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Research on the Ecological Risk of Heavy Metal in Fly Ash and Its Resource Utilization Process
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Abstract: Fly ash,a byproduct of coal-fired power plants, poses a significant environmental threat when stored or landfilled in
large quantities. The BCR sequential extraction method was employed to investigate the speciation of nine heavy metals (Cd,Cr,
Ni,Cu,Pb,Hg,Tl, As,Zn) in fly ash from Northern Shaanxi. Ecological risk levels were assessed using a combination of the
single-factor pollution index, enrichment factor, Nemerow Integrated pollution index, geo-accumulation index, and potential
ecological risk index methods to evaluate the feasibility of resource utilization. Results indicate that,except for Tl,the other heavy
metals primarily exist in the residual fraction with low mobility,and their total concentrations are below the risk screening values
for agricultural soils. The single-factor pollution index revealed that Tl is slightly polluted, while the other metals show no
pollution. The geo-accumulation index indicated Hg as moderately polluted,with Cu,Tl,and As classified as mildly polluted. The
potential ecological risk index showed that bioavailable heavy metals pose slight ecological risks, and the Nemerow Integrated
pollution index indicated mild pollution. Excluding Tl reduced the composite pollution index to a clean level. In conclusion, Tl is
the primary concern in the resource utilization of fly ash. It is recommended to establish an ecological risk assessment system for
heavy metals in fly ash by integrating chemical extraction and biological evaluation methods to promote its sustainable utilization.
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Table 1 Fly ash particle size composition

HifE/mm <0.002 0. 002~ <0. 005 0. 005~ <0.01

0.01~<0.02 0.02~<0.05 0.05~<0.1

0.1~<0.2 0.2~<0.25

/% 19.93 4.61 10.23

19.12 25.69 12.52 6.59 0.89
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Fig.1 Laboratory electron microscope

scanning of fly ash particles

(a) 30 min

(¢) 90 min (d) 120 min
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Fig.2 Alkaline excitation effect with

different reaction times
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Table 2 Classification of pollution index
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Table 3 Classification of pollution degree based on the geological accumulation index method
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Table 4 Classification of potential ecological risks

e AR A R BED) e A A KUK 4R B (R DRI T i 45
| El < 40 RI<150 RO
i 40 < E' < 80 150<RI<300 o 55 AU
Il 80 < E! < 160 300<RI<600 e R
I\ 160 < E! < 320 600 < R1< 1200 o R
A E' =320 RI= 1200 A = AU

1.4.5 WHEEP LG5 Qe 80k

M B LE AT e 48 Bk ( Nemerow
Integrated Pollution Index Method ) J& — F % FH 19
Z N T 25 G 15 Y48 AT 7 i, 2 i B 795 e
F6 RO R EIR . %7 2 FE TR BB (A
0 KRS ) o R BT LSS
PR HIEAR U 2 s 2 Fh s Je W 10 Wk B R AT
B A AL PR SR 5 B RABLAE Sy 2525 15 Ge e 4, L

1M Ok B I B 05 5 ek Y B MAROK S TR AR

(6)

Keb.P, WA L5 505 A8 B P, 4 T 4R
HLH TG QAR RO R fE P, A E AR R
EREE SR GEEPNIT-

WL ER S 15 PR IR 5

R5 NEBFEEFLRELIL

Table 5 Classification of Nemerow integrated pollutio index
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Table 6 Content of heavy metals in various forms in fly ash mg/kg
gy W AFTE 25 VM B Jb XL 7 b - e 75 5 (g 1 A FH b, - 3 RS 57 E A (pH>7. 5)

K 0. 064
R A 0. 005

cd RS 0.010 0.07 0.6
A 0. 005
Bt 2 0. 044
Eoa 33.497
R 45 1.969

Cr i A 5.118 47. 80 250
A 2.639
TR 23.771
Eo 23.356
A 5. 866

Ni PLYLe 2.631 21.50 190
Ak 0.780
Rt 14.079
e 22.940
R A 0. 006

Cu LY 1. 843 14. 20 100
A 2.027
Bt 75 19. 064
B 10. 076
BRI 0. 004

Ph HRE 0.382 9. 00 170
A 1.231
Bt 75 8.459
Ei 0. 109
TRV A 0. 006

Hg A 0. 002 0.03 3.4
AL 0. 007
SRS 0. 094
B 1.125
BRIA S 0. 096

Tl HRE 0.616 0.58 —
E2 RS 0. 070
Bk A 0. 343
e 11. 120
R A 0.533

As RIS 1. 960 7.35 25
ERAR 1.531
Bt A 7.096
Eo 21.326
TRV 2 0.063

Zn B E TS 3.192 40. 80 300
Ak 1. 443
Bt 2 16. 628

TE —" IR AR A B R
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Cd C Ni Cu Pb Hg TI As Zn

HER

Fig.3 Percentage of the contents of each

form of heavy metals in fly ash
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Table 7 Classification of ecological utilization of fly ash

mg/kg
W3 I IR 53 98 7 e

i A% B %
Cd <0.3 0.3~0.6
Cr <150 150~250
Ni <60 60~100
Cu <50 50~150
Pb <70 70~170
Hg <0.5 0.5~150
Tl — —
As <20 20~40
Zn <200 200~250

TE —" IR R A B CHE
2.3.2 BMEORE SR R T IE
W 9 B 4 B I ST B

e SN E I

PR R R T,

GE A RINIER i Sl .

x9 MEREER

PR o

heavy metals in fly ash
EeE Y E/ (mg/ke) i/ (mg/kg) TG YR EL

Cd 0.6 0. 064 0. 107
Cr 250 33.497 0.134
Ni 190 23.356 0.123
Cu 100 22. 940 0.229
Pb 170 10. 076 0. 059
Hg 3.4 0. 109 0.032
Tl 0.58 1.125 1. 940
As 25 11.120 0. 445
Zn 300 21.326 0.071

VE L TL MRS B (DL B KU B SRR
2.3.3 KK E 4 )R T BEE SO
& 10 R LIAEH, Cu T1, As 1Y b B H FL48
BB 4> 9 R 0.107.0.371.0. 012, J&@ T 4% 1 I5 Y¢
K- He 1 1 o 2RI 5016k 1. 276, J& F I
FEV5 YK ;Cd  Cr Ni Pb Zn J& Ti5 K, A
FEFETS YLl B, 25 b ik, by K 4 T Vs YL B
JE & T b B oK SF LR Horh 4 K 2 50T
R R KUK [ He B BRSO 8o
A, 7R B b KT X J A A8 B TR, 1 4 il
RERBE K He 78 88 b iy K0 RT3
TRTE S KU

BEERAT

Table 9 Enrichment factors of heavy metals in fly ash

A th b 7 -+ bk - B

e WM/ (mg/ke)  WEET R/ (ngke) O BENTF R/ (mg/ke) RN T
Cd 0.391 0. 164 0. 094 0. 681 0.203 0.315
Cr 60. 960 0.550 62.500 0.536 39. 891 0. 840
Ni 25.060 0.932 28. 800 0.811 25.600 0.912
Cu 29.590 0.775 21.400 1.072 30. 960 0.741
Pb 34.200 0.295 21.400 0.471 14. 494 0. 695
Hg 0. 495 0.220 0. 030 3.633 0. 059 1. 847
As 10. 930 1.017 11. 100 1.002 6.797 1. 636
Zn 85.470 0.250 69. 400 0.307 50. 140 0. 425
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Table 10 Geoaccumulation index and pollution level of heavy metals in fly ash

4R 4t/ (mg/kg) Bt K7D b 4 395 57 {8/ (mg/kg) b R AR B 5 Y AR i
cd 0. 064 0. 07 -0.714 T
Cr 33.497 47. 80 -1.096 T
Ni 23.356 21.50 -0. 466 i I
Cu 22. 940 14.20 0. 107 BT Y
Pb 10. 076 9. 00 -0.422 Tk
Hg 0. 109 0.03 1.276 i o B2 35 G
Tl 1. 125 0.58 0.371 R
As 11. 120 7.35 0.012 RIS Y
Zn 21.326 40. 80 -1.521 H

2.3.4  WyRE KR 4 VA AR S AU A8 BT
FIH Hakanson 543k (5 5 2 [ AE R FHPEIL
A0 My - T S AE ), ol i SR B b 9 Fh R
G B A B A RS 1 R R T AE AR A XU &R
B, DL R R 4 S 0 A A 2 KU 38 B, O X 4
i S RS R ST LT (R 1)
R 11 af LUE 7 & R 2w e R SR
W 2 B, Hg X 0 B9 5 290. 667, J& T A2 25
SRS s HoAth 453 Jm 2w TR A SR, HE R

ARSI EES KR REOH AR R, T A&
SEYE T RS, He 458 A 8E
TR RS R CTTER R RR, a B R
77.790% K 45.732% ; Cd | T (A &% 45 & & 5T ik
R 10% , 43 91K 13.782% 26.316% . M
TR 9 FhEE 4 JE 0 R 4 it A TR AR 7S KU 48 S0
9 373. 654, KU P 55 0 Ay A8 v AR A XU 5 A &L
A0 0T AE AR S KUK 18 BU(E o 46. 648, KUE 1T
A5G R R A AS XUR

£ 11 HHEKESE Hakanson FEHITME R

Table 11 Hakanson index evaluation results of heavy metals in fly ash

o 26t/ (mg/kg) HRAT R, ﬁé‘ﬁi?ﬁfﬁwﬁ%ﬁ TR/ % ]

(mg/kg) ey BRDS B BRES
cd 0. 064 0.015 27.429 6. 429 7.341 13.782
Cr 33.497 7.087 1. 402 0.297 0.375 0. 637
Ni 23.356 8. 497 5.432 1.976 1.454 4.236
Cu 22.94 1. 849 8.077 0. 651 2.162 1.396
Pb 10. 076 0. 386 5.598 0.214 1. 498 0. 459
Hg 0.109 0. 008 290. 667 21.333 77.790 45.732
Tl 1.125 0.712 19.397 12.276 5.191 26.316
As 11.12 2.493 15.129 3.392 4.049 7.271
Zn 21.326 3.255 0.523 0. 080 0. 140 0.171

2.3.5 MK E &R NP LR AT Y AR BOT M

M 2% 12 A4 My B K b 9 4 s Y SR T
TSR BOE I M 0,349, T MR K T35 e 3 3
K, HR 1,940, LIPS, WGP 28605 Y48
BN 1,394, KA S AT KB PE M, 73 8
IR 9 i e 4 T 1 AU A5 2N R B VS G KO-,
TR R BRI AR S B OR T Ts YedE B K
PR 9 VR T, DT 26 BEH o s Al 1 o ok B s e
g IS TAR MR TS Yo W R, 7E AR F
FE, MM e AR O T T B R R ik 7 AE
B TG AU 7 ik AT AN A A 25
15 YL HE M 0.337, XF W A 75 Y S5 g R i
KA

12 HMBEREESENEBFRGTLRIEL
Table 12 Nemerow integrated pollution

indexes of heavy metals in fly ash
HER 2R/ (mg/kg) MPHEFISYIEE WY HE 5 Y IE8

Cd 0. 064 0.107
Cr 33.497 0.134
Ni 23.356 0.123
Cu 22.940 0.229
Pb 10. 076 0.059 1.394
Hg 0.109 0.032
Tl 1.125 1.940
As 11.120 0. 445
Zn 21.326 0.071
2.3.6 ZEETEM

AW IR 5 Tl 05 %y B K B 4 J A= A5 X
W FEAT R GEAT Al 2% J7 1T M 45 R AE 75 G ) B AK
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