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Abstract

The objective of the this study was to evaluate the effects of heavy metals on the sewage
treatment process designed to remove organic material and nutrients using Water- hyacinth
(Eichhornia crassipes). Batch experiments were carried out using domestic sewage
spiked with different level of heavy metal mixtures (Cd, Pb and Cu).

The specific growth rates of Water- hyacinth ranged from 0.0008 to 0.0015 1/day( operat-
ed at water temperatures of 22~30°C ) and increased as the concentration of heavy metals
decreased. The test result showed that the permissible maximum concentrations Cd, Pb and
Cu for the growth of Water- hyacinth were 0.5, 1, and 6 mg/¢ respectively. Under these
maximum permissible heavy metal loads, removal rate of organic material, nitrogen and

phosphorus were 85%, 75% and 75 %, respectively, during 40days of the test period.
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Fig. 1. Schematic of typical water hyacinth plant.
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Table 1. Spike of heavy metal concentrations and
water hyacinth weight.

Item w1 w2 w3 Remarks
Cd, mg/¢ 1 0.5 0.1
Pb, mg/¢ 10 3 1
Cu, mg/0 15 6 3
Water 1728 | 1716 | 169.1 [wet weight
hyacinth-
weight( g)
Unit i m
o |
>
/
0.52
0.40
| 043 7l

Fig. 2. Schematic drawing of the experimetal water
bath.
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Fig. 3. Variation of water tempertures in ex-
perimental during.

Table 2. Experimental results of water bath W1.

Concentration, mg/ ¢

Item . 13day 39day
nitial (removal, %) (removal, %)
Cd 1 0.80(20)  0.77(23)
Ph 10 8.38(16)  7.38(26)
Cu 15 12.74(15) 11.55(23)
CODw, 50.19 24.50(51) 13.85(72)
TN 28.17 20.21(28) 13.25(53)
NH:-N 17.61 13.23(25)  9.78(44)
TP 091 0.62(32)  0.42(54)
PO~P 0.51 0.36(29)  0.22(57)
pH 6 6.5 6.4
DO 3 85 8.7
™ 17 20 16
EC, mS/em 0.363 0.423 0.546
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AHog FI&0] ¥rr} FS5E PYRRFo] & Table 5. Water hyacinth specific growth rates.

oA}, HF R Se] Feke W1, W2¢t Item w1 W2 w3
W37} 77} 168.4, 207.83} 289.3g o|Kic). Water hyacinth 119 | 124 | 132
weight, kg/mi| ~ ’ ’
Specific growth
Table 3. Experimental results of water bath W2. pecilic gro | 0.0008 | 0.0010 | 0.0015
rates, day
Concentration, mg/ ¢
Item Initial 13day 39day
{removal, %) (removal, %) 20T A
cd 05 0.38(24)  0.28(44) ol
Pb 3 248(17)  2.10(30) "
d 801"
Cu 6 3.89(35)  3.12(48) -y
CODu. 50.19 29.22(45) 15.25(71) g%
ss 193 148 (23)  9.5(51) § “0
N 3155  21.11(33) 12.94(59) o] 4
y & 3 b |
NH:- N 1765  1156(35) 6.86(61) Ny Fo 3 . V 7 s
0 [} 13 20 27 34 39
TP 1.38 0.71(49)  0.54(61) Tine, day
PO-P 0.67 0.46(31) 0.32(52) Fig. 4. Water hyacinth growth at water baths.
pH 6 6.5 74
DO 3 85 8.6 .
TB 17 20 13 2. 7718 HA
EC, mS/cm 0.363 0.423 0.466 Fig. 5= 24 #7159 AALELEL YE
W QY 27] f7)8 AAE g wE &%
Table 4. Experimental results of water bath W3. 2 Y=} AZte] AALE tyA =
Concentration, mg/ ¢ g k. W1, W29 79 209 olFRee
Item nitial 13day 39day A&l A8 el 9UdAE 70% HE7)
— . ";"(‘;’;?Lsg‘)’ ":“;;’:"ég‘)’ o, W3k 85% AEst AASe] 23te
. . ] N . .
Pb 1 0.77(23)  0.51(49) TEE RETE AR AARE] 88
Cu 3 188(37) 156(48) ¥ T v Kawai. HC(1987)<i% #3573
CODwa 5091  21.92(57)  7.07(86) 9] 3}gtx x4 )y, O'Brien(1980)¢) o
Ss 25.2 21.0 (17)  8.6(66) T A A Aol 2}at ByLate) C,
TN 28.?9 14.73:49; 6.51:77; N % P8 BEuE ¥ 5% o 70:5:1 4
NH:- N 17.76 987(44)  1.97(89
¥ Ao A o] 3 =
P 182 103(43) ode(rs) o AR HEHTh & A g =
PO,- P 099  076(23)  0.23(77) A¥le 25:15:19) ulge] sof, Adizen
pH 6 75 8.4 1B HolA A HPzAe] Hx
DO 32 8.2 9.7 23 ¢ 5 k. a2l W39 A% 13
B oo 15 Y¥ele COD ¥E7} 22mg/0 olshz Wel
EC, mS/cm 0401  0.342 0.348
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Fig. 5. Organic material removal efficiency at
water baths.
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Fig. 6. Total Nitrogen removal efficiency at water

baths.
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Fig. 7. NHs- N removal efficiency at water baths.
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Fig. 8. Total Phosphorus removal efficiency at

water baths.
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Fig. 9. PO,- P removal efficiency at water baths.
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Fig. 10. Cadimium removal efficiency at water

baths.
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Fig. 11. Lead removal efficiency at water baths.
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Table 6. Heavy metals adsorption volume by
water hyacinth.

Heavy Water Adsorption volume,
metals baths g heavy metal/g
w1 0.263
Cd w2 0.150
w3 0.030
w1 2.586
Pb w2 0.784
w3 0.289
w1 3974
Cu w2 1.866
w3 0.895

6. 234 HAH oE=x|
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Fig. 12. Copper removal efficiency at water baths.

C=a Cca+b Cph+C Cc“+K, mg/ﬁ

<&, C.E39 5, mg/l
Ce: CdY) 5%, mg/4
Ceo: Pb9] X, mg/¢
Ce: Cull ¥x, mg/¢
a, b ¢ KiAls R A4

Table 7. Constants of equation with
C=a Cy+b Crtc Ceat K, mg/f

Item a b c K r

COD 226831 5.890 19.246 -35.077 0.9996
TN 67544 -2.277 10871 -8.550 0.9989
NH:- N 135492 12552 0.968 -11.301 0.9995
TP 16533 -1.122 0676 -0.736 0.9996
PO-P 9991 1378 -0.321 -0.422 0.9887

AR
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Fig. 13. Sewage treatment process by water hya-
cinth.
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ol WX 9L Hrislr] SiEe A
o] #34(Cd, Pb, Cu & 3% )< Arlsleo
FE4FEE 3/ batchd e 4047
3P A5 g3 2 AE A

1) &€& 22~30C=E #A3AA 35
AYE F AR e SFe nYFE e
0.0008~0.0015day'o]™, FFLEe=rt @
& v AL} =4 Jehd).

2) 5% F3959 4 WA F5
& AAE RS AAEL AR G,
Pbs} Cu7} 2 0.5, 1 3 6mg/¢ A7} 2
Aoz Ao

3) 559 e85k HolA 40d &2 3
T A=Y A /718 85%, N& 75%
9} PL 75% ©)AHe] AALEE Y Aoz
| &Xc},

4) F34550 o 7t B3] AAHe
o 3Ag o5 7|EA 3t AL A o
&3} c}(Constantst Table 7 #3%).

C=a Cut+bCptc CoutK, mg/?

<, CEA ¥x, mg/l
Ces: Cd9) X, mg//
Crv: Pb2) X, mg/4
Ceu Cu®l 5x, mg/¢
a, b ¢ KiAs % A5
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