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Contents of organic matter and major nutrients and the ecological

effect related to land application of sewage sludge in China
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Environmental Remediation, Institution of Geographical Sctences and Natural Resource Research. Chinese Academy of
Sciences. Beijing 100101,China). Acta Ecologica Sinica.2003,23(11):2464~2474.

Abstract ;Land application is an important way for treatment of municipal sewage sludge both in China and
in the world. Therefore. the contents of organic matter and nutrients in sewage sludges and their effect on
promotion of plant growth have been highlighted when they are recycled in lands. There have been some
systematic summaries {or land application of sewage sludges in developed countries while those have not
been reviewed in China though there are some specific research related to their contents of organic matter
and major nutrients. Related documents about land application of sewage sludges are sumrnarized in the
paper, which focuses on the organic matter and nutrients in sewage sludges and their effects on land
application. It shows from the statistical analysis of the contents of organic matter and nutrients in China's

municipal sewage sludges from 29 wastewater plants that the average contents of organic matter, total N,
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total P and total K are 385. 27, 14.3 and 7g/kg. respectively, which are 1/3~2/3 higher than their
responding contents in pig manure, respectively. It is found that the average contents of organic matter in
the sewage sludges have being increased recently in China. Many supported that the sewage sludges can be
applied to agriculture, forestry and horticulture because they benefit soil fertility and plant growth. It is
also indicated that the contents of heavy metals have being decreased. since the last two decades. which is
beneficial for land application of sewage sludges. However, the studies on harmfulness of organic
pollutants and pathogens resulting from land application of sewage sludges are still limited and long-term
effects of their land application are needed to be understood through long-term experiments in China.

Key words ;sewage sludge; land application; organic matter; nutrient content; organic pollutant
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Table 1 Organic matter and nutrient contents in municipal sewage sludge in China
A&
i 7 TSk Organic T(%af N Tﬁf P T:;%:T K
City Sewage treatment plants matter
(g/kg, TH)
it 5% Beljing ¥ % Gaobeidiant®~ 111~ 482 29. 4 7.1 7.0
% fill BF Jiuxiangiaol®: 11121 167 20. 2 5.2 6.0
75 IF Fangzhang(!!- 568 — 12. 6 7.0
jt. /v Beixiaohel!}: 356 — 6.9 12.5
1Lt 75 X B Taiyuan, Shanxi B R & Yangiiabaol1] 281 14. 2 4.7 3.4
JE%E Beijiaolid) 403 27.6 10. 4 4.9
B R & Yinjiabaoll¥ 305 18. 9 10. 6 3.5
G 3% 1 Zhenchengdil!3! — 2.5 12.5 4.3
& X Gujiaol?3] 92 7.8 2.2 6. 1
L% 3 M Suzhou, Jiangsu 76 Chengxill4] 387 48. 2 13.0 4.4
¥ X Xinqul15! 379 32.6 6.9 5.7
% 85 B Hefei, Anhui F H ¥ Wangxiao'el1] 381 48.0 12.0 —
B¢ H1 L B Huposhanzhang:1#! 696 33.0 7.0 —
VL35 8 M Changzhou,. Jiangsu % P Chengxil}s] 595 48. 3 6. 6 4. 8
#% Jt Chengbeil17] 311 51.6 17.8 3.2
I BER Guilin, Guangxi + B JE Qilidian* * 635 — - —
bk A5 Guilin['8) 396 48. 3 21.1 8.5
z B B 8 Kupming, Yunnan B — Disil19] 379 34.0 51.3 9, 0
8 — Di‘er(’9) 352 26, 2 16, ¢ 10. 5
Y Disif 9] 322 29.0 46. 1 4.3
#IT #i M Huangzhou, zhejiang PY & Sibiaol?] 318 11.0 11.5 7.4
ILH XM Wuxi, Jiangsu X 4§ i Waxil13] 333 21,7 10.5 5.8
™ #&J" M Guangzhou, Guangdong K # Datanshal20~22] 317 18.0 4.9 7.4
I 7= % iy Fuoshan, Guangdong % Zhengan(?3) 290 29. 6 18. 4 10. 3
¥l Shenzhen, Guangdong & Binhel23] 262 19. 9 12. 2 12. 4
i 7t M Shenyang, Liaoning AL ER Beibul?!] 356 22. 6 15. 1 8.2
X & Tianjin O F Jizhuangzil 2261+ 414 32.6 14. 0 9.1
% # Hongkong <M Dapul2?! 453 12. 9 34.0 —
Bk 7 79 & Xi'an, Shanxi 4L 3% Beijiaot2s~311* 222 15. 2 9.6 -
B Total W48 4 PR E Mean 1+ 8D 384+127 27.1+13.5 14.3+11.6 6.942.7
2 @& United States ﬁjjnf?fﬂs[;::; sludge 534 26. 0 8.1 4.0
[35]
f1 [ * * China ﬁgﬁfﬁﬁﬁmm 714 20. 7 9.0 11. 2
& * "China W L AEF 1) 302 9. 4 4.7 9.5

Mean of pig manure compost

« FELEHTERALEMFEY{E Average value of data from several references; * * PJESBF ¥ Unpublished data

PRRTERSEEARTERAPEAAENRFEFE —SRNEREML AEEIAEEHBHNE.
FERBTERPMA LA S B IE 696 g/kg, FIEY 384 g/kg (B D WY THAEREANRFHIETR
B 542 K 2 MBRTHERAANAS RESERE KANANEHERILERESR 27.2%. HE,
PERETSERPAVEFSSRETERRT S ROFHHE.
BREERANEAXRBROEAIE, RNGEH Y& E KRS L8 88 8 & 218 5 8 U1E
A. &8 29T RHRAKLR NETERE D . FERTHERESARERNR. B . HER5. ¥
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HESTFEERTER AEEX SSBEANS. AREETHFSEN AR IE. FESXEMLIE
ARKEF. . RTERO LM BELRSEAYANLA. EEEEARRAAORERADY. 1998 4
EEBRAEREERRIHAFHERERZRK 3% . XEBRFHEBENBUN SRR RG KA G %
AERE LA AR 2010 FERBHAISRAMARERR 70%, MAE L AEBEHERT 30% .8
M EE KL E HERHLE BRI, ETHR.EXBIRT KB NMARZFEENETISREL
B EHEARAMEE.

WHESHAEZR, SHAEXAEEREERL BT EREMESERRS ~-ENNEMBEENRE.
REARTERE B HLEIARENERN 48 3g/kg . 2ENHA S REABER 31X M 9% LB E
HEBG 188% 1 204 % ;¥ M S BEE , M L ali SE S A AC MK 38X A 62% . KI—THI5 SotQB EDRYIS
KT R ETERKSER N 20¢/kg T WEREEH L TRAEK 1100, 478 BB S LHE 520t, 7]
fit 174hm? R EER, BB ERAESENRER BTURKTHEEERIE B2 3 RMRMEELBEY
i it . B O L 8 R SR 7T VS DR B A AD FEERE .

2 FEERBTSEFBENAEESSERNTL

B EE—BAT ARARPERTSREESTFHRESSRAETAINEDER. 2BANLKIRN
TAREEARE. BE.EESERNAE SE RRURTZEEETSRENEAHHRAGRESR,
HEE BSREEFHMMNERTC  RITERERXEERKAGKAR HERAT EHFRHNHK
LHBER, NKIEXE . FPERGTFRF A BHOTRERERTNRSE RIS KAE T Z 8988 hwmEm,

XEEMTRTERLBPANELLHE.
%2 FAMNEIPARTSRFIRFEANEIRCOO

Table 2 Organic matter and nutrient contents in sewage shudge in different years

Jf (B
ST R i Todte  Orgaicmareer
Wastewater treatment plants _ o
time of publication (g/kg)
R 75 i & L3 1989. 28] 15. 5 8.3 185
Beijiac, Xi’an City. Shanxi Province 1989, gl28l 15. 2 7.7 193
1990. 1028] 15. 8 7.9 202
19943! 15. 1 6.5 248
1997¢%] 15.2 6. 1 —
2000031 — - 282
Jb o B s 198218! 33. 1 — 160~~200
Gaobeidian, Beijing City 1993371 [ — 357
1996L%8) - — 399
2000[10-39]a 26,7 7.1 540
XL EF 1995028] 22. 9 13.8 356

Jizhuangzi, Tianjin City 1997(25] 42.0 — 469

MELRTER AREABRTERIPBEIRESREFEM M. EABEIL 0.9%~5. 7% . FRHE
P A A o R S B R IR T IS YR AL B R A B R R LIS U I 4k BR AR 4L Y i b B B E] MR R BE KR L 0
BUTHRALE, Rt EIRERWC/NE B BETEREBEANARAE IR E/AM AT HE.
3 R SEMNLTHEAMNE
3.1 WIS ERAN A RKE W

SOAERE  EEAENEEHER S AABEN O%UULEJLFREEE I RFESNIME—ER. HEX.
P+ ETRREnKELAR. AN AR EAARTRE,# L7 B %L, LIREA
BRI, 12 1998~2000 EEXM L EH BN EAHEREARA N HAERA . 2ERANAIE S AEERNE S

T Bl 35% 1,
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dE REAMBRTEKLRT B BHISEHEEHR LS. BRI E L f AR FRSIBEX .
EEMEMNPHBEMBRT S KLE FHTE BRTEEENEIER. EPEFE 30 MR
gl h S mMES KB RANEHRES oL 0 FRRKHESRERARR K, @HAH 100hm’,
EERCH NP 53.3hm?, HBRESHAGEN IR ESENNBREERA . AARIRER
36. 8%~ % . HEAGSRYEEL . T REAENESEES". XS5EMMEMEERSREL . E
EERAGR 200 5. P ROANKRIRN 1.9NHKE 4. 8% . BB T 1.5 1,

3.2 BWHiEREAMN RN EYHER

THRMEESERBESE SR L RP I REL R S, WA RRRHS T A
KBAEYERT BRI RIOREDRERS TEHRHTSEASSAFENHRLEY BB T LN
MEDHER. ERECVEARL/EAR L RZHT TR EARGTEREASEESES, TP KME.
RN B REE RS - ERE RN SR MR T 12.6%6~80.3%.5.04%~125.2%
F6.4%~84.4% ., BEWREAV  ESERARTHERAAMMN T IRIHENREEHER. £HF
HMARMHET RTERAHEEEELEPHEMNRE LR 4 44~6.97 fF. Ret, BERMGGEA
DIk MR ARN. B LAt RS N B T LR R
ERARK.

3.3 BESREAN LA EHENE R

+IMAE BREMSAREEAME L RENNEEYAER . CENEDT-RFEENER. K5
BHAYASRER AL NN EERK. FARTERTAOAILETRABNSHIENR, BT LR
BRLRE, B L MAE WL IR T MK EE AN MAHISRAEMAENEEANEEN TR RELEHRTE X

B AREENFRES EXFX—-BR(R D,
23 BPSREEMLNWEERNSLE
Table 3 Soil physical properties improvement after the land application of sewage siudge

1 A B 1) EERLOD FLB A A0 € %) KRN (g/kg)

Experimental Decrease in bulk _ _ Increase {n water
. _ Increase in porosity . .
period(a) density holding capacity

7 B Crop land™! 2~-3 18 12. 9 1. 9

W Forest landl48] 1 4.1 2.0~3.5 8~ 16
M B Turfgrass(4?] 1 5.67~35.5 9.7~10.1 29~580

3.4 BANSEXN LIRS NREEAER

WRAVEMLEREER I ERAMEEFR. BHSRAHBEEA LIRS ANERE L HHE
LESR . AT LR EER . THRTARL FHEZHEETE.

HHREASSEYARFLRPECY, TR RAMARTHREERBTSRSCERKSHEM . HTRT
TR BRI REDEEIARE. SO 60 FrMETIER. L RPHLBAE R
SR HS AN BRI 20. 3% ~54. 3% 7. 4% ~54. 4% BEAREN RN T HRL
HE %} FE MK 2 5. 7mg /kg fil 10mg/kg. B FHTHRPE S BL OB HEERALBEEDTRE BED
B FHHRRDZ . ERT TP ARERL . EHRBEAGTRE la 5. 2RSS HIMEL 0. 18g/kg H
HEIMIMT 73mg/kegh®),
3.5 BmiERERKRAMETERR

ARG SRR CEARNMEHRE. S RANSKEYEFREY . HREHRHAA,
3.5.1 BEHAEY HGERFCRARTGISRERS &ERBEH#HT/DXAHRBKRIES. /N>R
HISEEERRRS, LETRN™ NHY~17%., BARGSRERSREBIEN Y FENERKIFRIM™
NU~27T%, SHBEREREFRKTES, BRTESRERSUEERHERIBE . 5FRFIVALEESE
RARSNMEHR. RTERAIREAM YFEEMHNTEARBEREEN BINERFEENRN.
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WEARTIERENE B/ EM™ 280%~308%. GBI EE™ . WHMTHSRERIERGRKTARN
ENBRARTHETHR WA EUHETERE A KIOLH,

HFRTERFAMESHEAREZ AR TRALEENFXEAA MAA RS RER™ 6K
BNER REAHASRLEO&RG T AEr-GfRmR R o RHE. ABRMISRE M ENKE
BKELRARER 6%~ 10% DMEREBARER 7% ERMEEAFRRH 14.5%~23. 7%,
3.5.2 %KY HARTISEAMEEEM™k 61 %, i HEERBE. 0 A EHNED, BESK
S AMFRER EHABRTSRESEMNER KENREFAV BN ER, KM 3RE Y TR
BFEHSGLEMERRATEE S, X H%™ 19.8%~306% , SREEHLE ERHERBITTS
B E b, EHEBUE. B ISR TREEE AN EINBULAES . FERENEBIIES
R FARMM. X EHASTER.B.H IRV RN,

EWERETSREE NE-FEEFEBHEAEK. HHHr 113%~ 1180, 8K M™ 12856 ~1320%,

EREBEMLEERBZANMEHRELHABER,
3.5.3 BB REABHSREERENSERE. 236 MEHNRB BREFTHNRKBPHARLET. L
e R A .EREBNES. TERRTERAEEEEAEEBTISEESRE . HASRERE
EWAERK HRRANBERIELSORK SR TR A REES R, kMREINILMERESN
B WIEe, AT SRR, BREB SRR ESARCENRER 28%M 5%, . £ R
WURMISRERLERTE. SRASEAKEHEYHS RAGESHREENAFRIFHEN . BRER
THRALE,

ZHBE AT S REEENRKRAEAREORAHSIT THE. EEREPEN 1/2~2/3 HIRTHS
AR, AT ERMR AR RN 34. 1% ~51.3% M 8.3%~20.8% HHHKHEXZERRK
9.9%~26. 7% .FMBEMELK, FRXOHECHERR. HAISE 1a 558 /N2 8RR R
M XTREMEK T 9.2% ~41. 2% # 5. 6% ~20. 8%,

WAGEEAARAACEARIER. LHEEEAEEREREBARMK. HRE THEZRE®RS
GE.FEEAVERTERERXEERH TABKNERIE.

3.6 SRATIG IR L MR A A 0 AR

BAGERLEARNATREITERHTESRAGSR . FREGRREID AL, N.PHRARS
HEXSH, HAWESRYSRFRBESZ . T ELTESEKAR LRMEEESROEL. EYE L
BERBR FARSEEENSE. KARSAMFEEHSRESRYAXREITHFRERN ETLER.AE
B ERTESRARETRHRAR L XSRAERNFARERES —FH ™, FEXHARKNEER
HE R ERRECERBATECSY T kIS KRR EMES KNS KEEE R, Jones § Berg 84T
SREOEREAOHEAMKE, HRUEEINAEEEEREFNREATIERY TR N HAR KRN NRE
gL, AR ERAMEX FEPBIR TEHXMRE.

R ERFAENGEMIEFLERER PE_PRE SRR _XH X /kM(PCDD/Fs) . £ K
B PCB) EX . EHF. —HEAXMNBETHERPENERYHSFERRERY AR P HTH EERN
MEBEEE S EPIERE BT RBREAMAEMY B8 PCDD/Fs & 6 MERA) PCBs 770 Bl
i +-13p PCDD/Fs SBEBH BT SEIREALRARALEENEE. RENE BB FREEX
SR i 58 + xRt B PCBs ,PCDD/Fs WIRESERBH T —BH . 3 E 75X 7 & o BF 548 X 8
B ES QS B AP F T 5E % 693K 135 B A LIS ey BRI AR L0

(TFRGTSREASRSIBABERTBTELYPNEMCEMEN . B FRITES, 2 E
ALk E IS I L e P A AR A B VT T I . R E DYk Z KB A il IR B 5T

WHiGRO T HAMFERARE LA TAERNAXNER . RN REHRE, At S5£EH
HARRF . Z2FKEMRALERBRAEEX. KEHRERBE T TEAFTAREEKERAOLBAHERY
REMN . BRIEEE T TYBRMIN S 1986 £ 6 A 12 HXTHERP HIEESRERAFHLHET R
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0 EEERRASFMEE S WHELH LB EMEA 5 FISHBUESRARBEMME T 10a i
B N H 4 B B0 75 TR R TR IS R AR PR S B B Uk TE K AR ARl T M MRS IR . R E B AR BT
BTSRRI A a0 EE SR FAMBREAR, AXEIREYER BHRED. £
RS EE TS, BAER.AERTHAE. AEERTRAEY. BAIRECEHIT r KM%
ch 15 i S B R AE T (GBA284~80) R RERT S RBHY LA ARG TRE . EERX —HFELFEFEA
952 I H T

HERBREANAHES SALEERTKER BT ISRNELSR T RELSHBEES HNRESD
FREAHER BTG REMAOATITHELAREEM .
4 LR

SHEARBTHERAE TSR METER FERTHSREOAILEFE S RHKH 384g/ke.
HEBRRELER 27.2% . 28 . SR SEERD Mo, BEAEREMBERERL. 20T
BAIME8UM62%, RELFAXHMEEBTERERPENA. A HRIRLTARS. EFXRBERETITE
HENFESREEFHEMNES BEX . #FAREARAHABHAE, NKEXE . REB K SEPA.
B SRS KRS RNERT YD, XA TR BRSNS LHFAH.

KBREFRESBETRHTERIHAAERBSEY RX . EFFEDREARSE FHUHEHER. B
BN AR E XM A TERMRTIEKE T MM TERTUE  ETHH
fERHYER(ILERIANS . d THE RSB A ERRARAN T RXAETERACMA, I&%
ERKEARHENE, B FREMBEHSELER T AHMFAR LEFREYBR TFRERR AEHER
RERAREEARMEA. B . PEXMNEHTHRPENSRYEIRRENGEETRE D M5
T+ F HEENRRIENH ESNBZRKPNEMRRER,
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