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Effect of sludge and garden waste composting rates on heavy metal content
and microbial activity in plantation soil

HU Zihang', ZHAO Xia', DONG Xiaoyun', ZHENG Jingming', JIANG Liwei’

( 1. Beijing Key Laboratory for Forest Resources and Ecosystem Processes, Beijing Forestry University, Beijing
100083, China; 2. Survey & Planning Institute of National Forestry and Grassland Administration, Beijing 100013,
China)

Abstract: [Objective] This study aims to explore the changes of heavy metal content and soil microbial
activity in plantations after 2 years of mixed composting of municipal sludge and garden waste, in order to
provide basis for utilization of municipal sludge products in forestry. [Method] A randomized block design
was carried out in an experimental Ulmus pumila plantation. According to the sludge content in the compost,
four levels of mixed compost (0, 15, 30 and 60 t-hm? of composted sludge) were set. After two years of
application, soil samples were collected for analysis of six heavy metals(Cr, Pb, Cu, Zn, Cd, Ni), as well as
seven soil microbial indicators, including microbial carbon and nitrogen, soil respiration and four enzyme
activities. The effects of different fertilization rates on soil quality were analyzed. [Result] After 2 years of
sludge composting, the total amount of six kinds of heavy metals increased, but there was no significant

difference between different application amounts, indicating that the application of mixed compost had low risk
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of heavy mental pollution. Soil enzymes, microbial carbon and nitrogen had no obvious change with increment
of compost amount, but the soil enzyme index and soil respiration intensity of the fertilized plot were greater
than those of the control plot, suggesting that the mixed compost improved soil microbial activity.
[Conclusion] When the amount of sludge compost is lower than 30 t-hm™, the elm forest ecosystem could
withstand the increased risk of heavy metals, increase soil microbial activity and improve soil quality. [Ch, 1
fig. 4 tab. 22 ref]

Key words: municipal sludge compost; plantation land; heavy metals in soil; soil microbial activity
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Table 1 Heavy metal content and other characteristics in sewage sludge compost and forest soil for experiment

AT RS BBy BRSSP MY SR R BB R

i PR s (mg-ke™) (mg-kg)  (mgkg')  (mgrkg!)  (mgrkg)  (mgekg)  (mgrkg)
R+ 1 7.92 1.49 0.39 16.92 17.43 53.02 33.98 2.52 15.35
TG HEAL 7.68 37.70 32.60 60.90 12.90 319.00 653.00 1.12 245
HENEARES 2 55-85 =18 - 1.000.00 1.000.00 1 500.00 2 000.00 20.00 200.00
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Table 2 Concentrations of six heavy metals in the soil tested

b H/(mg-kg ") #i/(mg-kg™) Hl/(mg-kg™) FE/(mg-kg™") f/(mg-kg ™) B/(mg-kg™")
ck 50.56+1.80 a 25314227 a 27.94+2.85 ¢ 40.03+1.77 2.5340.53 b 15354120 b
T, 52.4845.58 27.22+1.84a 33.40+0.47 b 46.77+8.92 a 3.1140.59 ab 16.9240.41 ab
T, 5133£3.77a 27.26+£3.84 a 38.0242.03 a 47.89+734a 2.83+0.57 ab 17.77£1.15 a
T 51.0044.39 a 27.50+2.65 a 39.1242.01 a 49.57+7.76 a 3.6040.16 17.1120.89 ab
GB 250 170 100 300 0.6 190
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Figure 1 Four form content of six heavy metals in experimental plantation soils
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Table 3  Soil enzyme activity under different treatments

sz U (me- g ") HERERE/ (mg- g ) JIRH (mg- ™) WA/ (mg- g™ -3 AL
ck 6.29+0.88 a 16.10:0.92 a 0.50£0.04 a 0.47£0.05 a 0.45
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Table 4 Soil microbial carbon and nitrogen and soil respiration
3 3T | PCERE WA LR
(mg-kg") (mg-kg™") (mL-g'+d™)
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FHMBE R I CI/T 362-2011 (Wb s Kk b B35 BT B P (R R, SN A R
VR AR MR TR R OB 195 % BRI WA 2 AT R (=009
J5 . b T 4 B A AR S GB 15618-2018( 1 HEFREE i 4k b 119895 Y XU 45 45 pmofe ) rh e
- b 4 I e RS T E A (0.6), AH AR A A8 T XURS (B (4.0), 1T HL A it A A Xof BERE 7 - 38 At [m] A v
LI V0 S RE /S WL g N (13 e A 25T 2 2 =L < £ R Rl E N1 RAZ S N w3 R 9 R CE i | B
JEE M+ T 4R SR EE N T A 2, ARBFSE R . 7E 0~60 t-hm 2 BREINE T, 15 IRHE
R I S TR AN T, (R BRI, X A R A T A S T Y KU AR
32 MEMTRHEEN LIEES B RSN

FEis M 2 a5, HIEESE 4 ISR BRTC B E 2, RUGEIEEXT 5
S BIL A5 A K . BALDWIN 2504 5% ] DPTA 5 2 B 42 Uit 175 Ve MENE i R 3h i T 4 B o &
BE, R IUVEFAER F R o R AR A B P A SR ICS A JE B 25 5 MCGRATH S50 A5 2] T AR U
5. HA R SRR A, R 55 R HE S R T I SRS T A BB A S 2 s, RIS E
B AR, IR B LA R IR S AN T iR JFASTE S A 48, nl e e A Kt fin e Tk 2 B 3
KOV, BRI ARG . BRTE i a S SRR, B sRiE A T B Eca s 2k, HIHbIY
BIERBAT AR, Wik, FEREEW T, e TR ] F AL, Skl sk, H
b SRR 42 JB TR A i i A AU (b 5 S A SR, A bR e 2 R, SOk, @ TE e
it A IR SR E R URERRES N E, HAESED, Xt mik.

3.3 hEhniT iR HERE XY T 1 AR iE 1 B &2 I

T IEEEEYEAS AR S e A Y RE T LS e B R AR SR AR R, S e
HERR G S 4 FhEEAGAE A A A AR, JH vl 8 S TG v ) 3R A 3 W e e A Ik, ol T R R S
I e AR R s e W R s . AR S5 A s o 0 S S 1 B it £ P38 s/, SRS TR HEAE
SHZMESE, MRS GESE G R NG, SN RS8R AT L
0 - 48 5 43 B R 0T i L R A B M R SR WSO R R R SRR (R K A, Ol
R T AR IR, MR e T R HEE MLk REVS e AL A, X 4 B R BRI R A B T A
o ARBFger, EREERTEYE T, BB R TR, T, T, B SXBER AR, WHEE T, SRR
TNAYEIN T A AL & o320, AT = T R BTS2 5 10 T, AN Ty 55 4 i X G2k W 3 1 A 0 ol 4
FARFAVTAGEIEER, PR RERE B PR, AR T V5 U TR B HENE T - 980 A= 4y 5 i 14 194 1 10,
FR BT A LR R AR EZE R, F2 AR R TIE R R, s
WA, IITHAEY ISR . EARBESE Y, TR & 1 B T U8 S A i i 58 5 A 3 ka3, (H 50 1




36 WroIL R R K A R 20214E2 H 20 H

ZEFEARE, BB TG I HEAL 2 a 5t Um0 BOMUR G 5 PR AR A K, SRR 4 R —2
WML 3 52 54 R A ML RS (L T LR A RS, R A DB PR3 o DT B2 e e 2R A A AL
Voo BEANTSIHERL)S , WRMRNEE kR 3 s B AR, X 5ZR AR AT R — .

DAY SR AE RV R S KRS RO A AR 2545 7 T - S S R RN LR BT SR S PN LA
WETERDL, K TR R SEBRE X S AN B 0~1, GE— THERCREAY, ATk T AR B — I 1R O 4] oy - 4
ARG R TPEFIRIBRYE , T AR 4 11 3 S WA [R] A BRSBTS 1R A 2 M 1 ASBIESE FPoiin {75 90 AE ]
PR3 R IR R, R IR IR IS BN KRBV N . Ti=Ty. Ty, xR SiBI28id 2a, 7Ei5JRHEAL
T E B R A IUTOS BUE S PR ZE SRS, AR AE T bR A S E g R i PR A LA BT
$Tho YR AR, AN REHEBRTE I A1 45l e AT 5 e el AR s AR 1k
3.4 HEHN3S e HE AR X A M ik R A0 L S5 T IR B 20

FEANTS PEHERL 2 a Ji5 Rl Py AR AR B T i, S I AR A G e A R E R . AR LA
RS, ARG REHEIL S, RIEAPUR & & A MBUEYIREAA R LI B, AR
—Eo IR R SRR IR YA LS o R A QI RE T o TS URHENE BRI O T A P
R, LEALBRRE, AR A P PE R, 22 S R AR A A N AR AR A ST G e o
RE R REINE R T AP R, A T AMBE R ISR ORAE, 100 Ty 3P i 8 50 IRSEACH S . X nl fiEg
S I TG URHENEXT L SRR M ma A P T PR Y, (E i TASBE S DO TENE 2 a J5 RINE , AREUEHITE
2 a JJA] T NP E AR AE AR B SR

4 i

AL ATG IR AHENE 2 a J5, 3RS JE B A g, (R ssN, BT 2N AL S R
HAJRICR BRI B T RS R bR M (GB 15618-2018), 2 a Wi -4 6 R4 B IL &0 A
WA KA AR, B A A 7K P X M b - 38 1 T 4 S 15 e KU AR IR .

15 U HERE (it FH BE RS A -3 A ML, (ARSI AZFESIEICE, X 2 GRS m 1+
SIS TR FRE VR A, DT O3S GO ) R SO SR S e M, R e TR 5 M A T - HE A 5 il
RIWITE T o HEAL 2 a J5 1) IERGHE BUR R, b TS Ve HEAL R AR 3RS T R IR E S

FE 75 YRt FH <30 t-hm 2 FOARVEEZEETE P, 75 U8 AN FE AR 37401 A ME AR A ) T35 o b+ 35
HEJ75 AH 60 t-hm > V5 leit FH KT T, AHR A AR bR B R Rk, DRtk YK A TS e it FH
AR BT AH SR SRS, RIS i FH A R 4 SO0 AR XU A

5 5FXH

[1] CIESLIK B M, NAMIESNIK J, KONIECZKA P. Review of sewage sludge management: standards, regulations and
analytical methods [J].J Clean Prod, 2015, 90: 1 — 15.

[2] RODRIGUEZ D R O, ANDRADE G D C, BELLOTE A F J, et al. Effect of pulp and paper mill sludge on the development
of 17-year-old loblolly pine (Pinus taeda L.) trees in southern Brazil [J]. For Ecol Manage, 2018, 422: 179 — 189.

[3] DENAIX L, THOMAS-CHERY A L, BALET J, et al. Effects of municipal sewage sludge application on soil and purple
moor-grass (Molinia caerulea) contamination by metals in a maritime pine forest [J]. Water Air Soil Pollut, 2011, 219(1/4):
239 —249.

[4] DONG Bin, LIU Xiaoguang, DAI Lingling, et al. Changes of heavy metal speciation during high-solid anaerobic digestion of
sewage sludge [J]. Bioresour Technol, 2013, 131: 152 — 158.

[5] ARAUJO A S F, MIRANDA A R L, OLIVEIRA M L J, et al. Soil microbial properties after 5 years of consecutive
amendment with composted tannery sludge [J]. Environ Monit Assess, 2015, 187(1): 4153.

(6] mIFITF, BRAIES, KSR, S5, Sl 5 Y -5 bel R 51y HE HE A TR 5 Tt FH N i 228 Bk 5 AR s (7). AR 284 29K,
2016, 35(10): 2643 — 2650.
SI Liqging, CHEN Limin, ZHENG Jingming, et al. Effects of mixed sewage sludge and garden waste compost on germination
and growth of Festuca arundinacea L. [J]. Chin J Ecol, 2016, 35(10): 2643 — 2650.


https://doi.org/10.1016/j.jclepro.2014.11.031
https://doi.org/10.1016/j.foreco.2018.04.016
https://doi.org/10.1016/j.biortech.2012.12.112
https://doi.org/10.1007/s10661-014-4153-3
https://doi.org/10.1016/j.jclepro.2014.11.031
https://doi.org/10.1016/j.foreco.2018.04.016
https://doi.org/10.1016/j.biortech.2012.12.112
https://doi.org/10.1007/s10661-014-4153-3

38 B LW WIAMAE: TS S FEAKEE TR S AL XA 3 R R B E T R 37

(7]

(8]

[9]
[10]

[11]

[12]
[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

RIFITT, ORI, ARSI, A5, ST U8 -5 Fel bR 5 ) S NE TR A5 VS RS - 398 28 R SRR AL A RS i 5 L0 Bl et
%#,2018,34(3): 565 — 574.
SI Liqing, CHEN Limin, ZHENG Jingming, et al. Effects of mixed sewage sludge and garden waste composts on potting soil
amendment [J]. Pratacult Sci, 2018, 34(3): 565 — 574.
BRER, WAL, RS, A5 15085 BE MR S AR G R AT X I 4 A K S s TR AR R A2 (0], AR Ak, 2019,
38(3): 810 —817.
ZHAO Xia, HU Zihang, ZHENG Jingming, et al. Effects of mixed compost of sewage sludge and green waste on growth and
heavy metal accumulation of Cosmos bipinnatus [J]. Chin J Ecol, 2019, 38(3): 810 — 817.
RAURET G, LOPEZ-SANCHEZ J F, SAHQUILLO A, et al. Improvement of the BCR three step sequential extraction
procedure prior to the certification of new sediment and soil reference materials [J]. J Environ Monit, 2001, 1(1): 51 — 61.
RAK, IR, BTz, AF SRR Y AR I T vk SR IMD. st G R, 2006: 54 - 78.
FISEA, AR, AL, T eI e 77 ik iR -5 R (1), JK R ARF5HIESE, 2010, 17(6): 148 — 152, 157.
YAN Meijie, SHI Weiyu, DU Sheng. Review and prospect on the methods of soil respiration measurement [J]. Res Soil
Water Conserv, 2010, 17(6): 148 — 152, 157.
WRRLR, B85 IR A A RS AOA [M]. dbat: Bhaa i fitt, 2006.
I, KM, BE5E, 45 B b b DB e TS ERRE PRS0 (1], R4z, 2009, 17(3): 282 — 287.
WANG Bing, LIU Guobin, XUE Sha, et al. Effect of farmland abandonment on soil enzyme activities in Loess Hilly
Region [J]. Acta Agrestia Sin, 2009, 17(3): 282 — 287.
BALDWIN K R, SHELTON J E. Availability of heavy metals in compost-amended soil [J]. Bioresour Technol, 1999,
69(1):1—14.
MCGRATH S P, ZHAO F J, DUNHAM S J, et al. Long-term changes in the extractability and bioavailability of zinc and
cadmium after sludge application [J].J Environ Qual, 2000, 29(3): 875 — 883.
W, BTAE, BRI, 55, INBCRAR LT (AMF) 046 130 i A i 5 A 1 AR Br S iy 52 (], BREE 427, 2015,
34(4): 712 - 717.
YANG Huiling, HUANG Renhua, CHEN Ke, ef al. The effects of arbuscular mycorrhizal fungi (AMF) on growth of
Sorghum haipense and rhizosphere soil enzymes activities under Cs stress [J]. Environ Chem, 2015, 34(4): 712 = 717.
TR, B, iR . IR G R A S TS Y IR . BRI LB S RS2 (O] R E PR R, 2008, 28(2): 147 —
152.
TENG Ying, LUO Yongming, LI Zhengao. Kinetics characters of soil urease, acid phosphotase and dehydrogenase
activities in soil contaminated with mixed heavy metals [J]. China Environ Sci, 2008, 28(2): 147 — 152.
ZHANG Chang, NIE Shuang, LIANG lJie, et al. Effects of heavy metals and soil physicochemical properties on wetland
soil microbial biomass and bacterial community structure [J]. Sci Total Environ, 2016, 557/558: 785 — 790.
HE, RIS, TR, A5 15U BT LIRS PR R0 ST (D). A 2SR E A, 2009, 18(3): 895 — 898,
HUANG You, CHEN Ling, LIANG Haojun, et al. Effect of zinc in sludge on soil enzyme activity and its evaluation [J].
Ecol Environ Sci, 2009, 18(3): 895 — 898.
ZRM, FOFe . A REAEX D X 52 B SR Pk S e . RSN (0], K AR 4527 1k, 2014, 28(6): 206 —
210.
QIN Junmei, WANG Gailing. Influence of different fertilizers upon carbon and nitrogen of microbial biomass and soil
enzyme activity of reclaimed soil in the coal mine area [J]. J Agro-Environ Sci, 2014, 28(6): 206 — 210.
Mo AR, BRES R, E 2%, 55 0 AW o Jm 18 b IR BUE W R PR AR AR AR AE (], A0 IR 2724412, 2014, 33(4):
751 —1758.
CHEN Xinxiang, GENG Zengchao, WANG Sen, et al. Effects of biochar amendment on microbial biomass and enzyme
activities in loess soil [J]. J Agro-Environ Sci, 2014, 33(4): 751 — 758.
BRI, PR, S, SRR XA RIS T SRR BT N ] Y O 2R (D). LB, 2019, 37(1): 9 - 20.
CUI Yu, YAN Siwei, WU Jianzhao, et al. Effects of soil physiochemical properties on soil respiration in preliminary stage
after the Wenchuan Earthquake [J]. Mount Res, 2019, 37(1): 9 — 20.


https://doi.org/10.11733/j.issn.1007-0435.2009.03.004
https://doi.org/10.11733/j.issn.1007-0435.2009.03.004
https://doi.org/10.1016/S0960-8524(98)00174-6
https://doi.org/10.7524/j.issn.0254-6108.2015.04.2014081401
https://doi.org/10.7524/j.issn.0254-6108.2015.04.2014081401
https://doi.org/10.3321/j.issn:1000-6923.2008.02.011
https://doi.org/10.3321/j.issn:1000-6923.2008.02.011
https://doi.org/10.3969/j.issn.1674-5906.2009.03.017
https://doi.org/10.3969/j.issn.1674-5906.2009.03.017
https://doi.org/10.11654/jaes.2014.04.019
https://doi.org/10.11654/jaes.2014.04.019
https://doi.org/10.11733/j.issn.1007-0435.2009.03.004
https://doi.org/10.11733/j.issn.1007-0435.2009.03.004
https://doi.org/10.1016/S0960-8524(98)00174-6
https://doi.org/10.7524/j.issn.0254-6108.2015.04.2014081401
https://doi.org/10.7524/j.issn.0254-6108.2015.04.2014081401
https://doi.org/10.3321/j.issn:1000-6923.2008.02.011
https://doi.org/10.3321/j.issn:1000-6923.2008.02.011
https://doi.org/10.3969/j.issn.1674-5906.2009.03.017
https://doi.org/10.3969/j.issn.1674-5906.2009.03.017
https://doi.org/10.11654/jaes.2014.04.019
https://doi.org/10.11654/jaes.2014.04.019

