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Advances in the form changes of heavy metals in manure passivated by composting process

ZHENG Dingyu, WANG Jue, CHANG Ruixue, CHEN Qing"

(Beijing Key Laboratory for Prevention and Control of Farmland Soil Pollution, College of Resources and Environment, China Agricultural
University, Beijing 100193, China)

Abstract: With the rapid development of China’s economy, the large—scale breeding industry has developed rapidly. Due to the heavy
metal elements added to feed, the manure produced by intensive farming exerts huge environmental pressure on the farmland soil.
Composting is an effective treatment measure to passivate heavy metals in manure. Adding inorganic, organic, and biological passivators to
compost can fix heavy metals and reduce their biological effectiveness. The mechanism of the passivation materials used in the current
research needs to be explored deeply, and the process of heavy metal migration and transformation and the interaction with the soil after
passivation compost is applied to the soil is still unclear. This should be an important research topic in the future. Based on the presence of
heavy metals in manure, the transformation of heavy metal during composting, and the passivation mechanism of passivators, we discussed
the transformation mechanism of manure—passivated heavy metals in soil, and then provided scientific analysis for the safe application of
manure.

Keywords : compost; heavy metals; form; passivation; farmland soil
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Table 1 Concentrations of heavy metal in different kinds of manure(mg-kg™)

Y P = T
pLE 35.37 4439 0.250 1.250 2.990 — [11] 3
63.67 196.1 3.340 — 7.010 18.14 [12] 4
29.93 341.0 4.820 0.680 — 41.23 [13] 7
96.05 346.2 1.340 6.880 12.43 58.93 [14] 63
R 468.0 1028 2.570 21.50 10.90 21.90 (7] 348
217.4 1552 — — — 31.43 [15] 3
174.8 1276 29.32 — 41.23 — [16] 860
531.4 1020 2.970 16.47 8.630 26.80 [14] 2352
-3¢ 44.02 172.4 — 1.480 8.600 8.750 [17] 172
55.50 154.0 2.200 3.170 10.20 8.030 [7] 348
56.93 221.3 0.840 2.090 11.72 24.53 [14] 879
http://www.aed.org.cn — 779 —
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Figure 1 Mechanism for passivation of heavy metals by inorganic

passivation agents™"
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Table 2 Increment rates of heavy metal concentration after composting

FefE Cu Zn S :
2B 2L . Ny s ! AL . X ¢ ERES
R Manure HEAE )5 & B Concentration R HENE 5 7 i Concentration after HaTnR References

types after composting/(mg-kg™) Increment rate/% composting/(mg-kg™") Increment rate/%

i 746.8 30.90 785.4 30.30 [23]

993.0 105.0 1128 50.00 [24]

— 60.00 — 46.00 [25]

L 120.6 — 623.4 [26]
30.78 4.374 338.4 22.77 [11]

— 35.60 — 11.50 [12]

438 — 39.60 — 15.10 [26]

http://www.aed.org.cn



MBTHFHEETZHUERTESERERSEUNHARER

2021498

MERS, WANG S577E HE T A 78 n 2B 4 e+ A 1 41
A AR B R E P E BIRE A CoMlE BRIRE A Zn
AP A BRI G Co B HE IR & Zn,
AT — 4R T AR R E . I, A E
JIE Hh ) JE ML A 3R AT DA S 5 A ML P v 1 B 4
J& (33, Hrp i fb RIE AT fF E A B A S & &
ZESHENEHE SR A S SR HE, DVE a8k
N, FE A RS O i T SR B A S T A SRS R
), DT 7 b 528 AP JES 77 i 1 P = 398 4 IS
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Table 3 Passivation effects of inorganic passivating materials on

heavy metals during composting

JsORE BEAL lifl R

Raw Passivating Fm Passivation S 3k
materials materials Heavy metals rate/% References

B FesOu/FA Zn 8.650 [31]
Cu 35.05

bicEs Jigz i - As 31.92 [38]
Pb 61.94
Cd 6.860

ket As 22.10 [38]
Pb 50.66
Cd 56.72

K AT Cu 36.70 [39]
Zn 33.35

i S Cu 23.70 [40]
Zn 17.20

R R Cu 86.84 [41]
Zn 65.64

[ Cu 87.86 [41]
Zn 32.82

A3 ENLHI Cu 8.660 [42]
Zn 3.670

A3 MIFFARTNR Cu 21.72 [43]
Zn 33.11

PLES [ 1y cd 87.40 [44]
Cr 73.42
Cu 30.39
Ni 14.61
Zn 71.50

X ZEHENE I 10% (BTt 43850 LE W e 25 R R W,
AW e S AR T Cu i Zn B2 B0 R 2R 5 4 R
o, A RS BRI R 5  90.3% Fl11.7% , B % & T
XTHEZH . ZHOU SFE R 2 HENE b s A6 ) Jo A iR
Cu . Pb 1 Zn B8 A2 55 K531 94.98 % 65.55 % Fll
68.78% . YANG SF“V5 il 1T —Fl DL g 25 42 B ) £ 2k
RO B T A B R (G-nFe) , I8 H R i 2 8% 26
el A AT 25 SR HENIE 15 d N4 Ab 3 Cd 3
KA T BB B, o — 2 5 A Cd AL 0.001 6%
4o #) 55.70% , A] 58 4 A& Cd M\ 98.54 % Bk /1 F|
7.21% , B E m XTI, [R5 ML RS ek
AN TRETR S5 R SR AN A 5 T 4w 4 A3 2 (R A G
PR DR, e AR SE A HILAE AR AN AT DL B e 4%
A AR AT DL A 5 e A A P R T
FEARE 4w A R0 .

PUEE AL R 4 8 5 i A= 9 i R ), AEENE Hh A=
pe b 4 1 A BE MERRAR A AL 2 Fh ZRE 1),
B 28 G COTTE FHA s S5 A FH 35 ] 5 ) 2 4 3 78
RPN S8R UIE R A Yk R bR
& B M EZEHLH, BRI P T Y e K P RS
& B UUVE U BUEE R UTTEY) . SHAMOTRAM L, B
A AR B H(2.5~9.5) M St & & , W Zn ., Cu Ni FlI
P, STEA AR E A ZUTEY . A
PR KA W TR 4 W b, B S B AL ) 4 FH A
AR IATE A K, B F 28 iy Bk 2
VA= 1y e 3 1T 1E FEL 9 A RS e Ol A v ) R 4 )
PHES 7, iR 8 EH 48 & 709 KBRS . 141 QIAN

R4 AUNSEUFNHERFEESBOFELLR

Table 4 Passivation effects of organic passivating materials on

heavy metals during composting

JEORE Bl lifh

Raw Passivating iR Passivation ﬁ}%w@%
materials materials Heavy metals rate/% References
X3 4y ¢ Cu 90.3 [46]
Zn 11.7
i AW IR Cu 95.0 [47]
Pb 65.6
Zn 68.8
i e 5Eme Cu 65.6 [48]
cd 155
AT IR Zn 64.9 [48]
Cu 5.60
FORFEFF I Ph 57.2 [48]
AJE A=W Cd 94.7 (48]
Zn 9.01

http://www.aed.org.cn
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I8 JEAE T R VE T MR T AR e e A R AR
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A 2 AT R RN B B T A A T O R ATl Y
R, &) TA4RA% , o] LU R R RLBHE 2 7 2, —
SSA P AR B T AR S A @R R )T T
KA L rh BRE A RS, AN N 4R
BRI R A 5 E AR RR Y R R
i A= A v o i e 5 e = & s e el R Y 1
BERGJEL | py KRB | [l 7 R P £ RV 2L i, — ke 15
BE G - i DR 4 R I e R g AN A R G R S
AL, BP0 4 R B A R AW RE L O B S
PG EAJE TG YR b FLE B AL AR L
5 T LR M PR AT TE SE T HEE L AR Y
AT MR A W e 52 4 e I AR 3, IF R
AR M T SR UE P B 2 RE T FEHE
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PR 5 HE A R eV B RS R A A PLIE
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T A SR G Y M AR KRB . TR IR
T B 45 J A A B S I SIS BT R 5 2 AR, R ot A
Vel Ak R I & A J5 HENE v E 4 T8 B0 R 1Y BRAR Y
Jial,

H Fi, 78 HENE v 5146 i Bl A ASOR By nY sl Ak
) DA HLEAR R S0 PL S oL A Bl R o
(FR5), ENTX N —2 FE 5 48 (Cu.Zn) BYEE
b2 1 60% , W] LAA SRR S5 PR PR HUS S5 A A 4K
PEESRIN 4B A S &, JF HAR & 48 B A W
BRSO I AR A AL, X L DLAE W e 5 i R
BE AGEA R K RN 96 5B Y- HE T ( Phanerochaete
chrysosporium ) %5 R FEAR . [A] ], g R 4R JIE 258
AU T2 0 FH AE 2 0 R A Ak Ak 2o 2 vp D) S
S JE M E , A0 e B AT A 5 I\ Ay v U HE AT
BB A5 ZEHEUR DI DR U AR R A HE R, I3 2ot g A
PR 58 4 i B 25 A SO SE I B 4R 1 AfA

RS LMBRRFHATERESBHELME
Table 5 Several typical passivation materials on heavy metals

during composting

JR AR wOmbel mE4E Bk Z%
Raw Passivation  Addition  Heavy Passivation SCHik

materials agents ratios metals rate/% References
N T S VU 3% Zn 74.39 [25]
Cu 44.14
AR YK 3% Zn 73.46 [62]
Cu 27.23
WEHRFT AT 02% Ni 73.85 [56]
T Zn 11.20
Cu 48.60
R AW+ B — Cu 94.98 [47]
kR Pb 65.55
Cd 68.78
IR SASBRAK 500 mL- Cd 91.33 [49]
LR kg™
X2 [ 4 30% Cd 87.40 [44]
Cr 73.42

4 HREPHEUNESEETERNTN

AHUE e AP B, o 1 8 4 Jm e v
7o) el A TR A S I, A PR 5T (pH
(8 AL BT SCHRE ) | 1SRN 1 S T 5E )
A AR 4 0 R AR WA AR S AT R N A R
W', Ferp e S R 2 I R (W0 Cu 55) A2 W)
AR R T 32 52 - 0 pHL(ELAY S R AR, K
Je LA HLUTURI I AR % 1,
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- 58 pH (B X 43 AV AR B R AS R HLA AR Y
ST S AR A I 0 a] LA T - 358 pHL, DA 3 58 X
T A A I AR M FY . SR BIE 5 R HE A A [
FE A SR ESE, i H X 4 R A Bk
TR, 3K AT BE S T AT 75 - 9 T £ e A B4 e
il an ZHOU S84 FH A= 40 J65 L 1 1 A= 0 e A Sy e 28
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P - 3R J5ORH Y 73 3 56 W S R Cu (Ph AT Cd 1
B AOR R, LIU S50 3o 5 £ M A A Ak 3L (e
Cu . Zn Fl Ni (A5 80335 BN EARKF , ZEORHF A B 4AIK
4 8 A RES R B R 1 43 (pH=4.12+0.2) H1 11
HEEEEBECEEN. KEHESENELE BT
B P PRI 11 S, IR A B AR NE 1) B 4 B Al AL IR
FERE 1 398 o R 52 B 35 9 B2 L I Cd L At R
4 JE 1E e B 0 i 2R Rl R A 2 2,
117 5 pH A A A BILITRE 25 Jot ) - 18 R0 25 AR 3 A v
Cd.Ni.Pb il Zn W)L B2 , X 5 DLAE A B 92 02 — 3L
(72T Cu 76 HE B RN 4= 398 b 2 B B 1 3 A R
IR RE . MO, DU I AE YR S HLR R 321
BEALHENETE b A 135 | BE 0 T 48 SRR R I 1 Bl ik
RO AU R - 9 PR R IR U AR AL AT — e PR
AR R, 24 AR B pH AR AS KIS, B8 HLAE
PR HLAE XS B 42 8 ) A A AT AR 774,

HEAE vh 4R AR bt 5 A LR AR
Ko AN KA HLIE A it FH 25 5 B0 - e n] i vk
A HILJT AR 38, DA B 2 B8 AL R A 1 - 38 (43 dn b
+) A E AR (Cu Cd) Y TEPE, Eb Qi A2 IR
-8 rh B ML Ab 2 41T VS 0 R0 X 4R R
BEALAE ™, 61 QA v AR RS 23R IO ML R T
T4 W B, VA T A LR B 3G R s
T2 CAPAE IO B A7) 2 T A R R S T RAALG B i
- A 1 i IR o 43 A KA1 38.4% F1157.6% . T
— WU (AN A= W ) 5 - A HILIBT % i
TR A5 SRR /N, AT 58 Ak o 7 4 Ja 05 2 10 ) 2 5 i
X HE— A W HE R A ) 4 AE R T A A
Z ARG LRSI

5 RESRE

TIEPEGEMEUPOE R LR, HF B ASETr
VLA R B BRI BB 2 DA T T ] S T AR
JeAR H S 4 R 5 G ) TR BT 58 R FMEAE T
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