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Major Nutrients and Heavy Metals of Municipal Sewage Sludge in Guizhou Province
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stitute of Soil Science Chinese Academy of Sciences, Nanjing 210008, China; 3.College of Resources and Environmental Engineering ,
Guizhou University, Guiyang 550003, China)

Abstract; Sewage sludge samples were collected from eight cities in Guizhou Province in winter and summer and the pH, salinity, content of
nutrients and heavy metal concentrations were then determined. Results showed that pH of these municipal sewage sludges ranged from about
6.5~7.4 and the salinity from 0.4%~0.9%. The organic matter, total N and P contents were higher than for common farmyard manure but the
K concentration was relatively lower. The total concentrations of Cu, Pb, Ni, Cr, Hg and As were much lower than the states standard for
sludges for agricultural purpose;Cd and Zn concentrations together exceeded the standard in only one sample, Cd concentration alone ex—
ceeded the standard in another sample, and Zn concentration exceeded the standard in three samples. This Zn exists mainly in a stable chemi-
cal form, and the Cd mainly as bioavailable Cd and suggesting a potential environmental Cd risk but the relative safety of the sludge Zn. No
significant difference was found between sludge samples collected in winter or summer seasons. Most on the municipal sludges from Guizhou
Province were deemed safe for agricultural use with only a few posing any potential risk.
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1 ERTCT5 KR E M ARBAGE SN, BHEIA 19 FE
BABAT, 5hr B AL BRT5 K B 44.3 T5 ¢, 159 H ™
24 2 000~4 000 t, BiAT EZFIRAL BT X LA IR
B/, 25, RMAETEKERNIF T MES R GRS
RO KA RGHRE, AT ESME 8 R
A —E M AASRIEI: HisfT RFRT5 K05 it
FTVRERAE , AT SN SR T5 KI5 TR AR e AN
BB AT Y IUR ; RN, RE SN BB T 157
RIS VR, ST {5 YR EAT HUER, LA 2t X 75
KGR BB IR R BB 10

1 #REFZE

L1 SiRFEMEIRESHLE

AR BT B KI5 R B H S 8 R E A —
FE RS RL ) B IR T 5 Kb TR, SR PET 3
K, a5l ABC, AP 5 K, 437l
# 7 D.E.F.G.H,F 2009 4 9 A(EZHE)FM 12 A (%
)5 TR AT RGBURE , FFIAE TS K AL BE T A AE R
Perke R T AT HLUARA B A IR TS VR A O, AN B
SER RIS M AR AR KT 5 RACHRHE Tl 5 Ve iR IR
TTEEARBED MR L T3 U Xt B BT 15 Tt i ds
SFriEK) Bk s IR fe A B A2 H BT EERE, 4 5 min
RE 1R ZWIRA FEREBITTA 2 kg, B0 H
SRR 3 IR TS IR T4 T ERRE R RS L B
SRR, IR BE 4 S 43 )3 10 B A1 100 H Je b, it
T4 AR R UG S5 /K A 38 T AH R R LR 1,
1.2 HRENERE

15 R R IR R A EE 2R W BRI 2 7 i 5
HRC AR AL ST )58 = R A AT E AR ) 5
R, pH 2RAH 1:5 £k e .pH THIUAE ; B SRR

1:5 LK b B A AE 5 4 N VR BRER (534 460) 1
il Y EFRIEYE ;& P e K AR . mARMEA
TR (43 BT 28T M , SR E L A R K A e B THE: 5 K
fif N SR FABBARZRIRYE s AL PK 433 ARk ER S 91
BERR IR, FHIE LL AN IAE BT HE S TN E ;
ERBESEM VB R SRR -HR SR
FR-ERIER (RReh) iR, FEFRIHEES X
(ICP-AES6300a )il E™; sk FA A 1:1 F/KIEME, T
KIAL(AFS-930) M EH, FEEEAFEANRBCR
F Tessier A LR AN TR, KELES NI
ZHAS FREL 100 HF 578 0.5 ¢ TELOEH, i Mg-
CL, #H T4, IR TR 1 h FE.O, M EFHR, B
A 25 mL HC A E SRR BRIREL 25 A A BR BE U
R 2B T /K BEJE A NaOAc(pH=5)HEATHREL, &%
THRRE L SRE A S8 R B IR A 0.04
mol - L™ ) NH,OH-HCl,96 C&4 T 1% 6 h, xR
K, BL R THERRA L A B IS EE:
Wi 5% BB URAENT A 0.02 mol HNO; 1 30% H,0,,85 °C5%
HTREIRG 4 h, B0, R T PR L FRES R
EURAENTA 1:1 7K, 100 CKVANME 2 h, SR HZE
BTIKEEA 25 mL BB ER, TR L RRF i B
R FSEE T RS HT{ ICP-AES6300a I &
B H Cu.Zn . Pb.Cd Ni.Cr Fl As A TEAH &, Hg
RREF 564 (AFS-930) & . FrA %4k H
DPS7.05 #4740

2 HREWE

2.1 i5iEH) pH FIE X
V5UeR pH FIH R ILER 2, HHAT5/K) 15786
pH 7E 6.5~7.4 ZJa], 7EhHIEREN, TSettsE pH

1 XSRS KLETHXER

Table 1 Information for the factories of wastewater treatments in Guizhou Province

V5K H ) ZFR Name of the  4bFET 7 Waste water V57K SRR VGKALH i Waste water V5 UALE = Method of
waste water treatment plant treat techniques Waste water type treat amount/x10* t-d™ sewage sludge treatment
AR CASS HEETEK 4 I E
B(5tfH) SBR(£4t) HETEGKAE, —E R TIEK 8 A
C(5tH) A/O0 AHEEKAE, DR TAEK 4 i)
D(-E) SBR AHEEKAE, DR TAEK 3 i)
E(EED) SBR AETEAHE, SRTEK 5 R
F(BZH) A0 HEIETEAR N E, SR TEEK 5 bisei)
GUETR ) SBR HEVETEAKHE, DR TEK 3 bisei)
H(PST) BC HEVETEAKHE, DR TEK 5 bisei)
ARRA(BEL) =HAETE HHTlrTEK 2 BT R A IR R
EmEF) SR IRAEE Bk Ti5K 1 R A 1L B




F30BH 4 M

® A K OB OB % % 789

)25 FPEFT RE SR AR ZREER AR FIBE A L 1
458 pH N 1.5, TEESL TI5REERS
AR, pH B (G5 7.9). T5URFES LS HRTE 6.2~14.6
mS-em™ JEFE, TS B 04%~0.9% 2 8], b 11
AIER i — MR R, F i S SR SR Z B
T, BT Z R S E R G R REMAR AR
TP BT, B 2 R REXHE ) AR 2 3 A0
T AREEMAER SES BB XRTUESR,
FMAE TS TR 2B B S E G, i A S
SR EBAEYI Z B, AT R ZFE &,
22 BiRMFSEE
2.2.1 FBRFHIEEAKTE

3 REBNKBHERESSENEREHE
MEZEEBHEHEREREMTN E, 5RPE
EFGy , AHURM S BEHRE] 320 g-kg !, 2@
BB ERN 10 /%, AN 23.1 g-kg? B PF
¥ 182 gk, HEFH T AR FEERIETY
B4 N 16.3 g-kg' 2 P 3.0 g-kg ™, 4 JEAE %
¥ N15.1g-kg? 42 P3.1 g kg™, fLAIRTHI5TR

4 K 285K, P14 6.86 g-kg ™', XA EEAHXS 3
e, S F— 8P E3E 16.6 g kg FRKFE, 15
PRA YL AL IEBETE 271~503 g-kg™ Z[H], &= N &
16 16.9~46.7 g-kg™ Z2JA], 4 P 7E 7.63~19.1 g-kg'
], 4 K 7E 4.60~8.40 g-kg Z i,

TR TZENERPESEFEENAVRMEA
W, AEXTERE . FAY S BT — AR EIEF—K
AEE T2 (K & 0.8% ) V5 KI5 TR, 5N 4 A5
TKALFR) V5 U6 2 B0 A R B 5 2 U . ST TS Ve Al
o, &4 B RAE VRS 'R E B ERTARE
SR EGE, EERFEA VD, FI 427 P,
K & B FHRRKKTE . TR EEANR, B
TI5 2T 42 P &5 (84.83 g-kg™) , RAKMA
BLET .4 N 14 Ko
222 BEMAEHRHMIES SEILE

Bl 1 BRA&EMEEERMIED &' 5T
FArERTH. HHAIREARETAE —EER,
B R R ERA IR SRR NETE
SYRRFEEKE(FE3), HE 1A, A 34M5

R 2 BMEEMEHITKITIERN pH.EC FIES
Table 2 The pH, EC and salinity content of sewage sludge in Guizhou Province

5 H Items A B C D E F G H FFFRAL Chitianhua %48 Wengfu
pH 6.7 74 73 6.5 6.6 6.5 6.6 7.1 75 7.9
EC/mS-cm™ 8.8 73 8.9 14.6 75 6.2 11.9 14.4 14.2 7.0
1% 0.6 0.5 0.6 0.9 0.5 04 0.8 0.9 0.9 0.4

3 SRPHFS (g k™)

Table 3 The nutrient content of sewage sludge in Guizhou Province(g-kg™)

ERA I AR T 48524y Total nutrients B FE4Y Available nutrients
Name of the waste water treatment plant N P K N P K
A 342 26.3 10.2 8.40 1.93 0.53 3.53
B 275 18.9 10.7 7.70 1.82 0.31 2.04
C 312 13.0 8.08 6.60 0.85 0.11 0.63
D 503 46.7 19.1 7.95 3.79 1.06 8.65
E 397 36.2 11.5 5.70 2.17 0.43 3.50
F 338 23.6 11.4 7.75 1.88 0.41 2.29
G 355 30.7 11.7 4.60 2.49 0.35 2.43
H 271 16.9 7.63 6.15 1.27 0.23 0.75
ARKAL Chitianhua 399 18.0 6.58 4.00 1.68 0.08 3.92
%48 Wengfu 722 0.59 84.8 0.60 0.17 0.23 0.50
£ K {H Maxima 503 46.7 84.8 8.40 3.79 1.06 8.65
£/ME Minimum 7.22 0.59 6.58 0.60 0.17 0.08 0.50
34 Average 320 23.1 18.2 5.95 1.86 0.37 2.82
¢ {8 t value 0.040 7 1.201 2 0.052 2 0.694 3 0.491 7 02115 0.169 3

T stoor K 2.977 1005 4 2J45;ﬁﬁuﬁ%¥ii‘l’ﬁo
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Figure 1 The nutrients content of sewage sludge in different seasons
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KEHE MR ELZERTESR, ER 54T ME
FEHABIGRHEMBNFSTEREFAK X ATRERH
FEERBE , KIEEEEFR R, TEXLH F] Fi
YA R BAEAAET TR P A VLR S i
W5l R B AR, B A BN TR A R W v i
BIHAAEDIR Y0 RIKZE Y85 L4 TF R
FUKFET B, THLAE R URSSZIE G 1, 415
EKPEEE BRI, IG5 TR A 2R A N R
I, TAEAZE, HFEWTAAEMIERE , KR
A R BTEFEARSS , HE T 75 U8 H I R AT
BT IR 2 AR5 YR AFR 53 1Y 22 S5 AT e 55 K Uk
ERE KA M T ZE X, B NEVLURAGS P&
BREREISYE D, %M SBR T2, BARIFHIBA
FREESUR . & BERIRAZTEVE C, HRAMZE A/0 T
2 EREdREHE S RE, HPHaaIRE &
orff, RSB HESEMMEERRE, 8P SRR
D &b, HAt AR A B . ARG T 25 K (A AR
RBA R, B K MR A T2/ CASS.SBR #1 A%O0,
BK 22 5RTRE S KRB RYK B AR ST 10 %
2.2.3 T5URH IR A ST

TSURH IR E A REL R 4, B WL FIEFp
R TR Z M 2T —E WA, A LR
MER EMAZ RN R RN EEKE, 54
PR R EK Y. 5, ISR AL
Bt R R R 19 FEORIR ; R EURE A R
B 2 () AR TEAR S A OO . & BSR4 2 ]
BEIFAHRRKR , PR 5r Z FFE—E B
K BRAE R B EKTE, BRPSFIEMITZ
B] O AH D AR ST, IR B B 2K, T &R/ 2
[ AP 2
23 GTRPESEERERE ST
231 BRPELSRERE

HRTERT 5B FENEFRY RIS, RE&F

ZMELRE . 15K, 50%~80% M E 4L
i 30 2 4 R VR O 4 R O 2 T R o, DA B T
Pl (BERRER IR ) ILTIVE S5 2R AR IR 4R 2 r= A=
K5I, FL, SR ES B S RN RS BT
HEBRASBAMETE R 2 58 aEERSE
S, — ELRCR FR A5 U6 4 3 e YR AL ) g — B 2
M, X5+ 4% Cu.Zn.Pb.Cd.Cr.Ni Hg FIZ&
ﬁ)ﬁ As AT TIRE , 5 RF T3 5. 550 588k
HRMEML, Wi /EJJEEF Pb G REIEERERLH
§(3 189 mg-kg™ )M ZEAK,Cd & &EE T LI Cd
TSHMIEFE (1 mg-kg), Hg & 85 m TR 4
TR IEFE (0.4 mg-kg™),As FETEIETG Y LI
1~95 mg-kg? TR Z N, Cu I Zn FE MY AERK T
EMMETE, WEER T HEFEE(Cu:22 mg-
kg™?,Zn:100 mg-kg™?). MNESEBILE N ZILIE MK
F,F—MTREAFRBMEY FEAERRK,
B RBORB] 42.7%~135%, HHITER In SRR
7 268~9 163 mg-kg' ZJA], ¥ 1696 mg-kg',2E
S ZECN 135%; 75F Ni S B2508 K 32.4~107 mg*
kg™, 4k 56.0 mg-kg, B SH RECN 42.7%,
BEESMER, HKEREEESESTER
9 ¢ {E7E 0.002 6 ] 1.193 Z ], HEA BT 95%H)
Z 5 BEMKE FI5KAHE HRPESBIRES
TEFEAENEET, BFEERERAR, WF
JHZH Pb S REASH S %, XHERH—LE
R R T 23,
2.32 BRPESEILSHT
X R  HRP AR LB ITR KR —
TERTFEARIZRA R B B TR
Fie IR TessierA XIS E SR 5 FIEAS, KRl 3 #
B A A RIS S MPE AW SR
R R , BRI EGER , B 5 SRR, A
YA BESTRS , WFHTF K oK B Y sEER A TE

R4 TREAAFSZENBEXRE

Table 4 Correlation coefficients among various nutrients of sewage sludge

I H Items FHHLFE OM 2% T-N 28 T-P 458 T-K HA Avai.-N B Avai.—P  B4F Avai—K
HHLE OM 1 0.880 7** -0.852 7 0.715 4* 0.852 7** 0479 3 0.749 1*
2%, T-N 1 -0.5152 0.600 5 0.987 4** 0.803 5** 0.807 1**
£ T-P 1 -0.765 -0.536 7 -0.042 4 -0.252 1
480 T-K 1 0.556 4 0.467 1 0.385 8
A Avai—N 1 0.863 8** 0.921 6**
R Avai.—P 1 0.868 1**
R Avai-K 1

T O FORTE 0.01 KFEBEAMR, " FIRTE 0.05 KFEBEMRK,
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Table 5 Heavy metals concentrations of municipal sewage sludge in different seasons(mg-kg™)

¥5/KALFE) Name of the waste water treatment plant Z=4Y Season Cu Zn Pb Cd Ni Cr As Hg

A X Summer 61.6 268 35.8 1.09 40.8 58.6 5.85 0.46

& Winter 81.2 487 44.7 2.20 414 55.1 4.26 0.90

B B Summer 123 9163 46.4 18.8 41.5 343 10.1 0.47

& Winter 105 5158 58.3 28.6 48.6 311 10.2 0.38

C E Summer 79.4 791 67.6 2.65 105 156 15.5 0.68

& Winter 99.6 1865 64.8 5.10 107 230 26.4 0.61

D X Summer 135 1194 63.6 1.96 66.6 64.6 3.64 0.57

& Winter 120 861 48.7 2.50 394 45.5 1.37 0.35

E E Summer 197 590 94.5 3.68 51.7 68.6 8.55 1.53

& Winter 392 837 39.1 5.90 51.0 511 491 0.59

F E Summer 113 1341 103 4.77 34.8 150 7.06 2.08

& Winter 130 1401 23.1 5.20 324 125 4.69 1.53

G B Summer 129 660 94.5 2.56 90.0 80.5 104 1.24

£ Winter 134 867 39.0 3.30 38.1 89.8 7.06 0.82

H E Summer 92.9 711 206 22.0 54.0 99.9 17.3 0.84

& Winter 111 950 189 225 54.8 102 11.5 0.53
GB 18918—2002(pH=6.5) 1500 3000 1000 20 200 1 000 75 15
GB 4284—1984(pH=6.5) 500 1000 1000 20 200 1 000 75 15
#AnM4% Numbers over the National Standards 0 6 0 3 0 0 0 0

¢ {H ¢ value 06862 0.1944 10094 0482 0.625 00026 03405 1.193

74 : {GB 18918—2002 )3 48 V5 /K AL B V5 Ye MrHERARUE , Bl R ERIE AR 57 2002; (GB 4284—1984 )% V5 U8 Hi5 YL il bn v , IR & B3R

BEREB 198458 o N 2.977 1 005 9 2.145  BUE LIS R T E I

—ERTERE S . MREWMES AL S
EAESTREEBOR, AN Y TR 1
H AR TARXMERL , BE RIS R 1 3, X 3R 8%
— AT A SRR

AT 8 FiS U 6 ME SR IS, X
HBATRICRIGE . ZW5E, 5 As Fl Hg BLAFE
HEASRIERAETE, BrAA X B T she , IR A] g2
P& B R AR A AL S s & T i
ey, K T HIEREE 1 MR 6 AT IB ), ES
JBAEARRTG I KR S E—E RN E R, 1
F1, Cu KA HLES & SRR A L fBeR , Br1-5195
TS, 315 90% L |, HUCR KBRS, & A A ST,
EARBE PR AN Zn FERURIREEEE .
HLEE & B S AL XA A, TSRS gk A ik
BHIHAIEL R 10%, Pb i) EEAETS ok
B, B TEYTRGES, BRAFIETE S 90%LL EAh, Hdts
T BB, A 10%. Cd HLFEE AR50
oA, 7E B.C 5% EZ LUEY TOHGESIFLE,
i 85% LA b, M7 A5 Y o , A= WA RS ER 20 24
i 60% , Horh LABRBRER 255 A5 ) HL R R, A S

A3 50% LA Lo B KEIC &5 E#% % pH /Y
AR Al R, TER P RN ATE R . Ni #2277
WA NRIBRERE A S MBEINERE, 5 55%~76%
ZIE), HR R AT AS A FERIE D , HAR HBiI7E 10%L)
To Cr EEMFAEE AV GBS, M
WA TEHIE 3%UT .. ELBHISIMESSR
EI5) T3 6,
233 EL2ENIERE TR
WRTFRARIG RS AL E , DR AR5 B
PFEAESEERY, HRPESBERAIESRS
BT AR, AR T8 e AR5 KU - th A B
REY, HRETHILE A B HE LBk,
R LI V5 e KU, AR ST B 4R AR T
BT T W, & 6 TSR], BRABIE RSN, 1578
H Cu.Pb.Zn fl Cr FE R R EFILEHFE, B
FAYTRE, —BARETHEME LSRG,
MR KM Cd TR, FELB05 R P EE A T E
LV EYARE I EE, MR MR Y iS4
—E MY . Ni TERIKIRES &M LR =, X
BT AR Ak 2 40 Us%, X4 pH B TR B T FEER A
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Table 6 Heavy mental concentration and proportion in different chemical phases of sewage sludge
. Cu In Pb Cd Ni Cr
TR wmdk am why AR HBU AR SROOWE &R WV &R0 Rl
BEd: = " i B o o e
mg-kg™ % mg-kg™ % mg-kg™ mg-kg™ % mg-kg™ % mg-kg™ %
A Exch 1.87 2.78 10.6 2.87 nd - 0.28 19.1 4.89 12.8 0.16 0.29
Carb 1.39 2.07 106 28.7 0.24 0.63 0.49 33.7 13.3 34.9 0.42 0.78
Fe-Mn-0X 0.11 0.17 21.8 5.92 nd - 0.18 123 2.83 747 0.13 0.24
Organ 39.8 59.1 56.8 154 nd - 0.24 16.7 8.79 23.0 7.56 139
Resid 24.1 35.8 174 47.1 35.8 94.3 0.27 18.3 8.33 21.8 46.1 84.8
BET 714 378 403 1.65 41.1 56.9
Ritgg 67.3 369 38.0 1.46 38.2 544
R/% 94 97 94 88 93 95
B Exch 1.17 1.05 76.5 1.12 nd - 0.11 0.50 3.00 7.00 nd -
Carb nd - 1230 18.0 nd - 0.09 0.40 224 52.1 5.10 1.58
Fe-Mn-0X nd - 486 7.12 nd - 0.09 0.40 3.60 8.39 0.94 0.29
Organ 77.8 70.1 3634 53.2 nd - 14.2 65.2 9.09 212 167 51.6
Resid 32.0 28.8 1 400 20.5 48.6 92.7 7.28 334 4.89 11.4 150 46.5
BET 114 7 161 524 23.7 45.1 327
BilgR 111 6 832 48.6 21.8 429 323
R/% 97 95 92 92 95 98
C Exch nd - 6.99 0.57 nd - 0.01 0.30 11.6 11.8 nd -
Carb nd - 278 22.7 1.59 2.59 0.04 1.24 514 52.5 3.63 2.06
Fe-Mn-0X 0.15 0.18 86.6 7.06 nd - 0.49 143 7.18 7.33 0.30 0.17
Organ 37.1 453 362 29.5 nd - 1.00 294 24.38 249 66.4 37.7
Resid 44.6 545 494 40.3 59.6 97.4 1.86 54.7 3.40 3.47 106 60.1
HET 89.5 1328 66.2 3.88 106 193
RitgE 81.9 1226 61.2 3.40 97.9 176
R/% 91 92 92 87 92 91
D Exch 1.16 1.0 512 5.50 0.21 0.40 047 242 7.48 14.9 nd -
Carb 2.09 1.80 227 244 9.26 17.6 0.50 255 14.3 28.4 0.64 1.19
Fe-Mn-0X 0.81 0.70 64.1 6.89 0.32 0.60 0.24 12.1 3.72 7.42 0.30 0.57
Organ 76.1 65.6 311 334 0.89 1.70 0.54 275 159 31.7 112 209
Resid 35.8 309 277 29.8 419 79.6 0.21 10.7 8.84 17.6 413 713
BET 128 1028 56.2 2.23 53.0 55.1
RitgE 116 931 526 1.96 502 534
R/% 90 90 93 87 94 96
E Exch 16.8 6.17 312 4.72 nd - 1.67 39.2 7.62 15.2 0.14 0.26
Carb 28.0 103 212 32.1 1.75 2.69 1.30 27.1 19.6 39.2 0.60 1.10
Fe-Mn-0X 1.12 0.41 385 5.83 nd - 0.31 732 3.64 7.26 0.27 0.49
Organ 171 62.7 85.1 12.9 nd - 0.29 6.89 144 28.8 132 243
Resid 55.8 20.5 293 44.4 632 97.3 0.83 195 4.81 9.60 40.1 73.9
BET 295 714 66.8 4.79 514 60.0
BilgR 272 660 65.0 4.25 50.1 542
R/% 92 92 97 88 97 90
F Exch 3.23 3.02 36.5 3.02 nd - 0.57 129 243 7.90 nd -
Carb 1.56 1.46 17.6 1.46 0.92 1.64 0.91 20.8 8.14 26.5 0.80 0.63
Fe-Mn-0X 0.30 0.28 3.38 0.28 nd - 0.65 14.8 2.63 8.57 0.29 0.23
Organ 63.7 59.5 719 59.5 nd - 0.75 17.1 8.53 27.8 34.8 274
Resid 38.3 358 432 35.8 54.9 98.4 1.51 34.5 8.96 29.2 91.1 71.7
BET 122 1371 63.1 4.99 33.6 138
RitgE 107 1208 55.8 4.39 307 127
R/% 88 88 88 88 91 91
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s Cu Zn Cd Ni Cr
gg et R0 Wl &R0 Wl &R/ wp RV EE wBV wi o bl
mg-kg™ % mg-kg™ % mg-kg™ mg-kg™ % mg-kg™ % mg-kg™ %
G Exch 4.03 3.36 25.8 3.64 nd - 0.57 223 8.10 13.0 nd -
Catb 251 2.09 231 32,6 0.70 1.15 0.87 33.8 25.5 40.9 0.45 0.55
Fe-Mn-0X  0.46 0.38 33.1 4.66 nd - 0.24 9.34 5.84 9.38 0.14 0.17
Organ 67.7 56.4 100 14.1 nd - 0.27 104 16.1 25.9 147 17.9
Resid 452 377 320 45.0 60.4 98.9 0.62 242 6.79 10.9 66.8 81.4
MET 132 764 2.93 64.1 85.2
BilgR 120 710 2.57 623 82.1
R/% 91 92 87 97 96
H Exch 2.12 2.17 46.4 5.73 nd - 1.33 6.76 5.07 10.1 nd -
Carb 2.15 220 157 19.4 5.94 3.28 7.03 357 23.7 47.1 0.78 0.80
Fe-Mn-0X nd 0 319 3.94 0.33 0.18 3.19 16.2 437 8.70 0.29 0.30
Organ 56.5 57.8 262 324 0.92 0.51 6.44 327 10.6 21.1 12.8 13.0
Resid 346 354 313 38.6 174 96.0 1.71 8.68 6.53 13.0 85.1 86.7
MET 102 831 223 544 101
Ritgg 97.7 810 19.7 50.2 98.1
R/% 95 97 88 92 97

Y “Exch” AT A8, “Carb BRIRL A A8, “Fe-Mn-OX" AL UL 45, “Organ™ HHLZE A1, “Resid SR AS . “R EICR 6, “nd” R, ="

KRGt

G F BRI A RIS E S, 8 Fpisled, A
BETE B RE S1 R E , Cd A1 Ni VS FEE RS MR O , i
XFXWATE, EBRKALEDPTFMUER, &
U RE TN — A SR AL TS G XURS: B BB R, X
TR MR A I (R BERE A R M LA B VR - AT ER SR
&, #RIRAT5 RS Cu Pb Ni Cr.As il Hg & &
Hm R T E SHE 5 Vet B R i & (H 2
B b 5 RAE T H Cd Zn Y#EAR , H 0B J5R
e Cd BRRBIS . INAUE IR(GB 4284—1984)fRiE,
7£ B.D I F ZL38 15 IR AT Zn RIS . B T
THEERPESENIERK RN, ERPRD, %
B A 155 XL 75 81 (Environmental risk index )%t 75 I8
TR E 4R (Zn. CA)H#AT T IR XK AL, g &
FRAEHAE TSR TS5 §L T BB TTRY A PR R
KN, WTH B T3k T 75 Y0 Aol G g 0 A R 5CR
BYRRE . FRENERRBOTE AR

IER:(CA i/CRi)_l
K CA B i TR AT S & mg kg™ s Cu
I FPT R MG BR &, mg kg™ WIS CA; /NF Ci, MIE
X Ier 19 O, TEIABERE

IR s e h & B M E 4R K& B
15U TS Ve 5 Y il 458 57 ) (GB 4284—1984)
KRGS R ERIFEIAME (Zn<1 000 mg-kg™,
Cd<20 mg-kg”,pH = 6.5), IHEHRMNERATIETR

R L R IR RS TE 5. 45 R %H,B A 5
T Hr 4 Zn (I8 KUK 48 O = 4241 5k 8.16
1416, TEAErRE EREEIRE ; C A3 & =5 ek
i Zn 5 QR HEBCR 0.865, FETEIRIAEE X ;D
AR H Z5 R Zn RS HEECR 0.194, B3RS
KU F AbHR ¥ e B 2 A& 25 R ke Zn (19 XU
BT AR 0341 F10.401, WAETEMRIRER . Cd
JLERTE B AHT V5 IR A B IR TEECN 0.43,
AR BN H A H ) SR P EBMATHiLTT
RIS BORE] 0.1 F1 0.125, W43 BIFETEIRIR

BHATF VR LA Zn AR BN, ATRESIRTTE
W HR el A AR HE OIS KA 5%, Zn S B R BT RE
55 P T R LRI A ¢, 78 24
A REARAE R B DUE B ARCE XAkt Fi5K) i
FABM R RFEFZ T, 5Kk P RE—EE
BTk K, B ESHHEBRPESES 2SR
Hz—,
234 1HRPESEWE NS T

HERBWRE MMM RIAGK 7),150RF Zn
A1 Cd. Cr 53513k 3] B E Ak B E K, Cd 5 Cr Z A
BB E K, N5 As Z AR RIN 2%
JKF,Pb 5 Cd [AIMI St 2 BB K o AP Zn [FIES
5Cr.Cd FEMREEMBEXR,Cd WFE5 Zn F1
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Table 7 Correlation coefficient between various heavy metals of sewage sludge
Elements Cu Zn Pb Cd Ni Cr As Hg

Cu 1 -0.070 3 -0.159 5 -0.092 8 -0.140 1 -0.266 2 -0.304 6 0.052
Zn 1 -0.194 1 0.558 9* -0.154 9 0.893%* 0.108 7 -0.291 6
Pb 1 0.532 4* 0.168 2 -0.066 2 0.462 6 0.112 8
Cd 1 -0.173 5 0.636 7** 0.324 3 -0.309 1
Ni 1 0.136 7 0.715 6** -0.168 3
Cr 1 0475 -0.171 3
As 1 -0.112 1
Hg 1

e IR 0.05 K BHHIE; S FRTE 001 AL BHHI.,

Cr R BERMRRR, WHXJLMERETR P

A BEFFE—E BRI . {598 Zn F Cd ST EE
BB EIEMRKR MR ARLOLE] 0558 9, AR
PR, 15U Zn 1 Cd AHZCHEIR BN 2 %K
SR, AR Zn H1 Cd J& T R—HOT R, MR
o ARUBTEL, Pb #1 Cd PIFFITER Y IEASESR R UL
PR B R AR A5 5 XTI LR A TE R
AT5 407 K, X — BSR4 R -5 3 HoAt— e A Sl
— B AR AR TTRTET B R PR
RIS H B

3 #ig

(1) B4 I i5 U8 pH 7E L (6.5~7.4),
& BTE 0.4%~0.9%, WIS AR . && N
MPHEETHELE, EE5TFROKRE,H
K & BB, S F— M H A & K,

Q)IFRAFEMERMESBREEENA —&
Tk, & N ERLERTEENGESE H  HEK D
NAFRSMEEBETZFEA B EEKFE

(3) I BT XU 8 B oy BT 8 SRR B, B 4 V5 e
Zn .Cd FFAE—E RN (B2 B05 RMES R &
= H7E E K (GB 18918—2002) 75 Y. 4 Al br i 1 {GB
4284—1984 ) 4% Fi 15 U 75 Ye g (0 2 Thl B v Fei/F A vk
ETEREZ A

()75 ESJE Ca.Pb.Zn F1 Cr FEREDIFR
EFTEAIEAE  He F1 As FELSRESFE,CATE
R0 TP EEUAYIEMASATE, TN RE 2
FRzE A A, Cd Fl Ni (B TET B R,

(5)15RHEEE Zn.Cd F1 Cr Z[8],Pb F1 Cd Z
B 2 B AR R R, R T REAAE—E R R
A5,

(1] 4B4RC, Bk, EEZE, 4. thEIRT S Ve AR AL 3 X % £
] PR S (A3 4, 2005, 21(1):198-201.

Zou S-W, Zhang S—-Q, Wang Y-J, et al.The nature and treatment meth—
ods together with land use prospect of sewage sludge in China[J]. A gri—
cultural Sciences, 2005, 21(1):198-201.

[2] e, RIS AIE KA B 5 AL AR K R AL M
FEERL2E, 2006, 21(4) : 14-16.

Pu D-H, Wu X-W. Municipal sewage treatment plant sludge disposal
and its application[J]. Guangzhou Environmenial Science, 2006, 21
(4):14-16.

[3] KB, W ST, PRI R . EIR AT IS K 5 It b B R A B 4% ()]
FRIERlAE, 1998, 17(11).40-42.

Zhu N-W, Gao Y-Y, Zhou Z-Y. Methods choice of sewage sludge treat—
ment in China[J]. Shanghai Environmental Science, 1998, 17(11).40-
42.

[4] Alonso E, Aparicio I, Santos J L, et al. Sequential extraction of metals
from mixed and digested sludge from aerobic WW'TPs sited in the south
of Spain[J]. Waste Management, 2009, 29(1) :418-424.

(5] 8k H. £ MHTM]. 58 iR JLET: o =R i, 2005
30-106.

Bao S-D. Analysis of agricultural soil[M]. 3rd Edition. Beijing: China
Agricultrual Press, 2005 :30-106.

(6] 4L %k, BE IR, LHAHTEARIIEM. 55 . AL . vk ERl
JfiAt, 2006:36-67.
Du S, Gao X~Z. Technical specifications of soil analysis[M]. 2nd Edition.
Beijing: China Agricultrual Press, 2006:36-67.

[7] GB/T 17141—1997, +-3 5 & 4% RHAIIIE(S].
GB/T 17141—1997, Soil quality of lead, cadmium[S].

(81 XU RUE: . Ak 35 Wl S F WM. Jb 5 - i AR o il fisei:, 2001.
Liu F—Z. Practical manual of agricultural environmental monitoring[M].
Beijing: China Standard Press, 2001.

(91 7+ 5%, Bk B FR BB A i 15 e A 24 2 A S B - 3t ) PR AR v
PRI, 13, 2001, 33(4):218-221.

Qiao X-L, Luo Y-M. The chemical composition and land—use standard
of sewage sludge in some cities of China[J]. Soils, 2001, 33(4).218-



796 IS BN ARG KA BRI  SEeR S R IAE

2011 %4 H

221.

[10] F* .55, Bk B, R, 57 0y 13t R A R LR BE s )). 4,
2000, 32(2):79-85.
Qiao X-L, Luo Y-M, Wu S-C. Sludge for land use and its environmen—
tal effects[J]. Soils, 2000, 32(2):79-85.

(1] ER 3, §I7RE, & R TS UR AR R R A DR, 48
FRl R 2247, 2002, 21(6) :587-592.
Tan Q-L, Hu C-X, Zhao B. Characteristics of sewage sludge and its
current situation of agricultural utilization[J). Journal of Huazhong A gri-
cultural University, 2002, 21(6) : 587-592.

[12] 3K 3L, JAISLHE. YLoRt XTS5 /K A 3 5 e e B o2 1. Rl
FRIERL S22, 2004, 23(1):110-114.
Zhang X -Y, Zhou L-X. Cities in Jiangsu Province of sewage sludge
mud[J]. Journal of Agro— Environment Science, 2004, 23(1).:110-114.

(131 FhER, T 1L, B EMH, % SRZBIRYPAIRMNEAS 2
SITFHEL]. DA 3E4H, 2006, 17(4) :620-624.
Sun H-M, He J, Lv C-W, et al. Wuliangsu sea sediment distribution of
organic matter and nitrogen content[J]. Chinese Journal of Applied E—
cology, 2006, 17(4) : 620-624.

[14] XT5%0, D05, BRI, 4. JBiKT5 U8 B4 43 Fk AT [I]. &l
TR, 1995, 14(5) :202-206.
Ge N-F, Ma S—F, Qin H-Y, et al. Component of dehydrated sludge and
agricultural evaluation|J). Agricultural Environmental Protection, 1995,
14(5):202-206.

[15] FAST#E, LR, BRIFEDR, 5. B4R RIS TRERTIZREE
£ 3o i A3 R R HAL 2 TE A5 ). BRI 24, 2000, 20(3): 269~
274.

Zhou L-X, Shen Q-R, Chen T-B, et al. Heavy metals and nutrient ele—
ments in the main components of sewage sludge and chemical form of
the distribution[J]. Journal of Environmental Sciences, 2000, 20(3) .

269-274.

[16] B AL2, B EE, Rg 5. M5 /KI5 AR AR sE R ). Rl
HEE KR, 1999,59(1):13-17.

Jiang C-A, Huang G-F, Wu Q-T. Utilization of municipal sewage
sludge treatment progress[J]. Agro—Environmens and Development,
1999, 59(1).:13-17.

[17] Fytili D, Zabaniotou A. Utilization of sewage sludge in EU application
of old and new methods—A review[J].Renewable and Sustainable Ener—
8y Reviews, 2008, 12:116-140.

[18] Zheng Guo-Di, Gao Ding, Chen Tong—Bin, et al. Stabilization of nickel
and chromium in sewage during aerobic composting[J]. Journal of Haz—
ardous Materials, 2007, 142(1-2).:216-221.

[19] Gao Ding, Zheng Guo—Di, Chen Tong—bin, et al. Changes of Cu, Zn,
and Cd speciation in sewage sludge during composting[J]. Journal of
Environmental Science, 2005, 17(6) :957-961.

[20] Rapant S, Kordik J. An environmental risk assessment map of the Slo—
vak Republic: Application of data from geochemical atlases[J]. Environ
Geology, 2003, 44(4 ) : 400-407.

[21] REE. LRt L EEMBE S E €8 0 X IR 4 13 515 YEN D). &
PR B R AR ML KA, 2001.

Wu H-T.Heavy metals distribution and pollution assessment between
soils and vegetables in Beijing regional[D]. Chongging: Southwest A—
gricultural Univerisity, 2001.



