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Abstract: Acid mine drainage and its associated heavy metal pollution are the most important mine pollution
problems in pyrite—bearing mining areas and the most difficult to comprehensively treat. In order to find out the

white pollution and causes of aluminum mining rivers from abandoned stone coal mines in the Haoping river
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basin, satellite remote sensing interpretation, non—fixed—wing UAV aerial survey, sample collection and analy-
sis, and dynamic monitoring of water quality in major river sections have been carried out since 2021. The re-
sults show that, Dwhite pollution of aluminum is common in rivers in the study area, and three patterns can be
seen: the two channels are mixed with river water with different pH degrees to form white water belts; after the
natural fall of the river water, white pollutants are formed on the rock surface of the riverbed; river water natural-
ly evolves to form acidic water, acidic sulfur water, and acidic white water. 2 Aluminum ion pollution in river
water was widespread and seriously exceeded the standard, the average content of Al ions in 216 river waters
was 8.6 mg/l, the sample exceeded the standard rate by 65.8%, and the average excess rate of Al ions in the three
river waters of 19 river sections was 90.48%. (3 The aluminum in the river comes from the result of the acid wa-
ter dissolution of feldspar in the stone coal mine and its surrounding rock, and the flowing water at the bottom of
the waste residue pile is the main source of pollution of the river aluminum. ) Aluminum ions in river water
have a significant negative correlation with pH, and the greater the acidity of river water, the higher the content
of aluminum ions in river water; after the formation of white amorphous gels in river water, the content of alu-
minum ions in river water decreased significantly. The increase in the pH of river water is the main factor in the
formation of white pollutants in rivers. The white pollutants of aluminum in river water have amorphous charac-
teristics, complex chemical composition, and are complex compounds composed of sulfate, hydroxide and alu-
minum. The white amorphous gel of aluminum has the ability to adsorb heavy metal ions in river water. The re-
search results can have important theoretical and practical application value for the pollution prevention and con-
trol of aluminum in the research area.

Keywords: stone coal mining area; white pollution of the river; aluminum ions; genesis analysis; Haoping
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Geomorphology and water system map of the study area
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Tab. 1 Characteristic values of relevant parameter content in

river water in the study area

FEAEAE pHIE AlCmg/L) SO, (mg/L)
Fe/ME 2.76 0.012 6.21
R AA 9.34 186 6963
41 5.94 8.6 478.58
I 6.68 -0 169.0
BREVA 4 6.35 0.67 135.0
b i 5 2 1.43 82.58 997.1
i BRAE® 6~9 0.2% 250
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Fig. 2 Photo of the white water zone after the water of the

Huangnigou branch flows into the main

channel of the Haoping river
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B3 BREAAKSEF HKRERENBKERR
Fig. 3 Photo of the white water band after mixing the water of

the Chenjiagou river with the drainage of the konjac factory
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Fig. 4 Photo of white pollution in the Yuechigou channel
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Fig. 5 Photo of white flocculent gel in still water tan
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Fig. 6 Silver—white pollution photo of weir ditch channel
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Fig. 7 Silver—white pollution photo of weir ditch channel
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8 IKREATHFIERRFERTKRA
Fig. 8 Photo of white turbid river water in the

lower channel of Xiaomixigou

10 BFAEFTRRKEEKEEKERYER
Fig. 10 Photo of yellow and white water glue in the pond

of Tujiagou abandoned mine
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Fig. 9 Photo of white gel after the water of Xiaomixigou

flows into the main channel
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Fig. 11

in the course of the Mianru river
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Fig. 12 Percentage of aluminum ion contamination

levels in surface water samples
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Fig. 13 The dot-like distribution of Al ions exceeding the standard multiple grade in the study area
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Tab.2 Average of pollutant parameters of river water samples from phase 3 of major river sections

] 3 44 FR B W T pH{H AlCmg/L) Fe(mg/L) SO, (mg/L)

B G 7K K T D 7.31 0.079 0.014 110.000
B[Rt R s 6.97 0.696 0.014 73.033
R 7.25 0.066 0.014 95.433
HE YA 5.65 2.033 0.116 321.333
MR A 46 11.881 0.076 471.000
WRHA 7.18 0.338 0.030 256.500
LHEH O 6.32 1.818 0.014 135.833
KONMEHE 7.42 3.349 0.244 150.333
gl 5.94 0.603 0.023 154.500
K H 7.08 0.201 0.033 170.500
IV 3.61 45.542 0.796 1133.333
e i 4.03 43.061 0.368 856.667
FERE I O 427 59.106 0.406 926.667
KIE W 721 2203 0.017 265.167
BB [ K X 7.32 1.783 0.011 90.000
PRI DL X W T 7.34 0.322 0.050 163.750
LRl 6.88 0.498 0.014 86.933
JN KR IR 3.26 179.657 8.023 3336.667
INKE G KA BT K R R 3.39 119.734 13.133 2250.833
INKE W 1T 442 53.927 0.176 1171.167
KAE W O 7.55 0.249 0.014 98.167
¥ BRAE 6~9 0.2 0.3 250
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2001; ZEF4 5 2021, SRR AT, K pH {H AT { i
Jo 25 KA T R R O K, T R T
M B A7 % fi 1Y 3 4k 7 1) (Banfield et al.,1990; Li et
al.,2019): ZPIRIE AL IR, B sRiafL. KOv W&
BRI AL A RIURL N RS H & A Kl R, T
R BEAETE AR TE B ALY AICOHD™ . AICOHD',.
AICOH),, AICOHD , % . fH pH<S5, EZ L& FIE X

e pH N 5~7, 88 EE L AIC OHD', A1 AICOHD; /Y
W AAEAE; pH>7.5, RERI N AICOHD . H FHF5E
X HFRAKAAEAE pH>T7.5 BYIE L, TN FEAE AICOHD
g,

INKR I 3T R RS A L BA T ALO,
TR DERYW, AT IEB ST ALO, ¥ &
13.83%, W i 5 T 41 BB 6.52%, H.i T TFe M Mn
o SRR R R MER, AE R EREE A AR BURR M
K, SR R M K U b T R A 2R R
R PR E T, SRR S TaERM R K P T
B, BEE K R IR BEREAR, SR FIE R T A E Al
FRIBEIATVE

®3 MRRABETAREEHTEENFEHSSE

Tab.3 The content of chemical components in rock, coal ore and surrounding rock in the study area

Si0,( %) ALOy(%) FeO( %) Fe,05( %) MnO( %)
aHTH 47.60 6.52 24 1.75 0.076
A1 B A TR A 39.87 16.29 1.8 5.57 0.044
RELTET A 0B R A 40.24 12.12 8.17 6.33 0.162
&= 52.84 13.09 2.49 3.93 0.12

EEERMEKPENSENT

g KA 248 1 HE ISR AN [ Hb 5078 i K pH
KARE & WA 4. 6 Ab ik K (S21-1/6)pH F- 34
{E 4 3.098, 5L iR P, BRPE K b B A8 B AR 4
4 4.98~152 mg/L, #BFR 55K 23.9~759 £, il K v 42

4.2

B i B R MR R A OB AR 3R OK T3 AR
o 5 0 R (S21-7) 1 HE 1 e L1 3 b 3% A5 U K
pH=6.62, /K TR | 41 S H A 75 G Wy B9 4% & 1 oK
U2 b i, vl UL B s S 94 35 A 8 by K B Y 2 28
PRz —

R4 BRET HEEHRIMERAKpH RiISEY S ERBIREL

Tab. 4 pH and pollutant content and excessive multiple of seepage water at the bottom of

the 2# waste residue pile in open—pit coal mine

- Al ok TFe .
RS pHIH — . — #IE
Fa(mgL) BAREEH FE(mgl) @BRREH SE(mgl) BAREH
S21-1 3.0 116 579 3250 12 06 141
S21-2 3.02 152 759 4920 18.68 63.501 210.67
05 ,‘é : 7]
S21-4 3.06 134 669 2080 7.32 27.45 90.5 % " iﬁ T
B HiK
S21-5 3.26 57.6 287 2100 74 68.901 228.67
S21-6 3.15 498 23.9 2070 7.28 306.579 1020.93
S21-7C Xt R b U 3V
L 6.62 1
=9 7K
MXPREE  6~9 0.2 250 0.3
L HE YA YA [ TG A B T R B R B /N S, B R, K B B R R M K, AN S21-11 BY pHAE K 4.44,

KBRS S21-12, S21-13 HH AL $E pH {E . Al 7E N BY B
A0 H A A 1 3R 28K 51, pH=7.08~8.05, 1
P R 5508 o (HJEAE VA BN A SR AT R A s 3R R S YA

S21-16pH f& }y 4.37, [AlB} Cd. Ni, Al, Mn & FAEERN
FIFREERHEAR (R S, K 14), BEERE S CEHER 3
W ARG R, WIE A4 BB H K (S21-14, S21-1/7)
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%5 LiEfALFRKS pH Ri5RMERBE B FITER
Tab. 5 The pH and pollutants in the upstream stream of Qi

Yangou exceeded the standard multiple

RFES pH Al SO/ TFe T 3 B
S21-11 444 4025 - - T4 G R UL T K
S21-16 437 7650  0.104 - 14 ik V& T8 K

S21-17 450  40.05 - - K I

S21-12  7.08 - - - i K

S21-13  8.05 - - - J= B AT U i K
S21-14 553 3.05 - - G SRERERS
S21-15 636  0.75 - - MO/ SRR
S21-18  4.80  10.05 - — TR E WA AULEY
W “=7 RARK MBI FRAK bR,

15 4%, Ni, Al Mn BARE RO o[RS e 1 5 i M
S B KRR A S BR T R 5 G, K B
5 W5, K AR R T W R, X2
T 7K pH B3 &5, B0l K i 1 45 T8 T T B S
43 AP AIBFEpHXZE
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Fig. 14 The relationship between white pollution in the middle and upper reaches of the Qiyangou river and the waste residue pile
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Tab. 6 Correlation between pH and pollutants in river water

pHIE Al Fe S0,
pH 1
Al ~0.799%* 1
Fe —0.576%* 0.824% 1
Nohy —0.814%* 0.993%* 0.822%* 1

. *FIRp<0.05; **F IR p<0.01,

ANAIE I T AER B 75 pH K& /N KRR I K
I KA P I 2R BN F2 000 1, R K B e
PR TS B AR 7, 00T WK A BRI K BT, Bl
K 8l KB R B IR R B8 6 IR A

U SN T < S = RO BN SR N =5 0 A e SN 1
Ry IR K AL+ 5 5 WHUT A9 243.2 mg/L
(1215 %), F M 20 A FE W7 85.25 mg/L(425 £5) .
7K Al B 55 pH H A7 76 45 48 BUH G R 8L R'=0.840 3
(B 15, B TR STEKRIEA L # R KRS TIK,
FHORK pH BT, W A 2, B ALES T UTTE
T A AR AR T VE , S BORK TP AL BTk
REA .
44 SARSEMBGRISERES

ORI 3 P BUF A M 3 2 LR B0 L 3 iR
IS0 A I A RS R R RS SR SR, AR AR
PR I A i, LR T MR TT U KPR sE R
S, X A KO REA T Sk &
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Tab. 7 The color, pH and aluminum ion content of the river along the Xiaomixigou river
¥ 5 ] K B4 pH{E AlCmg/L)
S423 A K 1 R IR 10 mAd v K 3.14 243.20
S424 AT 7K AR B H R A B 2 R A I K 3.18 248.88
S425 % B A B G HE K, WK 8.9 11.00
S427 AbFR S HEK S AR AR K, IR 8.72 7.67
S428 IR G 3.75 120.78
S429 B, PR 3.91 89.03
S430 B, R 4.53 109.19
S432 R A A, R 3.61 122.57
S433 TEE A, Hk 3.74 92.81
S434 POYLIC KRB e (1, Tk 451 85.25
300 pH>12.9 i} AICOHD, & R 7E B 1, LA AICOHD, 7 7E 5
250 re 16 4<pH<11 7 il AICOH), JEAR R M, 58 2 TTTE

~200 " _ T

EI (16, BT 1A e PR

= e, =7 081.2x730%

< 100 + 0o . Rz=0.9582 1ol

50
0 . . e
3 4 5 6 7 8 9
pH fi

15 INKBAFAKTHAIEFS pHEHNXEE
Fig. 15 Diagram of Al ions vs. pH in Xiaomixigou river
e B HE P BLIETCBED A B X 2 (10.15%) > 4R
F2506.03%) > A1 B A (3.72%) > K AL A1 15 14
(2.03%) > 1E KA (1.78%) (1 & T, 2021) o A BER X
J5 85 R L 40 R 34 CREAR 0.1~300 mm), 5 BUK # 3
BRI RAREKAL . KRG R A8 E, X
AR H4 [ 7K Bl 1085.13 mm, T8 37 A A A A5 1R
KHAEFE T A A e i e rp s Bk g M B k2
Y R AR R, R AL BT 9 R PE K
(pH=2.9~4.1), #IRYEAK I 7K A7 . JHR A R
B CEREBS, 2023) 0 0 A0 Je PR HE 4 i 3 /K
JE UK AR TR B R R K B BURT T AL
TG, R SE XA AL B 8 bR SO U TS G
FEIGYIR . R MEK I AL R RR SR, 7EK
23 R KSR OB, S5 7K Ty O, A2 i AICOHD, it
VE . H W B AKX 2O MAK IR,
AI(OH); = AI** +30H" 2
Al(OH); + OH™ = Al(OH); (3

B ALK, (AICOHD D=1.3x10 ", 4 pH<3.4

i, B pH U/ AICOHD, %5 i fE R b, DL AU A7 78 4

S (mol/L)
<)
W

AP Al(OH), AI(OH),”

3 4 5 11 12 13 14

E16 AICOH),HAEMS 5 pH XRE
(ZHALZE, 200D
Fig. 16 Solubility S vs. pH of AICOH),

K P ER Bl pH (B AR A BILA B ok 4 18 i
1411 (Gilles et al., 2003) . Nordstrom 2% (19865 T
iz b e K AL Y HLERAT R o ZRJE B (198D U 4R
AR ISR B 2%, Al B FHEK P&k
K L, HoKIEIE S RECHE IRERILES . BA
BRI IR R A 2 50 T SRR A I
FERR MR AR T, ALK AR L AICOHD ) pH {E K 29K
4.0; 7£ pH=4~5.5 fy/K M, Al AICOHD™", AICOHD”
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TR F I IKRTE R . Sanchez-Espafia 55 (2016) 1A
J ALES 73l W A7 AE T pH=4.5~5.0 K&, 1E pH>
5.0 ZK UL R LA LR R £ ( Caraballo et al., 2019),
WK A BREAL. HLA ., BE 0. S8k .
Sanchez-Espana %5 (201601 0, BRA ML T, W i 1Y
ALTE pH=4.0 T, TTVETE B TC R JE 1) BRCR F2 L w0 1 &1
ULYE W . Manuel 25 (20198F 58 Ik K =8 L A4
(A1,(SO,) (OH) ,,.12~36H,0) & KL E A5 1] #¥ 51, 44>k
UKL 25 R K BB/, IR 1 /K R AR R A AS T HE 3,
DL R OTTE I FEI R EHERL . Cong %5 (2021 4F) R 43
5 45 BB AL (SEM—EDS) . X 528 56 1 1 B 1% X
(XRD) ., 7 AT AP SGIE (FT-IR) . X S 4ot
BT A (XPS) . Hi A A 45 B IR 5 & Sk ik Y
(ICP-AES), 5% T & HE 00 DXl I (1 805 44 ),
W ELA AR A RAE A AR S A AR, EEOT R 4L
30, Al S, F, OH 1 SO,/ M, T 56" ¥ 1l /> fc 1
VR AT (AL(SO),(OH) ,#4H,0) .
ALTERR PR K i %, UITE T pH> 5.0 M KK
T E AR SR, Kot R MR AEEZES . |
F AICOHD , —FiEV 19 TC 28 TE 2R IR, 72— 1R
A A e T K R OH 5 ALY ¥R
RV M o] K Hh AR TV B BRI R pHL A i . 3
TMIRM K TR TSR, MERK ., M
KBS, SO R 3R, 5 80K R pH (B T &, 7630 i
HROE R A TG 8 T AR AR B 2L BE 1R (Furrer, 2002) .
33X L S A 51X S 98 T AT A 3 3T 3 ) — D A%
Y5 Yoty (0 R R 2 — o (H BB S5 40 R 20 B 4%, 7T
fE R BRILEA Y Al0,ALL,(OH),,(H,0),, “(ag) (Al
Fa B B A A, 3558 A (AL(SO),(OH) (#4H,0), &,
IKFRERILA (AL(SO) (OH) .12~36H,0) . ZAFKFE4>
Pr i, & i A 5 L, Z MA@k, 2
80 AL S i B IS 117311.7%10°, Mn & 20 599%10°,
Cu FHEN 748.7x10 %, Zn #H41350.9x10 °,Cd il 5.4x
10°°, Pb & 4 34.17x10°°, Ni & 5N 36.9x10°°, {3 1]
HEkh BA SERESEITENEE, T AW
F 6T T L BRI Y T E RE A 2, 3 m R 1) 4y
L, ELA W BT 3 A R A, T AR E R, B
FEIRT L 160 B AR IS bR 15 G 1 1 i B 1 i, sl H
B IR 5 T 7K pH (B 8140, ok il S K 3 3 VAE A
AT, (EIRIEE ) pH B T+, A B X B B T A AR DT
T, TR Ao B 4, SN 3 T AR A R A
T I 7 4 R I R A 1 SRR | I RS Ak I A B R,

IR TR AL K B S e R R, A el e 55 T R T
PeBiin TAE .

COBIF 5 DX 308385 388 47 76 50 10 1 85 4, HOE i
AL 3 b2 R 2% A T S () 1 AR 1)) KR B R R
KT 5 ATIE AT K SR B K S T PR A 3 T B
1 E B 5 40 5 AT 7K LA R 3 K — TR P e 7 — P 7K )
Azl

(D[ K e AL B 147 76 3% 3 75 4 BB AR ™ & .
K AP %K 0.012~186 mg/L, 31l K 8.6 mg/L,
B TG YUBARE RN 42 1%, FEAEBRR RN 65.8%.
19 2% 1o 5 W7 T80 3 01 901 ZK AF i v ALTIS) SF 288 A R
90.48%.

O FEH ALK A T AT KBS PR AR
P K Vs AR P 45 5%, R 3G ¥ ke T /K s VT i
Y FEIG YR KPR ALR B T A B S H
FH Al

(DK ALET5 pH HAA BER ML LR,
K R BE AR, Wk ALE PR . kb e
TG R EER P IE WG, WK ALES 7 & B
FEAK o 07K pH A TH 5, S Vel 0 11 6875 G W8
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