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3 Ca(NO,), > KNO, > NaNO, > KNO, + KCl > KNO, + K,SO,; ZE## NO,; % & 0.5~
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Table 1 Basic chemucal properties of the soils used

#g t & RER pH FEEFLHk EhE&E TEHRNTY

No. Soil Location (H0) & CEC Fe:Os Dominant clay minerals
(cmol kg™)  (gkg)

1 131 | I H%NH 5.6 7.2 158 R E. SKEa. KT

2 a TL 76 i 48 8.9 56.5 A Rk K

3 pi 348 | I E 4.7 6.8 48.6 RWH, KEH ER

4 HiER [AR:Y: 523 6.5 16.6 16.3 K= B HWE

5 B OR M. % 6.4 14.4 18.6 Kt BH AWa

6 iR BRI 5.2 15.8 6.9 BREG.BAH.KEE

7 R =t IR 6.9 25.0 8.6 K= GRAELQ

BEREA LR TEHE, i 60 BRE. BLM 1000 g, tNiERK, A [ mol L™ '#) NaOH W5 pH &
8.5 %A, B BALTE 30 min, i HCL A pH ERK R EE, FIRIBKYE 3 K/G, BT R BT T @, MLl
M T HEELLSMT 60C Tt T, BT 60 B i, A7 & H.

pH *f NO,; BBt e ® w3 %K 1 t6 1011 F L3 & FMA 0.5 mmol L™' KNO, B #, i NaOH i
pH, &% 2 h. 8 36 h /5, B0, W& P4 W pH I NO, %% .

B B F 2 NO,” BBt . 3L it S Fh 4L B KNO,. NaNO,. Ca(NO,),.KNO, + 1 mmol L™' KCl.
KNO, + I mmol L™' K,SO,. & —4¥ ¥4 NO, %4 0.1.0.2.0.5.0.8.1.0.2.0 1 5.0 mmol L™'7 K
¥.

NO,” T Bt B B9 WS . BRI & P89 H IR L4 2.50 g, BT SO ml LB, AT —EWE NO, 199
W25 ml, #k ¥ 2h, T4 24 h, B0, A B 6189 PVC B NO, ™ HUR 70 55 3 et 4R M 52 - 6 MY NO, % BE 1 pHL.
NO; b I e P4 AT S5 NO, W 23R 48, PVC I NO; BB RMEFEE X 0.1~ 100 mmol L™', #1 %K
55~57mV.

2 #ER5VHe

2.1 pH X NO, B KKIA

HLi% T3 NO, i R B B 39 B8 pH B9 FHRE T REAR (B 1), 2 pH 8RBT, X & T %t
NO, MEBAFEEH KM, X2 E N2 pH e, 3885 B K 07 4 57 49 hn 0 1E 58 76
W, o AT AR A O e, ZEATINA K KNOJK B T, 3 7 A] A2 LA 30 % NO;
LR B pH 22K 6.5 A4 HEAT 1K 4.5 &4, ER A X NO,; R AR
A pH BE AT AR e A7 3O R, R UIE B A LR A 8D BB R AR IE LA

T3t NO, WM B — M 5 pH 2 58 3¢, B AT 28 s ff 3 %% NO, ¥ %% Bt B B pH
TR ERGHEEF I HATEER. BN, L0, RO H R ERE pH 08 71
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Fig.l Amount of NO; adsorption by soil under different pH

NOj adsorption (mmol kg*)
BHE

RS RNA K 2.3, 1.4 K0 1.2, T 4 FhiE e 57 1WA H 0.15~0.20, RAH S T ol 28 da 77 3
M1/ 10 £A.
2.2 FEPEFEE-F3t NO, BEAIN IR

FEK* . Na*.Ca’ " 3REHE FRAET, 3 Ml 2e e i L izt NO, WRIH A B E X R,
TE ¥R I 9 NO; ¥ B AR [F] B, NO,” B Bt B 9 Wi ¥ — At 2 Ca(NO,), > KNO, > NaNoO, (&
2). T 4 FiE B 2R NO, # B AL RSB T4 Ca¥ " BT R K, SRR FH K
MNa*'HREEEER.

— AR, NO; E R R M R R, ERET REENINE. R— &
T, 7 MLzt NO; iR BB 49 T RS L0 > 403 > R4TIN > EERAIRN > B
WAR L, 5x % HHHTHIE B A R UF" B, EEB T NO, B3 ¥R B ATLER i IE B 4
B HENT, Na* . K", Ca’ " fE 0 NO, i BF £ B T B 2o 7] ZF ebt 767 30 ) 3% D B3 17 60 0 i S AR
WK, xH A KR O A A 4E B A 3, 25 NO,” BB 4K FE B T 8 s A IR BRHAG Na * (A
PRI B Ok i KR, O T A A R B A R, BT %% NO A0 MR B B e X P R BRI F
FETERAK. C¥* 51808 — & RIS PR BT, 530 05 B /R O AT LA 24 28 T 25 o 7
49 ¥ 3R ] I B 767 , 0 W L 467 £ A0 0 3R T IE R 08 P B A BB AR OB 20, R T FE A 2K 3
1, NO, iR Bt B LARE PR T Ca’* PR K.

A0 B B B F B AT LASE B OH ™, YV pH Ay, R PH A F oY 328t HY, (3%
W pH FEAR. T 30F 46 7 MU I 4K pH B T 95 38 R KK, BB T X M S i 22 B 4 5
BE. B4k 3, Joie R W A8 B A 3068 R 4E e 6 A, P 4R pH R BE NO, YR EERY
F RGBT R (R 2), REERFEAXE LR ABFRATEAMHE,
M A F R REEXT NO,; 6K & (& 3). B0, xt 3 Fa] B4 3%, Na* R B &
1% NO; R REy 1.5 FAA: 34 4 Fh4E e 138, Na* R B BN % NO,” W2 B B B9 8 A
ZEA. #h0 NO; vk BEA R A, P WY pH LA NaNO,#& #, KNO,IK Z , Ca(NO,) , iR f&.
REEAM I NEF K Na*TH, Bt LW K REBRIRM A, KR RS NO;
W H Na* B IS5 NO, BB AKX (F3), kit H* 8L, HfFH%
pHEAR., 4 Ca’* MR EHAM. i F LMFEAREHNAHEH, H C RAERMNE
#5147, b Ca®* # S HEREY, R 3 Ca’* $RHH B 5 NO,; R M BaY HhfE B/ K, + 309
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Fig.2 Adsorption 1sotherms of NO; when accompanied by different cations
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Table 2 pH of the equlibnum solution under different concentrauons of NO, added
" K | bR | iR Bt
NO; Red earth Red latersol Brown earth Black soil
conc. Na K Ca Na K Ca Na K Ca Na K Ca
0.1 5.03 493 4,76 5.78 5.81 5.60 4.39 431 441 4,12 4.05 4.10
0.2 498 5.08 4.68 5.72 5.70 5.32 442 441 431 4.10 3.81 4.07
0.5 483 4.62 435 5.50 5.00 482 426 4.13 4.12 3.98 3.78 3.78
0.8 4.82 4.47 4.34 5.48 4.82 443 4.22 3.95 3.87 4.00 3.79 3.68
1.0 4.78 4.41 421 5.36 4.62 438 4.21 3.98 3.78 4.01 3.64 3.70
2.0 4.76 4.20 413 5.28 448 424 4.20 3.79 373 3.86 3.60 3.66
5.0 4.77 4.16 4.06 5.05 4.19 416 421 3.60 3.61 3.80 3.49 3.52

1) ¥ 0¥ BE 4 Rymmol L' (FA).
¥ pH A i R 1K

M 3B FH, £ KNO,M NaNO, I 4t i+, K* Al NO, & Na* #l NO, H % fft &

EREBENEMERX, XA, K5 Na* iR B NO, # 1K B & %5 KNO,Z NaNO,
VIR BE G0 FH TR T 48 . X e R AL TR O B PH RS T B4 R IR BT, B A TR B B B
W, AT LR A LR ARG, BT B T RE R RERRAR T, BT
TR W AR, T 3P B 1 B
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(5] B U B (b R MR R BT ) 2 4 33t NO; IR Bt M A X — AL, ERER
FEETFIER, MARRT LB RAIERS. o TIERFRIMHAE KR ADHK
fEARE LR, BB R NO, , RS RM TR T ENE. BR3P HEMNHEX
FR YT, R B VR A <ot T AR R AT LA R K

23 NO, BHES Na' XK' BREMEXHR
Table 3 Regression equation for adsorption of NO,” and Na* or K*

+ Yoe=a+ bx(n=7) Yi=a+bx(n=T)

Soil a b r a b r
2348 | -0.777 1.292 0.992 0.226 1.32 0.995
a o -0.356 1.436 0.998 0.215 2.03 0.996
TRELIR —0.559 1.856 0.995 0.557 2.52 0.988
iz -1.318 6.506 0.867 -2.64 13.24 0.879
- -1.661 7278 0.905 -2.52 13.96 0914
.28 | -1.454 6.556 0.876 -1.99 14.87 0.898
- -0.831 10.17 0.935 -2.86 19.59 0.885

E. x—NO, BH & (mmol kg "), ¥, —Na*BH & (mmol kg~ "), ¥, —K"*HH & (mmol kg™"); r,,, = 0.874.

2.3 $RIRAMFx NO, B M EIN M

EEA 1 mmol L™' KCI B | mmol L™' K,SO,# KNO P, 3 # ] 25 e 7 + 3 xf
NO; & % bt B 35 8 {0 & KNO,I H K. 7EA[F NO; ¥ BT, % it B & K ¥ 7 KNO, +
K,SO, < KNO, + KCl < KNO, (A 3). #8 CI~ #1 SO, " #I7F¥E °l T ¥ B W NO, i R it , LA
SO, B mBEEREK.
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Fig.3 NO,; adsorption isotherms of variable charge soils when accompanied by different anions
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R A % R R T - 4 3 T O IF el AR D, SR A .

Cl"#I NO; MU tE Bt p 2 Hily, Cl MBI ERELHESFEBMN. C
FEB, NO, R I B4 BT, HRE BN Ml TX— . M ZmfLR E8F
KNO,#1 KCl 814t B, 4 NO,; ¥ E B KA, T pH 8F KC B H1K (B 4), X F
BERE N K0 & 5848 KNO B K.
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SO; ™ 3t NO,” M Bt i B mey, 3 B 3 aof L % M W R 17 6 - 43 5% T IE WL AT ok 20, TR A
#m®, Hit, SO.” X NO; MR K. 4 NO; WERME, T NO, HEEH
R M, RO WA K SO FEM TR REM MMM, Mo b T SO FRIEK EHR
B, (P EE A pH BER A" (H 4). XHRHE NO, # R BRI REZ —.

LA C1-#1 SO~ 3t 4 FriE AL A7 14k NO, MBI WA K (R 4). XEERHE
Ay, X 46 AR A R D SR A LE LA, T A A K BB SRR, 7E KINOL R M 3 NO; YR
BB AR/, B EATA CL™ M SO, i R BBt AR /), PIFRR B 7 of i 26 o 3 ) 3% [ AL 76T
PERRRE W AR K, AT 3 NO, IR B B BE AR /. iX 4 R H3, i THA KRB S AF, £ NO;
VB AR B 5 R B TR

R4 TEH 0K BB H4REA B F EHE R 75 T WXNO, AR FY Ik (mmol kg™ ')

Table 4 NO; adsorption by constant charge soils under vanous concentrauons of NO; and

different co-existing anions

e gt | 23 373 Bt

NOs Yellow—brown soil Brown earth Dark brown earth Black soil

conc. A D E A D E A D E A D E
0.1 0.05 0.02 0.09 0.05 0.02 0.06 004 -0.09 0.08 -0.02 -0.08 0.04

0.2 0.22 0.13 0.16 0.22 0.25 0.18 0.17  —-0.04 0.32 0.16 —0.03 0.25
0.5 0.48 0.44 042 0.48 0.40 042 0.32 0.14 0.66 032 0.20 0.56
0.8 0.74 0.52 0.49 0.62 0.70 0.68 0.65 0.22 0.72 0.45 0.31 0.66
1.0 0.98 0.58 0.60 0.74 0.80 0.70 0.68 0.40 0.82 0.62 0.45 0.80
2.0 110 0.60 0.70 1.00 1.00 090 0.80 0.60 1.00 0.80 0.70 100
5.0 1.30 0.80 1.00 1.00 1.10 1.00 0.90 0.80 1.00 0.90 0.90 1.00

E: A—KNO,.D—KNO, + Immol L~' KCl. E—KNO, + Immol L™' K,SO,

xt 4 FhiE d1 A 13, 76 6] 4 B K B89 KCl + KNO,. K, SO, + KNO,5 KNO,/t i+, %
B pH ZF B/ (K 4), XS AR TR EEARM,

52 42
am " KNO, mt
—&— KNO,+KC! 40
48 —4&— KNO,+K,SO,
] 38
44
36
40 A - " " "
0 1 2 3 4 5 } 40 1 2 3 4 s
#MNO; ¥R /% (mmol L) & MNO; R & (mmol L)
No,” concentration added No; concentration added

Hae AEIFARFIAER TP 4% Wi pH

Fig4 pH in equilibrium solution of soil under different co-existing anions

2.4 AETES NO, KR ERE

Al Langmuir % 8 "% B X 30& NO; BIBLHY, 25 R R, EW 46 NO, ¥E X 0.1~ 1
mmol L~ '&F, NO, W% b B B - 4 ¥ ok HE 6 390 o 122 SR M 9 s YERD SR ¥R HEE 2 0.5~ 5 mmol
L™ '8, NO; 8 BB R 47 WA & Langmuir 7 (R 5. & 6). XY, ARNFREME NO; 8
TR Bt B A BT AR, (B 3 NO,™ iR LI H1 % m Rk



210 + m 3 i 8 %
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Table 5 Parameters of Langmuir equation for adsorption of NO, by variable charge soils

HL#% Feer il K ROM

Elect- Latersol Red earth Red latersol

rolyte r X K r Xa K r Xa K
A 0.998 14.5 0.83 0.997 9.8 0.54 0.986 7.2 0.46
B 0.997 10.6 0.51 0.994 9.1 0.36 0.933 7.0 0.23
C 0.983 18.7 0.89 0.980 16.7 0.35 0.937 15.0 0.27
D 0.894 10.2 0.74 0.976 7.5 0.52 0.984 4.0 0.86
E 0.980 1.25 0.88 0.988 28 0.80 0.991 1.6 0.56

1) ¥ NO, ¥EE 0.5~ 5 mmol L™'BAYHIA N E: X -BABME (mmol kg™ '), K-5RMELBE XYY
¥ (ml mol~'); A-KNO,. B-NaNO,. C-Ca(NO,),» D-KNO, + | mmol L™' KCl. E-KNO, + | mmol L™' K,SO,;
n=35,ry, =0959, r, = 0878(F&FA).

B Langmuir R B %8 20K 18 7 M6 LR F A B NO,; # Bk R B i () #1
5WMMEAREXMER (K. HR (FR6)RY, 4 HE B R LM NO; BRI R/, 7
Ca(NO,),* X, 2~3 mmol kg™ ', BIEHR 4 M@+ (1~ 1.5mmol kg™ )X, HIK
Bt B A Ay P AE B 77 I 4 1/ 10,

Re ERHLMETRAAMREBAPI NO, BMA Langmuir FREASH

Table 6 Parameters of Langmuir equation for adsorption of NO; by constant charge soils

GY 30 Wiz = BE RN Bt

Electr- Yellow-brown soil Brown earth Dark brown earth Black soil

olyte r p. K r Xa K r DA K r Xn K
A 0.996 1.5 1.36  0.998 1.3 145  0.991 1.0 1.57 0994 1.1 1.10
B 0.996 1.4 1.72 0997 1.3 1.25 0992 1.3 1.28 0978 1.1 0.62
C 0.978 3.0 0.61 0.996 1.8 1.29 0993 2.6 0.63 0996 29 0.45
D 0.995 0.9 1.76  0.994 1.3 146  0.994 1.2 043 0987 1.1 0.56
E 0.994 1.1 099 0999 1.1 1.81 0.999 1.1 203 099 1.1 2.01

ER—NRAFET, 7 f LB NO; BT REWUTF RN > 430 > RO
> FIRRARE > BIRRAR 1 3 #Al AR W, ERFE N F S NO,; Bk &
£ 34 Ca(NO,), > KNO, > NaNO, > KCI + KNO, > K,SO, + KNO,. R, ZE KRR &
5 NO,; BB 456 REH X R % 30 (K) BR 18 s 7 200 D R A /)0 0 0 B R 2 K T 0 L 28 53
BASh 1 3 Ml ety P BN A ERRNEHERAR, RUERRAN T+ L
3 NO,; H MR B s LA s e MR B O . DX UERA, A PR T A ARREBA B 7, R s -3zt
NO, KRB ¥ B, M AR ER FS5 T RMEAERAMER. BMER 7R HETAE
M NO, i R B L EE,

$ % x ™
I FXRE, 2EK, TARS. TEEHLMOELE. LT HEHERL, 199
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STUDIES ON THE INTERACTION OF IONS WITH CONSTANT
CHARGE SOILS AND VARIABLE CHARGE SOILS
I. EFFECTS OF CO-EXISTING CATIONS AND ANIONS ON
ADSORPTION OF NO;
Xu Ming-gang Ji Guo-liang
(Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008)
Summary

The adsorption of nitrate ions by three variable charge soils and four constant
charge soils of China were measured under different pH, co—existing Cl~ or SOﬁ‘
and accompanying K*, Na® or Ca’*. The results showed that the amount of NO,
adsorbed by soils decreased with increasing pH. For variable charge soils, the amount
of adsorbed NO; in different electrolytes decreased in the order Ca(NOQ,), > KNO, >
NaNO, > KNO, + KCI > KNO, + K,SO,. Within the range of 0.5 to 5 mmol L™' of
NO, added, the adsorption can be described by the Langmuir equation satisfactorily,
and the adsorption energy parameter (K) as calculated from the equation was similar
in magnitude when different anions and cations co-existed. This implies that the
adsorption of NO, is mainly determined by electric force, which can not be changed
by such factors as the type and the concentration of co-existing cations and anions.
These factors can only influence the adsorption of nitrate through changing the surface
properties, mainly the quantity of positive charge of the soil. However, the adsorption
of nitrate by constant charge soils was a little higher in Ca(NO,), Solution than that
in other electrolytes. The maximum amount of adsorption by these soils was only 1.5
mmol kg~', corresponding to about one tenth of the adsorbed NO, by variable
charge soils. For these constant charge soils, a negative adsorption of NO, was
usually observed at low concentrations.

Key words Adsorption of nitrate ions,Co-existing ions, Accompanying cations, pH



