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4 FBF Tk TERRRREAR TS B TR A B RGO A, PR R EE A S REAY AT
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Chromatographic Analysis of Anions in Agricultural Irrigation Water

LIU Jinyu, JIANG Shengping, ZHAO Juan, YAN Zhongli
(Research Center of Modern Analysis Technology, Tianjin University of Science & Technology, Tianjin 300457, China)

Abstract: For efficient and rapid detection of anions in irrigation water, a method for the determination of four anions,
namely F~,CI",NO, ,SO; by ion chromatography (IC) with the solid phase extraction (SPE) was established. Influences of
eluent concentration and flow rate on ion retention time and resolution were discussed. Meanwhile, the chromatographic
conditions were optimized as follows. The eluent is 4.5 mmol/L Na, CO;/0.8 mmol/L NaHCOj; and the flow rate is 1 mL/min.
The four anions’ detection limit is 0.002 ~ 0.048 mg/L, the precision is lower than 2%, and the recovery ranges from 93.79%

to 104.30%. The method is simple, reliable and suitable for the simultaneous determination of several anions in agricultural

irrigation water.
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1.1 SEHKIE. AT 5L

SR AR W R T AN [ X A R K 5 S v i
5518 1000mg/L B F . CI", NO; . NOj | PO} .
SOy bRUEWE, BT RS P

ICS-1100 71 &+ a%{ , £ E Dionex A H];
Mili-Q AUAfiZKAL (FFHAE 18.2 MQ-em) , 35 [ %5 F
/3] IC-RP YR IC-H AYES A/, KN
YIRS
1.2 BEEHF

5 3% # . TonPacAS23-4mm & 4 #F 4,
lonPacAG23—4 mm AILRIF A, ASRS300 il % 5 ik
Ve : 4.5 mmol/L Na, CO5/0.8 mmol/L. NaHCO; ; 7
i | mL/min; $EFE R : 25 pL; AP ER LI : 25 mA ;
FEIR: 30 °C 5 Wb : 35 C s K M#S . H Sth.

1.3 tFmErkE

A HAEWE K & A8 o, Forh gk B A A LY
K4 R e H AR 205 e B T At , FRATH 2R
I, AN A5 R S AR 25, A e BERRAIC, vl
FAF5f, P2 7 7™ A% A R AL B 5 fA7 B8 FH 19
D5 VR AR AEE (SPE) $RPL. x4 SPE /Mt
HUT 220 B R e RE PR XA i A T R AL 2. AR
PEA SIS BT R KRR, BE8E T IC-RP B (FHFBr £
KHFHEHLY) A IC-H A JHF bR 2K E SR M
WRIRHR B ) B T itk /M.

R Tk AT S RS TR i5 G, XA
R BB MR B A T (T IR S B A A T
MR R . T SEIGTE B, B A R K R BE 10
i A . BUR B G KA 5 mL, 7R S5 8% 2L
3 mL/min A9 EAKUGE TS 0.22 um JEIR, IC-RP /ME
L IC-H /M (i FHB R R A TR 1) | oy T kSR 5% B
FERET N BIE AIBOGRE S G B, 7 258 R — e IR
(R7KHFE, T mL BRI/ ESEFE 2507 3 mL KA. Wik
2 mL PEMER .

1.4 FREREHES

W R 435 1000 mg/L Y F~, CI™, NOj; .
SO} FAAPRUEA MR TC I BB =R FE 4320 2 mg/L 1Y
F~. 50 mg/L [ NO; | 50 mg/L ) C1™, 50 mg/L [ SO
(VR B B8 T RO B A T, 0 ol W B — S AR RRL A i 45 VAR
s TR B AN TR) o R B A TR A AR v VA T

AEHEAREEE H20% Fs5H

2 HR5VE

21 HERREFRRENERE

GG B A A A B R, AR SEIS e
Na, CO3/NaHCOs YE Rk, A T 5%, HR AG
PHBERK S FLCl'L NO; . SOy 4 s+, s
oA 1 mL/min. SE5RERI, W/ Na3E in NaHCO; Yk
JE AN [ R B b e £ B4 s (R 38 i, (R FHEAN R, X
E S A S N @ 5 B N I e ) B e
NaHCO; 2 0.8 mmol/L, 2% Na, CO; M E R =,
BRUTTEAN IR BE T 4 Bl S FIRcfE R IR a] , &5
BB 1 FoR. BB 1 ATHL: BEE Na,COs Wk EE 3
K, PREART S AH N AR 5. 24 Nay COs K EE A 4.5 ~
8.5 mmol/L B, 4 Fp 14 H &R E] A\ 22.0 min 4559
% 12.3 min; 24 Na, CO; ¥R EF+ 2 10.5 mmol/L K,
HBARPE A HANE /NS 10.4 min, {H NO; SO TGk
IyE. BRIk, # H% & F L CIT, NO; L SOr B+, HAr
BTSSR  WRUEH A 8.5 mmol/L Na, COs/
0.8 mmol/L NaHCOs.

l A M 10.5 mmol/L
‘ A AN 8.5 mmol/L
A “ A ~ 6.5 mmol/L
F| cr
NO3y 5 mmol/L SO+
0 5 10 15 20 25
B Bf [R]/min

B 1 mRERGNERAYIR BT & B R B R E R ImE)
BikE
Fig. 1 Chromatogram of the influence of the concentra-
tion of Na,COj solution on ion retention time
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M ILFE 1. B7E 3.5 mmol/L Na, CO+/0.8 mmol/L
NaHCO; &40, BRS040 8 BT, i)
B B B - SO AR BA BRI, bk v vk B
A 4.5 mmol/LNa, CO3/0.3 mmol/L NaHCO; i}, PO}
SO BB W/ 1.2, R /NF 1.5 FoRmiigsR
SEAr . AEMVERIK FE A5 4.5 mmol/L Na COs/
0.8 mmol/L. NaHCO; i}, & B T B EIAE 2.5 LU
b, BHTEFEIZE 25 min DAY, Hia g i 2 By
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Tab.1 Influence of eluent concentration on ion retention time and resolution

5T 3.5 mmol/L Na, CO5 /0.8 mmol/L NaHCO; 4.5 mmol/L Na, CO;/0.3 mmol/L NaHCO; 4.5 mmol/L Na, CO3/0.8 mmol/L NaHCO;
t/min R #/min R t/min R
F 4.64 13.70 443 13.26 4.347 13.11
Cl 8.07 6.53 7.54 6.40 7.330 6.35
NO, 10.45 9.52 9.69 9.46 9.383 9.42
NO; 15.54 11.15 14.31 10.15 13.810 7.94
PO} 25.60 2.83 22.56 1.20 19.593 2.66
SO, 29.00 — 23.80 — 22.027 —

T — RIS B

Cl
NO;

NO; . SO

A "% A

0 5 10 15 20 25 30
LR I ] /min

2 %R 4.5 mmol/L Na,CO,/0.8 mmol/L NaHCO;,
FREA 1 mL/min FREEFRREIEE
Fig.2 Chromatogram of mixed ion solution when eluent

concentration is 4.5 mmol/L. Na,C03/0.8 mmol/L
NaHCO; and the flow rate is 1 mL/min
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SRR AERE I, Wy 0.8.0.9.1.0. 1.1,
1.2 mL/min BF RS J153 510 8.06.9.01,9.93
10.90. 11.83 MPa. R4t Il K, SRS,
W25 ) ¥ LI VR S ik . R AR O (0 % S F R K
Pt oy M ist R0 RD 3 25 B, A 2% R A FR A s i), A

xR2

e
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Fig. 3 Influence of eluent flow rate on ion retention time
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Tab.2 Linear range, regression equation, correlation coefficient and detection limit of ions

BT ZMEEE (mg L™ S r #: B/ (me-L™)
F 0.02~2 »=0.243 1x-0.0013 0.999 8 0.010
cr 0.5~20 »=0.1902x - 0.081 7 0.999 2 0.002
NO; 0.1~25 »=0.095 7 x - 0.001 3 0.9999 0.048
SO;- 0.1~30 »=0.1293x-0.0192 0.999 8 0.010
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*3 BEEXWRERGK=6)
Tab.3 Results of precision test (n = 6)

BT p /(mgL™) T i 22 R %
F- 0.084 3 0.001 2 1.42
Cl” 12.425 6 0.165 4 1.33

NO; 8.1133 0.092 2 1.14

Now 9.763 1 0.149 0 1.53

2.4 FHiEREE

T Uy e R RO S I AR |
o AR 3 AR EERPRIEY) BT, JTHR IR 1.3 TR IR
d FTA L ke e, 251 L3k 4. S T {d
DUMELAE B T e 3 BBl PN, SRR AR b 2 S s [l
WER, BB I F BT, 58 A oA
Cl” \NO; Fl SO; HIRAPRUER . Z5RFEH , %k
R AE 93.79% ~ 104.30% , 156 B FF I 5 10 8 4k
FH P R 7K 0 BH 2 S v w4 T .

T4 MIREEERSTIEER

Tab. 4 Results of recovery tests

. p/ (mg-L™") _ .

BT ke i Weam e
0.02 0.104 2 99.50
F- 0.084 3 0.06 0.146 7 104.00
0.10 0.188 6 104.30
1 7.100 0 100.91
Cl” 6.090 9 5 10.780 3 93.79
10 15.626 0 95.35
1 5.8889 103.16
NO; 4.8573 5 9.8013 98.88
10 14.548 2 96.91
1 8.2384 103.70
SOj’ 7.201 4 5 12.232'1 100.61
10 16.761 9 95.61

P IR = GURE S - AR JIAR(E x 100%.

2.5 RHEAEBKES

T A [ 1 X8 A P R AR P 0 45 2 L3
5. BT A R 7K AR o Hh AR R i PR AN iR £
() F i, T LA I P AR K b o LAl 20
AFARUERRMESEA T T IR, ARIHIXAKRE 4 FhE+
(a2, Hodb NO; B a2z slmok, &
HIRAE S HIR 95 mg/L, @it FKBihsifES 1TV 2k
K s G FH T4l ) FUE FFRHERRAE. 30 mg/L, B
I MRBUBBRH AR, SO, B F & 7E 160 mg/L LA
T, BOAR IS RO AR A v R R R TR 4 A v PR
250 mg/L IR EAE, BT LA ALK FR H B R £6 1 1 g

AEHEAREEE H20% Fs5H

HH.F M ESRE/NT Imgl, Cl ¥

200 mg/L PAF, B4F5 bR o HLE AL 1 5 s

TEET 2 mg/L, FAMI/INTAET 350 mg/L HYEK.
*5 ETARMKREERARSNELSSR

Tab.5 Testing results of agricultural irrigation water
samples in the different regions of a city

IKFE p/ (mg-L™)

%' F~ CI NO; N

1 0.384 162.184 9.656 120.492

2 0.553 186.457 52.191 153.418

3 0.628 188.073 95.414 139.687

4 0.644 184.845 36.073 141.189
3 & iF

ARSI I FH B - i 1k 4 A 1A A R AR U
FE T BRI K o W . 78 12.3 min M58
B F~.Cl” \NO; .SO; 4 FEFmotaensE. FxtFe
A NO, Al PO, AP E RS AL, A SCGE A
WIRVEIRR B i ARl , B T 6 R Tane ok
OB AR, 5 R R A R PRAG L
PR AE R IR BRI HERE R P, v] oy
A Je A FEEIE /K FP ARSI oA B T4l 525
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