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BT RIEZERFNEILTH AR XEIAE 6 FHEEF

E OB B EZRHE2C RV EZAR REA

(1. P EPBE A SN O IRTE 5 XA SRR E SR, Jat, 100085; 2. J6HTIHEE X A BB AL 545 3R
P R WP AR E AT 5T 3, dEat, 100085 )

W OE A BTN EARR XK LT, Na', NH, . K. Ca*. Mg>% 6 MIHE THrE, L
RS E T AR SE BRI T4 TE. P ICS1000 BVES (63X B A DionexlonPac CG12A FHESFIRY"#F (4 mmx
50 mm ) 1 CS 12A PHES F43 B #E (4 mmx250 mm ) , CSRS 300 EUMHIZE (4 mm) , B IEEAEER R ik vk
W, Wi~ 1.0 mL-min”, 6 FFHEF 1B ETE 0.01—0.50 mg L™ 2] 5.0—100.0mg-L™" Ju [l P £ 14
B4, MR R > 09995, U7 K H R OB 0.002—0.020 mg-L7, 5 A E bR 4 WA R 22
—-2.50%—4.38% (n=6) , ARIFREKEEMAR FICR 90.7%—107.5%. FIH LI 3% 54 LR AR R
X I K BB T AR, S5 BRI S 45638 . IRIX AR XK AR pH A3, 590 ; Ik S 454
FRAR 6 FlvBHES T Bk R 150.05 mg L', BH I & FIIX RIAR X 25.35% 1 63.54%, PHES ¥ & 350 K/
. Ca**> Na'>Mg™ > K'>NH, > Li*, H Ca*Fl Na'2& 3 PRI/ AR PE e 7, NH, I Lit R vk
FERAR; 32 45 AT RIR KRS Tk B e B KR FREEMA SR, LR REN, Bk
FEGAR PRI, BT B, R RTRE, REUES, EEML, S TR 6 MK E TR
AR

KR ETEE, HET, HERK, SSERHE.

Ion chromatography for simultaneously determining six cations in
water bodies of different areasof Beijing

MENG Ling' GAO Guangyao' WANG Sigi'* ™ LU Fei'? WANG Qiaohuan'
SONG Xiangmei'

(1. State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences, Beijing, 100085, China; 2. Beijing-Tianjin-Hebei Urban Megaregion National Observation and Research Station for
Eco-Environmental Change, Beijing, 100085, China)

Abstract A method for determination of Li*, Na*, NH,", K, Ca** and Mg*'in different areas of
water bodies by ion chromatography was established, and verify the feasibility of the method ’s
chromatographic conditions and characteristic indexes in the laboratory. The method precautions
were also discussed for the reference of model ICS1000 chromatography with DionexlonPac CG12A
cation protection column (4 mm x 50 mm) and CS 12A cation separation column (4 mmx250 mm),
CSRS 300 suppressed conductivity detector (4 mm), methane sulfonic acid as eluent, and flow rate of

1.0 mL-min”'. The mass concentration of six cations had a good linear relationship with the
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chromatographic peak area in the range of 0.01—0.50 mg-L'and 5.0—100.0 mg-L"', correlation
coefficient > 0.9995, and the detection limits of the method were 0.002—0.020 mg-L™", the relative
error of —2.50% —4.38% ( n=6) with the certified standard solution, and the recovery rate of
standard addition of water samples measured in different environments was 90.7%—107.5%. Six
cations in different areas of water bodies in Beijing were analyzed according to the above-mentioned
chromatography conditions, and the result reflects that water bodies were weakly alkaline and pH
was stable, the total concentration of six cations (150.05 mg-L™") in the urban and rural joint area was
higher than the city proper and the suburbs (25.35% and 63.54%); Order of mean values of cation
concentrations: Ca> > Na'> Mg” > K'> NH," > Li", Ca*" and Na" were the dominant ions, while
NH," and Li" had the lowest concentrations. The total concentration of six cations of the urban and
rural joint area and city area in summer and autumn was lower than in spring and winter. The results
showed that the method is simple sample preparation, rapid determination, high sensitivity and
accuracy, good repeatability, which is suitable for rapid determination of cations in surface water.

Keywords ion chromatography, cations, surface water, distribution characteristics.

B K AT MBS T (Lit, Na', NH,', K*, Ca, M) J2: /K FR 58 Wil i) 5 FEI0 H 1, 526 %8 2
K ICP-MS ( FL JEHE A& 45 B8 TR T3 A3 I 58 Li 2% I ICP-OES (4t B3 45 3 T & B 6430 il 1
K', Na', CaFll Mg*', >R FH 48 4073 't B 12 B PRl Ak 27 20 B 4G 5 NH', DA B 6 i BH B8 775 22 4f
3 FORIRIAG 5 4 0 52 , RERTH, B 32 T3, PR Sy 6 b PH 5 —F o RLC DR s (8 G 9 43 b 22 31,

AT e 56 T — Bl 35 R B (00 33502 T 2 7K AR BE P 85 - 0 41, K 22 00 [RT RE  4 Rl 2 5 b
AT VERH B, Wl =W WF 5 1 B (3 ) A A 0 b 7K HR ) Na™, K, Mg, Ca4% 4 Ff B 5 1 (1 R
SR A i, TN AN A A LA T AR N TR S i v (R s S R R K AR KL Naty
Ca, Mg, NH, 55 5 Fp o] 4 B0 B3, SR 11 5C F 3R 7T 38 v 6 Al ¥ M FHES 7 Lit. NHy', Na', K\
Mg* | Ca? [m] i 2 £ A7 41 1A

3BT AR AN [ PH A 5 720 0 % T i DX N K AR s Y A R AE S BRI LA R T B X,
AR SO b T AR [R] DX Sakn 38 7K A o ) B S AR AR A T T 2R T W, BRORE A 2, A T K, TR
B O % B R P a2 AT TR) B I A 22 o 8, 9 20 N 0 AR B s [ AR [ B LA AR i Ak L
8RS PR BRI BR ARG L B . R L TCTE Y L BB R A A B, o AR b K IR A W R
T EEAEH.

PRI, S SR T AT . VR M 0 b 5 T A [ XIS 3 K A T B B AR A, BT T RS T
PRIA B AE K PR H LiT, Na®, NH,' K, Ca*', Mg® 11 6 B FHES 119 75 1%, 20 B b mt i AS [a) X sk e 38 7k
A e AT I B B T Bl 2 AR A I, R ] T AR AR A AR BRI, A R T KR A SR B A

1 M5 )7 (Materials and methods)

L1 LSS 5 se i

(1) B F @i 1CS-1000 &I (3£ [ # %/~ A ), Bit A DionexlonPac CG12A BH & F #4741 (4 mmx
50 mm), CS 12A FHE 4> 85 H: (4 mmx250 mm), CSRS 300 B4 5128 (4 mm), B S 28, AS H 3k

(2)FBAlKAL: 55 [ % BN /] Milli-Q #B 4tk Y, %15 Advantage A10, HL 5% K 18MQ-ecm(25 C).

(3) HBLAHE R (MSA): Jl 80N 99%, 35 EI R it /R BHE A PR A #].

(4)Li", Na', NH,", K\ Mg, Ca® bR ¥ Wi : % 5 5 5 °F GSB 04-1734—2004, GSB 04-1738—
2004, GSB 04-2832—2011, GSB 04-1733—2004, GSB 04-1735—2004 . GSB 04-1720—2004, Jifi & ¢ J&F
Y12 1000 mg L', W FE A 48 S AR Bl i ripocs.

Lihr #E %) i (0.76240.034) mg-L™', %i 5 4 BY400060, it 5 &y B21060436; Na'hn #E #) i (11.9+
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0.6)mg-L", %5 BY400059, 41t 7 B21110027; NH, F7#E4) 5 (0.65+0.03 ) mg-L ™", 4 47 BY400064,
54 B21060262; K bifi 415 (6.36+0.51) mg-L ™, 45 BY400061, Ht-5 S B21070308; Mg hri i 4
J57 (5.56+0.27) mg-L™', %i*5 iy BY400063, fit 5 24 B21080031; Ca i 4 it (20.4+£2.0) mg-L', g 5
BY400062, H1t-5- 4 B21080029. A7 b EH) J5t 1204 F 1 58 B R B A7 FRZA W]
1.2 FEE T

HEREGRBL 25 uL 046 45 LR 59 mA. B 3 1.00 mLemin™!, FE IR R LE 30 °C itk UE Ve 2
20 mmol-L™,
1.3 WAL

3 B B SmLLi b5k T AE# (1000 mg-L™) F1 SmLNH, b3ifE TAE# (1000 mg-L™) TR~ 50 mL 4
SO, KR RIS E A R AR 5), Litff 2 MO NH, i 4 WO B2 0 100 mg- L™, i of il £ 45 8 )
AR 1.

1 ARMEMN LA RICH (mg L)

Table 1 Preparation of calibration solution (mg-L™")

B FRUEFRI Standard Solution
Cations 1 2 3 4 5 6 7 8

Li* 0.01 0.05 0.10 0.20 0.50 1.00 2.00 5.00
Na* 0.20 0.50 1.00 2.00 5.00 10.00 20.00 50.00

NH," 0.01 0.05 0.10 0.20 0.50 1.00 2.00 5.00
K' 0.50 1.00 2.00 5.00 10.00 20.00 50.00 100.0

Mg* 0.50 1.00 2.00 5.00 10.00 20.00 50.00 100.0
Ca* 0.50 1.00 2.00 5.00 10.00 20.00 50.00 100.0

1.4 5L RAEFIRE 5 A 21

ARG 430 F 2021 43 H L6 H. 9 A 11 HREMX | 3k £ 45 G F AR XK FE, Hr bl XA
fi 29 AT, IR S 45 A 11 AN, RBIX 9 AN o, ELAARCRAE 5 LI 1. AS [ X sk T K R 5 o BH S
(Li*, Na*, NH,', K*, Ca*", Mg*") & 2R FH B (35 vR 00 5, AR DX 3 43 28R H 00 5 5080 1) B3 AR SF- 24 1.
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Fig.1 Distribution map of sampling points in thethreeareas of Beijing
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FR 4 K A2 W LS )SL 219—2013 U1 FiSR SR AL M K BE S, REEREM 25 T 1 L RAIRH T,
FEAE S I pHS2 (3 HNO; FHUE T 4 C VKFH RO AT, & . FFIKFELE 0.45 pm ffFLIE B
T UE, 76 1.2 AR TAE ST ghRem & .

2 75 545118 (Results and discussion)

2.1 BT EIEEN K HE T
2.1.1 T AEHRZR

FRAE 1.3 715 7 W B ) 7 V8 B 8 AN [R1 vk BE AR 5 A o 2R 81, A Al A o 725 000 85 %) o R
(X)), YA b Ry ki AL (Y) , DL Zs AR TAR il 2, 7103 Ze M)y B AR O 28, 25 R0k 2 o,
6 P A B T-7E 0.01—0.50 mg-L ™" 3 5.0—100.0 mg-L ™" ¥ i 315 [l N B AT B0 26 56 2, AH 6 R
KF 0.999.

R 2 bR TR R0 el E 77 R AIAR 5C 2R 4L

Table 2 Regression equations and correlation coefficientsofthestandard curve

H IR BTATR LM LB ¢
Peak occurrence sequence Cations Linear equations Related coefficient
1 Li" ¥=0.9249X+0.0026 0.9999
2 Na* ¥Y=0.3115X+0.0490 0.9999
3 NH," Y=-0.0185X°+0.3390X+0.0173 0.9997
4 K" ¥Y=0.1899X+0.0553 0.9996
5 Mg Y=0.4900X+0.1890 0.9998
6 Ca* ¥=0.3768X-0.0918 0.9998
2.1.2 KipR

DA TRV 5 7 %0 07K A o Y85 YR P A ot A 7 0 2 R0 A, TR AR HERR WS 7 AP AT 4G
FRIGPRAE 22, J7IEA PR =3 143> bRk 22, LA 4 £k H BRAE A e R B, DU 45 5 n 2 3 s, J7ik
K BR A 0.002—0.020 mg L™, 2 T FR 4 0.008—0.080 mg-L".

=3 LR R ., WE TR (mg L")
Table 3 Method detection limit and the limit of quantitation(mg-L™")

R SFEE T i 22 Ty A R e TR
Cations Average value Standard deviation Method detection limit Limit of quantitation

Li" 0.0507 0.0005 0.002 0.008

Na® 0.0530 0.0021 0.01 0.04
NH, 0.0576 0.0031 0.01 0.04

K" 0.4830 0.0026 0.01 0.04
Mg** 0.5195 0.0048 0.01 0.04

Ca** 0.4848 0.0027 0.02 0.08

2.13 A5HpE

A3 %E 6 BB F AT . L B PRMEVE R 7 R R E, A 3 AR IV T 6 B BH Uk
() V- SA (B RAR X AR AR 25, S5 5 A3 4 s, 6 FhPHES FAEAIK . R 14 3 b o VA V01 T 235 SR A OGS
FRUEDR 22 53 910 0.52%—2.98%., 0.17%—1.25% Fi1 0.10%—0.94%, JE B I 7 1% R 8% &, 7l e %
K H 6 Fift BH 5 14 ) ) 5 K
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R4 AN[RIHR PR T VR A0 R P 2 (EL AR X o o i 22

Table 4 Measured meanconcentrations and relative standard deviations of standard solutions with different concentrations

- N X hnif 1% ik B/ L POETRG:: /% . X hnif 1%

BT (G gLy TREREY gL R e R %

. . Relative standard Medium Relative standard . . Relative standard
Cations  Low concentration L. . . High concentration L.

deviation concentration deviation deviation

Li* 0.05 1.45 0.53 0.40 1.08 0.46
Na' 0.55 0.52 12.68 0.87 21.47 0.10
NH, 0.11 2.98 1.15 1.25 5.77 0.36
K" 0.26 0.76 7.34 0.64 21.74 0.94
Mg* 0.22 1.29 5.64 0.77 22.67 0.19
Ca* 0.76 0.82 5.48 0.17 21.16 0.18

2.1.4 WERRE
23 W) %} A I B v % W LiT( B2103065) . Na'( B21050087) . NH,'( B2101055) . K*( B1905134) .
Ca*(B2105014) . Mg (B21040276) #£47 6 YFATI A , I 45 SR W36 5, HA5 SR IGTE PRUE(E R, AHXT
PN 224 0.19%—1.73%, AR 22 1E-2.50%—4.38% 30 Bl 22 4, 1 B 3% 07 vk EL A %050 v A s
RS A UEARAET A B v T e 4 2R

Table 5 Results of determination of cationic concentration in certified standard solution

RN FME/ (mg L) B St B/ (mg L) AR ARG 22/ % AHXT IR 22/%
Cations Average value Standard sample concentration Relative standard deviation Relative error
Li* 0.77 0.76+0.03 1.41 0.72
Na' 12.35 11.90+0.60 0.19 3.82
NH, 0.63 0.65+0.03 1.73 -2.50
K* 6.34 6.36+0.51 0.74 -0.29
Mg* 5.68 5.56+0.27 1.45 2.11
Ca** 21.29 20.4+2.0 0.33 438

2.1.5 b el i sz g
W B0 B 19 BH S B v T I A B S R KRR Hp, 43 RO BG O 1k, (AT 7 IRE A2, [l
W R G5 TN 6 BT . MR AR (K BR300 IS ) SL 219 —2013 A A ¢ oK, [l i o 55K 43 il 16
90%—110% Z A7, t1 % 6 W1, BE S [EISCR A 90.7%—107.5%, Y781 78 il N, 26 B2 07 1k e o
B, TR 6 FiBH ES I E
F 6 PHESTHybR R

Table 6 Therecovery rates of spiked cations

BT JEREHE/ (mg L") JindriE/(mg- L) TR B R /%
Cations Original concentration Added scalar quantity Recovery rate
0.05 90.7
Li' 0.0167 0.50 103.0
5.00 97.4
0.50 98.1
Na® 109.8143 5.00 99.5
50.00 95.9
0.05 92.6
NH, ND 0.50 96.2
5.00 97.9
1.00 93.0
K" 12.2641 20.00 107.5

50.00 103.7
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BT JERER B/ (mg L) Jppte/(mg L) T I/ %
Cations Original concentration Added scalar quantity Recovery rate
1.00 92.8
Mg™ 41.7051 20.00 106.7
50.00 104.5
1.00 98.1
Ca™ 93.1263 20.00 105.8
50.00 99.3

2.2 JbETHTR TR X 38K Ak 2E AR AE

A6 5T AN ) X I K A2 K Ak 2 G AT L 38 7, TI7K pH (AR L TG 6. 94—9. 69, IR £ 2543 . Ik
X FNRBIX Y pH YI{E 5351k 8.31, 8.74 F11 7.55, 4 2 5561k, A8 5 R A5 0°0 4.33%. 4.12% Fl 4.61%,
3N DXCIRAS S RO 22 AR, W pH 7EAS [A] X S K AR P ARG

RT3 RBUKAOKAARFEE

Table 7 Hydrochemical characteristic values of water bodies in thethreeareas

[X 35, Wi H B¥/(mg-L™") Cations
Region Item pH K Na' Ca” Mg* NH, Li'
R 9.45 29.07 112.13 94.56 31.72 1.47 0.031
/ME 7.45 1.63 6.09 26.52 6.93 0.00 0.001
W5 A aHR FHE 831 12.34 58.39 59.61 19.59 0.11 0.013
brifi2s 0.36 7.15 30.79 18.52 6.52 0.28 0.006
5 R ECV /% 433 57.94 52.73 31.07 33.28 254.6 46.15
I UN] 9.69 20.31 109.16 131.59 49.17 0.23 0.044
w/ME 7.73 1.53 485 19.92 6.65 0.00 0.00
WX M 8.74 6.63 41.04 52.49 19.48 0.06 0.010
bRifE2E 0.36 471 32.14 21.76 10.47 0.07 0.01
5 RBCVI% 4.12 71.04 78.31 41.46 53.75 116.7 100.0
IS IN:] 8.49 18.19 35.48 64.82 11.71 0.20 0.004
e/ ME 6.94 2.30 9.59 36.04 7.06 0.00 0.001
RBIX FHME 7.55 3.69 23.84 54.90 9.27 0.05 0.003
b2 0.35 2.75 6.80 7.55 1.53 0.06 0.001
5t R ECV /% 4.64 74.53 28.52 13.75 16.50 120.0 33.33

B3R 7 A0 50, Yk & 45 6 DX 5 6 Bl BH B - 5 R BT vk B R 150.05 mge L, & T IR XA RB X
25.35% F1 63.54%; 3 A4~ X 38 BH 5 -4 BE A {E Y54 . Ca?™> Na™>Mg?™> K'™>NH,>Li". AS[A] X 38 BH 2 121 43
H, Ca & iR, FARZKIRI FE B TR IFEARE AREZAICHEZR. ARBEER FLE RIS
AP, N R 2R AR TE S A, KRS 5 A WAL S i s B S 20 73 Z27E Ca®—uit® 7

Lo W B IR, SR T 45 1 DX BH g 500 S Ve B 19 0.1%; NH, W B 7E 45 IX Sl AR e RS
& F 0.2 mg- L', 3415 2 1 6 /K 2845 5 Ca?Fl Na2 3 /4~ X sl /K 1A (9 48 3438 7, W B 43 50l A
52.49—59.61 mg-L™" F123.84—58.39 mg-L', Ca®ll Na"Jfi & ¢ & 7 PH B 7 S Y 78.13%—85.82%,
THAR S R BOIE ST R 28.76% F1 53.19%, Fe W Ca® & i 7E T N AR AL R K, KR 45 SRR A A
GERARVYEREFEE, MFK D Ca B2 i A H 5 Rk 58 0 #e il I A48 75, 45 3 4> X
Ca ¥ B2 W]t v T oA FH 25 7

Y 2 25 AR AN X Na o B I i i3 T8 IX, Ja BRHECAY A 16 V5 7K & — 2 1Y Na', A 55 IE
B Na*VE A A0 shst i AR FE A, v LAFEAFE A= 16 V5 K HE RO A SR K AR ER B8 g 5 g 10— 121,
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2.3 BTARMER
AN TR KA B8 1~ 22 [ FRAH DG A B 8 SR Y A5 — BT LA b AR DG 43 M, R JH SPSS 414
AT RRRIX | IR S 4G TR X K A4 6 i BH B 1 2 [B] Y Pearson AHOCHE R &L, T r (RN (3£ 8), H
T, r> 0 RIS IEASC, r < 0 R L fE B R OC.
R 8 3 XIBUK BB T AH SR
Table 8 Correlation matrices of cation concentrations of water bodies in the three areas

ZBX. Suburb

K* Na' Ca** Mg* NH, Li*

K 1 —0.042 0.089 0.076 -0.110 0.105
Na* 1 —0.889% —0.778% % —0.354 0.500%
Ca* 1 0.932% 0.160 -0.227
Mg 1 -0.004 -0.110
NH," 1 —0.641%%*

Li* 1

W % 4543 Urban fringe area

K Na* Ca** Mg* NH,’ Li*

K 1 0.906*** 0.684% 0.651 %% —0.037 0.648%
Na' 1 0.755%% 0.793 % -0.043 0.614%**
Ca** 1 0.8627% —0.028 0.401
Mg> 1 -0.019 0.383
NH," 1 —0.044

Li* 1

3§ [X. Urban area

K Na* Ca™ Mg* NH," Li*

K 1 0.841*** 0.478%** 0.551%** —0.146 0.658%**
Na* 1 0.470%%* 0.834%%%* —0.202 0.797%**
Ca™ 1 0.639%*** —0.208 0.289*
Mg* 1 -0.214 0.663%**
NH,' 1 ~0.172
Li" 1

TR RIRTE 0.001 BAFEE T BEHIE, **FORTE 0.01 BIFE FREMC, * FRTE 0.05 BEFE T BEMHXL.
Note:*** indicated a significant correlation between the 0.001 confidence level,** indicated a significant correlation between the 0.01
confidence level, * indicated a significant correlation between the 0.05confidence level.

2% 8 AT, RBIXKAA 1, Na™t Ca?, Mg it i 2 FUAH G, #HOC R 5043 J2&-0.889 F1-0.778, 5 Lit%
3 IEAHSE, AR BN 0.500; Ca*' 5 Mg 5 i 35 IEAH2C, Ao R E0 512 0.932; NH, 5 Lits i 3
FHSE, FHOE R BN -0.641. 3% £ 45 A3 K, K5 Na*, Ca*, Mg®, Li"t 3 IFHI 56, M6 2509 h
0.906. 0.684., 0.651 1 0.648; Na'55 Ca®", Mg, Li'ft i & 1 #H &, A& R 504 34 0.755. 0.793 I
0.614; Ca> 5 Mg 5 i 3B 1EAH G, A6 R E0h 0.862. 1 X K&, K5 Na*, Ca®*, Mg, Li'% i # E A
5, IR BT M 0.841, 0.478, 0.551 1 0.658; Na™ 5 Ca®*, Mg, Li'&: & LA 56, A6 R B0k
0.470. 0.834 1 0.797; Ca** 5 Mg*'| Li" % .3 IEAH G, FHOC R0 il /2 0.639 1 0.289; Mg 5 Li'f 3%
TEAHDG, AHOC R ECH 0.663.

25 L AT, 3R S 5 ORI X 4 KR A5 2 TRDAF DG AR A R A R 200, 8 3 X 7K AR AR
G G5O R BRI 2R SR IX KA Na™5 Ca, Mg 5L i 35 0AH €, T & 45 4 3B AR X Kk 44
Na't Ca®, Mg &2 i 3 IEAH G, #ED mT RBAZ 2 T A IR R 52 005 3K £ 245 638 . 3R ORI &R X K {4
Ca 5 Mg? 5t 1 2 IEAHOC, BEHRIE T AH R 1A A WAk 2.
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2.4 KPRBHES F-1 25 o3 A

BERAL TR X AB X AN 2 45 AR AN A X KR, P H: 3 H .6 A .9 AF1 11 AWHE F4Etn
PEAT2S 18] 3 A A% SR (R 36 FL 43T (1 2) 2 BR, 6 i BH 8 vk B AR A AP HE — 22 A 22 5, BRABIX A, 3 X Fl
S 254 TR IX S BH B vk AR AL ELA I g Bk

- 3 [X Urban area -~ 3% 45 A% Urban fringe area  —& ZF[X Suburb
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Fig.2 Spatio-temporal variation of cation concentrationsof water bodies in the threeareas

H & 2 AT LA Y, 3 S 45 & 3 F X K AR i KoL Ca?*, Na™ il M4 4 FlBH 2§ 5 ot & ik 3 3 A A
11 AayiEmEm T o AMo Afy, X 4 FiHE FIRERZER &F5 THEZE, B, X g T
AU AT 2 W R Bl ZE KU, BRI Z | IR, 6—10 A J& =20 FE RN, R IR 2R
IKARIK EE 3N, FETCH R B TR UG LT, B H AR AR Ak 2 41 B2 20 AR, e 12X PH =S+ 1
i B 5 R W 4, R I A% ZR i PR B o BRI T 2=,

WS BEATRAKR 3 A 11 A BHE F R B BR8] T 1741 mg L 1 189.3 mg'L ', 6 HF 9 A
71183 mg- L' Al 139.8 mg' L IRIX /KK 3 A M 11 A E F R REEEIRE T 1314 mg L'
1323 mg-L", 6 HF19 HH 109.5 mg-L™" I 104.1 mg-L™". 3% £ 45 &3 KK Na'Fil Ca2 & 1 4 % 3
FE+,3 H.6 H.9 A 11 AR Na' 54 H 0 B i 41.49%. 41.11%. 36.66% 1 39.61%, Ca** (545 H
13 B 1Y) 37.49%., 37.01%. 42.53% F1 39.01%; 3k XK 3 H .9 AF 11 A Ca¥ 3, &k 4
H Ay A 45.89%. 48.45% Fl1 47.77%, 6 H KMRH Na & i 3 E 7, o5 B 1Y 44.37%.

KBIX KA K, Na*, Ca®* il Mg 4 FpfHE Fk AR A K, 3 .6 A9 AR 11 AHEF 85k &E
We 79k 88.7 mg-L', 89.3 mg-L™', 91.8 mg-L™" Fl 96.6 mg-L™"; /KA H Ca & & 26 % (#5143
I 54 H By BT MY 57.45%. 50.54% . 66.45% Fl1 64.22%.

3ANX KRR NH, e e 3 A 6 AR 12 AKX, $(E43 54 0.035 mg- L™, 0.046 mg-L™
F10.036 mg L', JUH Y NH, B 9 B d5e g, S9{ER E] 0.139 mg L', & FH A A 7y 3—4 4%, FEJRFE
3 75 3o J5 Bk 2 R R R B S sl /D, AR I AR, S NH4A Y5 G2 W HE A TS A A5 B8 S0 B, AT S5 20
FEIK A BT G BE T v, NH o7 v Bt Bl 2 44 K.

WG 3 AN X4 A 6y Lit BB e 2K T 0.02 mg- L', HAES A ik BEAR LA K, PRI AS SC
X Li 2R A LA T8

3 4518 (Conclusion)

(A SCEE ST T F B 0% E 22 K Lit, Na', NH,', K*, Ca*', Mg?% 6 Fha] i ME FH S 11



14 A BT T R I E 8 BT AN [ XK A 6 i BH 5 221

D7k, HARWERN LR | RS 5E  WER0 L . e (A H BR A IAR TGRS A5 G A B AR BR, SEE T 6 A PH 2
[T SRS, () B 3 FH T b Rk K P 1 BH 5 10

(2) 38 2k X6 b 5t T AN [] XS K AR 6 Fofr B2 4 A1 REAE 53477 R R0, 3 A X /R AR IR 522 55 i vk, ik &
SEATR X3k 6 Al PH B A v BE Ry T I DX DX A DX DX 3 3 A DX BH 2 R B (B RN Oy Cat>
Na™>Mg*> K™>NH,>Li*, FE ¥ FHE F Ca® Fl Na', & i 1R B 5 PHE 7 Bk Y 78.13%—85.82%.

(3) 38 3F XA [F) 7K A4 BH 25— 22 T] A G PR AT, 3R S 45 6 30 R DX A 7K AR 25 25 - ) AR DG 1 28 AL R
BN ET ; I 2 4545 TR AR X K& Nat5 Ca®*, Mg?* 5t B 25 TEAH 3G, RBIX KA iR DU AE 125 3% 2 45 4358
IR IX FIRBIX KA Ca*' 5 Mg? 2 5 12 35 IEAH G

(4) A [a] DXl AR AR BH 25 - R B AR A A AR — 2 22 5, Sl DX RN £ 45 630 DXl BH 28 7R 32 32 2= 15 A8 4k
S, ELAG W S i 20 PRI, A 2R PH B IR B v T SRR, TR IX K AR B 2 Mk BEAF B AR (B AN K.
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