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Effects of Slopes on Nitrogen Transport Along with Runoff from Sloping Plots on
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Abstract: The effects of different slopes on nitrogen transport along with runoff from sloping plots amended with sewage sludge on a
lateritic red soil were studied under simulated rainfall conditions. When the sludge was broadcasted and mixed with surface soils(BM) ,
the MTN (total nitrogen of mixing sample), STN (total nitrogen of settled sample), TPN (total particulate nitrogen), TSN ( total
suspended nitrogen) , TDN (total dissolved nitrogen) and NH," -N concentrations and nitrogen loss amounts in runoff of all treatments
were highest at 1 day or 18 days after application. The highest concentrations and the loss amounts of MTN and STN in the slope runoff
for the BM treatment increased with slope degree, showing increasing pollution risks to the surface waters. The STN concentration and
loss amounts from the 25° plots were 126. 1 mg-L™" and 1788.6 mg-m >, respectively, being 4.6 times and 5.8 times of the
corresponding values from the 10° plots, respectively. Then the concentrations and the loss amounts of nitrogen (except NO; -N) from
the BM plots diminished rapidly first and then tended to be stable with dwindling differences between the slopes. The loss of MTN and
STN in early runoff (1 day and 18 days) accounted for 68. 6% -73.4% and 62.3% -66. 7% of the cumulative loss amounts during the
experimental period for all the broadcasted treatments. Runoff loss coefficients of MTN increased in the order of 20° >25° >15° > 10°.
Nitrogen was largely lost in dissolved species while large portion of NH, -N was lost with particulates.
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Table 1 Physical and chemical properties of soil and sewage sludge studied
5 A AR IR A LB pH CEC HhkL ki [
/g-kg ™! /mg-kg ! /mg-kg ! /g-kg ™! (H,0) /cmol kg ™! /% /% /%
+ 4 0.29 15.2 1.6 13.0 5.2 5.1 44.7 12.9 42.5
15 40. 50 1256.2 8.5 320. 1 7.5 27.8 67.4 15.3 17. 4
1) pH K [0 2,501, Jous il SR W48 0, B0RE 43 4% [ R bl , G A i bl s 2 L SC ik (15 ]

L3 A TR

IR P b AR U A R SR AR 2 O A A P I
7T T 6 A Y 22 T = v, A 5 R TN B 40 R
AL M ] R PR KB 23l TS e S 1.
18,65, 125 195 d, #4717 5 N TEBIRERT , f4l
R FF 22 20 min, [ 3R B 3 0 . (1,473 =
0.09). (1.468 +0.18), (1.502 £0.09) ., (1.531
£0.13) . (1.505 +0. 14) mm-min '.

N T ASEAU e TR SR T v R 2 Bt 7K R B 7K A f
TF5E BT ah) F9 25 ) g A 400 8 R 8% . 7 37 3 6 3
€ HAE 13 mm (1 R fL AR, J 28 0.2 MPa, LAGA |
JIT e K . B ADL R L 4 — i T 05:00 ~ 09:00
18:00 ~22:00 Jo KU A7 . K B T 25 B4 il 7 /N X
A F S ) 365 > o7, SR T 1 R0 s =X [ T 18 8 % W
4 AN 21, 5 F /N LA IS Sk 7 AR 8 /)N T AR A -
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THEE K R B AN XA A B 8 AT A
CHYRE Ty ) WCE ) , BT 7 I 2 20 min, PS5 R
539 IC SR AR Ui 2 R A 0 R T R 4 AR IR
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SR, PRI 3236 A 52 KK e TR 2 T
1.4 g5k

BRI YR ST (0 5 R v 7R A A R ] A AR
RAG I 5)) A g KR GRS KHE A SR TTRE 30 min,
JROH: B R AR TR TR 23 /K RE ) 28 M o 4 R 10 1 e 4
A, B0, FH R A0 23 501 B 1 43 i i TR )RR R A
(total nitrogen of mixed sample, MTN ) A1 ¥ & £F 5 &
(total nitrogen of settled sample, STN). 1 &) /K £ £
0.45 pm GICFL s Bl UE 5 0 K B, 43 551 B M 2o
TR R A AL - 55 A0 03 D66 B A ERa R Dl v N 5 Ab
G306 BE 1k 2 K R A AT M SR (total dissolved
nitrogen, TDN ) | & & & ( NH,-N) M1 i§ & &
(NO, -N) i & . BORLZS B A (TPN) S TR &) 7K FE
RGN LAMZE :TPN = MTN - TDN. B 778
SVEC(TSN) Sy e B KRR SRS T sk B R 25 1H
TSN = STN — TDN. FJHE 32 0 % 458 Ui v J0kE ) i B
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2.1 R U R R B 5

F2 BN, BRMEE 1 dJE, A [E B E 2R
MTN .STN . TPN TSN . TDN FINH, -N ¥k fiF $5 ik 51| 14
{8, Hrt MTN STN  TDN FHINH, -N ¥ & W i 35 5 3k
BEBOE B BV BE KN U R 25° > 20° > 15° >
10°, o r 10° ~ 15° 15 8 4% 22, 3% 0R 43 51 oy 36. 8,
6.3.1.7 F10.1 mg-L~",15° ~25° 84 ] |- 4> B &,
B 4> 50 5 ik 98.9, 92,1, 81.2 1 84.3 mg-L ™.
X1 B V5 P A0 W 9, B3R R bl 3R K A A KT G
RS, HL A% Ui 22 500 280U R WA %o 35 2 1 3 SRR, o
FAK I T Gl AU i 3 2 1 KT g 25° 48 i MTN
STN FINH, -N ¥ J3 i {43 51 55 1% 180. 6, 126.1 Fil
99.1 mg-L ™", J& 10X W I ) 4.0 ~6. 7 £%,10° ~
25°F2 % STN FINH, -Nvfe i 0 {5 43 51 8 b Hh 27K V
KAKFRM " 1 12.8 ~62.0 Fil 6.3 ~48.5 f%. TPN
W B W K /MR TR R :20° > 25° > 15° > 10°,20° 4%
i TPN ¥ BE W 96.9 mg- L™, bb H 2 B B o o
20.4 ~73.2 mg-L~". TSN ¥ B I (B K /MK I Hy 2 25°
>15° > 10° >20°,25° 4% 3% TSN ¥ B W5 {E 2 22.0
FHEE R 10.9 ~16.5 mg L™ &3
JEAR T NO, -N e B 38 b T F AR, (XA T 0 ~0.9
mg- L7 A A o A 8 TR 7K 2 K U b B A
HERRAE (A A A <10 mg-L7")

Bif I [] 4 A% | 4% BB 0 42 T AR (BRNO, -N
SM) WL RIS RECT RS T 5218 50 i B
Il 3 A P R] P AR I R 2R MR R 25 S R AR N 45
4bFE MTN STN | TDN A1 NH, -N ¥ Ji ¥ 16 75 J¢ 15 it
195 d J5 i 42 3 Hh 3k 31 5 G A, Rk B e (IR R /MK
W H:25° >20° > 15° > 10°, Hip 10° % 5 5 M (5
AR 6.5, 4.8, 3.3 f11.0 mg-L™", 2 25°%F 1 fx
MRABIY 18.4% ~42.6% .10° ~25°4% 7 STN ¥ i £+
66548 1 M ¢ 7K R 55 0 i A vfE V 2ROk R
1.4 ~8.4 %, 1M 10° ~20°48 it NH," -N¥ & A% AH W)
A I~ V2K ET,25° NH, -N¥k & s IR E & 1V
HOKBRAE " 9 0.2 5. 10° ~25° [ i} 9142 9 TPN Al
TSN R EESEAR b 538 2 IEMC HXFMCRE T
Ak,

F2 0 HLNO, NIk A S HERSAER
RAFFAE 58 2 AN [R]. B[R] 4EFS ,10° ~ 20° 42 i NO;, -N

mg-L_] s

e AR e IS B T Rk, R R R
FEMRERZE H W 35 B TS PR UM 125 d J5 1
PP, T 25° 48 W NO, -N #k JE s i PR AE 5 U 4
Jiti 195 d J5 M A2 U . 25° 48 il NO; -N ¥ B i {H L1
10° ~20°%F o Wl 5 5 0.1 ~2.3 mg-L ™', 10° ~25°
FEULNO, -NVfe B U {8 35 76 48 rh XA 15 AR FH 7K H 3 7K
R bR PR (RS A < 10 mg L) 2 AL
NO, -N¥f B B 35 B 18 A Tt T e A B A A 5 T Uit
125 d W g2 i h A B

BRI 5 30 P, MTN  STN .\ TPN .\ TDN FINH, -N
ST S4B A i 3 R G R T v R R/ MRIR R
25°>20° >15° > 10°. NO, -NF- 35 JiE A /MK IR H -
25°>20° > 10° > 15°. TSN - ¥ i i e /MK ik K -
25°>15°>20° >10°. 0] W, , ¥5 ¢ Ui 22 )3 5 18 PF I
FERCZ A (< 15°) [, vl KRR KR T A & 1
TR KU
2.2 BRI A R 5

22 Won, DK ) B[] RUBE SR &, 10° ~ 25° Uit
% MTN STN . TPN TSN, TDN HINH, -N i 2k & 7
15U HOME B RTHI (1 d A1 18 d) £ v 13k B e,
U A 9 B 43 93 R 524.5 ~2710.7 . 309.7 ~1788. 6,
287.0 ~1835.2,72.2 ~317.1, 237.5 ~1471. 51
172.3 ~1413.6 mg-m >, BH I [E] 4, 5 40 FAR
Ht MTN . STN . TPN TSN . TDN FINH, -N i 2k £ F A
LS NV ST RO St IR Sl S S L (N )
89.5 ~370.9, 66.7 ~309.1, 6.4 ~47.4_ 2.8 ~
10.4.47.7 ~299.0 F19.1 ~38.5 mg-m >, 43 HI{L
Ko [7] — B B X6 W WS (B 14 8.4% ~17.8% | 15.9% ~
27.7% . 2.2% ~4.6% . 3.9% ~9.5% . 20. 1% ~
27.4% M 2. 7% ~9.4% .10° ~25° i jiti 72 i NO, -N
MR LI R B T B ES EEA T 124.3
~188.8 mg-m > ] , i BLAE TS Ve U 125 d B 195
d J5 .

A 3 B ) TR) 30 A% i R ok B, 5 R HE 1 d
J& 9423 STN [ TDN FINH, -N it 2 2 %t 3% B 28 1k +
SR 1 5 B RE BLOE T, R/ MR IR I Ry 250 > 20°
>15° > 10°.25°4 % STN . TDN FINH, -N i 2 & 4>
HJE 10°XF W FE AR 5.8 ~ 8.5 £F, Hirfr 10° ~ 154
WA 2% , MR 43 0 8 118.5, 56.8 Fl 24.1 mg-m *,
15° ~25° 34 i W) 53 Sy B3 b, 44 0 43 00 AT 3k 1360. 4
1177.2 F11223.9 mg-m *. M A1 RS , 7605 S22 0
o, —E YL A [ B8] STN (TDN FINH, -Nii
% o Bt 4 B 1 RT3 R, e ok — R I, S 8
FE R L, HL G B3 B R AR e, AR KT 20° ~25° 2
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Table 2 Effects of slopes on change of the concentration and loss amount of nitrogen in the runoff solutions

e MTN/mg-L ™' MTN/mg-m ~2

1d 18 d 65 d 125 d 195 d 1d 18 d 65 d 125 d 195 d
10° 45.0c¢ 18. 0d 10. 7¢ 10. 3d 6.5¢ 524.5¢ 359.1b 97.5b 213.2d 93.1b
15° 81.7b 24.6¢ 10. 4c¢ 17. 1c¢ 8.6¢ 1 060. 3b 468. 5b 89.5b 358.9¢ 105. 4b
20° 150. 1a 36.5b 48.1b 24.9b 16. 1b 2710.7a 1077.9a 420.2a 591.7b 370.9a
25° 180. 6a 47.5a 64.9a 47.2a 21.3a 2509. 6a 956. 4a 460. 8a 753. 8a 346. 4a
im STN/mg- 1.~ STN/mg-m 2

1d 18 d 65 d 125 d 195 d 1d 18 d 65 d 125 d 195 d
10° 27.6¢ 12.5¢ 10. 3¢ 7.9d 4.8¢ 309.7d 247. 4c¢ 93.9b 159. 4¢ 66.7¢
15° 34.0c 15. 4¢ 8. 2¢ 12. 8¢ 5.7¢ 428.2c¢ 291. 0c 70.7b 263. 8b 68.0c
20° 58.7b 32.4b 43.8b 21.5b 11.6b 965.2b 960. 9a 388. 8a 507. 0a 267. 6b
25° 126. 1a 36.9a 53.5a 37.3a 18.7a 1788. 6a 742.4b 378.8a 574.8a 309. 0a
e TPN/mg-L ™! TPN/mg+m ~?

1d 18 d 65 d 125 d 195 d 1d 18 d 65 d 125 d 195 d
10° 23.8d 6.7c 0.8d 2.6¢ 3.2b 287.0d 138. 3¢ 6.4d 58. 6¢ 45.4b
15° 58.8¢ 10.9b 2.9¢ 5.4b 3.5b 766. 0c 210. 8b 24.6¢ 118.5b 44.4b
20° 96.9a 7.9¢ 5.7b 4.2b 5.7a 1835. 2a 226.2b 41.8b 104. 4b 131. 4a
25° 76.5b 13.4a 15. 1a 13. 8a 3.2b 1038. 1b 270. 0a 108. 1a 245. 8a 47.4b
e TSN/mg-L " TSN/mg-m 2

1d 18 d 65 d 125 d 195 d 1d 18 d 65 d 125 d 195 d
10° 6.4c 1.2b 0.4c 0.2¢ 1. 5a 72.2¢ 26.6¢ 2. 8¢ 4.8¢ 19. 0b
15° 11.1b 1.7b 0.7c 1.1b 0. 6a 133.9b 33.3¢ 5.8¢ 23.4b 7.0c
20° 5.5¢ 3.8a 1.4b 0. 8¢ 1.2a 89.7¢ 109. 2a 10. 4b 19.7b 28. 1la
25° 22.0a 2. 8ab 3.7a 3.9a 0. 6a 317. 1a 56.0b 26. 1a 66. 8a 10. 0c
e TDN/mg-L " TDN/mg-m ~>

1d 18 d 65 d 125 d 195 d 1d 18 d 65 d 125 d 195 d
10° 21. 2¢ 11. 3¢ 9.9¢ 7.7d 3.3¢ 237.5¢ 220. 8¢ 91.1b 154. 6¢ 47.7b
15° 22.9¢ 13.7¢ 7.5¢ 11.7¢ 5.1c 294. 3¢ 257.7¢ 64.9b 240. 4b 61.0b
20° 53.2b 28.6b 42.4b 20.7b 10. 4b 875.5b 851.7a 378.4a 487.3a 239.5a
25° 104. 1a 34. 1a 49. 8a 33.4a 18. 1a 1471. 5a 686. 4b 352.7a 508. 0a 299. 0a
e NH, -N/mg-L~" NH, -N/mg+m ~*

1d 18 d 65 d 125 d 195 d 1d 18 d 65 d 125 d 195 d
10° 14.7¢ 8.7¢ l.1c 1.3b 1. 0a 165. 6¢ 172. 3¢ 9.1d 24.0c 15.4b
15° 14. 8¢ 11. 0c 2. 5be 1.8b 1.7a 189.7¢ 207. 4c 22. 8¢ 37.3b 19. 4b
20° 44.6b 19.2b 3. 6bc 1.4b 1. 5a 759.9b 588.2a 31.1b 31.5b 33. 6a
25° 99. 1a 24.2a 11.7a 3.3a 2.4a 1413. 6a 490. 1b 83.5a 55.0a 38.5a
o NO; -N/mg-L ™' NO; -N/mg-m ~*

1d 18 d 65 d 125 d 195 d 1d 18 d 65 d 125 d 195 d
10° 0.0b 0.0b 4.6a 6.1b 2. 1c 0.0b 0.0b 38. 8a 124.3b 28.4b
15° 0.2b 0.0b 3.0b 6.1b 3.2¢ 2.6b 0.0b 26.6b 135.0b 38.3b
20° 0. 4b 1.9a 4.2a 8.2a 6.2b 6.8a 47.8a 35.8a 188. 8a 143. 4a
25° 0.9a 2.3a 3.4b 8.0a 8. 4a 9.6a 45.7a 23.6b 119.9b 136.9a

1) 48Kk B0 85 g 35 P A80ME FL i A 409 120 t-hm =2 ,10°, 15°, 2000 25°FQF 0 BE , 2 v vk JBE A1 I % 4 4 349 0 11 B Uk [ W9 ( B3 B 20 min ) 48 0 W
3 T ECHE 1S 349 4E .1, 18, 65 125 F11195 d Q3R 15 Y ile 1 G i R 8L, 2 1 H80R H die /N 25 5 8 35 1% (LSD) |, 2 o) b 31 i) (94 AN [) /N 55 7 B AR 3 Ak
L E] Y 22 5 35 B g K (p <0.05)

[, PR3 R 22 S5 51 A [R] 48] STN  TDN FINH," -N i
R W {E 5 B K (B B9 22 (638 B 23 il o 242.4 ~
713.5.251.3 ~630.9 F123.1 ~416.0 mg-m °. f
P 5 W N, TSN ik S E R R AW,
MTN F1 TPN 3 2kt 5 A Bt 3 2 T g T 34 K, — 7 0
{EEEAS B AE 20° 8 25° 4k B v, i B 5 kS /9 (7] 39
MTN A1 TPN i 5k 2t W6 (B 15 # I AR 22 {6V 1] 23 391 A

277.8 ~2186.2 186.9 ~1548.2 mg-m . LK 16
W AT AR W NO, -N it 2k s AR Ik, 10° 5 15° 20°
25 MEIM R A BAFAENE ER X FEEY
75 U HOME BT I AR T NOS N R BE AR AT 6. IR R
1675 P A0 125 d F1195 d J5 iR, NO, -Ni 2
5t i R v T R, TR R W X AE 20° b B,
5B ARAE 9 2 53 51 4y 68.9 Fl 115.0 mg-m .
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Bl 59 109 P, 4% Bk B AR A v MTN | TPN i
NO, -NF-3% 2 B K /N R :20° > 25° > 15° > 10°.
STN TSN . TDN FHINH, -N- 1 3 26 i K /Ny 2 250
>20° >15° > 10°. /] WL, Uit 72 i A 2 T Sk =
N R NI TE: i N = AR 1 T
NH," -NFINO, - Nk 75 2 i 3 i 3% O T 38 v o 20>

MR R =RE &P EHOEFE W MTN [ TPN
FINO, -NA /MR A :20° >25° > 15° >10°,STN |
TSN . TDN FINH, -N K /MR & 35 H :25° > 20° > 15°
> 10°. % P& BF 68.6% ~ 73.4% MTN, 62.3% -~
66.7% STN . 76. 5% ~ 88.1% TPN .77.4% ~ 82.2%
TSN, 60.1% ~ 65.0% TDN F1 83.3% ~ 93.3%
NH," -N¥it 2K it & A A 5 e it A s (1 d A 18 d)
By i 76.5% ~85. 6% NO; -Nyi K it & A= 7E i
A FE I (125 d 1195 d) & . MTN (423 MTN
WA E//NX IG5 IR A E) B R RECK
INAR W K 20° (1.06% ) > 25° (0.98% ) > 15°
(0.42% ) >10°(0.26% ), TDN/MTN #l TDN/STN
SRR ARSI N 44. 1% ~66.0% F1 81.9%
~91.7%.

2.3 RESIEEE . LSBORY B AR T i Z 18 ¢ &

A 43 Hr R B, 42 3 MTN | STN | TPN | TSN |
TDN | NH," -N ¥ B Z [8] ££ 76t W 2% 1IEAH ¢ (r 2R
0.726 ~0.995,n =25) ,MTN ,STN ., TPN ., TSN . TDN ,
NH," -N¥k B 55 J50kE A0 (F50RL 9 R T2 ) Wi 34
FEFER S 3 IEAH G (r 2 0. 644 ~0.957 ,n =25) ;42
7 MTN STN . TPN . TSN . TDN NH, -N¥i 2 & = [a] (r
0. 664 ~0.996 ,n =25) , TN, TPN ‘TDN \NH, -Ni
2 it 5 WHURE A U % i 22 R) B AE AR AR S 2 E AR G (r
$70.533 ~0.917 ,n =25). ] U5k A & A £ B AR
LU R R A

PINO, -N77 i1 Hi, i i AR R 25 W o 448 i 0k AH
H, HARWENO, -NV B A7 fiff £k 2o B2 FINOS -N bk % 52
M, (43 NO, NV B 5 48 3 00k AH & B B A AUk
FETFAAAAE W 35 A0 G, fh 3R 3 AT g, 5 Je b B AR IR
NO, -N/TDN ¥k J& I, 5 NH, -N/TDN ¥ & L. 2 [a] £
10 s B AR OO R, X EEE K TG
HLA FZLINH, -NJE AT, B 5 3 iy, K
15 U6 NH, -N 76 3% Hb 4 € b & Az i Ak s B 5% 4k ok
NO, -N, — Bt B ] 4 4 5 NH," -N % & 3% 7 B 1% i
NO, -NAS W b , A3 A2 i NH, -NFHINO; -N ¥ JiF [F]
TR 26 30 L I T K A B AR O R AR R LT B R
M) AN K, AT R R Ty Bl iR o W o R e, Ah 3L ] A Rk

%3 NO, -N/TDN iREtk (%) 5NH, -N/TDN
REL(%)MBXLRY
Table 3 Correlations between concentration ratio of NO5 -N
to TDN with concentration ratio of NH," -N to TDN
MAERE HARE

4k 3 ful 175

(r) (n)
10° y=-1.0866x + 82.546 0.902" " 10
15°  y = -1.0432x + 79.968 0.881"" 15
20° y=-0.4989x + 42.898 0.643" 10
25°  y=-0.352x + 31.847 0.720" 10

1)y 5 NO; -N/TDN (%), x H NHS-N/TDN (% );** £ % p <
0.01,* F7% p <0.05

JEZE R TR 22 57, 9540 1 A8 B A B AN
3 iFig

U AT, 35 B 78 5 i - 842 1ok ) ) B A ™ T
ST I5 e A R B AR I R, £5 3 B S U 0k A% Ui
& (MTN STN,TPN TSN . TDN FINH, -N) ¥ & 4%
b3k AR T 43 Shy TR R v 0 )R FS W T R RS E
W5 R R ERM T R, Lhr L RS RA
FAIE T Rk 2 T B RO TS VR B R ERIUR K
5 T -5 AR LA A I - T L N o T L AR
TR | B I ) LA T 45 R

U U i DRI 3 B2 A v 7 T R O A
WM S 48 3k 445 R 22 B0 25 R0 3R Wk 8 o ok A Ak 143
TR, FE A i B P 398 R T v, ELAE TR — PR R SR R
Re¢ T 5 45 V0 FHHE P T ) T ol 7 e, 50 A 280 3R Wk
X EEE LT 6 A5 A - O RIHEUE i 75
ARG EH S RBAM LA, HZE LA L
NH, -NJE A7 £ il 25 0 L AR /1N, 42 3 45 40t
V5 - AR TR B R 4R 1 AU B K IR S A S
FE R T o T 43 BORAR U o e A R I I K. @100 ~
25 Ut A48 U TV A S 0BT i LG B #R K, TDN/MTN
A TDN/STN ¥ FE t 43 5 A T 28.0% ~ 57.6% F
67.4% ~90.6% Z [f] ,STN TDN FINH, -N¥ fif 3= %
5 R [ 3k o 420 i X ¥ 8 e 25 R R A e R S SR
PR 45 A5G, 1 MTN 1 TPN ¥ B 5 50k 4 76
BHE B C R BN B V). QMU TS I8 5 NI R 4 B
1 - P SO ) 2 A5 A RN ST ODR A 0B 7] 6 45
BN PR MARE 59, A F R R - BE R S
W AR /N B R A UR BT R ORL (NH-N
A LA ) Be . @yl ok, 15 U it 1 43
14 S T AR o o 25, TRV [ 3BT 00 R I ol
WA K, H A2 U Ui 48 K, X 3 1 V5 e - 1 18 i U] g
TR R T B 2 5 B vD (NS YR ABURE ) BE



2428 AN 5

B 31 %

S R V] FEE 45 7 B R ) T NH, N UKL 7 %
YT T AR WA UK . Sharpley " BF 5% W, #2045
i - ST B0 A 8 R I 39 9 6 o i 4 . B 3%
i K S S ) ) 62 ol R 7 X R R, 0
5 bt TR o T A 1) 9 9 LA I O T kR
AHFFE 2001 25° B T T H R X 38 2t B 4n
VR FEAR TN EN R, A BE B | 2 R
275 VB 3 OB 1 JE MR O, SR AL T B AL
I @3 (10° ~ 15°) B /N, 4 370 2 B0 TR, AL 3o Dok
O8I T 15 VR U 25 R B B T K TE 1 3T bk 2k 5 it
I AR i T ARG, B 1) IO 0 8 4 EL e /0,
iR T 423 TPN F1 TSN ¥ Ji£.

)95 YR A0V 5 300, 0 O L 2 VR R A A X A
(1) B 78 b 91 BT L DR 39 3 B 0 40 2K U 25 S
JIN R T PR O - R A AR B (L2
I PO TP A E (S LOE L s e o -5 21 S b5 RLe))
PRLLHEE L W Ll e 4, pH BE, B
NH," -NAE S35 B, 5 51 NH, -NJE 2. Q48U J5 391,
JFA RS REHAC R AR, R TRERESAL
VT 15 Ve A AL UTE W T I R 300 0 A 5 BN S R S
R LR R BA BRI N B )
AR T REG LGS 5 56 AT, 46 A 4 254
B8 5 il 1) A HLR AL & 90 07 AL TE W NH, -N i
B 5 91 2 SO HLEUE 15 U8 h 45 0 5 2 Bexem AL
M HLAML & 8, 3 R A2 JNH, Nk TR A
SEREEE PV BESERE TS VR A WL A ) 2 e sk
B B (5 6 J&) 29 74% T 54k A HL A o
Ak, Bt 5 18 TR B . 15 V8 L AE v ok it
Bede, & 4% & (NH, 8% NH, )™ RCRS f6 7R A
NO; -NTE: P12 5% 5 T R0 2R I8 & 15 U8 A R AT Y
— WA S B R s e P AR BT R
WL W], IR, BIFE R TSR T5 R A E K i
19 Fernandes %' HF 58 & 8L, 15 Jeiti X N,0
HE I A2 X B X 19 3 % @B IS e T -0 H A
PR A2 T — S A5 R R 2 T P e A oy D) R 3R
RS LR B R 2 A A 3 e R, AR
v 35 R AL/ TR A IO AR L 191 2 0 A 4 4 S U A
FREH I B AR, B0 A2 U TR 25 0 R0 A L vk B
Y M. OO 75 U8 A U0 I AR T
B K, —ERE BT RRAKE. OF#UG
15 8 i BL R E 8 1 B S A R AR AR 56 0 0 1
I -7 U 3 R 4 39 T 12 o O 25 S AR B | fHL X Ui ik
6 SO 0 TR 25 R A28 U T 4950 T 0 IUR AR 1) U 2k BEL
FFAR—KE, 0 10° 15 4 W R A7 55, B0k 76 72

R T BT A2 B 1 /N T 20° 25 3% THT Y JR X
S A 5 N, 7R BEL T A R (54 A SR, SR
TR R B ) 3 B W 25 I SR 1 AR Ak, 55 Ak
T 4 R

5HEE A AR KA E 58 2 R, NOS -Nk
FiE e L W IS IR A Ry, LR 20 T THR B R R
Rt FLS R R IR ZE . NO, Nk B B 3%
JiE 8 KR S AE 5 VR O 125 d 15 B4R 3 P A i
B [7 B Gangbazo %5 °°) BF 5% 48 th, 15 & #U G /5,
NH," -N 5y B #2 5% , T NO, -NIF 38 ) 75 28 5 e K
Ik 5] 59 il A 2o R A" 4 % 2. Grey 45 BIFE 3, bk
WU 5 98 9 A H G R P NO, -NYR B A 2 T .
B A T LR 4 84 OO F A A, KI5 B TEHL
R FERENH, -N) BRI, 5 ANH, -N#% 4k K
NO, N7 i []. @75 Y8 A WL A - B Ay 4 48t
T o B BRI AN R, T S AR N, -NIEA IR T TG
Ve HLE T AL 5 1%, — 5 B30 P9 I8 2 A R s Ak 1
Fn g, A NO, -N BT 4 4 v s {5 75 35 8 it
65 d B JG , 1O 72 3 ek Kk B A, 3 1K BENO, N
T B, 5540 T 3B O 5 b 4 T R SIS, Y
32 v AR 25 80U R UK VR B R 2 I i B o A2
TR AS AT AR 5 R . V5 MU 125 d JF
R R RS CE, BRE LD F 2L
B 7 T 0 6 T 4 R RS 1 o T BEL 22, -
S, AR AR 2 L NO, -NBE AR i
TR, WA o™ S 390 8 AR 5 0 B A, 4 R R AR
NO, -Nfe A Je 3 B bk 2 i Wi 428 V00 3 %, DRI 3 T 33
JiE K B DX 3 (0 25°) 346 o K IR i) e . @) U Al
AL A A R, 24 A R Ak VR T 25 05 7 8 59
J5 AR RNO, -N¥ BE i e AR th T35 U8 A WLAUR:
16 R £ 7 B TR K A, B A TSN 05
Ve 1a J5 ,AUH 30% A HLAS LG (L it
TETTEA 15 U 280 28 %0 7K 1 35 e XU IR, NHL N2 L 3
() A AR , WNO, -N I & — 351K 1145 45

ARG 2 W, 15 U8 HHOHE T 400 4 0 1) R % 0 2R KL
I e v, IO A A b o I R I I, 76 3 B R 35
Ve, PR e 38 T 3 - A R P R B, O 3
Ve A+ TR Ab TR AR R A, e PR -AR IR
FE R I, — S BT A HOME 35 8 T R AR A
U T /N 35 YA HLTON T W i R
SO K R AT B A BB 1 ) | b UKL 4
SREORIAR I A R b RE D (35 U8 B AE TR
) IR, TR A R 5 0 B HDRS R R R T 4



10 #

R SR 5 A [ 394 B Ml S A A+ 75 08 03RO 2R AL 1) 5

2429

A IR LA B4 S [R], 149 5% 10 75 280 2% U K W Rt
(B A5 AE A, I — 5 R L4/ T A B R
R 2 5. L BT R MU L AR i B B 3
FERE R MG R H AL TE — 2 3 [ 9 A7, 2 ik 5
Bl 5 R TR O A U R, B A
T FLIEE . AR 5E 3 WY, BN 5 U8 b PR A 4 4 b
R0 60 3 U0 2 AR 5 0 o 5L OE A G T 7 G 35 TR
Pl BT P, R 2 I b R AR TR B U 2R U0 A T 2 i SR
JiE, HRAE R A T 200 ~25° 2 .

T UL, 95 07 T 4 M 1 S R el 7 R 4 A
ARG IR B, A PR T B BT 2 0
AT 1075 VR P DX (I 2% X, B B < 15°) ,
5 VR K TE T B Al (R R L
A0 200 T8 P 5 ) A1 R R T ML) R B MR 3R (R
AT IE 15 U8 R E 0 Ak B S A 0 i i TR 45
), 3 R ORI (8% 0 b T R S L % AL 28 o
AU BELE I U0 AR I R AR K L R R
PR A2 vk BE W, LA R /b R R 3 AR I 3 e
IR

4 #Hig

(1) V5 Jfe #lm B dr 3 (1 d A 18 d) 42 b
MTN . STN, TPN . TSN, TDN . NH,’ -N¥ & FI 9 2 &
PR B IEME , /R (MTN 1 STN) i 2k fiw Ry ™ 5, X
b FE K0 T Gl XU Bl 3 2 1% O T o v ot S O AR
AR (NO; -NERAb ) o B2 Fl 2% & 34 2 e ol T
K Ji5 20 A A, B A ] R 2R Wk B R O R
22 58/ NOS -NIk B2 Fl i 2k s A 258 E S
T B A B 3 e R TT  ve ) a AA H BEAE
V5 R 125 d B .

(2) B E I A, MTN F1 STN -2k B A
2 it A i 3 O R, 10° 0 15° 20°F0 25°4%
Uit STN ¥k B 43 5l 8 V ZEOKR(E R 1.4 ~ 12,8,
1.8 ~16.0, 4.8 ~28.3 il 8.4 ~62.0 {#.

(3) %3 68.6% ~73.4% MTN Fl 62.3% ~
66. 7% STN i 2k 1 & A 78 15 Ve WUkt 9 i 89 (1 d A0
18 d) 23 s MTN 42 3 Ui 2k 28 B /MR R :20°
>25°>15°>10°; TDN/MTN Fil TDN/STN 2 fl i &
A AN 9K 44. 1% ~66.0% Fi1 81.9% ~91.7%
TDN & % F iR 0y F 44, (A Y Eb B 9 NH, -NJ2& i
Ik W2 B UL A B A58 3 T % 1Y
e

[1] Wang J L, Yang Y S. An approach to catchment-scale

groundwater nitrate risk assessment from diffuse agricultural

(2]

[4]

(9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

sources: A case study in the Upper Bann, Northern Ireland[ J].
Hydrol Process, 2008, 22, 4274 4286.

PRI, ARG ST 95 3 T 3 i 3t A= 3 R 8 OF o o R
[J]. A%, 2009, 29(1) . 416-425.

Mahdy A M, Elkhatib E A, Fathi N O, et al. Effects of co-
application of biosolids and water treatment residuals on corn
growth and bioavailable phosphorus and aluminum in alkaline
soils in Egypt[ J]. J Environ Qual, 2009, 38. 1501-1510.
R, RHERE, B Ak, S5 AR X L ERIUE Y 4
R A W (], Ol TR %), 2009, 25
(6): 81-86.

Shipitalo M J, Bonta J V. Impact of using paper mill sludge for
surface-mine reclamation on runoff water quality and plant growth
[J]. J Environ Qual, 2008, 37. 2351-2359.

TREES, PN, PhERIT. M MR B A 3 Y N T ALk
FEWFE[)]. HEERL2%, 2008, 29(7) : 2068-2072.

EH, FIEE, BRE, .5 L R R B R K
W1 FRELRLAE, 2003, 24(2) ; 50-53.

Quilbe R, Serreau C, Wicherek S, et al. Nutrient transfer by
runoff from sewage sludge amended soil under simulated rainfall
[J]. Environ Monit Assess, 2005, 100 177-190.

Grey M, Henry C. Phosphorus and nitrogen runoff from a forested
watershed fertilized with biosolids[ J]. J Environ Qual, 2002,
31: 926-936.

Rostagno C M, Sosebee R E. Biosolids application in the
chihuahuan desert: effect on runoff water quality[ J]. J Environ
Qual, 2001, 30 160-170.

Gilmour J T, Skinner V. Predicting plant available nitrogen in
land-applied biosolids [ J]. J Environ Qual, 1999, 28. 1122-
1126.

Mitchell D S, Edwards A C, Ferrier R C. Changes in fluxes of N
and P in water draining a stand of scots pine treated with sewage
sludge[ J]. For Ecol Manage, 2000, 139 203-213.

Kao P H, Huang C C, Hseu Z Y. Response of microbial
activities to heavy metals in a neutral loamy soil treated with
biosolid[ J]. Chemosphere, 2006, 64 63-70.

Mendoza C, Assadian N W, Lindemann W. The fate of nitrogen
in a moderately alkaline and calcareous soil amended with
biosolids and urea[ J]. Chemosphere, 2006, 63 1933-1941.
Bansd. RHERAY b o Mk [ ML db st b E RO RHE
Mt , 1999.

GB 3838-2002, i3 /K ¥F 58 ot &= Ar vfl: [ S] (2002-4-28 % i ,
2002-06-01 5Zjii ) .

ME, B 07, B4 AR R A R M R S
R MR [T]. R4, 2000, 8(2) : 82-87.
BR&ME, Mo, 8, 5. ANFEHEH 7 :UF BRI L 3b s
RAZMARTIH MO [I]. K LRI, 2008, 22
(2):15-19.

Sharpley A N. Depth of surface soil-runoff interaction as affected
by rainfall, soil slope and management[ J]. Soil Sci Soc Amer J,
1985, 49 1010-1015.

FRWI4E, RIREE, BAOM, . R AN I K X e bl Y



2430 %o R 31 %

)] K& AREEEH, 1995, 9(1) : 31-36. ammonium nitrogen following the spreading of hog manure and
[21]  JESAE 8 & B 0. TS A MLAE D L sl A R H R mineral fertilizers[ J]. J Environ Qual, 1995, 24 420-425.

PHZMBTIE)]. FREERL S 244], 1997, 17(3) :359-364. [27]  EM, E4Ju, 82, N TR A 0F T 3% 53 o 57 2> bl 42
[22] PR, skagam, skok ¥ HRMEES B P EARILEN LML AR [T]. Rl TR 4R, 2006, 22(6) : 39-44.

[J]. BRI 54, 2008, 28(11) ; 2269 -2276. [28] Currie V C, Angle J S, Hill R L. Biosolids application to
[23] Adegbidia H G, Briggsb R D. Nitrogen mineralization of sewage soybeans and effects on input and output of nitrogen [ J]. Agr

sludge and composted poultry manure applied to willow in a Ecosyst Environ, 2003, 97 345-351.

greenhouse experiment[ J]. Biomass and Bioenergy, 2003, 25 [29] Garcia-Orenes F, Guerrero C, Mataix-Solera J, et al. Factors

665-673. controlling the aggregate stability and bulk density in two different
[24] Jurado-Guerra P, Wester D B, Fish E B. Nitrate nitrogen degraded soils amended with biosolids [ J]. Soil Tillage Res,

dynamics after biosolids application in a tobosagrass desert 2005, 82 65-76.

grassland[ J]. J Environ Qual, 2006, 35; 641-650. [30] XI55, BRJ1, 22K A&. B 6 B 4 B (2 bl i 52 w43 B7
[25] Fernandes S A P, Bettiol W, Cerri C C, et al. Sewage sludge [J]. M HECER S 27, 2001, 22(5) @ 449-456.

effects on gas fluxes at the soil-atmosphere interface, on soil 3" C [31] WA thE, S %, i 4 398 (2 Dl B8 [ 51 A4 B35 5 S0 50

and on total soil carbon and nitrogen [ J]. Geoderma, 2005, WFgE[)]. #uE2Ed, 1999, 54(4) . 347-356.

125 49-57. [32] @ik, BatF. DOKIREE MR BT AR AR Wik B 4 o %) 3¢
[26] Gangbazo G, Pesant A R, Barnett G M. Water contamination by [J]. W A2, 2005, 16(3) : 579-582.





