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Abstract

The purpose of this experiment is to explain the release of pollutants from coal gangue and the
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pollution intensity of coal gangue exudate on soil, surface water and groundwater. In this paper,
through static immersion and dynamic leaching, the release characteristics and release capacity of
soluble substances in coal gangue were studied by statistical analysis method, and the impact of
pollutant release on the environment was evaluated. The results show that the release capacity of
organic matter in coal gangue under dynamic leaching is much greater than that in static state.
However, the release capacity of soluble solid in coal gangue under dynamic leaching is less than
that in static state. The particle size and time of coal gangue contribute greatly to the pollutant re-
lease capacity of coal gangue. Compared with immersion test, the particle size of coal gangue has a
greater impact on the release of pollutants from coal gangue.
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1. 5|15

JEAT A A IR T R s R o = A 0 A P 72, R B P S A 2 T 4 B 7 & 10%~20%
[1][2]e F&RMEBERFAAUR Sk B R, & sl SRR 9% IR B SR 500 R R 6
X AL HIARPRESCH ORI COyy SO, A BB S SR B 5 Jel X s Rl e 7E K XUk
WIBEERTN, BT A B BORE AN ER FIoER, 15548 B AR g, ™ EH g X )
MRS 242 (3] [4] [5]. MATATERZMEHEFMR, EXWERT, A ra HY RSN
Hok, VSRR I RS RGP AEREA[6] [7] [8] [9] [10]. K42 Asy Co. Cr. Cus Hg. Mn. Ni. Pb.
V. Zn 10 F &8 70 2ok F IR A IR E R K As. Cr. Ni 7R — @ R 80 RS 11] [12]. E4MnsEE .
JEE ., IS, ENmsN . BE T REN XL B T AT AR BT G [ 13] [14]
[15][16]. B RKIAHER S 7 RER b, W Hi53 7 XA RKE, LR E ==, =R
T X FAESHSE A E &SSO, B0 R K 52wt 245+ B BRI L [17] [18],

H AT A R o = WA AT MO E R IR 2, B 4R 555 [ 191K F #f A A s i A g =ik AT
WIS 78, B T2 SRR, Bl i o 3 A I R RS2 B S . JH R [20]55 R IR
AW BT A B 4 8 e & BT AT AT TR TS, HR R ER AR B ORIKFE N 0.0548
mg/L, ZNASWRIETE H BRI E N 0.0682 mg/Lo BBA[21] 55K A= iy I BRI 78 1 R4 Fh s oo
RIHT A AR IR RS AT S . R8T Eh BUNBLEIAIRE . RS Eoo R T iE kR
a5 B [22]. EHE, 4RESE[23] [24]5 AIAE H SABR BE AR MY 25 44 T XA A o 4 8 (R B A5 bk
FRIEREAT THRFS, 38R T AR XA A rh s Jedssd 1438, sh R KR T /KI5 Qe igsm i s 1 R [25) %1l
= N RS AR, BT R TR A A B e Ay B (Ca” L Mg BRERIR(SOL ).
BB F(NaYEM R K RGP Z A e LA Yo . SRR (Ca™ s M) ia Bl FEIR IR, BRAR
(SO R, TR TNa S E R lg: skMH S5 [26) 5@ 50 = HHUK AR W IR, I
PG H FRIEET A pHL B ELEE, $R7R 115 Jeiz B RR VAR R K Mg ok, BV pH 1
BT3GR B 2227550 dd R 200 43 ) 5 ¢ 1 B LU AN pH SRR P S B IR S & &
Mg, ZRKXWUSEE T2 ERR LA, M pH B RTIECD, BRAR S 1S 2=k B
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PRI RSB N ok b, B pHL AN S S e DN FE N R 5 s Peng B [28 14 1L PHRH SR IEAT
AEANF] pH AIAIAS [FIFRE HE I 8] (4 25 A R REATIR ik, T FE 3R W] 24 R LSBT it C1 AT AL bR IS TR] Y
R o A TCUE IR A 85 RHEOE AT A2 R K B A R T o e i) Bl A A 345
A AR L A BN NI kTG e, S IR (75 Gt Dl A S T e P EE 4R (291 (301 JERT A ORI
U5 B8R BRI EERE A 2 VA TR P (R PEAR T FARAIR, BB M 0 2 8 e vy BN R 34 (317

FIAT, [ YA R S IR I R B 3SR o B 0 A S e T 3 R S e JmiE
BREBONRHEAT TIRAWEIT, AR ZATHIRT SU R 2 F B S BB IR AT R Gt ABELEAT 1A
[FIRLAR T BT A 8 AR AL SRR L 2% A TR A dE AT Zh A DE, R xR BRIk H g 4 Rt AT
oriit, IRFUBRT A5 G SR LR

2. RS
2.1. HEEmRESHE

B vt 28 shIf i 0 T P IR AR AL R, BRIGE RS, BOMPERE. JUKE ], PEARE R, FIEEGH, &K
MEEm 5L EmE. 257, FRSETME. mPA AR NILEE 3518'50"~35°5208", A4
110°7'19"~110°3724" . EhIRAL TR T 5 X3k, JE KM R, PUZR8, SRR, HHER
2, WEEZ. FYERKE 559.7 2K, HWNEARY, ZHE5T 7. 8. 9 A, BRMZIE MR EIH
PR AR AR, SEHEEAE KL 60 AR, RIAAMRTE 15~20 A8, MW 1116 FH AR, il
AN 69%, KR EfE= 103 120, Hrh QR R 26.79 20, (5IEILBEE 35.5% [32]. "X JHLKE
HERR BT A A A A B0 R 7K R FIR VAR B R T80 K (75 e I o) 38 A b 2 K= A 7™ Ly
[33]0 ARURSEERIERT AR SR E B X, fERPAMEBOA R, REMARIEIA, BRI AT A T8
W JEE 100 H i

2.2. IR

IR LA 1.

R REE AbE

A4

B A WAE H%pH. TDS. TOC

A4

T I8 P BEAT AR

N/

WIEHEAT A . WAEMEBpH. TDS. TOC

N/
SpTHEE. B

Figure 1. Experiment with flowcharts
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2.3. FEiAe

R P

1) B AR SREFFEIREL Y 1:10, EERRDI F 40 5% 10 52 0.075 mm., 0.15 mm. 0.5 mm. 1 mm.
2 mm KA ARE TS 100 TeiE4liK .

2) B mRE L 10 SR, H— AR _E3E#(0.075 mm, 0.15 mm. 0.5 mm. | mm, 2
mm FER S — )BT g8 AR, FERiie it 9 S R pHy TDS. TOC, 4L 12 K.

REARE

FERIERS T, A HE 20 ml 32 RTINS, B HWE M pH. A1 TDS {4 FH{#E#X pH 1 (Seven2Go
pH 1), HSHR{YDDSI-308F T, L#HE#)SRME. TOC HEHEE Elementarvario TOC select
TOC/TNb 7K 51 73 B A3 A7

2.4. HFERIE

YAEWRIEAE, LB E BIEAL. 3~5 mm mAlATRY . e B4R, 200 5 0.5 mm BERT A
SERYELR. 3~5 mm FAiA b E B, WRIEREE WK 2, W BRI R IR MR
EEMAIAR IR KIM . FCEIRIET, RIS KK pH B E AR, SR Sk s B A A AL A
[F O C LR pH 205008 44 5+ 6+ 7+ 8 FHOMRIEM . FH— VM Sa v 8% m i 2 FRE N 250 mL k8T, 1%
HILHE A 250 mL/d, FERF 9 SR, 98, WEMER pHy TDS. TOC 5. FFEutkyg, B A pH Al

TDS e A I 45 Al .
Figure 2. Filter test device diagram
2. MBI R EE

3. BRI

3.1. B ARNRERRE

FAGAIRGHE IR 1, AFRARBE A RIEIHHZ N pH FIEZR AR, PEETEEDY 8.0~8.5,
BB, R R pH P EMERER HBORAR I RTIHE R, pH 722K BT AR R TDS 1
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HIEHERN 97.3~152.8 mg/L, 2 H¥K TDS “FIMEBERT A RAR 13 KTy, TDS 77 =K, JEh R
o MR R TOC “FIMETEHA 8.8~17.0 mg/L, 12 HHR TOC “FHAME S AARBE AT A kAR 38 KT/ o

Table 1. Table of immersion test statistics

1. ORBREGITHER

GiHE 0.075 mm 0.15 mm 0.5 mm 1 mm 2 mm
LKA 8.1 8.2 8.3 8.5 8.7
R 8.1 8.2 8.8
YN 8.3 8.5 8.8 8.9 9.0
ot R/ME 7.3 7.4 7.3 7.4 7.6
PHIME 8.0 8.2 8.3 8.4 8.5
Ji %% 0.1 0.1 0.2 0.2 0.2
LREIVA 3 164.0 123.0 110.7 100.6 97.7
RE 110.9 98.9
IDS (melL) RKRME 183.1 156.7 116.4 112.4 108.7
R/ME 89.3 96.3 90.7 76.1 80.0
PHIME 152.8 123.5 108.7 99.1 97.3
TE 758.2 196.4 49.2 105.1 65.2
Fh i 12.4 15.4 7.5 103 103
RE
RKME 46.3 29.9 14.4 12.6 16.1
TOC (mg/L)
R/ME 6.1 5.7 5.9 0.9 5.5
FHME 16.0 17.0 9.0 8.8 10.8
ik 1.3 8.2 3.1 3.4 2.8

FRAEAE RS pH. TDS. TOC $d 2/l 3~5, 12 HW pH B 1A ARtk 4] 3, Shife st BOR
SR R . SR EIR R R AR, pH TE 7.5~9.0 XA, SRiARIR R FEAS RS B AE — AN e R L
PR A b S AR B IR ENE Rk, BEE I T AOHERS , SRR A RIR TR P O S AR B P IR A BT
fiir, WRHR pH BT FE . S FERAFAE SN TR S, Mk 2 BRI (HIEFFIERIER PH
BTG, A SR AR AR AT Ak A e S 58, sl s, MO/ AR E
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Figure 3. The percentage change of the immersion test pH is stacked with histograms
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Figure 4. The percentage change in the immersion test TDS is stacked with histograms

4. REIALE TDS T E 2 L HEFRFRE
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Figure S. The percentage change of the immersion test TOC is stacked with histograms

5. RiIALE TOC T E 7 ELHEFRAEIRE

M TDS B KRG, Bl R, RTHE TDS B3 sh M ReaE, 1M e 000 A A 5 — ff e B T
Werlh, KRR, X e kN BRI EAT A Y FRE IR 0855, /INRIAR AT A v i)
BRI RE TR

M TOC AJEKE, FEERIEHAIE A, 1 mm, 2 mm A E2%E ETHES, 0.5 mm. 0.075 mm
BRATAFE 10~15 mg/L BHEARSE, 1 0.15 mm BAFA BB, fERIE 4 KJE, BR 0.5 mm KR4
Ab, HARRARERT A S bR S B TR, HiRg B,

JERT AR R ARRFAE . ANFERARSAT AR I pH 7E 7.5~9 2 18], 25361, pH {H3 shE K Bk
KiAR AN E] pH (EAZ AN R . TDS B2 6 I [A] () 1 K AR/ B TDS B i REAZ 8/ N i A8 K. TOC fE
SRR ECK HEERAR A F A A B R o[RS ST A T i 1 A B RO A RO, THE R
PSR A R VA T A R TS e~ S4B T 0B A RLAR R K, R A m VA [ A R TR B T PR AT, BT e
IS5 o VS RS IR A A WU R TSR T 2 8 T AR KA IR AL, SRR A U R TSR AR A AR AN I 2

3.2. BAF AWM RE A RHE

WIS THE WA 2, AN pH WRIEBKIE R A TSk i pH ~FRMERRA KR, FIETE
9 9.3~9.5, WHMBERME, pH 72 WA K. BEFAMH R TDS *FIMEEF N 106.8~112.3 mg/L,
WRH R TDS ~FIE R pH AR A K, TDS 77 ZE A Ko ST A ik ¥ TOC “F BV 43.0~47.6
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mg/L, W TOC P EMEREMIER pH LA K, TOC T5 ZZMA K.

Table 2. Table of statistics for the leaching test

3?2, BRI GIHER

SiHE pH=4 pH=35 pH=6 pH=7 pH=8
LIRS 9.6 9.5 9.5 9.4 9.6
ARE 9.6 9.6 9.4
IZINIE 9.9 9.8 9.8 9.8 9.8
P R/ME 8.8 8.5 8.9 8.6 8.9
Tl 9.5 9.5 9.5 9.3 9.5
Ji % 0.3 0.3 0.3 0.3 0.3
EREIVR S 84.6 85.9 92.9 103.3 84.2
AREL
PN 237.0 246.0 247.0 187.2 213.0
TDS (mg/L)
H/ME 48.4 52.8 48.0 62.4 523
FHME 108.2 108.7 112.3 109.1 106.8
Ji % 56.6 54.0 58.0 35.6 48.5
Hr AL 31.6 33.7 36.3 41.7 33.6
AREL
TOC (mglL) RME 95.5 91.8 94.0 92.1 93.5
H/ME 17.9 22.3 20.5 24.0 21.3
FHE 43.0 44.0 46.6 47.6 443
Ji % 22.6 19.9 22.6 18.1 20.1

MRAE R RS20 pHy TDS. TOC ¥zl 1< 6~8, pH BRI ARl 6, RFAAFEYILE pH E 7
TWOHEAT A IIES XK B 2 pH AT o 3tk IR pH (BRI B 30T ) AR R BUSE
THE TRERES . EAFRL pH 2T, #HRK pH YEREY 8.00~10.00, FRIVE, X 5HH A
(0 EA A, WIS BRERT A ST R IR B T, BB RONREAT, A R S SRR
TIRFEFEAR, BRIERES, PrEAR R pH 28T R
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Figure 6. Filter test pH change percentage bar stacking chart
6. IRt pH T E S AR E
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Figure 7. Filter test TDS change percentage bar stacking chart
[ 7. #iEiRIE TDS T E S LR HER
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Figure 8. Filter test TOC change percentage bar stacking chart
8. WhIEIALE TOC T E 7 LA R E

WRIE RIS TDS {8 B Wk DRI (8] (8 f b 2 DR S, (HIRIEWIIA LERE S e n ik, 4o
i pH =7 B IE RO IE T 75 28, HJE 2R % T B . AR b a8 (4 KA1k TDS EALA
WY A2 , ZEWRIE TG T 46 TDS (B R TR AT TDS {8, B A (¥4 K327 48 /N 28/ T 58 TDS f#,
FEE R YT R O AT R

ME 8 AT UL, BEAR L 5 RN pH B b A LR ) 5 A DB I (R K T,
HUBR I & BN AE 10~100 mg/Lo FEMRIETTAAMT, RIS IR R IEA NS B HOR. EAF pH R IEMH
MIEXS TOC EMA K. TEMIE 11 K5, AR pH MIERMIERT A 8 8 TRe, BEEHN
Bt W HORIEIRE, WIE R A P MR A T RS R iy PR AT A TOC B . e AR 734 vT
FIANIR] pH IG5 TOC AHRVERLEE, FEFFIAE pH R IEGIRIE SR AE R, RN TOC 5 i 1] 59tk E
IEIENY EP S

TR A R AR A ERASEAT AR W pH £ 8.5~9.9 ZIH], R555it. H At TDS
(BB VR IE I 18] (88 e Ak b BB G, W TDS 2 %€ 7E 60 mU/L, ik TOC Bkl A g ]
(s bt SR S .t B3R A Al KL AN F] pH RSB0 AT A BEAT #RDE, KR R pH
TDS. TOC {EFZMIAK, ARSI A P 5 RE R REBCE M K (R R pH X JRERT
AR AR BCR BN, TSRS RARUT A FLYDRE R P S E R B IE pH 3R, 5T
AANYRERCRIZHATK, 2 pH = 8 WREBER S H I
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3.3. B ASRITHREI SR

3.3.1. RRXHRET A SRR

FERAE AIER LG . I TR SR A T, BT A IR R0 pH BERLAR IR SG KT IZ WS O, BRI TDS Bk
T IR R, B AT KA 8/, BRI, A5 i i e [ AR B K. 3R L) TOC
BE KA KA R AL AN 5

3.3.2. BHEXRET AR M

EAAFI L . RAR S, AT AR R pH BERS A 02010, ik b 2208 FRFEs, 7
HR TDS FERT/S RARECK, T2 P e s 2P, 3L RUUG T — Mg,
0.075 mm. 0.15mm. 0.5mm. 1 mm. 2 mm $i4% TDS F&5EME 537N 164.55 mg/L. 127.53 mg/L. 112.77
mg/L. 105.97 mg/L. 101.47 mg/L. 2 H K TOC fERIEIIKSE, B 0.5 mm RiRHEAT A 4L, HARRRH
it/ TOC & T e, HAREEBONEIR, e EN 12.59 mg/L.

3.3.3. BESHEXHEA A SRR R
FrAIRI, 0.5 mm R AR R pH ~“FIIMEN 8.26, 1M BN ASIRIE IS [R] —RiA% (I HEAT A bk
pH “FHME )9 9.32, 3% & R ik BE AN Bk 7 R4 Ca Mg SR M0 5 O AR 28, 0 A IR ML 4414 F 0.5 mm
BRI AP Y AT M AR B CR. 0.11%, 1R S5 1 T 1R — K042 B AT A vl 3 M A~ S B R A
0.086%, PIFZERIAK: BSRWEMET 0.5 mm RARIER A MUY E X RRER 0.009%, Tikkigs&t T
[ — R T A A WA I B TBCE 0.039%, 3% A2 PR E IR T R Th A WA VAR
34. BT AEIBERSRIEN
BRFAR BRI B TR K T i B (R B 0k R HA SRR ik g S, R
i R AR ik N [34]:
1,=C/S, M
o OSSR AR AL
C, NEE 1 Flis Y PRI B
S, R | FliS YeI IR BN bR
ZRFIN RS RONIRS SN IR FECN 3, 4398 pH. TDS. TOC, UK Z KT
B . THRU 2 KT IR VAN FR AT A i R [34]:
I1=%" Wl 2
X wRTFE | AT RIR R
RIIRLE 2 K FIPN FR SO T B4 SR L3 3.

Table 3. Multifactor evaluation index of immersion test (standard pH = 6 to 9)

3 3. R % EFIFNE R (RE pH = 6~9)

INEIPN 0.075 mm 0.15 mm 0.5 mm 1 mm 2 mm
1 4.59~4.62 1.22~1.24 0.80~0.87 0.21~0.32 1.05~1.12
2 5.93~5.97 2.12~2.13 1.77~1.79 0.9~0.96 1.54~1.58
3 0.81~0.82 3.84~3.86 1.41~1.45 0.59~0.68 0.75~0.83
4 1.24~1.25 1.87~1.88 1.03~1.09 1.33~1.38 1.57~1.6
5 1.05~1.06 0.76~0.78 0.94~1 0.9~0.98 0.93~1
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Continued

6 1.87~1.88 2.91~2.92 1.79~1.81 1.57~1.6 1.52~1.56
7 0.84~0.86 3.78~3.8 0.81~0.88 1.53~1.56 1.3~1.34
8 1.61~1.62 2.83~2.84 0.79~0.81 1.3~1.36 1.99~2

9 1.78~1.79 0.93~0.95 0.94~1.01 0.92~0.99 1.32~1.38
10 1.62~1.63 1.44~1.45 1.06~1.1 1.46~1.49 1.85~1.87
11 1.53~1.54 1.18~1.2 0.9~0.96 1.52~1.57 1.29~1.34
12 2.03~2.04 3.49~3.51 1.7~1.72 1.31~1.36 1.28~1.33

MRYE (HLRAKIAEL R E AR GB 3838-2002) « (Hb F/K i EAriE GB 14848-2017) LA pH = 6~9. TDS
4 <1000 mg/L. COD <20 mg/L NtaitE, FIHZRF VNI, 28 S8R iE, KRR AP
TRERUN, HEEARTSEAE 1 L, X TIHEGmREE /N e wIREMEEGE . R A
PN TR B B .

WRIERES 2 KPP R BT R A5 RN 4.

Table 4. Multifactor evaluation index of leaching test (standard pH=6 to 9)
= 4. WL 2 EFITEN BB GRE pH = 6~9)

INIEIPN pH=4 pH=5 pH=6 pH=7 pH=8
1 12.353~12.402 11.806~11.867 12.174~12.217 11.887~11.956 12.093~12.145
2 10.01°10.047 9.432~9.477 9.980~10.013 8.856~8.902 8.968~9.003
3 8.452~8.481 8.077~8.113 9.919~9.952 8.591~8.635 8.597~8.629
4 7.292~7.315 7.32~7.351 7.858~7.881 7.079~7.112 7.302~7.327
5 6.4~6.419 6.007~6.029 7.65~7.673 7.0157.047 6.493~6.514
6 5.415~5.429 5.664~5.683 5.863~5.878 6.332~6.359 5.643~5.66
7 3.921~3.927 4.356~4.367 4.719~4.728 5.385~5.406 3.944~3.951
8 3.38~3.383 3.891~3.899 3.225~3.228 4.599~4.614 4.366~4.375
9 3.622~3.627 3.386~3.391 3.662~3.677 5.401~5.422 3.528~3.533
10 4.105~4.112 4.122~4.132 4307~4.315 4.636~4.651 4.005~4.013
11 2.565~2.566 3.83~3.838 3.594~3.599 3.975~3.986 3.446~3.451
12 2.631~2.632 3.038~3.0342 2.958~2.96 3.191~3.196 3.446~3.451
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