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STUDY ON UTILIZATION OF MUNICIPAL SEWAGE
SLUDGE IN FARMLAND AND FOREST LAND

ZHOU Li-Xiang HU-Ai Tang GE Nai-Fen HU Zhong-Ming
(College of Resource und Environment Nanpng Agricultural University. Nanjing « 210085 . Ching

Abstract The composition of municipal sewage sludge and its effect on plant growth,soil
fertility and agro-environments were studied by filed, greenhouse and incubation experi-
ments, The results showed that sewage sludge contained quite a lot of organic matter and
plant nutrients such as nitrogen and phosphrous. Bicavailabilities of N and P of sludge ori-
gin were higher than those from ordinary farmyard manures. Sewage sludge significantly
improved soil physical .chemical and biological properties by increasing soil waterstable ag-
greates,soil organic matter,humus,nitrogen and phosphrous contents.also enhancing soil
respiration and the number of total microorganisms and lowering soil bulk density at the
same time, Consequently, higher yield could be obtained owing to application of sludge.
However . sewage sludge also contained pollutants such as heavy metals and pathogen. It
was found that sludge-borne metals were easily accumulated in soil and plant,especially in
vegetable soil and foliar vegetables. Besides ,sludge had a pronounced effect in lowering soil
pH which might affect the mobilization of heavy metals in soil. Generally speaking.it was
feasible for municipal sewage sludge to apply on soil as fertilizer or soil amendent if the

pollutant contents in the sludge and pollutant concentration in soil amended with sewage
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sludge were under the upper limited value. But sewage sludge should be avoided to apply
directly on vegetable soil. It was suggested that developing organo-inorganic compound fer-

tilizer with sludge was a practical method to dispose sewage sludge on the {farmland.

Key words sewage sludge,land utilization .soil feritility .agro-environment.
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Table I Primary composition of municipal sewage siudge

T ® BELE KGR RSHE HE SR ORB ) A BRI E AR
Elements Anaerobically digested sludge Undigesied domestic sludge M GB4284-84
5B Range FH] Mean # B Range 1 Mean Upper limited value of

pollutants 1n sludge
soif pH<Z6.5 pHZz=4.5

Ny 2.4~7.3 3. 6 1. 48~7. 47 4. 80
P 1.2~1.9 1. 4% 0. 50~2, 91 1.31

K% 0, 37~ 0. 43 0. 40 0. 18~0. 51 0. 44

HHLC% 25.1~36.2 27.3 27. 3~47.5 38.7

d 2.9~6.0 1.8 0.38~9, 40 1. 26 5 20
As 9.7--22.5 18.2 - — 75 75
Hg 4. 6~8. 7 8. 60 - - 5 15
Cu 277~415 341 56. 4~135 B4, 8 250 500
Zn 800~ 1120 577 24~ 6078 1738 500 1000
Fb 295~ 805 168 48~81. 2 61. 8 300 1000
Cr 269--728 538 — - 500 19000
M — - 3.0~41 18 100 200

« BE S RE rEERS% . 10]

Sludge sampling and rhe mechod of elemental determination are described i ref. 9 and 19.
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Table 2 Utilization ratle of N and P from fertilizer and sludge by rice

3 4 it 8 ¥5 I

Urea Superphosphate Shudge
#, Mitrogen 78.35+5. 38 — 47, 98+ 4. b4
# Fhosphrous - 54.901+3. 92 32,0941, 85

» THERE M. EEEHESE 3 42 ERREKENEEY, S RLE N P.KEABESEYS 2 72,
0.70 8 2. 72g HBEBAHEA NP KA ER . IRRSHNRESRE. SRLABEAN.F A B REHS.K T L
WY FEBRERE + 77, EHREHLS¥LAR14]

Sail eoluran experiment was designed with three treatments including control (no fertilizer ), applying fertihzer,and
applying sludge. The application rates of N,P,and K for rice and rye in fertilizer and sludge treatments were 2. 72g,0. 70g
and 2. 7Zg each column, respecuvely, N, F,and K in fertilizer treatment were supplied with ures, superphosphate . and
potassium sulfate.and mn sludge treatment N and P were derived from sludge,K was provided parvially with sludge and

partially with potassium sulfate. The derails were given in ref. 14,
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Table 3 Effect of sludge on seil fertility (field experiment for vwo years)
E- 3., i H
Vegetable soil Paddy soil
T WREE- EEE TR CRMEE RSE
Control Routine Sludge Cantrol Routine Sludge
BHLIE Organic marter Lc,gikg) 18. 4b 15, 8b 21. 7a 17. 4b 14, 3ab 19. 7a
M Humue acd (c.g/kg? 4. Zc 5. 6b 6. 3a 4. 8e 5. 3b 6. ila
75 & Bulk densny (g/cm*} 1. D4a 1. ODab 0, 04b 1. 02a (1 95ahb ., §2b
4% H) E B Struetural coeffeciency %) 77.0b 79. Dab 81. Da 79. 2b 20, 8b 83. 3a
4 N Total N 1g’kg) 1. 8¢ 1. 5b 2. 3a 1. 8b 1. 5b 2. 2
4 P Total P (g/kg) 0. 82b 0. 95ab 1.1Ca 0. 73k 0.83a 0. B2a
& N Available N 'mg/kg) 120, 3¢ 1538. 3b 198. 3a 130. 0Oc 143. 9b 153. Ba
#E %% P Available P rmg/kg 26. 3¢ 70. 6 86. Da 15. 4c 34. 5a 26. 6b
4 Microbes 1 £ 10F 4~ /g) 218. 6 276. 8 1942. 8 — 53.2 2805
+ M UE IR 38 BF Soul respiration rates 10, 3be 17. 81b 27.74a 18, 18h 19. 31 13 84a
{mg C0:/100= 243
pH 6.11a 5. 11b 4, 7lc §.17a 5.78b 3. &0h

« WHHEALY 3/4 REN+1/4 RFENN.PHE BRLLLHMBEHAT. LENP.K 3R LTSN
FLHRME. R NRARARTES T AT EEMERESELEN I BRENTIAEENNP K AR 5T
MELLE —H.P ABAGERE/A REN BRRRME. K hEASHF. RETRSESRO0].

Of wotal N ppplied in routine ferulizarion , 23% of N was derived (rom common {armyard manure and 75% {rom

chemical fertibzers. However ,in sludge 1reatment 25%: of N was derived from chemical fertilizers and 75% [rom sludge.

Used chemical fertilizers included urea.superphosphate .and porassium chloride. There were same application rate of M. P,

and ¥ in the above two treatments. All phosphorous used in sludge treatment was supplied by sludge .25% of N by urea.

K partially by sludge and parvially by potassium chloride, Details were shown in ref. 10.

F4 BESREHUEEHABUAER~R /HHERGERR)

Table 4 Effects of sludge and chemical fertilizer on ylelds of rice and sequent rye

36 Conrrol {£.AE Fertilizer 7518 Sludge
% 1 ZEKH Rice for first crop
R Gran 63. 46+ 5. 39 143. 29413, 49 121.37+6.21
TWBE Stem and lesf 49, B8+ 1.19 125.054£9.81 106, 64+ 6. 35
it Towl 115. 344 4. 20 268.344+25.3 231, 01%13. 58
B2 HFWFEY Rye for second crap
Mz B Stem and leaf 6, 1040, 30 23.30+3. 63 24, BS % 2. 02
B Root 1. 7510, 32 6, 761. BD 10, 0B+ 2. 11
&t Total 10.835+0. 02 30. 065, 47 34, §340. 085

Fs TENEHTRPHETE /Do, B R
Table 5 Effect of sludge on crop yield (Hield expennment?

i kY ¥ W W AE 50% ¥51E N+ z0% bR N
Craps Control Routine 80% Sludge N+ 20%: Ferrilizer N
SKHF NG e T 15. 85h 21 84a 22.01a
i A L 4. 67b 134.%a 136, 00a

{1'Rice, Wheat {4 sequences);iEVegetables & sequences?
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HEHETEA., AR ATEFEESERTIMEASGHIENT. FEARRK Wl KT
EZH. LB W EHBHNGE ). TR ISEARMY T 000t/hm* FHEE (DRI E TR %
L. .MERE L —8—WER T RIFEE 30t/ F WL 575 A £ 25 BEY R KB R RS g in
THEERISHA R, EE AR b X e 8, — o A W o 1B, X v B e g B e T S
TERERBAFM . EEEd KRS FteEnisREE A LER. KB AER
i 300t/ ke’ , 75 W BT HAE 3538 A VL4 B o 5 A8, B 3K G ST bl ST Ay IE B R %L

Fe FREMNRBREEDER (ZRILR)

Table 6 Effect of sludge on growth of Amorpka fruricosa L. (pot experiment)

HEHARE (t/hm % emd & (om) Sl g/
Shudge loading Plant height Stem thickness Biomass

0 60.01+3. 8 0. 763 40,102 21.32472.01

75 73.548.1 0. 906 £ 0. 098 44,1444, 15

150 78.0+5. 3 0. 902 10, 087 35,0743 14

300 85.0410.2 0. 981 40,113 50.6242.18

600 80.048. 8 1.28240.132 72 7548, 85

800 76.0+4. 3 1. 364 40,054 89, 40%10. 12
SERARHERE - 0. 359 0.870°" 0,935 "

Correlation coeffliciency r

3 ERLIGF AN EERREE
L1 #EER

ELRERHSE IAMNAREIENSEY . BRI . EHASESELRAKNESEHERRLH
FHYFFUSEIMESHESHE HAECEXBEREE ».Cd EELLLIESEH RSN E
SHHEFEE. M P EZFEESHS EAR). BT THREREPHOBRF B BRI RESHINE. B
ESEEBREEE BYATRCREEES . FEECd . Zn 4RSS PhiFHERK.Cu BH. &
E1IMELSREREAFFANESRENN. LM NEL B D RGMAKR. STHEHEITREE Zn Y
A AETEERERASE 2 ENEESRNELASE RO SR AR EX . LHYEXFETHES
REE B TRERERA TR EMRRSRENEEL. BYECEIESAEOEAN LTS
SWERE . BRAREN . BEEF RS EHERME.

F7 SEBAMIRELIRTEERE RSN EC R

Table 7 DBistributlon coefficency of heavy metal [ractionations in soil amended with sludge

xBE  HEE Wil . R4 By EEE CEYi2 23 RES

HHLE BeE gat HHLE HHES S Has
Exch. Who. Carb. OxMn. Sbo. AmarFe. CoxFe. Res.
Cu 2.05 31.16 0.22 3. 96 33.90 9. 50 3. 50 15. 85
Zn 3. 83 24, 32 0. 56 0.41 14,78 0. 18 1. 39 54. 80
Cd 41. 54 24. 78 - 5. 53 14, 66 - - 13.089

Fb o 1¢ 2.59 ' - - 70.37 12. 64 0. 70 14. 50
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3.2 HEH Fi TEFHHSFREP Zn W RTR
EREPHIRER FMREN. SRR S Img kg DW . [ A58
bR 2REENEEEECKER. B Table 8 Zinc concentration in various tissues
W rEAET s KA. LEa R A of crops grown in Shidge-treated soil
CHERZEY U AN R ALR AHE . HELHY g RHEIE W ESR
RIS BN A A R A PR R R S . B  Thssues of wrops Control  Routme  Sludge

FEFE A KRBT IR o — g frgg KB Ree  KGran Z.6a 2262 25 5s

AR TR B TR AR, é;‘;’ N f;f';l o
ﬂ!%?ﬁﬁﬁﬁ 3~8 ﬁ‘ﬁ%-iﬁﬁﬁ&i%*ﬁﬂlﬂﬂ ﬁwr"eppﬂr ;Flcg;:-[.;n“l 13 &b 14. 1b 16. Oz
HEXBEED EE.SBREHNENEFEY ax 5 47.7b  35.5b 117 %a
faRE, R EMBEE K, BPEER A, & Cabbage  Edible tissue

S RO R HR AR K o TR A5 o ant Ba.8b 2616 3885

. n edible nssue

IEmE RS RAI 0t E L A R
HEELS . AERT RIS RN S AR W, WB R R N HER . RRERRFREA KT
ShoR TSN T ER L,

9 BSERAESRERL (O~ iCom) A GE AW R IPER W HEE)
Table 9 E.Coli. and ascard eggs in undigested sludge and top soil amended

with sludgefied experiment)

XS E.Cols 4 1B Ascard eggs
THEAE RN T wiEie wE PEICE M)
Control Roultine Sludge Amount Mortality
M+ ¥ Vegetable sol 50 T/g 03 e b 6390 Tz & - -
B H Paddy soil 272 g 355 Tt 3510 Mg £ — —
SIREER | Sludge 1 - 130 7L - 5470 50. 3
SRS 2 Sludge 2 - 7'+ 10"MPN — 7 /500 —

3.3 E#EEIER M

MILH AR KBE.RELED S S R IH T % E KRS R gL R R
FHAREFAIIME AL T RP. TR AT ERAMTERF. WRAKEWER SEXE®
FIRBRTF X TR . AX 2 1 P 40 70 Ak G Ay HE3E1 . fE bk b o B M7 iR B K NO: & B B
WA TIPS T2 o A LK A A0 B R (1 E AR R <0,

HBRBRP IFEREAREANI, FERZ.EREFBLEASE.ULRPNO; RHETEDF
BT AL A AR B R (AR 100 B A Tt T b o B B SR R o O TR B B T P A
Iz -,

10 HHENMERAHESELE NO-N & REME (mg/kg . FHHLE)

Table 10 Effect of vegelation cover on nitrate content in soil amended with sludge

wRmAE 1Whmty 1923-10-20 # Fall 1994-03-19 F Spring

Studge loading Fh R B Covered % #1 Uncovered Frde U Covered FREE b, Uscovered
75 114. 2+ 18. 1 211.94x22.3 96.2=15.4 . 332,716, 0
oo J68. 140 b 673.AL71. & 395, 4180, % 121 71 000, 4
Q00 112,94+ 546, 7 AR89, 9189, 4 982.5L108 1_5R. 3244

N.P it % A7 Hu) 8 g8k bR Rl aTBE o K R ER 2y # @ 4h ST T RE S E P NLP AT ol X
EFRA.THAF. THEEEEE,
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& 15 e My B R TS YR B 6F B SMEAS TR AR5 301, PR 4R M R (34851 20a<GBA284-84), [ AMERE N0
48§ 1 16 P I B

(1) VY8 o Ay 08 L T AR b W AT O B B I AR A << 3% R R A
HREEAARE e FAERTE %, EERRELENFE VB aEH,

(2) WIREIFRTEHEM E R e LR 1 5 R & IR,

(3)  FRATREREHT S0 HE B b 4TS 0B X B T R R B S AT L, R AE TR U B AOS A
FARSREET R T BB RN e RS TR E W ER R SR a1 4R 2 ol A 35 2 4 9] fR B 4

4" HRAMBERRS LIERGRS.

s itig

REFH EERTSRARG A FRIMETAY. FEREMEEEN. RS ES. ER
HEH, IS 1B & 7KK 97 % B A KIS IE X K 803, BEIFR S BN 150 2 SF0 M A0, 2 7
AR E IR T /5 A S B oy 57 B L (BT By T35 0B A R S TP B IR T 95 VB 0176 52 T M 0
SR WE S REERI R LE. AT LTSGR SEE A SRR,

EsE 70 ER PP KHFRTFREREDR AR K ETET w0k A0S B2k,
ERASRTRERRARE R RE TSR ITELE. LSRR RIS 5 3 Ry,
80 FRPHIRE H 80 T MATIS IR FiBT. RESRESKCE MERCETEALE &
MR R AEREES B ERAERBITHSRER . - FERH FHIMS LB &R
BHAENERBERE R EEEESRLENE, S T HSREESARER A BRI BEE
T AET- B B UL B £ 32 BE MR LR R R M R R R

WARSE RS HE A DB ISR IE A 5B AR (L MR b5 AR 4 — 3 b 01
HEHRENEVEE R EEATRE . RS-

(DREERETSREAASTE. IEZHENH SRR A TS RET S, FHT S KGR S
1% 2 41 B T B £1% — & FE,

(OEPRAMEES. SREIFEARTAABEFSRERERSRER RN E. Hkg > SRS
B OURIEYR A% 4, 5 6 B 4 M BRI AT 20~ 30 451 |,

(OEREERERESEERIEHE Bt — S E1 SR TRI S, AEERERRSIAE
FEL . FTHREL AR FEMERA A ERS, AMERIIKERES. HSBEET AR
BB o 1 #ctse P, 5, W O P 90 0 TR e (R S B L BRI TS IR L S R RS

CORMBEN-ZHEBRER SR BRI EEN FAE 8 B R S TR MG LE. T {E o] i
AR U IR BB A IR T EL AT RIS R LM R R AR

GIHTFHERIKESEREA SRS HiL. L AR FEERE— L REORE. mEHT
HEEREN-TNE BN TEREEE ARSMAS S RE. BUEER. LHHE. W ARFH
BF TEEEEAE,

ER 60 3% B8 4iF HA 3 i L~ 0 9L 57 2 1B A 18 PR e . 5 0 T O T T 28 - 76 05 0B RS Ak ) D o
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Mclsrath S P.A C Chang . A L Page.er &/, Land applicavon of sewag sludge ,suicaofn perspe sives, of heavy mersi
luading Limins mn Eurape and the Umited States, Eawveen Ree AD91 2 10R-~ 1R
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