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Table 1

SEBCR (RIS FhRBUL S T A SR HUR 2 550 B
(9 ECAEL) 14 75 T8 6 A Jo A 1 s v i T o o5
WRILHERBE , R R SR UR S B RG S 5 . &5
B PATRE R O JO R BRI X AR E (R 22 (RSD) 2
N 10% B A 00 (247 305 B0 o o L S ) 24
JE WU TCR IR ORI 1E 80% ~ 120% 2 [6], B
T IMEE SRR AT AR

2 fIHRBERT A b e 2 A A IR 2

FFIE
2.1 BRICHRE BEHIE

AT FEARBRBERT £1 T Sl U R 0 & R R B
JIrR AR i B BlCRE O R 5 R SRR o B R
@ GUE M SR SE (EREA T AT X EE, A df R U R
HRES T L,

1R R I, B R R E(ER) S i pi
JCZE N Mn A1V, H EF {5505 1. 95 1. 33, F
Mn iV AH BT M52 5 SR AR RBRARCAT 1 P 2947 4
REEFEME S S RO TR AP S A
I ,Ba Co Cr Mn Ni Pb FI V ZEARGH AT A7 AHRS
A, o Mn [ B AR Ry, R TP S (Y
9.7 1, Ba My LB iy, ARSI (LAY 2. 2 455
i Cd,Cu F Zn ZEARBRAERT A7 o DA X =5 46, J2 1%
FUHALBF I {E. X H b E A P R CR AP 28
i (IRBLEAT £ B dh i BR Cd Al Cu 2h, HoAfl TR 1
SEHARX BRI . TR X R AR
BETH PRy 44 AT AR b P oo R R BEEAT T
FT o A2 BUHE T I LA A7 Hh A Min R X T 224 i 1 114
WK, Cr Ni Fl Pb A7 7E— E RE 1Y
£, [0 Mn AERERT A1 P 0 B R LR ER R TE

The concentration of trace elements in coal gangue sample and comparison of analytical results with relative references

e ABEFE RN £ £ i YIRS R E A B T CRON AR HERN
TR sEE (megke)  OFHIE (me/ke) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (EF)
Ba 330.97 ~439.43 404.54 184.0 243.37 270 ~800 425.0 0.95
Cd 0.09 ~0.19 0.14 - 0.24 2~12 0.2 0.69
Co 11.20 ~32.01 17.34 9.2 7.05 10 ~30 25.0 0.69
Cr 39.13 ~53.39 46.60 34.2 15.35 50 ~ 160 100.0 0.47
Cu 4.78 ~13.57 9.34 48.2 18.35 35 ~150 55.0 0.17
Mn 103.29 ~373.02 194. 64 20.0 125.00 200 ~ 800 100.0 1.95
Ni 10.75 ~35.08 18.18 16.4 13.71 40 ~ 140 75.0 0.24
Pb 22.65 ~38.17 29.61 18.0 15.55 10 ~40 - -
\ 108.47 ~216.20 180. 10 108.0 35.05 100 ~400 135.0 1.33
Zn 26.18 ~87.63 51.28 304.0 42.18 60 ~300 70.0 0.73
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Fig. 1  The sequential extraction results of trace elements in

coal gangue sample

X2 PERFAP LR SRy AL Ca. Fe Al S Z ]I
Pearson *ﬂj‘é?ﬁ:i‘i(p <0.05)

Table 2 The Pearson’ s correlation coefficients (p <0.05) of

trace elements with Al, Ca, Fe, S and ash yield in

coal gangue sample

HHRFREL r>0.7 0.7>r>0.5 0.5>r>0.35
o e
5Al V(0.967) - -

5 Ca - - Mn(0.369)
5 Fe Cu(0.627), V(0.816) Ph(0.541) Cr(0.481)
i demem s e

Co-Ni=0.997, Co-7n=0.876
JEEZ M Ni-Zn=0.863, Co-Mn=0.803 - -
Mn = Ni =0.794,Cd - Zn =0.722

I - " FOR BRI IO R o

Co HBFRME & BRER A4S & S TR Bz
FIA91.98% ,5 S BUAHE R B r=0.703, %K 8] Co
TEARBEMERT A7 P IRAE T B AL ) h . Zhou %51
WFFE T HE B AT A1 R R TG R B IRA IR S N BREE 8%
L, WA Co 5 TLHLE™ Wk & B % IF A7 T hi Ak
LR 7L

Cr YR A5 5 s (iR 2 HiCH 89.84% ),
[AlEF 5 Fe(r=0.481)F1 S(r=0.630) AHH & R 5%
i, R Cr WAE TR0 Wb AT 7R 45 X
AL T PR AL F R T A R W o A AR AT T
WHFE, BB Cr B T 526 L0 W AA ML S Ah, B
EESHAADT A K.

Cu WSS TR 2 HON 39. 62% , FR O Bk
AP E G5 ANE G (s 0 Bl
29.33% 20.87% ), Cu J&—MiE Mot E, 5 Fe
(r=0.627) F1 S(r =0.864) MM KN =, KW
TEMRBR BT A1 AT T BBk S5 sk 0 9
Ribeiro % B}5¢ 1 4125 4 V5L Douro % HARRT
A B A S R BR AL 22 R AR, R B Cu 255
W Was & , vl REAFAE T R RS A v

Mn {55 0 25 2 it e, LN IR ER 45 5 25
(%N 24.01% ) , 5 Ca S BIMISE R E 50
r=0.369 .r=0.397, &8 Mn A7 TR EL T ) i
H . Zhou %5 BT T e g FHBERT 47 1
P TCR AR S AT R AL , o BUMEAT A7 Mn
AIMRAFIRZS 2R iR L 45 B S MR IREL 45 B 45,
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TUENS A My 3 FCRE AR, 14 200 e AR AEL (ERL)
ROV A SE HE (ERM) XA 41 P fil i S Cd \Cr,
Cu Ni \Pb il Zn #EATI¥Hr . ERL 2R IR XTI
W e 2 Ja ) A2 MR AR A0 7 A A RO Y R (L
ERM JUL A5 AT R 7= A A7 35 5007 A e BE 1B o 3800
T FBI A A AE A 80T o5 99 L9 ] S R R TC 3R R AR )
TEPEAE F A A A2 5, BB ERL AL ERM 7308 =4~ [X
(] Bl i DT R B & /N T ERL UK T ERL H
/NF ERM KT ERM,

AT A7 P ol G B AE A SO T B A i R00T o
Fesl T35 3, BrA A dl Cd \Cr Cu \Pb I Zn {56
HART ERL, BEHIIX S Mo EEA A2 B AEY)
POV, 14% ORE AL P Ni i35 Bl g 1 ERL fH,
{EAIC T ERM R, 7 A= A= 9535 Pk 200 AT BE R /D
100% FIAE il P R DU R 19 iR ERM (i, %
WY A E AT A7 Hp Rl T 300 A W AT P80 1Y
ATRETERUN

PR AN Ay ] R PEAEAR R
b FEE PRSP E , AN R AR A B 7= 2R 0 3R 055
BN SRR . MU PR 45 80k (RAC) 25 TIE
BT A PN Ok, 8 3 o A BB P R T
R TEIE S HE HIR BN o X T Tessier 148
SR HGEBUR YRR DU R AR Bl S e 25 i
PRERAS B ST IS S AT VR, T P 25 o Bl

Feal U TR Y RAC (EIE HIFIE I ES) T35 3,
RAC {EXF I A4 KU 2 JEE .81 36 3

Table 3  The environmental effect of trace elements in coal gangue sample

o ERL ~ ERM 25O T B AR S R (% ) ARTHFFERE A ) RAC {H RAC {H X 1 F8 XU 2
PRIES (mg/kg) <ERL >ERL A <ERM >ERM EeE| SEHH RAC fii R
Ba - - - - 7.43 ~10.04 8.41
cd 1.2-9.6 100 0 8.69 ~14.53 11.7 <l x
Co - - - - 1.56 ~6. 04 3.87 A
Cr 81 ~370 100 0 0 3.61 ~6.40 4.7 1-10 "
Cu 34 ~270 100 0 0 8.64 ~12.64 10.19 3
Mn - - - - 23.87 ~27.93 26.02 10-30 U
Ni 20.9~51.6 86 14 0 14.43 ~16. 13 15.27
Ph 46.7 ~218 100 0 0 9.65 ~16. 65 11.97 30 ~30 R
v - - - - 5.38 ~10. 65 8
n 150 ~410 100 0 0 14.49 ~17.49 15.76 >30 B

FE: a8l [ Jain!®) AL ERL A0 e G , ERM 308 o BE o, RAC U TEM 850« - 7 R8T TCEE.

— 632 —



6 T UhI, A% RS R B TR SO - BRAL A PR BGE T T ARGUBERT A7 - AR ZS SO BEAN, 5F 34 &

T T4 H R TG R 1Y RAC E FIXT R g AU
JE BT A b 10 Rl i o0 2R 0 BREE B 9 1 T HE P
N :Mn>Zn>Ni>Pb>Cd>Cu>Ba>V>Cr>Co,
Herp Co \Cr 1) RAC {EIRAR A2 5 HEAE R B AR
S ;Ba Cd Cu P Fl V 77 A By A S KBS A T4
FEFATRBEZ 8] ; Mn (Ni I Zn 2338 JH B2 AR 28 KUK,
. Mn ) RAC (x5 (23.87 ~27.93) , FTEE
FEASH Mn 0 A= 253085 38 18 3 1Y T REME SRR, i
Mn A] GBS BERT A7 LU J] 320 4t X 398 S AR 44V e
(B > 5 | A

(O

4 45y

T TR MBI 58 ME AU I e 7 DX AR B ARERT A oh
10 Fhisi i T R 1Y & it AP RS S PR B RN, A
FARGERT A Ba, Co Cr Mn Ni Pb.V &5
TSR E A 7KF, 9 H MoV & i
Foehr vl , b B KU (AR 6 it oo R =2
BB S R F A 45 G AR, W T 40 8L
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Study on the Occurrence of Trace Elements in Low-sulfur Coal Gangue
and Their Environmental Effect by Inductively Coupled Plasma-Optical
Emission Spectrometry with Sequential Extraction Procedure

DING Shuai-shuai, ZHENG Liu-gen” , CHENG Hua
(School of Resource and Environmental Engineering, Collaborative Innovation Center for Mines Environmental

Remediation and Wetland Ecological Security, Anhui University, Hefei 230601, China)

Abstract: Coal gangue is the largest industrial solid waste in China. Trace elements in low-sulfur coal gangue
samples from the Linhuan coal mining area in the Huaibei coalfield were measured by Inductively Coupled Plasma-
Optical Emission Spectrometry (ICP-OES). Sequential extraction procedure and correlation analysis were employed
to analyze the occurrence of trace elements in coal gangue. Meanwhile, the environmental effect of trace elements
was studied by Risk Assessment Code (RAC). The results showed that trace elements (Ba, Co, Cr, Mn, Ni, Pb
and V) were enriched in coal gangue compared with Huaibei coals and Chinese coals, in which the enrichment
factors of Mn and V were greater than 1, indicating a certain risk of migration. Trace elements predominantly occur
in residual and Fe-Mn oxide bound, the total quality fractions of which range from 68.87% 10 92.93% . Cd, Co,
Cu, Ni, Pb and Zn are hosted in sulfide minerals, V is hosted in clay minerals, and Mn mainly in carbonate
minerals. The environmental hazard of trace elements was in order of Mn >Zn >Ni >Pb >Cd >Cu>Ba>V >Cr >
Co, indicating that active Mn most likely pollutes the environment during the outdoor storage of coal gangue and the
soil and water pollution induced by Mn should be of concern.

Key words: low-sulfur coal gangue; trace elements; Inductively Coupled Plasma-Optical Emission Spectrometry ;

sequential extraction procedure; occurrence status; environmental effects
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