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Bioavailability evaluation of heavy metals in Yulin coal gasification slag

XTANG Wei-wei, LI Xia—long, YAN Jia—kun, LIU Cui—ying, WANG Jian-wu", QU Xiang—xiang

(Yulin University, Shaanxi Key Laboratory of Ecological Restoration in Shanbei Mining Area, Yulin 719000, China)

Abstract: In order to systematically evaluate the bioavailability of heavy metals in Yulin coal gasification slag, the chemical extraction
method and biological evaluation method (plant indicator method and microbial evaluation method) were used. The results showed that
most of the heavy metals in fine slag were in the non-residuals state, and the content was greater than 90%; the content of cadmium,
mercury, arsenic, zinc, thallium, vanadium, and antimony in coarse slag was about 90%, and the content of other heavy metals was low. The
thallium contents in the stems and leaves of soybean seedlings cultured with fine slag were 2 189.3 pg - kg™ and 570.1 pg - kg™,
respectively. The thallium contents in the stems and leaves of soybean seedlings cultured with coarse slag were 550.0 pg-kg™ and 99.6 pg-
kg™, respectively, which exceeded the safety limit of thallium in edible plants (0.03~0.3 mg-kg™). The contents of lead, mercury, nickel,
and chromium in the leaves of soybean seedlings cultured with coal gasification slag exceeded the national standard. The heavy metal
content of bacteria cultured with fine slag was significantly higher than that of bacteria cultured with coarse slag; the most of cellular
content cultured by the fine slag was one order of magnitude greater than that of cultured by the coarse slag. In conclusion, the chemical

extraction method, plant indicator method, and microbial evaluation all indicated that the heavy metal bioavailability and toxicity of Yulin
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gasification fine slag were stronger than those of coarse slag. The addition of large amounts of coal gasification slag could cause the

accumulation of heavy metals in plants. Therefore, it should be cautious about directly using the coal gasification slag for soil and water

remediation.

Keywords: coal gasification slag; heavy metal; bioavailability; thallium
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Table 1 Determination results of heavy metals in fine and coarse coal gasification slag of Yulin and relevant background values (mg-kg™)

[0 A i o o .
PRIAE LR i o Al Lo 414
tEE SUSE| oepp AECIEERMD HABAE MDA = e F5HH Chinese  {E % 1Yl (P 1{H)
. NS . pOpihne: Soil element ) . . .
Pollution . Fine slagnon  Total coarse  Coarse slag non ) soil element  Agricultural soil pollution
. Total fine slag . . Control soil  background value
items residuals slag residuals . . background  element background value
in Shaanxi
. value content range ( average )
Province
Cd 0.290+0.003  0.269+0.004  1.560+0.008  1.520+0.011  0.033+0.001 0.094+0.035 0.097+0.079 0.03~0.10(0.09)
Hg 0.805+0.008  0.805+0.008 45.232+0.352 43.035+0.447 ND 0.03+0.026 5 0.065+0.08 0.019~0.052(0.03)
As 7.860+0.091  7.408+0.108 21.992+0.130 20.840+0.149  2.714+0.064 11.1£2.62 11.2+7.86 4.9~5.8(5.3)
Pb 21.001+0.146 20.269+0.178 11.528+0.111 0.311+0.005  3.629+0.097 21.4+5.04 26.0+12.37 6.8~9.8(8.5)
Cr 236.555+1.497 208.773+1.605 861.353+7.734 103.221+1.147 8.157+0.074 62.5+13.64 61.0+31.07 39.5~44.2(41.9)
Cu 65.520+2.547 62.007+0.722 81.138+0.512 41.483+0.478  4.008+0.103 21.4+7.74 22.6+11.41 9.82~12.4(11.1)
Ni 37.258+0.496 33.631+0.649 146.822+0.599 78.354+0.446 5.359+0.257 28.8+7.92 26.9+14.36 15.9~18.2(17.0)
Zn 30.524+0.179 28.145+0.196 57.935+0.435 47.895+0.521 10.550+0.687 69.4+22.53 74.2£32.78 30.6~37.9(34.3)
Tl 2.199+0.011  2.163+0.014  0.285+0.002  0.282+0.003  0.067+0.002 0.481+0.086 0.620+0.216
Co 19.093+0.344 17.654+0.428 28.029+0.337 17.084+0.339  1.895+0.137 10.6+3.4 12.7+6.4
A4 60.345+5.223  44.977+0.169 168.030+1.065 151.247+1.114 10.811+0.459 66.6+26.44 82.4+32.68
Sh 1.220+0.011  1.216£0.014  0.771+0.018  0.706+0.023  0.002+0.001 1.34+0.167 1.21£0.676

1 ND R A AN 3
Note: ND indicates not detected.
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Figure 2 Overall growth trend of soybean seedlings cultured with

fine and coarse coal gasification slag
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Figure 3 Comparison of soybean seedlings cultured with

fine and coarse coal gasification slag
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Figure 4 Heavy metals contents of in roots, stems and leaves of soybean seedlings cultured with fine and coarse coal gasification slag
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Continued figure 4 Heavy metals contents of in roots, stems and leaves of soybean seedlings cultured with fine

and coarse coal gasification slag
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B be 2 B v T fe 2 ORI 22— , B BA e
P Chids A 1) v S e R Y TLCE- 344 1.7~
10.7 mg-kg™) , BHAE R RN ABE ) TI 294 1/5 05T
SRR BE

FE PR 202 F B A TEPa AL X, Ak
SRR 2 AT 2R S LB ) R B 2 2 00 AT DX AR
IR R R I AL T b, K7 &SRB T, iR %
2O T i SRR BRI, I R B 5
B, s AR TLIS G W, 1 TUAER™ X Tl B
IRARTN - S b () i, PR T A TRV AE TS YL R
24 EERBREYBRENMEDTMNE

VS TS Ak 2 o IR VS 5 35 20 T I 22 SR 2 )
INIMAnE R A A E SRR SRS T
USRI BE SR A A Y, H 22 5l i 25 (P<0.01) o 4fiE
B AR RR Cd 5 R MU B SR TR AR 1 17.4 4%, 2 1y
IR A He &t ML 1 95 AR 10 3.8 1, Hi4 105D
JUE, A0 B 77 AR B i O 35 55 0 AR T 10 8%
(FR2) ;40 RIE R R h B4 )8 5 /R 7 P,
Cr.Cu VT EERABEIN, HRTRGTEZ RN

F2 AMESMAABNETESRARRES
ESREE(pg-kg')
Table 2 Heavy metals contents in bacteria by adding fine or
coarse coal gasification slag(pg-keg™)
2 R 1 LI T 1A
Bacteria by Bacteria by adding

E) P

Heavy metals

adding fine slag coarse slag
Cd 50.5+3.6A 2.9+0.4B
Hg 3.0£0.1A 0.8+0.1B
As 2689.8+91.6A 228.9+30.6B
Ph 14 073.1+1 350.4A 491.6+29.4B
Cr 7 687.3+279.6A 675.3+22.2B
Cu 2734.4+254.5A 347.4+34.3B
Ni 2377.0+285.9A 138.3+16.9B
Zn 25493.4+3 023.3A 6 192.3+234.8B
Tl 404.2+28.5A 42.5+5.2B
Co 2 103.2+216.9A 229.0+18.2B
v 8 131.7+271.8A 632.5£19.9B
Sh 11284.6+1 537.7A 74.5+4.6B

TE < [l G0 AR RS 5 B RN G SRR 43 5 30 b R ) 22 S . 3%
(P<0.01)Fi2 2 (P<0.05), .

Note: Different uppercase letters and lowercase letters in a column
indicate significant differences among treatments at P<0.01 and P<0.05

level, respectively. The same below.

2 (P<0.01) , HoH 4 TR As (TLLSb & i Al i
2 TR B (3R 3) 5 AbBILS B Ai a i R BR T1 4D,
HAESR TR T BT AR (A5t ks
P He TL.Sh % & 22 5 2% 4 5% Pb .Cr %
TR AR TR & R E LT AR (P<
0.01)(F%4), HHULaT WL, I KL 5 37 10 R 44
W A8 O A — o A I SRR AR T A
&G EHIEA BB R, FaRg R Rk R
FRWR T & JE TR & BN 20 R UR i A T

F3 AMESUAEMEBIEFAREIERRS
EERBEE(pg-kg')
Table 3 Heavy metals contents in bacteria culture medium by

adding fine or coarse coal gasification slag(pg-kg™)

HLAE R SR Culture
medium by adding

IR

TR Culture medium by adding

Heavy metals

fine slag coarse slag
Cd 0.6+0.03B 6.5+0.4A
Hg 0.040+0.001B 0.10+0.03A
As 65.7+3.9A 35.3+3.3B
Pb 37.0+3.5a 37.5+3.0a
Cr 18.9+2.1a 21.2+3.3a
Cu 13.4+2.6a 18.1+1.5a
Ni 1.0+0.1B 2.5+0.5A
Zn 153.4+27.9B 354.5+14.2A
Tl 21.7+3.6A 1.9+0.4B
Co 7.5+0.5B 9.0+0.3A
A% 37.1+2.9a 32.1+3.4a
Sh 7 368.0+363.3A 5.3+0.5B

x4 FMESUEENEBEFAERHKXES
ELEEE(pgke)
Table 4 Heavy metals contents in residue by adding fine

or coarse coal gasification slag(pg-kg™)

T i Hoite MR
Heavy metals Fine residue slag Coarse residue slag
Cd 2.7+0.3B 103.1+4.6A
Hg 1.6+0.2a 2.0+0.3a
As 1200.1+198.1B 2 847.7+150.7A
Pb 4199.9+233.9aA 12 570.5+1 975.9bA
Cr 2 931.9+418.3bA 11 821.6+2 762.9aA
Cu 2208.3+264.1B 9005.4+313.6A
Ni 1768.8+207.6B 6959.0+172.1A
Zn 10 045.3+298.9B 25 014.0+2 692.0A
Tl 504.9+37.0a 498.7+13.9a
Co 995.4+38.5B 4053.1+315.2A
A 3485.1+282.1B 12 809.3+2 758.2A
Sbh 132.2+19.2a 135.6+21.7a

WWW.Qes.019.CN
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R L/ DUE ARG IR AT R & 5 TR B
IR MIT R &R, AT REIL 5 40 AL R AR FFLER
R/NAIRIA 2, At i (4 1y B 23 A ) T 4 O R 4
JEITER , WHLIE ) BREE AL AN A T 0 T VB2 B B <2 s o
R, FRE SR & R BRI R B OCEE AR, A
240 T R o e R ML O TR PR B i S A
Pridse i ) — 2 AT AP R LR R ou R
A AE W RGN, 7 AR G - 3 v A
i, RN 4 Jm U E o B SRR BN T R
I H Jm T R AR R AR 2 b g RARE B ot o
IR S

3 &g

CI i AR 0P 4 i R T8 14 ) P 45 4y 2 S5 W
2, A RAR R LR/, FLBZE B A — DRI KA,
FLB RN

(2) 2 s F <5 s A A s A 5 R X 1E 90% LA HL
AT A A AR S AR, TR R 1Y
7 TR Gy S A P BN ] 3 A

(3) 4t rh 12 b i < Jm Gl ik 2 80 5 R
T T e XU A Pt e (A AR A P 35 REBRAEL, {EL T
SRR S RS . ML P Cd Hg 71 As B
A 1A M A TS e KU A P i B (L, AT e AIE
B R R, Cr MR T R PR E A BRAE

(4) U T2t AL 15 5% B0 DR 52 v B 25 A v T
Ei TR Y b TR %2 4 BR(E, Pb Hg \Ni
I Cr 5 i I [ SR BRI 25K . AR B D T
AR TI B 2

(5) VTN ZH T 5 57 200 T 1 A o s 5 AT A
Fm TUSIORLYE A s A S B s SR A S
B A

(o)L AR BOGE M5 A% i MG M 3k
B MR IRE A 0 B < A 0 A A B i, TR R
B BB LG TP E SR B (CrBRIN) BIh
A A - S 75 T4 XU A4 0 30 A e P 5
BIRAEL, HL o 4 J A 0 A A 2 3 KRS e ) 25
A B pH  Eh CARALIE S5 HLAL ) DL K A W R 2 45 22 il
DRI SN, AR 718 T 25 SR R W] DRI S T 240 e PR o
A LA N 2 P R AR ) AR LR R D
A TS R IR EOR

(B BT LR IR B I 20T, A
AR T A, LABS 1k 5 R A A ] £ i AR
i VN: L7 e e 3 SRS v Uvs SR aii v

1% WHART]

TH X AESWRE SR, R e S E
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