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Heavy metal existence and static leaching rules in fly ash
accumulation field near Hongfeng Lake water source
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(1. College of Resource Enyironment and Tourism, Capital Normal University, Beijing, 100048, China;

2. School of Energy and Environmental Engineering, Beijing University of Science and Technology, Beijing, 100083, China)

Abstract; It is a widespread phenomenon that the leaching effect of acid rain on the open-air fly ash
storage site causes:heavy metal pollution to the surrounding environment. To study the effect of acid
rain on heavy metal migration in a fly ash accumulation field near Hongfeng Lake, by static leaching
experiment , this research investigated the effects of content, fraction distribution, leaching time,
stacking time, and particle size of seven heavy metal elements (Cr, Ni, Cu, Zn, As, Cd, and Pb)
in fly ash on the dissolution of heavy metals. The results showed that; The contents of Ni, Cu, Zn,
Pb, As, and Cd in fly ash increased with the increasing of the stacking time, while opposite case
happened on Cr. In the leaching experiment, the increase of the accumulation time reduced the
percentage of soluble states of Cr, Ni, Cu and Zn; Within 28—48 d of leaching, the order of the
particle size of the reduction of the dissolution concentration of Cr, Ni and Cu was fine fraction >
medium fraction and coarse fraction, and the order of affecting Cd was medium fraction > coarse
fraction > fine fraction. This study provided a certain reference for the prevention and control of

heavy metals in the water source area of Hongfeng Lake and the surrounding groundwater.

2019 4 10 H 8 H Uitk (Received: October 8, 2019).
* EER ARBIEEES (41473122,41173113) B2 ).
Supported by National Natural Science Foundation of China (41473122, 41173113).
# + J@ITBXE A Corresponding author,Tel ;. +86-10-62332750, E-mail ; jih_0000@ 126.com



34 PIMBCEE  CUAN) K 5 RS oy JAE R AR 7 o T A (IR 25 i A s ML 679

Keywords :fly ash, heavy metal, occurrence form, leaching rule, Hongfeng Lake.

oIS AR EL T I 0 T AR Ze 42017 AF- 4 BB IRHE™ i 20k 4.9 {2 | B i
MR 20 4ZELL BT T 2020 454 EDRBMREOR SR I IR F) 30 A2 A AT K T 5 As (Cr Cu,
Hg Ni \Pb I Zn % LIEEGEITR 18 A AN S Bkl b KR R EEM S5 A A m ot R
VAR, 23T YL SR R Y et TR K R K, 25 A2 (B AN BRI e T A A B> A 2 A TR i ™
DK, B BRI HE R | 23X BB AE R v A T AR IR I ST, R I R TR AR DR A TR R R I TR
PR O T R SR BOR RS SR AR KBRS A

I ] PR 8127 X AN T 5 ) ) 38 XA [ 3 Y B A o B 4 SR ML A T A DG RFSE , Tiwari 5511
BFE Tl X o] 520 Y R KR b N & B, Min (e Fe 55 3 i 4 J T 38 Mk B2 aek vy, 224 e I8 T ik o DXL
Korkach %5 FEGF 5 SR T RY IR A RFPERS , R I Na Al B¢ Zn F2 @ 4 T CIRSIRA 1 Cr
Cu Mn %5 FEFETICAE L B 300 i X 3R 2 + 5 58 + 2617 BCR B A= h iy & 4
JBICR AR (LR T A5 B KUK Qureshi 451V BMEIR 15 0% £1# SRR ] LU BITRG , TRFT IR & i
FRYER O, R B [R)TR A e 2 SO IR T 0 R e v B ELJ2: 1 O T ol R AR i) 6T 8 KB A
B JE BRI BT SR aE B

ARSCR K U L BRI (R R R HE RS A I T 0 G2, A a2 R Gk ik i 2 L 255 G Jm A7 1
TS AR RS 8] FIAGEIEE S5 50 DR 28 X6 M I I T < i (i A% MU EAS S o, 5 76 D B BRI R
Gl o4 JE RO AR A S 22 | KR Y 7K BT 2 2R G VR BRI R 1K 5.

1 L5 J7 1 ( Materials and methods)

1.1 W XA

AHIGE KR IR HEF U 3 T 1984 4F  BERLD UGB K IR TT RART X, S A2 s i A & L T R B
it .2010 47 52N A BUR LT 647 5 Mo 000, HE AR 1 2011 AR5 LA AU S K O %, R L
K 1700 m, ZR PG 55 800 m, HIANZY 1.3 km® " 3% 5% AR BT 1.53%107 m®, KW Z B W52 HLA
AR ] < AR R AR L
1.2 R

TEMYEIHERRY | b ) o s A 1 7 AR AR T 48 GPS AT S . AR A S A2 an
L 1ATZR , R AL S T RS A 2R 0.074 mm BYEOK A T 5 48 B R 0.15 mm A
(7] SE AR (] A Sk, 3 ARLE 0—0.15 mm (fRTFRARLEE ) 0.15—0.30 mm (FEFRHRLEE ) (0.30—1.16 mm
(TR BE) H PR IRD R BE A i A 2R 8 42 )8 Cd .Cr \Pb As Cu \Ni Fl Zn HARSZIGHFFE (W FRAE
JLR.
1.3 LRk

H I 4 T o R HI803—2016¢ 3BT 12 F 4 JE Tt 2 B9 2 T /K B I - JEH A 45
B ARTS) FARR N AR ik A T AR

K BERIE A5 . R AR A9 BCR JELR IR B skt 477

TS IRV S 00 . IR IS B TG pH4.501 " IR VR I LA B PR R b A AR 40 B8 IR vk B2 Ry 5: 1 A gk
IR, A B TR B ZE pH 4.50. 51 R A A B 100 g B 0.15 mm FIRMEIREEA 1L T EOH A, fin
AR, W (L/S) A 501 Lekg™ IR0 5 B R XRS5 0 P B 3 Wk AIHEFE, B VIR O
B LI A RPRLAR AR S R AR E AR5 1.3.5.8 .13 118,28 48 KA1 U 20 mL 3204 0 45 Jm e )&, 4D
FEAH FEARFR A IR, B SR R 3 41FATHE.
1.4 S8k

15 F B B A S5 S TR A (ICP-MS 7500c, Agilent, USA ) I3 Cd .Cr .Pb . Cu Ni fll Zn %5 6 Fh
S8 MW B, As TR T 9 6 6 1A (AFS-920, b 350 35 K ), B A ALEK (TOC) A HLEK 43 #7112
(Elementar , Germany ) Jll & , pH {6 4 5 # PHS-3C M & , Eh AL ORP 3HE A AR % 1 kK
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Fig.1 The location of study/area and sampling sites
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Table 1 TOC, pH and Eh values of fly ash

GY1 CY2 CY3 CY4 CY5 CY6 CY7
TOC/ % 21.00 9.95 16.14 26.75 37.66 28.69 15.83
pH 6.52 7.40 7.28 7.02 7.70 7.68 6.12
Eh 223 226 227 226 227 237 224

2 R 51718 (Results and discussion)

2.1 AN[FEHERRI A Ry R G R TR S
2.1.1 HERGE

] 2 FRan AN [a] HERRINT[R] T~ K 4 Jm on &% & 8 kRl CY 1 3] CY7 HERRIN AR U . A IET 2 /T
VB, CY2 SRAE A TR M & /N TARSBRAE U & i, AT B CY2 R SR S L 8 5l 2
TEMTEDRY BB BB 7 22 SV b B 563 NiCu Zn (& BT TR As Al Cd 1R
s MR (] 0 55 o S ik A ZEMERR A ] A SR AE AL As R Cd DT M9 & 46 Hh IR i e 35 0
BRI Ph JUER & B HER T R AR AR BT K FE CY6 SRAE S AL B i PRI 2 Je SR ok,
REARSEIE IS Cr 5 i BEHEFR A [R] 3G 0 R, 5 0 TR e .
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Fig.2 Variation of heavy metal contents of fly ash at the sampling sites

2.1.2 MM
P KA S B4R & E S TOC .pH Bh #E4T Pearson #H ¢ R EU0 T, W55 2 fiR , R E 48 5
pH . Eh MIFHSCHEAE] 5. TOC 15 As I E 1A G, [FIAT 5 Zn Cd, Cu,Pb A3 KM IEM . E 4 E
Pb 5 Cu Zn Cd 2B FIEMHI,Pb 5 As Ni WA EMHKEKR, M Pb 5 Cr 2EHMXEXR.EELE Cr 5
Cu.Zn As 2 WA, U 5 4 Ja A7 76 A DG OC &R

R2 MM

Table 2 Correlation analysis

pH Eh TOC Cr Ni Cu Zn As Cd Pb

pH 1

Eh 0.483 1
TOC 0.134 0.372 1

Cr 0.024 -0.478 -0.606 1

Ni -0.535 -0.126 0.016 -0.160 1

Cu -0.418 0.253 0.577 -0.840" 0.619 1

Zn -0.170 0.336 0.724 -0.907 ** 0.470 0.957 " 1

As 0.062 0.577 0.812° -0.885"" 0.334 0.863" 0.951 " 1

Cd 0.005 -0.001 0.705 -0.401 0.545 0.606 0.707 0.681 1

Pb -0.226 0.007 0.533 -0.604 0.692 0.808 * 0.835" 0.732 0.886 " 1

H T BEMKE P<0.01; " BEMIKE P<0.05. 7" Significance level P < 0.01; * Significance level P < 0.05.

2.1.3 HEBILRAAELS

R RITRIE SR EITRE

Za

A, WEESEITRMNAEER B RTRNAEIES

B T HAT L AOME S R BE 22 FERIFESSAE T, AT A S (FRIZBCS AT b JH ) BRI JCHLSIE R AE A I i
SIRAEH.
Wit BCR EZLHEHOEXT B 4 @ AT 007, 85 B4 3 fis.Cr Ni Cu.Zn As .Cd .Pb JCE FE LIk



682 I 53 1k 2% 40 %

BATERAETE , 5 RHAE 74% LA 1 .Cr Ni Cu F Zn FETE I 50 104 1 H BCS RT3 Ji 265, I o AR At (1] %)
B Cr Ni,Cu F1 Zn RO RIS (G LA IR b 2 I /D 34 v o RRUSS ) 6 P SR A s Ak Cr AEAE T I
B VRKEEA S IAF] 14.93%.Cd TCER AT 25 BEHE R ] i 9 354 R 30 2 38 2 3 Ph 7R ik
A JE S AR FLA T ZR i o L A 22 ME AR T ] e 00 R 390 T 3 DA 5 kv, v AT O RS IR As
TCR WA I BRI S 7 LIS E 96% LA I Bl 0 I HERR R (BT HS O, 30 28 3 it 40 LU R A PR AR

M 3 % B4 BT RAAEIEA S 5 H 4 i3 1, Cr Ni |, Cu Al Zn ZERYE K 5 A — & LAl )
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5, B Cr Ni Cu 1 Zn P LIGE o XUAL b 55 07 s 2 a0 8 B PR . Cd 1 T 95 285 B M AR (] 174y 14
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Fig.3 Distribution of various fractions of heavy metals in fly ash from different stacking times

2.2 KRR
2.2.1 AN HERRES ] T A I bk v R

P 4 g A [ HE AR ) SRAE s A RS R I 1t A pH T Bl BY7E AL | 4% A [7) SRR 18] B0 B 7 1
pH 1 Eh {H22 4k & 53 AL pH 1922k F50] 432 3 ANEHI , pH R pH IFHN pH A2 1. 75 %
ASRIE L FE A HE RS ) R S A CY 1 SRAE s 38 B 8 e A SRAE A5 %) pH IR Eh (B A AR fb#a 38 1T 43 R4 A~
B3] Eh P BT Eh FREY Eh [BIFHE LK Eh f2 e .55 5 R AR, £ RAEE S Eh (Eik 2k
{B,CY5 KA Eh fizisiib 226, CY4 KA A Eh Sk 225, 2 J5 25 R AE s 0By BRI M Eh TT6A B
TR RS 18 K, R Eh (T RIS, BUI CY4 SRAEE S E Eh {20 189, HLFESS 5 Kit Eh (5T
BT 317656 18 KU, £ AN RIMERR T [A] T A RIS il Eh R 46 I - RS ia e 1 .

ARSI AT 3 K, pH (A T RE, 0T BB R A B IR A A — S8 38 SR B ) (WG ) VB 5
B (AT HOR BT W Hh R pH B N . 2 ROVAT R 2 4 8 PHES 7, (153 Eh (57455 3—48 X
1] BB L 32 S VR F AT B8 R e S RERR R ), THAE H 8045 pH (A [RITF, T RERRER P A XS
Fasg , &3 M 4 R 7 ) Eh H— B E AL IREE T AR L.
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Fig.4 The pH and Eh of leaching liquid at each sampling site at different stacking times
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Fig.5 The dissolution concentration of heavy metals in fly ash at different stacking time
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T A3 RE IR 4™ B, (AT HE R FE B AT 565 18 RINFOTER Zin [ Cd  Ph 5 H VR B2 Y sy W AN 25 28 RINFJT R Crr,
Ni, Cu %5 H MR 1) = 0 T BE M I IR AR R VA R N, b i 9 s v g Bl S 4 SR e R il
#3ICEK Zn Cd Pb Cr Ni Cu M IR EE TR UK As WL EETESE 8 RIGHESL S AT pH B T
FAE , As T4 B T RO IR ETE S S0 Al 2 6 W J 3 W B S Ry R 3R 1T, S B
As TR E B TRE.
2.2.2 AN[ADRLEE TR M IR b s LA

K6 51 4 XF B8 ASERLEE T O s i b 1) pH AN Eh S5 ORTRIERRIS A] R A9 S A $45— 20 i
P&l 6 R, 3 Fiokir B A IR 75 HHREE 1—18 K pH A8 ALK, 56 3 KAk & pH (H A 6.79.58 3 K25
3 Pk EE AR IEK pH AEIA7E 7.00 UL 2R 18 FORDREEE R REIK Vs T pH R0 S A o B 55 28 K
AF 8 B 5 KA 7.80.3 Fiok B2 AR BRI T pH (B e 2488 k. 3 Fokr BE 7R 2 1 R INHA Hh I Eh (A
1%, 4R B2 R Eh (B2 107,585 5 RESPHDRLEE R IO T Eh Sy 224,55 18 K5 HE M2 .

8.0 250
75 *\;_.\/ T 200 )“\
%_ ‘ 0—0.15 mm 5 ~——0—0.15 mm
. —+— 0.15-0.3 mm 150 —+—0.15-0.3mm
5 —ea— 0.3—1.16 mm 1 —o—0.3—1.16 mm
6.5 1 1 1 1 1 1 1 1 1 I 1] 1 L 1 L 1 L 1 1 | L 11
0 10 20 30 40 50 0 10 20 30 40 50
td t/d

B 6 A [RDRLEANIE I i pH Eh
Fig.6 pH and Eh of dissolution from different particle fly ash
HI[E 7 ATLAZE H, Cr 1 Ni JUER A R BERLARAR DL, 7R AIPRLRE R 00 46 v I HHOR, 125 1—8 K
(], 3 ol B2 0 247 0 B ack vt ok P2 AT e IR PRt BRSPS 00, 25 8 RS, 3 ol B2 i ok 2 [l 7 v
HE R R O A B0 A A JE > vk 3 FDHDRLEE

~250

= r Ni —
~ i %) r . o
5150 5 B =5 /‘::'
g g r < ,
= 2 | >’4¢i\' S /
£ 100 B - o s
£ 50 s 0| g
Q r O r <
O
- o
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1]
0 10 20 30 40 50 0 10 20 30 40 50
d d
_ FZn _S0rAs . rcd
=l =L = 0.20F
T sof Tl 3 /\
éﬂ40r ;10301 ;10015'
E30_ * o, 2 L =
o o o
830 W/ S [ Z 0.10F
80l 10k 8 0.05F
= 10 = =
o = o I r— #: & o
O of "oﬁé\t O 0r - - O ok MZ
1 1 1 1 1 1 1 1 1 1 1] 1 1 1 1 1 1 1 1 1 1 [ 1 1 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
id d d
:6.0:%
O ol
247 0—0.15
= ‘ s .15 mm
2301 | \ —%—0.15—0.3 mm
£ 7 | —e—03—1.16mm
515t ,
LA
O oL #ob—d
1 1 1 1 1 1 1 1 1]

B 7 AR R R A Jm TR I R L

Fig.7 The dissolution concentration of heavy metals from different particle fly ash
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Cu WIRGTE I BERE s |3 MIOREBETESS 1—8 WA TRt 5F 8 RN 3 Mok BEMk BE T 4R 01 T, fi
PRI 30.70 wg- L7 HUIAESR 28 RADKIBESAET , Z I B M T, J W00 vk B2 DKL 32 > ok B > HDRE
JE.Cd RIFUIE R BEAR MR EEAE 2R 1—13 K e — EUORKR I, 50 13 KJR 3 MIORCBERE Hh e S P 1
R 55 28 K =5 TR IA BT e B8 foe AL, IR 9 ) [ A 38 0, 3 ol 2 9 11 ok B2 AT B 38, 7 i ok
JE— B ORI HHORE B S HUREE S ARALIE . Zn JUER 9 3 Bl IEE 7 BRI U6 e E A AT, 7626 28 K =34 [R] i 21l ik
RO JEE HLARARE > FoRE E S HUREIE | 220 26 48 XAV 258, 3 Floki E ¥ ) Mk B2 15 00 i ok FEAH 47 . P 44
RLEER) AR (LA B Je 5 6.00 pg- L', 56 13 KJG 3 R RV R BETT AR IS I8 TAGE . As 7255 5 K
BB B R R TH R U BE R, I BE IR IR 3 BRSO

0 3 X S A ) BT R LR A R SO S, R TRDREBE B AR K Zn (Ph Fl As JUER BEIR LIS
[ P9 A2 A e BE AR 22 AN, Ul 2B B IO B2 R /N I 3 o i <6 i O %) R S 36 52 ) A R A 26
28—48 KHIF I, R BLH Cr Al Ni JUE R AT B > o B FRDRE I , Cu ASRIRLIE T O3
W TENTFF Ay AR RE > HHORE BE SRR RE | Cd TTER AR BE VA HH e BP0 - PRz B2 > HE AL B> A KL JEE . i 25
VEE pH (R ZHE T 7.7 MR, RZHCE G R TR e 40 SR T s | 2 RO e 25 4 T
G JRTCREPERRAR' ™ AR SR b Vi 2R 14 T 43 i o0 A8 )V R P IO B4 | BT — 3 43 23 Bk
SRS , AT ] RE—LE T G T AR PN D M RR FE It DR LLTE | BB ) IR ARGk A B 20 o A A HIL
M RAE 207 ELR R IR A B A W BRI | T B S 6o A 4 T 43 SR T R ARl fIR 0 4Gt B 0 A R 11y
FRICR IR WP BN 2 A0 A2 5 Sh R 1 588 T R A 5.8, P B ok v sk 1) 9 722 Ak 2 — 4%
k.

3 4512 ( Conclusion)

3 2 X AR K U5 B S R (R PR AR 5 4% A R4 I8

(D) FEARRIHERR TR I BRE 48 TR Cr Ah A AhE 4 J8 % (Ni,Cu . Zn As Cd 1 Pb) (%7 i fifi
H I BRI ] (G 52 TS BT A A B n 2RI A 5 74% U L BEE HERURT A3 K, S8 K Cr,
Ni Cu . Zn AT G LRI BT 3, SO Gd 22 9L AR S a3

(2) TEATIE I b 7 S92 56 v b s Bt ) ARRL 32 %o 4 T e 2R 1 R A 4 B S 1% s [ LR e b s 400 0 o
A JEICER T SRR PRV B G BRI TR T S I B As b HA TR 093 R B A AR I
il PRI AE R R AR B T T2 CrgNi A Cu 585 [ A B TP &S s ok B R O &R Cd 5 ) RS BRI
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