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3 RA AR XA HAKEDS . ARSI E 2 A 3 RIS, 43R0 g B R, 4
NAEEIRE . pH. BHES 742 20 FLMC R R 052, 4 A R R S 56 b A A X AR R
IFEERE S, B ERAT 8 A B AR AL S0 R T AKE R AR, b T /K RIS G 45 il $2 1t
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B R H A PO S AR IR A B OE IR N WL R, TR R AR 2B IR P .
W R KRGS B ARG ), RIRENBE . HIERA oA Z 0 EE, 2 HIEZE
FES, SRAETRIE N 0~60 cm B( 0~80 cm, HIFRERA . WA MR RERYIG, AKX ELRE, H
SRINT G i 10 H & e i FH T W B 0 i 2 o 2 3

B F SR LIRD R AR o, RS 52.06%, KyROER SRl 27.14%, FROEE A
4 18.25%, pH=7.1, ALt JFEHL {7 (Eh) K 213.5mV, AHLR &N 1.48%, FHE F35#H (CEC) N
8.09 cmol-kg "o KIEAEL . Al ACHRAHL . [ S & 43 1030, 2.53., 139.73 mgkg .

1.2 XLWHE

1) W B 30 2 S0 s o FREEAE (440.002 0) g T 33 IR A ZER A BE.0E ., 45 A 20 mL
WeE 200 mg- L' Y &AL &, TR pH & 7.0, 7E (25+0.5) °C F . LA 120 r'min ! [HIEIEZ . 505
F 1.3, 5,10, 20, 30, 60, 90, 120, 180, 240 min B! 3 MWL A4, EE LG FLER, &
0.45 um B8, M @AW, HAEL 75% LREVE LR E A MNHG T 105 ¢ ML, Tl
KA, PSR B A, WHBEHES () IHE, SIBSEWM %X Q) #H1711H5E .

~20(C, - Cy)
Q——4000 x 1000 (1)
0 =1000(q; - q0) @)

Kb ONWHRE, mgke's C WNHMWIIEWE, mg L' C A bW 4 NHIAY ) 4y o
mg L g, AWHHE IR EERN AR, mge!, ¢ N EEPERSANWGSE, mgg'.

2) W BiF 44 Hy 22 280 . FREL A FE (4£0.0020) ¢ T I8 iR ELZER LGB L&, 290 A 20 mL #
F£R 50, 100, 200, 400, 600, 800 mgL' & fbEkis, #4777 pH 2 7.0, 7E (25+0.5) C T, LA
120 r-min" fH {E H% % 180 min. 352K )5, DA 4500 rmin™' #.0 10 min, [FiE R ZE 0.45 pm 5
RGN E J A, AL 75% LEEVE LR E M E INHE T 105 CHET, T E KBS . 7
AR T A

3) s RS . F IR 2) ik B0, B SCEREE . pH. FHE FIRE (CaCly), HE3NHE
XS R B AT R . IR 15, 25, 35°C, pHA B3, 5. 7. 9. 11, HEFIk
J¥ (CaCl,) 0. 0.001, 0.005, 0.01, 0.05. 0.1 mol-L™",

4) fRWE I SE G vk o 15 Y AR A BRI i R AR R S 1 K R A A 50, 100,
200, 400, 600, 800 mg'L ' ML W, WAL, & 2) h Tk L BRIk A 5, 1 75% &
st 1 2 2% T B ONHJE B 45 H o

MR FRBTS Ye +BE (4+0.002 0) g 25 T3, fIIA 20 mL 4l /K J5 BEAT M W BfE, BRI B 3 AR
FIRE, 35 B R O BT 5 BBORE e R 348 S 565 25 B0 0 3 P A N VA B % R v A K I A e
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Table 1 Extraction methods of different ammonium species

BB PRI KA BAYRHEIR T H]/h PR EL 5 51
IR H,0 1:20 2 3 YR IR RE
Al A 0.5 mol-L™' KCI 1:20 2 2 YRR G RE 1
[P 5 A 5 mol-L' HF 1:20 24 1 ZER
[ 5 A5 1 mol-L™' HC1 1:20 24 1 RIS 1

2 #ER5TR
2.1 ERASEW MBI FFFIE

B R T B A [ 285 B 9 W B 2 07 2 S g 45 R, W BRE S E b 3 R U B B 1 RS
W, RS, v AR L T A R B AR A RO 2 R AR . R LR,
B e 5 NH % fih (9 10 2 A2 DR W B, 76 1 min P IR BRF B 8 3 81 R TSP 0 110 80%, it W B 3k R
ZURIFEAR, £ 20 min PR BB 3 21 W% P 7

350 - = KB e TSI
1Y 90%, H & 90 min J5 W B & A # T OF - A v TR
SR . A% T A O B e 5 R 2 T A ! e
IR (LR, R R AT A, Bk 2
IR K 2 > T S M S BT E s ki %fgg
A B R G W B R K TR R, 1 min Y £ r_,_.——-—-—r- -
W B T 35 05 T 4 5 F) 84%, 5 min P ik 5 - 1o F,H,,kdwk*”—""
% B SF- 545 1 90%, 30 miin Ji5 HE A< 1 1 W Fff - Vet
fif o TT AR PR A L[ A R AR S T 08 510 15 20 25 30 100 150 200 250
Bl S R B R, 1 min MR A ) A HE g SISl /min
A B 1Y 65% F1 62%, 38 1) W - A B B ] 1 BRASWRM )N F ik
FR A 43513 180 min A1 120 min. Fig. 1  Absorption kinetic curves of ammonium forms
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Table 2  Fitting results of adsorption kinetics

. Elovich 5 g =a+blnt Lagergrenift — 485 J5 #q =ktq? /(1+kiq,,) WLk I g =atke'”
a b R I k R a k R
KIEEEE 11506 3.64 0.995 132.16 0.033 0.994 93.10 3.691 0.258
AIACHRASEE 63.10 6.65 0.995 90.43 0.019 0.929 53.30 3.864 0.536
FBES  36.60 2.95 0.974 50.47 0.029 0.995 31.32 1.747 0.384
W 214.76 13.24 0.998 270.36 0.010 0.983 177.71 9.302 0.374

F14) TR B 38 B 45 E 90% W BT i £ 9 B 18] 433910 Sk 2.9 63.1. 6.1, 20.9 min, 5CEEERILARW) G,
BRI ], B S AW P B, FTAE 10 min YA F) 909% WEFEE R, AR SZES HhOK IR S
B MESEWHZE RS EARE LK, HRiEs . SRR RIS R 5ix4e 7
TER KB 225 AT, S0 TR A9 B 25 W M 20 0 2 X T IR T Mg 3 0h 2 A0 1 W R AL B8 S A A
TorEE,
22 BRERWMIR N FAFE

FE 25 CHHRAMT , S TESEAE AR5 e BE (0 W B 25 A0 141 2 BT/ o B B X 45 T 28 i W f
i Bl AL A R T g . W R KA. NSRS R R BT AL AR A
W0 e AR T 400 mg L7 B, R BFF A Bl e B P SRR MR RGN, 2R MGG, B TR, Gk
B J W PR o T A WS A R TR, W0 R VR BE <200 mg L7t B, W Bk B R G Tk R BG4 v
K, ZJRREARG TR, U BAESE 56 ] P o [ 25 0 W R SR At 1) mT 285 6 5007 A B, R O o
B LA 5 b I IO o i ) bR TR AR B R, 8 R I s I B 3R B D 4 e B v T R AT
4400 BE Ve B K 50 mge L B, B 9 AT SE G g Ff

EAT e Y NHIR B 4 208 o, 8 T i R s
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K 13.0%, B4 5 A NHH R B A 2 00
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Fig. 2 Adsorption isothermal curves of ammonium forms
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Table 3  Fitting results of adsorption isothermal curves

&, Langmuir 559 (1) [0] 5 $00 5 90 R 50 4, Y
TR SR LA B W B A S 04 4 B B A 2
i, A 45R 5 CAVRSE H M M —

. e e e S L irfFi Freundlichf5#
8. 1 Langmuir J7 B4l 315 th 2 5 6019 i KR B = -
N s s n K, R Ke R
B 696.49 mg-kg !, AKIEAH . A B A ¢ !
e T 2 1 R e T TR B 40 B 363.50 KA 363.50  0.0033 098 9.04 0.51 0.960

" , SRS ) . . . . .
245.64. 11250 gk 3 R AT A5 B BO ik k AISEHASEE 24564 0.0021 0994 293 0.60 0970

W B 22 1y 721.64 mgekg ', W R T B A

s 11250 0.0051 0974 532 043 0918
a8~y 696.49 0.0038 0.995 21.16 0.49 0.963

MG ER, XEZEHN TR 28: —Jri
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A PN R AR DG R 22, e IR 3 RO A W B B R E AT LA A, AR 0 S KRR
707.91 mg-kg™', HATESIIAELEF AR AN 1.9%; 55— J7 V- PR T 52 56 A iz B & R 25 =0T
BAE RN TR DA, 3 R 285 i 0 Bk i) 500 L I BEE A B ()R B3 VRO 2 ) - 31K (7.144.0)%, #5
R K WA RN, B K B A B o RIS, P ke e A SR %) WA o e R G
Freundlich 7 F#, 3 15 BH 08 B 2k A% v 47 78 35 35 5 1 2% 1o 104 W i
23 BARWMAEWER

1) I B X B A AW RS2 e, A BRSO R, R X R S AWM 2, b T B AR
XPAS [RGB W B A 52 e, FE pH=7 . S AL B0 4 v B2 43511 2 50, 100, 200, 400, 600, 800 mg-L™
O, %% THE 15, 25, 35 C MA AWM E AR . W& 3 mT 0, Bl IR B i B
fiX, BB EW M &2 T AR, X5 L1U SEU MBS (g5 M A . REE
T v o e 285 SR T B LA IR, A B e v R R, IR R R, O R A W 32
PO AR R o IR R EE . KIS A L T A8 4 A e W B o) ek A Ak e e R BH W, JRLBE e 35 °C PR R
25 °C 25 T 25 5 W B 525 43 3035 0 T (18.0£5.1)% (AN [a] A7) 4 v 5 W o 34 Wt 114 ~F- X (B RN 5 22, R IRD) .
(18.148.5)% . (23.5+5.9)%, F&Z 15 °C BRI 53 3G N T (32.9£7.6)% . (36.4+10.7)% Fil (40.8+13.5)%
[i] 7 25 B W B 2 R BE A B2 IR A /N, 25 °C FT 15 °C Ik A W BfF R 43 510 B 35 °C BF RSN T (11.4+8.8)% Fil
(16.2£10.3)%. 734, TEWIUR VB 200 mg L™ B B9 55 I 0 BFF S0 00 25 R 2R B, T 3 0 IR o 3ok o EL A
PEFEAER , B 15 °C TFZ 35 °C 0] {45 I 25 4 15 1) 0 B F- 5 119 BF 18] 45 58 30~60 mrin. 38 J3 X6 % bt

P 52 W0 AR Y B e AR A e o Fras sl PR 5, — D5 I, A R PR T i S g R ) IR
FAox S BB U T, DT AR AR R R T 9 A, Al B e W BT e AT (R R D 1)

A F W B b & A s 73— 7T, RS AT s AT, BEmar s e, 468 N I E] . 3
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Fig. 3 Effect of temperature on the absorption of ammonium forms
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T2 R 5 S0 7S B BT A 2 e A T S 8 A Y R B R A BE R R R A, DRI R T A I
400 S P S 2, i [ A B e o A BRSSO ) el LA o Y, R
AR B SR AN B2

2) pH X 45 W BT A2 o - HEPRIEE pH A9 7S Ak al BE 2 5 | 1 K Ak B RE P - M ok 2 T L
Je g fap fi (AR Ak, DT X 85 25 A 30 TR B IR B AR R . IR S B AE 25 °C L BRI IR R IE
200 mg-L™' . A[A] pH Z5 44 T AW B B AN 181 4 B s o A WFFEP20 6B, pH Thi A H) T S g 2
R MR, ER AT A RIE AR W LA R o TRT 4 nT RN, 28 R R R I T 2 e i
B B pH 22N B, RIS | AT ACHAR B B pH T R S B TSR AR AR o R A e I S

Wi % pH T iz i K, Wt a5 pH #F P<0.05 3s0p = MR e KRS
KO | 4 I8 3 IE A OE (R=0.949~0.987), X 15 B 3m-‘mﬁM§'Eﬁw .
pH T A R T KE S SRR AT s S —T;D 250F = . - .
) 2 B 5 pH 7 P<0.05 K F |- 5 35 7 A ) PR
P (R*=0.927~0.989), W B & 5 pH 1ty T+ 75 i [ % sl .
M6, ZEBRIE (H>7) 2 FE T W Bt A 5 = | -
iR ol f ¢ ¢ b v

RS EE . W 32 e A AE pH Y AR Ak o 72 0 . . . . .
ORI A LR R, R ph K R B ooyt e
Ay, HOKARP-# 7 B (3) PR . 4 pH Xt & A ERIR M AR

HN; +H,0 = NH;-H,0+H* 3) Fig. 4 Effect of pH on the absorption of ammonium forms

KIESE F KGR E S FEEG LIEATRIME S, M sciSu EEEDEFESS
A TR AP 2 FOIE S B BT RS A R A PR, Y4 pH BN,V B e b v
s, HARKME T RE AT, KADEESEIIN, W PSS =, MO A5 K i 25 i W
O, A A MR Rz, Y pH BEAR, rREmIZESAT, KEREWD, BTN
i, ARFROK S A, A S e AR B

3) FH B X i A U B s el o BH S R T A U B S AR E IR AN R 1, —
N AR A B . W] A A5 i oy B R4 JB B - sS4 Y, PR F AR AE W S SR A A A RTs A E
FEPPI R, P AT i B S A MW B o S 1 R BH S e R S e AN R B R S e, R
T 3O WA O 52 2 e R v o A A i B ) CaP O MR SR 5T BH B T R e A G Ao AR 1 5
SEEGAE pH=7 . R 25 °C &M Pk T, FHE-FUREZE S 0. 0.001, 0.005, 0.01. 0.05. 0.1 mol-L™",
SEIRNPE S iR

GPRRW], WE CaCl Wk EEM TS, 4 T8 A B W B 1 AR X T X0 B (C=0 mol-L™") B A 52 31T [
A, Horh, XK A A AR B i R B 32 B B R e R, R R, TR
5 CaCl, ¥ 7 P<0.05 /K- | 5 @ A e, R 73514 0.893~0.980, 0.886~0.983, H. 78 W fff i 2
M Ca® W B S SR A, X U Y A R B A R v PH B S OK IS A L R A e A B 2 [ AE A B A W
PR AR i reR N o) 4 B = - A B N T e o R 2

M & 53R AT LLE Y, CaCly XF A] 22 4 25 & W B 2k A% A0 300 0 4 0 A 0 % P2 VR B2 Gk 3
0.05 mol-L™" S Lk 1B, W 22 480 2 i 1) Wi BfF 5 AH X 1% A HE B0 T B0, 7% F AR IR h, o0k
— el AR, T NHG S B A R S Y e B A 5 A B b W B S A S S, B, A
() Ca ¥ 25 SNHZE G 3 PR 1w . 20 i BOh A it S 6z, T Cath A m, 5 IRk
(] SR A g B, DR AR S e e SR B0, FERL i se g, NHAR T4 35, o3 0 o i o o o /0>
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Fig. 5 Effect of CaCl, on the absorption of ammonium forms

FIEH . BAR Ca AR A S e fE /1, o THAKAE FREE 0.41 nm) ENHAY K &8 TR 1%
(0.33 nm) KPY, X LABE B K AL IE A J2 0], 2E 1 5 4 2 RGBS 07, PR, Ca X [ A 1Y)
W B 52 M A7)

24 FHIEXMESTAEE &

KERE U FARSOKESE T HigE S HIEA MR ERELS S, S0k FENES, B
TR #5 m o ATAC ¥ A LB PR A #i i I E S RN LRSS &, R0 R M 454
B, BA—EMWrE, s Fao ori. B S WM LSS s S e 2K, B S
FoE, BEEETWRN, @ Tl — s B, MARESE S H RIS
WRIEER, KIESERERSBE, MbFRK T B AT KN, HRCH T 2888, Ry EE
B

J T ER B SIS B ERE S, TR T RSN SE g8, AR B A0 A W R 2 %) 254
FonFE AR, WK 6. 45REY, WU EESRELA —EWEERET), MM AT, &
1o ALK R A 70% W R LR T P A R B E AR R pHL IRE L BH B T TR S AU [ E A7 A
—E WS o pH E ARG W REEL B B S AN O, (H AT I R e e A R A B, A T R e B
pH I FF = RS, ik, pH Fhe il e dE S A Ew b i, pH i 3 72 11, SAAW
[ 72 Ll B (43.127.5)% b FF 2 (67.1410.3)%. 5 il B2 0T W B A s ma ROR AR [R], 38 18 X0 e A8 AU [
2R B TR BB R T R, [ B 15 °C B Y (74.443.9)% B & 35 °C B Y (38.4+15.4)%.
Ca” AFTE AN T8 A5 R0 [, v B e vy, X At R RS (%) 418 2R VR P b I 8, I 35 0 = 38 X 4 S
R E AR, YV EETFZE 0.05 mol-L™ A1 0.1 mol-L™ If, A 5 B - 38 g BT 119 7K v 285 S R Al A2 48
A E BRI
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Fig. 6 Comparison of absorption and desorption of ammonium forms at different initial concentrations
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Adsorption characteristics and influencing factors of ammonium nitrogen on
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Abstract To investigate the influence of soil in vadose zone around an informal landfill on the migration of
ammonium nitrogen from soil to groundwater, batch experiments were employed to characterize the adsorption
thermodynamics and kinetics of water-soluble ammonium, exchangeable ammonium, fixed ammonium and total
ammonium, as well as the influences of temperature, pH and coexisting cations. In combination with the
desorption tests, the fix ability of yellow soil to ammonium was also determined. The results showed that
adsorption kinetics properties of different forms of ammonium were similar, but the adsorption process was
different, the order of adsorption rate and the time reaching adsorption equilibrium was following: water-soluble
ammonium, fixed ammonium and the exchangeable ammonium. The thermodynamic process of ammonium
adsorption conformed to the Langmuir model, and the maximum adsorption capacities of total ammonium, water
soluble ammonium, exchangeable ammonium and fixed ammonium were 696.49 mg-kg ', 363.50 mg-kg ',
245.64 mg-kg ' and 112.50 mg-kg™' at25 °C, respectively. The increase of temperature could accelerate the
adsorption process and inhibit the increase of adsorption capacity, lower temperature was favorable to the
adsorption and fixation of ammonium nitrogen. pH showed no significant effect on the total amount of
ammonium adsorption by yellow soil, which could change the composition of ammonium nitrogen in soil by
affecting the adsorption of water-soluble ammonium and exchangeable ammonium. Addition of Ca*" could
significantly decrease the adsorption amount of water-soluble ammonium and exchangeable ammonium by
competing the adsorption points in the soil, and promote the desorption correspondingly. The results indicated
that the soil around the informal landfill could effectively prevent the migration of low concentration ammonia
nitrogen to groundwater, and lower temperature, higher pH, and lower concentration of cations were beneficial
to enhance the protection performance of vadose zone on ammonia nitrogen.

Keywords yellow soil; ammonium forms; adsorption characteristics





