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i E: AEANZRKRFTEREMETEE, A MEIL ARZERMFZTFETEENE
WA AT T AL EE . A A Dionex ICS—1100 rz%% &AL, 45 F KM 3R 49 Ton Pac CS12A 1A & F
R # A2 (250 mmx4 mm)AE A 2 & A2, KA 22.0 mmol/L ¥ L& BL A ik sh 48, ik A 1.0 mL/min, #E4F
% 4 25 pL, 7T He ik o # H B BT 2 K P Lit Na® NH," \K*.Ca>F= Mg™ 5 A & F 4%, % 13 min A4k
ik TRA M, ST R T IE T E kIR T T 28%, KALIE 9 7 ik LA AR K AT (r>0.999) ,
# th FRAK.(0.01 ~ 0.02 mg/L) , 45 % B % (RSD 2 0.2%~3.2%) , Mo 47 BN & 58 B 4 90.0%~107.3%, H
EARED RN T ERELBERLRAIZA, AR L TEE A 2.4%~62%, M % 4 R EH &SI T
Fa P B F ey A
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Ion Chromatography for Simultaneous Determination of 6 Kinds of Soluble
Cations in Water
LIU Ling, ZHAO Qian, ZHANG Yi
(Shaanxi Academy of Environmental Sciences, Xi’an 710061, China)

Abstract: To accurately determine the content of soluble cations in water, the testing conditions of
ion chromatograph such as ratio of mobile phase, flow velocity and injection volume were optimized. The
contents of the cations such as Li*, Na*, NH,", K*, Ca® and Mg™ in water could be rapidly and accurately
determined simultaneously by Dionex ICS-1100 ion chromatograph under the following testing
conditions: Ton Pac CS12A cation exchange column (250 mmX4 mm) with strong hydrophilicity as the
separation column, methyl sulfonic acid with concentration of 22.0 mmol/L. as the mobile phase, flow
velocity of 1.0 mL/min and injection volume of 25 L. The detection was completed within 13 min, and
the analytical efficiency was improved by 28% compared with conventional ion chromatography. The
optimized method had good linear correlation (r>0.999), low detection limit (0.01-0.02 mg/L) and high
precision (RSD 0.2%-3.2%). The recovery rates ranged from 90.0% to 107.3%. The determination results
of certified reference substances were within the confidence interval, and the relative error range was 2.4%-—

6.2%, indicating that the method was accurate and suitable for detection of cations in batch samples.
Key words: ion chromatography;  soluble cation;  water sample;  improvement and

optimization
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KB 43 AT A2 T 5 A T v (9 R Ay, MK
R K TR K ARG 5 7K RO ZK R 7K G54
H TEHLRF P 5 7 A AILRR A T B 1 gk ik (10)
EN L PHES T (LIt Na® \NH," K", Ca® Fll Mg>) {0
FEITIEBR T 1C T Z A0 80 B 85 B 4 e 25 11 [
BRI 7 38 A IR F WO EE T (FAAS) | HiL %
A S FIRR SHETE L (ICP-0ES) L 2 I M
SRS B ER B AR A G 5 I A
A LB A A B T IR TS I (ICP-MS) AT ICP-OES
o FAAS ANBEIRI N 2 22 Fh & )& 25 7, 1 BBt
T FRE A 4 JE A W HE#RR) , ICP-OES F1 ICP-
MS 2 SR e 7] At 0 2 22 Fofr 4 (St N 4 0l A
BT T R R R A O R i R
FAERT sz Tk, BT G B — e K
PR AR A WA ) i A B ks g
PRI, 2 N7 T PR R 200 L S AR 1) PH S A
Wty B2, 1CTE AT HAE 7 etk ar
R iR X W (ENEN I Rp e e
T HITCEE M K PR AN HLAR | 0354 B EPA ff
FERBR A IR EE (1. 0 /L) ZE )

AR HF5E 3% FH Ton Pac CS12A FH B T3 B 4%, Ton
Pac CSI2A LRIPHE, 2R I HH BR R 2 (MSA) ¥4 W 55 JiE
WRE , DAL B ik 2 B S5, DL SE B [R) vk B 4
FELZK R v BH S - 1) e R B o A ST RS I
A [7] B PRS0 S AN [R] K 5 6 B BH B L 1% kS
FHA R R AL B ] 2R 22 4] 43 R sk A | RO
R 0 PR R R T RS e, SR K
BH B 2 AT B4 B 2 7
1 #M#EF®
1.1 UERIRF

Dionex 1CS=1100 & 7 (31X, lon Pac CS12A [
BB 4E (250 mmx4 mm) , Ton Pac CS12A 143741
(50 mmx4 mm) ,CERS 500 [ & -4 #1#% , AS-DV
H S FE RS, WRPE M B 8 & 2E %% 5 Milli-Q Reference
ABAli kAL .

Li* \Na* \NH," K", Ca* . Mg* £ JC & 5 Il I
(Accustandard Inc) , Li* (205205) , Na* . NH," . K" |
Ca® Mg FRiEY) Tt (202617 , A= 25 FREE 3 A v S bF
S s IC-RP FiAL BEAT: . 1C-Ag FiAL FHAE | C, AL 3
# (Thermo Fisher) o [E 7= 10 mL — 14 B FH 1T 5t
#%,0. 45 pm KA E Sk .

1.2 BFEIEEG

PA 22. 0 mmol/L H FE i iR (MSA ) Sk K 95 W 45 )3
PRI, VM 1. 0 mL/min, i 1 B AL B 2R
i (P LI R 59 mA) BEAR TS 5 5, R H A il
SR S AG T, R AR A 25 WL, KRR 30 °CL AR
1 320~1 468 psi(1 psi=6 895 Pa) .
1.3 HMmEraiE

o 34 3 v P M 2 7K BT K AR R K B i,
0. 45 pm KA U8 Sk i U8 5 ELHESERE 5 X 2B 16 15 K
JKEE SR FH 1C-RP T Ab B A 5B A ML 4 79 ikt
FEH] 0. 45 pm ZHH 98 Sk ik i 5 SRR 3 A s X0 Tl
AR OKFE 5 500 8 B K R RS e ), K e 2 9
J5 PR TC—Ag T C AL BT Ab B, AS [i] f) T Ak B
FERT LR BB A 35 P 0. 45 um ZKAH T 06 Sk g s
HERESM T o TC—RP WAL BEAT (5 FH A FH HP % A Ak
B, HLEKE U BT AR YR O T
4 ‘CLAT Vg, G IRAT -
1.4 HEHNE

it FH T B A TR v ) T L £ A R T o T
k& FHAR AR & T R, FH ARV W e LL (9 7
TR T 1 25 T € & A [R) v B B B b o T A TR
(0.1.0.5.1.0.,2.5.5.0,10.0,25.50 mg/L) . Fi#5
YA T YRR 0 X P 7 % 0 i) 7 (L 2% Wil A o T A
2R, 1725 TC BRI HE IR 4% B AH DG R 5K0r=0. 995 B, -
2 A AL FR AL S 433 AS-DV A SRR
Ja Sh B, FF LR US R T . BT IR
FHAMR S, &8 ik e i £ B3 1) 18] 55 00 1 25 4
YE) T ) B B )%k R 1 5 O T B o [
FHR 27K (HL B 18, 25 MQ - em) 523 115256
2 ZR55H
2.1 BigHREE

lon Pac CS12A #£ (250 mmx4 mm) J& T 3¢ 55
MR D RE L 1 BH B 730 e 4 B 4, e — Bl h 4 45 i
(R B BEAL I PH B 7 3c ek, vl SC B0 52 2 b 119
PR AN PR A B R B — R AR T AR 2 R R 2
F S5 rp S PR 4 TR R - 4 PBH S N, AP
A3 AR T v AR B ARG 07 Y L R A
yz il IR e 2 K B 1) Ton Pac CS12A FHES
FAHAEAE R 7 B A
2.2 HRBERIKERNRN

S e FE X I Sh AR B L | I R R e A
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S VAT AL L 2R FH 22, 0 mmol/L B BE fifi iRl
WENAH, WA 1. 0 mL/min, ERE Sy 25 nL i, AT
fift 6 Fh AT P BH B 158 240 85 . Ui sliAH HH LR
4l K B B B A AT 4 SRR AR K . S E e R
20. 0 mmol/L H JE R R 1F R bk Vi , 2641 1 30 °C bk
VEW R 1. 0 mL/min 5}, 18 min PN 52 )% 6 4 fH &
(Li* \Na" \NH," . K" \Mg* .Ca>) Z L K IR S hr A
B4 34T, (H Na* Fl NH, PRI B F A B 58 440 8 (4
ML), Ca® Fl Mg 73 15 FE AN SR AR BEAR - HL i B0
TR, FELE W P 35K, s o AT s 1 . AE AN ek
HAS BT, K 22. 0 mmol/L B LA iR Sk ik
Ve, BHESF Lit \Na* NH," K" Mg Ca* At £ £ Fisf [i1]
g5 B R 3.604. 4.230, 4.797. 5.864. 9.480 A
11. 730 min, 7£ 13 min P 0] {6 B BH 2 T 1945 HE P
Jo € 3% AT A3 B, 3R B S e B RICR (LR 1),
LU B BURR E 73 (A3 AT s E] 18 min) B 43 BT 3 R 42
T 28%,

25
20
515
om
e 10
g 5 K Mgh Ca*
i : { M
0 1 2 3 4 5 6 7 8 9 10 11 12 13

t/min
1 6FMEEFIRERILE
Fig.1 Standard chromatograms of the 6 kinds of soluble

cations

2.3 IKETEEmBETAIE T IERYIERE

A BT V5 B R R e A 45 R AR K, B =
P SR R, B AR RE AT RT RE B IR AN A B
TR T i, B A bR s 7R I R4
TRIEIRTIE |73 HE R A IR L b B AR A
[F] R, DATTTT 5 Mo 9 it D00 45 SR 1) B 2 B AIR 20 r
T3 0 RBUE B2 T0 ik AT (3% 20 A, [R] I 46
BRG] E5 SFALR a1 RS AL B
AR—EIE B T @i P LS A AT, 2R R
LC X UL B 11 o R B e . DRI, BT XA
[Fi) AR i - R DR e R AR BT 1, B
i HRTIC 43 A B8 i DRER R Z TS 0T 0 22—
1C 1A Ak 25 125 4 45 MBS Ak 3K | TR A% B | 70 i
Ab B R LA R R AL BRI AR AR
AR N R 2 B — R 5 i RN )
(75 e, T LA 0 R B s 1 2 fe B S iR

SEAR T T LA FH R A [ R A BT R [ AR
B T AR B A B 1 88 1 (e vh B S O fi i
H— A [ R 2 BORE AT LA 22 W fdi i R AR 23 B
A, —MEIEOLT X TS KRR 0. 22~0. 45
pom i 50 908 2 R ORE 40 i 7 B A P kA AN Ak B
FLEEHERE AT o X TR0 B /KR B4 B 100~
1 000 £5 - 47 A 4b B 5 FERE AT o M2 Ik
s R KA T LAt 25 - B RV B KT 1 mg/L A, [
AHAEE(SPE ) ZNFE A7 A HH AT LA 21 (137 (0 3% 1k 2R
M H . RS B K A A UL AN AL A
YIRS AL B W AT FH 1C-RP 40 PR A SR 4T A B 5 3o
U 42 @ B RN R AR 25— 1T HI IC—H A1 C T Ab 3/
FEVEATAL B 5 5808 71T JH IC-Ag A BR AT R4 7 Ab B 5
WRIRAR B 1 1] 1] 1C—-Ba TAL FEA: EA T AL 2R
2.4 FiEEM
2.4.1 AHRFRFC A H PR

5 TR A s v (1 D Y D 4 K 4 B AN ) o e
FERRAE R D, 2 A 5 53 58 S50 T 2617 4
BT, DA BH B 1) JoT o vk B R R A e, X6 7 1) 06 1T
TR 07 {F Ry DA A AR s il bR v i 2, S5 R W3R 1, W]
U, 6 BH 25— b br o il 2 7 R AH G R B r S/ R
K" (0.999 3) , £F & & 1 (i bn 7 ik th Ze M ¢ &
B r=0.995 (EK . W F NH, 25 F 5B 7 10 FEK
PE PRI AL B NH, 206y s B o 25l
TR AR — 2 HUA G R AL RE S L AR UE T R ER
FoAth 2 7 ith e LG A PR L PR S B R A% 6 JE b
HER

M CER 5 W00 43 A 5 v s M T 3T B AR 3 0] )
(HJ 168—2020) , %5 a5 th R4S 1 B AR# Bt , Xf
T2 453 10950 1 7 2 LA S A5 19 T B K s R ik B
B, SEAIAREE M 0. 1 mg/L AYRE S SEA 70058 9 Ve, MR
P 5 K U BR (MDL) =xS, 1=2. 896, 1158 J5 ¥
i BR A E R, S5 SR LA 1 RO RS B
G HBRYE 2 0. 01~0. 02 mg/LL, 1 5E T R I8 Bl N
0. 04~0. 08 mg/L, 5 /K i Al ¥ M B #5 7 (Lit \Na®,
NH," K", Ca® Mg™) (Il % #5357 ) (H) 812—
2016) bR J5 B A6 H R (0. 01~0. 03 mg/L) il & T
FR (0. 04~0. 12 mg/L) M tE , S 40 J5 09 75 v AR
Ao 4 BRI T RS . 3 R AR Y
G0 5325 45 B 125 Y9 0 Fof 1) 47 i, AR 00 22 (1] 4 2
JEE AR /N JE 2 B %k D A R 06 1T R 1Y) 5 T
BN
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Tab.1 Correlation coefficient and detection limit of soluble cations
\ , o | PRAETTEE R | A TR T | ARETTVER | AR T
BT LR I 7 AR | LR o T e :
FRAmg-L™) FR/(mg-L™") FR/(mg-L™) FR/(mg-L™")
Li* y=0.896 1x+0.018 4 2Lk 0.999 9 0.01 0.04 0.01 0.04
Na* ¥=0.310 6x+0.009 6 e 0.999 5 0.02 0.08 0.02 0.08
NH," y=0.211 12°+0.040 9 SOy 0.999 5 0.02 0.08 0.02 0.08
K* y=0.216 3x-0.122 0 2Lk 0.999 3 0.01 0.04 0.02 0.08
Ca™ y=0.323 3x+0.034 5 2 0.999 8 0.01 0.04 0.03 0.12
Mg™ y=0.546 5x-0.057 0 21k 0.999 8 0.01 0.04 0.02 0.08
2.4.2 KEEE Ak e B 210 72 &5 SR B R 3 o v

K AL AR J5 €8 3 45 14 X5 1 (0. 25 mg/L) . th
(2.50 mg/L) . 15 (10. 0 mg/L) = Ff e B i A AL 5
S PEATINAE 6 UK, THE I 45 SR F-280{E A XS BR
MW 22 (RSD) , ABS IR 7 A % B . S5 R ], 6 Fh
FHES 0925 FUINAR RSD YE LR 0. 2%~3. 2% , 5 FrifE
J7 7% HJ 812—2016 " RSD 2 [ 0. 1%~7. 0% # Lt ,

2.4.3 JrikuERyRE

50 mL (32 PR Tl B K K REREA T I [l e 52
55, Li* \Na® NH," K", Ca™ Mg IIFRVE A0 R B 20
500 mg/L. [R] A X 47 3IE bR E 9 5 Lit (205205) Al
Na* K*.Ca* .Mg™(202617) 171 72 6 K , % 2L )7 ¥
WER I 25 R R 2.

F2 MIREMERBIEREYRUILER

Tab.2 Recovery rates and the results of certified reference substances

s _ R )17y w7 ) 1 o = R s FRE | A S .
o | EARIERY | bR bR | . WO | ARy am | BEAFX A (R R
FH &1 L W/ (mg- | A/ (mg: EHME | (pg .
fH/(mg-L") | F/mL | pg ) ) K% | YR % ) | (pgemL™) | /%
L) L) (pg-mL™") | mL™)
Li* 2.46 0.26 130 2.6 5.03 98.8| 89.1~102.7 1.67 174 | 1.66~1.82 | 4.5
Na* 5.93 0.60 300 6.0 12.0 101.2| 84.0~104.4 1.45 1.36 | 1.25~1.47 | 6.2
NH,* 3.29 0.30 150 3.0 6.51 |107.3| 75.7~110.1
K* 2.62 0.25 125 25 5.15 | 101.2| 90.2~112.2 0.794 0.799 |0.762~0.836| 2.4
Ca™ 10.08 1.00 500 10.0 19.10 90.0| 81.7~107.4 1.92 1.99 | 1.89~2.09 | 4.3
Mg 451 0.50 250 5.0 9.10 91.8| 89.7~112.9 0.418 0.405 |0.383~0.427| 4.7

FH 28 2 T, SR A AR AR IS B D7 200 2 6 A FH
TS BRAE AR (1R LA 90. 09%~107. 3%,
b o 7 ¥E HI 812—2016 1 [8] Y& 53 [l Ky 75. 7%~
112. 9% Ak )5 B9 05 25 FCR AR /NF 90. 0%, F
TER ) J5 118 000 45 SR 350 7 A DX B 9 T o, AT
BRZETLEN 2. 4%~6. 2%, FBIRAL 5 B9 5 200 5 45
TUER TSR
2.5 EERHRFHEBFRESW

O3 ) R AE L F K MR K AR TG TS K A Tl K
K AT ) SRR KR, e BEORE i A B i AT
A3 SR ARAR S 08 53 B 7 % 4 FhoK A o 6 Fila]
PR E T AT Tt S . HilE 45
AT, 4B SEBRAKRE T 6 BT i e BH B 345 2] TR
U1 43 1, 6 b T 5 1k BH 5 7 4 B3 i A] A9 RSD Ay
0. 14%~0. 36% , /NT 5% , F I AL J5 1 (i 25153

BEANTRIZK 5T 6 F BH 25 - Fh AR , ik SR AT,
1 T AN [ 2B KRR v 6 Rl v BH S 1 A9 20 #r o
e K H R K FNA 16 75 K FR B LitF0 NH, A6 H 2
G, A 4 Bl BH S X Bk LR vk R
Ca>>Mg>Na'>K', A 1G5 /K Y Ca® MR foe i , L
WK, TR K Ca® MR fefik . Tk K
6 il BH B T B A L B Ca® i Mg Ak, A 4 Fh
BT AU B AR B v, BRI, AT M R K A A AR
BN T e S T RS B DR LR )
TR

3 &

HEN TR Ik R DR R K 6 il PH
TR0 T 0 A N R RO B AL
PRI HRAE AL PR faf f, n] A3 R AR 32 15 G i
GNP 1 RGN Y S U ) E o s TR U o L) (17 S
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