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Heavy Metal Contents in . Anlmal M:inure in China and the Related Soil

Accumulatlon Risks

MU Hong-yu', ZHUANG Zhong', LI Yan-ming', QIAO Yu-hui', CHEN Qing', XIONG Jing*, GUO Li-li?,
JIANG Rong-feng' , LI Hua-fen'”

(1. Beijing Key Laboratory of Farmland Soil Pollution Prevention and Remediation, College of Resources and Environmental Sciences,
China Agricultural University, Beijing 100193, China; 2. National Engineering Laboratory for Site Remediation Technologies, Beijing
100015, China)

Abstract; The environmental risks posed by heavy metals (HMs) in animal manure are increasing because of the use of trace metals as
additives in feedstuffs. Manure samples were collected, and published literature was reviewed in this study to systematically analyze the
HMs content in animal manure and compare the results to different sources of animal manures. Results show that the distribution of
HMs content in animal manure was skewed. The ranges were between not detected (ND)-147 mg-kg ™" for Cd, ND-1919 mg-kg ™' for
Pb, 0.003-2278 mg-kg™' for Cr, ND-978 mg-kg™' for As, ND-103 mg-kg™' for Hg, ND-1747 mg-kg™" for Cu, ND-11 547
mg-kg™' for Zn, and 1.22-1 140 mg-kg ™" for Ni. The means (medians) of those elements were 2. 31(0.72) mg-kg™', 13.5(8.96)
mg-kg™", 36.3(12.0) mg-kg™', 14.0(3.52) mg-kg™", 0.97(0.07) mg-kg™", 282(115) mg-kg™", 656(366) mg-kg™", and
21.8 (13.1) mg-kg™' for Cd, Pb, Cr, As, Hg, Cu, Zn, and Ni, respectively. Means were significantly higher (1-13 times) than
the medians. According to maximum limits of Cd, Pb, Cr, As, and Hg for organic fertilizers NY 525-2012, about 12. 3% (for Cd),
2.58% (for Pb), 2.76% (for Cr), 20.6% (for As), and 3.69% (for Hg) of the data were above the limits. According to the
composting regulations of Germany, about 53.9% (for Cu), 45.7% (for Zn), and 0.59% (for Ni) exceeded the maximum limits.
The heavy metal contents in animal manure of different regions differs significantly. As and Cd contents in animal manure in the
Shandong Province tend to be higher with their average values at 1.7 times and 10. 1 times of the mean contents for national scale,
respectively; the heavy metal contents in eastern China tend to be higher. Cd and As contents in animal manure tend to be higher in

Northeast and Eastern China, while Cu and Zn contents were higher in Eastern and South China. After comparing HMs content in
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different sources of manures, we found that Cd, As, Hg, Cu, Zn, and Ni mean contents in pig manure were 1. 0-3. 0 times, 1. 8-6. 8

times, 1. 1-15. 8 times, 4.9-17.5 times, 2.7-12.0 times, and 1.7-2.1 times that of cattle manure, sheep manure, and poultry

manure. The Pb content in poultry manure was the highest, with the mean being 2. 8, 2.5, and 2.2 times higher than pig manure,

cattle manure, and sheep manure, respectively. When recycling animal manure into the crop field, the accumulation rates for Cd were

under 0. 02 mg- (kg-a) ™'

in over 90% of the circumstances and the accumulation rates for Pb were all below 0. 15 mg- (kg-a) ™'

When applying poultry manure, Cr in soil is easily accumulated with the maximum accumulation rate of 0. 28 mg- (kg-a) ~'.

Key words : livestock manure ; heavy metal ; content analysis; spatial distribution; farmland soil; accumulation rate
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AR 2551 cd Pb Cr As Hg Cu Zn Ni

B} 2.57 10.9 21.9 21.5 1.11 468 1028 32.1

bra Pl 0.55 6.18 11.5 6.49 0.08 396 721 11.5
7 ND ~ 147 ND ~121 ND ~316 ND~978  ND~62.4  0~1747 12.1~11547 3.81 ~1140

¥l 2.20 13.1 12.0 3.17 0.78 55.5 154 14.7

4 LRK(E 0.82 10.2 8.03 1.61 0.07 34.3 113 12.3
Fni| ND~51.5 0.01 ~74.0 0.05~140 ND~34.0 ND~29.8  ND~437 25 ~635 1.27 ~34.2

BifE 0.85 14.0 11.9 4.50 0.07 26.8 85.1 15.8

+* K 0.70 1.1 8.33 1.89 0.04 26.4 91.9 13. 4
B 0.05~2.54 2.81~41.1 0.10~57.1 ND~48.3 0.01~0.27 8.37~47.9 2.00~161 1.22~39.2

WMl 2.49 30. 1 82.4 11.7 0.94 94.5 370 18.4

PEES i 1.07 12.6 14.6 3.21 0.06 54.1 280 17.6
B ND~65.6 ND~1919 0.60~2278 ND~338 0~103 1.78~1096 ND~7318 5.00 ~39.4
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Table 4 Heavy metal contents in animal manure in Europe/mg-kg ™!

N Cd Cr Cu
T Eo o o o o
43 0.3000 0. 040 00 ~3. 100 7.500 0.1000 ~170.0 23.00 0.3000 ~191.0
Wik 0.5000 0.1000 ~1.300 14. 00 0.7000 ~257.0 237.0 38.00 ~ 1227
ARG 0.4000 0.1000 ~1.200 20. 00 1. 300 ~ 80. 00 89. 00 8.400 ~760.0
XY 0.4000 0.1000 ~2.000 6. 500 2.100 ~1 300 62.00 15.00 ~486.0
N N Ni Ph Zn
FERE —pm o [, T T o
S 4. 400 0.2000 ~28.00 3. 800 0.1000 ~92.00 119.0 9. 600 ~691. 0
b 8. 300 0.900 0 ~24. 00 3. 600 0.6000 ~9.900 926.0 116.0 ~5513
ARG 6. 200 2.200 ~21. 00 3.700 1. 000 ~24. 00 353.0 52.00 ~790.0
FEAG 7. 000 2.500 ~11. 00 3. 200 1.400 ~15. 00 471.0 120.0 ~789.0

1) P B S W AROMIS i P2



994 # 15

B 41 %

3.2 EERMELHEHHEESERBE
REE &I E LR S 2K, B0E
SRt FH 7 8 8 £ 1)k H 3P A A KR ANE R 4
JEICE W e B AR A S . AR
CRE T RETTR SRS K E L R E
25% AAAE . H AR R T5% 430l 3 1 R BUE
FRREEERY Cd, As, Cu Al Zn iX 4 PICE 58T
ZTEARR TORR 5N & & 288 1Y & Kl
FHAERR (R 5) . RS R, Cd XN i KAE R A
Fe/ME AR, HIET 0.3 a. 1T Cd (9LE T
T IR Cd AR bR v R AR th Ak T I K
FEFRE bR T, AN SR 38 v Cd o o, 0

HELENE AR 2 1 i L Cd & B Y AR, 3 & 36
B (JUHRIEEE) T Cu F Zn & 5, O] + 3
HR ) SRR AR AL i R, A e JBE S (LT B
A A4t FH 3 B - 48 7f Cu BT Zn PRt SRR, i Kt
FAEBRE/IME T HIMET 7 a F12 a, AP L Cu 319
I RAFBR A AE Fe A% AR Hof 3 A FEITE, As
R AR R (B R g , SR AR OCR PE 5.3 ~
L1 7 A (H AR AR BRI R /METE I N 1.0 ~2.2 a,
R Zm SR RER. a8 U L), &
B AL 5 13D Cu TTE AYFREE R XU AR X
ORI IR Cu B f i, A IO PR B AR
RAEAHIL .

RSAABETEESRBRAEAER" /a

Table 5 The Ty,x values in different scenarios/a

f[:? TV\’Ir\X_I TMAX_]I TV\1AX_]]I —
SN /ME i I/ME ! o ME
cd 55.0 0.3 47.8 0.2, 387 0 |
As 540.2 2.2 407.1 L6 g 248.8 o =
Cu 46.2 7.5 (385 .9 § 2.8 647
Zn 62.6 2.0 55.5 1B & | 46. 6 4
D) T80T LT UM Mot 2 30005 BTG 97 50 25% ML o (OEC0 75 96 T (TR R 0 KB A i 457 20
S Bt o B G 156182018 s 7, OO i MUk s et SR b ek tni e e 7,
: /o W74 ir &y & (4
. 2 I J Y /7, e Geodernta, 2006, 1372'k 12); 19-32. ff—— &
4 ggi/l’_\, Fanr I | £ o i [3] Nich_ol“s.on.KA, Smith S;[R, Alloway B J, et al.*An invedloryu-of

YRR B T 5 2 T

WA, EU TR MRS 5t s 1 80 % O, Asgtihize s

ey 581 A0 B L A5 % Cu M2
bR 76 50% ZiA.
) FEEHRMEESE S EAFIEESR, As il
Cd il ARAHE, Cu Al Zn F VL4 e 18
AR IX B 8 S T 4 R A B A T
G)ARFREEREE S S S RA —EE 5,
v Cd, As, Hg, Cu., Zn FI Ni 3£ 6 Fpoc R 448
A | SE IR B S AU R FEE D Pb Al Cr
T35 5t fe e
(4) TEASHYIFME IA H 21 8o R 7E L1
FROERZHIENT Cd, Pb, Cr Al As Y B FLH
FAD T RARACE . AAH Y2 A B 5 B i, A #E00
EQIE Yty &A1
(S)AFGEIEE ST, F &I E UL TR
I KR AEBR A AR 22 5, %5 IR BB H8 A oy A 1
B, LA Cu T3 7 F8 5 A i 477 B e
B
[0 ] FREG(RA MR [ - VE RS, 4 [ - 035 iR B0 3 45 ) R
[EB/OL]. (2014-04-17) [2014]. http://www. ndrc. gov. cn/
fzgggz/ncjj/zhdi/201404,/120140418_607888. html.

[2] Kirkham M B. Cadmium in plants on polluted soils; Effects of

soil factors, hyperaccumulation, and amendments [ J ].

heavy métals inputs to agricultural soils in England andiWales
[J]. Secienceof the Total Environment, 2003, 311(1-3) ; 205-

== 219.

[4] LuoL,MaY B, Zhang SZ, et al. An inventory of trace element
inputs to agricultural soils in China[ J]. Journal of Environmental
Management, 2009, 90(8) : 2524-2530.

[ 5] Dach]J, Starmans D. Heavy metals balance in Polish and Dutch
agronomy: Actual state and previsions for the future [ J].
Agriculture Ecosystems & Environment, 2005, 107 (4) . 309-
316.

[ 6] Choudhary M, Panday S C, Meena V S, et al. Long-term effects
of organic manure and inorganic fertilization on sustainability and
chemical soil quality indicators of soybean-wheat cropping system
in the indian mid-himalayas [ J]. Agriculture, Ecosystems &
Environment, 2018, 257 . 38-46.

(7] BN, BEIRS, Bz, JGHIEIEA PUILRT L R i i

SR, TR AR, 2017, 46(11) : 60-68.
Huang X Y, Shao J S, Ma Y T. Effects of the application of pig
manure organic fertilizers on soil environment quality[ J|. Journal
of Henan Agricultural Sciences, 2017, 46(11) ; 60-68.

[ 8] WhalenJ K, Chang C, Clayton G W, et al. Cattle manure
amendments can increase the pH of acid soils[ J]. Soil Science
Society of America Journal, 2000, 64(3) : 962-966.

[9] XuY, YuW, MaQ, et al. Accumulation of copper and zinc in
soil and plant within ten-year application of different pig manure
rates[ J]. Plant Soil and Environment, 2013, 59 (11). 492-
499.

[10] Formentini T A, Mallmann F J, Pinheiro A, et al. Copper and
zinc accumulation and fractionation in a clayey Hapludox soil
subject to long-term pig slurry application [ J]. Science of the
Total Environment, 2015, 536 831-839.



234

R T A TR f & P H G R 7 R IE S e RS 70 A 995

[11]

[12]

[13]

[14]

[17]

(1879, &

[19]

[22]

Zhou D M, Hao X Z, Wang Y J, et al. Copper and Zn uptake by
radish and pakchoi as affected by application of livestock and
poultry manures[ J]. Chemosphere, 2005, 59(2) . 167-175.
Legros S, Doelsch E, Feder F, et al. Fate and behaviour of Cu
and Zn from pig slurry spreading in a tropical water-soil-plant
system[ J]. Agriculture Ecosystems & Environment, 2013, 164 .
70-79.
Xiong X, Li Y X, Li W, et al. Copper content in animal
manures and potential risk of soil copper pollution with animal
manure use in agriculture [ J ]. Resources, Conservation and
Recycling, 2010, 54(11) ; 985-990.
Huang Q Q, Yu Y, Wan Y N, et al. Effects of continuous
fertilization on bioavailability and fractionation of cadmium in soil
and its uptake by rice ( Oryza sativa L.) [ J]. Journal of
Environmental Management, 2018, 215 13-21.
Ogiyama S, Sakamoto K, Suzuki H, et al. Accumulation of zinc
and copper in an arable field after animal manure application
[J]. Soil Science & Plant Nutrition, 2005, 51(6) : 801-808.
XuY G, Yu WT, Ma Q, et al. Potential risk of cadmium in a
soil-plant system as a result of long-term (10 years) pig manure
application[ J ]. Plant Soil and Environment, 2015, 61 (8):
352-357.
R, R, TR, 5. ?ﬁlﬁﬁ@%l’i*—*@*ﬁ*ﬂ@'ﬁi@%
BT[] Al 3BTRS 5448, 2018, 37(7) 1326-
1331. - i

Yu Y, Zhu L N #Gugo T L, et al. Riskjfassessment of" cadmlum ;
~and arsenic in phosphate fertilizer [|J ] Joum’cﬂH of!" A@’U

En\(lronmen‘t Smgénce 2018, 37(7): 1326 1331 - """.
A, I R, S R tzriw?@
@*%ﬁ%ﬂiﬁﬁﬁ%%ﬁ[ﬂ ﬁjlﬁiﬂ‘/ﬁﬂﬁﬁ o 4R

S CAARMERD |, 2017, 45(5) : 123-129, 188 1/

Pen@‘L Sun ByY, Wang Q, et al. Conu:ntslof Hutridnts and

‘4
i heavy metals in feeds and manure al intensive hvestog}( farms-m

! Yangling haan)q[] 1. Journal of Northest A&F Umvensrt‘}'l

(Ngﬂural Science Edition) , 2017, 45(5) : 123-129, 138.

B, (TESE, POREE SEAMED 8 Fh 48 0 % K I K%

Xﬂ‘*‘ﬂli’ﬂ[ﬂ’ﬂl)ﬁ HHI[I]. BHREEE, 2018, 50(4) : 40-

44.

Huang J, Ren Y Q, Rao F Q. Detection of eight heavy metal

elements in swine excrement and analysis of their present situation

in Hangzhou [ J ]. Animal Husbandry & Veterinary Medicine,

2018, 50(4) : 4044.

EES, |IH, BERGEE, 5 Wila fA i KOs 4R
a&ﬁ%ﬁﬁﬁﬁﬁzﬁ[ J1. HEYEFREEE, 2018, 24

(3):703-711.

Ren Y Q, Huang J, Rao F Q, et al. Heavy metal contents in

swine feces from key areas of Zhejiang Province and their risk

evaluation for soil application[ J]. Plant Nutrition and Fertilizer

Science, 2018, 24(3); 703-711.

BURER, SOm, R, F. RERS MR SR E S

BEREVENL]. RAIFFRER, 2016, 35(4)

764-773.

Jia W X, Wen J, Xu W L, et al. Content and fractionation of

heavy metals in livestock manures in some urban areas of China

[J]. Journal of Agro-Environment Science, 2016, 35(4) ; 764-

773.

LA, A, SkokaE, S WAL R ARG E &k

1%*@%)% R[], Al BEIRS BB 24

2016, 33(6) : 533-539.

Ru S H, SuD C, Zhang Y Z, et al. Contents and characteristics

of heavy metals in the livestock and poultry manure from the

. ._.-l"

[23]

[24]

[25]

[32]

[33]

[34]

[35]

[36]

large-scale farms in Hebei Province, China [ J]. Journal of
Agricultural Resources and Environment, 2016, 33 (6): 533-
539.

VEWF, P?*ZT:‘% T, . RH R S REE S E RN
WG SELT]. TP EPREERRS:, 2015, 35(12) ; 3824-3832.
Pang Y, Tang X W, Ji PH, et al. The agricultural pollution risk
estimation of livestock manures on heavy metals in Guanzhong
plain[ J]. China Environmental Science, 2015, 35(12) ; 3824-
3832.

Sungur A, Soylak M, Yilmaz S, et al. Heavy metal mobility and
potential availability in animal manure: using a sequential
extraction procedure[ J]. Journal of Material Cycles and Waste
Management, 2016, 18(3) : 563-572.

Irshad M, Gul S, Eneji A E, et al. Extraction of heavy metals
from manure and their bioavailability to spinach ( Spinacia
Oleracea L. ) after composting[ J]. Journal of Plant Nutrition,
2014, 37(10) : 1661-1675.

Lu D L, Wang L X, Yan B X, et al. Speciation of Cu and Zn
during composting of pig manure amended with rock phosphate
[J]. Waste Management, 2014, 34(8) . 1522‘45?)6:-‘ —

NY 5252012, A HUIEAH S]. ' =] i
Verdonck 0, Szmidt R A1 K. Compost spe(,lflédhom[]]_ Acta
Horticulture,, 1998 469 169-177. -

GB 156182018, it%&ﬂi%ﬁa Zzﬁﬁl&it&h%&ﬂw“ﬂ”h
M) [S]. ey
s R B Jﬂ] Jlrf" Rl T R E [ M J—ﬂf“ﬁ : FT" [
RS L 1990, 5

VR, JEHRr. b sk aﬁm}w»m :
#&’*‘F&#?ﬁ 2001, 32(1): 11-17. ,r"
Xu % R,_ [ang M QF kpproach of the mechanism, of érqwfh—
pmmotiné effect of pharmacological level of Zinc in pigé."[iJ 1.
Acta Veterinari;a‘l et Zootechnica Sinica, 2001, 32(1): 11-17.
FIZAM, AT, A, S FRBKT X P X 418U
WP KA TR S S HLRE R R [ 1], DR Tk, 2002,
23(12) . 24-27.

Yan SM, Hao Y Q, Shi B L, et al. Effects of the different levels
of dietary zinc on zinc cincentrations of tissues and performance
and immune functions in broilers[ J]. Feed Industry, 2002, 23
(12) . 24-27.

LiY X, Li W, WuJ, et al. Contribution of additives Cu to its
accumulation in pig feces: study in Beijing and Fuxin of China
[J]. Journal of Environmental Sciences, 2007, 19(5): 610-
615.

WS, B, DU, ILARA AL % S K A R
B ERAT[T]. RAHER A, 2013, 32(1):
160-165.

Pan X, Han Z, Ben W W. Heavy metal contents in pig manure
and pig feeds from intensive pig farms in Shandong province,
China[ J]. Journal of Agro-Environment Science, 2013, 32(1) .
160-165.

Ellﬁﬁ, Efsfi}é TIEFE. FIHE & 79 L 7= 0 i b A bl
e E 4 BANI[I]. RALABER =224, 2005, 24 (3

). 216-218.

Ren S R, Shao Y C, Wang Z X. Analyze on heavy metals
content of merchandise compost produced by animal wastes[ J].
Journal of Agro-Environmental Science, 2005, 24 (S1) . 216-
218.

HEAR, AR, SRR, S BV RIS R R 2 S R
E%Eagﬁﬁﬁ[ J1. R BL 42, 2013, 44 (11) : 98-
104.

Zhu J C, Li RH, Zhang Z Q, et al. Heavy metal contents in pig



996 7 S 41 &
manure and feeds under intensive farming and potential hazard on compost samples in Austria[ J]. Soil Biology and Biochemistry,
farmlands in Shaanxi Province, China[J]. Transactions of the 2007, 39(6) : 1383-1390.

Chinese Society for Agricultural Machinery, 2013, 44(11) . 98- [42] Z=4MH, X5R. BERNIETEIICE B E4E )R 722 R i

104. HEMILIR S 387 [ 1], Rl FREER2E 2 4, 2006, 25(S1) .
[37] Wang H, Dong Y H, Yang Y Y, et al. Changes in heavy metal 777-782.

contents in animal feeds and manures in an intensive animal Li S T, Liu R L. Establishment and evaluation for maximum

production region of China [ J]. Journal of Environmental permissible concentrations of heavy metals in biosolid wastes as

Sciences, 2013, 25(12) ; 2435-2442. organic manure [ J |. Journal of Agro-Environment Science,
[38] Yang X P, Li Q, Tang Z, et al. Heavy metal concentrations and 2006, 25(S1) : 777-782.

arsenic speciation in animal manure composts in China [ J]. [43] Huang L. X, Yao L X, He Z H, et al. Roxarsone and its

Waste Management, 2017, 64 333. metabolites in chicken manure significantly enhance the uptake of
[39] Mcbride M B, Spiers G. Trace element content of selected As species by vegetables[ J]. Chemosphere, 2014, 100, 57-

fertilizers and dairy manures as determined by ICP-MS [ J]. 62.

Communications in Soil Science and Plant Analysis, 2001, 32(1- [44] Kupper T, Biirge D, Bachmann H J, et al. Heavy metals in

2): 139-156. source-separated compost and  digestates [ J ]. Waste
[40] LiY X, Chen T B. Concentrations of additive arsenic in Beijing Management, 2014, 34(5) ; 867-874.

pig feeds and the residues in pig manure [ J ]. Resources, [45] Zhao ¥ J, Ma Y B, Zhu Y G, et al. Soil contamination in

Conservation and Recycling, 2005, 45(4) . 356-367. China; current status and mitigation strategies [ J ].
[41] Sager M. Trace and nutrient elements in manure, dung and

Environmental Science & Technology, 2015, 49(2) . 750-759.




HUANJING KEXUE Vol.41  No.2

Environmental Science (monthly) Feb. 15, 2020

CONTENTS

Influencing Factors of Long-term Variations on Gridded PM, s of Typical Regions in China Based on GAM Model NAN Yang, ZHANG Qian-qian, ZHANG Bi-hui ( 499 )
Gridded Atmospheric Emission Inventory of PCDD/Fs in China CHEN Lu-lu, HUANG Tao, CHEN Kai-jie, et al. ( 510 )
Spatio-Temporal Variations and Source Apportionment of Carbonaceous Species in PM, 5 Across Multiple Sampling Locations in the Chengdu Plain «+-vesseresseresersesnsicnnsiiicinnees
..................................................................................................................................................................... SHI Fang-tian, LUO Bin, ZHANG Wei, et al. ( 520 )
QIU Chen-chen, YU Xing-na, DING Cheng, et al. ( 529 )
Characterization, Seasonal Variation, and Source Apportionments of Particulate Amines (PM, 5) in Northern Suburh of Nanjing »++++eseereeseeeeeees LI Xu-jie, SHI Xiao-wen, MA Yan, et al. ( 537 )

Diurnal Variations and Source Apportionment of Water-soluble lons in PM, 5 During Winter in Nanjing Jiangbei New Area -

Pollution Characteristics and Source Apportionment of n-Alkanes and PAHs in Summertime PM, 5 at Background Site of Yangtze River Delta  ++++veerversvseseresssisnsicnniiiisiiinnen

.................................................................................................................................................................. XUE Guo-yan, WANG Ge-hui, WU Can, et al. ( 554 )
Source Apportionment and Health Risk Assessment of Polycyclic Aromatic Hydrocarbons in PM, s in Changchun City, Autumn of 2017 -+- ZHANG Yi-xuan, CAO Fang, ZHENG Han, et al. ( 564 )
Heavy Pollution Characteristics and Assessment of PM,  Predicted Model Results in Beijing-Tianjin-Hebei Region and Surrounding Areas During November 23 to December 4, 2018 ++++-++

........................................................................................................................... ZHU Yuan-yuan, GAO Yu-xiao, CHAI Wen-xuan, et al. ( 574 )
Analysis of Characteristics and Meteorological Influence Factors of Ozone Pollution in Henan Provinge — «+resseseereeressesenenseenenennsininenns QI Yan-jie, YU Shi-jie, YANG Jian, et al. ( 587 )
Spatio-Temporal Distribution and Variation Characteristics of Aerosol Optical Properties in Henan Provinge =«+:«+«+ssssesessessensenssienenenssininsnsnininenens ZHANG Rui-fang, YU Xing-na ( 600 )
Analysis of Water Soluble Organic Aerosol in Spring PM, s with Soot Particle Aerosol Mass Spectrometry (SP-AMS) +xesereeseerenes HUANG Wen-qgian, CHEN Yan-tong, LI Xu-dong, et al. ( 609 )
Temporal Evolution and Main Influencing Factors of Black Carbon Aerosol in Nanjing YANG Xiao-min, SHI Shuang-shuang, ZHANG Chen, et al. ( 620 )

Pollution Characteristics and Ozone Formation Potential of Ambient Volatile Organic Compounds( VOCs) in Summer and Autumn in Different Functional Zones of Lianyungang, China -++-+-+-
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" QIAO Yue-zhen, CHEN Feng, LI Hui-peng, et al. ( 630
Operation and Maintenance of Cost-Effective Volatile Organic Compounds Abatement Alternatives —+«eeseseeseseseeresssnsnnisnniisnes QIANG Ning, SHI Tian-zhe, MIAO Hai-chao ( 638
DING Cheng, YU Xing-na, HOU Si-yu ( 64
SHA Yun-fei, SUN Xing-bin, XIN Wen-peng, et al. ( 656
JIN Jia-xin, SUN Shi-da, WANG Peng, et al. ( 665
QIAN Feng, XUE Chang-xin, XU Xiao-wei, et al. ( 674

Pollution and Deposition Characteristics of Precipitation and Its Source Apportionment in Xian City ++++++++

Bacterial Diversity and Community Structure Antibiotic-resistant Bacteria in Bioaerosol of Animal Farms -+

Vehicle Emission Inventory and Scenario Analysis in Liaoning from 2000 to 2030

VOCs Emission Characteristics of DPF Regeneration in National VI Diesel Engine *-
Characteristics and Significance of Stable Isotopes and Hydrochemistry in Surface Water and Groundwater in Nanxiaohegou Basin +++++ GUO Ya-wen, TIAN Fu-giang, HU Hong-chang, et al. ( 682
Spatio-Temporal Distribution and Risk Assessment of Heavy Metals in Middle and Lower Reaches of Le’an River YU Yang, LU Ya-ning, WANG Wei-jie, et al. ( 691
Spatio-temporal Evolution and Relationship of Water Environment Quality and Phytoplankton Community in Wenyu River ZHU Li-ying, CHEN Yuan-yuan, LIU Jing, et al. ( 702

)
)
7)
)
)
)
)
)
)
High-Frequency Dynamics of Water Quality and Phytoplankton Community in Inflowing River Mouth of Xin'anjiang Reservoir, China -+ DA Wen-yi, ZHU Guang-wei, LI Yun-xiang, et al. ( 713 )
Phosphorus Storage Capacity and Loss Risk in Coastal Reed Wetland Surrounding Bohai Sea +++++++++-+ ++ SONG Jia-wei, XU Gang, ZHANG Yang, et al. ( 728 )
Spatio-Temporal Variation of Release Flux of Sediment Nitrogen and Phosphorus in High-Risk Period of Algal Bloom in Lake Erhai -+ LIU Si-ru, ZHAO Ji-dong, XIAO Shang-bin, et al. ( 734 )
YANG Yi, HAN Li-yuan, LIU Huan-wu, et al. ( 743 )

)

)

)

)

)

)

)

)

Fluorescence Characteristics and Source Analysis of DOM in Snowfall of Xi’an

Performance Assessment of Permeable Interlocking Concrete Pavement Facility Structure ZHANG Jia-wei, LIU Yong, JIN Jian-rong, et al. ( 750
Photocatalytic Degradation of Rhodamine B with Micro-SiC/Graphene Composite Under Visible Light Irradiation
Removal of BPA and EE2 from Water by Mn-Fe Embedded in Acicular Mullite -+

Fabrication of La-MHTC Composites for Phosphate Removal; Adsorption Behavior and Mechanism

(
7HU Hong-qing, YANG Bing, WEI Shi-qiang, et al. ( 756
++ ZHOU Qiu-hong, LONG Tian-yu, HE Jing, et al. ( 763
(
(

SONG Xiao-bao, HE Shi-ying, FENG Yan-fang, et al. ( 773
SUN Ting-ting, GAO Fei, LIN Li, et al. ( 784
XU Chu-tian, LI Da-peng, ZHANG Shuai, et al. ( 792
TANG Ning, LI Ru-zhong, WANG Yu-qing, et al. ( 801
++ ZHAO Zhi-rui, ZHANG Jia-yao, LI Duo, et al. ( 809
Removal Performance of Antibiotic Resistance Genes and Heavy Metal Resistance Genes in Municipal Wastewater by Magnetic-Coagulation Process «++sessereeseseserenssnemienensnininenne
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" YU Wen-chao, ZHENG Li-hing, WEI Yuan-song, et al. ( 815 )

Effect of Tetracycline Antibiotic on Abundance and Transcriptional Expression Level of Tetracycline Resistance Genes in Activated Sludge =««+«++++ssseseersersenesemenensnnininsnininee

Adsorption of Low-Concentration Phosphorus from Water by Composite Metal Modified Biochar

Phosphate Adsorption from Water on Ca0,-loaded Magnetic Diatomite

Phosphorus Forms and Release Risk of Sediments in Urban Sewage Treatment Plant Effluent and Receiving Stream Reach

Purification Characteristics of Urhan Tail Water from Sewage Treatment Plant by Biofilm Ecological Floating Bed

..................................................................................................................................................... RUAN Xiao‘hui, QIAN Ya_jie, XUE Gang, el al' ( 823 )
Denitrification Process and N,0 Production Characteristics of Heterotrophic Nitrifying Bacterium Pseudomonas aeruginosa YL +++ YANG Lei, CUI Shen, REN Yong-xiang, et al. ( 831 )
Environmental Factors Influence and Microbial Community Structure Analysis of Entrapped Anaerobic Ammonium Oxidizing Bacteria «++++++* WANG Xiao-tong, YANG Hong, SU Yang, et al. ( 839 )
Research on Denitrification Performance of Enhanced Secondary Effluent by Embedded Denitrification Filler and Pilot Application -+ ZHOU Ya-kun, YANG Hong, WANG Shao-lun, et al. ( 849 )
Temporal Anaerobic Effect on Aerobic Granular Sludge with Intermittent Influent-Intermittent Aeration «+e«+seseeessesererseesienenenneieniennens ZHANG Jie, WANG Yu-ying, LI Dong, et al. ( 856 )
Simultaneous Short-Cut Nitrification-Denitrification Phosphorus Removal Granules Induced by Phosphorus Removal Granules — «««esessesrereesesnesnense LI Dong, LIU Bo, WANG Wen-qi, et al. ( 867 )

Spatial Distribution Characteristics and Pollution Assessment of Heavy Metals on Farmland of Geochemical Anomaly Area in Southwest Guangxi

......................................................................................................................................................... WANG Fo-peng, XIAO Nai-chuan, ZHOU Lang, et al. ( 876 )
Evaluation and Source of Heavy Metal Pollution in Surface Soil of Qinghai-Tibet Plateau YANG An, WANG Yi-han, HU Jian, et al. ( 886 )
Characteristics and Factors of Soil Enzyme Activity for Different Plant Communities in Yellow River Delta MO Xue, CHEN Fei-jie, YOU Chong, et al. ( 895 )

Effects of Management Measures on Soil Water-soluble Carbon and Nitrogen and Their Three-Dimensional Fluorescence Characteristics of Pinus tabulaeformis Plantations on Loess Plateau

*+ SONG Ya-hui, ZHANG Jiao-yang, LIU Hong-fei, et al. ( 905 )
Effects of Biochar Input on Changes of Available Nutrient Elements in Riparian Soils with Different Landuse Types ZHOU Hui-hua, YUAN Xu-yin, XIONG Yu-ting, et al. ( 914 )
Effect of Applying Hydrochar for Reduction of Ammonia Volatilization and Mechanisms in Paddy Soil «+eeseeseseesmesssmsenensmsinsnsinenenes YU Shan, XUE Li-hong, HUA Yun, et al. ( 922 )
Effects of Mycorrhizal Fungi on Nitrification and Denitrification in the Rhizospheric Soil of Aquatic Plants and Its Microbial Mechanism «++++++++++ LIU Duo, WANG Lei, CAO Zhan-ho, et al. ( 932 )
Comparison of Floating Chamber and Diffusion Model Methods for Measuring Methane Emissions from Inland Fish-Aquaculture Ponds —«+e+seseeseer HU Tao, HUANG Jian, DING Ying, et al. ( 91 )
Simultaneous Quantitative Detection of Thirteen Common Antibiotics in Leafy Vegetables by Ultra-High Performance Liquid Chromatography-Tandem Mass Spectrometry -+

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" CHEN Qian, LIU Yang, XIAO Li-jun, et al. ( 952)
YU Yao, LUO Li-yun, LIU Zhe, et al. ( 962 )

BIAN Jian-lin, GUO Jun-mei, WANG Xue-dong, et al. ( 970 )
)

)

Accumulation and Translocation of Cd in Brassica rapa Under the Influence of Selenium

Tolerance Mechanism and Cadmium Enrichment Abilities in Two Brassica napus L. Cultivars
Enhanced Phytoextraction of Cadmium Contaminated Soil by Trifolium Repens with Biodegradable Chelate GLDA
Heavy Metal Contents in Animal Manure in China and the Related Soil Accumulation Risks -+

HE Yu-long, YU Jiang, XIE Shi-gian, et al. ( 979
*+ MU Hong-yu, ZHUANG Zhong, LI Yan-ming, et al. ( 986
Microbial Community Succession in Industrial Composting with Livestock Manure and Peach Branches and Relations with Environmental Factors —««+se+ssssereeesesenenssnnienensnniinsnnen

CAI Han-bing, FENG Wen-wen, DONG Yong-hua, et al. ( 997 )
ZHU Wei-jing, ZHU Feng-xiang, WANG Wei-ping, et al. ( 1005 )




	0
	53

