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Safety Assessment of Rice Plantlng in Soil Cadmlum Geological Anomaly Areas
in Southwest Guangxi i [ ¢ \ _‘“;.'f"

CHEN Tong-bin'*, PANG Rui' WANG Fo-peéng ', ZHOU Lang', SONG Bo‘ £ |

(1. College of Envu‘onmentdl Suenw and Englneenng, Gulhn University of Teuhnology, Gilin 541004 China; 2 Insﬁ“tute of
Geographic golences and Natural Resources R_,e@earc}}fcr_prfese Academy of S(lenoe% Bel_]lng 190101 China; 3. Key Laboratory 'of
Theory and Technélogy of Environmental Pollut-ron dontrol in Guangxl Guilin 541004 China) =
Abstract: To evaluate the safety of rice plantln/g in cadmlum geological anomaly jareas, |41 natural’ 5011 479 paddy soil, “and 432 che

samples were collected in southwestern Guangyi. /The contents of Cd, Cu, Ni, and Zn and soil physical and chemical propertiés were
medsgred /The single factor pollution index method” (P, ) was’ used to evaluatethe degree of contamination of the sample, and
corfelation analysis were used to explore the maln factors af.fec"tln_g. ‘the heavy metal content in rice. The results showed that D soil pH
of th¢ paddy field was 6. 8 ; the organic matter content wag'39: 00 g-kg™"; the risk screening value was based on the soil environmental
quality standards for soil pollution risk control and control of agricultural ldnd (GB 15618-2018) , the exceeding standard rates of Cd,
Cu, Ni,'u and Zn in soil were 60. 75%, 2.09%, 0. 83%, and 1. 88% . ) The over-standard rates of Cd and Ni in rice were 9. 03% and
4.39%, respectively. Considering straw as raw material for feed and organic fertilizer, the corresponding over-standard rates of Cd were
6.94% and 1.16% . (3 Correlation analysis showed that soil pH, organic matter, total heavy metal, and available content were the
main factors affecting the content of heavy metals in rice. Cd and Ni in the study area all exhibited certain over-standard phenomena,
and the low-accumulation rice varieties could be planted to reduce heavy metal content in rice.

Key words : southwest Guangxi; cadmium anomaly area; farmland; rice; heavy metals; correlation
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Fig. 1 Sample point location distribution
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FRIAT , EBRAPIAR 2R A0 B 2R U | FH S S
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Fﬁﬂdﬁﬁﬁm E?FH%%@WT £ 10% TR ki 247
h LAE. éﬁﬁ FEAIA GBW 07404(G554)ii;ﬁ}5526§‘
SRR GBW 10045 GSB-23 ) 178 Kok ﬁm
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TR 2R AT SR 4 T 2 BTRE B B T A RN
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K BRI 715 Y P8 B0 SRR A v 4 Fh 4 8 iF
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Pz = Cz/Sz (1>

A P, NEES TP ESE B RIS YRR C N
FESHPE 4R BSEIIE, mg-kg ™5 S, MERM P E
&g i MRS (H, mg kg™ i%ﬁ%*i%%ﬁﬁ%

EVAC RS ER8E F  A FH - 305 e B AR
7Y (GB 15619-2018 ) H1 {14 XU f‘rﬁlﬁ{ﬁﬁﬁfﬁwﬁ

Fk Cd DICE M E 2 E R & 50T R0 R
) (GB 27622017 ) HFREAH 0. 2 mg-kg ™' 1E AT
WARIE; LICRE (58 28 (38 Skl i b
B OHRL R MG MR AR R B S 8 FPoC R R )
(NY 861-2004) HBRE(H 50 mg-kg ™' Fl 10 mg-kg ™'
YERFEA Zn F1 Cu PEM BRI SRRV R Y
5 IBRSEAE 0. 4 mg-keg ™' VERFEK Ni B9PFH b5
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1E s K AEFEFE LA CAPLIEEL (NY 525-2012) FI¢ Tk
TAFR#EY (GB 13078-2017) Hh #1 5& 1 FRAE 3.0
mg-kg ' F1 1.0 mg-kg S TIEANY. P <1.00, #f
IARZFNTGYE 1.0 < P, <2.00, FES 2 BB BTG L
2.0 <P,;<3.00, Mz 8P T Y, P, > 3. 00,
JB TG Y.
1.3.2 FKREHERE

FEK & 42 280 ( BCF) 1T LA S AR oK MK 1= 48 i
W EE AR AE S, AR K P 4R & 5 0
TP ESE SRR EE R, AR,

BCF = C,/C, (2)

KA BCF NEEREGC, WREKTHEESEN S E;
Cy XN A3 [6] — 3 4 J& 1% & &t BCF #k, % B
FEOK X 7 4 J 1 o AR g ) g,
1.4 Hdnabi

EIE 4b F1 5% ] AreGIS 10.2 2531, # F SPSS
23. 0 X R IR B A T AR OGS 4

2 HBRESH

2.1 AREESTUER SR [ o
ST Grubhy fo kvt S 523 (U B 9

=

1 AR B TR R )

Tablel 1 Ché{raéleristics of natural soil indicatorsdn tl_lf;;tudy area’s" |
e -

13 Cd AR Cd LUARES Cu & i B EUEDS
M, BRI U P-4 (B 3RAF . H A AR AT & 14
3 RIS AR IR (6 1) . BRI A48 F 30
pH 47 6.9 B AL T K. A LT & 54 35. 36
g-kg ™! RERAL T E L. Cd Cu Ni fl Zn B
541,333, 35.95, 52.58 il 174.9 mg-kg ™", Hr
Cd H9AE SR BOK T 1, B A SRR, W50 X
8K T Cd A k25 REOR. e ¢ K, BF
X 4R+ Cd,Cu Ni Al Zn 5 & O3 X + 375 5
HAESEEZRE(P<0.01) , &mTFHAMBKX +
RS GHE P AL R A S TR
T 8 ok 5 R 3 AR, L 2 T T 42 T8 o
KGRI , I FL b i 45 S B 4 L
PRI L R4y, ARSI S R g T
HAE WA AR I B0, BT5EIX A 48 L4 CCuy Ni
1 Zn 35 AL 3645 5 H'25.78%, 4. 79%=0.72%
1.45%, 5orp CAEmA s, S
2.2 RIS bR LA T R g
B X BT i o X B I b B
S35 , DRILAJ LA 4 0 3RATE 45 45 b 2 B I 2 2. BF
9 DR T AT 648 o Ak T o KT L A5

o

~F i e fﬁ% LS (ﬁgigg) Ly 2
-f:pH-'I a  ESF 41 " slagsh =" % 9:07 7.1 7.0(1. 1) 9.43
foug & |£d s 797252685 35.36+14.45 39.21 31.75(1.674) 40.87
cq.‘” TR A5 40 0.144 ~10. 53 2.402 +2. 624 1.508 1.333(3.222) 109.2
Cu EA 40 11.46 ~72.59 35.95 £13.44 35.35 33.38(1.499) 37.39
Ni ES 39 10.52 ~116.5 52.58 +27.39 47.78 44.46(1.889) 52.09
Zn ER 40 41.33 ~413.7 174.9 +87.78 170.0 152.6(1.739) 50. 19
HRE Cd YHEUEZS 40 0.010 ~3.240 0.711 0. 847 0.357 0.331(3.960) 119.1
FREA Cu MHEEZS 41 0.212 ~6. 885 2.101 +1.738 1.529 1.519(2.344) 82.72
FRAS Ni IEZS 37 0.027 ~0.979 0.371 +0. 227 0.317 0.301(2.051) 61.19
HAS In ER 35 0.441 ~5.199 2.280 +1.226 1.920 1.966(1.782) 53.77
1)OM #R HIEANUR &, A g kg™ AMEERLIEF DIPA( 2B =AM BIENESR S/, MARELB S /AN
mg'kg’l
F2 KBIEETIERSE"
Table 2 Content of each index in paddy soil
. . - " JUAF- 28 REEY i e P,
o A ST T Sy oo} IR e D
pH 4.6~7.9 6.8+0.6 6.9 6.8(1.1) 8.1 — —
oM 16. 15 ~93. 00 40.44 £10.3 41.10 39.00(1.312) 25.50 — —
4 cd 0.124 ~7. 894 1.168 +1. 150 0.766 0.784(2.431) 98. 50 60. 75 1.461
4= Cu 1.601 ~99. 62 34.68 £11.91 34.75 32.48(1.473) 34.35 2.09 0. 406
4 Ni 2.068 ~121.0 33.45 £15.06 30.73 30.44(1.571) 45.03 0.83 0.325
4 7n 8.279 ~635.3 136.9 +73. 96 112. 4 122.7(1.579) 54.03 1.88 0.053
AR Cd 0. 055 ~5. 875 0. 447 +0. 446 0.297 0.317(2.254) 99.78 — —
F A Cu 1.353 ~22.07 5.359 £2.071 5.198 5.004(1.455) 38.65 — —
AR Ni 0.047 ~2.58 0.46 +0. 301 0. 400 0.391(1.784) 65. 44 — —
HA Zn 0.513 ~49.78 3.949 +4.879 2. 664 2.863(2.044) 123.6 — —

1) OM R HIER ML & i, A0 N g kg ™' s A AUS RR L1 DTPA( 2 =R A M) BN E SR &, i )8 & il

mg-kg_I
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45 R SR R a5 R — 2. BF oy XORG I £ 4%
pH BEAILT AR 1438, s AT B 5 it A S5 A\ 2695 B A
S MU A 39 g-kg ™!, HOE AL T 545 4% T
A LT R A R RS A B2 I
FHLUT & 19.8 g-kg B2 5, &) THXHZ
THEA T S 26.7 g-kg A 1.5 4%, RIS
= TR X A SR A AL & =, H R R Al g 5ok
FERSFFSEFR RIS 12 J5 A HLB A H, LA R N A it Jn e
RHEPHETE sh Rz mAg 2

+3Ep Cd Cu Ni F1 Zn B LTI (E 5 5 K

0.78432.48 . 30.44 F1122.7 mg-ke ™', % E 48
TP X AR 38 v RE R A o KRR AR K
R E T E 4 E. Hop cd E’JWB%%@U»J
98. 5%, e JEAS S, R IE X R H 38 Cd %
25 SRR, F R iE Ye g Bk AR IX K H
W 4R YR B IR AT IR, S SR R0 R T 4%
Cd .Cu., Ni Al Zn AR5 %N 60.75%, 2509%,
0.83% il 1. 88%, Horf Cd E’Jﬂiﬁ};m%ﬂﬁ?ﬁ,,ﬁ\ﬁ
T y5 Y ﬁﬁ}’jﬂjjﬂl 461 . 0.406 ./0.325 %ﬂo 053

Hof Cd E’J%Iﬁ/’imi’%;f&jt?l K aﬁi
is,%(:d WZM?’W‘ 15 YK jcﬁ([so] W E
2020 4F, 1113 “%ﬁi&ﬁé%lﬁﬁ?ﬁiﬂ 90% Ejﬁ ]
2030 4 % %Mﬁﬁéﬂﬁﬁiﬁﬂ 95%L) I, IH

%u&éﬁmzﬁ%%Wﬁﬁmﬁ@;u%#;ﬁ,

Cd F74e AU Tﬁ%ﬁ% Wedc Bl PR KA
25 LA BB+ 392 Cd AR R4 51 100% (50/
50). 70.65% (65/92). 95.54% ( 107/112) .
96.08% (49/51) . 5.49% (5/91) 1 18.07% ( 15/
83). FIIH ArcGIS 10. 2 #fF2 il fE H 11 Cd i5 44
BHCS A4, UL 2. R H 35 Cd AFE - S
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Table 3  Heavy metal content and pollution assessment in different parts of rice

. - JUf 418 " .
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il JUfaIbRiEZ ) ARR - P, (R v P (HEE
25 /mg-kg ! /mg-kg™'  /mg-kg”! ( /f;if%g) e HARR/ % () HBRAS % (L)
FFFCd  0.045~4.985 0.385+0.560  0.210  0.239(2.413) 145.45%  6.94 0.385 1.16 0. 128
5] {1 I {E SRDE JUfT 5 {E (LT bR 22 ) 5 AL P e p.
7 /mg-kg’1 /mg-kg’] /mg-kg’1 /mg-kg’1 /% /% = !
Rk Cd 0.002 ~1.176 0.070 0. 116 0.033 0.039(2.631) 165.7 9.03.+" 0,195
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Fig. 3 Schematic representation of the spatial distribution of single pollution index of straw (feed) and rice Cd
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Table 4 Heavy metal enrichment factors of rice in different regions
i H X cd Cu Ni Zn SCHR
I e r‘ Pﬁj‘ﬁﬁ 0.777 0. 047 — 0. 089 [33]
KA = 0.245 0.175 — 0. 250 [34]
JTVG R 0.083 0.071 0.008 0.131 (8]
BT X JTPET X 0.076 0. 056 0. 006 0.079 [10]
T VG VG B X 0. 050 0. 046 0. 004 0.159 AT
£S5 BKF CdNi 5HERREBIRERMESH
Table 5 Correlation analysis of different indicators of heavy metals and soil in rice
- EEAR 3 HT MR pH 2528 F 43 #r
i
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Cd Ni Cd Ni Cd Ni
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KU A FERRE) (GB 15618-2018 ) Fé XU 57 6 18, 5
M+ Cd,Cu Ni Fl Zn HARZR 5] H 60.75%,
2.09%. 0.83% Fl 1.88%.

(2) BTk A AR ME) (GB 13078-2017) #11
CHBLIERL) (NY 525-2012) i, 7J<$é$*ﬁ‘%ﬁ$
S35 6. 94%F1 1. 16% 7k$a$*ﬂﬁﬁ?mﬂﬁj‘7(—t?f
— 3 AU

(3) &K Cd ChNi #1 Zn E’J/‘E'a'}j]uyb
0.039, 1.508 0. 126 F9.'55 mg-kg" | fr €A
Ni Wﬁﬁlﬂm%ﬁﬁﬂﬁm% iﬁﬁﬁiﬁj\%ﬂﬁ 9. 03% ?Fu
4.39%. 4/ &

(4)U¢< %IJH%ﬁL 95% Vﬁﬁﬁﬁﬂ‘r/ﬁ it%
FURDK AT G A7 E KUK REFF 1 f Rt cd't
TEXS . j:% Cdiys e £ E AT AE I | PR
SER LXK Cd 15 Qe BB B R
HH SFRBEMEAR B SR ; FEFF (TR Cd
V5 YL X B R B B2 ELURN AR EL A b

(5) FHNE A W], 3 pH AT LI HE 4 Jm
ARG SRR MK P E SR SR T
BT
Sk

[1] &%, B BE&RETRB/A LGS EREZ2PA—AU

TR S0 M X S I ()], ML 4R, 2008, 27 (2) : 196-
202.
Yu T, Yang Z F. Intake amount of heavy metal elements and
health and safety assessments—a case study of the Dongting Lake
area, Hunan, China[J]. Geological Bulletin of China, 2008,
27(2): 196-202.

[2] Lv]S, LiuY, Zhang Z L, et al. Multivariate geostatistical
analyses of heavy metals in soils: spatial multi-scale variations in
Wulian, Eastern China[ J]. Ecotoxicology and Environmental
Safety, 2014, 107 . 140-147.

[3] LvJS, LiuY, Zhang Z L, et al. Factorial kriging and stepwise
regression approach to identify environmental factors influencing
spatial multi-scale variability of heavy metals in soils[ J]. Journal
of Hazardous Materials, 2013, 261 387-397.

[4] Martin J] A R, Ramos-Miras J J, Boluda R, et al. Spatial
relations of heavy metals in arable and greenhouse soils of a
Mediterranean environment region ( Spain) [ J]. Geoderma,
2013, 200-201; 180-188.

[5] w4, Bdrh, skard:, 5. hEEEHIX 76 FocER Bk



1862 2N b} =S = 41 &
1{?‘]?]%[M] JbEt. iﬂ}ﬁ:’:ﬂﬁﬁ}+, 2008. 138-152. contamination of arsenic in soils of Xijiang River basin [ J].
(6] BT, WRHDY, AeMIf, & H:puH R T L s G R is Environmental Science, 2018, 39(2) ; 899-908.
JeIR A B[ T]. BT A AE R, 2014, 45(2) : 240- [16] ‘R, BT, ik, 5. 179 P L e & R
243, KRGS [T]. BRBERIE, 2018, 39(4) ; 1888-1900.
Huang Y Y, Chen G F, Xiong L M, et al. Survey and evaluation Song B, Yang Z J, Zhang Y X, et al. Accumulation of Cd and
of heavy metal contamination of paddy soil in western Guangxi its risks in the soils of the Xijiang River drainage basin in
[J]. Journal of Southern Agriculture, 2014, 45(2) ; 240-243. Guangxi[ J ]. Environmental Science, 2018, 39 (4). 1888-
(7] e, 87, kI, % HPICR MHE G )85 e KA 1900.
BAEM )], PURIARALAER, 2017, 30(8) : 1886-1893. (171 R, Sk, Fehi, . ) PUPLBR H L E SR &
Zheng ¥ H, Li N, Zhang W, et al. Heavy metal pollution and R M Sk R iR riJ]. %fﬁﬂ"‘_}, 2018, 39(9) . 4317-
health risk assessment of paddy soil in Northwestern Guangxi[ J]. 4326.
Southwest China Journal of Agricultural Sciences, 2017, 30(8) : Song B, Zhang Y X, Pang R, et al. Analysis of characteristics
1886-1893. and sources of heavy metals in farmland soils in the Xijiang River
[8] MWW, W&, WEEH, % R & SR | oK Rg draining of Guangxi[ J]. Environmental Science, 2018, 39(9) :
X 4 JR 1 AR AR S XU T [ 0], ARl FRBERE 2 24, 43174326.
2018, 37(1) : 18-26. (18]  EBRMG, Rz, BT, 45 )PP VLY A9 p B s ) o
Tang D D, Yuan X Y, Wang Y M, et al. Enrichment 5T HEETIE[]]. B4, 2018, 55(4) ; 889-899.
characteristics and risk prediction of heavy metals for rice grains Wang F P, Song B, Huang Y F, et al. Further study on spatial
growing in paddy soils with a high geological background [ J]. distribution and background value of chromium in soil in Xijiang
Journal of Agro-Environment Science, 2018, 37(1) ; 18-26. River basin, Guangxi, China [ ] ]. Acta Pedolﬂgl(‘a Sl.m(‘a
(9] ZEA, RorHr, B, m T miReE A M - RAEY R 5 2018, 55(4) : 889-899. ""H:'
HEBIULR T B RIE RICEmE R [J]. P E #2018, [19] BTN, %"03 PRI, Eﬁﬁlﬁﬁﬁiﬁé Zn BUERISY
37(1) : 43-52. L5 A5 G B 5 KU [ T 'ﬁi?ﬁﬂf“ =8 }017 33
LiJ, Zhu L X, Tang Z Q. Characteristics of transfer and their (12): 1064#1074 | !l f
influencing factors of heavy metals in soil- cmp systen_) of peri- Yang ZJ Song B4 Chen T By, et al. Accumulatlon dl:tflbut-mn
urban agricultural“soils of Nanning, Snuth“C}rina[J 1., Carsolpgica™, and P(’blngl(‘al rsk ofyZn 1r1 soils in the Xijiang 'Rlver valley of
~Sinica, 2018 ; 37( 1 ) 43-52. -" f .h". F i CuanﬂxL{J] _Iournal of hcology and Rural ]LerlI‘Ol’lmE‘l’lt 2017
10} 2y %”iﬂc P B ﬂﬁﬂ&ﬁzﬁﬁﬁﬂﬂﬁ% - 33(12)':. Ao64:1074. h ‘-‘*’.
%hi%ﬁi%ﬁxﬁ TR RE B %%“ﬁf"f J1. ﬂ’fﬁ.ﬂ%’ [20] BTAL dk, EAME, 5 f‘@@ﬂ(ﬁﬁﬁiﬁ% % 4’%‘“@'
2020, 41(1) : 449459 iy A B VE I [ 9\ R 5 1 e 5 B v, 2018, 40 (129
Ma H H| Peng M Liu F, et al. Bioavail ablhly, transl‘o(;anon 1436~ 144'2 1448. 7
and / ‘accumulatign” characteristic of he'avy ’mg:ltals‘ in deil- -crop Yang Z1], Snng B, Wang F P.? et al. Content distribution of Sh
|sysl"em from.a typical {earbonate rocks area iin Guangxi, _C_hi-na... S and its pollution assessment in soils of Guangxi Xijiang River
{ [J] ,‘;Envif"onmemal S.cience, 2020, 41(1 )":: 449459. . _;.7-'-":-- basin[ J]. Environmental Pollution and Control, 2018, 40(12) :
(100 oRaE, EORMS TR, T PR R ORI 8 Cd A i 1436-1442, 1448,
PRAE B S RU PEA [ ], RN, 2019, 40(5) : 2443- [21] T, R, PRI, 55, V8 7L e R 2 i R AR B XU
2452. PEAGLT]. HEEISH SRR, 2018, 40(6) ; 698-703, 709.
Song B, Wang F P, Zhou L, et al. Cd content characteristics Yu Y, Song B, Chen T B, et al. Content characteristics and risk
and ecological risk assessment of paddy soil in high Cadmium assessment of Ni in soils of Xijiang River basin [ J].
anomaly area of Guangxi[ J]. Environmental Science, 2019, 40 Environmental Pollution and Control, 2018, 40 (6) : 698-703,
(5) : 2443-2452. 709.
[12]  FEMEIE DM R OK T 43 i 15 YR B0 KA e U A (0] [22] SRAEE, Rk, BRIEDE, &% )09 V5 VT3 b L A 2 [ 23 A
REF TR, 2015, 33(S1) : 669-672. S5 [ 1], AEERl2E, 2018, 39(5) : 2446-2455.
Jang Z Q. Heavy metal pollution and health risk assessment of Zhang Y X, Song B, Chen T B, et al. Spatial distribution study
rice in Dazhou City[ J]. Environmental Engineering, 2015, 33 and pollution assessment of Pb in soils in the Xijiang River
(S1): 669-672. drainage of Guangxi[ J]. Environmental Science, 2018, 39(5) .
(13] ohmg, S, E£ML, 55 B mMm R As Pb, 2446-2455.
Cd 75 Y Fe Ho g B XU 3y [J]. BEERL2E224, 2010, 30 [23] USEPA. Method 3050B; Acid digestion of sediments, sludges,
(11): 2314-2320. and soils[ R]. Washington, DC: USEPA, 1996.
Len M, Zeng M, Wang L. H, et al. Arsenic, lead, and cadmium [24] AR, SARK, a0, BSPERRR G DA ARERIDIR(T].
pollution in rice from Hunan markets and contaminated areas and WL B 2Bl BEsEAi, 1999, (1) 9-11.
their health risk assessment[ J|. Acta Scientiae Circumstantiae, [25] J POASRARYRIAIIR . BT S ENF R ik &)V
2010, 30(11) : 2314-2320. HERE[M]. T SRR ERE AR R, 1992,
[14]  ZFE, SR, BRIEDGE, S8, ) 74 V4 VL b b 0 2 IR 0 38 [26] WA, WA, XU, 45 I ALERAE R IR LR
AGRBPEAGTT]. BABHIRAR, 2018, 33(4) : 644-656. Ea R IGReh R [T]. MR R 2R, 1999, 22
Li L, Song B, Chen T B, et al. Copper concentration in soil of (2):46-49.
Xijiang River basin of Guangxi and risk assessment[J]. Journal Pan G X, Gao J Q, Liu SL, et al. Activity index as an indicator
of Natural Resources, 2018, 33(4) . 644-656. of environmental stress of heavy metal elements on soils in
[15] )(L| ‘FZ LR, R E, & TR g S R m RS southern Jiangsu, China [ J]. Journal of Nanjing Agricultural
PPN [J]. FREERNE, 2018, 39(2) : 899-908. University, 1999, 22(2) : 4649.
Liu C, Song B, Zhang Y X, et al. Spatial variability and [27] ME4E. VAR MIX RS R AR [ )], TR A R



4 39 R RIS « R P P - S 3t o

i DR R 2 AP

1863

#z, 1982, (1) 8393.

B, 258, B9, 55, FRERG 5 RS AT B A B L8 7 800
(1] FERSER, 2011, (1) 10-14.

Yang F, Li R, Cui Y, Effect of straw returning on
improving soil fertility and increasing crop yield in southern China
[J]. Soil and Fertilizer Sciences in China, 2011, (1): 10-
14.

WL, #RVFE, 5, 55 I 30 A ER HAHZ SR LTS
SAEME[T]. e, 2017, 54(5) : 1047-1056.

Yang F, Xu Y, Cui Y, et al. Variation of soil organic matter
content in croplands of China over the last three decades[ J].
Acta Pedologica Sinica, 2017, 54(5) ; 1047-1056.

XERS, SRR, JRER, S RhPTRE T IX R A 1 Ak R
SRS EEWERENI]. B0, 2018, 47
(11): 155-160.

Liu J S, Hu J L, Zhang K,
bioavailability of heavy metals of agricultural soils in Shizhuyuan
Metal Mine, 2018, 47 (11):

[28]

et al.

[29]

[30]

et al. Study on speciation and
mining and its adjacent area[ J].
155-160.
Shu W S, Ye Z H, Zhang Z Q, et al. Natural colonization of
plants on five lead/zinc mine tailings in Southern China[ ] ].
Restoration Ecology, 2005, 13(1) ; 49-60. F
rpAE NRIEANEE 55 Be. L5 4piatT itk (714 = (3
AR RILHIEE S5 B, 2016.
M3, WD, TR, 45 0 S 0 IXR B e
K b T 2 Jm T R R XU [ ]
46) :291929%6. |
S Tidn M L, Zhéng XM, Zhang Y X, ef] all’ Gondei
" health I‘l%k Ef@e%smenti of heavy metal, ehnten'&"ln soil and,ncedf

[31]

[32]

[33]

Environmental Scwnce 20184 39

#

(6) 2919-2926. / "F' ' J
CheII HY, Yuan X Y, LiTY, et al.| Characterlstlo% of heavy

mine contammated areas[ J ]

[34]

i mel'.'al transfer and lhelr mfluencing factors in dlfferem soil- c.r-ep £

=
! systems of the 1ndustr1ahzal10n region,, Chma[ J]. Ecotoxiealogy
¥

and Environmental Safety, 2016, 126 193-201.

[35] %#H}Ei,ﬂékﬁﬁ,éﬂf%nn Jf i%@i%ﬁﬂ’]ﬂ; SRR
B R E )], AR, 2009, 18 (4): 1266-

1273.
Zhong X L, Zhou S L, Huang M L,
distribution characteristic of soil heavy metals and its influencing
factors[ J]. Ecology and Environmental Sciences, 2009, 18(4) ;
1266-1273.

W, AR, AEN00, 45, 3 pH (A E & RIE S
Wi S FABSCAERFSEL ], Sk, 2017, 26(6) : 79-83.
Yang X M, Ren G M, Li L X, et al. Effect of pH value on heavy
metals form of soil and their relationship [ J].
Magazine, 2017, 26(6) ; 79-83.

BEPHPE. WEAKCRIAT BB 1 384 T M T AT A 3 i B L
PAFR[D]. AR Bl R, 2008.

e ARSI E R S, RS % 2018 [ M. b
AU PEgTHE M, 2018.

e, INEE, ARET, AE. TR ACRL X 25 I A ek B Y R
BOR[)]. BEICSEI, 2019, 34(8) : 34-36.

SuQ, Sun L, Du H,

et al. Chemical form

China Mining

[37]

[38]

et al. Application effect of humic acid

Hi“ﬂ%, 2018 39

[40]

[41]

[43]

[44]

[45]

[46]

[51]

[52]

fertilizer on soil improvement of tea garden[ J]. Phosphate &
Compound Fertilizer, 2019, 34(8) . 34-36.

ZMERE, TS, AR, SF. RRE AR AL S TR AL A X S el
T IRVEBU A E b A AR (] R E RS AR,

2018, (1): 121-126.

LiPC, SuXD, Wang J J, et al. Effects of humic acid fertilizer
and biological fertilizer on soil properties and grape yield and
quality[ J]. Soils and Fertilizers Sciences in China, 2018, (1) :
121-126.

WA, kA, R RER A VULRA PR
WAJE SRR )], Y E SRS R, 2017,
23(1): 162-173.

Huang S W, Tang J] W, Li C H. Status of heavy metals,
nutrients, and total salts in commercial organic fertilizers and
organic wastes in China [ J]. Journal of Plant Nutrition and
Fertilizer, 2017, 23(1) : 162-173.

HAER. ST AL T 5 €8+ —FF ) 1A 22 B A B B 4R Y 5 )

[D]. EK. Pk, 2016.

JE I Bk %%I‘I%‘ﬂ;’@jl:%{éﬂ%ﬁﬁ%t&lxii—%%ﬂiz%%th%ﬂ%}
AFAE SB[ D], 520H . BEM R4, 2019+ —

sREE, XM, ER. BT GIS/RS a@wzu@,# TESH
i%%ﬁﬁm et F]. Al HLAE A 2014 45T7SL) .
124-132. ,- P
Zhang T ] ,‘::'Liu G, Wa!ng S W. Estimatiofi oﬁj-}{eavy metal
pollution'ﬂ loads from fon-point sources based| on G1s/ RS.‘[ _;I-'
Tramactmn% ofthe G 1nPse ,Sogiety for Agricultutral Ma,thnerv,
2014, 45’(51) 124 132. ._-.;4

e #ﬂr‘ﬁ%lﬂlﬂ’%%ﬁxiﬂkiﬁ%&?&ﬁc%*iﬁ%@”ﬂ’]
J_W/\ﬂ:ﬁ\[DJ Kb, Jdﬂhﬁlﬁikj(% 2014.

Qishlaqi
pollution”, in soils under two landuse patterns in the angouran
region ;. NW Iran,
[J]. Journal of Hazardous Ma.t.en'als, 2009, 172(1) ; 374-384.

Kawada T, Suzui S. A review on the cadmium content of rice,

V. Maore Fj ‘Forghcml G. Characterization of metal

a study based on multivariate data analysis

and accumulation in the kidneys [ J].

Journal of Occupational Health, 1998, 40(4) : 264-269.

iR} g pH (EXHIRFR AR ZR T AR KR AT

MM D). Kb HIELl K, 2017,

Mori M, Kotaki K, Gunji F,

uptake in rice using fermented bark as a soil amendment[ ] ].

Chemosphere, 2016, 148 . 487-494.

F}tﬁtﬁ, WEH, WIEH. pH XMRTE KRG PRI ATES
MsEm[ 1], FREERRF2E4R, 1999, 19(1) ; 81-86.

Liao M, Huang C Y, Xie Z M. Effect of pH on transport and

Acta

daily cadmium intake,

et al. Suppression of cadmium

transformation of cadmium in soil-water system [ J].
Scientiae Circumstantiae, 1999, 19(1) : 81-86.

RBEY, HH, NG, S AL X - S A 28 1 5 e
WEtsRiR ()], A, 2002, 22(5) : 770-776.

Yu G F, Jiang X, Sun L, et al. A review for effect of organic
substances on the availability of cadmium in soils [ J]. Acta
Ecologica Sinica, 2002, 22(5) : 770-776.

Frohne T, Rinklebe J. Biogeochemical fractions of mercury in
soil profiles of two different floodplain ecosystems in Germany

[J]. Water, Air, & Soil Pollution, 2013, 224(6) : 1591.



HUANJING KEXUE Vol.41  No.4

Environmental Science (monthly) Apr. 15, 2020

CONTENTS

PM, 5 Inversion Using Remote Sensing Data in Eastern China Based on Deep Learning +++«+w+reresreseereeensssenenecnnnncnneneenns LIU Lin-yu, ZHANG Yong-jun, LI Yan-sheng, et al. (1513)
Regional Air Pollution Process in Winter over the Yangtze River Delta and Tis Influence on Typical Northern Cities -+ LI Rui, LI Qing, XU Jian, et al. (1520)
Influencing Factors of Ozone Concentration in Xi’an Based on Generalized Additive Models +++ HUANG Xiao-gang, SHAO Tian-jie, ZHAO Jing-bo, et al. (1535)
Spatial and Temporal Distribution Characteristics of Levoglucosan and Its Isomers in PM, s in Beijing and Six Surrounding Cities -+++++- ZHU Hong-xia, TAO Xue-mei, WANG Chao, et al. (1544)
Characteristics and Sources Apportionment of Fine Particulate Matter in a Typical Coastal City During the Heating Period «++++«eseeeseereereeeenes LI Ming-yan, YANG Wen, WEI Min, et al. (1550)
Characteristics and Source Apportionment of Black Carhon in Chengdu «+«esesetsrerrersssmemensininiiit s WANG Lu, YUAN Liang, ZHANG Xiao-ling, et al. (1561)
Effects of VOCs on Ozone Formation in the Tianjin Suburbs in Summer YAO Qing, HAN Su-qin, ZHANG Yu-fen, et al. (1573)
Source Profiles and Impact of Volatile Organic Compounds in the Coating Manufacturing Industry WU Jian, GAO Song, CHEN Xi, et al. (1582)
Characteristics of Condensable Particulate Matter in Ultra-low Emission Coal-Fired Power Plants DENG Jian-guo, WANG Gang, ZHANG Ying, et al. (1589)
Distribution and Source Analysis of Nitrate in Surface Waters of China s«+++tseeeseseseresssimmeneniinnini ZHANG Xin, ZHANG Yan, BI Zhi-lei, et al. (1594)
Spatial Characteristics and Ecological Risks of Perfluoroalkyl Substances in Coastal Urhanized Areas of China and South Korea —«+:++++++ YANG Hong-fa, SHI Bin, ZHOU Yun-qiao, et al. (1607)
Analysis of Water Quality Change and Its Driving Factors of the Xiaoging River Estuary in Recent Ten Rears — +:«+seoveeeseesessenssnsenennnnns FAN Xin-feng, HAN Mei, WANG Lei, et al. (1619)
Distribution of Four Artificial Sweeteners in Water Treatment and Water Supply System in City H of Zhejiang Province -+ MA Xiao-yan, HU Hui, LU Si-jia, et al. (1629)

Changes in Epilithic Algae Community and Its Relationship with Environmental Factors in the Meixi River, a Tributary of the Three Gorges Reservoir ««+s+sseessessersensenesienennsniniinennes

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" MI Wen-mei, SHI Jun-giong, YANG Yan-jun, et al. (1636)

Succession Pattern of Phytoplankton and Its Drivers in Lake Luoma, Jiangsu Provinge —«eeeseressrsrssresssnennsnnninnisinssnennes ZHANG Qing-ji, WANG Ye-yu, WANG Jin-dong, et al. (1648)
Relationship Between Diversity of Aquatic Plant Communities and Water Environmental Factors in Lhalu Wetland »«««+eseeoeereereseneneens WANG Jia-jun, TIAN Han-xin, ZHOU Lei, et al. (1657)
Evolution Characteristics and Driving Factors of Denitrification Community Based on Network Analysis in the Process of Spring Thermal Layer Formation in Zhoucun Reservoir ««+essesseeeeees
.................................................................................................................................................................. ZHOU Shi-lei, SUN Yue, ZHANG Yi-tan, et al. ( 1666)
Temporal and Spatial Distribution Characteristics and Difference Analysis of Nitrogen and Phosphorus in Daihai Lake «+eseeseeseereeerieneneennes ZHAO Li, CHEN Jun-yi, JIANG Xia, et al. (1676)
Sediment Denitrification Rate and Its Response to Exogenous Carbon and Nitrogen in the Ponds and Bottomland of the Chaohu Lakeshore Zone ~-w++++:++: LI Ru-zhong, WANG Li, LIU Chao (1684 )
Phosphate Control Effect and Water Body Remediation of Magnesium Modified Reed Biochar —«+-«eesseseereerssemeneneiiineniiniinennn DING Yu-qin, LI Da-peng, ZHANG Shuai, et al. (1692)
Efficiency of Magnesium Hydroxide Capping and Amendment to Control Phosphorus Release from Sediments YANG Chun-yi, ZHAN Yan-hui, LIN Jian-wei, et al. (1700)
Characteristics of Chemical Fractions of Dissolved Organic Matter in Road Runoff in Beijing - CHEN Meng-yao, DU Xiao-li, YU Zhen-ya, et al. (1709)
3D Porous Photothermal Materials for High Salt Wastewater Treatment HUANG Le, XU Ying-feng, XIE Qian-qing, et al. (1716)
Electrocatalytic Oxidation of Sulfadiazine with Ni-Doped Sh-Sn0, Ceramic Ring Particle Electrode ++esserereereeremenenesinnennnscnnes SHI Qiu-jun, LIU An-di, TANG Bo-bin, et al. (1725)
Degradation of AO7 with Magnetic Fe;0,-Cu0 Heterogeneous Catalyzed Sodium Percarbonate System —«+v+ersereereesrersissseinesinseninnsneee XU Jie, WANG Lin, CHEN Jia-bin, et al. (1734)
Red Mud-activated Peroxymonosulfate for Ciprofloxacin Degradation: Efficiency and Mechanism SHI Jing-zhuan, WEI Hong, ZHOU Xiao-de, et al. (1743)
Influence of Industrial Wastewater Quality on Advanced Treatment of Microbubble Ozonation - +++ ZHANG Jing, ZHANG Shou-jing, LIU Chun, et al. (1752)
Adsorption Properties of Sludge-hydrochar for Methylene Blue CHEN Li-yuan, LI Da-peng, ZHU Wen-juan, et al. (1761)
Preparation of Modified Watermelon Biochar and Its Adsorption Properties for Ph( I1) «+seeeseeesessssesisismiminiiiiiiiiii BI Jing-wang, SHAN Rui, HAN Jing, et al. (1770)
Construction and Denitrification Performance of A%/0 Based on Partial Nitrification Coupled with an ANAMMOX System ++s+eseeseeseeseesensees LIU Xiao-chai, RONG Yi, WEN Li-jie, et al. (1779)
Construction and Mechanism of Methanotroph-hased Ultimate Denitrification System for Tailwater of Urban Sewage Plants «+oveveeeeessesveeees YANG Ya-nan, LI Yan-cheng, LI Jiang, et al. (1787)
Impact of Hydraulic Retention Time on Performance of Partial Nitrification Granular Sludge in Continuous Stirred-Tank Reactor WANG Jian-fang, QI Ze-kun, QIAN Fei-yue, et al. (1794)
Realization Process of Nitritation and Changes in Sludge Characteristics in Granular Sludge Reactor for Low Strength Sewage Treatment -+ ZHU Lin, CHENG Cheng, SONG Jia-jun, et al. (1801)
Characteristics of Organics Transformation and Sludge Morphology in an ABR for Sewage Treatment with Different HRTs «+reoeeeerereeeereses CHENG Cheng, ZHU Lin, GUO Kai-cheng, et al. (1808)
Effect of Adding Granular Activated Carbon ( GAC)/Manganese Dioxide (MnO,) for the Anaerobic Digestion of Waste Activated Sludge -++++++++* YANG Bo, JIA Li-juan, XU Hui, et al. (1816)
Trace Metals Pollution and Health Risks for Planning Area Soils of 193 Chinese Cities «+«+ssssessrsrssssssmssnmmissininninsnsnsinnee LI Kuo, PENG Min, YANG Zheng, et al. (1825)
Assessment of Heavy Metal Pollution in Surface Dust of Lanzhou Schools Based on Random Forests ««+sesseseseeressensenensninennsnisenns HU Meng-jun, WANG Jia, ZHANG Ya-yun, et al. (1838)
Contents, Sources,, and Ecological Risk Assessment of Polycyclic Aromatic Hydrocarbons ( PAHs) in Surface Soils of Various Functional Zones in Yangzhou City, China *+++-
........................................................................................................................................................................... YAO Cheng, NI Jin-zhi, LIU Rui, et al. (1847)
Safety Assessment of Rice Planting in Soil Cadmium Geological Anomaly Areas in Southwest Guangxi ~ »«+++sessereereereseseneneeennene CHEN Tong-bin, PANG Rui, WANG Fo-peng, et al. (1855)
Bioavailability and Influencing Factors of Soil Cd in the Major Farming Areas of Chongging —«++s+sseseesesresesseresemenennsininennsnens WANG Rui, HU Xiao-lan, ZHANG Yong-wen, et al. (1864)
Control of Cadmium Migration and Transformation in Alkaline Paddy Soil-Rice Using Cotton Stalk Biochar +++ LIU Shi-dou, ZHU Xin-ping, HAN Yao-guang, et al. (1871)
Reduction of Soil Cadmium Activity and Rice Cadmium Content by 4-year-consecutive Application of Organic Fertilizer +++ XUE Yi, YIN Ze-run, SHENG Hao, et al. (1880)
Effects of Nano-magnesium Hydroxide on the Forms of Cadmium in Different Types of Soil DENG Ji-bao, ZHANG Chun-lai, XU Wei-hong ( 1888 )
Selenium Uptake Characteristics of Reclaimed Soil-Crop from Mining Wasteland and Its Antagonistic Effects on Heavy Metals «+++veeeeeeeeeeees YIN Bing, WANG Jian-fei, SHI Sheng, et al. (1904 )
Dynamic Effects of Different Biochars on Soil Properties and Crop Yield of Acid Farmland :ervereeseeeserenenmimenni. YANG Cai-di, ZONG Yu-tong, LU Sheng-gao ( 1914 )

Effects of Fertilizer Reduction and Application of Organic Fertilizer on Soil Nitrogen and Phosphorus Nutrients and Crop Yield in a Purple Soil Sloping Field = «+xeseseeeereseerevssisscnnenens
-+ ZHU Hao-yu, GAO Ming, LONG Yi, et al. (1921)
Response of Nitrogen Loss Flux in Purple Soil Sloping Field to Reduced Fertilizer and Combining Straw «-+-++++seesseseeeees XIONG Zi-yi, WANG Zi-fang, LONG Yi, et al. (1930)
Effect and Approach of Enteromorpha prolifera Biochar to Improve Coastal Saline Soil +«+e++srssersrsseresressnmnscnsnnesinecss e WU Dan, SUN Ping, LU Peng-zhan, et al. (1941)
Vertical Distribution of Soil Dissolved Carbon and Its Influencing Factors in the Artificial Shelterbelt Irrigated with Saline Water in an Extreme Drought Desert — «+seeeeseseeseerseeseneneeenes
............................................................................................................................................................ MENG Tian-ge, WU Lu-yao, ZHANG Shao-lei, et al. (1950)

LU Lai-xin, SONG Lei, LIU Zhi-li, et al. ( )
*+ GUO Jun-li, TIAN Mei-jie, GE Ti-da, et al. (1968 )
(1976)

(1987)

Response of Soil Enzyme Activity and Chemical Properties to Nitrogen Addition in a Korean Pine Plantation

Consumption Capacity of N,0 in Paddy Soil and the Response Mechanism of nosZ-I-containing Communities *




	1
	04
	zml

	20200439

