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ABSTRACT

This research aims to utilize sludge from activated sludge municipal wastewater treatment system for rice
cultivation without contamination of heavy metals. The twenty experimental treatments with 60 pots were designed by
Randomized Complete Block Design. Three influenced factors were investigated, including ratio by wt. of soil to sludge (1:1,
2:1 and 1:2), ratio by wt. of sludge to chicken egg shell (CES) (10:1) and the amount of chemical fertilizer (CF) from 75% to
12.5% and control treatment (without using CF). The results revealed that the treatment which using soil to sludge and sludge
to CES ratio at 1:2 and 10:1 respectively and 50% amount of CF gave the highest rice productivity. Moreover, in this treatment
the heavy metals (Zn, Cu, Fe, Mn, Pb and Ni) in leachate from watering and in grain accumulation were analyzed. The results
revealed that a trace level of heavy metals in leachate and grain were achieved and not over the standard. Therefore, utilization
of CES, gave the potential on fixation heavy metals in sludge and unavailable to the leachate and productivity. In addition,

utilization of sludge from AS treatment system could be reduced the use of CF and cost.
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a o 14 ~ y A + ~ Y A '
M990 1 YANITINAAD Llagﬂﬁﬁ']ﬂ']ﬁclﬁﬂﬂlﬂllqﬂi (16'20'0) AIIN 1 llagﬂﬂlﬂug@ﬁ (46'0'0) AIIN 2 UBNLADE

FANTNATD
Jennidl Jenndl
FANINAAD (16-20-0) (46-0-0)

mn./19) mn./13)
1. MNALNOU 6 NN. (control 1) - -
2. mnaznou 6 nn. + 1lden1a'ln 0.6 nn. (control 2) - -
3. MNAZNBY 3 NN, + AUUI 3 NN, (control 3) - -
4. AUUT 6 NA. (control 4) - -
5. @uw1 6 nn.+ fJaiall 100 % (control 5) 30.00 15.00
6. AU 3 An. + mnaznou 3 nn. +1denlaln 0.3 na. - -
7. @uw1 3 nn. + maagnau 3 na. +wlden14'ln 0.3 na.+ fonll 12.5 % 3.75 1.88
8. Auw1 3 an. +maagnou 3 nn. +nlaenliln 0.3 an+ el 25 % 7.50 3.75
9. Auw 3 An. + mnaznou 3 nn. +1denlyln 0.3 nn+ fJendl 50 % 15.00 7.50
10. @1 3 nn. + mnazneu 3 nn. + 1ldenlv1n 0.3 nn.+ fendl 75 % 22.50 11.25
11. duu1 2 nn. + mnagneu 4 nn. +ulden la'ln 0.4 nn. - -
12. auu1 2 an. + mnaznou 4 nn. +wlaen’laln 0.4 nn+ fendl 12.5 % 3.75 1.88
13. @uu1 2 nn. + mnaznou 4 na. + wlaen 1a'ln 0.4 na.+ fandl 25 % 7.50 3.75
14, @uw1 2 nn. + mnazneu 4 nn. + wlden 1u'ln 0.4 nn.+ fJendl 50 % 15.00 7.50
15. @uun 2 nn. + mnazneu 4 nn. + 1ldenlv'1n 0.4 nn.+ feindl 75 % 22.50 11.25
16. AU 4 An. + mnaznou 2 nn. + waenla’ln 0.2 na. - -
17. auu1 4 an.+ mnaznou 2 nn. + wlaenlaln 0.2 na+ fondl 12.5 % 3.75 1.88
18. @uu1 4 nn. + mnagzneu 2 nn. + wlaen1a'ln 0.2 na.+ fundl 25 % 7.50 3.75
19. @uu 4 nn. + mnazneu 2 nn. + wdenlu'ln 0.2 nn.+ fJendl 50 % 15.00 7.50
20. AU 4 0. + mnaznou 2 nn. +1Wdenlyln 0.2 na+ fJeall 75 % 22.50 11.25
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M99 2 AaauianunlveaninazneuLaz AL
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NAMIAATIEH nasgiledundd 7]

mTimeiimsanm S S0
1. anuilunsa-wa 6.50 7.40 5.50-8.50
2. mmsrh It (ds/m) 4.00 3.00 <10.00
3. J5adunIeing (%ew/w) 3230 1.52 >20.00
4. e luTasmumnanun ©oww) 1.87 0.11 >1.00
5. Gnaleaesafiiluilss TemT (me/ke) 85.00 25.86 > 0.50

msaft 3 inaTavgminiluiloulumnayneunasauin
HAMIIATIZY
Tanzwiin AN
MNAZNOU (WN./DN.) AU (UN./NN.)

Tasidiewy (Cr) ND ND #300.00
Hnna (Ni) 33.40 ND *1,600.00
NoIAT (Cu) 197.60 ND %45 00
1Man (Fe) 1509.74 154.20 *£200.00
g (Pb) 56.00 ND *400.00
uaaiey (Cd) ND ND *37.00
14N d (Zn) 266.00 15.14 *%100.00
UM HE (Mn) 593.00 22.60 *1,800.00

WMNEIHA : ND A0 Non-detected 11w

* M9 ANIATFIUAUNINAUINODIOIRDLAZINEATNTTUVDINTUAIUANUANY [8]

MUY AWIATFIUAUNTNAUVOINTUHAUINAY [6]
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a A a a Y A ' a A "o + a " o
AN 4 ﬂ']ﬁlfl]ifllumﬂiﬂllazWﬁWa@l"llﬂﬁ"lﬂ'gﬂﬂﬂi']ﬁ'f]u"llﬂﬂﬂ'lﬂﬂgﬂﬂu AUUN Lﬂa@ﬂulﬂlllﬂllﬁgﬂﬂlﬂllllﬁﬂﬂ'mﬂu

ANNGA NUINTN Vimiida Wawand1?
FAMINAADY
: (a30.) (539/n32019) (P53/1,000 t8A) mn./13)

1 85.00 £ 0.58 21.00 £ 0.58 28.52+0.42 1,006.93 + 8.54
2 83.00 £ 0.58 20.00 +0.58 30.68 £ 0.42 1,024.00 + 8.54
3 82.00 +1.00 18.00 £ 0.58 28.75+0.43 1,015.47 + 8.54
4 80.00 £1.00 14.00 = 1.00 22.80+0.41 72533 +£8.54

5 83.00£0.58 16.00 £ 0.58 27.66 £ 0.46 938.66 + 8.54
6 83.00 = 1.53 17.00 £ 0.58 31.11+0.42 1,058.13 + 8.54
7 83.00 = 1.00 18.00 £ 0.58 30.99 £0.45 1,066.67 + 8.54
8 83.00 £ 0.58 18.00 + 1.00 31.23+£0.40 1,083.73 + 8.54
9 85.00 £ 1.00 19.00 = 1.53 32.00£0.42 1,117.87 + 8.54
10 84.00 £0.58 18.00 £ 0.58 31.82+£0.43 1,092.27 + 8.54
11 83.00 £ 0.58 19.00 £ 0.58 33.55+0.45 1,152.00 + 8.54
12 85.00 £ 1.00 19.00 +1.00 35.14+0.43 1,169.07 + 8.54
13 85.00 = 1.00 20.00 = 1.00 37.45+£0.42 1,186.13 + 8.54
14 84.00 £0.58 22.00 £ 0.58 38.60 = 0.44 1,237.33 +8.54
15 83.00£0.58 20.00 £ 0.58 37.48 £0.45 1,203.20 + 8.54
16 84.00 = 1.53 17.00 = 1.00 29.97 +£0.47 1,041.07 + 8.54
17 82.00 +1.00 17.00 +1.53 29.70 £ 0.46 1,049.60 + 8.54
18 84.00 £ 1.53 17.00 +£0.58 29.33+0.42 1,032.53 £ 8.54
19 83.00 £0.58 18.00 +1.00 30.69 +£0.42 1,075.20 + 8.54

20 81.00 £ 1.00 17.00 £ 0.58 29.27+0.44 1,024.00 + 8.54
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~ = o H = v 9
AINN S5 wamsane1lsua Tarzmiinluihweisaidudn

YA Zn Cu Fe Mn Pb Ni
NAadY mg/L mg/L mg/L mg/L mg/L mg/L
1 5.781+0.009 0.009+0.091 0.455+0.040 5.135+£0.472 0.660 +0.050 0.090 = 0.005
2 ND 0.005+0.001 0.075+0.004 ND 0.060 £0.005 0.045 £ 0.007
3 4.231+0.038 0.008+0.001 0.217+0.037 3.357+0.324 0.420+0.060 0.070 +0.015
4 0.054 +0.006 ND 0.077 £0.004  0.096 = 0.004 ND ND
5 0.088 +0.008 ND 0.068 +£0.003  0.072 +0.003 ND ND
6 ND 0.006 £ 0.001  0.083 +0.004 ND 0.050+0.005 0.057+0.012
7 ND 0.005+0.001 0.071 £0.005 ND 0.040 £0.005 0.042 £ 0.007
8 ND 0.005+0.001  0.080 + 0.004 ND 0.050 +£0.005 0.050+0.013
9 ND 0.004 £0.001  0.072 +0.006 ND 0.060+0.010 0.055+0.012
10 ND 0.004 £0.001 0.074 £ 0.006 ND 0.040+0.015 0.034+0.014
11 ND 0.007 £0.001  0.083 +0.005 ND 0.070 £0.005 0.058 £0.012
12 ND 0.005 +0.001  0.091 +0.005 ND 0.060 £ 0.015  0.063 £0.008
13 ND 0.006 £ 0.001  0.070 = 0.005 ND 0.080 £ 0.005 0.061 £0.007
14 ND 0.005+0.001  0.094 =0.003 ND 0.050 +£0.010 0.049+0.013
15 ND 0.006 £0.001  0.107 = 0.004 ND 0.040+£0.010 0.064 +0.007
16 ND 0.003 +0.001  0.105 £+ 0.006 ND 0.060+£0.015 0.047 £0.012
17 ND 0.004 +0.001  0.080 = 0.005 ND 0.050+£0.005 0.054+0.014
18 ND 0.005 +0.001  0.098 +0.005 ND 0.070 £0.015  0.048 £0.008
19 ND 0.003 +0.001  0.081 = 0.004 ND 0.050+£0.010 0.052+0.012
20 ND 0.005+0.001  0.079 +0.006 ND 0.040 £0.005 0.048 £0.007
HINTTIU 5.00 1.00 n.a. 5.00 0.10 0.20
‘Ij}ﬁﬁ‘\i
rasznmu

[10]

¥aENie): ND o Non-detected T1in

A =Y 9
n.a. 19 lllllliWEN'l‘Ll‘U’fJHa
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YA Zn Cu Fe Mn Pb Ni
NAadY mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

1 4337+£0.89 23.70+0.58  68.20+0.57 19.9£0.72 18.50 £ 0.45 8.10£0.57
2 7.86 +£0.53 4.69 +0.07 8.61 £0.53 3.81+0.02 2.03+£0.08 3.18+0.13
3 22.84+0.52 10.65+0.72  37.86+0.39 9.13+0.43 7.91+0.71 5.46 £0.34
4 3.21£0.54 ND 7.10 £0.55 2.30+0.72 ND ND
5 3.34+0.91 ND 6.88 +£0.56 3.25+0.79 ND ND
6 4.67+0.82 1.50 £0.07 5.02£0.55 1.35+0.55 0.63+0.11 1.37+0.16
7 3.68 £0.52 1.47+0.10 5.24 +£0.63 1.23+045 0.50+0.12 1.24+0.11
8 3.39+0.58 1.52+0.07 531+£0.62 1.38+0.72 0.58 £0.08 1.27+0.11
9 4.02+0.71 1.63+£0.13 4.99 +£0.58 1.46 £0.70 0.51+0.11 1.31+£0.09
10 4.91 +0.63 1.55+0.08 5.55+0.84 1.49 £0.52 0.59 £0.07 1.38+0.12
11 5.09 £0.57 1.82+0.10 7.12+£0.53 1.75+0.61 0.62 £0.09 1.57+0.13
12 5.76 £0.88 1.80 +0.09 6.87 +0.80 1.69 £ 0.45 0.64£0.12 1.47 +£0.08
13 5.25+0.84 1.78 £0.08 7.09 £0.52 1.74 £0.72 0.63+0.10 1.55+0.10
14 5.48 £0.56 1.81 £0.07 7.25+0.71 1.63 +£0.64 0.62 £0.08 1.53£0.08
15 5.60 +0.53 1.77 £0.08 6.98 +£0.59 1.70 £0.72 0.74 £0.09 1.62+0.12
16 2.98 £0.66 0.95+0.10 4.97 +£0.56 1.23+£0.54 0.42+£0.11 0.92+0.14
17 3.33+£0.58 0.97+0.11 4.71 £0.68 1.31+£0.52 0.46 +0.08 0.97+0.12
18 3.50 +0.78 0.88 +0.09 4.62+0.74 1.42+0.48 0.49 £0.10 0.99 £0.16
19 2.90+0.53 0.96 £0.13 4.66 +0.53 1.34£0.56 0.46 = 0.08 0.89 +£0.09
20 3.51+0.89 0.84 +0.09 4.68 £0.55 1.25+0.64 0.45+0.11 0.94+0.13

AT 100.00 20.00 n.a. n.a. 1.00 n.a.

Taneniin

Tuoing

UB

NITNTN

TIBITUTY

[11]

WAEYR: ND 7o Non-detected Tain
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