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B OE MR TEAIEEFEAELE S C SO NO; =F EHLBH B F. &M 30 mmol/L
KOH MW LE 1. 2 mL/min W T Cl \SOF NO; =&l ML B & F 47 40 85 0 5 IR & b5 VA W
B X5t A 0 22 R 0. 16 %6 ~0. 84 % » = Bl BH 5 T 19 42 M 75 BB B8 7 0~ 150 mg/L, ZE 1 AH 3¢ R A K F
0.999. =7l BB 1 Ak HH B> B/ 0. 062.0. 096 Hl 0. 064 mg/L. X Pl [ 5 4R i 49y 5k 116 0 5 4 OF 3%
B (n=9) , 0 2 {4 55 A7 B — B0, 0 7 1 AR 25 (RSD) << 3%, = Al [ 25 F 19 i A [ i % 2k 95. 6% ~
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Simultaneously Determination of C1~ ,SO;™ and
NO; in Soils by Ion Chromatography

LI Longfei,ZHU Yongxiao,ZHANG Ning, YU Congling

(Geological Experiment and Testing Center Hebei Province s Baoding,HeBei 071052 ,China)

Abstract The Cl™, SO}, NO; three inorganic anions in the soil were measured simultaneously by ion
chromatography. Using 30 mmol/L KOH leaching fluid at 1. 2 mL/min flow rate, Cl~ , SO}  , NO; three
inorganic anions were isolated and determined, and the relative standard deviation of mixed standard
solutions was 0. 16% to 0.84% ,and the linear range of the three anions was 0 to 150 mg/L, The linear
correlation coefficients were greater than 0. 999. The detection limits for the three anions were 0. 062,0. 096
and 0. 064 mg/L. The results of the measurement of four national standard substances showed that the
measured value was consistent with the standard value, and the value of the three anions was 95.6% to
109%. This experiment uses ion chromatography to determine the Cl~,SO? ,NO; three inorganic anions
in the soil,compared with the traditional method, the analysis is simple and fast without any harm to the
human body,and really meets the analysis requirements of green chemistry. Analysis time within 6 min is
suitable for the determination of water-soluble salt anions in large quantities of soil.
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B 1 O VA 7R S B N R LA R 1 L R
JEE R R il FH R 2D L B R I R o BT 22 B A
19 P A DI R X T AL B S A AT A AR
B S H . H A K BT R U
R A B IR AN Rt S R
PSS A GUR AT IZ IR 6 KR MR
3 (A 5 W LAY b Y K R 3 A8 B AR Y
f& 3 BRIEARAE P IE # AR KDY 0T DU OB X AF A
[ #4090 T 8 6 23 B9 EU B AT X A i R A W A
R 5 KR 2 BT 45 AT RAFE O i R 5t
FRM R B AR L AR . LG BRI PR 2R
BA 5 72  E T5 k BOR VR P IR X
YRR 2% . CL W5 fof ) i TR 40 0 A 10 8 22 I 0 R
IRV TRAE R I e S LY L T i B B L E R
ZEHR SO R EDTA §i 5 3k VB R 9L L ik i i
PR AR 35 T R R AR 2 BRIUC L S0 s NO, - il 5%
SN BE 28 R BB R LA L RV R Y
A LRSI T 40 B R A 2K U I 4R 2R
BT T LT RE A EE € I 22 R HER T A &
TR IR AE KBTS AT T P RGBS AT S
KTAE L HE A HT P R LA AT AR S
ST AHER CLSOT « NO; =R EHL B F i &
TG E I T Sy DR A S B S i B R
AT EM I

1 SEIERSY

1.1 FE5RXA

ICS-1100 BB 7 (4 3% 4 (36 | 0% A\l . i
EGC-KOH B 3h & 4 a8 fE 4 7 4= KOH ik Ve >k
H TonPacAS11-HC # [} & § 43 #7 # . ASRS-4 mm
[ B 8 2l H i AR A ] 2% . DS6 BY r S A 0 £
DIONEX AS-DV [ gtk #%; THZ-82A ¥ 3K i3 15
IR f (IR 2R ANER ) s DTS-5 RUKHE & 20
AL BARAEFT B O HLA FR A ) 50. 45 pm PES
AL UE S ORI LI B4 A BRA R s L KF
(SEPRarEAH 0. 01 g,

Cl™ SO~ \NOy IRAPRUERA R (1 000 mg/L,
[ G AR HEY) 5T rh 0o T 3K 52 50 T 7K Sy 8 2k (i B
K18 MQ » cm)
1.2 @miEss

lonPacASI11-HC B! [ & 7 7 B #£ (4 mm X
50 mm, 3 [E Thermo Scientific 2\ H]) ; lonPacAG11-

HC % (4 mm X 250 mm, 3% [E Thermo Scientific /&
Al PR 4 A 5 30 mmol/L KOH 45 FE 9k ¥ W I i
1.2 mL/min; ASRS-4 mm B & 1 H 3 o f# 7 25
TR .90 mA KTHLIE AR 30 C 5 RAEAFR 25 L,
1.3 TEZHENHE

FHHL RV HER AR BGE 3 2 mm Fi LAY KT+
1 50.00 g, AT 500 mL SETE b, e &
e — A Bk i 4K 250 mL, 2 . 78 25 C T E R
K £ 3 min,

PR R R R B O R B0 (4 000 1/ min)
5 min, 3 & R B IE WS A 2% BTUBURL L Ay b g
HERER GG 0. 45 pm FEALIE k.

2 HRSUE

2.1 R AEY Lok b B F0R 1R B E

FHOK R B 58 vb By 5 2R o 03 3 SROKE B 1 6 5
VAR K S [ S SCRURT R (8 X 7 £ A0 v o (e R
B B R BGAF) AN U AR D U S O R SR I R R T
55 SR AR W B 1) B ke A S SO o AT I S
1 2 A oK E BRI G ]

A0 - EER SIS PR I ik A () A P 4 A K EE
W74 R AXEVE ER T BT . R L s 2.5 9t
IR EE BB F 7 £R R R R A D (R 2R 4R A
7 A R EAR R ANl T3P 4R A 1+ 10 9+
UNERVIB &S = @7 R Ny c N I (Y G Rl o s ]
IR AR A I AL L P R R ME I R IR H Y T R
PR A HERURL 55 7K 35 122 8] 11 5 1 58 4 S g e
SEA M AR IR ZE MR . R A R KR
HH B4 K HE A R 4R I ) A 23T 28— WL SE A RE G 4>
P Rl I LA, SR ah R IR 1 fIEk 2,

F 1 EZEE 3 min RE KL X EFE W
Table 1  Test results of ions with different

soil and water ratio in 3 minutes

VR +oK L/ Cl ,/7 SOi~ /7 NOs5 /7
(gemL™ ") (mge+kg ') (mge+kg ') (mgekg 1)
1:2.5 11. 49 98. 33 96. 25
GBWO07458 1:5 15.19 110. 39 111. 56
1:10 19. 39 126. 68 114. 59
1:2.5 32.59 108. 26 76. 29
GBWO07459 1:5 45. 56 119.02 87. 34
1:10 50. 25 122.35 90. 94
1:2.5 11. 26 76.23 30. 59
GBWO07460 1:5 13. 32 84.98 35.22
1:10 14. 26 90. 48 46. 38
1:2.5 16. 42 88. 49 92. 36
GBWO07461 1:5 20. 36 95. 68 95.79
1:10 23.69 108. 4 99. 96




o1 e % A B AR [E i 2 g rp CLJSOT # NO;, 41
F2 TkWAL:SAARSHEANBEFUEERNEZM 140
Table 2 Test results of each ion with soil water 120 Cl-—4.084
ratio of 1 : 5 at different vibration time o 10 mmol/L
- 7 W I [/ cl/ SO7~/ NO; /
PO R min (mg+kg™ ') (mgekg ') (mgekg 1) " LU
1.0 9.21 86. 69 106. 66 m\? 60 -
i i = NO,—6.274
GBW07458 3.0 13.56 104. 88 114. 29 wol
5.0 17. 32 121. 31 123. 93 $0,7—7.254
1.0 36. 26 97. 56 72. 36 20- L /\
GBW07459 3.0 43. 86 117. 05 80. 23 o \ - ,
5.0 149. 66 139. 36 107. 39 " | | . | | | |
1.0 8.53 69. 31 34. 89 0 1 2 3 4 5 6 7 8
GBWO07460 3.0 9. 98 87.27 36. 58 #/min
5.0 11.51 90. 97 40. 28 140 s
1.0 15. 69 75. 36 86.77 1201 T
GBW07461 3.0 20. 26 97. 33 90. 97 0 L
5.0 24. 41 107. 75 103. 68 i
80|
B 1B 3 min 75 H () B0 S A5 5 DU bR o T 45 0 Y B o ot
|- 8 2-_, .
HERR L . '
N . 2010
2.2 RIBBEIREHIEE
R ICS-1100 #fi #% (9 KOH 7 W, 55 % op 35 0 ; ; '
A 10 I P U 4 85 BT A 93 85 I I T
DAk A 38 1) 3 2 A Wk BE ) S5 06 &8 OC B 2L AR i thmin
. . . g e . 140
=R 0 TR 5 g T AR Ok R B AR R o A R a0
43 B 10.20.30 mmol/L KOH 1 ¥ 8l 4 #e B » 1201~ h
Ve — 5 5 N N — 30 mmol/L
ERRTIE R 355 Ly N I - 1 R i i R 100 -
TR 72 J o {2 38 A (1) g Ak SR AR 22 L W 1T FH 4 58 80+
S -NIF S Ed -3 N L3 YN 5 el 420
N . - " NN 2 s
53188 I6F R 2 B 5 VG B 0 W /AN T 2 K T L 3k 3 4 wl /
L EL 88 B3 T 6 2 R B K N
RIGWE. W LB AT BRE A 0 LN
B 1 43 B AR R 3% 1l % £ KOH (30 mmol/L) o '
o e 111 e R 20 I | I | 1 | I
TR I PR Uk B AR vk 0 ! 2 3 4 5 6 7 8

2.3 WEHERENERE

FE AR B fe PR VR BE I DL R L B A IS 0
T ERES K 0.8.1.0,1.2.1.5 mL/min
PSR s B T R N N R L A B 2 L 4
WY S 43 N D) 8 i A B O AR 2, RO AR AR
B 18 T, A B () R 45 w8 A s 25 B i 43 R 40 %
e I R A N e R S T RS o S N T
B AR, 276 IS 1. 2 mL/min /9 3 ¥ AT LA
ARAT LU AR 0 B AR A S BT 4 B )
A BETE 6 min N2 43 & . & 2 Jy 30 mmol/L
KOH i ¥E & 1. 2 mL/min i 3 & B 1R 5 br 47 W)
[EREAE

t/min

1 RIERENZTERUROFIE
Figure 1 Effect of liquidity concentration

on separation effect.

2.4 FIEHLMERAE R

73 990 W B = o o ) i i T TR AN [) ok
JRE B JEE PRI YR 5 o v 9 90 E R DL H) (3 R A T D E
ZFE TR PR AE 0~ 150 mg/L [ A AT
S RE O B A o 06 T B A N A AR 2l A £k
SER LU R A ALK R (r=>0.999) . %)
25 IR IR I 10 U, BL 3 A7 A AR oE D 22 B LAAR
Xof L) B AR R A Y Tk B A L PR 2 S ORI
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TR,

140

Cl—3.
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2 REBEFHTHRERERKEER
Figure 2 Chromatogram of mixed standard solution under

the optimum chromatographic conditions.
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Table 3 Linear parameters and detection limits

2.5 5% B AR [B] g Sk 56
X E K bR GBW07458, GBW07459
GBWO07460 ,GBWO7461 By - 835 Hh i HE A7 B R A
W7, MELRIE A,
R4 HEIEERNESESENR
Table 4 Repeatability test of standard soil sample

. . Y e/ B A / RSD/

FE i BF
(mg-kg ') (mge-kg %
Cl 14. 21 164 1.2
GBW07458  SOi~ 105. 53 109411 1.8
NO; 117. 28 2.2
Cl- 42.83 49412 1.7
GBW07459  SOf 120. 21 120410 1.6
NO; 81.28 1.8
Cl- 10. 26 (15) 1.9
GBWO07460  SO7~ 86. 26 8346 1.4
NO; 36. 23 1.9
cl- 19.18 @D 1.6
GBWO07461  SO%~ 94. 38 92412 1.7
NO; 92.55 - 2.1

BT AMER/(mg e LD MR KM/ (mge LD

LI A BT S % . NOT WA 4 e
MFE AT LIE S CLUF SO I E 45 5 2 7 An
VEAELYE Bl Y L AR X AR v 2235 BB 7E 1. 2% ~2. 2%,

cl- 0~150 0.999 99 0.062 T T ERE RS, Al DA R A Pr 2ok
SOi 0~=150 0-999 83 0- 096 M — 7 B A PR 43R B 20 A — E AR
NO il powsL 000 AV IV 1 O A T 0 L 5.
®5 ERFEY A INAREKZE
Table S Standard addition recovery rate of national reference materials
FE R AJEME/ (mg « kg™ hnprik/(mg - kg™") MEM/ (mg - kg™D) 52/ 4
Cl™ 14. 18 10. 0 25.06 109
GBW07458 SO~ 104. 94 50.0 155.62 101
NO; 116. 58 50.0 165. 25 97.3
Cl— 42.21 20.0 61. 89 98.4
GBW07459 SOi~ 121. 08 50.0 172. 89 104
NO; 81. 39 50.0 132. 45 102
Cl™ 10. 65 5.0 16. 06 108
GBWO07460 SOi~ 85. 96 50. 0 136. 49 101
NO;3 36. 82 20.0 55.93 95. 6
Cl™ 19. 38 10.0 30. 15 108
GBWO07461 SO7~ 94. 10 50.0 142. 56 96. 9
NO;3 93.15 50.0 141. 89 97.5

MFE S FRUERE b B9 IAR B R R T =R C AL
BH 5 7 19 Jindr MR AE 95. 6 270 ~ 109 24, A 4 [0 i
R GERRA 7 IR IR BE & . BEW 2 LKA R
JCHLBA & /I 7E

3 &g

R T E 3 35 T R 3K i 8 i =Rl G L
BH S5 7 Uk faT B0 L ) 5 L WERR O 1 K MR 4 1Y

I 7E $R A T AR O A RO S W IS A R R
B I 7E
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