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Effects of simulated acid rain on heavy metal release and biological toxicity of lead and zinc smelting waste
residues
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Research Station of Guizhou Province, Guiyang 550025, China)

Abstract: To evaluate the effect of acid rain leaching on the release of heavy metals and biotoxicity in lead-zinc smelting waste residue, a
large amount of lead—zinc smelting waste yards piled in the severe area of acid rain in northwestern Guizhou was selected as the research
object, and deionized water was used as an extractant in the control group to analyze the distribution characteristics of heavy metals under
different acidity values in simulated acid rain leaching. Different sizes of waste residues and the law of biological toxicity were analyzed.
The results show that, compared to the control, the simulated acid rain could reduce the pH value of the lead—zinc waste residue leaching
solution to varying degrees; the smaller the particle size of the waste residue, the higher the electrical conductivity of the leachate. Simulated
acid rain could increase the concentrations of Cu, Zn, and Cd in the extraction solution of lead and zinc smelting waste residues. Under the
same conditions, the concentration of heavy metals in the extraction solution generally increased with the decrease in the particle size of the

waste residues. The simulated acid rain could promote the transformation of residual Cu, Pb, and Zn in waste residues to other forms and
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increase the environmental risk of lead and zinc waste residue accumulation. Further analysis shows that the higher the content of Zn and

Cd in the waste residue leaching solution, the greater the biological toxicity of the leaching solution, while the higher the Cu content in the

waste residue leaching solution in the low concentration range, the less the biological toxicity. In summary, the simulated acid rain could

promote the dissolution and release of heavy metal ions in lead and zinc smelting waste residues, changing the forms of heavy metals in

waste residue and increasing the biological toxicity of waste residue leachate, thereby increasing the environmental and ecological risks of

lead-zinc smelting waste residue yards.

Keywords : simulated acid rain; lead—zinc smelting waste residues; heavy metals; luminescent bacteria; biological toxicity
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Table 1 Physico—chemical characteristics of lead and zinc waste slag

2R o P AR AL
Total nitrogen/(g-kg™) Total phosphorus/(g-kg™) Available phosphorus/(mg-kg™) Available nitrogen/(mg-kg™")  Organic matter/(g-kg™")
1.30~1.47 0.13~0.31 2.30~2.78 33.59~53.55 80.30~86.64
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Table 2 Luminescent bacteria medium formula

W4Y Ingredients 755 Content || 43 Ingredients 7% it Content
KH,PO. 13.60 mg NaHCOs 134 ¢
Na,HPO,- 12H,0 35.80 mg NaCl 1.54 ¢
MgSO,+ 7TH.0 025¢g P RRRE 5.00g
MgCl- 6H,0 0.61 ¢ JBR 5.00 g
CaCl, 33.0 mg Hh 3.00 g
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X (P<0.05) B ER FIAE T T, <0.075 mm kits
U RN R i 2 R EC 3 R T AR R R
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Table 3 Effect of simulated acid rain on pH, EC and Eh of leaching waste residue of lead and zinc smelting with different particle sizes

645 Index  Kif% Particle size/mm  Xfl# CK pH3.0 pH3.6 pH4.2 pH=4.8 pH5.6
pH 2-5 7.35+0.02Ca 5.66+0.03Ee 6.48+0.03Dd 7.21£0.04Ch 7.25+0.04Db 7.00+0.02Bc
0.25~2 7.50+0.05Ba 6.76+0.03Dd 7.13%0.03Cc 7.30+0.02Bb 7.50+0.02Ba 7.32+0.03Ab
0.15~0.25 7.59+0.02Aa 7.15£0.02Cd 7.52+0.03ABab  7.47+0.02Ab 7.59+0.04Aa 7.3320.04Ac
0.075~0.15 7.59+0.01Aa 7.4920.03Abc 7.5420.03Aab 7.46x0.01Ac 7.52+0.03Bbc 7.30+0.04Ad
<0.075 7.57+0.03ABa 7.41+0.03Bb 7.46+0.03Bb 7.31+0.03Bc 7.40£0.01Ch 7.28+0.04Ac
AL SR EC/ 2~5 418.67£32.71Bb  272.30+6.24Dc¢ 193.60£2.98Ed  141.97#5.97Ee  194.00+1.20Ed  508.33%15.63Ca
(pS-em™) 0.25~2 327.67+26.28Cc  403.00+3.74Ch 204.83+2.32Dd  174.37+3.08De  305.67+6.94Cc  493.67+3.40Ca
0.15~0.25 312.3322.36Cc  410.67+6.13Ch 262.67+3.09Cd  238.00+2.16Ce  267.33+8.38Dd  497.33+23.63Ca
0.075~0.15 354.33%9.03Cd  474.67+4.11Bb 361.00£3.56Bd  311.33x8.73Be  425.00+3.74Bc  565.00+12.36Ba
<0.075 473.00:30.21Ac  643.00+2.94Aa  576.00+4.55Ab  492.67+8.01Ac  581.33+6.80Ab  669.67+17.56Aa
AL 2~5 172.00+6.48A¢  214.67+4.64Aab  211.60+4.50Ab  168.37+1.47Ac  174.37+2.96Bc  223.00+2.45Aa
HLAIL Eh/mV 0.25~2 147.73+1.73Bd  202.00+4.08Bb 209.33+4.03Aa  166.23+0.12Ac  151.00+2.76Dd  210.67+3.77Ba
0.15~0.25 145.83+1.55Bd  193.83x1.93Ch  195.70+4.88Bab  127.60+0.65Ce  164.97+4.72Cc  202.434.72Ca
0.075~0.15 148.70+1.91Bd  171.5323.18Dbc  178.47+0.66Ca  128.23+1.92Ce  177.17+4.84Bab  168.03%3.15Ec
<0.075 142.30+4.38Bd  173.87+1.11Dc 184.47+5.86Ch  142.90+2.80Bd  193.33+3.68Aa  193.03+3.60Da

TE AN KRS 7R3 7R AR ) TR LA DR B A (R [RDRLAR IR 1 1] 2 57 35 (P<0.05) , ANR/ING T RER R AN R R FEAS IR N A5 10 [l — R

i E] 22 57 3 (P<0.05) 6

Note: different capital letters indicate significant differences in the presence of waste residues with different particle sizes in the same acidity simulated
acid rain conditions (P<0.05) , different lowercase letters indicate the significant difference of the same particle size waste residue under different acidity

simulated acid rain conditions (P<0.05).
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Different capital letters indicate significant differences in the presence of waste residues with different particle sizes in the same acidity simulated acid rain

conditions (P<0.05) , different lowercase letters indicate the significant difference of the same particle size waste residue

under different acidity simulated acid rain conditions (P<0.05)
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Figure 1 Variation trend of heavy metals in leachate of different particle size lead and zinc waste residues under the simulated acid rain
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Figure 2 Variation trend of heavy metal forms of lead and zinc waste residues with different particle sizes under simulated acid rain
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Figure 3 Effect of leaching solution of lead—zinc smelting waste residue on luminous intensity

of luminescent bacteria under simulated acid rain
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Table 4 Acute toxicity level of luminescent bacteria in waste residue leaching solution under simulated acid rain

TR CK pH 3.0 pH 3.6
kide HIXE R 2% HIX R i 2 b S RIRTES

AL

Toxicity level

Particle size/mm Relative luminescence

suppression rate/%

Relative luminescence

suppression rate/%

G
Toxicity level

BRI

Relative luminescence .
Toxicity level

suppression rate/%

<0.075 46.38+2.35 g 54.27+0.53 i 58.35+0.99 Gk
0.075~0.15 41.49+1.65 i 62.46+0.51 Wi 59.54+0.67 HE
0.15~0.25 39.92+2.28 i 60.86+0.35 Wi 52.78+0.77 g
0.25~2 45.94+4.38 i 52.91+1.55 Wi 50.85+0.74 g
2~5 46.36+2.34 g 51.33+1.07 Wi 42.32+0.5 i
pH 42 pH 438 pH 5.6
Sy 4% T TS TS
Par liCTjZilze/ mm Refif(izliuj‘rif:f?i(e ﬁlﬂ:g&ﬂu Refﬁlﬁt?jezizujlrsiif?i(e ﬁﬁ:g&ﬂ” Refi?iﬁﬁﬁefgi(e E@E["#é&ﬂﬂ
suppression rate/% Toxicity level suppression rate/% Toxicity level suppression rate/% Toxicity level

<0.075 53.14+0.30 g 44.64+0.66 Eak="4 45.49+0.45 i
0.075~0.15 49.69+1.34 i 50.56+1.09 ig: 50.63+0.83 i
0.15~0.25 50.53+0.44 HA 42.11+0.86 thi 36.64+1.16 h
0.25~2 49.37+0.44 T 42.27+1.46 rhEE 35.11+0.94 i
2-5 37.8420.44 i 35.23+0.80 rhEE 34.39+0.24 Hhg
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Table 5 Correlation analysis of heavy metals in waste residue and biological toxicity under simulated acid rain

: ; 4 ) R Cu e i Ph e i Zn S Cd He 7 T
MS L R (ZU;Z ufZEE ez n i JiE {ZU;Z 7)@%&&2
pH ) . Total concentration Cu Pbh Zn Cd Luminous
EC HiAL Eh , , . . Lo
of heavy metals concentration  concentration concentration concentration  1ntensity
pH 1
3R EC 0.194 1
FALIEIERAIED —0.582%%  0.155 1
p ) 9s8703E
Total concentration of  —=0.720%*  0.066 0.479%* 1
heavy metals
~ vk RE
. (JHKEE. -0.101  0.122 0.101 0.103 1
Cu concentration
vz B
Ph ik . -0.307  0.066 -0.276 0.217 -0.145 1
Pb concentration
vz
ZH(ZU;, -0.695%*  0.039 0.497%* 0.991%* 0 0.153 1
Zn concentration
vz B
Cd(&E. -0.618%* 0.258 0.221 0.680%* -0.145 0.651%* 0.645%* 1
Cd concentration
sy =g
BOLIRE 0.408* 0.489*%*  -0.267 —.541%%* 0.364* 0.045 -0.607%* -0.170 1

Luminous intensity

R FORTE PO.OT KT LR BE, * FORTE P0.05 KT L EFBE

Note: ** indicates significant at P<0.01 level, * indicates significant at P<0.05 level.
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B, R BOR ] SRS Cd 5 R R, X
AR SC LG R R R Cd i BRI ER T pH
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