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W OE BRAEN A IER R RN TR, FADEEA . RN SEE, B HEI TS Ve T e 1
- R AP R s Y KU, DA O s e 0 A BRI 2 R AR . T 2 AR A H R SEES A Y T AN R HE AR TS
RN LSRR MESBIGYAEM, LR E4AAB. R, KR, PEAEE. S5RERY, EE
HIE AR, 3 IR N A e Y TS BN AR, i HOHENC TS YR T W BEAR L pH, SIS
Je ]l IR R b, VSR BIE S, B T KE X Ky Na. Cd I Pb i 43 B0 AR 3% Ak, T5 R Ab B
Yyt 4 HEE 35 i RN 4 8 A IR A BUE i B s R R BT R AL AR R HLS N 1.2 F0 L6 5, ARA
WA 12 1.94%, N. P M K G20 505 9 hn 2.7 #1 2.9 4% . 2.8 F1 4.3 4% 5 0.6 #1 0.7 5. + 3% Cu. Zn. Ni,
Cr. Hg F1 Pb J51 5t 43 B35 WA 78 H TR e T Ml 9 7 2% XU 66 07 36 1 R85 1 {3 ] (GB 15618-2018) 5 Cd Jit it 474X
ARt T A TG g XU T R, R AT S e KU A R . ASHIE SR AT R ME AT ¥ JRAE S A B R R N AT
WIS
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PRy A e VR I N . HE g, FRE AR AR 3x107~4x107 t 975 U (LA F 7K # 80% 11), 2020 4F Y
150877 i AT REIXF] 6x107~9x107 1o T i g P H w5 A LB AR 808 IR, H R ROl
IO T B RS, RN T KA/ R BRI AR RN H] T U BOR 1k 10 0948 5 sk
B, BB mE ym Y i RIS ek B o BT, T5 AR A AUIE R B B
o A AR AR, A AR T R .
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)8 I T A Y, HEIMOK AR AN AR A B BT A A R, RIS R S A M E AR R
“F](?(JE'Z?FWLEB’HE%FE%U%'?“(””]o

R Rk A A AR Wit VS e T S O B B XURS: el I e T AL A A S
WHAE W Z —, BT HEARRIEESE (Cu. Zn, Cd. Pb4F), HAEfEHE &K, Ik
RESIR BN ALK, Bk, HRAERR LA RN H#T& 52 EY, H2] i Tidiisle s
R Z R e, W A s T Je it FH T g 18 ?‘?ﬁxﬁlﬁ*ﬂ/’%f(ﬁ KBS PEAf B
oo BT, AW 2 40 H RS 5, PR HEAL V5 U it 1] T4 A 09 R S B B FE SR T R
MAEAE, FF 53T 4 Jm 0 2R B or BUE AL RO IR TS YRG0, DU Ik is e A L A A A
FRALFIS K .

1 MRIERE

1.1 LG

S M S AR L BT TE X E R IR (39°59'N, 116°14'E) ., 1% Hi DXt Ab 9 18 21 15 008 2 T R K
it XA X, FPERE 118 °C, ®EBR AN AN, FHE 46 C, mHBARTH, F
YR 26.1 °C, R K i 638.8 mm, ZEMTE 64 70 8 Ay, &AFETLFEMZY 195d, Al -4
HbRIE L
1.2 LIGMH

PR oA A 22 A8 B 3E 4% 108 5 (Populus <euramericana‘ Guariento’), 20124F 2 H, fEH
B AROL B A AF 57 B KAV 2 GEIER AR 10%), £ R/D—E1Y 500 HAgtifE s, R F R+ i
FA, AT EN SRS, FES H 2 H, ke A K H KR ER
W, BT ERILAY, 78 Im, B 05m, WA, A AS KN —4FEER A, kst
YR 2013 4 H () SE 86 A (kA kL, JRAEATIANE . ATBER 1m, #REE R 1m.
1.3 HRESIRAF F

ARk T I5 e ok F b BB R ARG TG KA ER TS e . FE TR S 2 HT, SR e g
WENE T2 #4740 B (High-Rate Recovery of Organic Solid Wastes System, fij FX HiRos System). % 1. 7.2k
AP AL A2 SO Ak, B T2 A N4 . Rl . Bk S M A%, Emik
FET, SRR MR R IEA A d A LS W, DOMTKE AT LA % 359 5% Ak R ok Tt
BOESERAANUIE . ZE, AT BERE, JEIS R TR R IR kAT At &R .
1.4 SLIgIT

P[] SO0 B 4 AR, RN E 4 D EE/NX, /DX 52 m*(K 6.5m, 98 0.8 m),
Bl AILHE S o HENE T e 1 it A T 3 R i (E R I PRI R B8 40 em &b, AN TRV, i ATREE 20 cm).
2012 4F 6 H HENE ¥5 Ye s A & (LT EiF&): X (CK: 0 tha™), fili& (LS: 7.5 tha™), ' & (MS:
15 t-ha™') Ml d (HS: 30 tha™), 2013 4F 5 H 7 Uit G AH 7] A b e . X B8 (CK: 0 tha™'). fIk & (LS:
15t-ha Yy« (MS: 30 t-ha™') FIfE & (HS: 45 tha'), BT 2012 S KSR 4, 2013 AR5 HEAR 75
U6 1 e A it FH i 0k 2012 AR 19 1.5-2 4% o SESRHATR], T JR) 7K 43 R s L e i RS B, A O —
], AR R AR 3 R RE TS U A B A K 4 e TR RO R 1

[ a] i AHERE S IR )5, 209 T 201245 8 A 10 H ., 201345 8 A 16 H R&E + R, KA 45

i,m%&ﬂkmi@i#,f%AE3¢Ew,%m*%¢6ﬁﬂﬁﬁ,£%ﬁ%%%,zﬁ@
o MERESE, SRR 2 mm 89+, &M,
1.5 WA Z*

M RE 75 98 AN 3 4 8 ) B AR 52 25 SR (2015 oK (Hg) Jot it 20 B p 0 7 >R 512 Ot B T
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#1 HIATBEERHERSRENECHERERRESHK

Table 1 Physico-chemical properties and metal concentrations of soil and composted sewage sludge

R SOM/ AN/ N/ p/ K/ Ca/ Fe/ Mg/ Na/
*MUH‘IJIHI H -1 pH -1 -1 -1 -1 -1 -1 -1 -1
(g'kg?) (mg'kg) (gkg) (g'kg) (g'kg) (g'kg) (g'kg) (gkg) (mgkg)
B 22.50.7) 7.8(0) 166.5(5.7)  1.6(0.1) 0.9(0) 1.2(0) 7.0003)  19.1(0.2) 5.9(0.2) 261.6(11.5)
RIS IR 294.3(0.4 7.40 2674.6 13.6(0.1 17.9(0 2.3(0.1 37.8(0.1)  25.1(0.3) +15.6(0.1 1042.2
2012 3(0.4) 4(0) (13.7) 6(0.1) 9(0) 3(0.1) -8(0.1) -1(0.3) 6(0.1) (29.4)
HERE S V-
o1 3027(04) 6.8(0)  3356.6(27.3) 18.7(0.1)  22.7(0.2) 3.000)  115.4(0.2) . 22:4(0) 15.10)  1270.1(1.2)
T Cu/ . Mn/il Cr/ . Zn/ . Cd/ . Hg/il Pb/ \ Ni/ \ S/ .
(mg'kg”) (mgkg') (mgkg) (mgkg) (mgkg) (mgkg) (mgkg) (mgkg) (mgke)
B 13.2(05)  276.53.0)  43.6(0.3)  60.5(2.4) 1.7(0) 0.5(0) 18.7(04) 21.0(04) 261.9(17.9)
HERE TS IR- 4561.7
135.2(4.4) 1521.3(13.5) 130.1(5.5) 755.009.3)  2.6(0.1) 7.1(0:1)  70.5(0.3) 372.8(6.8)
2012 (51.6)
HEAETS - 241.9(0.8) 941.8(2.0) 150.0(0.6) 865.4(1.6 3.000 18.4(0 67.9(0.1)  120.0(0.6 53233
2013 9(0.8) -8(2.0) .0(0.6) 4(1.6) .0(0) 4(0) 9(0.1) .0(0.6) (33.0)

TE: MESERIBATEEMEERFE (bRfER) , DITAESIR; SOMA AN, ANAARA.

5E (AFS3000, JbatRHENE LR ABRAR); 28 @8 . hErE, MEXRERULESE TR
B T 3 0 S Y8R FH R 1% -5 55 F- & B 6 1SS0 52 (IRIS Intrepid 11 XSP, 3¢ [# Thermo A #]). &4~
WEmt H¥ W 3AEE, waBF8E, T IER DL EFE E ZMRO AR 5 s 2 Ak A
A E S LR E;T

B Ak PR A SPSS 22 MR 48 T o A B A 2R AT 0 At o SR B R 5 22 50T (one- way ANOVA) Al
Duncan Z 15 [l £ 5672 (0=0.05) bb % AN R B P 20 18] /9 22 5+
2 FER57R
2.1 HERRSRIER B IEEU MR

W2 o, MRS UE Eab it S, B R 2013 4, LS. MS Fl HS ¥4 hn 4 54 #1545 9 R
44.8% . 117.6% F1 158.3%; & A 2L A 73 %M 40.1% . 122.8% K11 187.9%; 34 Hn & 43 9 K 102.0% .
266.7% F1 289.2%; 4 M W 4> W K 135.9%. 284.6% Fl 434.8%; 34 1 #F 4> W K 4.3%. 63.8% F
T1.2%, T H, #adAH A nl A, 248 W) A HE AR TS U8 B3t H 5 58 LT ( RP=0.998,

*2 IEERWE. AR, AHEANKEERTE

Table 2 The pH, organic matter, available nitrogen and macronutrients in soil

ey Ab pH FHUE(gkg)  AMA/(mgkg") N/(g-kg™") Pl(gkg ") K/(g'kg ™"
CcK 7.66(0.04)a 20.0(0.5)c 102.0(5.8)c 1.20(0.12)b 0.80 (0.01)d 0.87 (0.02)c
LS 7.54(0.03)b 23.0(0.7)bc 226.4(12.3)b 1.28(0.10)b 1.01 (0.02)c 0.92 (0.01)be

2012 MS 7.54(0.01)b 25.2(0.7)b 234.7(5.9)b 1.92(0.09)a 1.10 (0.01)b 0.95 (0.02)b
HS 7.46(0.04)b 352(2.2)a 273.5(13.5)a 2.15(0.15)a 1.56 (0.04)a 1.02 (0.02)a
CK 7.90 (0.04)a 21.1(0.1)d 69.2 (4.3)d 1.07 (0.04)c 0.86 (0)d 1.21 (0.03)b
LS 7.72 (0.02)b 30.5 (1.1)c 97.0 (3.8)c 2.17 (0.07)b 2.02 (0.11)c 1.26 (0.01)b

2013 MS 7.56 (0.05)c 459 (1.3)b 1543 (5.6)b 3.94 (0.10)a 3.30 (0.23)b 1.98 (0.05)a
HS 7.39 (0.02)d 54.4(1.3)a 199.3 (6.7)a 4.18 (0.15)a 4.58 (0.17)a 2.07 (0.05)a

TE: PR3 EZNEMAFE (PR ) |, DITHRIOR; AR/NS PR3N A PR 25 5 35 (P<0.05).
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p<0.001). % (R*=0.933, p=0.003). % (R?=0.793, p=0.025) FI# ( R>=0.934, p<0.001) A & & 5 % i 2 1
IEMEKER . I ATA, 808 3% o bl 5 15 e A0 R A B e, R kE T e
PEo [EARTEERNE, mleiEHx R REEFRITRM S, TSI k. EESER R R
B, 2015 E4ETT UG R PHER OBE, 215 10.5x10%t, (A 18.65% B Wk -+ Mo F) H 1 46 Rk 43
FIBE, BETSIRIEA T T, @H, eSS ARG T, 8 IR RS 9 = A A A= W
PRI H 8O0, M WA BR ST R 2 —, HAE—SeXa, BEGEUR A FRE AmE AR 22,
A T2 A PR B AT B2, I JC LBk AR B KA CHLBE 215 Ve h B 0y E 2 o . Mk, 75
Pernti A, BERT & HER S AR R AR, e n] XFR AR EE A T ) 8 I B,

HE RS Ve it e 00 - SR e L3R 2, AS[R) B 0 HE I S U8 2 R I IS 1 pHL, B R AR L
1.52%~6.37%, #5572 HS 4b# (1) + 3 pH 78 2012 4F 1 2013 454353l 2y 7.46 Fi1 7.39, {15 4 18 192 ik &2
AR B AE B R b o [RIRE, ZEMEVR SRS TS Ve, JR ] BRAK 8 pH™ DU AE ) H 2% it S
Ue, sREAR pHPY, slff gem Pt AR 557, MRl , FERREE XU W T, RO BARTE U, X
£ b - 9 R R ) el R AT RE = A R

W3 Frn, % 20134F, LSAMPEMEG /N Ca, Mg, S, Fe. Mn il Na 5 & 7 5% 7 91 4 37.8%.
7.7%. 74.8%. 2.6%. 17.5% F1 7.2%, MS ZLFL53 53T 69.9% . 18.0%. 122.4%. 3.3%. 29.7% Fl
40.3%, HS ZEFEAFBIBEANT 89.3% . 28.9%. 172.3% . 4.8% . 51.6% H 74.6%. i H.38 iz #H 56 1 2 b
AL, HEAR VS YR Bt 4 )5 3 Ca(R=0.512, p=0.028). S(R’=0.814, p=0.001). Mn(R*=0.986,
p<0.001). Na(R’=0.712, p=0.005) il Mg( R*=0.961, p=0.001) Jfi f /> Kt 5 Fi i 2 mli Al | & A IEAH 56 o
A, BTG ER Bt A, A R R SR e R T B R B e, i AL
T HE Y S i S RO BRI K, 2K Ca iU A A, (HAR IR, —MAEmbE L, g
LA AT RESY 5y kA Fe il = it , (ELR 25 15 e (47t 23 BUfdt Fe i sr 808 I, ARt it ¢ R 7Rk
Z3hn, A A T AP, A SE g, At 59 R w8 i R P L Bl MR IR T U8 = A 4
Jn, W R Fe B A B BE 22 34, T L HE IR S U8 B i A A s T W M AR, R 2.4%~
18.6%",

3 ITRTENHEBERTERENN

Table 3 The secondary nutrients and micronutrients in soil

oAb Ca/(g-kg") Mg/(g-kg™") S/(mg-kg™") Fe/(g-kg™") Mn/(mg-kg™") Na/(mg-kg ")
CK 6.32(0.13)b 5.63 (0.06)b 193 (7)c 17.6 (0.1)c 269 (5)b 171 (5)b
LS 6.69 (0.09)b 5.73 (0.04)b 230 (4)b 17.8 (0.1)bc 280 (4)b 176 (6)b

2012 MS 6.79.(0.16)b 5.82 (0.06)b 246 (11)b 18.0 (0.1)b 286 (5)b 189 (3)b
HS 8:14(0.25)a 6.29 (0.07)a 365 (13)a 18.4 (0.1)a 329 (12)a 331 (12)a
CK 18.1(0.1)d 5.84 (0.04)d 324 (3)d 16.3 (0.1)c 265 (5)d 361 (15)c
LS 25.0 (0.6)c 6.29 (0.01)c 566 (9)c 16.7 (0.1)b 311 (1)c 386 (13)c

2013 MS 30.8 (1.2)b 6.89 (0.08)b 720 (15)b 16.8 (0.1)ab 344 (8)b 506 (7)b
HS 343 (0.5)a 7.53 (0.09)a 881 (10)a 17.1 (0.1)a 402 (7)a 630 (9)a

TE: PR3N EZNEMAFIIE (PR ) |, DITIEIOR; R/ NG F-REFIR A B 22 57 .35 (P<0.05).

22 HRSREAEHNEESREREFHRETE
Heem e, HEPOER B EEZESEIOCER (L% 4. 2012 4 HE AL 15 U b 34 Ay + 15
Cu. Zn, Ni, Hg. Cd. Cr #ll Pb ¥4 I&JLFE 43504 10.29%~65.4% . 21.1%~111.1% ., 8.09%~27.8% . 26.1%~
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x4 TBENESRRENK

Table 4 Concentrations of heavy metals in soil mg-kg'

By A Cu Zn Ni Hg cd Cr Pb

CK 10.8 (0.7)c 22.5(0.5)c 17.6 (0.3)b 0.20 (0.02)b  1.50 (0.04)b 40.2 (0.3)b 16.7.(0.1)c

LS 11.9(02)bc  27.3(0.9)bc 19.0 (0.5)b 0.25(0.0Db  1.58(0.03)ab  40.5(0.5)b 17.7 (0:6)bc
2012 MS 12.8 (0.5)b 30.3 (1.2)b 19.6 (0.7)b 0.36 (0.03)a 1.61 (0.02)ab 41.5 (0:4)b 18.4.(0.5)ab

HS 17.8 (0.3)a 475 (2.8)a 22.5(1.2)a 0.45(0.05)a  1.68(0.05)a 46.1 (0:6)a 19.5 (0.2)a

CK  20.8(0.2)c 62.6 (1.5)c 19.2 (0.4)c 0.80 (0.09c  1.28 (0.02)¢ 19.3 (0.1)d 19.5 (0.3)c
2013 LS 26.6 (0.5)b 135.2 (3.9)b 26.5 (0.7)b 2.16(0.11)b 141 (0.05)bc  25.2(0.8)c 22.7 (0.2)c

MS  43.0(l.4)a 219.1 (4.8)a 513(0.6)a  2.87(0.13)a  1.54(0.05b 342 (1.4)b 273 (1.3)b
HS 462 24 2402 (14.0)a  52.1(0.9)a 3.11(0.22)a < 1.76 (0.05)a 392 (1.3)a 31.8(1.7)a

T PR3N EZNEMAFIME (B ) |, LITIEIOR; AR/ NG TR 3R B 22 5 B35 (P<0.05).

128.6% . 5.6%~12.0%. 0.7%~14.6% F 5.9%~16.4%; i 2013 AF 4% 5 J¢ 4b P % + 3 Cu. Zn. Ni,
Hg. Cd. Cr 1 Pb ¥4 0@ Fl 43504 27.7%~122.1% . 115.9%~283.6% . 38.2%~172.2% . 170.5%~289.9% .
9.9%~37.3%. 31.2%~103.4% F1 16.8%~63.1%. i H., il PSS, 2 4F W R HE AR5 e 21t
Wt FH 43 591 5 38 Zn(R?=0.718, p=0.005). Hg(R*=0.635, p=0.011). Pb(R’>=0.851, p=0.001), Cu(R’=0.77,
p=0.031) Fl Ni( R>=0.875, p=0.009) Jii & 7 5 B o 35 s S 25 M IEAH G, Hobml WL, RE&E T5 e H &
MY Z i, b A R B o AR B s T L 2012 4F . 2013 AFHEAE V5 Ui 04 it FH X {4
T Hg MM &K, ZnikRZ .

XoF B A ] [ 52 3 e it FH A 48 o 4 Jm 7 e BRAE v (W36 5), 2 2 AR I R) HENE V5 6 1Y) i 2 i
I, 13 Cu. Zn. Ni. Cr f1Pb B /-3 e i B . el . SEEAfh E HEESE TG
JeBRAE ;. MERETS IR KAFE H , BROR(F He Mok 7 Wk B R 0 [ V5 e BRAE, (H 2 27 3% 1 AR ) b+ 405
RS 7 e 1B (<3.4) A4S B 4 (<6.0). (EARFE MR, Cd B s doi ot 7 3% E 587 g XU
i EAH (>0.6), 1HIEATIIR TR T A4 35 94 XUR: 45 il {H (<4.0). Cd Z T LU 1 4 38 35 e KUK i 18
B, R b Cd ZLal s 5 (8 T R 5805 Je XU T e (E T 8. S2hn b, 7E 2 AR A 3E AL V5
VT SEHt R SL g T, A R B AN 2SN Cd A — B W E VR, i ELE AR Y5 e X e B
4B Cu. Ni Al Po 7EHL RS WA B EEM " W H, A SE5 fr it H 09 HEE V5 U8 h Cd it
HOBEAR, i £ cd BRI B, BRI S, HEESENEG R ERN. E
it FHTG U8 , M AN 23 % L AJ8 2B T i A B 8 i S R o (E(EAS i B A0, K A TS e vl fig
Sl HEE AR MG R, LKA E R, 458 Cu, Mn, Zn WIS E2L, HAFEHE

x5 FTRERSEEANELRECREISRRE

Table 5 Maximum metal concentration allowed in soils treated with sewage sludge in different countries (mg-kg™)
% Cu Zn Ni Hg cd Cr Pb E = BTN
l¢] 50~140 150~300 30~75 1~1.5 1~3 100~150 50~300 [32]

Yl 135 300 75 1 3.0 400 300 [32]
B 750 1400 210 8 20 1500 150 [32]
GaEsh 100 300 190 34 0.6 250 170 [33]
rhEb — — — 6.0 4.0 1300 1000 [33]

TE: R S QKU R B, DA P 5 G XUR A fh
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WAERY CuTg YR Y, BAh, BT EERIG YA, A RN X FEWMBRRBEBEEE . 20558
(PAHSs) S5 52 5 15 e I B IR AL N T, AR R MOk e 7 i . Nz, AFERIEMTS TR, HE KT
FoE SR TR B RKRME R HiL, gk — 20 58 f o 47 5 U8 i H Al 5 4 9 19 5
M), s A [ 28 78 35 e 4 03 it P A0 2 5 A 245 Wi R L XU DA o
3 #ig

1) HEJIE Y5 U8 A4 it AT S AR A - 48 pHL, R R Y5 U8 (HIS) it PT fifcb SEAR E R hy s R
H(MS). = (HS) 5 e i il nl il -3 AL . 3 A0 . NL PRI K 20 208 i Sk 0.6-
43 %, FeRRELHERE AR 2, BN 2.8-4.3 £i% .

2) Wi & HERE 5 e S 3, 3T & B o 8O i B3 Cul Zn. Ni. Cr.,
Hg 1 Pb J5T 5 53 50035 15 A 8 H 3 [0 A FH Ml = 198355 e XU 0 3 £ A il (Y BBl Cd Rt T - 1875 4
DRV T S 1, L 328 I - 475 e XU A8 i

Bogh: A E RO B A ST e MO BT 5T BT I e AR R AE R R SIS BRI T A i S AR A R ARSI
JUT SR FH 11 v 0 30 e O A 35 8 vl G S ) A S R A RN RIA BEOF $ 416, R bRk gt

2 % X M
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Physico-chemical properties and environmental pollutions in soil amended
with composted sewage sludge to poplar
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Abstract Interest in the application of sewage sludge as soil amendments to trees has continued to increase,
especially for fast-growing poplars. In this study, a field trial was conducted to determine the physico-chemical
properties and environmental pollutions in soil amended with composted sewage sludge (CSS) to poplar, in
order to provide the scientific basis forthe circulation of CSS. Two-year field trial was conducted to determine
the effects of different amounts of CSS on the soil nutrients and the pollutions of heavy metals. Soil was
amended with one of four CSS treatments in both study years: control, LS, MS, and HS. The results showed that
the mass fractions of soil nutrients and heavy metals were increased with the increase of CSS, and the CSS
treatments significantly decreased the pH values in soils and HS made the soil alkaline to neutral. After
accumulated CSS application, the CSS treatments significantly influenced the mass fractions of soil nutrients
and heavy metals except that LS had no significant effect on the mass fractions of K, Na, Cd and Pb, in
particular, the MS and HS treatments increased soil organic matter by 1.2 and 1.6 times, available nitrogen by
1.2 and 1.9 times, the mass fractions of N, P and K by 2.7 and 2.9 times, 2.8 and 4.3 times and 0.6 and 0.7 times,
respectively. The mass fractions of Cu, Zn, Ni, Cr, Hg and Pb in the soil did not exceed the range of the
screening value and control value of soil pollution risk of agricultural land in China (GB 15618-2018). The mass
fraction of Cd exceeded the screening value of soil pollution risk, but it was also far lower than the control value
of soil pollution risk. This study can provide a reference for the application of composted sewage sludge as a soil
amendment to poplar.

Keywords composted sewage sludge; soil pH; soil organic matter; soil nutrient elements; heavy metals

pollution
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