0.035 0.016
0.049 0.147 0.051
0.042 0.126 0.046
0.013 0.038 0.018

1% 2 AT, 8 S AR A% B VR R L
Sk g A A AR R MR BAR
/NTF0.999, 4% B K BR 441K T HI 84-2016 (K
B EAHLBHE 7 (F, CI', NO, , Br, NO,, PO,”,
SOy, SO/ ) WIME B Tk ) Vo gk R
FUE , RAA T 2 R0 RGOS i L T K
8 Al BH S Ao e R
24 AEERE

B i) 3 o AS ) o 2 1) 8 b 91 8 IR bR v v
WL 78 1.2 A0 TAESMET, 0 AT E 6 IR, 45

FEUL 30 e 3 T, I 23 R 1 R X A v O 22
1 0.62% ~2.90% , 2= W2 J7 V245 %5 B A v, 1 A2 b
K S R K
2.5 mArE eI

BN [R) b XA T ARE B, 4300 i A — 5
=1 F, CI, NO,, Br, NO,, HPO,”, SO, 7 FBH &5
TIRA BR VA R S B PR AR PR EVAS VAL, 7E 1.2 {388
TARFMF N HEA T, G5 R 0L 40 Bk 4 AT, A
s IFR BN K 92.64% ~107.8% , 2 W1i% 07 1 HLA
R AP HERR PR T S5
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3 BEEARER
GEETE TR BT M/ (mg - L) FHIH / (mg - L) RSD/%
F 0.1007,0.1032,0.0992,0.1046,0.101 6,0.103 0.1021 1.90
cr 1.8741,1.8739,1.857,1.8677,1.968 1,1.946 8 1.8979 2.48
NO, 0.0976,0.0945,0.0943,0.0967,0.097,0.099 7 0.0966 2.09
* Br 0.1052,0.1067,0.102,0.107 1,0.1025,0.102 3 0.1043 223
NO, 0.9893,0.9676.,0.9445,0.9393,0.9736,0.9777 0.9653 2.03
HPO,” 0.4989,0.4657,0.4983,0.483 8,0.496 3,0.491 4 0.489 1 2.61
NeXa 0.5193,0.5035,0.504 1,0.5078,0.5198,0.4882 0.507 1 2.32
SO; 1.9653,1.9673,1.9389,1.9749,1.9537,1.9878 1.9647 0.86
F 0.498,0.493 5,0.503,0.4929,0.4997,0.494 4 0.4969 0.81
cl 9.5632,9.5092,9.4784,9.4797,9.6007,9.276 5 9.4846 1.19
NO, 0.5042,0.4973,0.4928,0.4916,0.5024,0.493 3 0.4969 1.07
" Br 0.4998,0.4929,0.498 8,0.501 4,0.498 6,0.481 9 0.4956 1.47
NO, 4.8422,49536,4.9123,5.0051,4.956,4.843 7 49188 134
HPO, 2.5085,2.466,2.458 8,2.4993,2.501 3,2.5079 2.4903 0.88
SO, 2.4816,2.5281,2.442,2.534,2.465 5,2.500 2 2.4919 1.4
SO, 9.4461,9.7263,9.5413,9.7717,9.7855,9.261 7 9.5921 2.16
F 0.9562,0.9835,0.9774,0.9822,0.9955,0.989 8 0.9808 139
cr 18.4913,19.0436,19.0669,19.0702,19.2161,19.2103 19.0164 1.41
NO, 0.9844,1.0191,1.0271,1.021,1.0608,1.0649 1.0296 2.90
4* Br 0.927,0.9739,0.9835,0.9446,0.937,0.931 5 0.9496 248
NO; 9.455,9.7973,9.7385,9.6407,9.638 8,9.652 6 9.6538 121
HPO,” 4.9997,4.9747,4.9519,5.014 1,4.9342,4.9992 49790 0.62
SO; 10.0888.,9.8727,10.198,10.1052,10.510 1,10.569 1 10.2240 2.62
SO 18.8264,19.0193,19.0556, 18.641 1,18.9262,19.1039 18.9288 0.91
x4 mMiREIKEKIE SR
WK1 Mk 2
BT ANCAH / Jnpr i/ M 7EAE / s / AN / Jinbri / ME(E / e /
(mg- L") (mg- L") (mg L™ % (mg- L) (mg- L") (mg-L") %
] 0.60 0.9630 102.9 0.2 0.8569 102.8
F 0.3675 o 1748 1 1023 0.6647 1.0 1.6016 100.3
12.0 142798 98.77 4.0 12.3059 95.91
cl 2.5826 250 307039 101.7 8.6424 200 27.9103 100.7
] 0.60 0.5999 99.99 0.2 0.2592 101.4
NO, 0.0000 ) 14109 1008 0.0575 1.0 1.0806 102.9
0.60 0.5820 97.00 0.2 0.2022 101.1
Br 0.0000 14 1.406 3 1004 0.0000 1.0 0.9778 97.78
] 6.0 10.5508 101.4 2.0 49025 96.95
NO, 47522 14.0 18.980 1 106.4 30239 10.0 12,7622 1004
. 3.0 29195 9732 1.0 0.9583 95.83
HPO, 0.0000 70 70738 101.0 0.0000 5.0 4.9379 98.76
. 3.0 29576 98.59 1.0 0.9769 97.69
SO, 0.0000 70 70741 1011 0.0000 5.0 5.0342 100.7
. 12.0 26.9371 1023 4.0 26.009 1 92.64
SO, 15.5935 250 13,6042 107.8 227589 20.0 404647 99.91
3 4iE BN
¥ FH TonPac AS 14A P B + 38 # {4, 3i% #, L) S % Lk

Na,CO,~NaHCO, & ZAE R W s A, & T 5+
o ik [W] B 2 s R K R F, CI, NO,, Br, NO;y,
HPO,”, SO,™, SO,* 8 Ffr & ML JCHL B B 1 19 7 k.
TR TR BRAIG RS 2 82 a7, MR e, O PRkt
AIAE 18 min PSR T 7K 8 Filt B S 7 19 43 A il
E T A 7K R LB S R R, S T K
i 2 0 B B Rk — 25 AF 5T BRI B Rl RN £
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