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Simultaneous Determination of 7 Kinds of Water-soluble
Anions in Soil by Ion Chromatography

LIU Ling, WANG Hao,ZHAO Weixin

(Shaanzi Academy o f Environmental Sciences,Key Laboratory of Soil and Water Pollution and

Restoration o f Environmental Protection ,Xi'an ,Shaanzxi 710061 ,China)

Abstract The A5-250 anion separation column and A5 protection column were selected, the chemical
repressor was used to reduce the background conductivity,and the conductance detector was used to detect
by ECO-IC ion chromatograph. By improving the chromatographic conditions such as flow matching ratio
and injection volume,4. 5 mmol/L Na, CO; and 1. 2 mmol/LL. NaHCO; were mixed as the eluent. The flow
rate was 0.7 mlL/min, and the injection volume was 25 pl. The retention time of each component was
qualitatively determined by standard chromatogram and quantified by external standard method of
chromatographic peak area. Based on the above, a rapid and accurate ion chromatography method was
developed for the simultaneous determination of seven soluble anion content in the soil (F~,Cl” ,Br ,NO, ",
NO;  ,PO,* and SO, ) within 13 min. It was well relevant (+>>0.999),low limit (0. 14—1. 84 mg/kg) ,and
high precision (0.47%—4.6%). The results of the certified standard substances were within confidence
interval. The relative error range were —8.3% — 7.9%, and the recoveries were 89.0% ~ 108% . This
method is simple,rapid and accurate,and is suitable for the detection of anions in soil samples.
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ECO-1C 8 7% A% (B + 738D - BB 120 B 4
(Metrosep A Supp 5-250/4. 0) , £ 3 (Metrosep A

Supp 5 Guard/4. 0) , MSMII 4k 2= 31 i £5% . 863 H 3)
AR . HZQ-X500 K AUH I R 7% #% » 23ZHK ikt
B0 AL, KQ-300DE 4% /5 i Uk 4% - ME204 7
42— K, Milli-Q Reference # 4li 7k 4% (H fH &
18.25 MQ + cm),

B2 FAREV W F (500 mg/L,101719) . Cl
(500 mg/L.,101818),NO,” (100 mg/L,103316) .
NO, (500 mg/1.,102124) \PO,* ~ (500 mg/1.,102822) .
F1 SO, (5 000 mg/L,102008) ¥ [ 2= 25 0 85 30 A%
AEY) R BF 5% T, CL A SO bR EY) i GBW07493
GBWO07494 ,GBW07495 , GBW07496 ¥4l [ B 75 44
Ho T 7 2 5 BT T A RS W) ASAT4 L ASATE 1y
A A K PR B BT A W R A 0 3K a0 7
Na, CO; \NaHCO; Wi 2 R A5 24 4 f; 2% 41 ; IC-RP
AL B A | Cog T Ak B A (Thermo Fisher) ; 44 3£ 8b,
FE] 72— P B FH A B 2% (10 mL) L 0. 22 pum A4 K A
1.2 BFeILEH

A 4.5 mmol/L Na, CO; #l 1. 2 mmol/L NaHCO,
TR A5 1 R Ry R O T 55 B R R L AR O 25 Ll iR
7 0.7 mL/min, #£ & 9. 05 MPa, 50 mmol/L #i g
00 4] 2% P AR W AR A I S R S L AR
17 W Ll 1) FH 000 ) A5 R, S G 0 2 A
1.3 HmeynratsE

S3 T i TS B A i 29 2 8 SR AT WF S 4 R ik
2 mm LA 1Y Je Je 0 . IR G ¥ 5y iy . it -
FR AL it B3 BORE 2 B A PR WL 3R 1. AE
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Ak A B S SERE M X T B RE A PR O R
T 0. 22 pm ZK AR U8 Sk ok U8 J5 4 SR 43 B 5
XA DR 59 o i A A o 32 Ui IC-RP
S FAEE Co 40 F AT B HK 0. 22 pom 7K AH 3 8 Kk 5
U8 6 A B R A B T R AR A B O R ] IC-HL i
AL FRAE HHEK 0. 22 pm KRGS BE Sk uE . A I8 W
WITE e BEAR AL T 0 AL A Fe A 35 S5 1 T R 40 AT
IC-RP kb BEAE A I HT RS 5 mL HTEELL 4 ml/min
) 3t 3 3 2o 3 A A P, P 10 mL g6k 2L 4 mL/min
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Table 1 Basic properties of soil standard samples for test
ASA-14 GBWO07493 GBWO07495 GBWO07496
. . ASA-16 Henan . . . . . L ASA5b-CZ
Physicochemical property ) . Heilongjiang Shannxi Ningxia cumulated Gansu irrigated ) .
Fluvo-aquic soils . ) L ) ) Jiangxi red soils
black soils Lou soils irrigated soils desert soils
pH value 8.32+0.08 6.54+0.03 8. 44-+0. 05 8.34+0.07 8.50+0. 06 5.0940.07
Organic carbon(OC) /(g + kg™ 1) 8.440.8 46.0+1.5 16.540. 2 9.940.8 17.14+0.7 5.340.4
Cation exchange capacity (CEC)/
12.8+0.5 29.3+1.1 13.2+1.3 10.540.7 9.4+0.7 10.540.9
(emol(+) « kg™ 1)
c(CDH/(mg + kg™ 1) 36+5 30+4 2148 38+4 37+5 40+10
c(SO427)/(mg » kg™ 1) 144+5 118+10 96415 410450 20020 6746
c(Nat)/(mg+ kg™ 1) 70+3 72+3 51£5 9948 57+5 6145
c(K")/(mg -+ kg 1) 21+3 22+3 112415 123+38 1177 162
c(Ca®")/(mg+ kg™ 1) 15149 10146 210420 380%20 260420 14+3
c(Mg2)* /(mg - kg~ 1) 18+2 2242 1045 84+8 5346 2.740.6
Total water soluble salt/(g *» kg™ 1) 1. 0340. 09 1.15%£0. 26 12+0.4 2.62+0. 20 1.4340. 16 0.33%£0.08
1.4 LE#H4oHH TR (F .Cl \NO, .Br \NO; PO’ #i

i 175 AL B TRC ) B b o 8 . Al B T
FH T B o oA I A G ) A R R R T g e
P TR 5 8 P VR R s A P AR % L 491 R T )
B0 T A [ v S5 B b v TR . A
Y00 1% A EE KT R NN R e 6 22 o AR o A it
L A5 B T R E I 2R A R R B r=>0.995
100 o b R R IO A3 R A 863 1 B HE R
e R sh s fr LR R R R . U
#1100 B R B IR R S X VRS T A o
4 O B INF [ Xk J L 06 T RO AR O E R TR I
s HSE .

2 HREHSH

R IR B
Xf i S AH E e #E AT ik A . SR H 3. 2 mmol/ L
Na,CO; 1 1. 0 mmol/L NaHCO, (a). 4.8 mmol/L
Na, CO; #1 1. 6 mmol/L NaHCO, (b) & 4.5 mmol/L
Na, CO, 1 1. 2 mmol/L NaHCO, () fF Jg bk 3t # -

2.1

SO ) ZIL R IR G AR MEM HWHAT 30T . g4
L YRR 25 pL BRI T 0. 7 mL/min
i, B A o Na, CO, 5 NaHCO, BT b XF 43 #7 45

MK, 7E () WRBE W 51 T 75 %€ 18 min 58
B 7 FRTES T A b (B 1. A (b ik Uk Wk 17 ik
Pk 7F 12 min N SE R 7 FPBH B F 4 01, 401
i . H NO, ™ #1 PO, BiF B T REESE 205
£ MALNO, il PO, PIF & T 19 7 5 R FRAR,
s LR 2 B (B 2) . R (o Wkt . mT LU
7R T REUETE 13 min P IK BIAR GF 09 43 B, [F] )
PR TR (8 3) . RA 4.5 mmol/L Na, CO;
F1 1. 2 mmol/L. NaHCO, 1% & V& W AF N i sh # . 18
HERERE R 25 pL, WRPEWE P R 0. 7 mL/min {4
TL.&BE((F .Cl \NO, .Br .NO, PO |
SO D) Y O/ BB ] 43 51 Ok 3.49,4.71,5. 21,
6.26.9.01.,10.27 F1 11. 88 min, fF 13 min N 7] {#
7 Fh YRS bR Y BT i 04 57 4 R ) B L 3k B
B 2 B RO R & T AT AR

T 36
£ ar
- 32
)]
=
\3 281 NO;
g
T 24 (\I
E SO2-
g F- i
< 20F | JI NO; 5 ||'k PO i\
b= / r | .l”- f A
PR L e B e
R ) 2 4 6 10 12 14 16 18
t/min
E 1 3.2 mmol/L Na,CO; %1 1. 0 mmol/L NaHCO; (a) #i%i& 7 = Fir kBt E

Figure 1

Standard chromatograms of the 7 kinds of soluble anions in

3.2 mmol/L Na,CO; and 1. 0 mmol/L NaHCO; (a) eluents.
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Figure 2 Standard chromatograms of the 7 kinds of soluble anions in

4. 8 mmol/L Na,CO; and 1. 6 mmol/L NaHCO; (b) eluents.
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Figure 3 Standard chromatograms of the 7 kinds of soluble anions in

4.5 mmol/L Na,CO; and 1.2 mmol/L NaHCO; (c¢) eluents.
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RIAEAT LK R CU A SO 1l 2 45 5 1 78 1
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T 1 mg/L &, i SPE /NFE AT 20 31 0T DLk 2 fR 47
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FEB Crg 10 AL /N FE 3547 40 B, 3 9% 42 )@ 25 7 7T H
IC-H #E A7 AbFE



1680

AL B Ao

2024 4F

R2 TRARBEHTIEREYRNELSR

Table 2 The results of soil reference material determination under different extraction conditions

Standard values/

Oscillating 3 min measured value/

Soil-water ratio (1 * 10) measured value/

Reference B Ratio of soil B Oscillation -
material (mg - ke D) to water/ (mg - ke 1) time/ (mg - ke D)
number cl- 50,2 (g-mL ) Cl- Relative Relative min o Relative 50,2 Relative
error/ % error/ % error/ % error/ %
1:5 33 —8.3 134 —6.9 5 33 —8.3 139 —3.5
ASA-16 365 1444+5 1:10 35 —2.8 137 —4.9 10 38 5.6 140 —2.8
1:15 34 —5.6 139 —3.5 20 38 5.6 141 —2.1
1:5 27 —10 108 —8.5 5 28 —6.7 110 —6.8
ASA-14 30+4 118410 1:10 29 —3.3 114 —3.4 10 29 —3.3 114 —3.4
1:15 31 3.3 111 —35.9 20 31 3.3 113 —4.2
1:5 40 5.3 392 —4.4 5 40 5.3 396 —3.4
GBWO07495 3844 410%50 1:10 41 7.9 396 —3.4 10 41 7.9 407 —0.7
1:15 41 7.9 395 —3.7 20 41 7.9 405 —1.2
1:5 34 —8.1 190 5.0 5 39 5.4 191 —4.5
GBWO07496 3745 200420 1:10 38 2.7 194 —3.0 10 39 5.4 194 —3.0
1:15 40 8.1 192 —4.0 20 40 8.1 190 —5.0

2.4 FHEMBESEIEM
2041 HHOC R B T BR

15 TR A5 Ak VR (P Y0P 4 70 s B A () o e e
P bR E R 51 7 C Ak B 3 53 B8 550 T #6470 T
LA BT 7 19 Jo kv 3 Dy A8 A B XoF I 06 T B e
I AE Ay A A s 2 o A o il 2L 7 R TS b b o R
LT RE r W3 3,

WA C IR B W 43 A 5 vk An ME B 1T HOR S 00))
(HJ168—2020) #F 47 11 BR 5L 5%, MERA AR 5 g £
) ke o 2 AN 25 79 7 s A A
B 7 ASKE S o R BSAS TbR WA S 25 L R BT R
i 55 - AR R (] i R AT AL B A B i 9 O
PR B, 48 i B (MDL) = ¢ X S, 1=
2.896 3T A LI = kK IR MDL, DL 4 f5 1

MDL £ T iR BAK L3R 3,

2% 3 AT, 7 FP B S 1 AH OC R4 - Oy 0. 999 3~
0.999 9, M HREL » HR T 0.999, BA B mny th M
KR ITIEL MRS, KBRSy 0. 14~1. 84 mg/kg.
Wiz TRy 0.56 ~7.36 mg/kg, IC ¥ HA B
o R 500 TRR .

2.4.2 JFEAEEERIE

SR FHZAS 512 365 5 5 1) 5 £F €00 335 2% A R B4R 1 (£
KE R 12 100, %A [6] BT & W B 3 A Fs i
i (GBWO7493—#E i 1.GBWO07495—F£ i 2. ASA16—
B 343 AT 6 YR ITE 7 FBH B 7 i 45 R
14 S X5 (L RTRE X5 s M AR 25, LA SGIE 5 RS %5 (3R ),
7 BH B F 0 A X BR AE R 22 (RSD) S 0,47 % ~
4.6 % . BT,

£33 KBUPBFHEXRHREHR

Table 3 Soluble anion correlation coefficient and detection limit

Standard series mass concentration/(mg * L™ 1)

Lower limit of

Coefficient of  Detection limit/

Anion Linear equation o determination/
1 9 3 4 5 6 association r (mg + kg™ 1) (mg + kg 1)
F 0.1 0.2 0.5 1.0 2.0 4.0 y=0.3361x+0.0109 0.999 6 0. 29 1. 16
Cl™ 1.0 2.0 5.0 10.0 20.0 40. 0 y=0.3018x—0. 2375 0.999 8 1. 84 7.36
Br— 0.1 0.2 0.5 1.0 2.0 4.0 y=0.0966x—0.0007 0.999 9 0. 14 0.56
NO; ~ 0.1 0.2 0.5 1.0 2.0 4.0 y=0.50452x—0. 0127 0.999 7 0.15 0. 60
NO; ~ 0.5 1.0 2.5 5.0 10. 0 20.0 y=0.7012x—0. 2178 0.999 6 0. 21 0. 84
PO~ 0.5 1.0 2.5 5.0 10.0 20.0 y=0.2100x—0. 0111 0.999 7 0.22 0. 88
SO, %~ 2.0 4.0 10.0 20.0 40.0 80.0 y=0.2123x—0. 2615 0.999 3 0.76 3.04
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Table 4 Sample precision determination

Determination value/(mg * kg™ 1)

Number of samples Anion Measured value/(mg * kg™ 1) RSD/%
1 2 3 4 5 6

Sample 1 21.5 21.5 21.8 21.2 21.3 21.5 21.4+0. 24 1.1
Sample 2 F~ 11.8 12.2 11.4 11. 8 12.1 12.2 11. 940. 33 2.8
Sample 3 9.51 9.62 9.56 9. 66 9.48 10. 2 9.68+0. 30 3.1
Sample 1 18.9 20.0 19.9 19.5 21.0 20. 6 20.0£0. 64 3.2
Sample 2 Cl™ 39.5 40. 6 41. 4 41. 4 41. 7 41. 8 41.1+0. 48 1.2
Sample 3 36. 8 37.5 40. 1 37.1 37. 8 40. 0 38.2+1.42 3.7
Sample 1 3. 14 3. 26 3.52 3.63 3. 67 3. 54 3.46+0.16 4.6
Sample 2 NO, 0. 380 0. 380 0. 360 0. 380 0. 370 0. 400 0.38040.02 3.9
Sample 3 0. 690 0.719 0. 720 0. 730 0. 720 0. 680 0.71040.02 2.7
Sample 1 0.410 0. 440 0.420 0.410 0.410 0.410 0.41640.01 3.1
Sample 2 Br 0. 430 0. 480 0. 460 0. 450 0. 460 0. 450 0.45040.01 2.7
Sample 3 0.570 0. 580 0.610 0. 570 0. 590 0. 590 0.58540. 02 2.6
Sample 1 14. 2 14. 4 14.9 14. 6 13.9 14.2 14.440. 37 2.5
Sample 2 NO; ~ 115 119 120 119 120 119 11940. 55 0.47
Sample 3 6. 30 6.57 6. 86 6.29 6.32 6. 37 6.45+0. 24 3.7
Sample 1 3.76 3.75 3.75 3.73 3.68 3.68 3.72+0.04 0.95
Sample 2 PO,® 5.41 5.44 5. 54 5.52 5.44 5.53 5.48+0.05 0. 88
Sample 3 - - - - - - -

Sample 1 87.2 89.7 89.3 87.6 86. 2 86. 4 87.84+1.65 1.9
Sample 2 SO, 2~ 387 402 399 386 401 402 396+6. 95 1.8
Sample 3 139 139 147 140 139 140 141+3. 25 2.3

2.4.3 JIEIEE

SR FH AR 52 36 5 1 1) B 1 €335 2% 1 A B AR A (1
KR 12 10) %5 6 AR AERE (GBW07493 .GBWO07495
GBW07496, ASA14, ASA16, ASA-5b-C2) 43 #] F
R 5E 6 Y, sk CL A SO, (4 I 52 118 K AR XF

x5

W22, LI TE Ik IE R B . R 3% 5 AL 6 bR ifE
i CL I SO, B 5E 25 F 34 78 b M 2 % 5 1
N HA R IR2ZZ 49 —4. 8% ~T7. 9% 1 —8. 3% ~
L2% . ¥4 £ 10% B 2R 3 Bl e, i g5 1
HEH .

BIEFREM RIS R

Table 5 The results of certified reference substance

Reference material Standard values/

Reference range/

Standard material Relative error/

Anion

number (mg * kg™ 1) (mg » kg™ 1) measurement mean/(mg * kg~ !) %
GBWO07493 21 13—29 20 —4.8

GBWO07495 38 34—42 41 7.9

. GBWO07496 37 32—42 39 5.4
¢l ASA-14 30 26—34 29 —3.3
ASA-16 36 31—41 38 5.6

ASA-5b-CZ 40 30—50 34 0.7
GBW07493 96 81—111 88 —8.3
GBWO07495 410 360—460 396 —3.4
, GBWO07496 200 198—220 194 —3.0
SO ASA-14 118 108128 114 3.4
ASA-16 144 139—149 141 —2.1

ASA-5b-CZ 67 61—73 60 1.2

P BESL 00 T 75 8 2 AN TR 580 L 430
MAARF & F .Cl \NO, .Br .NO; PO’
F SO R HETE T - e BERE & 1 Ab 38 7 3 1 A7 Ak 31
AT TSN AR MR . B3R 6 AT I 5 A I AR
[EC AR AE 89. 000~ 10856, Jy ¥ il FE iy » il W5 2

B Sh F.ClUNO, .Br .NO, .PO,’ #I
SO 7 Fi BB (0 7€
2.4.4  SZBREES T

G3IAE 4 A SRR SRR S CRF b - 4 AR b 1
Al FH Hb A R e S Hb - ) L 4 BB A Ak
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x6 MIREIKER
Table 6 The results of recovery added standard

1% arable soil

Greenhouse vegetable soil

. Estimated Additive Totalestimated . Estimated Additive Totalestimated .
Anion . Recoveries/ . Recoveries/
value/ quantity/ value/ y value/ quantity/ value/ %
(mg+L 1)  (mg+L D  (mg+LD ' (mg-L° 1) (mg+L D  (mg-LD !

F- 2.03 2 3.91 94. 0 0.7 1 1.59 89.0

Cl 8.91 10 18 90. 9 19. 4 20 40. 1 104
NO; ~ 0.1 0.2 0.31 105 0.03 0.1 0.12 90. 0

Br— - 0.2 0.19 95.0 0. 04 0.1 0.13 90. 0
NO; ~ 6.3 10 15.3 90. 0 1.27 2 3. 14 93.5
PO, 0.39 0.5 0.92 106 - 0.5 0. 54 108
SO,2~ 6.31 10 15. 8 94.9 37.6 30 65. 5 93.0

x7 EEHERMNKER
Table 7 The results of practical soil samples
2% arable soil Forest soil Industrial enterprise soil Greenhouse vegetable soil
Mean value of
. Measured Measured Measured Measured . . RSD/
Anion RSD/ RSD/ RSD/ RSD/ retention time/
value/ value/ value/ Value/ . %
B % B % B % B % min
(mg * kg™ 1) (mg » kg™ 1) (mg » kg™ H) (mg+* kg™ 1)

F~ 4.93+0.02 4.47 2.31+0.11 4. 77 3.0440.10 3. 40 3.39+0. 06 1.63 3. 46 0. 070

Cl— 28.4+0.16 0. 55 10. 740. 03 0.24 16.440.76 4.61 97.6+0.51 0.52 5.19 0. 090

Br - - - 0.17%0.01 2.71 7.75 0.081
NO; 0.35140.01 3. 13 0.35040.01 1.17 0. 74040. 02 2.33 0.18+0.01 3. 06 6.29 0. 091
NO; ~ 12.9-40. 40 3. 11 4.48+0.01 0.15 7.0540.11 1. 54 6.304+0.02 0. 39 9.23 0.52
PO~ 4.78+0.13 2.74 - - 1.2440.11 1.02 10. 03 0. 050
SO, % 46.6+0. 80 1. 71 18.640. 16 0. 87 239+5. 14 2.15 188+0. 10 0.53 11.58 0. 080

R 7 Al TE 4 A S92 Br R A rh R
F~.Cl" \NO, .NO, #1SO,* %5 1, &
RN A R — BoME R SO >CL >
NO;” >F~ >NO, , 58 & #0550 5E R T
it ik 3 B A R AR AR R Bk, 4 A
A+ P B R S M T Br & 2 A, HiAt -y
HAE PO B AE B RN T e 58 1 4 HE Rk s 2
HbHA 2 > R EEP W OREG . X 5 A B T
XA AT > SO 78 4ol FH 4 38 b & B f g » Ok Ry
Beita SR s U FE it e b b & i ey , B D NO;
TERFH 4 3 b & B R NO, 78 Al rp & &
B o MR A BT R S AR AR, 4 A
B 4 18 v B S 1 00 A T 45 SR 9 RSD S 0.15% ~
4.8% . & B % B k| By RSD Sk 0.050% ~
0.52% . L WAL G 0 3% 20 0 b 7 F B 7 L
AR W R PR AR D S AN TR 2R A -
e 7 R E T

3 #Hit

LT R 3 i [ I R LR 7 R
B i 7 1 R Y RN G 2 R 0 Af 2% 9
ARSI EESR . T Ak BRI 45 A1 A R 1 i 23 A O A R
B ATAE 13 min 58 CAE A X T ORI A 4 A
it (AT BAT — 52 g e A R 2R+ B B T A
7 T AT A
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