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Abstract:’ To investigate the dominant plants in ecological restoration of tin mining areas, field investigations were conducted in a tin
tailings/area in Lailishan, Yunnan Provence, and 15 dominant plants and corresponding rhizosphere soils were collected. The plant root
mycorrhizal infection rate; the copper (Cu), cadmium (Cd), arsenic (As), nickel (Ni), lead (Pb), and tin (Sn) contents; and
the chemical properties of the rhizosphere tailings were determined. The transfer and enrichment coefficients of six heavy metals were
calculated for each of the 15 plants to comprehensively evaluate the application potential of native plants. The rhizophere tailings had an
average pH value of 3. 13, which was acidic. The organic matter, total nitrogen, total phosphorus, total potassium, alkaline hydrolyzed
nitrogen, and available phosphorus content of the soils was 6.07 g-kg™', 5.74 g-keg™', 0.62 g-kg™', 8.66 g-kg™', 30.84
mg-kg™', and 2. 08 mg-kg ™' respectively, indicating relatively nutrient-poor soil. The average Cu, Cd, Ni, Pb, As, and Sn contents
of the soils were 347.40, 1.02, 1.34, 168.47, 25.81, and 2299.02 mg-kg™', respectively. Among the heavy metals, the Cd
content reached a third-level pollution warning value. The soil also contained a large amount of Cu and Pb which exhibited a different
spatial distribution. This area appears to have a high risk of Cu, Pb, and Cd pollution. In addition, the roots of Olea europaea L. and
Eurya japonica Thunb. had a high rate of mycorrhizal infection. Alnus cremastogyne Burk., Bambusa multiplex ( Lour. ) Raeusch. ex
Schult. ‘Alphonse-Kar’ R. A. Young, Juncus effusus L., and Cyperus rotundus 1. var. had a strong ability to absorb and transport
heavy metals. The other plants were also adapted to the growth environment of the tin tailings, with the potential to restore the mining
area.

Key words :tin tailings wasteland; native plants; select; heavy metals; transport and enrichment
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Table 3 Plant survey of tin tailings area in Lailishan
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WAh -

SYHTRE 3 M2 R R L B 75
B HUPTRES R 80 R TR AR AL

e KT R AT SR 5 , R o Mt

" e 7604 2N S 1 A LR ARk
(Alr;us cremqs"tog.yniz Burk. ) | /J\'.“g"‘é Q_é Ly Barribuf(d
multiplex, ( Lour. ) Raeusch. ex Scht}]!{: e zfll}fhgnse-
Kary R.'.M'IA. | Youﬁg] \%Tiﬂ‘g(]uneus eﬁfusus L. ) \7/}:
i ( (fypérlﬁs rotundus L‘.h ) FIZE B ( Cares spp. f‘%ﬂxiﬁ-
R A A RT3 B e ) i HLBOR B2 9
ISR N O R AR X R 4R T
R e SRR 370058 B A AP A A R A
T AT B e AR SR S 5 R v T
K HAE KA LB A IR 7 4t A AR AR KR Y S
Y.
2.3 YRV IEFEHIINY E R R G E R R
PNV

N TR T SERAN 1L AT 3 A XA )
%t Cu, Cd, Ni, Pb, As I Sn W& X BURE T,
SR XA YRR 4w I Of BB —E
BRI AR, AR U A R AR AR 1A N 4
J& S AT T . AR 4 AT LUE 1, 15 FhA £
FEH 0 4 S AR R WA AN T, Gt b 9 o 4 s
G A :Cud.75 ~12.04, Cd 0. 16 ~0. 84, Ni 0.3
~7.6,Pb0.05~4.67, As 0.05 ~1.07 #1 Sn 0. 03
~0.78 mg-kg ', FHYIHL T #H Cu, Cd, Ni, Pb, As
I Sn B4R S B F 200 O 1 6. 49 ~23.87 0. 34
~1.3,1.2~10.5, 0.64 ~23.57, 0.23 ~2.76 Fl
0.21 ~3.43 mg-kg ™. HH RN Cu, Cd, Pb I

&ﬁﬁ&%ﬁﬁ@ﬁﬁ&ﬁﬁﬁ%ﬁﬁ%@g
FARTT LA L 45 MM 10 356 56 ) 5 Bk T 1
2 MU Y L S g s i T k.
L f Y S ._
AR AT R i R 2 Cou SR UG
Ph. As, Ni il Cd, [ R0 i it o 4 i ik o RERC 14

£

TPV R ) (5T 4 A AL,

BE R S R R AR Y AN e D, S P
— i P AR AR AR EE LAY Sn0, 1Y
BRI T B A A R E 48 TR
RSN 52 R R 46 T 5 6 1) 520, A 400 5 1 A
8 S A AR e A AR ) - S e AR
S

AR LR, MR AR g R — k5
SR B OIAOG , BB A Y R A DTS G )
PR 4w A NFe 4 th AT LA, A
AR EL XS 15 MO R Y = Gt Dl 25 A AN ).
HARZM T, KEBEM (Olea europaea L.) | 12 K
( Eurya japonica Thunb ) 4351 FT S P8 AR B B T i 3G
A SRR IIBE SR, 2 B AR 5 i L 35 AL T
A E £,
2.4 BREVIEFHAAMYNESIEN S E
SERHIE

TR Z2 M o 4 T R Iy b AR5 RS
XAFERS E 4 R T R 1Y RE ) AR W e B AR BOK i
i, Bis REUE RS UOITAEY) AL B R Y RE B
SR L AT RUE R L R R S kT
OF PSR RN Cu Y558 BT 1, ALES



8 3] FIRAT . KA AT X AL S i A 5 1 B W T1 907 3967

e ARXT Cu WFE 12 R4 0°8 0. 49 F10. 36, 7 iz i
J1#55. FAAR RERME R/ INZBEATXT Cd W% i R %R
PP 1.29 1,46 F1 1,04, %} Cd A BB A s fie
71,0 Ni A5 B BB is ge J1 A LAY A P R
K G RNLTEN  is R R T 1. ST HXT
As W% RECH 1. 81, BLEAXT As A BR 155 g

F1. INLFERT R RA R Sn A BRI s e T, s
ZET N 2. 67 F11.09. FF RAEMA KW Ph §4
BAES/INT 1, 0B AR AR, sk
Skl — 4 SR AEAN R A ) v (9 7 e R BN R) 4
JRAER—HY T 518 REFER K ES AR
P ST R R e AR OE - N

x4 EVMENESEREARERE

Table 4  Concentration of heavy metals and mycorrhiza in plants

G B G/ mg kg ™!

% SR YR /9

LELZELEN A o o N o ~ S FHR R YL/ %
et i b3 5.32 0.23 3.7 1.13 0.60 0.50 a6

iR 7.12 0.41 3.2 12.63 0.75 3.31
i i b3 4.75 0.7 2.1 0.36 0.32 0.19 10.8
Hi R 8.08 1.3 5.6 5.53 2.76 2.47
" i 13 4.93 0.84 3.9 4.67 0.31 0.78
FEA b 8.0
bR 6.49 1.2 2.8 23.57 1.32 2.32 L
i Hh 3 11.52 0.22 7.6 0.11 0.87 018 £ g4 IF
W B L ‘ | =H,/0 f
H R 12.52 0.39 2.2 1.90 2.21 0.52 = /S &
o |- 6.62 0.16 |4 2.2 03 | o3 0.40 /=
[EEN{) s & [ L & S ooan !
T 12.62 0.34 4.8 1.89 [ & 113 1 0.99 '
KR Ho 1 8.39 .0.79 g 4.7 0.39 | "0.32 0.14 o7
o K 16.85 0.54| 7 S 17.41 / 1.66% /0.9 -
— i ] F A y - O e #
i r ) i / - L ' < -
LS }&Jﬁﬁ. 5.19 Y 1T 0.15 %, 0.16 4 & 0.06 s
<3t 14.38 4 40798 o~ 7 3.9 0.68 0.23 0.21 f =
= i i . = ' 3 -
N5 fmtfr& 11.68 9.55 j 2.4 0.29 - 0.29 0.32 4 A
iR 14.29 J,- 0453 § 1.5 0.64 0.79 0.12 i
%ok | ] t&tﬁﬂ oy 1162 0.411 -_.Q;‘7 : 0.05 0.32 . 0.08 04
f SRR 23.87 40.6044 = _1__,.2*" 0.79 0.57 0.23
sl i‘uﬂh%ﬁ 8.85 0.21 0.9 0.21 0.54 0.06 295
i iR 9.53 0.57 2.2 19.42 2.15 2.08

ik ﬂﬂj:%ﬂ 5.25 0.44 0.3 0.20 0.50 0.24 16.5
iR 9.37 0.53 1.4 14.29 0.65 0.22

s iﬂj:‘%ﬂ 8.63 0.54 2.5 0.32 0.17 0.03 173
iR 9.80 0.66 3.4 5.30 0.56 0.18

Kt ﬂﬂigﬂ 12.04 0.72 2.1 0.39 1.07 0.09 7.3
iR 9.40 0.86 10.5 15.11 0.59 3.43

s Hi b3S 9.94 0.42 2.9 0.23 0.05 0.32 51 s
T H 9.49 0.53 10.3 0.65 0.37 0.72

7

s Hh 1 11.28 0.31 5.8 0.64 0.66 0.20 .0

Hh T 10.31 0.45 9.8 9.02 0.74 1.36

AR RO A B R Ea R R RAE A
BRI RN AR AR A RO, R W]
R o) I\ SR g AR AR N B R 5
Mo A X 2 B Y, A WF A L X R T
U EEREURT 0.5, BB YN B 4R 1Y 4R
REH; MEEREAE0.5 ~1.0 Z[H], W HEE
MRS M AAEY I, Y EER
BUNT 0.2, Ul WTAEYI O B BB Z R85 ; &
FERBAE0.2 ~0.4 Z] X EREA—EMHEB

BHeSr; BEERBKT 0.4, WULRAAEY X 54 8
TSYRE S e T BR. B A A R RS KL 2 ok
E, 15 MR HAEYIRE Cu, Pb, As 1 Sn B & SERE T
ACES. M0 AR ORFRME ANEELZ AT RREG AR 5
MIFnIs FEX; Cd W& R B E T 1, 2.6,
1.87.1.04 . 1.26, 1.07, 1.41 F1 1.2, i) B %k so
Pixt Cd R E S RE . AR R A R
KT FHZE RN Ni (s e R T 1,0 Ni A&
B E R . AT EXT As B E B R HGR #



3968 7D 53

B 42 %

181, PAHIAT L FEXT As A 05 1) & AL RE . SR A Hk
%f Cu, Cd, Ni, Pb. As Fl Sn W B4 ZHH/NT
0.1, UtAZ NS H WL Cu, Cd, Ni, Pb, As Fll
Sn.

Py

R
PN
Y ANEERT
o Cu a—Cd o Ni Pb

&= As ©— Sn
| R E SRR E R 4
Fig. 1 'l‘ranspor-tﬁltion factors (TF) of hedvy metals in plangs ;‘,'.-““
i

FLRY
o Ni

BT

—— Cu =—Cd o~ Pb e As =-e—8n

B2 HEUNESENEERY

Fig. 2 Bioaccumulation factors ( BCF) of heavy metals in plants
3 g

BIRER IR T e R IR, A ML R AR A L
P A KL TE ISR 2 (R W) B sk =, Fn | 2
e 4 B i, B XU P 95 1) 1 3R R RE
TR ERAS FRATRIE AW A SRR AN G218 . HIR
iy R 0 WY da 19 X 4 39 oh o G e 1 W TE S
TV REFRICR M EZ . AU R M T
AT LA R R R SR A

TEB T HE T K IO REYIRENS 1A I
BSR4 S 1 P 5808 1
. AT B RE L 1SRRI R KR R AE, A
EAIRE 6 4 8 1% 12 1 65 4 3 ) DA H, 645
RO 4 % SR RAEAR . % 7 1 B
A7 SRR SR P TR 24 3, e R
FE0 L R R ) T 8 D SRR R
YA B RV R (7). 5] — R0 ) 0 o R M 4
TRIBE S A —E (0925, Btk KAER T B
TP L9743 4 T80 AR ol LR RSB A
WFGEHTRLAR /N BER AT L 503G B 2 R oL
T A LA b B TR R LU ik
TERY BT 1. T 0008 56 4 % 1 W S 325 1
W B BB S SR — B, L R
PRI AR T 42 8 8 AU AR IR 11
YT I8 AR AR 1 5 A R
R b 4 1 T Gl 7 I A X MK, LS 40 7 G
Wz S0 g0 A T R i i B
&R TR A P 4

ARG A 28 WA R LT LA i A
Yy AR B BT R L, e
FEe WA ST G A AT A MK BR i
8 4 R4 22 . T PSR- M0 BBl 1
SR AR AR TR A0 2 K A, WA 77 A

R RE S B X A AR — I S B S

FARLES IR, IRIA IR S 45 M S8 Bk | i Jm kA2 o]
FREEE. PRI, ISC0E P B A 7 98 S G 7 7%
SIE W AR YRR LG LRGN ES

&

4 gL

(1) ML R0 K 354 1+ 38 pH JEHILE 2. 03
~5.19, 2@t BA PR 555 & i 34k TRARK
S IFAEAE Cu., Pb A1 Cd JCE B R AT5 Y XU

() HERAEB R R34 By 15 FhA kY
BIREE N X FR B8, W & B R B —
it FEA ANLBERT AT ORI R A B R %
X VA, TR T 5 AR B RIS AR & T AR
TS FE AR RUAR ), 108 | R AT Bk RTRE HS i R ke AR
FEY). AAEGE T AR BRAE AS AR 5 DKL TR R I 0 22 (1]
T E BRI A SR A B AW ED XA B
ERBE T EEEZER.

(3B X ZFAR M8 AT A, HA
TAE I 25 Ty Z0ME T T W S A P AL . O sl A ixX
BBl R N DAAS A6 ) Ol FE 25 FE R AL 8 R )N
DXtk — 20 i AT - - AL S A T R Y £



8 1

\

SRR RN L AT X AR i A 5 A B S 1 A o

3969

TR R R SRR E .

() BAE R ZE D THes W e 5

BRI 45 X HA A DX E R B 0 DX A i

N S ISk Y N o e
EEASIE =2

it

e LR RLY B 2 B

S k.

(1]

[6]

[7]

[9]

ILv ]S, XlaQ Yan T,

v . -"“ i f . .
_/ distributions, and pollution status of heavy metals in $6ils from

". and"l Ecological [Risk [Assessment:

1 2019525¢8) .

Wu H Y, Deng J, Wang Q F, et al. SIMS U-Pb zircon
geochronological and geochemical study of the Sn deposits in
Tengchong, north of the Southeast Asian metallogenic belt:
Implications for the timing of mineralization and ore genesis[ J].
Ore Geology Reviews, 2019, 111, doi: 10.1016/j.
oregeorev. 2019. 102954.

skak, HRIE, FEE, . S RORFILBT 8 A bR AURRIE
B HAR TR X[J] B AR ( ASRBLAR) , 2019, 55
(6): 888-897.

Zhang H, Shen J F, Dong G C, et al.

typomorphic characteristics of cassiterite of Lailishan tin deposit

The study on the
in Yunnan province and its prospecting significance[ J]. Journal
of Nanjing University ( Natural Science), 2019, 55(6) . 888-
897.

FHEE, 0005, B, % SRR Ik TldE s
IR A R ). HHIRLAE, 2019,
40(1) ; 437-444.

Wang Y Y, Li EA- Wang X Y, et al. ‘Qpatial distribition, and

_aisk asaessmenf of heavy metal contaminatiod in suﬂace farmlﬁrrd‘
" soil around- ‘;'1 1ead and zinc smelter[ J ]. hn\aronm(j;)d Sgle{lce

2019, 40(1)- 437 444, -

et al. Identifying| the'sources, Spﬂtlal

the ‘southern coast! of Laizhou Bay, eas.telrn'I China [j 1.
1953-1967. ¥

PRk I X SR 1
HREERL2E, 2019, 40

W_(mﬂ XU, AL, S
24 JE R L B R KR A (],
(12) : 5629-5639.

Chen J Y, Liu G B, Cui J L, et al. Mobilization of heavy metals
in a soil-plant system and risk assessment in the Dabaoshan mine
area, Guangdong Province, China[J]. Environmental Science,
2019, 40(12) ; 5629-5639.

Zhan ¥ D, He Y M, Zu Y Q, et al.

concentrations and mycorrhizal colonizing status of plants from

Heavy metal and sulfur

abandoned lead/zinc mine land in Gejiu, Southwest ChinalJ].
African Journal of Microbiology Research, 2013, 7(30) . 3943-
3952.

Wi, BA04T5, B, &5 MR Le X RS E XA 17
T LAY )R & i AR AR ], BREEALE, 2019,

38(1): 78-86.
LuJ, Zhao X Q, Huang J,

enrichment characteristics of 17 species indigenous plants in the

et al. Heavy metal contents and

tailing surrounding in Shizishan, Tongling [ J]. Environmental
Chemistry, 2019, 38(1) . 78-86.

wAt, R, A, B OHRITO AR R IR
FHSEEMYE (1], R, 2020, 41(8): 3829-
3835.

Huang J] H, Fu J L, Yan X R,
reclamation by Juncus ochraceus Buchen as a potential pioneer
plant[ J]. Environmental Science, 2020, 41(8) ; 3829-3835.
MR, Jrst, KL, % sMA NS XEL 8
QP BABBIR IR )], K AR FFEAR, 2009, 29(6)

et al. Acid mine wasteland

Human |

An lnt,f:r'r“lation?l# jogﬁgfxl“i';;f

[10]

[11]

[12]

[13]

—
—
=~

[16]

[17]

[18]

[21]

[22]

208-212, 231.

Zheng G Q, Fang X J, Zhang H J, et al. Heavy Metal pollution
and vegetation restoration in Gejiu tin deposit in Yunnan Province
[J]. Bulletin of Soil and Water Conservation, 2009, 29 (6) :
208-212, 231.

Fst, B, SKINL, & ZrA A HS S LB 7 i bl
WSZHART]. PRV BREERIE, 2009, 7(6) : 40-45.
Fang X J, Wang W, Zhang H J,
technique of mining wasteland in Gejiu Stannary of Yunnan
Province[ J ].
(6): 40-45.

Brundrett M C. Mycorrhizal associations and other means of

et al. Vegetation restoration

Science of Soil and Water Conservation, 2009, 7

nutrition of vascular plants: understanding the global diversity of
host plants by resolving conflicting information and developing
reliable means of diagnosis[ J]. Plant and Soil, 2009, 320 (1-
2).:37-77.

Zhan F D, Li B, Jiang M,

enhance antioxidant defense in the leaves and the retention of

et al. Arbuscular mycorrhizal fungi
heavy metals in the roots of maize[ J]. Environmentdl Science
and Pollution Research, 2018, 25(24) ; 24338- 24347

o R B o A A 2 L *@#ﬁ@%t

5o BheE AL, 2004 -
BRIR. RGEIRE MY LS rhlﬂi%lkflﬂrmt, 008.
b, A 6%)175“5_3 M. dbsel Al B
st 2000, 2 4
Phllhsz M, .-Haymalﬂ D S Improved procedures forclearing
roots and" staining parasitic and vesicular-arbuscular myeorrhlzal
fungi for Idpld assessment Gf infection[ J ]. Tfansa_cl_m_n; of ﬂl?‘.—-“
British Mycolnglcal Socigty, 1970, 55(1) : 158-161. ol
WAL, &‘ém ASCHE, . VLA < -
BB LB AR [J). 4l IR SRR IR,
2016, 35(8) ;']498- 1506.

Yao R J, YangJ S, Xie W P,.. et al. Accumulation and potential
ecological risk assessment of heavy metals in greenhouse soils
from coastal area of Jiangsu Province [ J ]. Journal of Agro-
Environment Science, 2016, 35(8) : 1498-1506.

PRI, AROKCE. A R DX R S 4 S g B A AL
PEEE[)]. AIRE, 2004, 13(4) : 553-555.

Guo Z H, Zhu Y G. Contamination and availabile contents of
heavy metals in soils in the typical mining and smelting
circumjacent districts[ J ]. Ecology and Environment, 2004, 13
(4): 553-555.

Wang X, Liu Y G, Zeng G M, et al. Pedological characteristics

of Mn mine tailings and metal accumulation by native plants[ J].

Chemosphere, 2008, 72(9) : 1260- 1266.
T, R BWTSE, AF. IO R R R AR TR U 4 )

BVEF——LAB X 2 Cd |, Zn B Cu NBILT]. AP [RERIE
B4, 2020, 40(9) ; 3911-3918.
Weng X, Long H'Y, Yang X M,
amendments on the absorption of heavy metals by Eucalyptus—

China

et al. Effects of combined

taking Cd, Zn and Cu of mine soils as example [ J].

Environmental Science, 2020, 40(9) : 3911-3918.

%{35 L R, JHEE, L MR R Y LI E &R
ﬂclTﬁMi%?é’%E%iﬁEﬁ%%ﬁ[ﬂ- WHERL, 2018,

39(8) . 3845-3853.

LiJ K, Zhang D, Zhou P,

pollution in soil and its bioaccumulation by dominant plants in a

et al. Assessment of heavy metal

Nanjing [ J ]. Environmental Science,
2018, 39(8) : 3845-3853.

RENNG, JelE, XK, O REEE X R HE SR S A R
AERIRUSAF A (1], B IREEEL 2, 2018, 38(3) : 1054-

lead-zinc mining area,



3970 A 42 %
1063. Dabaoshan polymetallic mine in Guangdong Province[ J]. Acta
Wu J N, Long J, Liu L F, et al. Spatial distribution and risk Scientiae Circumstantiae, 2019, 39(2) ; 545-552.
assessment of heavy metal pollution in farmland soil of a lead-zinc [31] Rk, Redt, HEF], & ek TG REES
mining area[ J]. China Environmental Science, 2018, 38(3) : JEE MY 1], AR, 2004, 13(2) : 156- 157,
1054- 1063. 160.
[23] kg, sK=EE, R, % o 2R XL EHY & 4 WuS T, Wu X F, Hu Y L, et al. Studies on soil pollution
J& & R KON FH(;ij[ I]. %ﬁ*@%’l’, 2020, 41(9) ; 4210- around  Pb-Zn  smelting factory and  heavy  metals
4217. hyperaccumulators [ J ]. Ecology and Environment, 2004, 13
Zhang L, Zhang Y X, Song B, et al. Potential of accumulation (2): 156-157, 160.
and application of dominant plants in Lanping lead-zinc mine, [32] RtjE, Btb=, SRPR%E, 25 YRR IS X 3 MR
Yunnan Province [ J]. Environmental Science, 2020, 41(9): YIRS 4 8 A I 40 M o A5 AL 2R TE SRR [T ). SR
4210-4217. 2%, 2017, 38(7) : 3054-3060.

[24] HEH, BEiEER, EWR, 5. RFEVE 1S MiEYx EL R Zhu G X, Xiao H'Y, Guo Q J, et al. Subcellular distribution
Pb . Zn YT B 5% 4> Wz ik [J]. EERL2%, 2012, 33(6): and chemical forms of heavy metals in three types of compositae
2021-2027. plants from lead-zinc tailings area[ J]. Environmental Science,
Shi X, Chen Y T, Wang S F, et al. Pb, Zn accumulation and 2017, 38(7) : 3054-3060.
nutrient uptake of 15 plant species grown in abandoned mine [33] Rk, H¥, Hotse, 55 BAFA LR E 48
tailings[ J]. Chinese Journal of Environmental Science, 2012, W EEFRIEL )], KR RR2E3R, 2016, 30(2) : 317-322.
33(6): 2021-2027. WuH F, Tian L, Weng G Y, et al. Study on hegyy. metal

[25] ZERUME, BAREA, WIS, &5 P9 SR G0 I A A absorption and enrichment characteristics _of , dom'fii-anl Planti
YIRS KT A @ IR AR [ ) ], BRI K 2 %ﬂ?x( SRS species settled naturally 'on coal gangue plle J_D!{]:fldl ‘of Soil
M), 2017, 34(4) : 107-113. and Water Conschdtlon 2016, 30(2) ; 317+ 3‘22
Li F M, Yang S X, Cao J B, et al. Species and hegﬁy ‘Metal [34] Gil-LoaizaJ, WhltP 3 Ay 'Root R A, et al. Phytd%tal}).lzatﬂon of
tolerance of main dominant plants in manganse mine tailings , mine lallmgsrusmg compost-assisted direct pla‘ntmg,-" Transating
Xiangxi[ J]. Journal of Chongqing Normal Umversriy ( Natural greenhouse results 10" the field [ J]. Science ~of the” T_E{;ll
Science Edlllon) 2017, 34(4) . 107- 113 L . Env1r0nm9nt 2-016 565 451 461. r

[26] ,.Weyenq N, Th‘l]s S, Popek R, et al. The role of pldnt—tﬂlcrpbeld [35] Lenﬂri< R‘ ALLSY Lhang H h, et al. The influence of pH and
interactions’ and'lhelr exploitation for phy&()remed 1on,-6¥‘ air organic maller ¢ontent jn paddy soil on heavy metdl avallabﬂ"ly_-ﬂ

= pollutants [ ﬂ IntPrnatmnal Journal=of Mﬁiecu Sqen(‘es, and thealr take by rige plants [J]. Env1r0nmental Pollutiér,
12015, 16{10) ; 25576-25604. u f 20115 159(1) - 84- 912} )
[271 # Gadd G M. Metalb minerals and microbes 3 geoml(mbldiogy and [36] Chen Z B Hu S S. "Heavy metals distribution and’ thelr

12847,

f%ﬁ#‘i*f“ﬁﬂ&ﬁ{’ﬁmﬁﬁﬁ[ﬂ

[29]

bloremedlatmn[,ﬂ Microbiology, 2010], 1 6(3) 609- 643
eV IN tbjﬁﬂﬂ LY, 45 U\&Tﬁ’rﬂﬁlﬁfﬂ“xi

4455 4459. o

Ii's P, Bi Y L, Kong W P,
mycorrhizal fungi on environmental phytoremediation in coal mine
areas| J|]. Environmental Science, 2013, 34(11) : 4455-4459.
LiNY, Guo B, Li H, et al.
heavy metal uptake by six forage species and the potential for

2016, 26 (5): 717-

et al. Effects of the arbuscular

Effects of double harvesting on
phytoextraction in field[ J]. Pedosphere,
724.

WG, HE, BREE, & TAREINZ eI LY
AR S R ARE B TR [T]. HIRRE4, 2019,
39(2) : 545-552.

Zhang P, Yang F L, Lan M M,

tolerant plants and soil amendments of the tailings of the

et al. Phytostabilization with

FERHE | 2013, 34gu->“"f [37]

[38]

[39]

bioavailability In earthworm assistant sludge treatment wetland
2019, 366: 615-623.
Mohamed I, Zhang G S, Li Z G, et al. Ecological restoration of

[J]. Journal of Hazardous Ma;erials,

an acidic Cd contaminated soil using bamboo biochar application
[J]. Ecological Engineering, 2015, 84. 67-76.

BUNE, KM, RS, EPORIRET X 1 ST g
P AR E T ] AR, 2014, 34(15) ; 4201-
4211.

Huang X J, Jiang C S, Hao Q J. Assessment of heavy metal
pollutions in soils and bioaccumulation of heavy metals by plants
in Rongxi Manganese mineland of Chongqing[ J].
Sinica, 2014, 34(15) ; 4201-4211.
Camenzind T, Hempel S, Homeier J,

Acta Ecologica
et al. Nitrogen and
phosphorus additions impact arbuscular mycorrhizal abundance
and molecular diversity in a tropical montane forest[ J]. Global
Change Biology, 2014, 20(12) ; 3646-3659.



HUANJING KEXUE Vol.42  No.8

Environmental Science (monthly) Aug. 15, 2021

CONTENTS

Characteristics and Control Strategies on Summertime Peak Ozone Concentration in Shanghai «+«+«++sstssesssesssesensssnienensiinicnens YAN Ru-sha, WANG Hong-li, HUANG Cheng, et al. (3577)
Characteristics and Sources of VOCs at Different Ozone Concentration Levels in Tianjin WANG Wen-mei, GAO Jing-yun, XIAO Zhi-mei, et al. (3585)
Pollution Characteristics and Source Apportionment of Atmospheric VOCs During Ozone Pollution Period in the Main Urban Area of Chongging ««+«+«sssesseessessesenssmmienensinincneenns
..................................................................................................................................................................... 11 Ling, LI Zhen-liang, ZHANG Dan, et al. (3595)
Emission Characteristics and Atmospheric Chemical Reactivity of Volatile Organic Compounds( VOCs) in Automobile Repair Industry -+ CHEN Peng, ZHANG Yue, ZHANG Liang, et al. (3604)
Analysis of the Continuous Heavy Pollution Process in the Winter of 2016 in Beijing, Tianjin, and Hebei MAO Ye, ZHANG Heng-de, ZHU Bin (3615)
Evaluation of Air Pollution Characteristics and Air Quality Improvement Effect in Beijing and Chengdu - -» DANG Ying, ZHANG Xiao-ling, RAO Xiao-gin, et al. (3622)
Chemical Components and Sources of PM, 5 and Their Evolutive Characteristics in Zhengzhou ZHAO Xiao-nan, WANG Shen-bo, YANG Jie-tu, et al. (3633)
High-frequency Responses to the COVID- 19 Shutdown of Heavy Metal Elements in PM,, 5 in Shanghai »++eseseereeseerseeeseenenenenes CHENG Kai, CHANG Yun-hua, KUANG Ya-giong, et al. (3644 )
Analysis of Ultraviolet Aerosol Index in Guangdong-Hong Kong-Macao Greater Bay Area ««+xtoetovereessmesvsnssniisiniinensnnnen DUAN Jia-le, JU Tian-zhen, HUANG Rui-rui, et al. (3652)
Vehicle Air Pollutant Emission Inventory and Characterization in Henan Province from 2016 10 2019 «+sersereeressersenseeseneneninencniens GAO Dan-dan, YIN Sha-sha, GU Xing-ke, et al. (3663 )
Characterization and Exposure Risk Assessment of Non-phthalate Plasticizers in House Dust from Guangzhou -+ + LIU Xiao-tu, PENG Chang-feng, CHEN Da, et al. (3676)
Distribution, Sources, and Risk Assessment of Polyfluoroalkyl Substances in Main Rivers and Soils of Tianjin WU Qian-gian, WU Qiang, SONG Shuai, et al. (3682)
Differentiation of Hydrogen and Oxygen Isotopes in the Water Source Treatment Wetlands of Stream Networks +«++sesseeeeessessesesieneneneenne YANG Ting, WANG Yang, XU Jing-yi, et al. (3695)
Characterizing Sources and Composition of Chromophoric Dissolved Organic Matter in a Key Drinking Water Reservoir Lake Tianmu «+eeeoeereresserenssnnsnie
......................................................................................................................................................... ZHOU Lei, ZHOU Yong-giang, ZHANG Yun-lin, et al. (3709)
Sources and Optical Dynamics of Chromophoric Dissolved Organic Matter in Different Types of Urban Water Bodies -+ YU Xiao-gin, CUI Yang, CHEN Hui-min, et al. (3719)
Temporal and Spatial Evolution Characteristics of DOM Spectra in Sediment Interstitial Water in Typical Zones of Baiyangdian Lake —«+«+eseessesressesemenninenennnncnninn s
...................................................................................................................................................... ZHOU Shi-lei, CHEN Zhao-ying, ZHANG Tian-na, et al. (3730)
Sources and Spatial Variation of Dissolved Organic Matter in Summer Water of Inflow Rivers Along Chaohu Lake Watershed -«+-«+:esseseeseee NING Cheng-wu, BAO Yan, HUANG Tao, et al. (3743)
Spatio-temporal Distribution Characteristics and Driving Factors of Zooplankton in Hongze Lake = «++eeesereereresrsinenensinniniinienen CHEN Ye, PENG Kai, ZHANG Qing-ji, et al. (3753)
Effects of Farming Practices on Soil Nitrogen and Phosphorus Concentrations and Its Loss in the Drawdown Area of the Tributary Embayment of the Three Gorges Reservoir
........................................................................................................................................................................... LUO Fang, LU Lun-hui, LI Zhe, et al. (3763)
Temporal and Spatial Evolution of Non-point Source Pollution Load of Total Nitrogen in Tuojiang River Basin = +«sseseereereeereseneneeiencnnens XIAO Yu-ting, YAO Jing, CHEN Shu, et al. (3773)
Microplastic-Induced Alterations to Antibiotic Resistance Genes in Seawater —«+seseseeeseesesssenensninineniini e ZHOU Shu-yi-dan, ZHU Yong-guan, HUANG Fu-yi (3785)
Enrichment of Antibiotic Resistant Bacteria and Antibiotic Resistance Genes by Sulfamethoxazole in the Biological Treatment System of Mariculture Wastewater —«-«eveseesesrerseseesennennenees
+=+ WANG Jin-peng, ZHAO Yang-guo, HU Yu-bo (3791 )
Optimization of Tidal-Combined Flow Constructed Wetland System and Tts Removal Effect on Antibiotic Resistance Genes -+ CHENG Yu-xiao, WU Dan, CHEN Quan-le, et al. (3799)
Temporal-spatial Distribution and Risk Assessment of Polycyclic Aromatic Hydrocarbons in Soil of Xiangxi Bay in Three Gorges Reservoir Area «-v+seseeseereeesesenensininenennincneneenes
..................................................................................................................................................................... HUANG Ying-ping, JIN Lei, ZHU Can, et al. (3808)
Spatial Distribution Pattern and Influencing Factors of Industrial Pollution Emissions in Yangtze River Economic Belt LI Yun-yi, LIU Li-ping, LIU Yuan-yuan ( 3820 )
Aging Process and DOC Analysis of Four Different Types of Plastic Particles in Freshwater Systems LI Wan-yi, LIU Zhi-lin, MIAO Ling-zhan, et al. (3829)
Promotion and Mechanisms of DOM on Copper Adsorption by Suspended Sediment Particles ++= DING Xiang, LI Zhong-wu, XU Wei-hua, et al. (3837)
Transformation Characteristics of Dissolved Organic Matter During UV/Chlorine Treatment of Municipal Secondary Effluent +-++++s+-++: WANG Xue-ning, ZHANG Bing-liang, PAN Bing-cai (3847)
Effects of Different Nitrite Generation on the Short-cut Nitrification Denitrifying Phosphorus Removal Granules System «+«esessesressereeesennenens WANG Wen-gi, LI Dong, GAO Xin, et al. (3858)
Ammonia Nitrogen Removal Performance with Parallel Operation of Conventional and Inverted A%/0 Sewage Treatment Processes in Winter -+ LI Jin-cheng, GUO Ya-ni, QI Rong, et al. (3866)
Diversity and PICRUSt2-based Predicted Functional Analysis of Bacterial Communities During the Start-up of ANAMMOX -+ YAN Bing, FU Jia-qi, XIA Song, et al. (3875)
Microbial Community Structure of Activated Sludge and Its Response to Environmental Factors —+««+xesesseseesessssmenssenensnsineneens MA Qie-gie, YUAN Ling-jiang, NIU Ze-dong, et al. (3886)
Distribution and Sources of Microplastics in Farmland Soil Along the Fenhe River «++:toeeveesesrevesvsineisiniinennininene ZHU Yu-en, WEN Han-xuan, LI Tang-hui-xian, et al. (3894 )
Source Apportionment of Soil PAHs in Lanzhou Based on GIS and APCS-MLR Model = «+«+seseereereereeesenenenenincneninincniens GUAN Xian-xian, ZHOU Xiao-ping, LEI Chun-ni, et al. (3904)
Migration, Transformation Characteristics, and Ecological Risk Evaluation of Heavy Metal Fractions in Cultivated Soil Profiles in a Typical Carbonate-Covered Area —+-«+sessesreeeesesneneenes
-+ TANG Shi-qi, LIU Xiu-jin, YANG Ke, et al. (3913)
Effect of Elevated CO, on N,O Emissions from Different Rice Cultivars in Rice Fields «+++++++: YU Hai-yang, HUANG Qiong, WANG Tian-yu, et al. (3924)
Effects of Coconut Chaff Biochar Amendment on Methane and Nitrous Oxide Emissions from Paddy Fields in Hot Areas «+:eoveseeseereseens WANG Zi-jun, WANG Hong-hao, LI Jin-qiu, et al. (3931)
Effects of Biochar Addition Under Different Water Management Conditions on N,0 Emission From Paddy Soils in Northern Hainan ««+e+s+esverererrsrerenresnmnenneiinnscne e
......................................................................................................................................................... WANG Hong-hao, TAN Meng-yi, WANG Zi-jun, et al. (3943)
Ecological Effects of Species Diversity on Plant Growth and Physico-Chemical Properties in a Ph-Zn Mine Tailings * YANG Sheng-xiang, CAO Jian-hing, LI Feng-mei, et al. (3953 )
Investigation of Dominant Plants and Analysis of Ecological Restoration Potential in Lailishan Tin Tailings »+++«eseeeseerereesesesenens QIN Fu-rong, ZHANG Shi-ying, XIA Yun-sheng, et al. (3963)
Responses of Different Degradation Stages of Alpine Wetland on Soil Microbial Community in the Yellow River Source Zone «:+:«++++se=se-: LIN Chun-ying, LI Xi-lai, ZHANG Yu-xin, et al. (3971)
Effects of Straw Returning with Chemical Fertilizer on Soil Enzyme Activities and Microbial Community Structure in Rice-Rape Rotation ~ ++++++++ JIN Yu-ting, LI Xian-fan, CAI Ying, et al. (3985)
Shifts in Rhizosphere Bacterial Community Structure, Co-occurrence Network , and Function of Miscanthus Following Cadmium Exposure «+++- CHEN Zhao-jin, LIN Li-an, LI Ying-jun, et al. (3997)
Investigation of Soil Fungal Communities and Functionalities within Karst Paddy Fields =~ +oveeeeveeeseeressnsenensininn ZHOU Jun-bo, JIN Zhen-jiang, XIAO Xiao-yi, et al. (4005)
Adsorption Characteristics and Mechanism of Cd and Pb in Tiered Soil Profiles from a Zine Smelting Site «+++++xseseereeseesveerereneenes LIU Ling-qing, XIAO Xi-yuan, GUO Zhao-hui, et al. (4015)
Influence of Different Soil Conditioner on the Transfer and Transformation of Cadmium and Phthalate Esters in Soil = ««+sseesseeeseereees WANG Can, ZHANG Yu-hang, HE Ming-jing, et al. (4024)
Immobilization Mechanism of Four Types of Amendments on Cu and Cd in Polluted Paddy Soil =~ +«+xeseesrerrerssesenenmssninensininnenns DING Yuan, AO Shi-ying, CHEN Yi-hong, et al. (4037)
Foliar Application of L-Cysteine; Effects on the Concentration of Cd and Mineral Elements in Rice = +:esveeereeresseseseneininen ZHANG Ya-hui, WANG Chang-rong, LIU Yue-min, et al. (4045)
Effect of Cadmium Stress on Phytochelatins in Amaranthus hypochondriacus 1. During Different Growth Periods —«+«eseseeeereereeseeesenenees LIU Jia-xin, CHEN Wen-qing, YANG Li, et al. (4053)
Evolution of Material Metaholism in China’s Pulp and Paper Industry +-«ssessereesesesereneneminenniniiiiss LIU Xin, YANG Tao, WU Hui-jun, et al. (4061)



