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ABSTRACT

This study was performed to investigate the possibility of using coal fly ash as a stabilizing agent for anaerobically
digested sewage sludge, and the utility of this mixture as a soil conditioner. Sludge and ash were combined with the
mixing ratios of 1:0, 1:0.2, 1:0.4, 1:0.6, 1:0.8, 1:1, 0:1 (sludge:ash, dry weight basis). Each mixture was composited with
a portion of soil to make a ratio of 1:3 (mixture:soil, dry weight basis), then stabilized for 21 days under laboratory
conditions. The results were as follows.

1. Mixtures of sewage sludge and coal fly ash improved the fertility of soil.

2. In leachate from each treatment, heavy metal concentrations were below the regulatory standard through the
stabilization period. Nitrate concentrations were decreased during the process of stabilization and were lower than the
regulatory limit in groundwater after 14 days.

3. The pH of soil increased after being applied with sludge-ash mixture, then decreased through stabilization process.
In soils with smaller portions of coal fly ash (treatment 1 to 3), pH which increased initially, was not maintained as
decomposition of sludge led to soil acidification.

4. Available K in soil decreased by reducing the amount of sludge amendment, however concentrations of Mg and
Ca were increased as the amount of ash in mixture increased. Available B concentrations were in safe range for plants.
Concentration of available elements increased after the stabilization process in most treatments, since decomposition of
sludge decreased pH.

5. Cation exchange capacity (CEC) and heavy metal adsorption capacity of soil were enhanced with application of
sludge-ash mixture. Distribution coefficient KF was well correlated with CEC and pH (p<0.05).

6. Optimal mixing ratio of sludge and coal fly ash which could protect soil from heavy metal toxicity and acidification
was 1:0.8 on the basis of dry weight.
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Table 1. Selected physicochemical properties of raw materials

ILAENE % Yy

1LAERE

o] ATE 8 AME EoRE AgdEh A
Fpfe} Agg LESFFES 30 cmo W piIM A3 =9
o0, o}F AlxpHA o] FR] o= Ao F2 (RE)
AR F 2 mmAlol] F2HAA Ao o] 4315} £#
A= F1ekskrRieiAlelr WAygh 3171448 eedeiA|
13} £=AHE o]83l2n, Al o]-43}7| A7A
WA D5} 3hE Al B do)A
g fAehZEAhAEA SRR AEGE el AA)
F AREE AL o]43ig) HUAETARIA B A
BE AA 2 Aol ofshd u]SE 1.95-2.10, v
FHAH L2 2400 ©l 4, SiO, FH 45% ol eIt
7+ A 8ol ety Akl dg 24 Hzl= Table
13} 2

2. Al

<X % M E A2FYH 2 10, 1:02, 1:04,
1:06, 1:08, 1:1, 0:12) -2 3z He F o] EIE
# B AzxFew] 1:39) viEE TP B4
2R ek 9l EREgE) File] 4T (replicate)
E Fn)3l 2t 300 gof EIEE A TR
= A7 12 em, ¥ol 11 em® FekH pote] o] &
=it o3 0l 79 AYPREL &2ix|9} Mt
AN Eglel| whet zhzt 12eX 722 EEgd
(1:0-1&, 1:022%, 1:04-3%, 1:0.64%, 1:08-5%, 1:1-
6%, 0:1-7%). Z2be] Adze] R39S 20% W9
2 ZA% o & 25°C Wl AWM 21d ¥
ot 3} S AZie M8 717 B} 1Y

Parameter Unit : per cent Unit : mg/kg
Texture  pH Moisture -
Material content TOC TN TP Zn Cd Fe Cr Mn Ni Pb As
Sandy loan
Sail 813 231904 40 4803 239 176
Soil S@d 59% 563 480 069 ND 0.03 (1.53) ND (100) (0.95) (2.08) (0.60) (0.21) ND
Silt 28%
Clay 8%
Dewatered 957.3 212379 757 8477 546 358
sewage slude 646 7100 1448 235 034 (6.81) ND (306) (1.91) (5.03) (0.06) (6.09) ND
Coal fly ash 13.9 130904 22.1 245.0 234 116 1.7
(bituminous) - 1269 005 088 005 019 0.07) ND ©) (1.06) (1.41) (0.14) (0.14) (0.07)

- : Not determined
ND : Not detected

Values in parentheses are standard deviations from triplicates
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Table 2. Chemical properties of soils amended with mixtures of sewage sludge and coal fly ash in various ratios

Treatment TOC* TN* TP* Cu Zn Fe Cr Mn Ni Pb
Looses o 9F BN G &h ®h 0» (10
2 4@ 0y om Gy Gss 6% 09 0> 05
I T O S -
¢ om0 Gg @Y ‘& on 6h @n 09
sl oM on G @Y Gnmy @n 69 0»  0b
T A
1 om om oo B0 Ml wmal a4 om0 m2

*Unit : per cent
Units are in mg// unless otherwise noted

Values in parantheses are standard deviations from triplicates

Foln, o] Mkl oJ3) pH A5or FF&e| &
=7} AR AY, B Aol e 7182
VIR Eoke] 334 £3458¢] 387 WEeE
Azt

(2 AAA Ao S2FA

LA E BX A48 A 1A dast
So] Aabd Advt QAR stake] Adv) F4lE9
A& 9 o] Eol o8] AMEEHA] 23 Ak Aav)
¥ Foll e & A 0 ¢ A9
FodoFlE A 4§ QoY B3] RjEE JuESs
2 o83} X Hel| ¢S AN 7S, QA o
3 S-S SHH R sl of gt} fehele
AA] Al dE 2k A7 EA LS 20
mg/l, ¥ B $£A7EE 10 mgi2 74 A skal
S A

429 Zo] A A FEE pRg] AY
Holl v} ZE AYzM F43] Fasidc). & o
A2} vk 270l A o] & 4N Az
(1, 2, 32)9 =7} Al PAZE 20 mgs 23
319l0r} 7-14Y Alelel] 71EX] o]3l2 sl on,
21970lle BE AN B B9 £AV|EH 10
mg/iE W31 cHTable 3). ujebr] EoF Zlolo] w2
N EAE IRIE o) B QoM AR 2ldo) 9
g AL Y £F0] ohd Aoz Adkdn
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Siutx |y el
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Table 3. Nitrate concentration in leachate of soils amended
from mixtures of sewage sludge an coal fly ash in
various ratios during the stabilization process of 21

days

Treatment  Day 0 Day 7 Day 14  Day 21

1 20.24 19.87 15.69 1.17
(0.19) (0.14) (0.28) (0.02)

5 21.59 20.49 16.78 3.33
(0.05) 0.07) (0.15) ©.11)

3 21.02 19.80 17.27 5.52
(0.18) (0.05) (0.03) (0.13)

4 17.35 15.79 13.52 3.16
(0.09) 0.21) 0.22) 0.17)

5 19.06 17.60 15.10 2.24
0.11) (0.05) 0.07) (0.76)

6 17.68 15.59 13.59 1.27
0.21) (0.03) (0.19) 0.13)

5 0.82 0.58 0.35 0.12
(0.05) (0.02) (0.02) (0.003)

0.76 0.60 0.56 0.17
Control  ho9) (005 (009  (0.02)

Units : mg/l

Values in parantheses are standard deviations from triplicates

HAz|xe} AYTES v 235-E W L)X Ak
E352] APl B9 27 pHE ASAASS &
4 qlew, ujgHE orie) 1F3) AiH(1-3RM-5R16
Z1ZYE Bol7le XN MebA §ske] Fol) wel
pH7t F7)81 3 3-8 4 5 2UoKTable 4). <+ 3}
Hhg-o] RFYEHA BE A3Zo|A pHY 74 Fo]
vepd ot AYE 4, 5, 6, 729 7Sl ¢ky3) ut
& o] F = ¥ Eoko] pHEC} -2 Fho] =4
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Table 4. Changes of pH in solils amended with mixtures of
sewage sludge and coal fly ash in various ratios
during the stabilization process of 21 days

Treatment  Day 0 Day 7 Day 14 Day 21
1 6.66 5.68 5.31 5.32
2 6.71 5.82 547 5.29
3 6.83 5.87 5.73 5.46
4 7.11 6.33 6.14 5.99
5 7.13 6.59 6.34 6.25
6 7.55 6.84 6.69 6.78
7 9.01 8.78 8.82 8.01

Control 5.63 5.45 545 5.06

B9 2o ol AMHOE F& AWE 1,2, 32
£ Pshihe 149AREE 4 E90) pHG.63ETRE
& A2 A del SR AR e
& Bl H43)e] pHe) AL EAS 2] ez
SR A AE EPEE A 106 o4
WE 4, 5, 62)02 2R o] AAsiT B
e

@) M4 e Wy

Table 5= 48l s F4 75 WelHeA))
97 FET AR W) 24D Aelo) 2
AYZ2) K $EE LX) Yool Wiz AHe.

i

2 MetAe] H7Hge) F13te ulel FHAslglon,
Mgt Ca®] =t TLol= Wi Aee Boch QAkg
8} A¥ K Fxo A2 w3t S Beglon A
Hx 72ERA: ek A2ERIE 0N A2
A elate] A Hel AL pH 7 o]AelA Ak
o] FAF Frlsl LslT FHAsiglr] wEo
2 HQth® 3 K, Mg, Ca EF 33} ukg o) %
9 =7 o oy 2 Aol AA Yo
SRR AMehl EFES] EAXGo] FESe AAA
el Al G sebslr] HalMe $5E4HR
o ¥F571ed ¥ =8 333k Aol a8l
o] Aellx 288k DTPA F2A18He] A= A8
o & F4vFstt $a5] F W=l felat A
A& e gt ARE AME F 9l AR B
ST AB-DTPA F:&8e] 2J3t 7184 vw]gkda
2] FAMAANE Table 65 ot Mekalol] o §-h-s
o] e Bh@re B ool At 44
B7} 5 ppmE 2% A AESAE oz 4
S Bl FUE ool ZPEgt o7 g ashy
Ay A3} gi-Ee] EoelM S48 /A B sEe
AESAE T U 7l oMSIT A FF
& 3 CdY A5 S BHY v AEER ot
Sl = 7T 7HA AR A 2=, o

Table 5. Concentration of Merlich III extractable elements in soils amended with mixtures of sewage sludge and coal fly ash

before and after stabilization process

Paramets K Mg Ca PO,;-P
Treatment Day 0 Day 21 Day 0 Day 21* Day 0 Day 21* Day 0 Day 21
: 0 100.0¢ 32.1° 308 23400 7333 7361 2122
(1.08) (1.79) 0.87) (0.87) (95.4) (66.6) (3.8) 8.0)
5 73.1° 94.67 35.0° 48.4 210° 2583 148.0 1717
@57 (1.61) (.07 (0.56) 70.0) (120.6) 2.7y G.1)
3 79.6' 89.5¢ 433 524 2563 2800 146.4 169.7
(.47 (1.10) (0.85) ©51) (40.4) (20.0) 0.0) 0.1y
4 72.5¢ 88.1% 487" 545 2783° 2917 154.8 204.8
(2.84) (2.45) (1.36) (0.70) (5.8) (105.0) 6.2) (13.0)
s 71.8¢ 83.5° 38.6° 44.8 2233° 2403 118.8 13.1
(2.66) (3.76) (1.03) (1.29) (50.3) (40.4) (6.8) 22)
6 67.1° 84.3° 4847 547 2733 2077 1513 175.0
(1.78) (3.19) (0.68) @.14) (5.8) (170.4) (44) (0.0)
55.5° 51.0¢ 64.7¢ 70.3 34907 3750
7 (1.88) (2.35) a.77) ©0.97) (105.4) (70.0) ND ND
69.8%C 74,5 14.3° 15.4 804° 842
Control 2.87) (0.49) (0.50) (0.44) 4.1 (24.2) ND ND
Unit : mg/kg

*Because values within the same column have not homogeneous variance, Duncan’s test was not available.

ND : Not Detected

Values in parentheses are standard deviations from triplicates
Values followed by the same superscript within the same column were not significantly different (Duncan Multiple Range Test,

p=0.05)
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Table 6. Concentration of AB-DTPA extractable elements in soils amended with mixtures of sewage sludge and coal fly ash
before and after stabilization process

Paramete B Cu Zn Mn Ni Pb Cd
Treament Day 0 Day 21 Day 0 Day 21 Day 0 Day 21 Day 0 Day 21 Day 0 Day 21 Day 0 Day 21 Day 0 Day 21

027 063° 12577 12057 57.157 $3.707 807° 67.65% 141° 215" 3507 254 029 03I
©O0n (0.16) (1.00) (0.43) (3.18) (1.15) (132) (124) (023) (0.03) (0.72) (0.11) (0.020) (0.010)

071* 135 1086* 1007 39.60° 4725 157° 68105 080 192 290 245" 026 030

1

2 009 (010) (09D (022) 270) (098) (0.18) (094) (0.06) (0.03) (021) (0.02) (0.004) (0.003)
5 142° 184 815C 911 36087 4200 287 53487 075° 166" 287 250° 026' 029
0.08) (0.15) (134) (034) (5200 (1.01) (0.60) (1.60) (0.1 (0.03) (044) (0.06) (0.003) (0.003)
4 404 268 12037 7875 4635 37437 731° 2535 106 LII° 3357 287 029 028
062) (0.14) (0.18) (045) (125) (091) (0.51) (L11) (0.04) (0.04) (0.14) (0.07) (0.001) (0.001)
s L4 162 566° 608° 2438° 2828° 208" 3368 054 102 220% 224 024 026

0.12) (0.11) (023) (026 (0.69) (091) (028 (1.50) (001) (0.03) (0.10) (0.11) (0.010) (0.002)

¢ 4315 28 1065° S591° 33985 2918° 186 71 079° 0675 268% 250 029° 025°

032 (024) (1.04) (0.17) (3.03) (0.72) (023) (025 (0.06) (0.02) (0.18) (0.06) (0.010) (0.005)
779 6187 204% 106 5184 233 1271° 337 050* 039%° 181® 102 022° 021°
©.16) (022) (009 (0.03) (022) (022) (028) (0.13) (0.03) (0.01) (0.12) (0.00) (0.003) (0.002)

Control 066°  027° 070 058 163 130° 2292° 1822 070° 029* 143 124° 021* 020°
009 (0.12) (0.05) (0.02) (0.11) (©01) (0.82) (0.68) (0.59) (0.01) (0.05) (0.06) (0.002) (0.001)

Unit : mg/kg

Values in parentheses are standard deviations from triplicates

Values followed by the same superscript within the same column were not significantly different (Duncan Multiple Range Test,

p=0.05)

7

= B AIYAM AM-E Eof AREE] uiAke] 9 Ap= Table 7. Changes in cation exchange capacity of soils
Behelo) 4 Cde &riRe] BEXHEA) 71 g ;mem;edbv;ith mn;tur;:;3 of s%»-\;a‘lge.sludge and coal
zu—,f.’.i %ﬁﬁ 9\1—‘—‘:—5‘]’ CdQ] %E.—‘{:‘- %2]3} 737}‘ — y as etore and after stabilization pX‘OCeSSC(m-
vl go] Sl AekAle] Arlde] Fvie] wet met | 2 3 4 5 6 T T

25t ztashe S B 3 Phe AN Day 0 13.20 1298 1210 1144 12.76 1298 15.18 4.40
AYzSE AL plA Qg2 vk o] Fel] BF 7h4s} Day 2110.12 946 968 990 11.01 1144 1650 4.84

£ AIAE 2o dAHlE e et ERER Unit : me/100g

Hejd Agzels 24 FE8] s E2Z E

(controlpll ¥]#] T ol 2}, IR B e A7 el w2t §718 g5l 71811, pHot
o] A48 AYZ (12 ) vl 52 Folsh] @ ZhaEisd7] dlite|ein AR, Mebae] AejAEel 3

< E°1 % H(p<0.05, Table 6). 7Heo] F7hel wel 2 whg ) CEC el
() Gl A S(CEC) W3} A2 2781 Agelglon), AYE 2, 3, 429 HS

CEGe EcRIiERelt AIE3Ie] 37kl dol2S F2Rhs vl AdE 1280 92 e el
F4E ol 4%, 32 By SAsS 9 e 5718 Wi & A o3 SRR A"
B o Eoke] 298 ¥ AEE A A2l A2 EPHEE 1:08 oFo2 fR|5h B
T aqlelct. M B SFEEEAEHEE e A0S o, €ANE 7R EF(1xpiM w21
ARARL E 5 3len, ol EF W9 #718d § CECH] 45FEq $2 A3/t vehun.

ZF 9 pH, EAC w2} ¥ Pea?

EUEE AR 42 WxF Eoke] CEC(@.40p1 4. WX -AEXY EEHHE 3718t Eofo| SEs B3ts
s, Eofoll Soix A ERES A1 wet E B 3% F4%5Y2 CEC, pH, 71885, 4
k9] CECP} A44E08E ¢4 4 UK Table 7). & B 5o %S don,” 38 Fye] A%
U 3 uke FE F S A7 2E AR T ol 8ES 9 FHoE W 9wt
8] CECt Aasision] 53] g2 Arige] A oz FEG Y FFA A A9} 8 A}
22 WETE o Wel AL, ol gRE o]9] ¥hg-2 Freundlich 5824 o] 71 Az 2
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Fig. 1. Changes in Cu, Zn and Cd adsorption rates as a function
2 2 p
of shaking time.
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Table 8. Freundlich constants for Cu, Zn and Cd at pH 5 in soils amended with mixtures of sewage sludge and coal fly ash in

various ratios

Cu Zn Cd
Treatment
1/n Kr |3 1/n Kr i) 1/n Kr I,
1 04122 0.2312 0.9980 0.5176 0.0354 09125 0.3531 0.1003 0.9424
2 0.4061 0.2171 0.9947 0.6236 0.0215 0.9652 0.3714 0.0844 0.9534
3 0.3906 0.2449 0.9917 0.5266 0.0378 0.9572 0.3630 0.0924 0.9531
4 0.3728 0.2795 0.9914 0.4632 0.0554 0.9412 0.3397 0.0972 0.9095
5 04131 0.3171 0.9822 0.3558 0.1109 0.9383 0.2886 0.1547 0.9624
6 0.3428 0.4473 0.9873 0.2965 0.1812 09513 0.2341 0.2042 0.9675
7 0.0790 2.1244 0.8461 0.0472 0.9514 0.9883 0.0747 0.5135 0.9381
Control 0.4024 0.1237 0.9666 0.5893 0.0304 0.9596 0.5078 0.0330 0.9269
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