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Effects of combined Cu—Pb—-Zn contaminants on Sn tolerance and accumulation in perennial flowers

LIU Yu—xia', XU Wei-li>, HUANG Pan—pan®, CHENG Si-wen*, ZHANG Qiang—bin', ZHOU Qi—xing>’

(1. Beijing Key Laboratory of Oil and Gas Pollution Control, College of Chemical Engineering and Environment, China University of
Petroleum (Beijing), Beijing 102249, China; 2. Key Laboratory of Pollution Processes and Environmental Criteria (Ministry of Education),
College of Environmental Science and Engineering, Nankai University, Tianjin 300350, China; 3. Dongying Municipal Bureau of Marine
Development and Fisheries, Dongying 257091, China; 4. School of Chemistry and Environmental Engineering, Wuhan Polytechnic
University, Wuhan 430023, China)

Abstract: In this study, Hosta plantaginea Aschers and Coreopsis basalis, two perennial flowers, were chosen to explore the ecological
interactions and effects of combined heavy metal contaminants in a Sn mining field. Soil-culture experiments were performed to test the Sn
tolerance and accumulative characteristics of the chosen perennial flowers. Results showed that the growth of the two plants was inhibited
(presented as a reduction in biomass) with increasing Sn concentration in soil contaminated only with Sn. The toxicity of Sn contamination
was relieved to some extent when combined with Cu=Pb~Zn contamination. The addition of combined Cu=Pb-Zn contaminants increased
the amount of bioavailable Sn in the soil, which led to increased Sn accumulation in the two plants studied. Meanwhile, the ability of Sn to

translocate to the two plants was also enhanced. Generally, combined Cu=Pb-Zn contaminants accumulated in the plants following the
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order of Zn>Pb>Cu. The ability of the combined heavy metal contaminants to accumulate and translocate showed a positive correlation with

Sn concentration in the soil. The hypertrophic and profuse root system of Coreopsis basalis plants allowed them to have broad contact with

the soil, and thus, accumulate a relatively greater amount of heavy metals than Hosta plantaginea Aschers. The results of this study suggest

that combined heavy metal contaminants affect the ability of Sn to accumulate and translocate in perennial flowers, and vice versa.

Keywords : heavy metals; perennial flowers; Sn accumulation; contaminated soil; combined pollution
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Table 1 Natural characteristics of tested perennial flowers

R

Family and

GERZL
Plant types

A 1

Life—form Characteristics

genera

£ AAFEER

FAMLREAS  PERRAE RS PEE PR

PRI AN 2 LR
BAH R ARNGIE BRI WTERTR N RN
HA O TR T R ESE

1.2 iR HE

R HHER B R R g8 k2B 5 AR, LAAs
1o F RFEHREE 0~20 em. BFEHR L HEXCT 8
WAL 5 B A AR o I 0 1 S AR PR o
MESESRME 2R, B RAE SR
7 EE IR I AR A - R T A FH b A 39 e XL
Ko & s bn i (iRX4T) (GB 15618—2018) ., % T35 4%
R I, B (R AL, HAR 12 em) %6 12 2.5 ke,
[ 85 4 B 46 SnCl, - 2H,0 A SR 2 HIR G451 2
HE ] 5 8 BRI I s A [ N A5 0 TR e R
A A 3 4 SR TS e Y, R Sn R EE (L
Sn** i) 4 5k 0(CK) .2 500 (T1) .5 000 mg - kg™
(T2)F110 000 mg-kg ' (T3) . M EAGELEEITY, &
i Sn Pb . Zn 1 Cu A ¥ B (mg - kg™) 4391 4 2 500%
800%x800x500(T4) il 5 000x800x800x500(T5) , H:
Pb . Zn Fl Cu 4351 LA 43 #7141 Pb(NO5)2 . Zn(NO3 ), - 6H,0

WWW.QEs.0r9.CN




m@g 1192

URETRR Rt Y F 4055 6

R IBEEAEAMRERESEERTERTRE

Table 2 Basic properties and background concentrations of selected heavy metals of tested soils

0 208 Total P/ HACH Olsen—K/ A Total N/ HHLE Organic matter/ i Cu/ HEPh/ BE7nl % Sn/
P (mg-kg™") (mg-kg™") (g-kg™) (g-kg™") (mg-kg™) (mg-kg™") (mg-kg")  (mg-kg")
7.49 11.43 62.90 0.97 21.52 3.19 1.99 81.21 7.97
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Figure 1 Dry biomass of aerial part of plants grown in combined

heavy metal polluted soils
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Table 3 Accumulative characteristics of Sn for Hosta plantaginea Aschers and Coreopsis basalis
e b3 1T # Underground |- Aerial part/ 44 Soil/ HERRE R
Flower type  Treatment part/(mg-kg™) (mg-kg™) (mg-kg™) Bioaccumulation factor  Translocation factor
K% Hosta CK 30.55+15.40b 32.67+6.30c 7.45+1.74c 4.10£0.78a 1.23+0.48h
Pl“:;f,f’;f:“ Tl 49.78+19.20a 37.87+18.00¢ 2 489.00:260.00b 0.02+0b 1.00+0.94h
T 31.45:4.10b 27.90+15.90¢ 3 145.00+410.00b 0.01:0b 0.88+0.46b
T3 37.83+17.30b 51.56+22.20b 7 566.00+460.00a 0.01:0b 1.47+0.59b
T4 49.43+5.30a 73.20+1.10a 1 647.67+176.67b 0.03+0b 1.49+0.15b
TS 43.46+24.80a 69.27+10.90b 3104.29+172.00b 0.01:0h 1.99:1.38a
L0934 CK 47.09+6.40h 37.38+22.90¢ 10.04:1.36¢ 4.69+2.90a 0.78+0.42¢
CZZ‘ZZ:‘ T1 51.96+13.20b 32.15+16.30¢ 2 696.00+320.00b 0.01+0b 0.67+0.46¢
T2 38.74+19.10b 53.84+5.40c 3 874.00+910.00b 0.01+0b 1.58+0.62h
T3 64.58+6.60a 98.11+39.70a 6 589.80+673.00a 0.01+0b 1.49+0.47h
T4 76.77+4.90a 74.44+23.10b 2 559.00+163.00h 0.03+0b 0.96=0.25¢
TS 43.51+32.20b 76.49+2.60b 2900.67+146.00h 0.02+0h 2.35+1.22a

TE < B 4 AR O B A AR T P S0 A i g e S P A PR e RS R RO R e R b R0 B0 S R R A L

B [RISAS 7] 5 305 b BRI A7 A 35 22 5 (P<0.05) o

Note: Bioaccumulation factors corresponds to the ratio between the concentration of metal in plant root and the initial concentration of metal in

substrate!'*); Translocation factors corresponds to the ratio of the concentration of metal in aerial part and the concentration of metal in underground part

(root) """ The values in the same column followed by different letters are significantly different at P<0.05.
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Figure 3 Effect of Sn on bioaccumulation factors of co—existed heavy metals
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Figure 4 Effect of Sn on translocation factors of co—existed heavy metals
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Table 4 Stepwise multiple regression analysis between accumul
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ated Sn concentrations in Hosta plantaginea Aschers and

Coreopsis basalis and heavy metals in soil
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Note:y corresponds to the Sn concentrations accumulated in plant, mg-kg™;x1,x2,3 and x4 correspond to the concentrations of Cu, Pb,Zn, and Sn in

soil, respectively, mg-kg™; * represents the significance of P<0.05. x; and x, are

statistical meaning.
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