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Study on dynamic behavior of ammonia nitrogen adsorbed by soil
considering groundwater temperature
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Abstract: Adsorption reaction is the important behavior taken place when ammonia nitrogen enters soil,
and. directly influences the dispercal law of ammonia nitrogen in groundwater. Combined north groundwa-
ter temperature ,the paper took silk clay,fine sand and coarse sand in Fuxin region for example,and re-
spectively studied the dynamic behavior of ammonia nitrogen adsorption soil adsorption of three types of
soil at 5,10,15,20°C.. The experimental results show that at the temperature of 5 to 20 centigrade , the
lower the temperature, the smaller the particle diameter, the greater the amount of adsorption of ammonia
nitrogen in three soils;the dynamics process of sandy clay and fine sand at 5,10,15,20°C and coarse
sand at the temperature of 10,15,20°C conform to the secondary dynamic model. The adsorption kinetics
of coarse sand conform to the first — order kinetic model at the temperature of 5°C, their adsorption
process belongs to chemical adsorption. The rate — limiting step of fine and coarse sand at the temperature
of 5,10,15,20°C is intraparticle diffusion.

Key words: ammonia nitrogen ; adsorption kinetics ; groundwater temperature ; ammonia nitrogen adsorbed

by soil

R ] 0 U T ] I R M X M R K
AABAR” R R K W 5 5320, g L AT
TG g b DX SRR AT 3 T2 R 7K Wil 2 3R 2, 2%
b X AR L at A SE VA X LT TR
[ VA X WA AR TR 361X 2
& VE T R PE G G X A E AU AR . (2014
[ ERBEIR B0 A1) o b T KK B W S R

Yfs B HA:2016-03-07; {&[E HEA:.2016- 04-26
E&UH: HX AR AR F LT H (51304113)

7N, A 202 S K DL E ST Y 3R 2K K S e
MR B ZE G LB R 45, 4% , M 25 G L
16.1% , % 5 0 EE AR bn 2 —, " AU R A
(B2 FHOKBUEA R 2R S5 EWFE T, T H 2 A
At = e AR R

FAT G T2 RU7E L3 P A I B i A 7o E R AT
TREBFFE T H b G T T A - R A e i 4

TEZE RN BB (1979- ) , %, I ITE N L WFFE AR, DRI, 2N R /KI5 G S HI T



218 bi N G IS S I

2016 4¢

FAT NS AUA D 400 , LT 9 i e o
HHTE 15 ~35°C Z ], Fh KRB #F5E T 15,20,
25°C i xR AW MR i s, 2R B BT
T 15.25 35°C By 2 A A B A AT T ) I B e it
FAE, AN HISE T 15,25 35 CIFTT R AT
RAARBIRR BN F12547 5, MR E DG X H R 7K
KU ok F2 B b TR K K R R AR AL
AL 1 4R BRAE 8 H v T A) K Rk 2 B

20°C,1 A Apsk 2 A da) KB AR E 5°C 5 N
S W R 2 T K S K Z B AL T B K IR
TR e B 12 32 Mt DX b TR K K R K R 7E 10 ~
20°C 2 (0] i S e W2 B0 S R 30 2 A T R Y
Iz —, T4 45 4 R 7K S BR /K L
5% 1 SR B R A Bh 1 2 AT ORI . AR SCRAIT T R
b, DX Y - 98 R 5], B SY R K IRTE S ~
20°C B -1 B 22 2 Bl 1 22 AT SRR, Sy ST v
M 7 1o T oK R A A E RS Y IO AR DL S 2B ik
PR PR FLRH AN AR S

1 SEUSHESE
S -E O BT AR T LA 0 T

Hb, A3 R AR IO A%, AR KT LB AR A
HeJa il e ie SO H Yy B o B 00 TR 4y
FbpifE) (GB/T 50145 -2007) #4732, i &=
MR EZN A TS+ Aied LR . PR BRI 3
+ A0S KLRD 3 MR + HEVE S SL G A, RN A
KR HIEAT IR 5.10,15 .20°C B 9 24 A0
B2l 12500, LA ERAE 5 ~ 20°C B 3 S LAY 4 4
W B 22 B 1 AT R REAE .

IS A HARATT A3 RIS ¢ BREIA T ~
18 SHEEI T, SR S5 FEAR I AR A 100 mg/L
(AL B 100 mL, I FH A e € 2% 3, [R] B s
EL IR R I S B0 R B A R K IR T IR IR % 4%, SR LU
150 v/min #£3%, 4> % F 0.5.10.15.20.30.60 .90
120,150,240 300 420 .600 720 .900 . 1080 ,1440 min
HURE (B0 SR FH AN BRI e ek o I By Wb &
RUREE  THE I 2 A W . B AT 3 K
AT, 45 R E 3 YGRS A 1

2 JERER R

HRJEAE S 10,15 20°C by B 2 4 | 40 eb ML aD
X B B Bl 7 2 i 2 B o) D T LR 2 3

140 80 50
70
~ 120 ~ T ~ a0l
100 e 2
w 80 = 5C w 20 - 5C w30 5T
E 60 - 10C E 40 . 10C E . l0C
~ —-A-15C ~ 30 —-A-15C ~ 20 - 15C
40 - 20C 790 -~20C “ -~+20C
10
20 10
0 200 400 600 800 1000 0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
1/ min 1/ min 1/ min

Bl #MRHELIRMERNFHE

IR o (B 1.2.3) B 510,15,
20°C B}, 3 2 - 1%k S S0 W B 8 0 2 il 26 28 fL R
HEEAE T — 35, BEIR T, WRR R i A
Tt 2250 B 5t 384 Jn 281 - A 0 B £ Y 80% A2 AT, %
WA 3 SR R Rk /), O o 34 e A /N T 810 38 1)
BRFSP-r o X6 ) — 28 780 A 398, A () 9L B8 Bof 4 49 g i
R0~ W 86 W AR R 5°C > 10°C > 15°C >
20°C, 5 B[R] B b AR /I, 7K TR S A W o 11 5%
M A 5 K 9 e, 3 23 A 9 7 o 2 20 )~ 17 R R
I AR R+ > b > b

3R E R 5.10,15.20°C B, 3k 21 g B
P A B TR] K B 4N« B B & 4= 300,240,150, 60
min ; 40 650 300,240 90 min; {17 720,420,300,

B2 AEbRMEEs S F Lk

3 HARRMEERINNF L%

150 min; Hrf 5°C B 2R KA 049 W52 oF YA sk 1) 24 2%
KL EE 10 2. 18 £%5.2. 4 4%, MR EE7E 10,15.20°C
IF, BB 2Rt A LD A R P-4 Ik (1) 22 1 P Y 4
/No AR EEAT LI EETE 5 ~ 10°C yi Bl P9 A IR R B8 K
RIEAR T 5008 2 ZR0 P VR A 0, ol A5 MR o ot 2
JR& 2N, Wi B -4 B T) SEE A, (H WG R 8 2P R 4
T, S R o e 4

3R TIEARE N 5.10,15 .20°C B, 43 513k 5]
W BRSF-i 12 90 % 1 BT 14N F < K3 %k 124 150
140.90 .15 min, ZH#5 A 600,240 150,60 min, ¥ b
4 580,260,130 .80 min; 43 1] £ % [ ik 2 ] 288 + ¢
W% B ST Al B ) R 6 Y B A L R Ry BT A R
50% .58. 3% . 60% .25% ; 40 b F 83.3% .80 % .



4531

FHBURE, 55 - 5B K IR LB B BN ) 2 T RS

219

62.5% .66. 7% ; 7> & 80. 6% .61. 8% .43. 3%
55.6% o AR 2R i 90% Y [ o
PAFF- A7 P ] 4 AR, 3R BEAE 510,15\ 20°C i A3 i e
LRGP AE 10,15 ,20°C /Y 40 ib 55 M D X 2 ALY
MR f 23hy 37 il e #8 mT r DAg BA S 5 5 R 18 3k 2
BB, MR AE 5 C it 4iwd RLAD 0 B 22 2030 77 =7
2414 DR RE S I S 12 B 57 B X AR AN J
F1 LB 23 n] AR JRLEAE S ~ 20°CHE R,
i FSAER , WA A N ) 9 o 2 20 O R AAC 5 X

[l — 2 0 ST, R, o 2 AR R
JEEHE/ ], W - o T, P8 o

3 WK ARSI e

N T EAGREAE 5.10,15 20°C I 3 2 4 4%t
SRR B F1 ARk, 3 28 A BT 2 A I R
a5 I [ 4 56 28 70 0l T HE— gl g S R ofE — 4%
B 1R ORL P9 O R AT L 2R AR
36 MUGTTRR, UEEERME 1 PR,

F1 BEHS510.1520CH 3 KT ERMEBEANNEFELEER
W I W 1 UKL N B0
B e () ' S i (0, = W+ 0)
e
k/ 0./ , k/ 9./ . k/ ] .
. B L L R s C R
min (mg - kg™) kg +mg™ +min"" (mg - kg™) (kg + mg™ « min™"")
5 0.01981 119.1044 0.98493 0.00018  140.8451  0.99478  5.54409  21.0140 0.80604
¥y 10 0.01469 79.83803 0.97184 0.00032  121.6545  0.99240  5.64025  22.8000 0.93159
B+ 15 0.02615 52.98453 0.9220 0.00104 109.529  0.99873  5.16029  37.8300 0.76271
20 0.10067 29.66595 0.43337 0.00698  91.82736  0.99970  3.64591  51.6614 0.45984
5 0.00522  65.66329 0.88642 0.00009  83.40284  0.97206  2.87597  0.33761 0.99666
- 10 0.01115 56.08116 0.89389 0.00022  70.32349  0.96330  3.23506  2.23267 0.98248
15 0.01864 40.73876 0.95966 0.00065  55.83473  0.98851  3.01801  6.45866 0.96952
20 0.01340 15.88237 0.54819 0.00236  44.42470  0.99809  2.45145  11.6036 0.86003
5 0.00339  43.81604 0.98459 0.00008  52.96610  0.92997  1.62941 0.99109
- 10 0.00643 38.86134 0.97027 0.00021  46.88233  0.97234  2.08417 0.99491
15 0.01280 30.56942 0.94874 0.00060  40.32258  0.98674  2.32793 0.92740
20 0.02675 28.21913 0.92776 0.00128  34.94060  0.99338  1.99925  4.86829 0.80433
HE— B )RR A B H — R R T AT ARG — R sl I 2 A B 7R 510,15,

R 120 R TN T (R < W B o 0 0
A7 5 3R R o Bl ) 57 50 BRI B 5 o 5%
&y 1 2E R R RS 1 H 9 Sy R A %
T TR B - B R J5 A 5 s 750 ey B Ay A =
MR R 5 AL P 4™ FBORE 2 2 WL ) A R B ot 5 4L
il st

3.1 BRFL AR HUNEEARMENER

RIS ERSN

3.1.1 BRAFBELAARNBAMSH A FHIEAMEE
Ropr AR S 10 15°C I, HiAs M) H — ok K
J7 AR X o ek - A W M B0 T S i 2R UL A A O
IIAIEE] T 90% LA L, {H 2 35 A R B 5 5
(EALE RCRABRAR, A oy [ 285 - W2 B 42 2R B 2

20°C i, i G o) 7 2EAS AR X ) Jo 2 W% o 2 R
B 2l 2 i 4R B 0L A DG B e v, 1A 81 99% DA I,
T R o 5 S0 {1t e Sk 30, U B A B
W Bt R B D12 AT A B ) SR
3.1.2  Apst R RGBS ) FH AR E RS
TR 5.10,15 20°C I}, i —Zah Sy R 4n
W Bt 2 U o 20 3 2 R 4R 5 5 R 88 5P
W 6 55 ST YA R o A B A 2, DRt v — S
BN I FAREARUN GEAR S b A AR A0 w0 W B 2 R B AT
h 5 MR EEAE 5,10 15°C T, J0hr o8 4 HIOEE AL A LR AR
KFEHEE] T 96% LI, 20°C BHFUR: N 3 80 FAH 56
JEh 86% , £ ANTE 1 A, PR AR LA I 75, 1
RN ARG FHOCEE AT, #R Ik B 96% L) |, 1t



220 bi N G IS S I

2016 4¢

SRS - 5 S A A 0, 100 I A0 R 5P U R
BIEHAT AT B WEZ B SR,
3.1.3 HEMNRARWRAWS HFH RS ERS
¥ WRFELE 510,15 .20°C i, fE— 2% fE " SORLED
W% B 220 R0 AW B 30 7 2 I 2R A e 3 1 sh 12 i 2 0
REHCUT ML - S0 2 S B et A%, 5 °C s REL A IR f
AR MIWE—G B J12F I A LU sl 124 i 261
- R B T 3 S, 10,15 ,20°C KL
0 B 28 A T — 2 3h 7 2 O A VA e B o BB
T SN, AR SR, E— S W s T
TR E A ORI B T 92% LA L, 1iij 5°C IR
W HE—G B J12F AR DG E Ry 98. 5% 4 THE—
s J12F 07 FE 93% B PLRIAH I, 17 10,15.20°C fif
HE B 125 7 BRI ARG B 3 4 T — 28N 712
Ji R, PUIA Ry 5°C I RLAD I B 20 AL 30 7 2 kB
A WE—G ) S 2R (1015 ,20°C B FH 20 1 B 2
RO BT E R sh Sy
3.2 5~20CHM KR EX MR L e AR

M B S G 3R R A A R I

FER 1 SRS, Bl BB, B B g+ A
FELAD IR B 22 SR U 2 8l g 2 AR AR G o sk e B4
UG, ] R B B, v G Bl g A B ek S Kk
KB+ > A > M 78 20°C 1), Ky B b L 4
A0 CRELAD X 20 0 1% W2 B 3 3 53 3 24 02 5°C i 11 40
20,10 A5, AT ULASE A28 /), Jhak 88 o) g A T 23R WA o P
75 i ) 5 M e
3.3 5 ~20°C Kyt T /KR BE X AR PR AL I 22 i i i

TR R PR B S 2 E e R R RO IR BT
B8 RN AE R R B RS R, S T A
B VR TR B b2 BN B — R ALY
R, HA Y R bk 50 AR Tk A1k
IR O BRI R 2R B, B A Bl 1 2, S
U A RIS 2 R Ay B 25 BRI R Sy 3 % T
2y, IR R T ol S F sl B ST R R Ak 2 2 8
i SiEBH A g st

RETE 5.10,15,20°C B 18 8y R 25 + Fngmab,
10,15 20°C i KL W Ff 2028 3 g B 8 7F 5
TR B AR5 C R N 2 R B S R R
FF G HE— sl 7 2R W R ik R 25 S A~ g e, L
RS, 5°C 5 10,15.20°C B W B ML A
FH 2, ORISR L R A 45 3R 5 M B A 1
W% B 22 R N 7 RS Y B FL 45 A 56 B2 A 10°C it
IKF] 93% ,5°C i 15°C B 43 51 K 80% Fi1 76% ,20°C
AR 2 46% , BRI A N H A, HI A RO B 2,

LA AT P 7 BN S Mo o 2 = R o2 2 ) PR 3k
5 AN R R R 2 L A JORE P 7 B AR 8L A A O
BETE 5.10 15C I 51545 96% 92.7% L I ,20°C
it 4% B 22 86% 80% , Rt il I Jy 4 b KLRDAE 5.
10 15°C B 55067 P 47 1802 R o P9 2%, Y4 I T )
20°C B, 0k7 7 Bk BIR 3 25 R 45 1 32 B il 24 3h
2 I R A TG R [

4 & B

(D)HREEAES ~20°C Y FI A, TR BE AR, o e
7N S SR IR B A 5 o ) — 26 ST
i 2 TSR, BT G 014 R o JEE /) , W - o
[ S S LI e N

(2) #RBEEAE 5,10 15 ,20°C i 9 453 5 2 - 0 4
b, 1015 20°C i A RLED W B 20 50 3l 0 2 i R 2 15
A G Sy AR5 °C i LR R B R B 2
I RAT A E— Bl

(3) WAEELE 5.10.15 20°C i, B il FEAR IR T
Yoy SR - AR RLRD B9 1 2 50 )~ I B RO R
R, A TRl R IR — 2 5l g 2 5 R I B RO
RS IREL > diED > R

(4) MR PEAE 5,10, 15,20°C i A9 A5 o 2 £ 4l
B RELRD A 0 B ATL ] g T = W B 5 3t B 7 510,15
20°C AR, AL A PR T AE R O UKL N 9 15 25T
IRF 20°C i, UKL A4 T FR G A B i A il
2801 )25 R AR BE 1 R

(S)ILHEET W T KIEEEAE S ~ 20°C i 6l A 1Y
By L AN R R 2 S B ) s AT o ad R,
XM K A At B L PR ek - AieD DR
MR B 22 SR04 B0 7 2 A 7 D e R R A L B AP A R R A i
AHRE

B2k

(1] e AR AN E [ - B ES. Fe M 2l i A X
KK @ [ EB/OL] [2010 —05]. http://www. cigem.
gov. cn/dxs/HyPre/HydPre_2009. htm.

(2] re AR LA BRI LR 4P 8. 2014 b [ BRBEIR B0 i
[Z].

[3] B4 W1, 5K 4R, 45 BITTRE A A1 X 2 A I 3
T2 BT 22 Wh 5 [T ] 3858 TR 4R, 2011,5( 2) -
327 - 330.

[4] MK, Zaiilie, W e, U S m 0 W2 R/ fie 1A 114
AT AU ] REEREE 540K ,2007,30(8) 116
- 18 +111.

(F#% 225 W)



453

PR \Y 7 SRR bt 3 R R R T 295

] UL [ LA i s A Ok AR T A,
R ITE A R A 78 W e 25 28 T DR Je 1) 5t
o BT BORETERICHE 73 B 2000 4F RS 1 5
LRI AL , A T8 4 e 2t — TS IR

B2k

(1] gkt IR B, R, 45 b [ g s+ 5 (1949 -
2000) [ M. R ¢ AT iE 2 ) R, 2008.

(2] ARZER, PR BB, 55 UK BRI [ M.
AU v KA L Y Rk, 2007

[3] McKee T B, Doesken N J, Kleist J. The relationship of
drought frequency and duration to time scales[ C] //. 8th
Conference on Applied Climatology. American Meteoro-
logical Society, Anaheim, CA., 1993.

[4] Van Rooy M P. A rainfall anomaly index independent of
time and space[ J]. Notos, 1965,14(43) :43 —48.

[5] Vicente — Serrano S M, Begueria S, Lépez — Moreno J I. A
multi-scalar drought index sensitive to global warming: The
standardized precipitation evapotranspiration index [ J].
Journal of Climate, 2010, 23(7) : 1696 —1718.

[6] Vicente — Serrano S M, Begueria S, Lépez — Moreno J 1, et
al. A new global 0.5° gridded dataset (1901 —2006) of a
multiscalar drought index: Comparison with current drought
index datasets based on the Palmer Drought Severity Index
[J]. Journal of Hydrometeorology, 2010, 11(4) : 1033 -
1043.

[7] Shafer B A, Dezman L E, Development of a surface water

supply index (SWSI) to assess the severity of drought con-
ditions in snowpack runoff areas[ C] //. Preprints, West-
ern Snow Conf. , Reno, NV, Colorado State University,
1982 164 —175.

[8] Palmer W C. Keeping track of crop moisture conditions,
nationwide ; the new crop moisture index[ J]. Weatherwise
1968, 21(4), 156 - 161.

[9] Hollinger S E, Isard S A, Welford M R. A new soil mois-
ture drought index for predicting crop yields[ C] //. Pre-
prints, Eighth Conf. on Applied Climatology, Anaheim,
CA, Amer. Meteor. Soc., 1993187 -190.

[10] Guttman N B. Comparing the Palmer drought index and
the standardized precipitation index[ J]. Jawra Journal of
the American Water Resources Association,1997,34(1) .
113 —121.

[11] Heim R R. A review of twentieth — century drought indi-
ces used in the United States[ J]. Bull. Am. Meteor.
Soc. 2002, 83(8): 1149 - 1165.

[12] Mendoza B, Velasco V, Jauregui E. A study of historical
droughts in southeastern Mexico[ J]. Journal of Climate,
2006, 19(12) : 2916 —2934.

[13] #pFz, sRATE, JH 7. R By 7 s A i
BHRBUT A RS [T ] HhIAFSY,1993,12(3) : 1 -9.

[14] KAE—. PE=THFIRICFBEIM]. Bat IR
7 Rk, RUSLHS ittt , 2004

[15] /5 8%, XG% 28 R, MIAt i 1469 ~ 2008 4F 54137
AR AR R AR AT [T ], K BB IR B2, 2011,
29(9):8 -11.

R e e e e e e D e = U=

(E#% 220 )

[S] 7% 2 G5 B Al o B R Ak TR e A2 i P 3R
T D] P92 KERE,2014.

(6] e, ZEARAE, X i . AR PRI S U B
REBFFET]. ARARSC AR 241, 2015,32(2) : 136 — 142.

(7] SR, A0, B, 5. B 2 B R B A
MERRRREELD ], PREE T R4, 2014 ,8(8 ) :3201 - 3206.

[8] #ENAE, X% ARLLAT, 5. Wi 5 LI AR SR IL
B G AR TS [T ], RBERS2,2007, 28( 8) -
1770 - 1773.

(91 FEMfidy, Tt #x hess. Kb R A P 5% = A
W BRPAFAESZ IR [ ] Al BRBERL 727 412, 2012, 31 (7)
1357 - 1364.

[10] B HEE, fap /e AR, 45, TR Je st 2 R bt 3l g
AR ] A IR, 2015,15(2) 1195 - 199.

(11 ] WRSE, 75 . AR TR R AR Shas i 4 [T ]
FHAHAIKA,2010(6) :58 -61.

[12] F 48,5630, T30+, 5. B g v )= 1 T /K F m
TREE M SRR R [T ] ZRUR L7 ,2012,40(3)

1668 — 1671.

[13] Rakhshaee R, Khosravi M, Ganji M T. Kinetic modeling
and thermodynamic study to remove Ph( I ) ,Cd( I ), Ni
(II') and Zn( II ) from aqueous solution using dead and
living Azolla filiculoides [ J]. Journal of Hazardous Mat
erials,2006,134(1 -3) :120 - 129.

(141 Z=ii , RS2 AE . BOATEAN [RDRL R 4 50 ) 50 1) W B 50
FHPTEATEL) ] R, 2008,29 (5) - 1406 ~
1411.

[15] Caceres — Jensen L, Rodriguez — Becerra J, Parra — Rivero J et
al. Sorption kinetics of diuron on volcanic ashderived soils
[J]. Journal of Hazardous Materials,2013,261 602 —613.

[16] Agrawal A, Sahu K K. Kinetic and isotherm studies of cad-
mium adsorption on manganese nodule residue [J] . Journal
of Hazardous Materials, 2006, 137( 2) : 915 -924.

[17] B . EASRAEAL A 0 i e AL S e A 25 B
WS¢ [D]. dbgt . vh B R ,2011.



