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Abstract : The concentration of main cations( Li* ,Na® ,NH, ,K* ,Mg** ,Ca’" | Sr’* ) in drinking natural mineral water, tap

water and surface water samples was measured by ion chromatography (IC) with suppressed conductivity detection. And the

concentration levels and distribution characteristics of the cations were discussed.The separation of cations was performed on the

separation column TonPac CS 16(5 mm X250 mm)and guard column TonPac CG16(5 mm x50 mm) with 30 mmol/L methane

sulfonic acid( MSA ) as eluent delivered with flow rate 1.0 mL/min.The column temperature was set as 40 “C.The results showed

that NH,” was not detected both in drinking natural mineral water and tap water, but it was found ( <1.89 mg/L) in surface

water.The detection concentration of Li* ( <0.026 mg/L) and Sr** ( <0.263 mg/L) were generally lower in all samples. The

average concentration of 7 kinds cations in water samples showed the following order: Surface water > tap water > drinking

natural mineral water.
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R WA, [ st 32 B g HE RIS 7K A b it I 452 1)
semg o kR WL BHES T4 LiT (Na® (NH, (K" |
Mg?* Ca®* S &5 Hirp  Li* fil S©°' B 495 R 22 [H 58
VE R KRR SR AK BB PRIC R . S & AR %
TR G 2, WAl AE 1 T RS 8%, T IR AR X
Na ™ (I WA , DA T 280 T 535 0 AL A998 008 FO AV P, 17T L™
A3 TR A LEE , BA sGeE s b I8y
FRRX RIS S AR T ET Y . Na® I K' A #l T AR IE
W15 355 15 A PR BSOT- A  7Y , HLs Na*/K* Fe il iy
AR AR A5 A 5 8 LT 1) 2 9 39— 5 R ST
Mg® " FlI Ca’* A/ Sy fiif-hk 7K oA BE Fi1458 ) Jog fol f) B L 2
B, R TR P i BRI g

H AT, X BB 7 09 A I 7 1k 32 8 B T (i
T Aot Y | R A B TR B
(ICP-MS) "7 JHg 7 W O3 1 (FAAS) 22
HIAT BB TR (GFAAS) P72 4% L 43565l 13
T FAAS #5750, MRS AR BR , 5 A% i, (ELAS ) BIR s
5, 0 HL X 4 @ B T AR — K I, FE B AR JT .
GFAAS B R i R (T 5, 3 H
WAHE W 2 XT & 8 B 7 £ o0 FE [FI B 4 i E K
ICP—MS 43T B e A6r H BRAK , {8 R Ho s & 55,
X NGB BLSR B0, B0 AL BRI, FEX UL
Jr R B OGS A I L B AR e, B AR A
B ORAREAR FEIELT TP E 0 iEm T XK
Z P BH S 14 [R] B ARG, 8] B ok 7K H i o 2
Li* (Sr** il I RE % ik B UT 7 B A I R B . 7E SEBR
NHA Z IR ERERLG, 5 T . HirE 1
ik AP TR LiT Na® (K™ Mg’ [ Ca’"
SEBE T ) SY AT NH, RS I AT R, a0 T A
M T SR K Aok RAR K T R A 7K 4 Fpis
B8 FKAE, HARSI T AL Jg Li* 5 FRHR A X A=
EYOHA Y Lit (Na® (NH; (K" Ca™ \Mg’" 45 [ &
THEAFAGI . Thomas 25 23 iR FH FH /K KK |
AEE VS K T ASTM 5 7K o BH 85 7 BE 474G 0, (EL 4 X
ST YEAT K M, 7E Singh £y 826, AL R
10 mingt 528, 7 Li* \Na® K* NH, 19487, % J7 1=
A FH TR R i K SRR S R

ARSCHE ST, T OB T I 2 oK R 7 R E B T
(Li* \Na® K* Mg’ .Ca’" Sr™* H1 NH, ), Ff- Xl 5 J7
EBEAT T Pt R EE S B A T T T L R
1 10 FRARH IR AR SR K 3 A% AR AL ZK AN 13 o i
F2oK , XA AR K K F SRR SR K
R 25 SR FEAT FL 3R, R BS R I T 47 SR 7K 7K I b X 7K
Hr BHES A B R R, S AT B IR K B i B A
Rz,
1 MBS5FE
1.1 RS UEE

FARRFAW SRK 210 B, KEE SR 58 1~10,
TR B AR K 263 Fh, 5 BIHCE bt X G RTfr
TEEAE K HE BT X VAR A R 24 S 86 25 FH K A7
WX B /N XA 7K, K BE 4 5 S 11 ~ 135 Hb 2 JK 7K
FE 13 B, 43 BUECE BN TS X A B SR ]
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Ui, KBRS N 14 ~26 5 FF LR (MSA ,99% ) (i@ 4li
7K ZE[E Thermo Fisher Scientific 2\ &) ; & fb4E I
B HE T A AR By A BR 28 7] 5 7S 7K & S AL 88
TRES AiFREE (EA AN AR AT (b Vg DUk
b TAHBRAF

ICS 2100 & F o 3% 4% (e A W2 & W 28 &
Chromeleon 6.8 #¥n4b P £ 4t ) \Ton Pac CS16 FHE T
Z3KTAE (5 mm x 250 mm) Ion Pac CS12 [HES 47
FE(4 mm x250 mm) .CERS=500 (4 mm) [ 25731 1
#%  ZZ[E Thermo Fisher Scientific 2¥H] o
1.2 ZWHE
12,1 SREETFER EWRMK: SRR E S — K1
R SRAETT ZE 4T K e koK 10 min Z2 45, 75
100 mL [y 3R FEPLIMAG RAEAKFE

HEFRIK - 5 FB R Z K W SR AE T ik, 76 T i s A
SERI LA B ORI E, SRAEARDTA K LR ##47
SRAE, VE RS K B R IR AT
1.2.2  PRUEFFMEIITECH] B S LB 7S oK & S b5
7100 CL&F T, 8T 2 h JEFREL, oA 25 S FRE—
ARG T/ mMaikd, BB A 100 mL 75 &
W, PR 4li K 75 B 28 20 BE 2%, #8757, 84 H 43 501 e i s
1000 mg/L ¥ Li* \Na* NH; K*' Mg " Ca** Sr’' it
7 P BHES T IAR R A TR, 7E 4 C KA N IR, &
ETRCFE 25 BH B8 AR ME A A5 W 43 ) TE i ke 7 A B s
FYVRG PR, 3 %) 2 Li” :0.002 ,0.010 ,0.050
0.100,1.000 mg/L.;Na® ;1.0 . 4.0.7.0.10.0 .16.0 mg/L;
NH, : 0.004 ., 0.100 ., 1.000 . 2.000 ., 4.000 mg/L; K'
0.05.0.10,1.00,2.00 ,5.00 mg/L; Mg’*:0.1 1.0 5.0,
10.0.15.0 mg/L; Ca’*.1.0.5.0.20.0 .35.0 .40.0 mg/L;
Sr’*.0.02 .0.10 .0.40 .0.80 .1.00 mg/ L,
1.23  FERATALEE  REIRIKAHT R AKIKEE  HLF oK
IKEE E R A KK AET 0.45 pom R U85 B 23
e, BTG S3HT , X Ao FH 2 2R Y B R AR AR R
BE— RS PR S HT .
1.2.4 iS5t 255K lonPac CS16 {4 3% 43 45
B L sh AR 9 30 mmol/L (1) MSA 7KW, FEIRL 40 °C
ii# 1.0 mL/min, #EAEE 25 WL, 3046 #5 F3 AL 88 mA,
M Sl iR 35 C o
1.3 HiELE

X5 P B 00 BH ES AR AR S S B e 7 Uk, Al
FH Chromeleon 6.8 ¥ 4b PR 22 G5 X+ e BE 4 g FH
ATERME NS, 15 2 M H 5 R . FEsL I E 3R 3 IRt
Fop e AL, AR A BIE TR, PR A E &
Ho X AR S HEAT 0 AR el i S 5 Sk 56 Uk T vk 1
P
2 BERESH
21 BILERIEE

43532 FH TonPac CS12 Fl IonPac CS16 [HE F 43
BT 7 Rl BHES - HEAT o0 B . SR B, Al o R A
TSN A 0 v RO A TR | T AR B AR, W L
TonPac CS12 #X%} Na® Fll NH," )43 55 B3R5 N 3 458 4
M B SR . TR =i A 45 5019 TonPac CS16 44, H.
A T TR R BE N AT A B R IR R A e BT L B
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AR SR A TonPac CS16 A4, 38 i %o (4 3% 25 R it 1k
J& IR E TR A B R,
22 mEEREMNIEE
BB AR R 40 °C, 2288 s A MSA ¥ 243514
28 30 .33 36 .40 mmol/L B 7 Fh BHBS T 14 43 55 B Fl
LREGETA], G5 R a1, 85 WoR, E MSA HE 1
NI I, A B s TR] 28 7 A e, (R 0D ) 7 T T 1 0
FEL AN T O, RERAER T 40 ol 25 1 428 S5, T vk Y
RAPEERGINASEE &, R, =R EE Y MSA i 5 R4y
M 4 B8 B 1) AS BT B2 17, 0 S350 K D Mg® 99 43 8
BEARWIREAC. 24 MSA ¥ FE T % 33 mmol/L 19T,
K*F Mg™ (94r 85 Bl 1.31, & AN BESE 44 59, 4
MSA ¥R JEREARES , K™ F Mg™ LR B B IR 1 o 2545
25 B LR B8 B TR) R 43 B8 BE B 32, R MSA WKL CH
30 mmol/L,7 FifH B3 F 58 44385 H WL E4T .
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Fig.1 ~ Chromatograms of seven cations

at different mobile phase concentrations
7 :a:40 mmol/L;b:36 mmol/L;c:33 mmol/L;
d:30 mmol/L;e:28 mmol/L,

2.3 MHIRMIERE

TE MBI A MSA ¥k 522 30 mmol/L I, % £¢ 4%
53512k 30 35 37 40 42 45 C 264 F,7 FhHE ¥
B4 43 B BRI BE B e, an 2, 25 2R o, e AR IR
BYASIE [T, Li " Mg (1 52 A 4 S I G, EL3E 2==
40 C AR EASHA 5 KR Mg (14 3 5 B b i A vk
Tl W ASWE I, Se** i H 0% s 18] AW AT RS, 855 AT
B T) 40 5 o AH S 1 €0 335 AR A TR R T, X i AR £
T AR AT, — R b v £ 3 A [ s A ) A
o B S IO B PERE I8 B B 14 43 25 B AR ARG i £
B A V] AR AR Ui 40 °C R (Al 451k .
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Fig.2 Chromatograms of 7 kinds cations
at different column temperatures

“[_-‘E;a;45 OC ,b42 OC ;C;40 OC ,d37 OC ;6:35 OC ,f30 OCO

2.4 fRAEMESHHR

JHEECHI 1y 7 Fh A & 7 RIVVE -G P HEE W,
MR I 1.2.4 ARG A VERE S0 AT , 22 7 A FH 257
PR i £, 0 B IR W BER S An vE W W (Li™
0.002 mg/L,Na*: 1.0 mg/L, NH; : 0.004 mg/L, K" .
0.05 mg/L, Mg’*: 0.1 mg/L, Ca’": 1.0 mg/L, Sr*
0.02 mg/L) HIZHRE T Y, ) & W T AR, T 58 A0 XT b5
TE 22 R0 7 B DRS485 B2, JF LA 3 A R4l /5 (S/N =
3) AT HHBR a5 RNk 1., IR RCR R
(R =0.9990) , ¥ H FE &5 K (2.5 x 1074 ~7.6 x
107° mg/L) , AT hR i 22 <4.83% .,
25 BEEMERELR

S BUR AR ER™ SRR IKAE 1 FIOKEE 2, 3047 07 15
IR B, 3 90 34 S I E 3 UK, R AH X A dE R 22
(RSD) FhnAr B2, G5 N3k 2 i, Jr ik g Ad
XA UER 254 0.27% ~4.11% , R WG % FE R 4T, ~F
PIIbR SR AE 83.5% ~115.5% Z 8] , R Tk B A
P MR R
2.6 Hmah

X 10 PR R AR SR K AR AR (3 Fp 48 IR AR 7K
FKAE 13 Fofbth FE TR KA 7K A 3 5 A6 A6 43 B, T A5
BHES FHe BN 3 s, /KEE2 F1 10 mg/L FHES T
BE PR g Xt Le B, anE 3, 7] & 8045 BH B
T4 R B e TR s — 2, BA B S .

D7 BT S BRK BRI & B0 ( I3 3) AN AE Hh 3k
IRARFERS HY NH, | HHR B < 1.89 mg/ L AR RIRE R
FRIKAEFN SR 7K A A K K BE B A 1 NH, L

K1 JREMIATRR AR BOAG R

Table 1  Regression equations, correlation coefficient and limit of detection
5T HESR(Ee| 7 *H?é;%i& Kz Hy R RSD
(mg/L) R (mg/L) (n=7,%)
Li* 0.002~1.0 y =0.8679x-0.0006 1.0000 25x107* 4.83
Na”* 1.0~16.0 y =0.2920x +0.0432 0.9993 99 x107* 3.19
NH, 0.004~4.0 y =0.3870x +0.0037 0.9990 3.1x107* 1.10
K* 0.05~5.0 y =0.1801x +0.0136 0.9995 1.9x107° 4.06
Mg * 0.1~15.0 y =0.5443x +0.0453 0.9996 62x107" 1.71
Ca** 1.0~40.0 y =0.2833x +0.1542 0.9992 24x107° 2.72
S 0.02~1.0 y =0.1403x +0.0006 0.9999 7.6 x10° 3.51
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Table 2 The precision and accuracy of the water sample
ke BT A JERAA Tk I SE 8 pIENEIES RSD
(mg/L) (mg/L) (mg/L) (%) (n=3,%)
Li* 0.009 0.010 0.019 100.0 2.34
Na* 491 5.50 9.80 88.9 1.52
K* 1.35 1.50 2.65 86.7 1.90
! Mg2 * 1.40 1.50 2.90 100.0 0.58
Ca®* 17.3 20.0 34.0 83.5 1.60
Sr* 0.064 0.100 0.15 86.0 4.11
Li* 0.026 0.020 0.048 110.0 1.23
Na* 10.2 10.3 194 89.3 0.64
) K* 1.36 1.48 3.07 115.5 0.94
Mg 6.50 6.50 12.0 84.6 0.27
Ca’* 35.7 35.7 67.8 89.9 0.44
Sr* 0.27 0.30 0.60 110.0 1.08

#3206 FlUKEEH 7 FhEHES TR (mg/L)

Table 3 Concentration of 7 cations in 26 water samples( mg/L)

KEEG S R

KT

Li* Na*  NH/ K* Mgt Ca*t St

O 0 1 O Lt B W N =

OO0 RN NN m e e s e e e e e e
GO R O~ S 0 ®a90 W A W N~ O

26

3#

JARAEEME 2
LR B TR T 1 B
LR BT RS L R A
FARE K AL R
TLVYAE S PR SR R & (IRIik)
FARE K AU R 15

T2 5 1 KA
t i FNIIPS VN
WL L E T B

(p apne ol
B T HEEE X
BN TTARBLX
BN T HESE X
B T HEEE X
BN T ARBLIX
LT P I8 X
BN LT X
M T3 11 X
BT L3k X
B R kX
B T B TLIX
N T A 22 X
BT &T FH X
BN T2
AFCH A B
BN T A 7

0.009 4091 - 1.35 1.40 17.3  0.086
0.026 102 - 1.36 6.50 357  0.263
0.012  8.30 - 0997 1.64 10.1 -
0.007  7.85 - 2.70 3.95 5.20 -
0.005 344 - 136 0570 591 -

- 9.84 - 4.74 10.9 19.8  0.097
0.004  8.49 - 0.635  3.29 127 0.125

- 3.23 - 0.071 0488 494  0.037

- 3.48 - 0.891 1.74 14.9 -
0.003 4.63 - 1.58 0.843 198  0.049
0.004 12.7 - 3.24 3.67 33.0 0.056

- 10.3 - 3.24 4.56 335  0.064

- 9.80 - 2.75 3.56 305  0.047
0.004 163 1.00 2.18 5.72 29.2 0236
0.004 182 1.89 7.03 10.3 76.5  0.133

- 2.10 - 0212 844 43.8  0.053
0.003 15.69 0.26 2.84 370 2954 -
0.003 1992 0.14 2.63 5.63 3025 0.024
0.003 10.15  0.01 2.18 2.88  26.59 -

- 11.08 - 3.35 295 1343 -
0.003  8.77 - 1.97 3.05 2534 -

- 2.62 - 1.38 3.61 2043 0.021
0.003 9.74 0.03 2.05 252 25.00 -
0.003 74775 122 0470 4797 15483 0.158

- 11.35 0.86 1.86 9.09  36.81 -

- 4.68 - 1.18 254 2353 -

T LR IR R IR SR 2 A R AR K 5 3# R LR K s - RoR AR A Y 3R 4 [

1 ST Yy

P = | 75
S
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BTG, Li * AAG HE R E <0.026 mg/L,
Se?* R H R B < 0.263 mg/L, H Li* 7EAK FH K AR
SRR B BB T SR IK AR R A 7K el 2R K K
Mo A7 FhFHES F b, K b W B e 19 J2 Na™ I
Ca’", A R AKAS IR A AW 7K T b Fe /K K AR v W 88 5

L T RARKHW SR K (WLER 3) , wl DL — 35 iy i L i
FIAEJE FE AR SR K e o
2.7 MHEFSHEHEAR

PE—2L 53T 3 RS [RIZE B A KA, I X5 7 Fh BHES
TR R R O S PEA T B (AN T 4) |, A Bl %
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Fig.3 Chromatogram of water sample 2
and standard solution chromatogram
e :3:7Jd¢ 2;b:10 mg/L (5’:%1%@3/51&0

AR A S S R S AR, F RORAE AR AR,
KRR SR IK B AR o XK IS HBHEAT 5347, 4 7 FhEH
B TR 10 PR ISR SR K AR A BE 7K SF- 2EF 7 X L
(Canf&El s) , A2 B [ 2230 v 1l O 9 101 5 PR 2
SAKABEARXT A KR L A Se (ARG S i e, B
e 0l e, A O LA RAT PR A D RE S
A S B R AR SRR AU, AR D RERC Ly,
TR TSR L RAS IR VKT KRR 8 2% S Jm e 1%
TRARXT IR A, X AT B e RIS N A % .

45-

40+

351 FRARTR SR 7K
= 30 B PUARREK
Bys]  EELIK
i 204

& 15
10
5,
0

Li* Na® NH; K Mg”
(eSS

P4 3 ZRIKAE P 2% B 1 A0~ F- S22 X EE

Fig4 Comparison of average detected concentrations of

Ca>™  Sr*

each ion in three types of water samples

407 C1
351 a2 %
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10- L
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NH;, K- Mg* Ca** Sr*

T

FS 7 R BHES 51E 10 DR
FIRB™ SR AKRE I e X L 1]
Fig.5 Comparison of concentration levels of

6 cations in 10 drinking natural mineral water samples

TE : 1~10 S A [FR P AR SRK , HOR PRI 5 3

XA T 10 A~1X .2 ASE 1 ASHgemrdt 13 A3h
DX B K R EAT XS A3 HT, an el 6, ARSE AR T
AL (WHO) L1 L 7k i iy Ca® Fil Mg™™ (1) )5t

Li’ Na‘ NHQ K 2‘ Ca>  Sr*
FH
K6 7 FhEHES 71 13 HiM
Mo AL AR BE KX L
Fig.6 Comparison of concentration levels of
six cations in 13 surface water samples from Hangzhou
XK RS BE AT 2 B TR 60 mg/ L E hELL
BRI 3 S EROK, 60 ~ 120 meg/L Sy EROK, 120 ~
180 mg/ LAy HfiizK , 180 mg/L MfizK , Xt 26 47Kk
TrRKI,9 A NEKOK 13 A EOK 2 SRR 2
AJETHREAOK R (LR 4) o o, KEARUHA SRR F
B R AT K AR 24 i T RO sl oK, s R K Y
AR 22 LR () A B s B8 T T K o [ ) 95
H4 KRB R
Table 4 Hardness division of water samples
Bt KU M K
IR N S 490  #Hok
LR BN ROV 0 & IR 1159 ok
R I LN BN 320 ok

HHE KA ER 29.2 ok

TLPR M S PR R .

4 Wi 2 (R S
FHEKALBIER L5 942  Hi#Rk

T % 7 L kT 452 ok

b SNIIPR VNVl 144 Hok

WA EE BT 5 444 Hok

iy gzl 8.4 ok

B T8 X 97.5 ok

24 B T AR X 1024 ok
HLH T HESE X 90.8 kK

BUIH THHEEE X 96.5 UK

B T AL X 2335 fifik

AT T PG 9 X 1441 wEEk

B ATITF X 89.0 Rk

BT 7 L X 98.7  rh#ok

BUMTT 3R X 783 ¥k

3# BON T T I X 457 ok
BLNTTIEYLIX 759 Ok

B T 1 %2 X 65.9  H#k

BUJH T & BH IX 72.8 ok

BN % B 583.8  fifi/k

B T AR P B 1293 HufgisK

B T A 69.2 UK

TE MR 3 B = (35 mg/L x 2.5 + 9Bkt mg/L
x4.1),
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L LM FAKOKREE Y Na® (Mg™™ | Ca’" (1 3% 5 5 T
HAh X B, B 252 BB N 22 10, R A, VR 1]
2%, AT WIA T 535 W) | 35 2R VLA, KRR
LIPS ESC WS E 2t
3 it

R FHES T i — i f iR AG I 3 AN [R] 26 Y
ARHEY T Fh B T, A 3 AR R X FE AR, B
K TonPac CS16 [H & T 22 e 4%, £l vy 40 C K&
30 mmol/ LE Lefift B A by it sl AH 89 25 F T 2EATAG I
AT, 7 FREHES T3 30 T AR 69 U 1K, BT A RS TR
32 min ZE 7 5E 4 i

X T LK 10 A R R SR A0 IR K HE AT A
W, A B 22 B8 10 v 02 PR A R AR A LT
Sr** K Ca®" A5 BHES - 2 53 i 45 s, FLA e ol g
AE 5 P VT T 17 5 T RT 38 DR A% 2 W DK )1 KA 0T BE Hh
ToKI Ak BT 3 SR BH S T R K P B, LA
Ca’" Fll Mg™ " X 7K (1) 5 5 A 71138 42 B, R ARAR
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