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G PEADLUE BERT (N 0 . R IE4E), Huld 5 T E SR KA — RN RV (A8 A4
W, AR DR, AR AL, SRR R E A R R RN, R, X TR
e 37 A8 08 o B v S B AR Y T P54 U5 DOM X B T T 4 J@ S A5 5 A 5 I (0 BIF 9 e AT R E L

B DA WA OREE W Ty ST Bt BT BRI A R A, HE A Z2 R DOM BUBE FRAE B
L&, fFEEE (T). K (Hg).  (As) Mk (Sb) 5. R, 7EEEEGASBE SR Y, B FAR
FE ) U8 7% 40 5 DOM Xt I 5 i 52 4 Ji i RS G AL i E A3 i N BH BT o 3T b, AR 5 0L LA LA SR 4
W i DL R = it BJE P50 IR DOM M BF XS 4, 38 R AL G R 00, BT = R U ) TR
DOM X J3 i R AiF 8 4 J@ B JCAT A 52 M, BHL BT 12 s -DOM. 14 3R v 50 4 J REICRR AE 19 3K 3l R 7
5 TE TR B 2 s ME 37 A 2548 5 3 R v S B RS R W) R 9 ) T DOML S I s vh i 46 J R Ak 7 17 ok
AYSZIR LA Ry O J A 2548 52 1) IR s ME 37 ) B} 2 A T B AR O A AR
1 #Rl5RE*%
1.1 ##FmREMF &

B RE SR T SN TR R X MY JE i EY (105°30732" E, 25°31'32" N). K ik
o T, Hg. As 1 Sb A& 435k 209.63, 46.22, 85.75 F19.01 mg-kg '), i@ XPS FRAF Al 0, JE
7 Hg, As. Sb A1 TI AU A 5098 Hg*' . As™ . SOY AT, RAEMEBFEMZE HARKT G,
g 2mm G, SR TR R2AR R N R Z 75 Yeny R R =R EE Y, B FoKmvE,
70 °C T4 . H4E MCLEOD #f¢ 38 () Jy 35 1§20 = - FL I Y5 90 1 DOM, FF 8 T3 M g e, B eks
() = M B R V5 90U DOM $2BUE RN - ¥ 50 ¢ =i R i & AR i (<4 em?) B TR, INA 1L
LB FK, T 25°CHAKFREIRTHRY 24 h, 44 HU) DOM % W 56 28 250 pm i W 04 08, FH
0.45 pm AL U8 5 AR CUROR 7 T 4 °CUKAH , #5H . DOM IR pH. LA i HL A7 (Eh). HL
5% (electrical conductivity, EC) FNVAf#AHA (dissolved organic carbon, DOC) &5l 524, 116mV |
1527 uS-em ™' A1 1311.83 mg-L™",
1.2 It

W 40 g BRI HE A 500 mL 2R 2 SEDH T, INACK R FLE) DOM % (0. 20, 40, 60, 80 mL).
FiE [E LG 1:10 0 AAH B AR B 25 55 Tk . AR 4E DOM 5 2 85 Tk iR R I, 45 3[R DOM ¥ i 6
BE (0%, 5%. 10%. 15%. 20%), H 0% A4 1E " CK Ab B . L% it 5 AN b #idl, &4 4b
PR 3 AT SR AL DOM RYIR G W HE (25<1) °C I BEE &F TR 92 40d, 4 5I7#E 0. 10, 40d 4>
HEVRCRAE I 0 R W R R o A 0.45 pm P8 BRI R R R, ORI LB M TR )R
o SRR U TR IS AT 2L AN R AL
1.3 BRERBAMRS AR

JE iz W pH. Eh il EC R AR A2 5 PR IR IR B R AR (SO, 7 i >R HH 4% iR 401
I3 IR ¥ (HI/T 342-2007) 0 5 o i ¥R B TSR A 38 TR 7 W OO 38 A (X #fr TAS-990, b
50 5P v 2 i Hg . As Fl Sb R R 2 661540 (1% AFS-8510, dba) e . kiR
R Hg(1D) SR FIY TR 1M 50l SR AY (8% F732-Vj,  bilg) Ml s % i i b As(I) % B 1 2¢
JGTEAY ()t AFS-8510, Jbm) Wixs ., R R H W+ DOC & & MR AL LIk /3 H1 X GTHTt TOC-
2000, i) PRE
14 =#HRIAE-FITEFSH

JE i3 HE  DOM 21 435k F = 4585 73 G BE 143 B (M5 7R F-380A, Kt HAKL IR .
B 1 em A9 AL, 459453 B 4 3 000 nmmin', 4 % 3793% X80 200~500 nm, % 54148 X 58 Ky
200~550 nm, &A1 Te MUK B SEI R E A S nm. A4 STEDMON A1 BRO By 7 i, F i 15 2 P
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£ fii i MATLAB R2020b(Mathworks, Natick, MA, USA) # # DOMFluor T. E. 4 ¥ 17 F 17 N 1
(PARAFAC) 437 .
1.5 REBEWYMHENBLEESRNSSH

VA S 22V UR TR ORI S A 200 H S, G SR SR AR A R X AT 914X (PANalytical
X'Pert PRO, fiif =) 43 A7 2 i (9 E 220 W AH . R4 140 - S0 ECER U&7, 30 A EE R 10°~80°,
A 2°min . SR X SHEOGH i3 1 (XPS) (Thermo Scientific K-Alpha, 3¢ [E) 43474 i FF
fEHE 48 (Hg. As. Sb Ml T MMM AEEIE, DL Cls 72455 BE 284.80 eV 7ML IE
1.6 £INKIED

1% i e How W DOM A i 19 'H g A1 28 B34 SR R B i 722 46 21 40 56 X (Fourier Transform
Infrared Spectrometer)(#s 4« FTIR-850, K) 73+ #1. $¥& 185 09FE i 5 B E (KBr) B SR A&,
o fE, R A HLEEAT R R, FTIR 43 B FF i 19 2040 635 ¢ fiE o FTIR /9 451 4% 3 il o 400~
4000 cm™', BEAFEM L 16 IR RAOGEE . B NFEAR ML 2000 8 SR e, DI B T4
1.7 REEFIFGEIT S0

JIT A A it B D B s Y 3R AT 3 R A A A, IR AR EY B Ay e A . A AR LF
I E +45 E 22 (SD) R/ o BT A3 B0 (%) FH X A5 o J 22 (RSD) /N T 10%. K H Excel 2019 F1 SPSS
25.0 B X S5 00 B E AT AL BRI G o AT o SR FH B 2 U7 22 38T (one-way ANOVA) 43 A1 A [7] 4k 2
[i) ) i 25 1 25 R (P<0.05). fifi F Origin 2021 Pro #4217 14 .
2 #BR518
2.1 [RET AR

AN [) A B2 ) PR 0 0 A RRAE AR B LT R o PR W I ) AL AR 2 O A BE (Quartz) . = IR A
(Kaolinite) , #47£k AN (Jarosite) MIELEKH (Anatase), H:H, A I AN FEH Y, HUKChEB A, ©F
DR IR AR WA AE . B TP AEAE BN RO W, B AS R Ak R ZH Y B AR T R R Y AR
fbo FEANFEE SRR T, AV[E & & DOM Ab B % i 5 X B4l (CK) a4l i LT — 2, 13568
DOM 4b B & i HH i 40 R AF W o 8 W 8 A8k, BT I 0T i . X AT B B TR i R i SR AR
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Fig. 1 Effects of DOM on the mineral compositions in the waste slag
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Fig.2 Effect of DOM on the physicochemical properties in the leachate of waste slag.
Bttt SO 5 CK ZAH L, JE i # i b pH F1 EC Bl DOM 3 il 2t (9 14 i i 1 i, 1iii Eh )0 52 4
AR fL R B, BLAh Bl 5 8 R R A 3G 0, DOM AbEZL b pH & #i i N . R EOGX R L4 T RE
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7L HTRL 2) DOM R AAT By 1 S Iz (A 28 vt SR ER B i e 57, AT 2k 2% S N Fe S 1 200 T 1)
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DOM fE Jpfisc i 4% SO, 385 Ky S*, (Rl i 7= Az HCO, 34 i s o 44 & /3= Hh i pH™Y. DOM ¥8 fin ]
AR AR R A e 3377 BE e 1R T 2 I v ) 2 S SIS AR SOV R R Y S, AT 2
Eh [ AR i 15 S 00 1A 2Ry e 2 B 350 28 3 1) PRSEC R S5 e 2 18, DOM Ak L2 v J 3 ¥ I EC Y
i, A ATREA P F LR 2 560: DOM AR &4 £ E I T; DOM BARRIE 4. S
J1, T A R R R B P AN R A B AR AR RV IR VR AL R A AR AR R T, SR
I )2 25 52 i DOM Ak BRR #5352 W0 HH pH. EC. Eh il SO,” B LR AEAY L ZEIA K
2.3 [RERLEDOC & BT ILFHE
P i ¥ T DOC & 2 B9 A2 AL RFAE A ] 3(a) B s o AT AR5 3R B, DOC & 2 n] T 12 b
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%8 BUFAE SRR T YIS IR A HLSOO SR SR B R U R R R IE S 2781

300 - 3r [ CK
A4 5% DOM

= X3 10% DOM
~ 0 Ea &2 15% DOM
z ; — £3 20% DOM
= o —
;0 H Y=
g 200 - Da 5 2r = Db
= S 5 Cal Eb
® X o) ﬂ= Cb
8 9 o CH
8 Ca s £ %=
R (VN q ® ol =
= % I =R Ces
ey BaN [ i ﬂ=

% 2| ﬂE Bc B
0 Aa >< 0 Aa ﬂE Aa Aal
0 10 40
SR [E)/d SR ) /d
(a) B HKDOCH I (b) AbFH 5 PEiEDOCH: fE

3 EERHIRBHADOCEEWTIFIE
Fig. 3 Variation characteristics of DOC content in the waste slag and its leachate
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Fig. 4 Variation characteristics of DOM composition in the leachate
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Fig. 5 Variation characteristics of DOM structure in the leachate
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R GG S X UL RS 40 KA AR Z8 A 0 i AR Bh AT R .
2.5 FTIR itk o3 #f

JE U PR AN DOM 9 FTIR Y3k 45 A an &l 6 it o WA 6(a) Fian, R WISy 2245 rp
1E 470~1 086.cm ', 7T 669 cm /694 cm ™, 778 cm /796 cm ! F1 1 027 cm /1 086 cm ' A i W i g 1 J
RAKTFR Si—0 B iRzl , HELERE T AR (SI0,) MEEN EET Y, M ERKFIEWRKIE N Si—O0
R A AAE R AT WA 29200 T 1 617, 3 386 I 3 621em ! B T B W WA W R AY R4 T S5 K Ay T A ERY
—OH Hiff#RZh Y. 7E 2 359 em™ BT A9 T g 5 N—H $7 ff 3 C=0 Wy hi ik s A L. |
6(b) AT, DOM -5 P HEL TSR, BRI 532, 669, 1071, 1118, 1602, 2365,
3380 em '\ Jff T o AHEL TR E RER], DOM W A WA T 5 Si—O A S R I g . b,
DOM & i HE T Z97E 2 949 cm ™' Fl 1407 em ™' ARYFRAEWG IS I , o33 )@ T CH, 5 AR IR sh iy
1 COO™ R P PRsH 53, 25 FRTAR, DOM % L 5 R I il B8 0 2 A HLE REIA .

DOM &b B & # (%) B 68 A1 B9 AR (LR AE Qn 1] 7 fif s o FE R [R5 3R R], ASTRIS i i ) DOM 4k
THZH o B B R RE A R AR T AR B s . 7E 0L 10, 40d H, WRER R i A T 2 359 em ! Ak K
W 2k, R N—H 3, C=0 5E &8 &K L% A 1EHEE 728830 . DOM b H 20 rh & i 1)
W B T CK AR BRAH . Xl feJ& th TR BEH R &L AEZMER . (B8 3R, DOM 45 %
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Fig. 6 FTIR spectra characteristics of the original waste slag and DOM solution
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Fig. 7 < FTIR spectra characteristics of waste slag treated with DOM
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HEE4 DOM AN B3 s hn . 7E AR BRZRF T, B R Wb He & it BEAE 55 37 1] Ay 4%
AL B SE B TR S A (I 8(a)). HoJRUIA AT fiE 2 DOM Hh Y E E A (N2 3k) W AVE 4 I 0 )
F% 2 T PR, R e 4 45 AT/ 2 1T R AR IR A 0 He i & 0900 SR, Bl 15 3R 1]
B4, DOM ¥k BE B, A HLE REMT R ECRE I, S EUR B YW A He FRRBOR T o

= DOM(10%. 15% H120%) AbFRZH & = R T1 & =344 F CK A PR (& 8(b)). ANTIC-
MLADENOVIC S 0F 58P LB, & Eh Al 3458 TR 5 . SR, AWF5ERB, 70 DOM nf B A%
R 1 WAG-ER, TR TIA R 3l o ISP AT BB 2 B W IR R WP Y T1 DU BORE i) 8 XA e, T
5 DOM Z5 S &1, BRI B 9 T1 B 7% 107,

CK Ak 3 7 32 W b As & K T DOM Ab A % i = 11 Wik, H DOM Ab 3 % i 32 i
As 5 Bl A 15 SR I 1] A 1S g An (181 8(c)). CK AR PRZH i vh As & B 8K AY S A 2 R i vh 5
FE AR PR, BT W S AL K AL AT R R R D As BOREIEDT. A, CK AR RS R
R R (pH 3MI%), MatE R TP Rim Xt As B8 BE iR, 55 &8 B TV A 2% 1 e
PERRAE Y, TS BOUKIEE As & RFRARM, BEE DOM b 320 7 i 35 0 W pH A9 34 i, 2 v
OH B T 12 Wi 2, OH & T &5 PR AR B 7 5 4 W B i 2, DT i As A W BT AE 0 k555



2784 ok L B ¥ W 175

45 [J1CK 70 - [CJCK B
Da 4 5% DOM 4 5% DOM _If Ce
40 | £ 10% DOM 60 L & 10% DOM loc Ce
~ 84 15% DOM 84 15% DOM
O 35 ca £ 20% DOM 3 5% £ 209% bom <I:
z0r N I
= =
X LA = 40 |
L:é 25 - AgH =
£ 20 | % 30l
= <
J 150 £
my H 20 F
10 R it
s bDbDb 10 - c pEEd
i Bb Bb
) SN | suabecaps aPREH a
0 0 10 40
fiuaﬂﬁﬂ/d S i) d
(a) R H R HgH (b) 2k Asifk iz
10 —CK 60 ICK
C25% DOM Aa 2 5% DOM
&_110% DOM Ab X &1 10% DOM
= gL BF15% DOM 50 | 84 15% DOM
= E=520% DOM un o Bb £ 20% DOM
o NI SN
= — &0 I AaB¢
@ 6 - — E -I_Ba __TF]Cc
. - b H Al
% Bc — {:;( 30T 2 iDb
I — = Ca
13% 4 BN ) S Cb
— =20 F
i f — ﬁg DaDa <kDan Da
5L — i
- 10 |
rﬂm TR | RVE
0 = 0
40 0 10 40
H]‘IEU/d SN a)/d
(c) ;‘%wﬁsbmﬁ (d) B H I TR

El 8 DOMMEERHABATELRAENTIA.
Fig. 8 Effect of DOM on the heavy metal contents in the leachate of waste slag
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Effects of dissolved organic matter from pioneer herb plant on the release
characteristics of heavy metals in a typical mercury-thallium mining waste slag
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Karst Georesources and Environment, Ministry of Education, Guizhou University, Guiyang 550025, China; 3. Guizhou Karst
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Guiyang 550025, China
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Abstract Pioneer herbs are widely used for the ecological restoration of mine tailing sites, and their litter
decomposition is an important source of dissolved organic matter (DOM) in the mine tailings. However, the
effect of DOM derived from pioneer herb litter on the migration and transformation of heavy metals in the mine
tailings remains unclear. In this study, the typical mercury-thallium mining waste slag and litter of Trifolium
repens were used as research objects. The batch culture experiments were conducted to investigate the effects of
DOM derived from the litter of Trifolium repens on the release characteristics of heavy metals (Hg, As, Sb, and
TI) in the waste slag: The results showed that the main components of DOM were tyrosinoid-like substances,
terrestrial humus-like substances, and microbial humus-like substances. DOM addition significantly promoted
the release of Hg and As, but inhibited the release of Tl and Sb in the waste slag, and the heavy metal
concentrations in the leachate exhibited the following order: As>TI>Hg>Sb. DOM addition facilitated the
release of Hg(1I') and the reduction of As(V) to As(Ill) in the waste slag. Principal component and correlation
analysis indicated that DOM components and the corresponding changes in environmental conditions (e.g., pH
and Eh) were the main factors affecting the release characteristics of heavy metals in the waste slag. The results
can provide a theoretical basis for understanding the geochemical processes and environmental risks of heavy
metals in the waste slag sites undergoing the ecological restoration.

Keywords mercury-Thallium mining waste slag; plant litter; dissolved organic matter; heavy metals; release

characteristics
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