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Abstract: River water heavy metal pollution has always been a hot spot problem in the field of environmental
pollution prevention and control. The heavy metal content in the water of the Chenjiagou river in a stone coal
mining area in Qinling exceeded the standard seriously, but the source of heavy metals was unknown, which
caused trouble for pollution control. In order to find out the source and temporal and spatial changes of heavy
metals in the Chenjiagou river, surface water samples such as Phase II river water, waste stone coal mine
drainage and waste residue pile leaching water were collected, and the pollution index method, principal compo-

nent analysis and Pearson correlation analysis methods were used to study the degree and spatial distribution of
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heavy metal pollution in river water, and the sources of heavy metals in river water were analyzed. The results
show that the heavy metal content of the river water at the source of Chenjiagou (control point) can reach the
Class I standard of surface water, and the heavy metal content in the middle reaches is significantly increased by
the drainage of waste stone coal mines and the leaching water of waste residue pile in the middle reach, and the
heavy metal content in the river water before entering the main stream is 3.5~312 times that of the control
point; the heavy metals such as Cd, Cu, Zn, Ni, and Mn in the river water are homologous, all from the mine
drainage and waste residue leaching water in the upper reaches of the river. The spatial distribution of heavy
metal content in river water is related to geological bodies, pollution source distribution, river pH, salinity and
other factors. The research results provide a scientific basis for the prevention and control of heavy metal pollu-
tion in Chenjiagou river.

Keywords: stone coal mine; river water is polluted by heavy metals; space—time changes; source analysis;
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Fig. 1 Geological skecth of Chenjiagou
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Tab. 1 Sample analysis methods, detection limits and monitoring instruments
53 1 Xt 4 53 BT 05 1 R e A3 75
pH % 15 BRI L / pHit . PHSJ-4F
As. Hg. Se J T 98 56 3% vk CAFS) 0.1 ug/L. 0.05ug/L. 0.1 pg/L JE - %€ 5 6 BE 11 AFS-2202E
Cd. Al, Cu. N 0.06 ug/L. 0.6 pg/L. 0.09 pg/L. .
HL IR A 55 B R T3S (ICP-MS) AL RS A 45 B F % ICAP-R
Zn. Ni. Mn AESET RN 0.8 ug/L. 0.07 ug/L. 0.06 pg/L W SR T R Q
cr” TR T E 4O B B (CoL) 0.004 mg/L £ 50T DL 43 568 BE 31 UV-1800
HLRHE A S T OB RS R . .
TFe " o 45 g/l LB A 45 B T O ICAP7400

(ICP-AES)
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Tab.2 Water environmental quality standard Unit (mg/L)
pH Cd Cr Cu Zn Ni Mn Fe Al
|| a8l 6~9 0005  0.05 1 1
(M R 7R PR 358 At oA ) T2 47 4 6~9 0005 005 1 1
(GB 3838-2002) |\ agii 6~9 0005  0.05 2 2
VA tn i 6~9 001 0.1 2 2
CHb R K AT B bR ) 4R b AR TS AR K
Hb 22 7K U5 AR fE (GB 3838-2002) 0.02 01 03
AR K A AR HE(GB 5749-2006) 02
x3 AKESEBREHRSEEESIRER
Tab. 3 The excessive multiple of heavy metals and the degree of pollution in river water
S P FAUIGTYS Gl A A ER YR G LI 5 YL
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fii ] SPSS 18.0 £l e it 4, LA i H £ 4
T 7 1 AH S 43 A A0 3 A5y 43 B X Tl oK b i) o 4 T
it BOKA A TG LT Ge 1t o0 B, 456 s e s
TEECHE 3 A ] K G JR TS G Y R IR (R L
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JG 2 0 U5 AT B 15 B (Alves, 2020; Chai, 2021) . #f]
K73 B >R pearson AH G 22 55045 A A [R] A8 &[] 11
AAOCHE o FE 10433 B A8 T 5 Ky 28 1 % IR - 547 e
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Tab. 4 Heavy metal content in Chenjiagou river water (mg/L)

G2

i

pH Cd Cu Zn Ni Mn Fe Al
S121 U8 3k O IR 50D 7.48 0.001 1 0.003 0.046 0.011 0.035 0.02 0.081
S101 W5 7] 1A R Y Sk 82m 6.46 0.000 6 0.001 0.023 0.004 0.001 0.02 0.045
S103 I 3 B P 3k 369m 5.05 0.01 0.052 0.15 0.048 0.3 0.02 1.142
S124 55 S1034H ¥ 1376m 3.75 0.38 1.41 6.12 22 11.4 0.41 20.56
S126 5812440 #E 1143m 4.62 0.28 0.94 5.61 1.92 9.72 0.09 14.36
x5 BFRKATLUSEEPFEEELEEER(mg/D)
Tab. 5 Heavy metal content in Chenjiagou pollution source (mg/L)
i A F pH cd Cu Zn Ni Mn Fe Al
S102 7] 3 51m 1 FRLK 4.04 0.16 1.42 1.06 0.4 0.94 0.08 9.76
S104 55 S1034 ¥ 470m A HE 7K 5.8 0.096 0.022 6.03 1.8 14.8 0.02 0.39
S122 L ATIE 4k 5 S1044HHE 104m  J 3 Ik i 7K 3 0.9 11.2 22.4 12.4 50.6 15.37 185.6
S3 IC A8 A 5 S1224H 5 243m 7 i HE K 3.47 25 4.68 27.8 7.86 54.1 19.57 -
S123 P 5 T 9 T ZR BE B 65m 1 HE 7K 6 0.003 7 0.004 2 1.0 2.6 0.04 0.443
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Fig. 3 Spatial variation and excesses of PH. heavy metal content in Chenjiagou River from upstream to downstream
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Fig. 4 Time variation of heavy metal content in river water
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&6 Ak pH EERBHEXMEST HitR (=11

Tab. 6 Correlation analysis of pH and heavy metals in river water (n=11)

pH Cd Cr Cu Zn Ni Mn Fe Al
pH 1
Cd —0.603* 1
Cr —0.685* 0.550 1
Cu —0.768** 0.824** 0.744** 1
Zn -0.586 0.988%** 0.447 0.797** 1
Ni —0.636* 0.980** 0.486 0.842%* 0.991** 1
Mn —0.531 0.947** 0.326 0.724* 0.977** 0.969** 1
Fe —0.694* 0.510 0.552 0.632* 0.523 0.556 0.560 1
Al —0.492 0.741** 0.426 0.462 0.759** 0.733%* 0.734* 0.568 1

I *RARp<0.05 K FRE; *FRK p<0.0UKFRE.
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WML o 5 B RTIR, BRI TA B T det /N RRT 7K
AR E R A AR E, (AR T 4R RS
TR AN R B2 %) i 1) B AR XA AR, R 5 73] K Hp
S B AR ] E A R 22, JiE WK S e 2 W 43 B E
& @ & e ] AR AR R

4 ] K EE 4y i PR IR A

WK E 4 JE R IR FE F AR IE A IR, SRR
H B REME T A A AR A KR E S8 TR,
N R U5 BN SRy 1 S HE TSR & S E 4 T R K ORI I i
R KA B 4 8 R 5175, 20200 B THESEIX)
oA RIS A )E, IR 2404 5T
SR 35t B P A R 3 M, K TR 4 R RN, X T
15 YK AR A B G R LE K,
4.1 MHXMSH

FIIH SPSS #1445 Bk 2% 1] 7K pH 1 Cd., Cr., Cu,

Zn, Ni, Mn, Fe. Al 3t 8 F & 4 J& e R A THHOCHE 5B
(R 6), 4rHr &, WK pH 57K Cd. Cr. Cu % H
EEITEEMNH B FE MM, pH S Cd. Cr. Cu. Ni,
Fe JLE7E P<0.01 /KF T R & A AHC; pH S Zn,
Mn, Al JLE7E P<0.05 /KF R b i 3 A O, ik
PRIR Ak 2 51 4w o0 38 I flf B B i R R N . ot
Gh, KA&H Mn JCZE 5 Cu, Zn, Ni, Cd JCE, Fe LH
5 Cut®E, AlotE 5 Cd, Zn, Ni. Mn TR HA B
FAEASE, KT Mn, Fe, Al Y& A A4 % ik 26 fif
HEBITRENEHIER.
42 ETFEMANTNESERBEMBT

R T AT K AR v 4 S ok IR A TR E M SR B
Oy MR MR I K rh 8 M & B EAT . B
B4 M H, 24 KMO K 56 {8 M 0.537> 0.5, Bartlett £
B 5 LA P=0.000<<0.05, 3 A4 43 B 45 A 8%
(Yang, 2016; 224, 2019) . {5 /& 35804320 BT 1Y B 42
BOR, B E AR RS EER X S AR N A . A
— B G 1 A BT R BT RRAEAE > 1 R KT 22
T (] =52, 2021, 38 32k PR 7 43 A 4 B £ 48 15 4
T TR WS R AR RR T, X T
o 6 3% 487 (B 43 51> 0.75., 0.75~0.50 F1 0.50~0.30( Liu
CW, 2003; Kumar, 2018) . M T #& 5 8048 55 £ H 16 B
B 5 B AR AR ], R B B AR AR > 1 I Bt
Ty 2% TTHR 3 =75% W J 0 47 B - 43 B (CE 4, 2020;
PR, 2022), FEIE(E>1 1A 4 4> F 455, B PCA 43
Mrad B o, MR IA K 8 Fh i 4 J& o0 R R IE AR
AN 4 D F WS (PC,~PCy), Bit Tk R ik F
99.16%, HL 53 BT 4 A~ E LSBT 1 i R 5 1 il K v B
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Tab. 7 Analysis results of heavy metal principal

components in river water

F oy
T
PC, PC, PC; PC,
Cd 0.885 0.326 0.127 0.292
Cr 0.181 0.941 0.214 0.173
Cu 0.701 0.611 0.324 —0.081
Zn 0.915 0.204 0.173 0.298
Ni 0.910 0.250 0.211 0.245
Mn 0.916 0.050 0.268 0.278
Fe 0.268 0.290 0.893 0.213
Al 0.480 0.161 0.247 0.821
I 1 ORI

PC, [ 53 Bk R 51.40%, Cd. Cu, Zn, Ni, Mn (1) ¥
JETE R 4 T, FLu e B 233G, AR E AR K
BT 0E Bl B S R TR, DTG T L R R L M AE Al
B BE - DA IR A5 e, JHC A A 32 R R R LA
S ALY B 35 B B AR . iR SRt Cdy Cu. Zn,
Ni. Mn (% =5 {85340 76 RS0 e, 0r 115 el e
fiil D2, D3, D4 FUZ i HE Z1 T . Z X8k pH AL T
SRR, &8 WAL YR, KhEERE T 54
J& B T 456 T U R e 1 A B AL TIVE » R 1
JKrp Cd, Cu, Zn, Ni, Mn 3= 53k J5 nJ B 52 41 BB i
D2, D3, D4 FE#HE Z1, i PC, il G i & R HEK | &

AR RIVE 25 R

PC, M DTHR 19.76%, FZ ML T Cr F1 Cu A48
FRAEAE, 76 Cr Mk BE I HLA = 804, 78 Cu VR |
HAHEM . 45H KK E SR 2 B/ FRE 5 H 4
J& (8] AH S PE 2§ B 61, Cr A1 Cu B9 8 18 0 A 7 R R34
W0 T 1T 720 BRI, 228 S i A A, 320 W I T 1hT P ) —
WKW 8 & & Cr. Cu S5 E 4|, Ik, PC, vl gEh /™
il P M 2 K b R AR T T B

PC, Y BTHRR 14.65%, FE M T Fe MARFLERAE,
Fe ik B I B A & #lofr . A OCHE 43 & B Fe Ml Cu
A AR, 456 BRFE A B0 R RRAE, 1Ah PC, 7T
2 A B TSR R

PC, MY TTHR 13.35%, EEBLT Al (AR ILFRAE,
e AR B m s . ALY S (E A AE b i
Z1 R HEREE, %40 pH (AR T 4.5, AL AR 2 W 3%
KM, 8 PC, JCF (1 32 BV AT RE -5 7 HE I bk
KA K,
43 AIKEEERTHEMEZRSH
431 WBEFFATKRELE TG A

A5 X o 5% ) i J22 = 2 Wk L g - A
MGG, R PR AG IR ST . Tk e A T )2
5T XA B v B 4 J 7 e 5 K B b 7 F Y {E A L
#8),Cd, Cr, Cu, Zn, Ni CEE &%, Mn FHEKT
KBt b H 7 P (8 . R 25 08 B0 OC 41 F- ¥ Cd.
Cr. Zn, Mn & B 5 T AKBT IR KM iz o RS
i, B BR K i K 8 s MR B2 Cd. Cr, Cu. Zn., Ni
JLE, 5 X R G

RS THREEFESELRTEHEESRITR(mg/L)

Tab. 8 Average content of heavy metal elements in ore bodies and rock formations (mg/L)

Ei=R ) cd Cr Cu Zn Ni Mn

IR AR X TN 0.9 169 34 86.3 64.6 230
75 U4 BT A 36 417 By * 1.58 183 21.9 133 60 516
K i 1 4t 5 * 0.098 35 25 71 20 600

TE *+RR Bl ok B e 1 M 598 A JR) P 42 BT A b (20210 6

432 FHERAFRKELE TG A
TEARKMTR, Mk R E AR EERA T REME
KA RARAT JOLAE R CBLZT Sy, 2023), {H 2 [R]—Hb
R E AT, Al — X &4 8 e R & & A KF
P SARN /N, X T 4 B i 0 S ARG AR TR R
(72, 20070 fHJE, T I & 36 3h 237 K

& @15 Y, SO K 4 JE S T I K IR
T3 Y, X ARl AR T RS M (2R AT, 2005) 0 BRR
5 e K 4 S S BT (E DL AR 9, TR A K2
S122 %4, & A HE /K & S102, S104, S3. S123 4t 4 4
SRR 097 B8, K2 S121. S102., S103. S124,
S126 3 5 A U Bt 7 YR, xF BB Ry ik S121 1)
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KR HRRW], K E GRS R EEE ST
AT KO BRAEL, 2 W PR S8 T K 32 B0 07l 3% Bl i e
WIS by BRI A2 B0 AR HE K K R i I K Y
SR, 3 T R 3 — B PR S B (A (AT 5), Tk
HaE AR T E . BRI K P T E R

W TR K, ST K AR A A 5.92 fiF ~
138.73 15 W AR HEAK R ALSL, HAh 4R &R m T
WK, S K b 4 JE S Y 2,19 %5 ~43.82 1% . Ui
A 2 75 HE IR 5 7K R i HE 7K 2 5 SO K b AR

I R TS YR

x99 BHRFARRMRKFEERETFHIERITR(mgL)

Tab. 9 Average content of heavy metals in different surface waters of Chenjiagou (mg/L)

Cd Cu Zn Ni Mn Fe Al
T s HE 7 K (S122) 0.9 112 224 12.4 50.6 15.37 185.6
A HE 7K (n=4) 0.69 1.53 9.22 2.76 18.11 4.93 3.53
7K (n=5) 0.13 0.48 2.39 0.84 429 0.11 7.24
Xt B A (S121) 0.001 1 0.003 0.046 0.011 0.035 0.02 0.081

PR “BEK” AERE
Fig. 5 Chen Jiagou “sulfur water” channel
433 pHATFKRELE TN A
T K H pH AE B9 28 16 52 Wi 35 1] K H i 4 R AT
R, R EE 4 A VS i S R URL A 2 8] 4 AH B AR A

&5

— A, A2 5 e I B ) 2 T 0 B RE AT L B TR
L) 1) 2R T W B A P R A5 A R B S Rz, AT IR 2F
5 X5 =R OHAY W BfF CShil, 20195 i 52 i, 2023)
KR pH {H 1 225 £k B 2 52 ) 0 B 3 3 1 28 b, 5% )
BV UKL SRR ) 6T T 4 T R B R A, =2 3K
KR B 4 JE 76 TURLAS 5 7 A 2 22 8] 1) 1 B e Ak OB

] 92, 20000 . HY T 4 JE 1 it AR K pH R AH OGP K&
TR CE R LLE W, K o E 4R
7K pH A B4 0 SAH SE M . RIOK pH (B D R 1 , 7K
(RSB -V BE Ay, B A R T S I R AE K
4 JE BT A s WK pHAE A, b A
B M B, T K Y A R R R A AR B A B
BN PR 0 S E AL DT TE R 2, S B0 K i 4
JE& B TR B AR (32 100 o BIFFE XA 7K pH=S5, 1] /K
S SR ol R R T 1 el R B | 1 A = W
/R E
434 FRBEXNFTLE TN R

B 4 B CLaE A B, i AR B 5 LR
ERIEM XK R, shEH R, i mEE &Rk
G W)Y T A R U R A B Y 4 R T R TR
Cl 1Y 7K Bl B Tk, 8 45 000 25 B 45 ) 1) 9 i A8
kG, 2011; EFE, 20210, 40 &8, BER
W] K A R o S T K R B A A DGR (R 1D,
WK ER 5 Cd. Zn, Ni, Mn 5 348 4 (9 1F 40 56 1k,
FWA W K i Cd, Zn, Ni, Mn 7 & B ) K 3 5 4 7
e 1 I e CEL 7D

*10 EBRSEXYNEN pHEREREREITFROQ5T)
Tab. 10 pH value and solubility product of metal hydroxide precipitation (25°C)

ARy pH wHEM A8 pH R
Fe(OH), 248 4x107* Cu(OH), 5.4 1.6x107°
Fe( OH), 5.5 4.8x107" Mn(OH), 9.0 4.1x10™
AlCOH) , 4.1 1.9x107" Zn(OH), 52 4.5x107"
Cr( OH), 5.3 7x107" Cd(OH), 6.7 2.3x107
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Fig. 6 The concentration of heavy metal ions in river water varies with pH
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Tab. 11  Correlation between salinity of river water and heavy metal content (n=8)
Cd Cu Zn Ni Mn Fe
EhEE 0.694 0.176 0.820* 0.843%* 0.764* —-0.287
H: *FRp<0.05KFWE; TR p<0.0UKF W3,
030} —=— Cd(mgL) = 20F —a— Cu(mgr)
- » 1.8
_ 0251 _ley
2 2
B L T 14+
E 0.20 éﬂ /
Hous| | A
® 7 ® 10t A
T T
£ 0.10 w08} \
0.6 |
0.05
04t \A
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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Fig. 7 The concentration of heavy metal ions in river water varies with salinity
{ELFY 42.6~626.3 17, I I K ¥4 7K 2 X HE (L 1) 484~
£ 3 3 By 3
5 41 3732 %, PR IERK P (X IR (10 4.5~ 117.2 4%,

T HE K AR v ok v K T K B 4 SR TS e il E B S
YeJi o BRF I 2K IE A VA R K K R A 3R
KEVIEK, WAKF Cd, Zn FEME T VIEKFtR
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#E 27 % . 1.8 4% Ni. Mn H a8 4 rh XA 35 IR H K M 2%
KU HLARAE 95 F% . 96.2 %5 Al & it i (A= 1G IR K
TAEFRAEN I 70.8 £

(2D 88 TR 2t 0T o SR VAT K P i 4 Ja 5 et ) R
WA, A IR ek — 2 0 . BRR VA ML /K i Cd.
Cu. Zn, Ni, Mn, Al TR BA R, FLEA T
i HE 7K A0 % K Cr, Cu Jn E Rl ME 38, 2k
H T A HEK; Fe, Cu st BB A REM, FEEZA
PESZ I B AL TR 5 IR B MK R %D,

(3)FZ M PR 530 ] /K v B 4 T o o B 48 0 AT 11 32
BHZE: O 5. QFEE WK pH 75, HE4SE
Bk R B W BE AR . DBETRI K Fh B A FE T, Cd. Zn,
Ni, Mn & &THE .

Hift: BRMTPERRAAEAHATZRFAE T
BREESGBIATF, TRFESHRIALF, ME
BRI, MAIAEM, RFHIAFAEFIEAE
Fo AR TAEG L B A H B0,
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