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DETERMINATION OF EXCHANGEABLE BASES IN SOILS OF DIFFERENT
pH VALUES BY ICP-AES

AN Shuai'?, CHEN Jian-hui®*, WANG Wei-dan'?, MA Jian-sheng'?, ZHAO En-hao'?, ZHOU Xiao-fan*
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Shenyang 110034, China; 3. Liaoning Nonferrous Geological Exploration Institute Co., Lid., Shenyang 110121, China;
4. Service Center, Departmant of Nature Rosources of Liaoning Province , Shenyang 110033, China

Abstract: Exchangeable base is an important index to evaluate soil fertilizer supply, fertilizer conservation and soil
buffering ability. There are some problems such as large matrix interference, cumbersome analysis steps and poor
reproducibility by traditional measurement method, which uses direct determination after ammonium acetate/
ammonium chloride-ethanol extraction. To improve the test precision and efficiency, the extraction solutions of soil
with different pH values are optimized, through desalting and redissolving at a high temperature after being dried in a
water bath, no ammonium acetate/ammonium chloride matrix matching required for standard curve. The contents of
exchangeable K, Na, Mg and Ca are determined by inductively coupled plasma atomic emission spectrometry (ICP-
AES) using the same standard curve. The method is used to analyze 4 standard substances for available nutrients of

soil, including ASA-11, ASA-14, ASA-16 and ASA-20. The measurement results are all within the range of
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E-mial//Chemical1618@126.com

WISVEE : DA (1983—) , 53 Al i T AR, R NFA AT Y A VLIRS I B 73, 3 05 ki 307248 o BT 52 4 X T Jb Al
280 5, E-mial//mjs1015@163.com


http://www.fineprint.cn

726 W 5 0w W 2024 4

uncertainty, with the relative error between the measured value and standard value of the 4 elements from —1.32% to
+7.27% , the relative standard deviation less than 3.50% , and the maximum relative difference of 9.92% (<10% ),
which meets the requirements of analytical test. The method has good reproducibility for soil samples with different pH
values, overcoming the shortcomings of being t00 simple 0r cumbersome in the traditional analysis process with poor
reproducibility, completing the on-line detection of K, Na, Mg and Ca simultaneously, shortening the analysis steps,
and improving the analysis efficiency and saving costs.

Key words: soil; exchangeable base; high temperature resolution; inductively coupled plasma atomic emission

spectrometry (ICP-AES)
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I SR HLIRTR] . BEIOR s e B A AL 2 2
JEF IR METE RN IIECRE T FARCRAR, HRAAR T
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ICP-AES B A Z 0K A 7R A A9 FE
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1 XEESHS
1.1 (&G

iCAP PRO F 41 431 B2 45 B8 1 % O e i)
(L EFEIR AR AR S5 GH % 1350 W; 55
65 0.8 L/min; 241X, 10 L/min; 5 B7< 0.2 Limin; JF
FER)E 1.0 mL/min, JEFERT[AE] 25 s.

TD5 B &K OHL (KRVPERUIFARAF) &
B3 5 000 r/min.

QHZ-12B BMEIRAR G #% (SIaT b3 SL e
I IRGHR 50~300 rpm; IR TEE 5~60 °C.

Thermolyne =54 (52 EFEBR KA F] ) « 2
100~1200 °C.

pH700 B2 i (2 [H Eutech Pi4F A H)): pH (=
F-2.00~+16.00; pH 43HE% 0.01; FHXAE BE£0.01.

1.2 EFERFIFEREY R

2% (o pral) AR (BT al) UK R (A
gl )0 F E 2548 A0 R A R s SBEE(95% )
B YL BT A 243000 20K (A3Hr 4t W 8 U BT ik
A5 ERIR () 1 A Pa BBk A A PR H].

O PR BRI - WERA PRI 77.09 ¢ ZBR%E: , FH 258
TAKERERE 1 L, HZUKE K SRS pH 2 7.0,
Bic B 1 mol/L B Z R ER TR .

Ak - L PR UR . MEFRFREL 5.35 ¢ @b
FOEAKF L INA 737 mL 95% 5, F/KFRREE 1 L,
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AEKSERER AT pH 2 8.5, FELE A 0.1 mol/L FEfk
B—70% TR

70% . WEVE W - B 737 mL 95% L% , K B &
1 L, B 70% 2 BEE TR

K Na Mg.Ca FRUFEGEEI : WEEFI R 1 000 pg/ml,
W ) AR A AR .

T IS A WARHEY) T . ASA-11, ASA-
14 ASA-16 \ASA-20, A AR F PR o B A
BN H O (R ) FERR (R ) TRl A PR w3
[

FE TR (PRI 7 a it A
PR ED 4, FFH# < 18.2 MQ-cm.
1.3 LA
1.3.1 ZERIRIZENERE . i LTIE

HERA AR IGT 2 mm FL O 09 £ HERE 5 2.0000 ¢ F
100 mL B0, A 30.0 mL 2 BR B2 3R BUK , 55 .0
B2 BT RIS A PR 30 min fiH 75538
e, B FIFRT 250 mL BAR T AkSE T 2 e Bk
PEBOR RS AR, B 20 mL, A 3 R, RIS
FEF 250 mL BEARH KB ZE T, A 500 C iy
Y% 15 min, i L FREL S 58 4, R A M5 mL 11
1+2 SRRV WL, AR TR B g ok i, FHZK 6 A 100 mL
R, B AR, F 08 R IR T2 SR,
132 Sig-ZERARMETI1E

WERRFRECGE 2 mm LG A9 1 HEAE 5L 2.0000 ¢ T
100 mL E.0% H, JIA 50.0 mL 70% 1) ZBEE K, 55
SAPEFEE R E R, B 05 B 50 mL 70%1
R LR B FE A B O & R AR 2 Ik
B IR AT C1 A1 SO2. VESE T B 1SR S
A 30.0 mL S b FEPR U , 208 55 2R B TE
IEIR DA 30 min T35, B O I F i
W T 250 mL BEpRb, 2k A Ab Bk - L BEF BUR VR B
A, IR 20 mL, B 3 K HIEWAIE T 250 mL
B KB ZE T, A 500 CrEi sy TP H%E 15 min,
A R E 4, BHIG A 5 mL 1Y 142 $hER%
T, AT B R A, UK BEA 100 mL R,
SERRFIN. 2 BRI 728 IS
1.3.3 KRR KA H

FT A PR AR ) e iR A e bR T S e A
KRB T FARZN s, AT Bl — BRI i

FIARAERN BT IR B Hr R 2k, TR i T2
PRI E A~ FESEARTC L. K 1 000 pg/mL 9 K Na.,
Mg . Ca bRl B W02 s B L I A Ca 5435118 0.
5.10,25.50.100 pg/mL, K.Na Mg & 843514 0.1,
5.10.15.20 pg/mL PTRATRIHE RSN, n e BT
1.5%ERFREZS. S8 L K Na Mg Ca JCZ BTk
JEE AR A R (X)), 15 5 58 BE AN AR A (Y ) 22 il s 7
4. K TR EMZIEIH R . y=163.88x+19.41, 4
KERECHN 0.9998; Na JLRARAERM L BIH T FE R« y=
620.44x+1412.2, HXFRECH 0.9997; Mg soR bRl
LR TR y=32472x+5080, HHIEREH 0.9998;
Ca JCE bR MEM L B I FE R« y=400.24x+410.84,
KZRECN 0.9999, T i IR .
1.3.4 #H &k

B 1.3.1 F0 1.3.2 A FRAAE A, % ICP-AES {¢4%
S AT IR, 75 3] K \Na Mg Ca FCHR R, # BETF
NI E A A ER 19 i (emol/kg ).

. c-V
R R = .
A H R —M-1000 100

AH: € R K(8E Na Mg, Ca) ¥ JE (pg/mL) ; V Ryl
FEWAARF(mL); m AFRAER (g); M I T E ) EE
JRJIFE, K} 39.1 g/mol, Na i 23.0 g/mol, Ca/2 Jy
20.04 g/mol, Mg/2 “k 12.15 g/mol.

2 #ERE5itie
2.1 REERERE

LMk K Na Mg, Ca J2 -1 38 3 17 (9 G A7 38 1
A 11215 K* Na* Mg Ca> 455 TE B , AT LATE F
TR 5 53 R g S 5 %) B 8 1A 7 58 . NHL 1R 25
AR KRT K Nat Mg Ca* (B F KAk %, 51
I R R S RN g S, BB R | b 3 B A
BEEEA T Acq 2 IR S T 5 NHL Y O R i
NGB AE R R EGR] . PR 2 8Oy 7 & i i 2
BRI 500 Cryilike LBk LR maEfess, Al
AN CTREIRTHE, PRI SC 50 R A R R B 1Y) O TR B
(1 mol/L)Hf {1 Bl e bk 7853 58 k.

AR S KR R R AR AR R 2, E
K O R BU 2K B R A R S 56 127 e
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e DA RES R EY i ASA-16  ASA-20
RIBFFEXS G, RS T AS [l v B SR AL B X S 4tk K
Na Mg, Ca $2ECRCR , 25 RN 1 s, FAbsk i/
F 0.05 mol/L B, l T H NH B s, Toikoe 4
¥ K.NaMg.Ca #1755#0; BEE A ALE RS N =
0.20 mol/L i, K .Na Mg.Ca 5¢ &3S B W b 5 &
A BERE N3] 0.50 mol/L I, 32 Eh Rk 230 S, ¢
BT (R I O SRR ER PR R A VA i, X gl
IR . PRS2SR 0.1 mol/L 48 Ak skt 4718
e ARG £ 3 ER 500
22 SITELAIERE

Ay BTIESRR m RES R BN R, RS

MG E L5 G 25 AR T Z ks R . THEC A
o L AR A ARSI A5 R, BEH K Na Mg ..Ca
NIRRT HTIELE , $MR 1.3.3 5 RANFRIESTT0HT . 4
Mrig£E & 1 fr. Na 76 588.995 nm F1 818.326 nm
IbzE TR, K Mg Ca [ HTiEL 225 T3/,
{H Mg 7E 279.553 nm 4t . Ca 7E 393.366 nm kb {55 R
RO A T H AR L. A E K TG 2Rl
766.490 nm, Na B4 i%2k A 589.592 nm, Mg )43
Mr£k A 279.553 nm, Ca F4HTIELL A 393.366 nm.
23 FiERHRANE TR

KA IR S0 2544, 4 % A i A 38y ik
TR K, /i EEHAE 10 k, FRA

F1 SUEREN TR
Table 1 Effect of NH,Cl concentration on the extraction of exchangeable K, Na, Mg and Ca
A4 (cmol/kg) e 4/ (cmol/kg) Atk Bk (cmol/kg) A5/ (cmol/kg)
Sk (mol/L)
ASA-16 ASA-20 ASA-16 ASA-20 ASA-16 ASA-20 ASA-16 ASA-20
0.01 0.42 0.41 0.25 0.20 1.02 0.92 8.55 6.25
0.02 0.47 0.49 0.35 0.23 1.59 1.21 9.87 7.35
0.05 0.47 0.52 0.39 0.28 1.70 1.28 10.34 7.40
0.10 0.47 0.51 0.42 0.34 1.73 1.30 10.35 7.43
0.15 0.48 0.52 0.40 0.35 1.75 1.33 10.44 7.46
0.30 0.54 0.55 0.51 0.44 1.98 1.56 11.12 8.11
0.50 0.71 0.65 0.58 0.56 221 1.87 12.44 9.78
FrifE(E 0.47+0.06 0.50+0.05 0.38+0.06 0.30+0.06 1.77+0.08 1.36+0.10 10.4£1.2 7.4+0.6
400 IIﬂ',I K 766,480 | 21000 P ,I"Al". Ma 585 302 i500 ,."ﬁ Ma 818326
iy )
= Fod o /
E |I I|II 4000 AT / -\"‘Illllll 1000 )IIIII.-" = \II'
1 / [ //\\
| { . | \
#aik /III.'IIII-':-\'.II\I el 300 ."I/ \\:\ll\ |
i
I —_Aj%}" i n E@E 0 -
ThE A4S ThiRS0  The g SHO.SH SO0 SH9e2 512,28 13,34 B1E 44
4300 Mg279.533 | .o o Mg 280,270 &0 Cal]T.oil e /—\I T 303 166
. A N N
szt 1RO i : I 0 \ : II.' ll'ul
H / '|I LI [ ‘I|'| IllIl | TN / \
-:-" [E1al]] /\I". S0 2000 / Illl F0H J,-'JI.I /_
2 - e '\\\_ i = il _J 2
2TH.54 279.56 i 180,08 3lT.92 31794 379 10136 193 3%
o nm i f</nm i# t</nm i t<'nm

1

Analytical spectrograms of K, Na, Mg and Ca standard solutions at different spectral lines

Fig. 1

ARG BN SRR AR T WA 1 4]


http://www.fineprint.cn

o5 5 ]

% A RS G A B T IORSD G R IE AN pH 3 ss bk L 729

MDL=t (1, o09xs T HLIBHR A 55 B9 1A R G i i
7 K.Na.Mg.Ca [ B, IFLL 4 F5 4 Hh BRAT il
TR, ARG 2 iR, LPIREEFEI K Na Mg.Ca
A H BR 2351 47 :0.009.,0.010,0.063 ,0.040 cmol/kg, il
E FFR4:0.036.0.042.0.25.0.16 cmol/kg; AAbik-2.
2 B K \Na Mg .Ca 45 i BR 53 51 24 : 0.007.,0.011
0.020.0.025 cmol/kg, M & T FR 4 :0.029.0.046 .0.081
0.098 cmol/kg. 7£H P - 3FERH 25 3¢ ff 2 A g et £
FEAGIN E Y(NY/T 295—1995 ) FIA It 35z btk
H R ER BRI E Y(NY/T 1615—2008 ) Fhi% A 5
FEFMIN R PR AT, A B2 X iR PRy
PSR e
24 HEREBEEMERE

PEICE AT AR pH {H 19 bR #EP T ASA-11 (pH
6.69) ASA-14(pH 6.54) . ASA-16(pH 8.32) ASA-20
(pH 8.53),ffHis 11 pH 4 /8 1.3.1 F1 1.3.2 T #r 2
BRAY A TRE S ATAR B, SPA TIUE 12 W BIFSE M i vk
PRPRE 5 FEAMIERA . SR A5 RN 3 s 1%071% K Na.
Mg.Ca % AH XT3 25 43 B #E-0.33% ~+7.27% . —1.32% ~
+5.28% . —0.98% ~+0.92% .1.24%~+4.47% 2 [f) , K Na,
Mg Ca AEXH 5 A 22 53 51 /N T 3.73% .3.50% .3.00% .
3.35%. [] i} 4% B8 NY/T 295—1995 1 NY/T 1615—
2008 Jy 4 AT 12 Y &5 R A XA 22, 12 1K
AT AE K Na Mg, Ca fie KAHXSAH2E 53 510 9.90%
9.52%.9.59%.9.77% I T Ir i AR KT 10% %K,
Tl B A SR B 7 92 BE A YA I 7 4 38 v A2 bR

B G TR A A N A R A R X R o
ERIORS v
25 ELEREERIH

PRI BT 95 2 d A GG T R D JE B IX. 6 ~SE PR
FEA AT A T 5E , TR SR A NY/T 295—1995 F1
NY/T 1615—2008 (1) )5 2%} -3k St A 7400, Pikh
T AR R L3R 4. R 4 BE T LG Y A ikt
S BRFE S RG2S 5 bR v T 1k A T E 4 SR AR —
£, AT T ARIR pH R A3 A8 etk £R A 2.

3 i

A SCARYE 13 pH BEBERIUR , 2K IR ZET =il
SV RREMA T, @ T B S EE IR RS
T AR pH A 3E g e K Na Mg, Ca 7
(7. S, 1ZOrRSST K Na,
Mg .Ca [R)FFFELRAGIN , EEEVELS , 4058 T M 0%, 48
B T NIRRT A, AN pH -8 i 52 4
£ K \Na Mg .Ca S Bt I e S 45 18 ik

5 3Lk ( References ) :

(104, XUEIRR, SCEEL 5F SORTTA 6L LI pH (E ) 25 48
PEAFAEAIBTLT ] MBS B, 2020, 29(6): 614-620.
Yang Z, Liu G D, Dai H M, et al. Analysis on the spatiotemporal
variation of soil pH in Xingkai Lake Plain, Heilongjiang Province[] ].
Geology and Resources, 2020, 29(6): 614-620.

[2]f%t, 2k, TRk, & KUIGHLIE XA M 158 pH 2R 5
SHATLT . EMAR AR, 2020, 42(3): 316-321.

F2 MWWIRBUGENE K.Na,Mg.Ca B4 H BRA0MNIE TR
Table 2 Detection limits and lower limits of K, Na, Mg and Ca determined by two extraction methods

FEOT I LR 10 YR e 25 4R ERIE PR W RR
K 0.030, 0.026, 0.027, 0.033, 0.032, 0.027, 0.026, 0.029, 0.032, 0.033 0.030 0.009 0.036
Na 0.013, 0.018, 0.020, 0.016, 0.012, 0.019, 0.017, 0.017, 0.010, 0.013 0.016 0.010 0.042
TR
Mg 0.13, 0.10, 0.14, 0.14, 0.12, 0.11, 0.13, 0.11, 0.09, 0.10 0.120 0.063 0.250
Ca 0.15, 0.10, 0.13, 0.14, 0.13, 0.13, 0.12, 0.13, 0.14, 0.12 0.130 0.040 0.160
K 0.035, 0.037, 0.036, 0.034, 0.033, 0.037, 0.030, 0.037, 0.036, 0.032 0.035 0.007 0.029
Na 0.024, 0.021, 0.028, 0.027, 0.025, 0.028, 0.027, 0.018, 0.021, 0.019 0.024 0.011 0.046
FALE - LB
Mg 0.16, 0.16, 0.17, 0.15, 0.17, 0.15, 0.15, 0.16, 0.15, 0.16 0.160 0.020 0.081
Ca 0.17, 0.18, 0.17, 0.17, 0.18, 0.16, 0.17, 0.18, 0.16, 0.18 0.170 0.025 0.098

AL . emol/kg.
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Table 3 Determination results of K, Na, Mg and Ca in soil standard substances
SR FrEd BT FRUE(E/ (emol/kg) SFEE/ (emol/kg) RE/% RSD/% IRRARRTAAZE/% Ak kR A%
ASA-11 0.56+0.05 0.56 0.00 3.14 8.85
ASA-14 0.80+0.06 0.79 -1.67 2.99 8.92
K <10%
ASA-16 0.47+0.06 0.50 7.27 3.73 9.90
ASA-20 0.50+0.05 0.50 -0.33 3.18 8.00
ASA-11 0.29+0.03 0.29 0.00 294 6.90
ASA-14 0.57+0.03 0.58 0.88 3.19 8.70
Na <10%
ASA-16 0.38+0.06 0.38 -1.32 3.50 8.00
ASA-20 0.30+0.06 0.32 5.28 3.15 9.52
ASA-11 1.61+0.05 1.59 -0.98 1.59 5.61
ASA-14 4.44+0.14 441 -0.58 173 4.99
Mg <10%
ASA-16 1.77+0.08 1.79 0.89 2.96 8.50
ASA-20 1.36+0.10 1.37 0.92 3.00 9.59
ASA-11 8.2+0.4 8.30 1.24 2.46 7.24 <10%
ASA-14 23.9+15 24.6 2.71 241 2.86 <5%
Ca
ASA-16 10.4+1.2 10.9 4.47 3.35 4.89 <5%
ASA-20 7.4+0.6 7.55 1.99 3.20 9.77 <10%

F4 ZRERPTIRERNRNGERSIRETETLE
Table 4 Determination result comparison of exchangeable K, Na, Mg and Ca in practical samples by different methods

ek /(cmol/kg) 44/ (cmol/kg) L (cmol/kg) 45 (cmol/kg)
Heahdis 14 pH
ATk FRifEdr ik Ak BRIk A BRIk ATk BT ik
1 8.00 0.17 0.19 0.36 0.36 1.20 121 3.67 3.65
2 5.27 0.18 0.18 0.055 0.060 0.66 0.68 2.89 2.92
3 8.03 0.19 0.18 0.25 0.26 0.88 0.91 14.43 14.50
4 7.56 0.37 0.38 0.36 0.37 177 181 9.44 941
5 6.25 0.35 0.35 0.16 0.17 2.23 2.25 10.73 10.71
6 5.02 0.36 0.37 0.089 0.091 1.30 131 5.53 5.58
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