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Effects of two pioneer plants on habitat improvement and heavy metal migration of lead—zinc smelting slags
QIU Jing', WU Yong—gui'**, LUO You—fa', CHEN Ran', ZHENG Zhi-lin', ZHOU Jia—jia'

(1.College of Resources and Environmental Engineering, Guizhou University, Guiyang 550025, China; 2.Institute of applied ecology, Gui-
zhou University, Guiyang 550025, China; 3.Karst Eco—Environmental Engineering Research Center of Guizhou Province, Guiyang 550025,
China)

Abstract: To determine the effects of pioneer plants on the ecological restoration of lead—zinc smelting slags in northwest Guizhou, this
study analyzed the improvements effected by the naturally colonized plants Chenopodium ambrosioides L. and Neyraudia reynaudiana
(Kunth) Keng ex Hitche. on the nutrient and enzyme activity of the slag matrix.The effects of the two pioneer plants on the absorption and
accumulation of toxic heavy metals (Cu, Cd, Zn, and Pb) and their chemical fractions in the rhizosphere were also examined, via field sam-
pling and laboratory testing. The results showed that,when compared to exposed slag without vegetation restoration, the plants significantly
(P<0.05) increased the nutrients (N, P, K, and organic matter) in the slag matrix, stimulated enzyme (alkaline phosphatase, urease, inver-

lase, calalase) activity, and improved the microbial respiratory intensity of the rhizosphere of the slags. The growth of the pioneer species al-
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so altered the distribution of the chemical fractions of major heavy metals and promoted a change from the residual fraction into the ex-

changeable fraction, which increased the bioavailability of heavy metals in the rhizosphere. The translocation factors of Chenopodium am-

brosioides L. on Cu, Cd, Zn, Pb and Neyraudia reynaudiana(Kunth) Keng ex Hitche. on Cu, Zn, Pb were lower than 1, but the translocation

factor of Neyraudia reynaudiana(Kunth) Keng ex Hitche. on Cd reached 2.02, indicating its strong ability to absorb and transfer Cd. These

two pioneer plants can grow in an extremely harsh slag environment, exhibit strong ecological adaptability, and have certain restorative ef-

fects on lead—zinc smelting slags. Both can be used as dominant pioneers during the early stages of ecological reconstruction or restoration

engineering of slags.

Keywords : pioneer plants; lead—zinc smelting slags; nutrients; enzyme activities; heavy metals
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Table 1 Physico—chemical characteristics of the rhizosphere and non—rhizosphere slags

X Ak

el sl o5

L EC/ Total R Available AR Available AL

- pH o Total nitrogen/ Available . Organic
Ireatments WS-cm phosphorus/ o phosphorus/ nitrosen/me-ke'! potassium/ matter/e-ke!

gk g-kg mg-ke! ogen/mg kg’ e atter/g-kg

%if H8 Control slag CK 831x0.01a 167.15¢36.56c 0.13+0.01¢c  0.64+0.10d 2.30:0.28cd  53.55+3.46d  14.96+0.25¢ 64.32+1.26¢
+-3HFF Chenopodium R 8.07+0.04c  206.00+1.41bc  0.54+0.11a  3.16+0.10a  8.65+0.49a 130.20+1.98b 105.51+7.73a 128.29+1.81a
ambrosioides L. NR 8.1420.02bc  292.00+4.24a 0.31x0.01b  1.38+0.15¢  6.00+0.14b  65.10+0.99cd  23.2+9.51¢  95.51+4.12b
K Neyraudia reynaudiana R~ 8.09£0.01c 207.60+14.71bc 0.48+0.03a  1.83:0.20b  7.75+0.07a 165.65+26.23a 44.09+6.43b 112.51+7.04a
(Kunth) Keng ex Hitche.  Np g 18:0.05h  217.0062.83h  0.330.01b  1.1350.20c  5.50£0.71b  94.50+9.90c  18.37+4.05¢ 79.21+12.76hc

TE : CKAREXS B s RACFAR BRI s NRACRAARBR IS o AN[R]/NE B 53 1 3 7s A PR 9] 22 57 1% (P<0.05) o R Il
Note: CK, R and NR represent control, rhizosphere and non-rhizosphere slags, respectively. The different lowercase letters in a column indicate
significant differences among treatments at P<0.05 level, respectively. The same as below.
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Table 2 Enzyme activity and respiratory intensity of the rhizosphere and non-rhizosphere slags
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reatments mg- g ucrase/mg-g rease/mg-g atalase/ml.-g CO/mL kg

XJ B8 Control slag CK 0.43+0.06d 2.02+0.03¢ 0.11+0.01d 0.67+0.03b 53.76+2.38¢c

BB R 4.42+0.11b 57.52+1.66a 0.34+0.03b 0.76+0.02h 120.4+1.58a

Chenopodium ambrosioides L. NR 0.97+0.02d 5.34+0.12¢ 0.19+0.01¢ 0.73+0.01b 57.12+1.58¢c

H Neyraudia reynaudiana R 9.74+0.59a 47.17+7.82b 0.56=0.03a 0.87+0.01a 114.52+3.56a

(Kunth) Keng ex Hitche. NR 1.75+0.06¢ 4.44+0.63¢ 0.20+0.01¢ 0.71+0.01b 68.0425.94h
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Table 3 Heavy metal contents in different parts of plants and their translocation and bioaccumulation factors

i i T 4> J& 75 Heavy metal content/mg-kg™! 55 2R R
Plants Heavy mentals R Root 2% Stem I Leaf Translocation factor  Bioaccumulation factor
HIIF Cu 30.12+1.29aB 17.87+0.79cA 23.19+0.79bA 0.67 0.02
Chenopodium cd 3.810.16aA 0.72+0.41bA 0.91+0.01bA 021 0.01
ambrosioides L.
Zn 128.94+0.39aA 109.87+9.76abA 114.26+0.85aA 0.87 0.01
Ph 44.36+31.43aB 19.95+7.25aB 11.40+0.22aA 0.36 0.01
e Cu 80.77+1.29aA 16.47+1.13bA 14.33+0.09bB 0.19 0.03
Neyraudia reynaudiana cd 1.15+0.35aB 3.38+2.30aA 1.230.16aA 2.02 0.01
(Kunth) Keng ex
Hitche. Zn 118.88+17.02aA 105.37+3.23aA 108.99+1.56aA 0.90 0.01
Pb 212.21+44.14aA 168.15+42.39aA 19.93+14.33bA 0.45 0.03

T AN/ PR 53 5)FR ] — R A [ L (R 25 ) PN ) — e 5 i 22 53 3 (P<0.05) , AR SRR 51| 37 A [l AR ) [l — £
(A ZE ) 9 [l — T 4 5 25 5 B 5 (P<0.05)
Note: Different lowercase letters indicate significant differences in the content of the same heavy metal in different parts of the same plant at P<0.05

level , different uppercase letters indicate significant differences in the content of the same heavy metal in the same part of different plants at P<0.05 level.
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The different lowercase letters indicate significant differences in the same heavy metal fraction in the rhizosphere slags of different plants at P<0.05 level
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Figure 1 Distribution of chemical fractions of heavy metals in the rhizosphere slags
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A4S Cu . Cd \Zn \Pb 5 EC 4 % A &0
AR R AP S T R T A iR [T 2
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A Zn 5 AR RE SRR IR A A A A
], AT 52 #5245 Pb 5 EC B M A b & il 2 1] 2
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Table 4 Correlation coefficients between exchangeable heavy metals and physico—chemical factors in rhizosphere

RERY e g LU AR A T BRI .. AN p WPIRGR
*ﬁﬂé%@( {7 A ﬁ?)’(ﬁ?@ ﬁfiﬂ l_fﬁl%fﬁ ﬁﬂlﬁ 3 ﬁ@i‘%ﬁ@ W RS SR T W [z
Correlation pH EC Total Total ~ Available ~Available  Available ~ Organic  Alkaline h Respiratory
. . . . Sucrase  Urease  Catalase . .
coefficients phosphorus  nitrogen  phosphorus  nitrogen  potassium matter  phosphatase intensity
A Cu =0.756  0.954**  0.837%  0.972**  0.791 0.883* 0.997%* 0.855% 0.978**  0.821* 0.959**  0.969** 0.760
Exchangeable Cu
A Cd  -0.976%%  0.899%  0.989%  0.961%%  0.988*F  0.981%* 0.900* 0.998%*  0.946%* (0.992%* (.974%*  (.949%* 0.980%*
Exchangeable Cd
ACHASZn -0.990%% 0794 0.969%  0.863*  0.993*F  0.935%* 0.764 0.974#* 0.838%  0.982%* (.888* 0.852% 0.998%*
Exchangeable Zn
AT HAS Ph -0.576  0.837 0.645 0.806 0.616 0.683 0.819* 0.706 0.775 0.684  0.78 0.830%* 0.603
Exchangeable Ph

T % FORTE P<O.01 K- B3 * FRORTE P<O.05 K- i

Notes: ** mean significant correlation at 0.01 level, * mean significant correlation at 0.05 level.
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