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E . @ i E M AR, IWAEAF LB (0% . 2.5% . 5% . 7.5% F110% ) F5IENZHE 1 (CB) Hl B 38 3 N0 8 K 41
AP Cu, Zn IEERASL, IO CB X EZA Y KWL Cu., Zn FOEZNE. G550 FEM, A AR MEIR S A, ATsg
2 Cu, Zn 53R LB B8 BE, W] LS FERE S B H &, 5 0% CBAHLL, 2.5% ~10% CB AT ik AL 4% dmst A 4 mr
FIAZS (T3S S TR JRZS ) Cu ., Zn 505 E B 53 BIREAR 19. 84% ~48.90% F114.94% ~16.39% , I:Lh 10% CB KRR
SRR SRR AR R, MRS, A PLUTOR EC BE A, 1 pH A BT N CB 4B HEAE BE A {2 £ 1
EC MRS K pH BT, BaE LIEA LR, Sai AP L, E@FH%HEEI@%%%E%E@E%E H 10% CB B LY
ERK(6.51 g- 4" £0.34 g 75 7"). HiH CBATBIEIRE, M5 £EER A TR A Cu S in; Ha b3 Al 24 Zn
B BIFEAK 38. 91% | 43.69% | 46.02% . 45. 12% 1 54. 65% . FAZAENM FHHEL)S Cu. Zn E’\Jﬂﬁqﬁziﬁ%ﬁ%ﬁ, It HFfi% CB
B BRI Zn AW BEZ 0, T Cu AW SIS APV, S5 SEAE + A R (AL 2 1 Cu | Zn
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Effect of Ca-bentonite on Cu and Zn Forms in Compost and Soil, and Thelr

Absorptlon by . Chinese Cabbagef - TR B 1 y
ZHAQ Jun- chao,‘ WANG Quan, REN' X1u -na, LI Rong-hua, Mukesh }(umar AWasthl Altaf Hussaln La.horl
ZHANG Zeng- qiang™ ,f‘ Y . i =

(College of Natural Resources and EnVlronment Nor‘thwest A&F, Uniyersity, Yangling 712100, Chlnd)

Abstract’ Aeroblg composting was conducted to evaluate the- Pffec.t-@ of the different ratios (0% , 2. 5% , 5% ,7.5% , and 10% ) o

Ca-bgntenite*( CB) on the speciation of Cu and Zn during=pig ‘manure composting, while pot experiment was performed to investigate
the role of CB-added compost on the bio-availability of Cu and Zn to Chinese cabbage and its biomass. The results showed that the
exchangéable fractions of Cu and Zn decreased, while their oxidized and residual fractions gradually increased during composting; CB
addition reduced the distribution ratios of bio-available Cu and Zn in mature compost by approximately 19. 84% -48. 90% and 4. 94% -
16.39% , compared to those in the 0% CB-added treatment, and the best result was found in the 10% CB-added treatment. .
Meanwhile, the pot experiment confirmed that the addition of compost considerably increased soil organic matter (OM) and electrical
conductivity (EC) but decreased soil pH value. On the contrary, the application of CB effectively decreased EC and increased soil pH
but inhibited OM mineralization in soil as compared to non-amended treatment. While addition of compost significantly increased plant
dry biomass as compared to that with soil alone, maximum biomass was obtained [ (6.51 +0.34) g-pot™" ] in 10% CB-added
compost. After the application of CB-added compost, the contents of the bio-available factions of Cu in the harvested soil increased,
while the contents of the exchangeable fractions of Zn decreased by 38.91% , 43.69% , 46.02% , 45.12% , and 54.65% ,
respectively. The absorption of Cu and Zn by Chinese cabbage was considerably reduced after the application of compost, while the
uptake of Zn in the plant declined as the CB rates increased, and the absorption of Cu increased. The study indicated that 10% CB
addition could significantly reduce the bioavailability of Cu and Zn in compost, and also showed a continuous effect on restricting the
bioavailability of Zn after land utilization. Meanwhile CB amendment enhanced Chinese cabbage biomass and reduced the uptake of Zn.

Key words : Ca-bentonite; composting; soil; copper; zinc; forms
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Table 1  Physicochemical properties of composting materials

S8 i VN LR + RE

EIKES % 75.63 £0.23 15.01 £0. 10 0.06 +0.01 64.10 20.01
pH 8.29 +0.03 6.85 £0.02 8.40 +0.02 8.36 £0.01
B 5%/ mS - em ! 2.65 +0.03 0.40 +0.01 0.09 +0.01 1.54 +0.02
LT/ % 72.27 +0.13 96.22 +1.20 — 75.93 £0.05
M/ g-kg ! 27.34 £0.75 <0.01 0.01 +0.01 22.67 +0.21
SR A g kg™ 24.01 +0. 11 2.21+0.03 — 19.41 £0.23
Cu/mg-kg ™! 773.60 +4.8 7.12 +0.67 34.63 +0.89 620.10 +0.6
Zn/mg-kg ™! 795.10 =5. 4 38.51£0.25 114.00 +2.2 650.00 +2.4
C/N 17.46 0. 10 252.50 1.2 — 22.69 +0.27

1.2 Aokt

FARR A PHACRARBL R 2 g w322
+, A B 1. pH 8.04, LT 0.40
mS-cm ™' | AHLSE 1.04% . Cu 20.61 mg-kg™' . Zn
64.52 mg-kg . HHERMEALKY AR 2 mm G, AR

AENFOEA28 em, FHEAZ 16 em., = 18 ¢m
ARERL 4, BUR R 3 kg, MBI 2.5%
(A ma) , B3 AEE, ks KkEH
[ E K1Y 70% , WCEPIJRE A2 o A E A, ki
T 9 W = 5, B A2 S04k h 20 KL, W& T
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i R4y
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HEREFN (3% 2% ] HNO,-HCIO, 4%, +FER
HNO,-HCI-HCIO, JHf#, H 37 Z-3000 B J5 0% 0543
FEEEE M ZE Cu, Zn BE; BEEBEARUGHE
BCR ﬁééﬂ‘hﬁi%{ﬂ'w“” PRS2, F3RIR
PRIRGHAE T EEEFICRTE; pH FMHER
REC KARPENE KRS )™ PR

JRZ& (X-RED) . Al & L (X-0XI) | Zi;%/é.‘ﬁ(x-
RES), X {0 Cu, Zn. B AHEAL SRR E 48 &
AR, N T E A b T A W%ﬁmﬁm%
JEA G S B A T ROR. g - e
JIE 4 e A I SR AR HEH BT GBWO08502, H ¥
FedH GBW10014 43 b7 43 A i s 4 ). MERR AN
TIEE SRS IR K BIE R 91.86% ~
105.28% .

F2 it BCR ESRBUERIEES

Table 2 Scheme of modified BCR sequential extraction

FERIEA PRI e (yiR7S
X-EXC 0.11 mol-L~! HAc B 1:40, 22°C +5°C IR 16 h, B
X-RED 0.5 mol-L.~! NH,OH-HCI, pH 1.5 WL 1:40, 22°C +5CHRY 16 h, B.LOHE
X.OXI 8.8 mol-L~! H,0,, pH2.5, 2 X, BV L 1010, 22°C £ 5CHRRMIRG | h, 85°C/KIA | h(EH—K),
1 mol-L~" NH,Ac, pH 2 B 1250, 22°C +5°C IR 16 h, B8 —
X-RES HCI-HNO, W g

1.4 Fdlkbss
KH Origin 8. 5 BAFLEATEIRZ A, SPSS 19 0

ﬁ%ﬁ%@fﬁu&ﬁ%ﬁﬁﬁ “
2 .éﬁ'% 5 ﬂ‘uc . } # (& j'::u;e’"'

2.1 ffEHEaj&ﬂF‘ Cu Zn E’J*‘%

HERE R ALY Cu, Zn 24 /E{Uznl&l { FJ?
H‘ﬁ%ﬁB%%%W%“M 54 S f YL
HEE
ffﬁﬂﬁx XPHEAR A — i OB B
HERIHETT, 0% ~10% CB RYALFEF Cu, Zn & %
Wi BT, R R A LS I R B K S Uk 2 T8
e HEAD S5 AT 45 AR B Cu, Zn B A3
&390 M 14.92% ~35.41% . 12.71% ~25.73% ,

SEZUTE (R, X2 T CB P Cu¢Zn ﬁaﬂ'
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HERE X #ed

=
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FECT ARRSEES R 2 Cu, Zn WA X 45 5500
e A
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T A S W A R Th i LR A s v, IR EL AT AR

B AT SRS A M M e SR Oh
YIRTFIFAS (X-BF; X 4 Cu. Zn) ™% e AR 3 7%

(b)
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Fig. 1

Changes in the total contents of Cu and Zn during composting of pig manure
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(a) (b) (
80 f ) 80 + 80 + c

E 60 LI 60 | 60 H |

<_:. -_—

# - |

?‘3 a0 | 40 b L 40 + L

0 0 0
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R B 3 3 &
(d) (e) g
80 80 +
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fgﬂﬂrrm%‘qu n 2905016 Cu 1
(A 3); It 25 HEJE (930677, 45 AL B R Zn-EXC 7
WEAIS, Zn-RED 3 #i 71 #, Zn-OXI il Zn-RES W55
HETN, X 55 H AR R g 5 SR BT — S A A
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JE PR AT BE AR 2 07 I . 25—, CB s ind T%Tiﬁﬁi
FLBREE , ol A o B A ) st fef 15 8 3 40 o 5
A, Cu RITEAS I HC AR B9 Al AL S SR,
YA RERRAG; 55, CB ARG W ZILT Yk, E

P

AR A PR RS - Ag d e ), H LR ERETE
B LA PR K G AR S, A Bl T 4565 W M
& JE, TR E 4 8 B st 5 55 =, CB
SO (pH 8. 4), W EEIRAE— mé’JWMﬁﬁHm.
2.3 ESILIZIE A+ HEAR XT3 pH | EC KA ML AR
aisp A

S+ 4B, MEnHERR S 3RS pH A
B R, i CB % By HE AR A4 kb B b 4 398 pH i 4l BY
Fe B s [ B 4 (a) ], X F 2R THEE
R A —E R &340 d 1Y
FhAE L, 44+ 0% ~10% CB AL+ 3 pH 43
WY 0.42,0.57, 0.61, 0.51, 0.65 #10. 64,
¥ H I PR AT B2 A HLAR 1™ Ak 2 LA S B 2 7= A 1)
OH 5+ K* | Ca*, Mg AT T8 738
a[ﬁ%[soj.

EC R EHKIE &5, MEDERKE
HEBEMER. R B 45 T (P <0.05) +
WECH[ K 4(b) ], BEEFMESRMIETT, sit )



1930 7 S - 39 %
100 § g 100 § 100 %
80 F — %__so- —§ _% 80 F §_§§
2 @ (b | ©) BimEn
£ 60 60 60 +
&
%
B o4t 40 H 40}
[
20 I I 20 -I I 20 F
0 0 0 I—I—I—.—-—-—-—-
13 7 14 21 30 45 60 13 7 14 21 30 45 60 I3 7 14 21 30 45 60
100 100 3 MR Hrd
WL
= — — (a) 0%, (b) 2.5%, (c) 5.0%,
£ (d) — (e) — = (d) 7.5%, () 10.0%
£ 60 60 |/
P B 70-exc [ ]zn-RED
i—f a0 b a0 b [ Jznoxi P25 zn-RES
20 F 20 f
0 I_I_I_._-_-_-_- 0 l_I_._._-_-_-_-_
13 7 14 21 30 45 60 13 7 14 21 30 45 60
HiE B Hd i e B
E3 &m % £ PRI #2 R Zn ﬁﬁ".f
Fig. 3 Changes in the Zn fractions during composting of pig manurji’a ended w1[ a-bentonite
|'FP Ifi '
0% ~ 10% i EC Y Fﬁ;ﬁa 26, 46% ~ . EH, lJJi;t B ii%w& }ﬁ
37. 28%, R B (5 4 £ e 1] g
.l' > N ',
ﬁ%ﬁmﬂﬁ& IR L% B (T 2.4 G }ﬁj:;a% Cu. Zn 25 3{%
WivE A of Cye tb N B):if;sqﬂm%ﬂ%jytu

ﬁnﬁ-‘u!ﬁi&vﬁm MM‘(@ I | SriEEE (P<0s05) IS (a) ], %LfﬁﬁCuE’J

.;f HUAHLT Fr ik, R OBl 2550 Cu-RES > Cu-RED > Cu-OXI > Cu-EXC.
zwﬁ % % LS T 0% CB. ﬁ R 2 2654 40 d (AL, 3 Cu-EXC I Cu-RED
0% ~ 10% CB L PP A LR S A R F" T ErEBN, Cu-OXI 1 Cu-RES & HEFEM%, Cu M4

3.51% . 3.22% . 2.68% . 2.71% %n 2.54% , M AZCHERE, X5 RRE D A0 5T 45 RSO
VLA LN + REAE A2 LI TP A HLIR. Zhang Al AR BXEMRBME K 4 (a) ], HEARPAYE Y
GEPVE S AR I S R, R P R X AR RS 2B, R S A LTSS A

PRI AL /E ] B35, T CB AMUEMRE Cu ) Cu-EXC A1 Cu-RED 5 [ 55467 #IE 0%
BET KBS S, AR EE P e AR CB, 2.5% ~10% CB AbBE P 43 Cu-BF &8 /43 51

gg L@ 0 M (b) 20 F (e
’ (S 0.6 +
84 F _ 16
E 04 i
T 80 2 = 12
S =
™ =
76 11 0.2 8k
72 H
0 40
it 0% 25% 5%  1.5% 10% it 0% 25% 5% 7.5% 10% it 0% 25% 5%  7.5% 10%
pi i Ak b B

B4 RAIXIWBE LT pH, EC, AIRENL

Fig. 4 Changes in the pH, EC, and organic matter content in soil before and after pot experiment



4 X7 A6« S A B AT % 3 Cu ., Zn TS A A T SE ML i ) 1931
BINT 35.72% . 23.02% . 60.56% 1 64.36% , %% WP pH A9 E T 4 (a) ] 55 REAR HE 53— % B 5%
W] CB BEHEALIE A 35X Cu AR AE A — R Bl BCRIEREUY 4 Rk B A il 52
FEPEHVER, H.2.5% ~10% CB AbFEH M Cu S WA A RS, £A0HEM S LT Zn-
W 2 % R, 55 b 25 SR BT EXC &35 IR T 38.91% | 43.69% . 46.02% .
SRR E R Zn R AIE S(b) BT 45.12% 1 54. 65% , B CB 4 BhHE ALt A L 385

TN, AN Zn WIEAS 534 R Zn-RES > Zn-RED
>7Zn-EXC > Zn-OXI, @KL HIE, 0% ~10% CB
AEHHAY Zn-RED & & EFF. XJEH T Fe, Mn %/
T Zn BATBSGRWMAVER, RIS 1+ 58 pH X &
SEAETEP BN ASERA T

X Zn WEYEAAIHIVER, JFH 2.5% ~10% CB 4b
HH PR Zn S HEEE (P <0.05) KT 0% CB ALIE
[E6(b)], S RAHENE. FEHFEFE a8 & C
R mAE K, XTE@E%%EE@%W*H%%&&
YER, BRART H3Erh Zn M AEA 300

I Cu-EXC [ ]Cu-RED [] Cu-0X1 54 Cu-RES B Zn-EXC [_]Zn-RED [] Zn-OXI [5AZn-RES
50 100
(a) (b)
wl 0% _ 25% s 75%  10% 90 - 0%  25% 5% 75% 0%
80
30t
o T0F gt
Ij.‘" 20 :K%fKX X G X L £ FEXER % J T
g 71 1 BRI B [ NT E §— %g
: SRR BRI BRI B : =
° | el KA ] No20+ ke X
sr I II || ||
I I 10 |
3+
0 0 sl i P B
m Ji uu SS =  T = | = 1= 1T = =R (/I = 1 =S 1/ = | =1
— o # ||'
A i}ﬁ ﬁ?’r' B E £ Cu, Zn 3 é ri ¥ & . Ej;
i ¥ §
- f Fig. 5 Chla-lfges he (}u'{nq!,-"z ctions in soil before a&,nd ?ter pou expg]merl\t ! “"'J

2.5 Iﬁﬁﬂ&f%%aﬁi%i&c f# e ¥
El EWEECU ZnﬁEﬁﬂK]G % ~

Jiti FH Bﬁ%%%%él%é%i [F) i CB i 3 3 L
BB THECR EAL TR I, AR TR A K.
Tl JH S FE A P SR8 ) [ B A T Cu, Zn W

(a)
7Lk b b a
Ly I
L 1
4 T
-]
ESF
b d
4
3 -
ali - 0% 2.5% 5% 7.5% 10%
Yk B

10?%Ic s e By tté%L%ZWJ
57. 66t/ 80.59% . 75.20% . 79.719% 1 01. 47%

ek, mm%%@b 30. 2‘5%;~50 97% ﬂ%n 21. 23{%’

\40. 819% , 12 T A HEBE IS K B0 BLI IR &
&Wiﬁ%qﬂﬂﬁﬁélﬁﬁ\%?, XS A 0 ) W WA i
Y. CB SBMERERRAR T S Zn MM, 5
0% CBALFEAHEL, 10% CB 1 Zn B W i & [AAR T
{B7E2.5% ~10% CB ALFEd Cu By WL UKL
CB i Bl ok A 7 1

COcu I Zn

25.94% ,
EH¥IT 12.85% ~43.94%.

b)
b {
60 —
i )
7

Cdd
M o =

Hlit/mg-kg ™!

a1 0%

AR FEAREBIEAE P <0.05 70
E6 BX4MER Cu, Zn RIS

Fig. 6 Biomass and contents of Cu and Zn in Chinese cabbage



1932 2N 5%

B 39 %

T X Zn fYWWE, TIXT Co WIAE AR I, [RIAS
FE - M FH 3k 78 v Xt -3 v Zn (35 PR DR FE TR
HIFER, EXT Co WA TELAATRE. T 40X —
MG H— N EE HE4T Pearson A 20 #r (£
3). BRI Cu, Zn TEEZAL N FHSEW K
JRPUEZ AR, (AR S, F3EX Cu 1Y

Wl 5 3 Cu-RED & IEAHSE , M CB 4B
HEAEAA 4 AT LR Cu-RED W& &, it B8 A
Xt Cu WM. XF T Zn M5, Zn-EXC.
pH & OM ¥ 5 Pl s ARG, iR 1A
JCETE L b 5 R Y Wk DA AE A R 2

2
jE_"i[].

®3 FAESHELESBXWE S Pearson X REL"

Table 3 Pearson’s correlation coefficient between the changes in parameters and absorption by Chinese cabbage

Cu-RED Cu-OXI Cu-RES pH EC OM Cu-P  Zn-RED Zn-OXI Zn-RES pH EC OM Zn-pP
X-EXC 0.944*  -0.54 -0.81 0.958* 0.609 -0.806 0.862 -0.454 -0.711 0.075 -0.901" -0.549 0.412 -0.961""
X-RED -0.978"-0.962™ 0.804  0.961™ -0.783  0.951 " 0.57  -0.907" 0.966™ 0.761 -0.885" -0.883
X-0XI -0.892" -0.848 -0.928"  0.947"-0.805 -0.207 0.548 0.238 -0.216  -0.709
X-RES -0.663 -0.921"  0.819 0.856 -0.074 0.695 0.80" 0.828
pH 0.680  -0.286 0.872 0.680 -0.286  -0.955*
EC -0.856 0.883" -0.856  -0.881
OM -0.975" -0.908

1) *4P<0.05,

3 g

(1) #55E R + il B ok 0 R I T HEAE ag i o

Cu, Zn WAEYIA R, AHILXTIR, 2:5% ~10% CB
REREHEAL 7 i CuZn Eﬁi%TfﬁJﬂiuﬁﬂUIﬁ%&

19. 84%, ~48. 90%%1;14 94% ~ 16. 39%, FLr 19%
CB R A, | )/ V.2

(2)13&%}%&&%): %ﬁtﬁwjﬂﬂﬁﬁjﬁﬁﬂlﬁ
FRE I 80 Zp 60/ e, ﬁﬁi Cu Myt
H%ﬁ"a%% ‘ (

/(3) %%’Eﬁjn‘ﬂiﬁﬂhlﬁﬂlﬁ_fu?%mﬁmi%’
o, #fﬂjf*ﬁﬂrilmﬁ Zn (MR, TXE Cu WP —E
IFESEVE .

(MW T, Lh10% 89700 E o) E 17 HE e
FE B ARHERE - Hb 1] FH B 4 S 1R PR BT XU LA B ik 3
YR B 4 I8 0 28 BB T ELAT B 1 W .
3 S itk

[1] LiRH, Wang J J, Zhang Z Q, et al. Nutrient transformations
during composting of pig manure with bentonite[ J ]. Bioresource
Technology, 2012, 121 362-368.

[2] Wang Q, Li R H, Cai H Z, et al.
composting efficiency employing Ca-bentonite [ J ].
Engineering, 2016, 87, 157-161.

[3] Zang B, Li S'Y, Michel Jr F, et al.
moisture content and aeration rate on sulfur odor emissions during

Waste Management, 2016, 56 ; 498-

Improving pig manure

Ecological

Effects of mix ratio,

pig manure composting[ J].
505.

[4] LiRH, Wang Q, Zhang Z Q, et al. Nutrient transformation
during aerobic composting of pig manure with biochar prepared at
different temperatures[ J]. Environmental Technology, 2015, 36
(7). 815-826.

w % f P<0.01; X {85 Cu., Zn; Cu-P. Zn-P 23BN EHZEXF Cu, Zn Wiz

[5] Awasthi M K, Wang Q, Ren X N, er/al™ Rl).ier-gf biochar
amendment in miligaulion of nitrogen loss “and g?r_:z;nhoupe gas
emission durifig “sewage sludge composting [ J ].‘:"u‘
Technology, 2016, 219 : 270-280. 4 j,x

[6] Wang Q) Wang 7, Awasthi M K, et al. Evaluatinn of deleal

stone almendmeﬁt for the reduction of nitrogen lo@s and

Bioresource
——

bmavallablhty of heavy" metals dunng pig manure compo%lm [J]
Blorcsoﬁr(,b chhnulugy} 201'6 220 297-304.

[7] %8, ﬁﬂidll 7"[_174 A, ﬁﬁﬂﬁﬁkﬁa%ﬁ%ﬁflﬁﬂﬂﬁﬂé
A 2 IRACT I A BLI A, 2017748 (5" 304-
312., o
Wu J,.He S Z7 Li G X, et al. Process optimization of pollutant
gases emission reduction with ;uperphosphale addition during pig
manure composting[ J].
Agricultural Machinery, 2017, 48(5) : 304-312.

[ 8] ZhangJY, Chen M X, Sui Q W, et al. Impacts of addition of

natural zeolite or a nitrification inhibitor on antibiotic resistance

Transactions of the Chinese Society for

genes during sludge composting[ J]. Water Research, 2016, 91
339-349.

[9] Wang X, Selvam A, Wong J] W C. Influence of lime on struvite
formation and nitrogen conservation during food waste composting
[J]. Bioresource Technology, 2016, 217 227-232.

[10] Chen YN, LiuY, Li Y P, et al. Influence of biochar on heavy
metals and microbial community during composting of river
sediment with agricultural wastes[ J]. Bioresource Technology,
2017, 243 347-355.

[11] Awasthi M K, Wang Q, Huang H, et al.
amendment on greenhouse gas emission and bio-availability of

Journal of

Effect of biochar

heavy metals during sewage sludge co-composting[ J].
Cleaner Production, 2016, 135, 829-835.
[12] fugbig, #EE, wilfte, % FERMEAILTESEE
TR P A BT R A WA R R (T, AR
2, 2017, 38(4) ; 1576-1586.
He M Y, Dong T X, Ru S H, et al. Accumulation and migration
characteristics in soil profiles and bioavailability of heavy metals

from livestock manure [ J]. Environmental Science, 2017, 38



RGBSR Ll B X HEHE Bz 23 Cu ., Zn JEZS AN R B 5 R

1933

[14]

[15]

r197

20]p

(4): 1576-1586.
Tian W, Zhang Z H, Hu X F, et al. Short-term changes in total
heavy metal concentration and bacterial community composition
after replicated and heavy application of pig manure-based
compost in an organic vegetable production system[J].
and Fertility of Soils, 2015, 51(5) : 593-603.

Lu D, Wang L X, Yan B X,

Biology

et al. Speciation of Cu and Zn
during composting of pig manure amended with rock phosphate
[J]. Waste Management, 2014, 34(8) . 1529-1536.

Wu S H, Shen Z Q, Yang C P, et al. Effects of C/N ratio and
bulking agent on speciation of Zn and Cu and enzymatic activity
during pig manure composting[ J]. International Biodeterioration
& Biodegradation, 2017, 119 429-436.

Meng J, Wang L, Zhong L B,
composting and pyrolysis on bioavailability and speciation of Cu

Chemosphere, 2017, 180 93-99.

Baldantoni D, Leone A, Iovieno P, et al. Total and available soil

et al.
and Zn in pig manure[ ] ].

trace element concentrations in two Mediterranean agricultural
systems treated with municipal waste compost or conventional
mineral fertilizers [ J ]. Chemosphere, 2010, 80 (9 ). 1006-
1013.

JRHTGE, SRpREE, ARoRte, S5 A IR B S Y e AL A I
L&&ii‘%%%*ﬂﬂfﬁm(ﬁﬁ%ﬁ?m[ﬂ. WEERL, 2017, 38
(7):3061-3069. i *_,a-
Zhou L. N, Cai H Z, Li R H, et al. Effects of bentonite
amendment on detoxification, heavy metal“gassivation"‘.icmd estrone

elimination of sédee sludge Lompos;'“ [F].

~Science, 2017, 38(7) : 3061-3069. | | /1 / Y F

Rauret G Lopen-bun(,hez JF, bdhuqulllo A“ ot ai ﬁprw{r;ent

of 'the BCRplhree step sequential extracfion procedure prio¥ to ";hc

(’f‘l‘llfl(‘all()n of new sediment and soil referenﬁf- ‘materials [ J 1.

o Journal of Envlronmenlal Monitoring, 1999 Hi(l) 57-61!

%@% Frik, TR % Mﬁﬁlﬁiﬁmﬁaﬂﬁﬂ He e
ﬂl’]& megﬁﬁﬁﬁlﬁﬁkﬁ

! 4848 £4856.

[21]

[23]

Cai H 7, Ning X C, Wang Q, Effect of alkali solids

amendment on sewage sludge aerobic composting and the potential

et al.

of related products on infertile soil amelioration [ J ].
Environmental Science, 2016, 37(12) : 4848-4856.

T, ZEORAE ) SEEAE, SF. USRI 2 AT S A R
I %zum T AR HUBRAE A, 2013, 44(10) : 164-
171,202.

Mao H, Li R H, Huang Y M,

of Zn and Cu during aerobic composting of pig manure [ J ].

et al. Effect of additives on forms

Transactions of the Chinese Society for Agricultural Machinery,
2013, 44(10) : 164-171,202.

R, EIOHE, %@?ﬁ S LA R A T A i
HERLW[I]. HERESHAR, 2016, 39(9): 1-7
13.

Guo J, Wang Y H, Chen ] X, et al. Effects of biochemical fulvic
acid on degradation of cyanide and speciation of heavy metal
during composting [ J]. Environmental Science & Technology,
2016, 39(9): 1-7, 13.

NS, T, R, S5 XIS ML AT 4 )R
PR BT T 1], FREERN, 2014, 35(11) ; 4352-
4358.

Contrasting effects of

Envimnmeﬁtal P

mfzﬂ% 20165137 (-nfm/-"

[25]

[26]

[29]

[30]

[31]

[32]

[33]

BuGJ, YuJ, Di H H,
evolution during composting on the bioavailability of heavy metals
[J]. Environmental Science, 2014, 35(11) : 4352-4358.

Huang M, Zhu Y, Li Z W, et al. Compost as a soil amendment

et al. Influence of organic matter

to remediate heavy metal-contaminated agricultural soil:

mechanisms, efficacy, problems, and strategies [ J ]. Water,
Air, & Soil Pollution, 2016, 227(10) ; 359.
AW, BSTRR, diEde, S5, A W05 AR IR S X 4 26k
BT G B FEA AR [V ], ROL TR 244, 2014, 30 (11) .
205-215.
Hou Y Q, Zhao L X, Meng H B, et al. Passivating effect of
biochar and humic acid materials on heavy metals during
composting of pig manure [ J ]. Transactions of the Chinese
Society of Agricultural Engineering, 2014, 30(11) : 205-215.
Tella M, Bravin M N, Thuries L, et al. Increased zinc and
copper availability in organic waste amended soil potentially
involving distinct release mechanisms [ J ]. Environmental
Pollution, 2016, 212 299-306.
MR, RHLL. B X E AR B Ph? T, Zn’t, Cr
(VD), Cd>* IymERHPERE [ D], ERAUM BI2F4, 2006,.9(5)
507-510. ) i J
Shi H S, Kiu H Y. Adsorption characteristics pﬂi‘f;e“lrltdnite to
P, Zntt _Gr (V) Cd* [T :
Materials, 2006 9(5): 507 510. 7 —
’EIEY& Fﬂi‘)ﬁ% E it l*ﬁl\k%/}(XT/F{Eiﬁ;HEL}%iiﬂﬁfﬁﬁﬁ
SR T AGCC, 2, ) IR 555520 2007,
28(6) 1367-1371. v U =
Shenur J, Lu WeJ, Wang, H T. Effects of fly ash on the.
exchangeable heavy metl'al% (Cu Zn, Pb) during. sewage %ludge 2
(,ompuafln nd! land wtilization [ J].
2007, 28(6) : 1367-1371.

i vl
Chan M.T, Selvam A, Wong ] W C. Reducing nitrogen loss and

¢

Ji ouﬁial nf Building

Environmental Sciende, s
% & o

salinity ' during * struvite * food waste composting by zeolite
Bioresource Technology, 2016, 200 . 838-844.

Ouni Y, Lakhdar A, Scelza R, et al. Effects of two composts and

amendment[ J ].

two grasses on microbial biomass and biological activity in a salt-
affected soil[ J]. Ecological Engineering, 2013, 60 . 363-369.
Zhang X Y, Cao Y E, Tian Y Q, et al.

application increases rhizosphere soil carbon mineralization and

Short-term compost

continuously  cropped
cucumber[ J]. Scientia Horticulturae, 2014, 175 269-277.
FIRIE, 2208, ok, . BEEMEAPIED Cu, Zn £
A H P RIE S IH AR RS SR T]. BB,
2015, 36(1) ; 314-324.
Shang H P, Li Y, Zhang T,

availability dynamics of Cu and Zn in different farm soils after

stimulates root growth in long-term

et al. Form tendency and bio-
application of organic fertilizer of livestock and poultry manures
[J]. Environmental Science, 2015, 36 (1) : 314-324.

?‘/\il}iﬁ IR, wiiifee, 4. ffé"’ﬁﬁ#ﬁ/?()’b’i?ﬁﬂﬂj:%iﬂﬁ'-l—'
SRR RE XD ERICE SRR [ 1], B
ﬂ%, 2017, 38(2) : 815-824.
Sun N, Shang H P, Ru S H,

sewage

et al. Effects of continuous

application of sludge compost on heavy metals
accumulation and mobility characteristics in soil profile and on
heavy metals uptake of wheat[ J]. Environmental Science, 2017,

38(2): 815-824.



HUANJING KEXUE Vol.39  No.4

Environmental Science ( monthly) Apr. 15, 2018

CONTENTS

Air Pollutant Emission Inventory from Iron and Steel Industry in the Beijing-Tianjin-Hebei Region and Its Impact on PM, 5 -+ DUAN Wen-jiao, LANG Jian-lei, CHENG Shui-yuan, et al. (1445)
Simulation of the Spatio-temporally Resolved PM, 5 Aerosol Mass Concentration over the Inland Plain of the Beijing-Tianjin-Hebei Region -+ HAO Jing, SUN Cheng, GUO Xing-yu, et al. (1455)
Effect of Relative Humidity on Particulate Matter Concentration and Visibility During Winter in Chengdu ««+«+ssssesseseesessessensnenenees +++ LIU Fan, TAN Qin-wen, JIANG Xia, et al. (1466)
Vertical Distributional Characteristics of Inorganic Ions of PM, s at Mt. Huashan, Inland China - ++ CAO Cong, WANG Ge-hui, WU Can, et al. (1473)
Analysis of the Composition of Atmospheric Fine Particles (PM, 5) Produced by Bumning Fireworks ++ XIE Rui-jia, HOU Hong-xia, CHEN Yong-shan ( 1484 )
Chemical Composition Characteristics of PM, 5 Emitted by Medium and Small Capacity Coal-fired Boilers in the Yangtze River Delta Region ++ XU Jian, HUANG Cheng, LI Li, et al. (1493)
Emission Factors of Heavy Metals in Size-resolved Particles Emitted from Residential Coal Combustion YAN Qin, KONG Shao-fei, LIU Hai-biao, et al. (1502)
Distribution of Oxalate in Atmospheric Aerosols and the Related Influencing Factors in Qingdao, During Winter and Spring ZHANG Shuai, SHI Jin-hui, YAO Xiao-hong, et al. (1512)
Concentrations and Solubility of Trace Elements in Atmospheric Precipitation in Qingdag ++++stsseeeserssrsmnsmssntnesiiintsniee LI Qian, SHI Jin-hui, LI Peng-zhi, et al. (1520)
Occurrence and Gas-particle Partitioning of Polycyclic Aromatic Hydrocarbons in the Air of Liaodong Bay ~ ++e+eeerrerereressenennencenns ZHANG Yu-feng, SONG Yong-gang, TIAN Jin, et al. (1527)

)

Analysis of Sources, Pollution Characteristics, and Human Exposure to Atmospheric New Halogenated Flame Retardants in Selected Areas «++++:+++++-: LI Qi-lu, YANG Kong, LI Jun, et al. ( 1537

Contamination Characterization and Human Exposure Levels to Polybrominated Diphenyl Ethers in Indoor and Outdoor Air in Industrial Park of Suzhou City -+ :
"""""""""""""""""""""""""""""""""""" WANG Jun-xia, GU Hai-dong, ZHANG Zhan-en, et al. (1544 )

Effect of Air Pollution on the Cold Disease in Shanghai «+:«+«sseseeeeserserensensmenenensnininee e YANG Si-xu, MA Yu-xia, ZHOU Jian-ding, et al. (1552)

A Case Study of the Lujiang River in Beilun, Ningho +eereeeeeeereesenerminieninininennn,

+ CAO Chang-li, LIANG Meng-qi, HE Gui-ying, et al. (1560

+ CAO Can, ZHANG Fei, Ayinigeer-Yalikun, et al. (1568

Fluorescent Dissolved Organic Matter and Its Correlation with Water Quality in a Urban Riv

Relationship Between Landscape Pattern and Water Quality in the Ebinur Lake Region -
CH, Fluxes During the Algal Bloom in the Pengxi River «+eseereeersrseesssssnstininniiiisti e QIN Yu, ZHANG Yu-yang, LI Zhe, et al. (1578
Dynamic Variations and Sources of Nitrate During Dry Season in the Lijiang River = «+eererrerreresseremesinsinnisnscs e MIAO Ying, ZHANG Cheng, XIAO Qiong, et al. (1589
-+ ZHANG Qing-hua, WEI Yong-zhu, CAO Jian-hua, et al. (1598
LIU Jia, LEI Dan, LI Qiong, et al. (1608
Occurrence and Ecological Risk Assessment of Typical Persistent Organic Pollutants in Baiyangdian Lake GAO Qiu-sheng, JIAO Li-xin, YANG Liu, et al. (1616

)

)

)

)

Heavy Metal Pollution of the Drinking Water Sources in the Liujiang River Basin, and Related Health Risk Assessments - )
)

)

Simulating the Fate of Typical Organochlorine Pesticides in the Multimedia Environment of the Pearl River Delta — «+««ssereereereserenenenienienenininicniens GAO Zi-wen, XU Yue, YI Ru-han (1628 )
)

)

)

)

)

)

)

Characteristics of Phosphorus Fractions and Phosphate Diffusion Fluxes of Sediments in Cascade Reservoirs of the Huangbai River -

Mechanisms and Efficiencies of Removal of PPCPs by Pilot River Water Bypass Treatment Process +++ LI Li, ZHU Bing, BAI Yao, et al. (1637

Chlorination of Naproxen: Removal, Transformation and Risk Assessment »«+sveeeeeseereeeesesee FAN Xin-xin, DU Er-deng, LI Jia-qi, et al. (1645

Removing Typical Odorants in Drinking Water by Vacuum Uliraviolet Combined with Chlorine — «+«+xsssessssessessessenenmmimnsnsnnsincnens SUN Xin, ZHANG Yi, SHI Lu-xiao, et al. (1654

Degradation of Triclosan by Heat Activated Persulfate Oxidation JIANG Meng-di, ZHANG Qing-yue, JI Yue-fei, et al. (1661
Adsorption of Tetracycline on Simulated Suspended Particles in Water «-«+:«+xereeeerereerereeneeees XU Long-feng, WEI Qun-shan, LU Qiang, et al. (

Characteristics and Performance of Embedded ANAMMOX Bacteria in Treating Saline Wastewater -+ SHAN Xiao-jing, YU De-shuang, LI Jin, et al. (1677
Enhanced Nitrogen Removal of ANAMMOX Treating Saline Wastewater With Betaine Addition * YU De-shuang, WU Guo-dong, LI Jin, et al. (

Pilot-scale Experiment on Enrichment of Nitrifying Activated Sludge and Iis Application in Enhancing a Wastewater Biological Treatment System Against Ammonia Shocking Loads ~ ++++++++++

e . SHENG Xiao-lin, CUI Can-can, WANG Jia-de, et al. (1697)

Effect of Step Feed on Denitrifying Phosphorus and Nitrate Removal in a Modification of the Two Sludge A%/0-BAF System »+ NAN Yan-bin, PENG Yong-zhen, ZENG Li-yun, et al. (1704)

Achieving Partial Nitritation in a Continuous-flow Aerobic Granular Sludge Reactor at Different Temperatures Through Ratio Control = +++++ LIANG Dong-bo, BIAN Wei, KAN Rui-zhe, et al. (1713)

Mechanism of Action of Activated Sludge Properties in Nitrogen Removal by Endogenous Denitrification Through an Intelligent Aeration-controlled A/Q Process +weseeeereressssnsmesnsnneenns
XU Min-yang, HU Zhan-ho, ZHANG Sui-sheng, et al. (1720)
Structure in an Integrated Anaerobic Fluidized-bed Membrane Bioreactor Treating Benzothiazole Wastewater ++++++++++++++-

""""" ++= LI Yue, HU Qi, GAO Da-wen (1731)

WANG Lu, BEN Wei-wei, LI Yan-gang, et al. (1739)

s YANG Fan, XU Wen-li, QIAN Ya-jie, et al. (1743)

+ CHEN Xi, QIAN Fei-yue, WANG Jian-fang, et al. (1756)

‘ )

)

Effect of Temperature on the Performance and Microbial Commun

Removal of Antibiotics During In-situ Sludge Ozone-reduction Process
Effect of Zero Valent Iron on the Horizontal Gene Transfer of Tetracycline Resistance Genes During Anaerobic Sludge Digestion Process -
Effects of Environmental Factors on the Synergy of Functional Bacteria in Completely Autotrophic Granular Sludge -
Microbiological Characteristics of a Post Solid-Phase Denitrification Biofilter Process -+ ZHANG Qian, JI Fang-ying, XU Xuan ( 1763
Aerobic Denitrification and Microbial Community Shift in SBR Bioaugmented with Strains YHOI and YH02 CHEN Hai-sheng, CAO Gang, ZHANG Di, et al. ( 1773
Performance, Sludge Characteristics, and the Microbial Community Dynamics of Bulking Sludge Under Different Nitrogen and Phosphorus Imbalances -+ :
- HE Xue-meng, DING Li-li, ZHANG Lu-lu, et al. (1782
Degradation Characteristics and Metabolic Pathway of a Pyrene-Degrading Pseudomonas aeruginosa Strain - LI Xiang, ZHANG Xue-ying, ZHOU Jun, et al. (1794
Driving Factors of the Dynamics of Microbial Community in a Dam of Copper Mine Tailings «««+««sssssssesessessenssenensnnenininsnnsnnsininsnne LI Cui, JING Ju-hui, LIU Jin-xian, et al. (1804
+ HUANG Ke-chao, SHEN Yu-yi, XU Guang-ping, et al. (1813
+ CHEN Meng-li, ZENG Quan-chao, HUANG Yi-mei, et al. (1824
-+ DING Bang-jing, LI Zheng-kui, ZHU Hong-jie, et al. (1833
ZHAN Peng-fei, XTAO De-tong, YAN Peng-fei, et al. (1840
Characteristics of Iron Plaque and lis Heavy Metal Enrichment in Typical Mangrove Plants in Shenzhen Bay, China »+ SHEN Xiao-xue, LI Rui-li, CHAI Min-wei, et al. (1851
Spatial Distribution of DDTs and PCBs in Wild Fish from Hong Kong Coastal Areas and Potential Human Health Risk Assessment —«+seoveeeeeeeseeseees SU Yang, BAO Lian-jun, ZENG Eddy Y ( 1861
Pollution Characteristics of PAHs in Soil from a Remote Mountain Wetland-Dajiuhu Lake, Shengnongjia -+ HU Tian-peng, XING Xin-li, KE Yan-ping, et al. (1872
Migration and Transformation of Mercury in Unsubmerged Soil and Sediment at One Typical Forest Reservoir in Southwest China  «++++++sxeeee SUN Tao, MA Ming, WANG Yong-min, et al. (1880
Accumulation of Cd and Tts Risks in the Soils of the Xijiang River Drainage Basin in Guangxi -** SONG Bo, YANG Zi-jie, ZHANG Yun-xia, et al. (1888
Effects of Long-term Fertilization Regimes on As Accumulation in Upland Red Earth and the Crops Growing on [t eeseeeessesesessssenimneniennenne ZHANG Rong, YU Guang-hui, LI Ya-ging ( 1901
Effects of a Tribasic Amendment on Cadmium and Arsenic Accumulation and Translocation in Rice in a Field Experiment *+ GU Jiao-feng, ZHOU Hang, JIA Run-yu, et al. (1910
(
(

Effects of Reclamation on Soil Nutrients and Microbial Activities in the Huixian Karst Wetland in Guilin -
Effects of the Farmland-to-Forest/ Grassland Conversion Program on the Soil Bacterial Community in the Loess Hilly Region
Insight into the Mechanism of Feammox in the Surface Soils of a Riparian Zone
Soil Degradation-Associated Microbial Community Structure Changes in an Alpine Meadow Under Tibetan Pig Herding

Quantitative Relationship Between Paddy Soil Properties and Cadmium Content in Rice Grains ««+eseeeeereeseseserenes +++ WANG Meng-meng, HE Meng-yuan, SU De-chun ( 1918
Effect of Ca-bentonite on Cu and Zn Forms in Compost and Soil, and Their Absorption by Chinese Cabbage - ZHAO Jun-chao, WANG Quan, REN Xiu-na, et al. (1926
Effects of Short-term Exogenous Nitrogen and Carbon Input on Soil Respiration Under Changing Precipitation Patern —««+s«+ssssssessrssersensssnsnenssininsnsnininensis s

HE Yun-long, QI Yu-chun, PENG Qin, et al. (1934)
WANG Zhao-hui, CHEN Shu-tao, SUN Lu, et al. (1943)
Seasonal Variation in Nitric Oxide Emission from an Agricultural Headwater Ditch in the Hilly Purple Soil Area and the Factors Influencing Emission «esvereeseseseressersienensnniinennn
TIAN Lin-lin, REN Guang-gian, ZHU Bo (1952)
TANG Guo-yong, ZHANG Chun-hua, LIU Fang-yan, et al. (1962)

Effects of Simulated Precipitation Reduction on Soil Respiration in a Soybean-Winter Wheat Rotation Cropland




	组合
	封面
	中文目录


