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SUMMARY

Following results are obtained in lst project year. The characteristics
of seafood wastewater were varied by the raw materials used, The compositions
of seafood wastewater investigated were as following: CODw, was in the range
of 520 to 1360mg/ £, BOD was 1150 to 3600mg/ &, T-N was 275 to 810mg/ £, T-P
was 77 to 238mg/ £ and NaCl was 3000 to 7000mg/ £. The seafood wastewater
contained high concentration of T-N and T-P compared to COD and BOD, The
Freundlich adsorption isotherm model, X/M = 0,004413C'**® was obtained by
batch adsorption tests for the removal of T-P from seafood wastewater with
oyster shell powder, And the Freundlich adsorption isotherm model, X/M =
0.1033CL3W8, was obtained by batch adsorption tests for the removal of NH;
from seafood wastewater with zeolite powder,

The following results were obtained by batch activated tests (a process of
activated sludge, activated sludge with oyster shell powder and activated
sludge with zeolite powder) for seafood wastewater treatment. The experiments
of settling tests shown that the activated sludge with oyster shell powder
gave the lowest value of SVI (sludge volume index). The process of activated
sludge with oyster shell powder shown the highest removal efficiencies of BOD
and T-P, However, the process of activated sludge with zeolite powder shown
the highest T-N removal efficiency.

The continuos activated sludge experiment shown that removal efficiencies
of BOD and COD were improved by addition of oyster shell powder and zeolite
powder, Considering removal efficiencies of BOD and COD, the following oder
were obtained: the process of activated sludge with zeolite > the process of
activated sludge with oyster shell powder > the process of activated sludge

with zeolite and oyster shell powder> the process of activated sludge.
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However, a process with zeolite powder shown the highest removal efficiency
of T-N and a process with zeolite + oyster shell powder show the of highest
removal efficiency of T-P, The experiments of settling and sludge thickening
tests shown that a process with oyster shell powder was beneficial,

In order to improve the removal of T-N and T-P in seafood wastewater
treatment, intermittently aerated activated sludge processes were
investigated in 2nd project year, Four reactors, an intermittently aerated
activated sludge process (A), an intermittently aerated activated sludge with
oyster shell powder (B}, an intermittently aerated activated sludge with
zeolite powder (C), and an intermittently aerated activated sludge with
oyster shell and zeolite powder (D) were operated simultaneously. Effects of
SRT and time of aeration and nonaeration were investigated, Considering
organic removal, intermittently aerated activated sludge process shown
slightly higher removal efficiency than the aerated activated sludge process,
And the removal efficiencies of organic were improved by increasing SRT,
Average T-N removal efficiencies of the intermittently activated sludge and
the activated sludge were 57% and 18%, respectively. An intermittently
aerated activated sludge with zeolite powder (C) shown the highest T-N
removal efficiency. And the removal efficiencies of T-N were improved by
increasing SRT also. To find optimum aeration and nonaeration time, several
experiments of aeration and nonaeration time (60/60, 120/60, and 120/120
ninutes) were conducted, Considering T-N removal efficiency, 120/120 minutes
shown the best results, T-P removal efficiency of the intermittently aerated
activated sludge process was 20% higher than that of the aerated activated
sludge process. An intermittently aerated activated sludge with oyster shell
powder (B) shown the highest T-P removal efficiency.

In 3rd projects year, experiments were conducted in an actual seafood

..‘13...



wastewater treatment plant. The actual seafood wastewater treatment plant had
been operated with average F/M ratio of 0,037kg BOD/kg MLVSS < Day, and BOD
load of 0.33%g BOD/nf - Day. And 6nf of sludge had been disposed weekly
because of disposal difficulties so that long SRT of 200 day was maintained.
At the beginning of operation, the removal efficiency of T-N was 40%. The
removal efficiency of T-N was improved to 70% by retrofit with oyster shell
media submerged (10% of aeration basin) and 250 mg/l zeolite powder addition
into aeration basin., And the removal efficiency of T-P was improved to 40%.
Using of zeolite and activated powder in the aeration basin also increased
the removal efficiencies of BOD, T-N, and T-P,

However, intermittently aerated activated and anoxic/oxic (A/0) shown the
operating problem of sludge rising and unstabilized effluent and toke long
time to stabilize effluent quality due to influent load changes and high
MLVSS concentration in aeration basin, In order to use intermittently aerated
activated and anoxic/oxic (A/0) process for seafood wastewater treatment,
control of MLSS, improvement of clarifier, pilot test for adaptation
possibility, and effluent requirement etc, should be checked. An improvement
of clarifier could be achieved by installing inner baffles., For present
application, the activated sludge with zeolite addition (250mg/l) would
appropriate,

To reuse the seafood processing wastewater sludge in agricultural land, the
basic examination for composting of the sludge in pilot plant, composting of
the sludge in practical composting plant, and the effect of the composts on
plant were investigated.

The results of the basic examination for composting of the sludge in the
pilot plant were summarized as follows

The carbon, nitrogen and phosphorus contents in seafood processing wastewater
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sludge were 46, 1%, 5. 86% and 1.4%, respectively.

The optimum conditions for composting of seafood processing wastewater
sludge were adjusted microorganism seeding to 5%, initial C/N ratio to 22%,
initial moisture contents to 62% and air inflow rate to 200m¢/ £ - min,

In case of using zeolite as additive, zeolite was added to 10%, and in case
of mixing livestock manure, seafood processing wastewater sludge was added to
502,

The results of composting of the seafood processing wastewater sludge in
practical composting plant were summarized as follows,

Temperature was rapidly increased at early stage of composting, reached at
the highest point of 67~76C for 3~5 days, and then decreased gradually,
The compost was upset firstly, when the temperature was reached at 40~50C
at 19 days after composting, and was upset secondly, when the temperature was
reached at 35~42C at 40 days after composting, The third upset was
conducted at 60days after composting, and then the temperature was little
changed,

The loss of weight and moisture contents of the compost were down 35~41%
and 15~23%, respectively, compared with early stage of composting.

The pH of the compost during composting period was decreased for the first one
day, then increased sharply by 13~19days after composting, after that, was
kept constant, and then was up to pH 8.2~9.2 by the terminal of composting
period,

The contents of total organic matters in the compost were down 4,5~8.0%,
compared with the early stage of the composting. Ether extractable materials,
resins and hemicellulose contents of the organic matters were decreased with
35~77%, 32~69% and 19~30%, respectively, compared with the early stage of

the composting, And cellulose, lignins and unknown materials contents in the
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organic matters were increased a little, but water soluble polysaccharides of
organic matters were little changed, compared with the early stage of the
composting,

Total nitrogen, amino sugar and amino acid nitrogen contents of the compost
were decreased with 20~42%, 11~49% and 23~65%, respectively, compared with
the early stage of the composting,

The contents of humic acid in the compost were little changed, but contents
of fulvic acid and Adlog k in the compost were decreased gradually during
composting period.

Germination ratio of radish, chinese cabbage and cucumber were over 90%,
when the compost produced at 30 days after composting was tested on plant
germination,

The results of the effect of the composts made from the seafood processing
wastewater sludge on plant were summarized as follows,

In case of corn treated by the seafood processing wastewater composts, the
contents of pH, EC, T-N, S04, K and Mg in soil were increased a little, and
those of organic matters, P05 and Ca in soil were little changed by
application of the composts compared with NPK plot,

The contents of nitrogen, P:0s5, K0, Ca0 and Mg0 in stem and leaves of corn
plant were little changed, but the height, number of leaves and diameter of
corn plant were increased a little by the application of the composts
compared with NPK plot,

The corn yields were increased with 8, 15, 9, and 8% at the plot of 100% of
the seafood processing wastewater sludge compost, 75%sludge+25%1livestock
manure compost, 50% sludge+b0%livestock manure compost and 100% of the
livestock manure compost, respectively, compared with NPK plot.

In case of chinese cabbage treated by the seafood processing wastewater
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composts, the contents of pH, EC, organic matter, P05, T-N, S04, K and Mg in
soil were increased a little, but the contents of Cu, Zn, Cd, Pb, Cr and Ni
in soil were not changed by application of the composts compared with NPK
plot.

The contents of nitrogen, P:0s, K:0, Ca0, Mg0, Fe and Mn in chinese cabbage
were little changed, but the contents of chlorophyll-a were increased at the
early stage of growth by application of the composts compared with NPK plot.

The fresh weight of the chinese cabbage were increased with 32, 31, 41 and
44% at the plot of 100% of the seafood processing wastewater sludge compost,
75%sludge+25%l ivestock manure compost, 50% sludge+50%livestock manure compost
and 100% of the livestock manure compost, respectively, compared with NPK

plot.
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Table 1. Characteristics of wastewater from manufactured seafood factory.

(unit : mg/ £)
Items SS COD¢y BOD T-N T-P NaCl
1 - 1930-2210  1050-1150  463-543  12-16 700-1100
2 270-2050 - 2680-5060 - - 3800-5900
3 1160-1360 194-1300"  562-3370 - - 16700-17978
4 - 109-3180 570-7630 37-252 - -
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Table 2. Composition of metals in oyster shell,

{unit © me/kg)
Concentrations Concentrations
Ca' 37.6 ~ 41.6 Fe 610 ~ 971
Mg 1700 ~ 3500 Zn 12 ~ 17
Na. 2000 ~ 7900 As 50. 4
Mn 207 ~ 360 Al 590 ~ 863
Cd 1.6 ~ 2.9 Sr 702 ~ 1340

Cu 11,5 ~ 30

%* ! percentage
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A ZF ¥lof Z#3HE SVI, COD, BOD, T-N W T-Po] cisl wlmstols, T3 Zpzh 4g¥
EQ3le] 12A] 7 o] AZ}HE SVI, COD, T-N W T-Poj] cfs] w]aLslgict,

2. 29 W A geolE Eug o AT HY 548

A4 Aol 283 A F7IRY A7t 7HE 280m, A2 220mm, =©] 530
mE AEFo] 10L0]3 HH=RY A= €3 640 Fig. 29 Zrh whE= U
o] e B pumpE o]-&3te] FYA, WEE WY LxE AFRE 2EY
£ o] &3l 20TE FAFES 3t AF 25 H522 20CE 2AYPSE w&
At W& stk FrR e §&44 FEE 3~5mg/ L E RABIES FUI
FBE& 23] SRTE 1082 U33HA 233t92n HRT 24hr, 18hr, 12hr3}
8hr2 2PN &8 WNHES FYuleY 1062 2Fsigch FYu4
BODE 7|&L.% sfo] F/MH|] ¥$l& 0.215~0,87kg BODs/kg MLVSS - d, B 0.423
kg BODs/kg MLVSS - doflAl 2= gich. &)z} 10g& Foi¥ ¥H&Z(1000me/ £), A
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E2O|E 10g& FoIT W2 (1000mg/ £ ), 2u)zt 583} | &2jolE 528 Zojgd
(23] £ 500mg/ £ + A &ejolE Bt 500mg/ £ ), Teln 23 H&

BOlEE FoioiA] of2 EE BAHEHUA USZ(ControlB)E & 47§28 w2
& =3sidch

pump
K @) _
' l Baffle
V " | -
- u
Av4 [T
=3 Effluent
Z .
—— »
waste -
vater
Settle Tank
Feed Tank / Aeration Reactor
Blower

@)
AN
ump

2

Fig. 2, Schematic diagram of the experimental apparatus,
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A 33 A7y Az 4 27

1. F27hgu4 B85

2 Ao ZARE 48 JHEEIeY 242 A8EA wet Alolst woter
U¥tE O F CODw 520~1,360mg/ £, BOD 1,150~3,600mg/ £, T-N 275~810mg/ £,
T-P 77~238mg/ £, n-Hexane 470~1,180mg/ £ &} H|2d IeE2] K78 TR/
H4g2 2ZAE gt EZ 3,000~7,000mg/ £ 2] NaClg 3h3-3ti et & A7y
Ayol AHE3 wlE AR £AHE 7HEYAIQ Table 38 DFFolA vi&EE w4
EA B 100 ¢ 7.64 ¢ 2.142 FLEFU AL A HEo| & #AETHSY

o},

Table 3. Analysis of wastewater emitted from seafood company at the coast
of Kyungsang Namdo,

4 (unit : mg/ £)
Items SS CODyn BOD T-N T-P N-Hexane
A 355 1280 1150 555 200 470
B 3590 1200 2680 810 238 1180
C 1685 1360 3370 395 95 -
D 950 520 3600 275 77 590

2. Sz A efo|EL BY A}
7t Es%

welete] tiFe R opAFe] e S¥AE RS o]&WE AAY F 550T
olA 10&3F 7tdste] A3 F EH7IE F45t] A& o] -85te] YH o] 53~100m
A GAHE 2RSSl 9 F2ERAHE stalch
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Freundlich S-2F2tAlo] F&3 A3 thd A3} Lol RAE T
X/M = 0,004413 - ¢'5 48

. AgeelE
2 @70l H8Y AGet)EE ClinoptiloteZH ZH JUut 24 Slol A4
MEo] H4ESLE FRYL T ALTUIE Y7ol 45molshl AEE AHEsH
o gEUely as FLEY Y shich
St HgA EUCM B4 SESEHE Freundlich SSERNe] H8Y 2
3} thest gt

X/M = 0.1033 - ¢35

3. 23517 @ A &elolBE BLS T B FHY HEN L& A

7t. 3%

Z3]ZE T3 49| SVIE Fig. 33} o] 440)A 117THSIE 7P w2 vl
202 HLejolE Fg¢l wkg-Z, ControlRolrh HAHLE F/Mu[J} S48 SVI
E ue FAE Byl ZuiZe] uldEe] FAste] Jufze] FALERE e I
7% 2o A5Hrl LHERE Fulgda Aol BEE BeGuR 0 FoqA A

He Z7Mg 4 9lg Aeg Havrh, BOD HAXLE Fig. 52t Lol FMEIT} &

+& ControlZi Zt4dHe Z¥o] & v, T2} Al&elo|lB: 4FsHA v
Elutom §&42] 5 ControlZ7t H4 22me/ £, Xvi70mg/ £ 2 BT 50me/ £
2 ZAHUAR AL H4 23mg/ £, Ho] 42mg/ £, B 32mg/ £ AL AlEzlol
Bl HA lmg/ £, HU) 42ng/ £, B 3img/ £ 2 FAHACE FUul42 T-NY
BEE 137mg/ L0 Fig. 63 o] Heo|BEE Fojgt A7t HF 50 % AAHY
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v} Zuj7te oI whe= 9} Control &7} 742t 29% W 31% A|AF T LYPEZ
A4 AAREE AL EE FAY A9} 4% AAXL] Hokrh ALl
OlE7} A &l §L olfE AT EI} YRV ALE AAYLE 4
Hgo] Tl NERET} 2 ZoE Bl

2HU TP AAZEE HE FUHSY T-PY HEE 25.4ng/ LS 22
R w27 B 3.15mg/ L2 B 88% HAE O Y AAEL] Eghon
A gelo|EE Foi¥t N2} 86%, ControlZ7} 79% AAE QT BE A ¥y
A& AHE3te] Q19 AAXEE BE 30xfoltt £ Ay AAZL
o]t AA sl HRH ss7t AY AASHS Hgo] FVRE AoE R}, A
ihg7] BE F/MEZL 71845 T-PY AALES ZA4HE A% By &8
& B9 Fufzo] ZEdES tERsln gorns A3 AYsto Qo AALE
o] T} W RHT} &2 Zlog Yehd 2oz AgHc)

180 -
160 | .

140 + *

120 a
100

svi

80 r
60 a

[
A
u Control
20 | & QOyster- shetl 3g
o Zeolite 3g
1

40

§

0.10 0.15 0.20 0.25 0.30 0.35
F/M ratio

Fig. 3. SVI(sludge volume index) vs. F/M ratio.
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COD Removal Efficiences(%)

BOD Removal Efficiences(%)

100

99 r
98 I
97 r
96 r
95 r
94
93
g2 r
91

= Controt
& Oyster—shell 3g
o Zeolite 3g

90
0.10

0.15 0.20 0.25
£/M Ratic

0.30 0.35

Fig. 4. COD removal efficiency vs. F/M ratio.

100

99 f
98 |
97 f
9% |
95 |
94 |
93 |
92#
o1 r

ob

X L .

s Control
a Qyster— shell 3g
|_® Zeclite 3g
. J

90
0.10

0.15 0.20 0.25
F/M ratio

0.30 0.35

Fig. 5. BOD removal efficiency vs, F/M ratio,
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T-N Removal Efficiences(%)

T-P Removal Efficiences(%)

100
u Control
90 a Oyster- shell 3g
80 } o Zeolite 3g

70
60 °
50 |

20 = ]
10

0 1 1 1 L
0.10 0.15 0.20 0.25 0.30 0.35
F/M ratio

Fig. 6. T-N removal efficiency vs. F/M ratio,

100
0T " ° ° a
80 r ma a
]
70
u o
60 -
50 [
40 +
30
20 a Control
10 + a Qyster- shell 3g
o Zeolite 3g
0 1 1 1 1
0.10 0.15 0.20 0.25 0.30 0.35
F/M ratio

Fig. 7. T-P removal efficiency vs., F/M ratio,
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U, g5l

Fig. 8ol R 232 FUT W2 SVIE 3gg 2L wlo} o] 713
WAL TR A elolE Ry ‘i’j‘%‘?ﬁ, ControlZojt}, CODY] AAZLL KHu
Fig. 99} Zo] 29z}t A &elo]EE Foigt ¥hgZ} ControlZHT} M AZE L]
A UEhkdtl &4 SEE Control27} 4 50mg/ ¢, Hu) 6dmg/ 02 W
STwg/ £ 2 ZAH QS E32HE T RS $EE M4 40mg/ £, HT) 50mg/
¢, BT 46.5mg/ £ G3 A Gelo|Ex HA 42mg/ £, v 56mg/ ¢, HF 50.5me/
¢ 2 ZAME YT}

FAHE TN SEE WP 172mg/ W Fig. 103} o] A gefo|ES =ojal
ZF7t B 68.8% AALYL, 2oL Boigt gz} ControlZ7} z}z} 58.8%,
56.1% AAH Gl JeEg $249 AAALL AQY|EE Ryt AL} 7
B AAZLE] wolth U T-PY AAXLE BW SUvi4e] T-PY =ro
22.2m¢/ L 2 3g& FUAUEL vwithe tiEA ALuolEE R wrezst I
13.9mg/ £ 2 B 37.2% AAH 71 AARE] ko Zrjzte TP wre
22 AHee $=et AAZE] 242 14.3mg/ £, 35.7%0] 3L ControlZ¢] &%}
14,9mg/ £ 0131 32,7% A A e},
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140

120 | a
5 100 f .
80 |
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020 025 030 035 040 045 050 055 0.60

F/M ratio

Fig. 8. SVI vs. F/M ratio.
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90 L 1 1 L 1 1 1
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CODw, Removal Efficiences(%)

Fig. 9. COD removal efficiency vs. F/M ratio,
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90
80 |
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60
50 | a ‘a
40
30 | 4

e

T-N Removal Efficiences(%)

20 | m Controf
& Qyster— shell 4¢g
10 - o Zeolite 4g
O 1 1 1 A 1 L 1
0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60

F/M ratio

Fig. 10, T-N removal efficiency vs, F/M ratio.
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Fig, 11. T-P removal efficiency vs. F/M ratio,
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4. 2917 9 A EeolE EEE FAT BE&HAFHY AT

HRT7} 24hrdd wi CODS] W3tE RH IvizhE T &2 Ael4rt B
54, 6mg/ L & 88.3% 8 =7} AAE LI Control R BT 64.2meg/ L 2 86, 2% A
A=glct. E3E, HRTZF 18hrd wi S Edg R WHG2Y Aelert B
26.8 mg/ £, ATl EE Tl W22 Ay} H 24.6mg/ £, ST A
Lol EE FAF yhg-2o i A |47t 25mg/ £ 0] Control Ry 25 4mg/ L &
ZAE ik,

HRT7} 12hrdd wlE EW S3(2E FoA g2 AMelgrt B 2.9mg/ L2
78.8%7} AAEUIL, ALOIEE FAY g AHegrt Hd 29.8mg/ L2
80.8% A A=l izt AEelo|EE FoA W32 B Ael4r} 31, 9meg/
£ o] ControlR¥ 25.4mg/ L B 77.5%AAE ZLoE RAIE Q)

J2HBE et Agel]BEE Foqilos u] EEEEEARY &S &8 S
Hol 2L HAZNNAM Aol SRR fE4Y ANE 23l F Yol £
8448 A 2R 27 gEU ALE AlgHch

800
< > >
700 § pRT=24hr | HRT=18Hr HRT=12hr HRT=8hr
600 ®raw waste waler
* ®control
I a i
= 800 | . o se0lite
g . » Xoyster + zeolite
= 400
§ *
300 .
*
Py *
200 | ¢ ve e
0 * e %o
* .
10048 %
" n gt »
o l;Ah.l. --Q'!"",l -!l B ¥
0 10 20 30 40 50 60 70 80

Operating Time(Day)

Fig. 12, Variation of COD concentration during operating day.
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Table 4, COD concentration in accordance with HRT.

( Unit : mg/ £)
HRT Control Cyster Zeolite Oyster+zeolite
(hr) Range Avg, Range Avg, Range Avg, Range Avg.
64.2 54,6
24 32106 gpy 79 (553
255, 4 26.8 24.6 25
18 16.7~38 (86) 16.3~48 (85.2) 19~43 (86.4) 17.3~44 (86.1)
4.9 32.9 29.8 31.9
12 243 ggg) 1148 (ggg) ZLALS (gygy WTHT g1k
28.9 24.6 25.9 28.9
8 21.6~38 (87) 15,6~32 (88.9) 19~30.5 (88.4) 18, 5~41 (87)
{ ) : removal efficiency, %
100
95 u
p L
g o0t By, « o . 4
o Vo, i‘ - * *
5 4 2o e £ o
% 85 1 ML ° A" °
oo
o B ° ¢ # conirol
8 % & 4 § [} : loysmrl
Q [ ] n 4 zaolite
75 b L O oyster + zeollts
70 .
0 0.2 0.4 0.6 0.8 1
F/M ratio
Fig. 13. COD removal efficiency vs, F/M ratio,
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HRTZ} 24hrd wi BODS] W3E RW FojzhE ¥ wgRe] ANe4rt F&
12. Tmg/ £ 2 99,133 =7} AAE I Control R B 19.8mg/ L B 98.6%5F = A
AE Act,

E3, HRTZF 18hrd wf 2312E FoQ We2e] A4 BF 11.6me/ £, A
ST EE FT 4hE2 9 Ae|a7l Bt 8.5mg/ £, S} A &elo|EE Fo
gh ubeRe) HHF A |47} 6.4mg/ £ o] ControlRE 11.4mg/ L B Z¥|Zta} A&
2lo|EE E§sle] Tyt whERI} 98.6%2 71 &2 AAEES Yehllc
HbH, HRTZE 12 hrdd wis 292 Tt W2 Ael4¢7t B 11.2mg/ £, A
SEO|BEE Foi ¥ WEERY] Ne|4vl B 8.4mg/ £, I A EElo|EE Fo

g kg o] WP A 2|47} 10.4mg/ £ o] 3L ControlRE 10, 7mg/ £ 2 A& ajo|Exqt
& TP Vg2t B 98.242 JHY 2 AAEEE VEhdrCh
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Table b,

BOD concentration in accordance with HRT,

(Unit : mg/ 4)

HRT Control Oyster Zeolite Oyster+zeolite
(hr) Range Avg, Range Avg. Range Avg. Range Avg.
19.8 12,7
24 7.6~41.5 (%5.6) 7~271.9 (®.1) - -
1.4 11.6 8.5 6.4
18 8,6~13.1 (%9.6) 91~12.9 (97.5) 8.1~12.3 (%.2) 38~8.6 (®.6)
11 11 8 10
12 6.4~13.7 (97.5) 7~14.1 (97.3) 2.8~12.5 (%.0) 6~131 (97.6)
12.9 9.1 10.6 12.1
8 51 g R g TR ogn PP gy
( ) ! removal efficiency, %
2000
1800 < 2 I ‘ -
HAT=24r HRT=18hr HRT=12hr HAT=8hr
1600 |
1400 F " :::a:“\;(oalslewa\er
% 1200 * ” :ZD:O:: + zeolile
£ 4000
o
Q
@ 8§00 .
600 . . . .
400 | - * * *
200 | ¢
0 L as¥ o slum —m wus somyonny . n N |

30 40

50

Operating Tima(Day)

60 70

80

Fig. 14. Variation of BOD concentration during operating day,
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Fig. 15. BOD removal efficiency vs. F/M ratio,

T-N A& HEE B9 HRT7L 24 hrd wf S3j2E T3 38R0 Hel4rt
2|24 59mg/ £, Zt) 124mg/ £, B 8l.1mg/ L2 BT 38.7%7} A A Control
ZE A 84mg/ 0, o) 120mg/ £, B 96.2mg/ L 2 BF 27.3%F = A AHYC}

HRT7} 18hrd o E®iZhE Foi ¥ 129 Hd Azlert 89.1mg/ £, AH|&elo]
EE Tt g2 B At 1omg/ £, S} A Leo|EFE Foigt
Lze] HF Ag|4=r} 100me/ £ 0] 3L Control R 103mg/ L B 23] Foigt ukg
27} 35.3%8] AAREE 7P A Urldal A&eo|BEE TR ¥ERIT A
Fgo| 2052 713 WA Ueludth Iy HRT 12hroll A s E3)2t3) A& elo|ES
Fojgt ukgze] Hej4rt HF 61.1mg/ £ B 36. 752 A AREL] /HH Bk vk
22 ALEO|EF FoiF HIERIL BF 68.2mg/ £, 29.3%8] AALLO] A U
237 8
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Rr=2dhe | iRretehe o . hr
160 | 1,
*
140 . a
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£ 100 © o x Mg & .
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4 a 4, X8 . x .
60 | s X *go M ¢ a¥ 3%
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Operaling Tire{Day)

Fig. 16. Variation of T-N concentration during operating day.

Table 6. T-N concentration in accordance with HRT,

{ Unit : mg/ ¢)
HRT Control Oyster Zeolite Oystertzeolite
(hr) Range Avg, Range Avg, Range Avg, Range Avg,
9.2 Bl.1
24 84.5~120,1 (27.3) 59.3~124 (38.7)
103.2 8.1 116,2 100.1
18 80.9~158.9 (25.1) 70.1~133.2 (35.3) 82.1~153.7 (20.0) 75.5~178.7 (27.4)
74.1 72.6 68.2 61.1
12 41,3~103.8 (23.2) 35.4~499,3 (24.8) 31.9~83.5 (29.3) H.7~86.5 (36.7)
70,7 81.8 79.7 62.4
8§ 29.7~118.5 (29.8) 36.6~164,7 (30.6) 47,1~123.8 (16.6) . 7~68.5 (22.6)
{ )} : removal efficiency, %
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Fig. 17. T-N removal efficiency vs, F/M ratio,

HRT7} 24hrd uwf Zoizhe Foidt HFEZ Aelg=d] T-P& 15~56.2mg/ £, 18.5
mg/ £ 2 B 35. 29 =7} A AE AL Control Z+= 18~58,4mg/ £, B+ 23.1mg/ £
2 BT 18. 9% = AA= A

HRT7} 18hrd wf ZsiZbg Foj T Nbg2Y B A7t 19.9mg/ £, AL elo)
EE Fogt wrgxe] HF A4t 20.4mg/ £, ST L A Gelo] B T ut
S8 Hd Hel47t 19.4mg/ £ o]aL ControlR= 20.5mg/ £ & Lelyit}h. HRTZ}
12hrd W)= 247} 13.8me/ £, 14.2mg/ £, 13.9mg/ £, 14.6mg/ L 2 F2HE Foi3h
Mg 28] A |47t 22.8% A AE YL Control & 18.6% A AF gl
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Table 7. T-P concentration in accordance with HRT.
( Unit : mg/ 2)

HRT Control Oyster Zeolite Oyster+zeolite
(hr) Range Avg, Range Avg, Range Avg, Range Avg,
23.1 18.5
24 18.3~29.0 (18.9) 15.0~20.6 (35.2)
20.5 19.9 20.4 19.4
18 16.1~34.4 (13.9) 15.9~36.1 (16.3) 16.1~37.5 (14.2) 14.0~36.5 (18.5)
14,6 13.8 14.2 13.9
12 10.6~17.2 (18.6) 9,2~17 (22.8) 14.4~16.9 (21.0) 10.3~16.8 (22.7)
11.8 10.6 11.2 9.4
8§ 9.1~16.1 (27.1) 8.6‘Z 13.5 (34.9) 7.5~14.7 (31.2) 7.5~10.7 (42.0)
( ) : removal efficiency, %
60
| e oz > | € TReen .
50
E or ¢ g )3(25(3{]2%4'280”(5 é
%30— . . R
"I' .‘ s' .0 .
20t At RoCte o
L R
10 '5‘ l l ! x
0
0 10 20 30 40 50 60 70 80

Operating Time(Day)

Fig. 18. Variation of T-P concentration during operating day.
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Fig.19, T-P removal efficiency vs. F/M ratio.

Fig. 203} Fig. 212 2WiZh& T R, A U|EE R WHEX, F
Tztzt A EBlolEE FAY 2 EE BEGHA SR &R AR
< HRT7Z} 12X 22 wioh 18412 of 24 % A2 ez Foigt Z97 28
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Fig. 20. Sedimentary line at HRT 1Zhr,
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Fig. 21. Sediwentary line at HRT 18hr,
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5. &ElA 8] ¥4 Ay

E Aod $8Ed &8 @4y APE $18te] Buchner Funnel Testo}
CST(Capillary Suction Time)&RAAXF AIL3lo 43}sigct, ZjdELE =
¢ BASHAYY ERENYEYUAY WA 49" sPUAYSY APAIE Fig
229} Fig. 230] Uehtes A3} 2t} 917 Rt Z-9o B golA
AR &e=e MAGS b7 3.91x10%w/ke, 2.65X10"n/kg® ZAME YTh 23
B2 Z92g T A uAYo] wo} &8x]) Ws4go] dEsginl,

2r y = 0.0107x - 0.0558
R?= 0.7882

T/V (sec/ml)
o
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FEH(mI)

Fig. 22. CST at activated sludge including oyster shell powder,
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Fig. 23. CST at activated sludge,
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A 448

TAETHEHE, U3 AL EY FPE AL $AERINEHSE A

317] /1% 712 A¥EIE aoshd vhaat Zrh

1

T JHESe 242 UEEA wiEl Xo|sl wWoten QWO R CO0Dw
520~1, 360mg/ £, BOD 1,150~3,600mg/ £, T-N 275~810mg/ £, T-P 77~238 mg
/%, n-Hexane 470~1,180mg/ ¢ &] W24 IEE9 {7|EL TG Mtz 2
A=l giet, =¥ 3,000~7,000mg/ £ 8] NaClS ¥&3t2 glch.

228 7ol 53~100me) UAHE AMEBl Q1] S2FAAPL o
Freundlich 528240 288 A3} X/M = 0.004413 - C'% B2} Zlo] zA}E] YT},
A&l E o] 45molslQl AFEE AME3te] dhgo] gtRU oMY Ak B
SEHAEE 3o Freundlich FFHA o] 383k A2} XM = 0.1033 - ¢ ¥
o} o] &AM YT

HEN AEE ¢ 2 S9iZE TR 27} SVIojA Gobd A7go] &
T8 Zo2 LEIRI BDY HAXZLE EZEEAHEYA| NFRHTL FHO
= zAlE et TN HAE A&eo|EE Foigt 4RIt 435193, T-P
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& 78St W18 /A 54 W BAEUY AEE 5& Rasdch
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A 2ddred e

1. FAA=

sl AA FAE 7HEEHSE AMSSHEen R dad] RS W A
MG o] 43 Table 13} Zth {U4e] Wiyl 48l w42 BODE 7]
Fo8 3lo] F/ME]E= 0.3 ~ 0.9kg BODs / kg MLVSS - d H9lollA @EJ o
o 0.55 kg BODs/kg MLVSS - dojlA] A& gt

Table 1, Characteristics of seafood processing wastewater used.
(Unit : mg/ 2)

SS BOD SBOD CoD SCOD T-N NH3-N T-P

Max, 2230 1872 583 640 311 137.3 81.9 37.81

Min, 27 261 30 70 35 21.8 6.2 3.05
Avg, 482 766 296 326 112 61.5 33.1 14.61

2. 49 ¥y d 2323

Fraddest &8A Wgol AR W= A’ Pump(peristaltic  pump,
Masterflex)& o]-&3193, HHEZ W2 LE& AFE2E REI|E o483l 20T

FABIEE sl Frlz o] §&44 vEE 3~5m/ L oA FAFHES F
FE ST A gzl vIFI Al A Y Y kg AHA =35
& AXste] aitstct

Ao A1L3 ;gz]-:f E71ze A7 7R 280mm, AE 220mm, %°] 530mnE.
A-gFo] 1040]a FA2e AJle €34 64°lH Fig. 13} Zr} F 4712¢] 5d

7\
2
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HRSZE FAlo] Al A 1 ERE B2 FPSHA] L Z(Control
Z)E Asgen, A 2 hgRE HERo] njd 27 Bt 10 g& Foldly
AER, A 3 HERE ALEOIE 10 g, A 4 WHERE ZY B 5 g9
AHE2olE £ 5 g& FAlo] Fodle Z 18719 CHAEL AA LS 2Ale}
Act

rg]‘t

Blower
Influent Time
£ Control
Box
l Baffle
E !
Pump
—
Aeration
= » Effluent
Reactor =
Raw
Wastewater Clarfier
.
iffuser
Return Sludge
AN

Fig. 1. Schematic diagram of the experimental apparatus.

329 HRAL HRT(Hydraulic Residence Time)¥ 12hr2 A3}
SRT(Sludge Retention Time)& 5¢, 10, 1598 2AstZ EJ|/m|E7] 27|18 60
£ F71/60% vlE7], 1208 Z7)/608 H]E7], 1208 Z7)/1208 B|E7|2 2E3}
o] Table 29} Zo] 33toir}. &eA) WIE&L RSS2 10052 2Fstgc},
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Zt zZ7nict £33 SHY,E RN 164 oF 400 & APsIgs, RN 2004
OF 40¢& Bl RN 3oiAE 44UE& 434, RN 4o & 368 &4
3193, RN 50lA& 25 A#gstydct. gz @2 3 Fol 9= RN 62 45
U 7H LABIHIL RN 704 & 40¢S A3yt

Table 2, Operating conditions of wastewater treatment system,

HRT SRT Aeration/non-aeration
60min/60min RON 1
5day 120min/60min RUN 2
120min/120min RUN 3
12hr 60min/60min RUN 4
10day
120min/60min RUN 5
60min/60min RUN 6
15day
120min/120min RUN 7

H43E.-2 SS, COD, SCOD, BOD, SBOD, T-N, NHs-N, NOz-N, NOs-N, T-P, PO-P,
MLSS, MLVSS §& &3sigich Iea 7z} fAznitt vhg2uRe] Aol 9
WIS AYSIsL, ORPE FF s}t
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A 38 Ars Az @ 23

1. d&F7)0A sRTse] W f&4 =9 AARSE

120 dxo] YT A4Z7)9] 0dEAL] AAREE Table 3o LERJQTH
BOD£} CODY AAEEE R SRT7} 5UoA 20U S Zo|A4E AARLo] 27}
I FEFEETL WolAle AYe] Uelyrl, £349 ro) AAZLS B &
Aol SRT 59U o 44 AAZE] 7Hg &2 RoE Uslykt), o] A3
= YNHHRE SRI7F Lo A4E FW 22 AARLO wolx|xut B AH3} Ao
¥ Z3E vehia gtk 2y SRT 59¢] ALEE A28t SRTI} AojA4E =
e WolrlA AAREL golxl: HHE Holn gl £4¢1¢] AAXLE SRTI}
5U8] B-97t 7P &3 the2® SRT 209, SRT 109 &AM & Uslych 299 |
AREE FAL9) vy FYS ez Qo)
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Table 3. BOD, COD, T-N and T-P concentration, and removal efficiency in
accordance with SRT from continuously aerated activated sludge

system,
Oyster +
Control Oyster Zeolite Vs .
SRT Zeolite
(day) Avg. Removal Avg., Removal Avg, Removal Avg, Removal
con, eff, con. eff, con, eff, con, eff.

(mg/1) (%) (wg/l) (%) (mgrsl) (%)  (mg/l) (%)

20 31.8 94.7 9.6 98. 4 8.3 98.6 11.4 98.1
BOD 10 10,5 97.5 11.0 97.4 8.4 98.0 10.2 97.6
5 48.3 88.4 20.3 951 327 92.5 32.7 92.2

20 40.1 81.0 22.1 895 247 883 27.1 87.1
CoD 10 34,2 80.4 32.0 8.6 289 834 91.3 821
5 92.6 77.4 52.6 87.2 56.0 86.3 40.3 90,2

20 67.7 453 79.5 358 68.9 443 63.0 49.1
T-N 10 80.4 16.7 740 23.3 69.8 27.7 62,7 35.0
5 112.5 18.0 64.8 52.8 73.9 46.2 61.2 55.4

20 14.8 19.0 11,5 37.3 11.2 39.0 11.4 37.6
T-P 10 14,8 17,5 14,0 21.8 14.3 20.0 13.9 22.6
5 15.8 33.8 9.4 60.6 9.1 61.9 10.0 58.3
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2. ZEEF70AN §FE4Y v= AALE
7}. BOD

HRT 12A]3F, SRT 5d& 7|& 02 3l MY A3} 7 MR E MNEFHo =z Aty
B Table 4¢f Uehd A3} go] E FAEYANERE 79 SRT 5QoA] A%
£7]A] BOD7} 6,1~116,3mg/ £, BT 48.3mg/ L & VEN} BHF 88.4%7} AAHY
i, 60% F7]/60% B1E7)2 ZHHEIE Y& wi= 14~248, Tmg/ £, BF 54.6mg/
L2 91.8%7} AAH NI 1208 &7]/60% u]E7e ZHEJNE P = 14.8~
55.2mg/ £, Bt 39.1mg/ £ 2 95.1%7} A AH U 1208 Z7]/120% 8|79 74y
22718 W& wle 7.7~49.1mg/ £, BF 25.5mg/ £ = 96.3%7} AT SRT 10
ol M= d&EZ7)A] BODZ} B 10.5mg/ £ 2 VIR BF 97.5%7F AAE LI, 60
2 E7)/60%F uE7]Y] ZYEIE P& uwi: 7~68.3mg/ 4, HT 26.Tmg/ L2
95.4%7} A A UL 1208 F7]/60% vl&F7)e NEEIE N w& 4.6~41. 6mg/
£, B 21.3mg/ L 2 96.8%7} AAHYCL EE VP& A] SR SRISYR
T} SRT 1098] Ael&go] o] & & 8 4 Usr) SRT 5¢U] B d4E7 B
TF ZEFI)7E AelEEol o g UehdI SRT 10¢04 ZEE7) B} (487
7t o 82 AAZES YeliE 208 ZAEQT.

27} 10g& FoI wh-gRe 79 SRT 5UoA H&Z 74| BOD7} 2.1~53. Zmg/
£, B 20.3mg/ L 2 95.1%7} AAFNUSL, 608 E7)/60E w|Er)e] ZWESE
& wi= 15.1~131.4mg/ £, BT 51.0mg/ £ 2 91.4%7} AT QT 1205 Z7]/60
H uF7) ZEEIE Y& vl 10.7~39.Tmg/ £, BF 25 Tmg/ £ B 96,8%7} A
AL 1208 F71/1208 v &7 BESI)E UL wls= 7.8~39.2mg/ £, BT
19.5mg/ ¢ 2 97%7} A AT SRT 1040l M= A<4E7]A] BOD7} Ha 11.0me/ &
2 Ueht g 97.4%7F AAHNUT, 608 Z7]/608 H|Zr)e] ZHENE S o)
= 3.8~57.1mg/ £, B 16.6mg/ £ 2 97.7%7t AAE L 1205 Z7]/608 u]=7)
o] THEINE Y& vl 3.5~46.8mg/ £, H 13.4mg/ L £ 97.5%7} A AFYch
SRTSUEC} SRT 1048} Ael&gol o & Z& B 4 At SRT 58] A$ 604
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717602 vF78 AEFIo)A A4FZ7|Eet AL AARESS 7Y 1208 &
71760 vl E7]2] HEE7)9l 1208 F7]/1208 v|E7)Y] DEEIE= d&4E IR}
B AAZES 7IAE A2 ZAEUL ST 10g0ME ZEE79 44277}
Hlgt AAZEE UehlEs A2 2AFE YL

A &eIolE 10g& Ty W24 ¢ SRT 5U)AN A4F7|A| BDIF BF
32.7mg/ £ 2 92.5%7} AAHL, 60F F7/60% v]F/) THEIE YL w=
4,8~117mg/ £, B 22.03~5mg/ £ & 96, 3%7} AAE QL 1208 Z7]/608 v|E7)
o] DHENE Y v 4.8~26.1mg/ £, FF 12.2mg/ L E 98.5%7} AAE YL
1208 &7]/1202 w|H718 UEFIE Y& wie 2.5~34mg/ £, FF 14.4mg/ £
2 97.8%7} AAGICE SRT 106l A4E7)A] BOD7F HT- 8. 4mg/ £ & VER}
B 98.0%7} AAHEAR, 608 FH7|/60% niF7|Y FEEINE S W= 1.1~
25.5mg/ £, B 12.5mg/ £ & 98.2%7} A|AH NI 120 F7|/608 u|&r] 7Hy
22718 38U v 1.7~9.7mg/ £, BT 4.8mg/ L 2 99.2%7F A AF gl SRTSUR
T} SRT 10¢1¢] Ael&&ol o & A& & 4 T SRT 5¢ B§ TEEI) oA
ALF7|1HT} o S AARESE 7 222 RAE I SRT 10¢o4E Y
F719t AGFI 7 vl AALEE UehiEe Aeg zaE Ar)

2302 5g3t AEelo|E 5g& T R A SRT 5UoA 14 7]4] BOD
7t B 32.Tmg/ L2 92.2%7} AAR AL, 608 Z71/608 H|Es|e] NEENE B
S s 9.4~117.8mg/ £, B 29.6mg/ £ 2 95.3%7} AAHUTL 1208 Z7)/60%
v Z7)2] ZEEJE NS wfs 10.3~35, Tmg/ £, BF 22.2mg/ £ B 97.2%7} A|A
o 1208 F7)/1202 wEr)Y AWENE YL u= 9.3~39.0mg/ £, B
21.1mg/ £ 2 96.9%7} M AEQch SRT 1040l ¢14E7]A] BODZ} g 10.2mg/
L2 Jeht BF 97.6%71 AAEUL, 608 FI[/602 uEse] RUZNE Yy
Wi 3,3~48.4mg/ £, B 25.6mg/ £ 2 96.3%7F A AF YL 1205 E7]/608 u|E
718 ZEEE N wls 2.9~11,3mg/ £, P 6.2mg/ £ 2 99, 0%7} A A= g},
SRTSY X T} SRT 10¢9] Mel&&o] of & A& & 4 2%3 SRT 549 #¢ 7y
oA A4Z7\E H £ AAXZES e A2 RAFE QL SRT 10¢6
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M 1202 F71/608 HIE7]e] ZEEI7} A4Z7)HL & AALZEE /Y
60 F7]/602 H|F71Y TUFIAE A4ZT/NT} W AAEES Uehig
1= 8

BODS] A AXEo] Z} WIg2 mirt m]BEMFA|Zto] 31 SRT 1090] SRT 54K}
B2 HIEEE Urhle & B 4 AT SRT 5UME d4E7|3e mao)
TEEI|E w7} 234 ol &3 SRT 0G0 st 202 eyl = =
T BE&A 2 Hrl 2943} AGeo|EE RAY Ne2I} AAXE] &
< 222 Yetylch

Table 4. BOD concentration and average removal efficiency,

Oyster +
: Control Oyster Zeolite
gy Aeration ro 4 1 zeolite
(day) /nonaeration Avg, Removal Avg, Removal Avg. Removal Avg, Removal
(min/min)  con, eff, con, eff, con, eff, con, eff,

(mg/l) (%) (mg/l) (%) (mg/1) (%) (mg/l) (%)

Contimiously ys3 88,4 203 95.1 327 925 327 9.2
aeration

60/60 54.6 91.8 51.0 91.4 220 96.3 29.6 953
60/60 39.1 95.1 25.7 96.8 12,2 985 22,2 97.2

1207120 25,5 96.3 19.5 97.0 14.4 97.8 21.1 96.9

Continuously
aeration

10 60/60 26.7 95.4 16.6 97.7 12.5 98.2 25.6 96.3

10.5 97.5 11.0 97,4 8.4 980 10.2 97.6

120/60 21,3 96.8 13.4 975 4.8 99.2 6.2 99.0

60/60 21,2 97,5 21.7 97,3 13.1 98.5 26.6 96.6
15

120/60 26.1 97.4 27.8 97.1 28.6 96.9 31.1 96.7
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Fig. 3. Variation of BOD concentration during operating day.
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L}, SBOD

Table 52| SBOD AlE2& H¥ RE A SA4ISRe] 7% SRT 5¢UolA 602 &
717602 HI&71e] DEFIE WU vhe FT 9.5mg/ L2 96. 7% AAY UL 120
T F71/608 HlE719 ZEHIE S vl BT 7.6me/ L2 97,6971 AAF AL
1208 £7|/120% ¥)&719 ZHYUEIE P wi= BT 4.2mg/ L 2 98.2%7} A AH
glth. SRT 10¥el A& 60 F7)/60% w]&7|2 HHE/E NS Wi HF 12.3mg
/LE 95 9%7} AAZ AL 1208 F7]/60% u]F7e ZEEINE WS = FF
8.2mg/ £ 2 97.5%7} AAELTE. SRT 5U3} SRT 1080l N F7[27)7} dola4&
AAZES] &A UElNT]

XY 10gE FAY g2 B9 SRT 5d0lA 602 Z7]/608 u]Z7|e vy
Z71& N v BT 10.2mg/ £ 2 96.5%7F AAF UL 1208 Z7)/608 1] Z7]e]
FEEINE ¥ v YT 5.3m/ L2 98,457} AAFT 1208 Z7]/1208 u]=
719 FEEE W& wi= B 5.5m/ L2 97.4%7} A AT SRT 108014 60
£ F7)/60% v1E7)e] THEEIE S ws HF 8.3mg/ L 2 97.2%7F AAHU
12052 £71/60% wl&7]e] FLEIE Y& vl BT 4.40g/ L 2 98.8%7F AAT
Ach. 237 108 T HE2E EE BHSHA bRl go| F7)F75t
Aol d+F AALE] ol 2og ZAFHYLY,

A&l E 10gE Foi¥ Whg2o] 79 SRT 5¢olA 608 Z7]/60% H|E7)e)
TEF7E U v HF 4.1mg/ L2 98. 757 AASLT 1208 S7]/608 u]=
718 ZEFINE UL e B 2.4mg/ L2 99. 247 AAFH YL 1208 Z7]/1208
H&7) ZHEEJE YL wie HF 3.5mg/ L 2 98.2%7} AAE T}, SRT 106
A 60 F7]/608 HIE7]9] TUEFIE WS v B 5.4mg/ L 2 98,057} A
HIAL 1208 F7]/60% HIF7|9 DEFIE YL wie YT 1.7me/ L 2 99, 4%7}
HAAHGAT) AGelo|E Tt N ERojME EIZI|F7)0] & 43 wA] g
Ao ZAHE et

=32 5g3} A &elolE 5g& T

e

RE&z2] 79 SRT 5dellA 608 Z7]/608
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H]&7]8] EFINE W& we FF 5.8mg/ L2 98.057F AAF Y 1208 £
/60 H]F7]2] TEEINE P& wle BF 4.0mg/ LB 98.6%7F AAHD 1208
F71/1208 w1F7]9 ZEFIE P vl BT 5.5me/ L2 97.5%7F A AF )
SRT 104oA 60% F7]/60% H|EZ7|e] ZUEIE 9 v FF 10.9mg/ L 2
96.1%7F MAL LI 1208 F7|/60% v FI12] FHEEIE e vl BF 2. 9mg/
L2 99.2¢7F AAFAT] SN 552 A &elo|E 5g& T HISRE A &glo

E 10g& T g2 Zo| AP F70] & 4% WA 4t Reg 2}
= qlch

A&epol E7L Foid g2} tE F g

]y K.t} SBOD A AZEo] A eI
3, TBEEZIF7)0] 2 G A ¢

ZAtE gt EEEYd &R e
717} AoALE AARES] &S R

H“ FN

2 Uetyich

Table 5. SBOD concentration and average removal efficiency,

Oyster +
: Control Oyst Zeolite ;
SRT Aer'atlor? ontro vster et zeolite
(day) /nonaeration ays  Removal Avg. Removal Avg. Removal Avg, Removal
(min/min) con,  eff, con, eff. con. eff con,  eff,

(mg/1) (%) (mg/l) (%) (mg/1) (%) (ng/l) (%)
60/60 9.5 96.7 10.2 96.5 4.1 98.7 5.8 98.0

5 60/60 7.6 97.6 53 984 24 992 4.0 98.6

120/120 42 982 55 974 35 982 55 975

60/60 123 9.9 83 97.2 654 980 10.9 96.1
10
60/60 8.2 975 4.4 988 1.7 994 29 992

60/60 4.4 99.0 56 985 51 986 12,2 95.3
15
60/60 6.8 98.7 93 982 95 981 9.6 982
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Fig, 5. Variation of SBOD concentration during operating day.
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T}, COD

Table 6ol LIERG Rz} o] BE BYEEANGZY AP SRT 504 A4S
71A] COD7} 26~620mg/ £, B 92.5mg/ L & 77.4%7} AAE LI, 608 Z7]/60%
7] ZHEJNE P& wi 13.4~266. Tmg/ ¢, B 40.6me/ £ £ 83.6%7} A A
HAL 1202 F7]/60% HF71Y] AUF/E P& wle 11.0~51.0mg/ £, BF
28.9mg/ £ 2 89.6%7} AAE AL 120 F7]/1208 w|F7)e] NUEIE P& we=
11.,0~32.3mg/ £, HT 19.9mg/ £ 2 93.0%7} A AF YT} SRT 10U d&E )
Al CODZ} B 34.2mg/ £ &2 Ve HF 80.4%7 A AER, 608 Z7]/608 v|=
718] ZEENE Y Wit 10.5~91.2mg/ £, FF 32.1mg/ £ 2 92,37} AAYY
31202 £7]/60% WF7e DEHIE Y& v 21.5~32.8mg/ £, B 27, Tng
/42 85.7%7F AARACE. EE B &A W& o]A SRTSQYHET SRT 1042] A
2lEEo] o &2 ZHE VAL A4SV Ho} 8 E7)Y AHeE o] o &A
WELRITE SRT 548 B JF7| 37171 A4S He|&o| & velgtor) SRT 10
dojre F715717F 4 1208 E71/60F ¥V DEENALEEI 7 608 F7)
/60 H1E7|2] ZEHI7 o & AARES UehlE Reg XA

ZMZ 10g2 Foig 222 B9 SRT 5UA ¢&E 7| CODJ} BF- 52. 6mg/
L2 87.2%7F AAH AL, 60F F7]/60% v]E7|¢] ZHEEIE UL W& 14.2~
68.0mg/ £, B3t 26.3mg/ £ 2 87.7%7} AAF YL 1208 =7)/608 u|E7)9 7y
Z/NE V& wiE 13.6~26.3mg/ £, BF 20.1mg/ £ 2 92.7%7} AAEYI 1208
£7]/1208 H]E7]e ZEEJE 9L wli= 10.2~32.0mg/ £, BT 18.4mg/ L
93.9%7} AA=glct SRT 10dolM& A4F7|A] D7l HF 32.0mg/ £ 2 Vel
B 8l.6%7F AARUIL, 60& FH7/608 vFr e FEESNE Y& wE 7.9~
89.3mg/ £, B 25.3mg/ L2 94.1%7} MAE YD 1208 Z7)/608 u]Ss|e 7hy
Z71E & wiE 13.7~34.Tmg/ £, BT 19.0mg/ £ 2 90.9%7} AAH QT A4S
1Bt ZEE 7oA 2] COD A AZE] &A Vel

AEeolE 10gS T WHERe Z9 SRT 5¢dolM 4874 cob7t B
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56.0mg/ £ 2 86.3%7} AMAH L, 60F Z7]/60% v|Er|2] NYEIE e e
11,8~57.0mg/ £, B 19.2mg/ £ 2 91.0%7} AAHYDL 1208 Z7]/60%8 v]E7]e]
ZEENE RS W 9.6~25.Tmg/ £, BT 17.2mg/ L 2 93.8%7} AAFAL 120
T F71/1208 ¥ &7 TEEINE WS e 8.2~44.3mg/ £, B 20.4mg/ L 2
93,5%7} A AE G SRT 10Yo]AE A&GE7|A] COD7} B 28.9mg/ £ & LFER}
B 83.4%7}1 AAEGL, 60% F7|/60% v|E/|Y TEENE P WE 14.0~
45.9mg/ £, H3 23.6mg/ L 2 94.0%7} HAF UL 1208 =7]/60% v 7Y
Z7)1& 3 uls 11.0~20.3mg/ £, BF 14.9mg/ L 2 91.7%7} A AR TEE
718] COD A AKEo] A&4F7|Hel o &A Uehs 222 ZAIE L SRT 542
ZS 75717t AeE AeEgo] A Uetsey SRT 10¢elXE 7377}
7 1208 F7]/60% HF7|9 BEEIAEFI] 7] 602 F7]/602 v1F)e] S
717} | &2 AAEZEE Uslle 222 A

2u)2} 5gzt A &elolE 5g& FoAT W-F2e Zf SRT 5UelA d<4F7]A] COD
7} B 40.3mg/ £ 2 90.2%7} AAH LI, 608 Z7]/608 u)Fs|e NYEIE ¥
2 wL& 13.6~59.0mg/ £, BF 20.3mg/ £ 2 90.5%7} AAF AT 1208 F7]/608
H|E 78 DEENNE ¥S Wi 11.2~27.0mg/ £, HF 18.8mg/ £ £ 93,357} A|A
HoA 1208 F71/1208 WIE71e] REFIE UL wis 11.2~34.3me/ 8, BE
20.4mg/ £ 2 93,1%71 A A= gt} SRT 100 & d<4E7)A] COD7F Hd 91. 3mg/
L2 UEh) BF 82.1%7F AAHAIL, 608 Z7)/60% nE7)Y 7EEIE WS
e 12.8~43.3mg/ £, B 25.1mg/ L B 93.5%7F AAF AL 1208 =7)/60% u
Z7]8] DEEIE BE vl 13.5~21.3mg/ £, HT 16.6mg/ £ 2 91, 6%71 AAF
%ch SRT 10dXrh SRT 59| AMelfigo] ol & Z& & 4 3D d4Zs|Ke}
ZEFI7 o 52 AALES 7 222 ZAEYC) SRT 59 3% &7|3
717t A4& Ae&go] A uvelteut ST 10go e E7157171 21 1208 &
71/60% w]&71e] DEEIAEET]TL 60% F7)/60% v E/Y NEEN Y &
2 AAZEE e Zo2 ZAHEY.

CoDS] A AZEo] 2 WhgZnjtt A&FIIRc} AHF7| oMY AARE] ¥ &
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A Vel A gelo| B} Fufjzt £ Fo] T 2RIt EEEAPSH R vk
ZH} & AALEES MHAE 2R ZAEYE) SRT 5¢6iME &7 27171 2
AJAFE A HEo] FUI%E FYE ol 921} SRT 10UoAE Hitjg Z7)
F717F 2 1208 F71/60% vlF71Y FEF7)A4EZ7]7) 602 F7]/608 u]=Z7]
ZEEF77 o g2 AALEE ehle AoE AE L

Table 6. COD concentration and average removal efficiency.

Oyster +
s trol Oyst Zeolit
- Aeration Contro yster eolite Zeolite
(day) /nonaeration ays  Removal Avg., Removal Avg. Removal Avg, Removal
(min/min)  con.  eff. con, eff, con, eff, con. eff,

(mg/1l) (%) (mg/1) (%) (mg/1) (%) (wg/l) (%)

Continuously 90 6 77.4 52,6 87.2 56.0 86.3 40.3 90.2
aeration

60/60 40.6 83.6 26,3 87.7 19.2 91.0 20.3 90.5

5
60/60  28.9 89.6 20.1 92.7 17.2 93.8 18.8 93.3
1207120  19.9 93.0 18.4 93.9 20.4 93.5 20.4 93.1
Continuously o, » 604 320 81.6 28.9 83.4 9.3 821

aeration
10 60/60  32.1 92.3 25,3 94.1 23.6 94.0 251 93.5
120/60  27.7 85.7 19.0 90.9 14.9 91.7 16.6 9.6
60/60  24.6 93.7 19.6 944 16.1 954 22.1 93.5

15

120/120 33.2 89.2 37.3 87.2 388 87.5 41.2 87.7
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Fig, 6. Variation of COD removal efficiency during operating day
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Fig. 7. Variation of COD concentration during operating day.
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2}, SCoD

SCODE=: Table 7ofX &t Zo] EF HZEBA|NHSRE 79 SRT 5¢olA 60% =
717608 H|E7]8 ZEEIE S wis BT 11.9mg/ L 2 89.5%7} AAH UL 120
T F7)/60% v]E7)e] BEEIE Y& e B 12.8mg/ L 2 87,267} A A
31208 E7)/1208 HE7Y DYEEIE PS v FF 11.5mg/e§ 86.0%7} |
A=}, SRT 10Q6]-E 608 F7]/60% H]E7|2] AUE/E e ws HF
17.Tmg/ £ 2. 86,057} A|AE YL 1208 E7]/60% v]|E7|e HEENE P& =
B 22.7mg/ L 2 79.7%7F AAEUCL SRI7} AojALE HAXL] WA YElY
3 F7 F717t AolA4F AAREO] WA Ul

237 10g& FAY g2 7§ SRT 5UolAl 60& H7]1/60% u|E719] 2y
ZNE P& v BF 12.Tng/ £ 2 88,657 AAHGUR 1208 Z7]/608 vjZ79)
DEEINE PG = B 13.4mg/ L 2 86.4%7} AAE UL 1208 Z7]/1208 )
78] ZMWE/E e vl HF 11.2mg/ £ 2 86.5%7F A AT ¢l SRT 10 oA
80 Z71/60% nlFr|Y NEFIE RS wis BT 16.9mg/ LR 86.7%7} AAEH
A 1208 Z71/608 v|Er]e ZEEINE UL we BT 15.4mg/ £ 2 86, 4%7}
AAL G 2 10g& FoP WERE ¥ VY& A whgRe} o] SR}
Lo} d4-5 SCOD AAXE] @A UVElgts JFI7137]71 Aojd4F ScoD A|ALE
o] YA ettt

A &elolE 10g& T whgR9 7 SRT 5UolA 608 F7]/60% H|E7)9]
EENE S = BF 10.6mg/ L 2 90, 7%7F AAT QL 1208 F7]/608 W=
719 ZEFIE Y& Wl FH 11.3me/ L 2 88,647} AAF UL 1208 F7]/120
£ uE7 JEEIE YL v BT 14.1mg/ £ 2 83,4%7} A A= SRT 10
UollA] 602 F71/602 WIF7|Y NEZIE YE wie B 15.0mg/ L 86, 4%7}
AARLL 1208 F7]/60F u[EF7]e] ZEFJE U ules BF 12.1g/ L E
88.9%7F A A= ). SRT 5ol &= F71F7171 B2 602 F7]/60% w]F7]e 7t
& 7|08 SCOD AHAZEC] A LERE ubde] SRT 10delME F7F7171 2
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1202 F71/60% v1F7]18 ZEF7]o|A SCOD AAXLO] &A VElNT]

237 5g3} A& elolE 5g& FoI k&R A9 SRT 5UNA 602 Z7]/60%
B &718] ZEHE P& vie FF 5.8me/ L E 98,057t AAHATL 1208 7
/602 vF7]e JUFIE U wle BT 4.0mg/ L 2 98.6%7F AAF QL 1208
F71/7120% ¥1F7]8 AEFI)E W& W HF 5.5mg/ L2 97,571 A=)
SRT 10YolA 60 #7]/602 ulF7|e] NEEIE & Wl BF 10.9me/ L 2
96.1%7} AAFUIL 1208 F71/60% H|F7|e] VHE/E #S wls FF 2. 9mg/
L2 99.2¢7} AL Z9)7} g3t A EefolE 5g& FojFt MR E A elo)
E 10g& FoIgt HhgR4} Zo| SRT 5UolAE F712771 32 608 E7]/60% ]
F712] HHZ7]olA Y SCOD HMAZEO] &A LEID Wide] SRT 100 HE &7
F717F 2 1202 F71/60% n|F7]¢] BHEIo)A SOD FHAZEO] &A el
t}.

EE BE&HA g2 2917 10g0] FoH hRE SRT 583} 10064 Z
7157178 S 608 F71/602 vlEZ7)e RUE o)A 8] SCOD A AZEo] &A U
Ehuteh. 28U2wlzt 5g2t A& ElolE 5gd Foigt W29} AL Elo|E 10g F
o3t 2= SRT 5 E F7|2717F B 608 Z7]/608 n|Es]e] HYE7)
ol X 2] SCOD HAZEo] A Uehd ¥bdo] SRT 10de]ME E7|37]71 71 1208
571/60% v]F7]2] LPFIo|A SCOD HAZEo] &A LIepuic}t. SBODI} &)=
717} Aol d4F AAZEC] golAE o] SCDE 7377 AojA4E A

Hgo| SolAlE B¥E el gl
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Table 7. SCOD concentration and average removal efficiency.

. Oyster +
o Aeration Control Oyster Zeolite Zeolite
(day) /nonaeration Avg  Removal Avg. Removal Avg, Removal Avg, Removal
(min/min) con, eff, con, eff, con, eff, con, eff,
(mg/l) (%) (mg/1) (%) (mg/l) (%) (mg/1) (%)

60/60 11.9 89.5 12.7 88.6 10.6 90.7 10.8 90.6
5 60/60 12,8 87.2 13.4 86.4 11,3 88.6 11.8 88.1

1207120 11,5 86.0 11.2 86.5 14,1 83.4 11.6 86.0

60/60 17,7 86.0 16.9 86.7 15,0 86.4 15.8 85.3

10
60/60 22,7 79.7 15,4 86.4 12.1 88.9 12.9 88,5
60/60 16,2 86.5 13.8 88.2 13.9 88.4 17.1 85.4
15
120/120 22,7 83.4 24.6 81,5 27.6 78.9 31.9 77.7
100
N A x §
R S TR
= £ g ¥ . E x;‘(E « FTR { f x‘ ., N .
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Fig. 8. Variation of SCOD removal efficiency during operating day.
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Fig. 9. Variation of SCOD concentration during operating day.

o, Fd&

324 AAXEE Table 8o UEITE E& BH SRR ZS SRT
5UNA ALE7|A] 72~153mg/ £, BF 112.5mg/ £ & 18%7} AAE UL, 608 =
71760& H[F719] HEEIE Y& ws 11.5~43.0mg/ £, HF 23.2mg/ £ T 62, 4%
7t AA= SR 1208 F7]/602 wIFEI Y ZEEFIE e wls 8.7~30.4mg/ £,
B 19.1mg/ £ 2 60.5%7F AAE QI 1208 £7]/1208 6] E7)2] AHEZJ S S
o= 10.5~28.2mg/ £, H 16.5mg/ L 2 74.8%7} A A= Gl SRT 10Uo]M= &
&&7|A B 80.4mg/ L B Ve HF 16,757} A AE AL, 608 Z7]/608 u|E
718] TEEIE $& W 12.1~31.2mg/ £, BT 17.6mg/ £ & 75.9%7} AAHY
i 1202 F71/60E H[E7]e] BEEIE e wjs 10~38.6mg/ £, BF 23, 1meg/
LE 57.247} AAFATE A4FI| Rt HE7)9 HeFgol o A Uiz
FI1/MF7) AZE SUA FYE w $WL AALG] 2l Fue
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LUERAGIEE 60 F71/60% u]F71e] TEFIIAM SRI7F 7148 £849 A
AREo| 7Bk ZoR zAEh 23 d4E7]6As SRTe| WE x}o) s}
A4 glalct.

2512 10g& FoAT WHgRe 79 SRT 5UMA A<4EZ7|A] 58.3~71. dmg/ £,
B 64.8mg/ £ 2 52.8%7) AAHUL, 608 E7]/605 w]Er|e NEEJNE PSS
Wi 6.7~48.5mg/ £, Ht 24.3mg/ L 2 62.3%7} A AL UL 1208 Z)/608 n)=
7181 ZEE7E Y& vt 8.4~26.6mg/ £, BT 13.4mg/ L 2 68.3%7F A AFUZ
1202 E7]/1208 v¥1F719 BEENE U vle 11.2~22.9mg/ £, BF 15.9mg/
LE 75.2%7F AAFH KT SRT 10¥o] e A4F7]A] BF 74.0mg/ £ & VJER} 3
o 23.3%7F AAHAIL, 608 F71/60% nF7Y NHEJNE PSS W= 10.3~
30.1mg/ £, BT 16.3mg/ L E 76.7%7} AAH AT 1208 Z7]/60% uv]E7]e] 7ty
718 ¥ wie 11.7~28.1mg/ £, HF 18.4mg/ £ B 57.2%7} AAE QAT A4
Z\Bt ZHdE 7o) F-A AAZLo| &A UEIGT SRT 5QKT} SRT 1098
FEE7Y o) AARE] &2 ZAoE ZAFgr)

AHE&2olE 102 Foigt g2 29 SRT 5U6lA A4Z7)A] 47.8~100mg/
£, B 73.9mg/ L2 46,267} AAEYZ, 608 F7)/60% H|Zr)Y YESNE
UL vl 4.4~21.8mg/ ¢, BT 9.8mg/ L 2 83.2%7} AAF YL 1208 E7]/60%
v 571 ZHEEIE Y uls 7.9~39.9mg/ £, BF 14.9mg/ £ 2 70.7%7} AAE
3L 1208 £71/1202 w]F718) EEINE YL vl 8.5~27.9mg/ £, B 16.7
mg/ £ 2 74.5%7} AAE At SRT 104l ASE7) A B 69.8mg/ £ 2 LERY
B 27767t AAF AL, 608 Z7]/60% u]Fr)e] HEEZJE e wle 10.5~
20.5mg/ £, B 14.3mg/ L & 75.3%7} AAF UL 1208 E7)/602 w|Z7)e] 7vy
718 Y& v 12.8~25.1mg/ £, B 19.Tmg/ £ 2 52.4%7} A A= gl A&
7|t ZEE7 8 AAEEO] A UetWi, A4Z7]9} EZ 7oA SRT
109 BT} SRT 5o AAZEO] &4 UelWi, &71F7]|71 2L 608 &7]/60%
HIE71d w7t 1208 F71/1208 W& Y uf B} &4 velytc,

2317} 53} Aol E 5g& FAY MR H$ SRT 5UAN d4F7|A H
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T 6l.2mg/ £ & 55.4%7F AAHYI, 602 F7]/60% n]Ese EE7)E $e u)
= 4.4~43.4mg/ £, B 12.6mg/ L 2 78.9%7} AAFHUIL 1208 Z7]/608 H]|E7)
8 AEFHIE U& e 9.2~23.3mg/ £, BF 14.1mg/ L2 67.2%7} AAFUR
1202 £7|/120% ®1&719] AEE7E S uwit 10.9~26.0mg/ £, BF 15.9mg/
L& 75,247} A A=) SRT 10 ALESA] B 62.7Tmg/ £ & UER} 3
o 35.067F AAEAL, 60& FJ1/60% wEre FEEIE UL e 11.4~
40.3mg/ £, P 19.7mg/ L B 67.2%7} AAE L 1208 Z7)/60% u]&Er)2] 7+y
E71& Y& e 11.9~27.6mg/ £, BF 19.8mg/ £ 2 53.2%7} A= g} A&a}
OlEE 10g FoAY WhgR9} vlsdtA Urht d4IZ7nct 2EEs oY AAR
&°] A VElRt, A<4F7)9 ZHEE7[o]A SRT 104Kt SRT 5UojA AALE
ol A Uelkti, F71F7]71 AL 608 F7)/60% w|EQ wir} 1208 F7)/120
i HE7Y of Boh A4 Yelycl

2t Hhe27t d4F7| e Y EI| I AAZ L t1 A UEbsa, EEdaE
w—°=l¢l UE2It 44 AAELO] &A VelLe Z2E 2AEY). B22E4S
g gzt ZZ 10g& FoiF WgRE SRT 5041-1\:} SRT 104o] o AAEE
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FoItt Hhg2 & SRT 5dolAN $A 4 AAXL] &7 Uebdtl &r)/8|E7) A
of &2 zZcM] FHLAHAEZ F7)/u1F7) Ao ThE ZAMET} &
Uelkth 322 A4 AALE wolald s Adm wA A g v|ssA
ZFENEE Aol ¥ Rog AlgHLL

-84 -



Table 8, T-N concentration and average removal efficiency.

Oyster +

: trol 0 1i

SR Aerat1o? Contro yster Zeolite 7eolite

(day) /nonaeration Ayg  Removal Avg., Removal Avg., Removal Avg, Removal
(min/min)  con, eff, con, eff, con, eff. con, eff.

(mg/1) (%) (mg/1) (%) (wg/l) (%) (mg/1) (%)

Continuously \.» o 150 648 52.8 73.9 46.2 6.2 55.4
aeration

60/60 23.2 62.4 243 62.3 9.8 832 126 178.9

5
60/60  19.1 60.5 13.4 68.3 14.9 70.7 14.1 67.2
120/120 16.5 74.8 159 75.2 16.7 745 159 75.2
Continuously g o 167 740 23.3 69.8 27.7 62.7 35.0

aeration
10 60/60  17.6 75.9 16.3 76.7 14.3 75.3 19.7 67.2
120/60  23.1 57.2 18.4 57.2 19.7 52.4 19.8 53.2
60/60  25.6 62.5 26.8 64.9 21.0 69.7 40.7 46.4

15

120/120 24,1 52,9 28,7 52,2 31,6 50.3 32.4 49.8
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T-N removal efficiency (mg/!1)

T-N concentration (mg/)
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10, Variation of T-N removal efficiency during operating day
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11. Variation of T-N concentration during operating day.
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vh, gEUobd A4

Table 904 ¢EUoMg AL AAEESE MAMEYW EE BESHAUNEZY
79 SRT 5ollA A<F7|A] HF 21.35mg/ £ 2 43.9%7F MAE UL, 608 Z7|
/60 H1E&E7e] DYEIE Y& vl 2.83~23.79mg/ £, BT 11.5mg/ £ & 49.0%
7} AAE NI 1208 F7]/60F v]H7]4] ZHEJE Y wiE 0.58~22.9me/ £,
B 6.07mg/ L 2 79.8%7F AAE AL 1208 E7]/1208 u[Fr)e] HEEE ¥
= 0.46~9.22mg/ £, HT 3.66mg/ £ E 88.6%7F A A YTt SRT 108 A= &
LZ7|A H 18.25mg/ £ 2 VIERL FHE 66.3%7 AAE AR, 60% F71/608 u]
Z7)12] ZEEJE P& vl 0.07~15.89mg/ £, B 3.9mg/ L 2 84.0%7} A AH
A 1208 E7)/608 H|Z7]9 NEEJE L uwls 0.19~29.84mg/ £, HF
8.89mg/ £ 2 73.1%7} HAEYch ALZI|Hct FHET| oA gdRU oY HAe
HAEo] A VEIGEI, SRT 5¢12c} SRT 10€0]4 &A Yelych g 7|/
BlE7] F717F A-LE dRUoM] Ao AL &A Uelylch

2307 1088 FAF vhgRo] A9 SRT 5o QAEEJ|A BF 7.7mg/ L2
79.6%7F AAHAIL, 60 Z7]/60% u]FI1e] BEEIE g wlE 1.25~31.76
mg/ £, B 14.9mg/ £ 2 50.8%7F AAF UL 1208 E7]/60% w]F7]e] HEE7]
E P& vl 0.64~6.11mg/ £, BF 2.76mg/ L 2 86.9%7} AAHUL 1208 =)
/1208 H[=7]8] EEIE B wi 0.32~11.72mg/ £, BT 3,56mg/ £ 2 89, 7%
7t AA= AT SRT 10L& A&FI|A] B 5.02mg/ £ & Vel B 90, 7%7}
A= DL, 60 F71/60F v]F7]e] TEE/E W& wie 0.24~11.53mg/ £, B
T 2.57Tmg/ £ 2 91.3%7} AU 12082 F7)/608 vE7| ZHEZIE L of
L 0.48~2.58mg/ £, BT 1.17mg/ L 2 91.9%7} A AHACE d&Z7| 8t FHE
71l A R oby AL AALo] 2F A VIeldti SRT 54X T} SRT 1004 2]
AALgo] A eyt

A ZeolE 10g& FoItt whgxe] -9 SRT 5ol A<%&Fs|A] B 11, 75mg/
L2 69.1%7F AARHIL, 60% F7)/60% nFI)Y DEENE VL wiE 0.1~



9.14mg/ £, BT 2.16mg/ ¢ & 94.8%7} AT UL 1208 Z7]/608 w]=7]e] 7ty
EZ71& ¥& i 0.18~1.63mg/ £, BF 0.7mg/ £ 2 96.5%7} A A QI 1208 &
717120 ®|&71e DERIE Y& wle 0.19~7.15mg/ £, BF 1.78mg/ L&
94.4%7F A A=l SRT 10YeME A&ESA] HFE 9.57Tmg/ L& Ueh} BF
82.3%7} AAF UL, 60 F71/60% u|F7]9 BPEIE L wi& 0.08~4. 36mg
/8, B 1.55mg/ 42 96.1%7F AL 1208 F7]/608 ulEr)e] JHEINE
g i 0.08~1,13mg/ £, HF 0.43mg/ L 2 96.9%7} AA=Gch ALGE7Ee)
(L7l dRUold AL ALl EA Uelkts, SRT 54Kt SRT 10Q0]
A EA ety

Y 5g7t A &elolE 5g& FoIU W29 ZH9 SRT 5U|H A4Er|A] B
o 9.51mg/ £ 2 75,067} AAHAIL, 608 Z7|/60% v]Er)e] PSS e o
+ 0.18~15.13mg/ £, B 3.28mg/ £ & 89.5%7} AAF QL 1208 E7)/608 u]Z
718 LEEIE Y& vl 0.18~7.63mg/ £, BT 2.3mg/ £ 2 90,647 AAHLD
1202 57171202 vlF712] FHEIE P& wl: 0.6~6.48mg/ £, BF 2.23mg/ £
£ 92.1%7} A A= GTE SRT 108N A4Z7)A] FF 10,08mg/ L 2 eh} 3
o 81.4%7} AAEFGIL, 60 F7)/60% ulE71e FEEJE UL uwiE 0.19~
24.99mg/ £, B 10.24mg/ £ 2 76.1%7} AAE YT 1208 Z7]/608 u|Zs]e] 7t
UH71E W& v 0.27~1.57mg/ £, BF 0.62mg/ £ 2 95.9%7} MAHQLH A&
FI1Eet EFIoN dRU oM A4 AL A U, SRT 5UKT}
SRT 10¥olA &A Uelsith Jeja &F7)/m&7] 37170 AA$S dRU oMy A
28] AAZo] A LElylch

Zzhe] Nhgzol A A4FI|Het ZHEEI o YRV old B4 AAR| &A
UIELRESL, SRT 5QECTH SRT 104o1M A Uelytch. 2elz E7/m|&7) 3771
ALSE dRUoPd ALY AALol A Ushyth ez o wrezRr) A
&2lo|Brt BojH 27 gRU oMY WA AAGo] A el
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Table 9, NH3-N concentration and average removal efficiency.

+
Aeration Control Oyster Zeolite 2;;:;?;e

SRT .
(day) /nonaeration Avg  Removal Avg., Removal Avg, Removal Avg, Removal
{min/min) con. eff. con, eff. con, eff, con, eff.
(mgs1) (%) (mg/l) (%) (mg/1) (%) (mg/l) (%)

Continuously 21.35

, 43.9 7.77 79.6 11.75 69.1 9,51 75.0
aeration

60/60 11.50 49.0 14.90 50.8 2,16 94.8 3.28 89.5

5
60/60  6.07 79.8 2.76 86.9 0.70 96.5 2.30 90.6
120/120 3.66 88.6 3.56 89.7 1.78 94.4 2.23 92.1
Continuously 4o 55 663 502 90.7 9.57 82.3 10.08 81.4
aeration
10 60/60  3.90 84.0 2.57 91.3 1.55 96.1 10.24 76.1
120/60  8.89 73.1 1.17 91.9 0.43 96.9 0.62 95.9
60/60  14.3 81.3 8.0 83.8 12.7 82.7 54.0 73.5
15

120/120 25,4 63.2 356 60.0 275 63.8 362 40.1
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Fig. 12, Variation of NH3;-N removal efficiency during operating day
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Fig, 13, Variation of NH3-N concentration during operating day.
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Fig, 14. Variation of NO;-N concentration during operating day
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Fig. 15. Variation of NO3-N concentration during operating day.
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Ab Fd

RE P& AL-ERY ZF SRT 50N A4FH7|A] B 15.8mg/ £ 2 33.8%
7t MAEAIL, 60% F71/60% WF78] TEEIE A& wi= 2.22~14.01lmg/ £,
M 5.27Tmg/ L 8 62.2%7} AAFUIL 1208 Z7)/602 v|Zr]e) 7HEEZJ & U
wj= 2.26~26.91mg/ £, BT 8.8mg/ L £ 51.1%7} AAE UL 1208 Z7]/1208 4
Z7)1¢] 2EF7NE U vl 0.67~10.54mg/ £, B 5.04mg/ L 2 64, 4%7} A A
9lth. SRT 10¥ojME Q47 BF 14.8mg/ £ 2 VER} HF 17.5%71 AAHKA
31, 608 E7|/60E u]E718 NEEJE L Wl 1.58~11.67mg/ £, B 4.81
mg/ ¢ 2 70,067} AAH QI 1208 F7)/608 v]&r)e] FEEINE PL wlE 1.6
8~15.41mg/ £, BT 6.68mg/ L £ 48.1%7} AAH AT A&EZ 7o) &9 AA
SR} ZHHET|o)AN AL wA Ueldeh 2 SRTAIA 608 F7]/60% H]E7]
8] TEF7 7 AARTE] A UEsith

512 10g& FAT SR F$ SRT 5UolA A4F7)A] B 9.4mg/ L2
60.6%7F AASE R, 608 Z7]/608 u|Es]e] DHEVE WL wijs 1.74~12.51
mg/ £, B 4.97mg/ L2 58.2%7F AAHYIL 1208 F7]/608 v|E7]2] HEEY
5 WS wj= 2.29~23.98mg/ £, B 6.86mg/ £ 2 58.8%7} AAF UL 1208 Z7)
/1208 u|E7]12] BEEI|E WS w= 0.48~10.36mg/ £, B 3.99mg/ L& 71, 7%
7} A AL AT SRT 10 E A4E71A] B 14.0mg/ £ 2 Vel B 21,857}
AAF G, 605 Z7]/608 H|E7]Y NEE/NE UL wie 1.01~12.42mg/ £,
& 4.52mg/ £ 2 73.0%7} AAH LI 1208 Z7]/608 u|E7]e 7NEEZ7E #L o)
£ 0.61~9.82mg/ £, B 4.9mg/ £ 2 59.5%7} AAF L SRT 5U0A 2] & A
AL A&EF7I FEEI HiEdtA e 9la SRT 1004 ] F A A

< ZERI|7} A&EEI R A4 Uyl

AgelolE 10g& T g2 Z9 SRT 54N A4Fr|A] B 9. 1mg/ £
2 61.9%71 AAHLL, 602 F7]/60% v]Fr TEEZrE S e 2.3~
13.47mg/ £, B 5.19mg/ £ = 61,657} AAS QI 1208 Z7]/608 v Z7)e) 2y
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Z7)18 3 wli 3.33~31.31mg/ £, BT 8.63mg/ £ 2 49.5%7} AR AR 1208
£7]/1208 ¥E718 7EEFIE P& Wi 2.17~13.04mg/ £, B 5.99mg/ L 2
61.1%7} A A= gch SRT 10¥oiME A4F71A B 14.3mg/ L 2 VER) B
20,057} AASGI, 608 F7]/60% u]Er)e FHUEZJE WL ul: 0.74~10.57
mg/ £, B 3.58mg/ L& 78.4%7F AAE NI 1208 =7]/608 v FH7|e] IFEFI|
E 38 nj: 0.82~12.25mg/ £, B 6.84mg/ £ 2 42.7%7} A|AE ) A|&elo]
E EY 202E FU Uz WA AU Ul el SKT 102614
29 AAEE I A4F7\He} wA VEbsith

Z3)2 53t AL OB 5g& FAY SR 7§ SRT 5UojlA] dA&4F7]A] 3
T 10.0mg/ £ 2 58.3%7} AASH I, 608 E7]/60% v|F7]e EHINE Y& o
= 2.27~13.48mg/ £, B 4.78mg/ L 2 64.1%7} AAL UL 1208 E7]/60% v E
718 ZEE/NE P uwls 1.67~10.9mg/ £, FF 6.23mg/ £ 2 55,0%7} A=
3L 1208 Z7)/1208 v1E7)e] ZEEIE Y& v 0.52~11.32meg/ £, Ho 4.27
mg/ £ 2 70,647} AASAC). ST 10QelAE A&FSA] BF 13.9ng/ £ 2 Ueht
B 22.6%7F AAF AT, 608 F71/60% H|Fre NUEIE Y& we 0.62~
7.58mg/ £, BT 3.49mg/ L 2 82.2%7} AAE UL 1202 F7]|/60% w|Fr|Y T
Z7)18 3 ut 0.76~6.23mg/ £, BT 1.98mg/ £ 2 81.8%7} AA=CE AL
g EE T3 WX, S314E FAY g2 vRIA eI} d4F7|Rc)
ZEEIN oA AAEE] A YEbt:, SRT 54ETE SRT 1094 ¢ 3EF7|
Aol %8 AAL] A etk 2MPE FAY WHER7} ohE HhgRET
309 AALZ] wA A |

- 03 -



Table 10, T-P concentration and average removal efficiency.

. Oyster +
SR Aeration Control Oyster Zeolite Zeolite
(day) /nonaeration Avg  Removal Avg. Removal Avg., Removal Avg, Removal
{min/min) con, eff,  con, eff,  con, off, con,

ff.
(g/l) (%) (mg/l) (%) (merl) (%) (agrl) ()

Continuously 458 33,8 9.4 60.6 9.1 6L9 10.0 56.3
aeration

60/60 5.27 62.2 4,97 58.2 519 61.6 4.78 64.1

5
120/60 8.80 51.1 6.8 58.8 863 49.5 6.23 55.0
120/120  5.04 64.4 3.99 71.7 5.99 61.1 4.27 70.6

Continuously /8 175 140 2.8 143 20.0 13.9 2.6
aeration

10 60/60 4,81 70,0 452 73.0 3.58 78.4 3.49 82.2
120/60 6.68 48.1 4.90 59.5 6.84 42.7 1.98 8.8
60/60 8.69 521 7.12 61.3 6.93 62.4 850 57.0

15

120/120 547 77,0 876 72,3 5055 76.6 4.51 80.7
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Fig. 16. Variation of T-P removal efficiency during operating day
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Fig. 17. Variation of T-P concentration during operating day.
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FH7A /8 &7 A & SRT 5YoA 607/60%22 23S wf g2 uUF-¢
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NOs-N2] §H)¢] $=7} 4~6mg/ L 2 LB, HIF7IA] BAAEAE}7L Hol W4t
27b dofuh u1F7] AlF 1580] ol Nop-Net Nos-N7F A2l glejZit). i g2
o} €] 297 10g& T WERolN HY FHA FI|Fe] FHopq FEL 4t
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Fig. 18. Temporal variation of NH3-N, NO2-N, NO3-N and PO4~P concentration in
reactor(control) of intermittently aerated activated sludge system,
(Operating condition : aeration/nonaeration=60min/60min, SRT=5day)
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Fig. 19, Temporal variation of NH3-N, NOz-N, NO3-N and P04-P concentration in
reactor(oyster 10g) of intermittently aerated activated sludge
system, (Operating condition : aeration/nonaeration=60min/60min, SRT=

5day)
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Fig. 20, Temporal variation of NH3-N, NOz-N, NOs-N and PO4-P concentration in
reactor{zeolite 10g) of intermittently aerated activated sludge

system., (Operating condition : aeration/nonaeration=60min/60min, SRT
=5day)
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Fig. 21.
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Temporal variation of NHz-N, NO,~N, NO3-N and POs~FP concentration in
reactor(oyster 5g + zeolite 5g) of intermittently aerated activated

sludge system, (Operating condition

min, SRT=5day)
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SRT 5 olA ZE7\A| Z/uFE7 A 7 1208 /60808 23S uf BhgRUH-2
o HEE Fig. 22~ 250] UehAsTE 60% &7]/60% BIE7] F7|9} Zo
SN TA B8 el Aarsrl doju} Nox-No] 527} 6~8mg/ £ 2 608
F71/60%- wlF7] F71¢ FEFI| Mot Ayt o AP Ao Uehych wE
714 @A dojut vlFT] AlZ 30&]ufoll NO:-N2}H NOs-N7F A2l gleizich &
Asto] £88 A2 602 F7|/60% ulF7] F7]9 APEy|Hct 158 © FY
Ao Yehytet

ARV A2 HENUHE Y vhE g2 @i ALulo|Es} R ut
T2 Me T UHIL 0.1~6mg/ L WS OIA R EEHY SR gzt 237}
10g T8 Hg2E 6~16mg/ L U2 Uelylth uwlebrd A EolETL wg-xe)
dRUotd ALE AANLATH: A& ¢ 4 AUch

EF Q] HAE B ZuiZdo] HA-H 4hERe ¢ HET] 6~10mg/ L BE Al
AL AR BEEBE A g2 ALTUlE 10g FH ¥HEZEE 2~3mg/ £ 4
= AAHLACE 2 olfE 2 FHEC] AFOE o]FoA QU] Wi d&
F&3to] AL o] wol AAY Res 44H)
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Fig, 22. Temporal variation of NH3-N, NO2-N, NOs-N and PO4~P concentration in
reactor(control) of intermittently aerated activated sludge system.
(Operating condition : aeration/nonaeration=120min/60min, SRT=5day)
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Fig. 23. Temporal variation of NH3-N, NOz-N, NOs-N and PO4-P concentration
in reactor(oyster 10g) of intermittently aerated activated sludge

system, (Operating condition : aeration/nonaeration=120min/60min,
SRT =5day)
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Fig. 24, Temporal variation of NH3-N, NO:-N, NO3-N and PO4~P concentration in
reactor(zeolite 10g) of intermittently aerated activated sludge

system. (Operating condition : aeration/nonaeration=120min/60min,
SRT=5day)
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Fig, 25, Temporal variation of NH3-N, NOz-N, NOs-N and P04-P concentration in
reactor(oyster 5g+ zeolite 5g) of intermittently aerated activated

sludge system, (Operating condition : aeration/nonaeration=120min
/60min, SRT=5day)
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Fig. 26, Temporal variation of NHis-N, NOz-N, NOs-N and POs+-P concentration in
reactor(control) of intermittently aerated activated sludge system,
(Operating condition : aeration/nonaeration=120min/120min, SRT=5day)
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Fig, 27. Temporal variation of NH3-N, NO2-N, NO3-N and P04-P concentration in
reactor(oyster 10g) of intermittently aerated activated sludge

system, (Operating condition : aeration/nonaeration=120min/120min,
SRT=5day)
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Fig. 28. Temporal variation of NH3-N, NOz-N, NO3-N and PO4-P concentration in
reactor(zeolite 10g) of intermittently aerated activated sludge

system. (Operating condition : aeration/nonaeration=120min/120min,
SRT=5day)
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Fig. 29. Temporal variation of NHs-N, NOz-N, NO3-N and PO4~P concentration in
reactor{oyster 5g + zeolite 5g) of intermittently aerated activated

sludge system, (Operating condition : aeration/nonaeration=120min
/120min, SRT=bday)
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Fig. 30. Temporal variation of NH3-N, NO;-N, NO3-N and PO4-P concentration in
reactor(control) of intermittently aerated activated sludge system.
(Operating condition : aeration/nonaeration=60min/60min, SRT=10day)
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Fig. 31. Temporal variation of NH3-N, NOz-N, NOs-N and P0s-P concentration in
reactor{oyster 10g) of intermittently aerated activated sludge

system, (Operating condition : aeration/nonaeration=60min/60min,
SRT= 10day)
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Fig. 32, Temporal variation of NH3-N, NO:z-N, NO3-N and POs-P concentration in
reactor(zeolite 10g) of intermittently aerated activated sludge

system, (Operating condition : aeration/nonaeration=60min/60min,
SRT= 10day)
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Fig, 33, Temporal variation of NH3-N, NOs-N, NO3-N and PO4-P concentration in
reactor(oyster 5g + zeolite 5g) of intermittently aerated activated

sludge system. (Operating condition @ aeration/nonaeration=60min/
60min, SRT=10day)
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Fig. 36. Temporal variation of NH3-N, NOz-N, NO3-N and P0O4-P concentration in
reactor(zeolite 10g) of intermittently aerated activated sludge

system, (Operating condition : aeration/nonaeration=120min/60min,
SRT=10day)
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Fig. 37. Temporal variation of NH3-N, NOz-N, NO3-N and POs-P concentration in
reactor(oyster 5g + zeolite bg) of intermittently aerated activated

sludge system. (Operating condition : aeration/nonaeration=120min
/60min, SRT=10day)
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7] BEEAYLE LAAE w] FAEIIEH S Mo WE golE T}
A Ae7t e E ZABLAL, HAARAE 23 AR} AAQAE =
&%= AL BFo= gl

A 2 A dFrd e

1. A&

Table 13} Zo] x] A FUA FAEIE sl e golr] Fr|=2e] FYste v
42 24E& BY SSE= FH 737.3mg/ £ ©) 3L, BOD: 849, 6mg/ £, COD:= 399, 5mg/ £
olil YPAFYU FHAE 163.3mg/ £, FUL 21.1mg/ L& UERUO] R4 F
NNE 9D AL, 49 s8I 5 LEE o, EEHUAE EE F71R0 #¢
oo 249 Hxprt Aste] f718 9 A, A F3pHFo] HIle AE ¢ 4
At

Table 1. Characteristics of seafood processing wastewater used,
( Unit : mg/ &)

SS BOD SBOD CoD SCOD - T-N T-P

Minimum  165.0 132.0  46.8  81.4  17.2  88.9 2.7
Maximum 30067 2310.4 1206.0 1084.0 483.0 727.7  91.7

Average 737.3 849.6 453.8 399.5 144.0 308. 5 30.7

S.D. 559.7 508.0 309.3 273.8 110.9 163.3 21.1

- 117 -



2. A @ =4

2 Ut #4E M 3L A o] A YR £FRo|a YA
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Fig. 1. Foaming in an aeration tank,
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Fig. 3. Sludge rising in a clarifier.
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715714 Pel2 LAFI o)

Table 2= WA e RS 7HEs1HA SARAE 23 £ Aot} RN 104
€ 49 d AAREEE &ol7] 98] ASHIE SAHD Qe wbAa)ge
FIIBAE IADFI/IA DN F7) P49 FEE7 R HAse Astgc)

RN 20]M = 1A ZHF7]/1A 2] & 7] 3a)e] DEEI 8 Aslee o 7=z A
BAELE AT FARAA AEI ARl HAst A0 TRHME WA}
of AL AFTIRN FIBE thE FojA Faaze AsHEA Ty
Zo] +FHIE AAst A 1 F712U9] &8A YA L2 &exle) Qg
A gk A 2,3,4F7) R M E AEGFIIYN LR AR, A 42729
SR & 15722 kg3t
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£7) YAo2 th WAste £dstan deA e B7)xo] BHHE 250mg/
¢7} HES kg W47t FUTE B0l Foshich,

RN 40143 RN 36142 223} Zo] LAshEA 27kl AT thal 2z
H]-g-o] ArjF oz e A &elo|E 25kg(250mg/ £ )S Foi5t7] A1ZSigict, RN 5
AN SN g BT §EST QTS AT EE Toistx| AT &
Aslo{ A RN 6o & tiA] A &elolEE Foi3}l7] Al&steTt, RUN 76j A% RN 2
o} ol Ao LE SASAMN AGTIEE Folstgith. RN 8oJAE A/0 )
o2 SASHA T Aol wdslel d4Ey] Wos MRS LA 3
Azl LSS dx)stgict.

ol Aelge] fal4et Hele] £4 BHG 2ol ARG 2T LAWY
£ YY) BHSHA YO WA LAsle] NAGS RASIAT

Table 2, Operating condition of seafood processing wastewater treatment

plant,
Operating Aeration . Activated
day condition Oyster Zeolite carbon
lhr aeration
RUN 1 58 / lhr anaeration i ) B
RUN 2 13 A/0 process 10%(1) - -
RUN 3 27 Continuously 1) - 95kg/day
aeration
Continuously 5
RUN 4 20 aeration 10%(1) 25kg/day
RUN 5 13 Contlnu?usly 10%(1) _
aeration
Continuously
RUN 6 31 aeration 10%(1) 25kg/day -
RUN 7 18 A/0 process 10%(1) 25kg/day -
Continuously 5 S
RUN 8 30 aeration 10%(1) 25kg/day
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Fig. 4. Seafood processing wastewater treatment plant,

Influent Return Sludge
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Fig. 5. Diagram of seafood wastewater treatment plant,
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¥0]7} 0.70Q] TEE o]FolW ZINYAF(0.137m)0)] ZTZE Yol A}sieict,
Fig. 83} Zo] Fwizo] ©@2 A& F7|Ro] T3l 2 uljdo} k). A
157)x0] & 45702 AHR-E &7\ R0 BYste] ZujZo] Xxsh= RI|J} 6, 1ni0]
HEE sto] 2ujZo] AXsHe Ruy} Az fERYe 1062 YIS 29
e FYstAaL, A 2F7)xe] F15718] AF-E FUS Frlz KAL) 3.4%
E AARES & Tt
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Fig. 6. Diagram of oyster shell packs in an aeration tank,

Fig. 7. Photograph of oyster shell packs.
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Fig. 8. Oyster shell packs in an aeration tank,

. Algelo|E U BT B ol

W2 BHEHAYLE W4 E Hastge w LS AU BaA7 T,
F=g MSSE Q3] BAZONM &N Ago] Vw3, A $yE/FTITHY
2 Azo] YA Y ALEUL Adol wel HWIRE Fylze] HYSlE o
o) 443t o] HE Qs ool YASA Yotd PR Helst ojHel,

ulebd olelgt EAE siAsled &R e AALE FuAZ YEELY WA
3 2R} AlolE FPHQ Aels} JHeIted st A% Uty shiEA w4
2l ate] &7\ zo] A &ajo|E Burzt BT Bug Fojsigc,
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wol7] flsiA BWEA PG Eqsilth AEF RNl FAz2 3G B
F5HE Blovero] Elolnl@ QRS WE/IA B¢ €A WY W A3
A B7zo] +BUZE Yol ibsigich LAFAE 14T FANAY W&
= 2% $Ysiqrh

gl A0 WAlo® &3

Qo] HaHe gol Aol AAXLE &ol7l AshA A0RA Hepie =8t
Ach A 1 H7Ro] AtAS TRE FWAR, A 2, 3, 4 FY|RolW NLE I
SIS Fig. 99} ol Al 1 E7|Zcld LY AN YR 28 93} +38
25 Yola ZuIAT, A 4 S7lzelA M 1 BAZE &eAs U UEHE
& +2¥=g Yold 715siynh.

Fig. 9. A/0 process at seafood wastewater treatment plant,
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AAZo|N AT Rvt] FEHE AL PASD B S Raog
AslA AR Gex 7} L/t SBHA Fig, 103} go] BAZY Ao
S ¢8R 3o ¥ AASY A WSS NSt o Fig 11e U
%9 MA=Ee|z, Fig 12 ¥ 13& AAE ¥AZe] HXY g VIY Aol

Fig. 10, Sludge rising at clarifier.
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A3 A A74y A3t §

SS A& WHE XA A HeA PN LA 24U d4E7d )
B 33mg/ £ 2 96%7t A|AE LU} Table 3] RN 104 QHEJNE 19 )
SS&= B 85.4mg/ £ 2 83.4%7F A AFYUCE oA 249 WEH ssAR
o Felge] MFeR PUEVNE 2AY ul &R} FYE) o] £3EA] o}y
A& FrlRceh W AALE Yehia Qlth. RN 200 BF 241, 7mg/ £ = 66.6%
7t AAF oA oz WASIG oL RIPHES R AY WA s} Ag Qo)
HA 43 AFLEe] So18A Yotd WS 43E A48 veliA =)

RUN 204 A/0 A o2 2R3}cist RN 304 ThA] d4&E7|2 WAsty 7=
of ¥ehg Foisly] ABIEA R&42 Il Wolxly] A2tsie] HF 86.3%
7b A A= QIEl. RN 40llA BF 87.2mg/ £ 2 92.3%7} AAS S A% QA 7}
AlZSHITE RN 50 A &eto]BEE Foista] ¢homA AA Hgo| opd HF
43.5mg/ L & 77.0%7} A AF T RN 604 TIA] A &elo|BE Folslgs §&4
7t bB& Hol7bHAM B 19.2mg/ £ 2 96, 7%7} HAE AT},

RUN 70l A B 44.4mg/ £ 2 86.3%7} AAE Yl 82 && 25 2¢o] &
FUol IYFEE 2YUFTt U] EoEIN REHE W4} Folxa Hslare
HEol AAA A {8471 o=t RN 8ol HF 111, 1mg/ £ & 67.8%7}
ZFAE o] RN 7642 R3hHE o] Aol ol YolN F&47 ¥ o
B}=] ot
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Table 3. SS concentration and removal efficiency of effluent.
Concentration (mg/ £) Removal efficiency (%)
Min. Max, Avg, Min, Max, Avg,
RN 1 29.0 164.0 85.4 61.4 95.4 83.4
RUN 2 106, 6 597.0 241.7 9.8 90.9 66.6
RUN 3 9.6 793.3 274.6 73.6 96.8 86.3
RUN 4 24.6 177.5 87.2 87.0 97.8 92.3
RUN 5 20,0 67.0 43.5 59.4 94.6 77.0
RUN 6 7.0 47.5 19.2 90.0 99.2 96.7
RUN 7 . 13.3 87.0 44.4 80.1 97.6 86.3
RUN 8 33.2 269.4 111.1 28.3 86.6 67.8
300
|
250
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w
— n
B 150 »
£ ™
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Fig. 14, Variation of SS concentration during operating day.
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Fig. 15, Variation of SS removal efficiency during operating day,

BOD AALe] WHE Hu A4 wfxe|gol Fgsr] Ao dA4Zs|zAes
SIS ol B 13.8mg/ L B 97.4 %7} A AE QUL Table 48] RUN 1oA] ZHHE
71& 3l9l& wj BODE: B 27.7mg/ £ B 97.0 %7} AAHYCE. A4 Er)nc) e
AAEE Ve Q& o ft SA2AL U v4Ae e Bajue] HEo
E IEHI)E 24YE o ¢FY RE97F Ve ¢k Fig 10042} Zo] MAz
M €A BAo2 AW £ALE 482 3 PPN §347} oago] H
glE7] WiZo2 ALEECl, RN 2004 HF 178.4mg/ L 2 81.7%7} R AE o] A/0W
AL WHstgoy ¥3hiso s A WAt A ol Hx| on iz
8 AFLl FAEA Yot HARE F&H US U HY&ELS VERA
H3ick

RUN 2041 A/0 202 SABITIZ} RN 304 thy] Q472 WAstn 7]z
ol BEREE Foi3l7] A&t BoD7} wtolx7] Alzbstel WF 72.7mg/ £, 94.8%
7b A A= el RN 404 33 19.9mg/ £ 2 98.6%7} AAF ] A4 QAR o] 7}
AlZstgict, RN 5014 A &elolEE Fojstx] gbomA] AA Zgo] shold HF
11.9mg/ £ 2 97.5%7} A ALYl RN 60X CIA] A &ejo|EE Boslga §&4
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7} A S HolrpH A B 5.8mg/ £ B 97.7%7}F A A= ).

RUN 7ollA B 10.6mg/ £ 2 97.7%7} AAHIATL A5Y £ 229 2ol

Fdo]l 3UBEER 2ULFT BE S EA REFHE 57T Aol F31Fe
W50 AAMA thA] F&S7 A= Qe RN 8olA B 23, 6mg/ £ 2 95.3%7F =]
A= o] RN 701X 8] H3pHF F3o] Aol oo o F&71 B 43
=gt .
Table 5& EA SBODS] HE AAZES E 4 AUr}. SBODAME RUN3SIA B
20.3mg/ £ & 92,8%A| A E|o] BOD Ao} Po] HIpHFLR AY Frze AFEA
o2 thE 2ART} Al Hx g3 FEEHE A& & 4 glvh Ze]Z RIMoA
BT 5.9mg/ £ 2 99,057} AAECE 2 o]f-2 BAE% FUI 290G nBE @
AE A3 AAREE] T3k A2 AlgHr)
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Table 4,

BOD concentration and removal efficiency of effluent,

Concentration (mg/ £ )

Removal efficiency (%)

Min, Max. Avg, Min, Max, Avg,
RUN 1 3.9 59.5 27.7 95.5 99.3 97.0
RUN 2 101.7 249.5 178.4 68.8 89.3 81.7
RUN 3 1.4 210.9 72.7 90.9 99.0 94.8
RUN 4 15.9 23.0 19.9 98.4 98.9 98.6
RUN 5 4,9 18,8 11.9 96,8 98.2 97.5
RUN 6 2.3 12.6 5.8 96,9 99.0 87.7
RUN 7 49 19,3 10.6 96,9 99,0 97.7
RUN 8 13.0 44,5 23,6 92.4 97.5 95.3

Table 5, SBOD concentration and removal efficiency of effluent,
Concentration {mg/ £ ) Removal efficiency (%)

Min, Max, Avg, Min, Max, Avg,
RUN 1 0.9 23.6 7.2 94,6 99,7 97.9
RUN 2 17.1 25,8 20.3 81.3 93.5 92.8
RUN 3 0.4 9.9 5.9 97.6 99.6 99.0
RUN 4 2.5 14.8 8.4 97.1 99.7 98.5
RUN 5 1.1 6.5 3.8 97.7 98.1 97.9
RUN 6 1.1 2.2 1.6 92.7 97.1 94.9
RN7 6.1 8.5 7.3 92.7 971 94,9
RUN 8 3.1 24,1 11,5 90.9 98,3 95.9
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Fig. 16. Variation of BOD concentration during operating day,
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Fig. 17. Variation of BOD removal efficiency during operating day
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Table 63} 7o] COD2} SCODE} H|A&EL&& uUehlglch CoD AALL] WilE Ry
ALE )| AN HFE 28.4mg/ £ 2 94, 1%7F AAE QI RN 104 ZEE7E 3}
9& uj BODE B 45.5me/ L 2 82.4%7F AMAHUCE A4 FrjHTt $ AAE
& Uehla Q& olfis #3249 HEH e g Foi%e] HEe= 1y
Z271& 1Y u] A&4FI| R} F3Rke] HEel o3ty wiEe] 4¥H fE4vl
oA k3 Fig. 100]AMe} o] HARM &ejx] Fe2 A FAL g8A
& BAsHA &5 s AEHs] LR ALEHTE RN 2004 B
162.6mg/ £ 2 60.9%7t AAE S A/0YA R WA G 2L FIPHELE A HS
A7t Al bl HAl dn Fr 2o AFUYol Eo1EA YolM HARE F
£Fo o§ L2 A a&d UshiA =Halch

RUN 20141 A/0 W2l o8 A 3}chz RN 304 ThA] d4E7| 8 HAgsia &2
of BPRLE Foisty] AR A COD7} wolR| 7] AlZEte] B 66.9mgs £, 87.1%
7t AAS QT RN 4ollA Bt 35.3mg/ £ 2 93.4%71 A AE o] A% A= 717]
A ZASIATE, RN 5ol M A &elolBE FoislA] ¢fomA AA H o] YlotA HF
17.8mg/ L 2 84.8%7} A QT RN 6014 tlA] M &2l BEE Fo3lyn §&4
7t B & Hol7baAM B 10.4mg/ L 2 91.2%71 A AF At

RUN 704 B 15.2mg/ £ B 91.2%7} A AL AE2 & 229 2] ¢
Fdo] 3UBEE 2AYST t& FoEolA FEFHE d47t FHolRa F3jare
HEo] AANA thA F&47 &2tE o). RN 8ollA B 32, 4mg/ £ & 82, 3%7} |
AEo] RN 7014 2] F3pis G¥o] Ago] ololz|a glojM {F&47t vl U3}
= glch

SBODS} =t AAXES BT RUN3OIA BF 68.9mg/ £ 2 53, 8%A A% o] COD
Azpel go] HIPHELE A Frizy AFUALE r1E AR} Ags HA
ol FE2FEE AL B 4 orh. 23 RUNdOIA HF 9. 1mg/ £ B 88.2%7} AAE
o] f&4Y AAXE] ZIslcth 1 o] fE BT FUd 2ulZ nEE A
2 J3] ARG Foske AR AR™CL
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1, 22} A= FHAo]A AP BEFT)e dG5F7] Pl RIIEAAR
o] HiwdA Uehd PR ttE2A A $4E FHEsleA el 483}
of AEE & dFolAe 718 AALEL d&4F77 ¢ ZRo=2 A
th o] A2 1, 23 AR APAHAA F3FE AT 802 23} F
SPHEL] Fo] AAE Yokeut HAl $4rE THEAAY sieA R ME AEF
71Ech A4F7oAM 2HAIe HE ¢ £E {IE AT 3 AY F3)
Hol Hg3h= Zlo] wier] gEd 2= AlRHrh
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Table 6, COD concentration and removal efficiency of effluent,

Concentration (mg/ £)

Removal efficiency (%)

Min, Max., Avg, Min. Max, Avg,
RN 1 18.8 62.8 45.5 39.4 93.5 82.4
RN 2 105.2 231,7 162.6 44.3 80.5 60.9
RUN 3 3.4 160.2 66.9 81,7 96.9 87.1
RUN 4 24.5 50.1 35.3 93.1 94.0 93.4
RUN 5 17.0 18.5 17.8 77.6 92.0 84.8
RUN 6 7.2 18.9 10.4 89.6 93.8 91.2
RUN 7 8.1 27.0 15.2 89.6 93.8 91.2
RUN 8 17.7 53.0 32.4 71.6 93.4 82.3

Table 7. SCOD concentration and removal efficiency of effluent,
Concentration (mg/ £) Removal efficiency (%)

Min, Max, Avg. Min, Max, Avg.
RUN 1 7.8 39.2 21.5 36.2 94.4 76.6
RUN 2 50. 4 84.4 68.9 34.6 66.9 53.8
RUN 3 1.2 16.2 9.1 67.5 96.0 88.2
RUN 4 7.0 17.7 13.8 87.1 97.4 91.6
RUN 5 5.4 13.6 9.5 78.8 85,7 82.3
RUN 6 5.2 6.7 5.9 90.2 90.2 90.2
RUN 7 8.9 10.8 9.8 90.2 90.2 90.2
RUN 8 6.5 25,5 13.5 48.0 90.0 75.6
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Fig. 18. Variation of COD concentration during operating day.
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Fig. 19. Variation of COD removal efficiency during operating day
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Table 82] T-N A|A&Y] WHE B A&HEI|Z2P0|M HF 102.2me/ £ & 52, 1%
7} MAE QI RN 104 ZHHEJE 3190 uwf T-N= HF 132.6mg/ £ 2 45, 9%7}
AALGICE BEFI)AN T-N AAEC] A4 FrRc} ¥ AALEES vepz
U olfE XA WS seAAY Hol] HEoE NUFU|E A
o P fEFrt Ues] i, d4FIolME Fig. 10049t o] HAzo
A gEA BAoR AT FAE A 38 WA $24U AzHEN 2
47 Ay BEF/E A €8] F& Aol Uy wiEe] d4%7)
ZARTE W& AAREE VERI Y, EF SAZLE A 43712
oA dutgeos BYEHAYLE $AHAUL o) 30%2 AAXEE Hole ¥k
£ d¥olME R}l £& AAZES Vehia & ALE Algdch RN 2004
W 406, 8mg/ £ 2 39.1%7} AAE ] A/0UA L8 WASIG oL EIPHELE Q¥
el 7t A Qo] Bx| gk IR AFB U] FojEA ol HAz=
FE&F0 U U2 Aeas&e vehiA =

RUN 26)lA] A/0 Wa] o8 SASITIZ} RIN 304 Thi] Q&E7 2 WAsa &=
of BEghE FoIstr] AlzsiEA T-N7b Yolx|7] AR}sle] HF 127.2me/ £,
52.9%7F A ATl RUN 40 B 134.6mg/ L 2 62.5%7} A AES AL QAE
o] 7}7] Al& 54Tt RN 5o 2 Zelo]EE Fo3lA] QoM HA Hgo| Yo}
A B 100. 4mg/ ¢ 2 59.9%7F A AL CTE RN 664 TIHA] A gelo|EE oyl
3L A Eeto| BV AR EAN ALY AAEo] ol FF 50.2mg/ £ 2 74,3571 A
A= Kt

RUN 7oilA] B3+ 65.7mg/ £ 2 74.3%7} A AE oL} RUN 8ol HF 107, 4mg/ £ &
64.7%7} AAEUCE AEY B2 SEY 2go]l 4FYd YRFEE 2Pd4T}
t& FoJEAM FEEHE M7} FopAa H5lEke] W] AXA i F&47)
o}t Aos zARE QT
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Table 8. T-N concentration and removal efficiency of effluent,

Concentration (mg/ £)

Removal efficiency (%)

Min, Max, Avg, Min. Max, Avg,
RUN 1 84.7 196.5 132.6 15.6 69.9 45.9
RUN 2 152.5 627.9 406, 8 13.7 61.6 39.1
RUN 3 49,7 206. 4 127.2 16.0 66.8 52.9
RUN 4 63.3 252.1 134.6 46.4 77.3 62.5
RUN 5 98.9 101.9 100.4 42.7 77.0 59.9
RUN 6 12.5 115.2 50,2 57.7 90.8 74.3
RUN 7 12.3 111.8 65.7 7.7 90.8 74.3
RUN 8 62.2 124.5 107. 4 36.8 78.0 64.7
500
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Fig. 20. Variation of T-N concentration during operating day,
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Fig. 21. Variation of T-N removal efficiency during operating day.

Table 98] T-P A|A&L] HiE B AEFZIZANAN B 11.7mg/ £ 2 69.3%
7t AAEGUI RN 1M ZFEEIE slgS ol T-P& BT 13.1mg/ L 2 45%7} A
AL ZEFT oM dK FUR B AASS VERMI Qe olfe 23
229 e HeAeigY FaHd] HELE NUFIE LAY o RN T
g7l olsy IBRE &I veA] Y] gELR AlRR.

RUN 2014 BF 11.7mg/ £ & 16.6%7} AAF o] A/0a] o8 WAt .o} Bshy
TR A% weA 2|7 A o) HR) ol RN 13} T FEEE&E Hor}
7} RUN 3o)A ThA] Q&4E712 WA Z7|Re] BAETL Fodly] A}l
T-P7} Wolx|7] A&t B 8.6mg/ £, 80.1%7} A AEQITE RUN 42} RUN 504
2}z B 3.8 QR 2.2mg/ L2 27 90.9 W 87.3%7} A|AFH ¢FY F&4F U
2B E A=

RUN 604 B 9.9mg/ £ 2 50.5%7} A|AE I RN 7ol B 24.5mg/ L &
50, 5%7+ A AF olr}. RUN 8olA Hd 24.0mg/ £ 2 50, 5%7F A A glch,
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Table 9. T-P concentration and removal efficiency of effluent,

Concentration (mg/ £)

Removal efficiency (%)

Min, Max. Avg, Min, Max. Avg,
RUN 1 3.4 26,0 13.1 8.0 85.8 45.0
RUN 2 6.0 17.0 11.7 31.1 75.6 46.6
RUN 3 0.9 23.3 8.6 71.7 87.3 80.1
RUN 4 2.2 5.1 3.8 87.0 95.9 90.9
RUN 5 2.0 2.5 2.2 84.2 90.4 87.3
RUN 6 3.4 22.5 9.9 50.5 50,5 50.5
RUN 7 9.0 40.1 24.5 50.5 50.5 50.5
RUN 8 14.9 40.1 24.0 0.1 60.3 43.0
50
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Fig. 22, Variation of T-P concentration during operating day.
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A4 A 9o

= Aol HE&Y FAEIFAE weAe A T2 AR HeHtE 29
ol gl @A /A B 7HF E ol#golak AZE o] FAIEIEH 42
A&7 HUF fste) AA sifA ] o7 BAE Foistn, Y B
3 Aol B Eug Roistn, YAz YES AN, 2EEs) Q A0 =8
MAE H-g3to] P AHE ookshd kg3t el
1. B 37t 389 sl F/Muls BF 0,037 kg BOD/kg MLVSS-d, BOD
|4 53H= BT 0.339 kg BOD/mi-d2 SAE I AULR, d$A e &A
Ahulgoz sl 1596 6no] &HAE |73t} SRT 2009, MLSS
11000mg/12 A= glglch

2. Il FAALY AAREC] 4052 UElGOL API| ] AojALE FAL
o] AARE] T4%E F% A& B Zuizo] ©FAY YL 3l FALY
AAREE F7H71E L2 2AE, 282 Zuiz @A FAE Qs
o U AAXE] ¢ 4B E F7I AR RAE UL

3. B ¢ A gelo]E £ FoE 83, BOD, CODY A|AZE| 5~10%
F7V5HAL S8 49 FUY AAREO] 5~20% F7}stAdch

4, TEF7] BP&HAHIA A0 ZEANE 3L s BF Hsiary WEol
thel A4FI\RTt Fgo] kol Fatare] WYl A3 L= MLSSE UH
¥ FHoAME 271l AN HA| ¢AEIFAE A e Fol H§317]
e &AQ 2AqEe FXU Wosty, HL3}s] Hof pilot AL F
T HT} chd 2ol AR dE d77 ey ReE AEHch

5. AR UYBHAE A3 ml¢A o] glojM FIHEOE wAlsle AR
&EA]Y 4, AREY T2 AT {E4Y UIE EY F e A=
ZAHE i},

r
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A s & t3Hs s2{xle EH[EHE 2|8

7| = A

A1d A A

WAl $A7FEES SEAY WAL W 5% BoE 2R I Nk F
2 iy, g%y 5o wHoE 3tz glout ujAee Ao o]Fe] Wyes
mjgale] 7} ojaig Bt ohel WE4E AY R9] $AA W AsHEe o)
g EAloln, sjudRrlE: A2 B HYde FLANIE 5 8 SE A5y
e 2, 338 VARG U B oF X HelN we BAEe] gg ¥
olgl I AEuEE Wz of 1009 YO8 Sa/FEYAL T BAHe] Hx lrt.

Y $47s4 ElAlE R7IEUE0] &3 WA W A4 B RAYES
Th EEta Qlo} ol8) A A4L BALUL HANY 4 glu ExFow
FAAAEE BY 4 Qe Ao vk,

T FA7bEsl SR ANE $AA AL R71ES EiE QY ¢hmio}
Sfchid, ZHE S714E SH0GEY AN, BY94 nAES A 53A o4,
234 3 BHOQEA 508 5AAE 292 7Hsd Q7] wlBel fabskE
4+ A Huj3} spd olgh e EAPE a3 ¥ 4 Qg RAow ;AHCH

B A7E #AkEvs e 53R 0SS BYE WA $aBNS &
gxe] HuIHE T NXAHPOEA $a1BuS &R wEY SN B4,
FEuEZ A, A% W A, 414 HAlo] $ERAAY FULE T
IE AL UL nAEA $8 Q27 oNg A, 2I4EHPRA, Huyz
F7132QUF 273, zeolite W7 W $A/LEs4 &ejAlo] 7/ISE HrHge] e
Hujg e LR, 2un4E, 4 U MUY 5L A $akR
w4 &eA e Hulg HPzAg 2
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H2d a7FE Ug

1. A&

A AT €Ae A APA] SHFIA UAEE SAMEES &Y
AE A3 SEZEAE AN B diteTtolA 24lsle] Algsiolen
zeoliter AlFo] FEHE zeoliteE T8l A3t g3 7¥ELS Hy)
g FRA HuEAEE o] &3t HE-S ARSI

X8 HHEE FAAI7] Y nBEHE AAe 71E FHuFFe] =g
HEF nAE Bdol JH Buwt A7 EHulARE A2 sl njPER Hy
the Ao AEsle] £ ZALEE FAAFIEA 202 wioFste] ALgsihgl
th a3l g8, FE, B zeolite W HBEHE A2 o3ty §
/& Table 1o]A R uigl gt}

Table 1. Characteristics of the seafood processing wastewater sludge,
bulking agent, zeolite and seeding materials used,

pi YIS r 6 TN PO, KO Ca0 Mg0 Na AN

Wastewater
sludge 7.2 80.3 46,1 5.86 1.40 0.97 0.24 0,15 0.09 7.87

Livestock 81 74.2

manures

Sawdust - 23.2 52.6 0.10 0.05 0.10 0.13 0.04 0.07 526
Zeolite 6.5 6.7 1.72 0.01 0.01 0.05 0.61 0.20 0.30 34.4
Seed 7.6 67.2 50,2 2.03 1.56 0.41 0.12 0.08 0,04 24,7
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(mg/kg * Dry weight)

S04 Si0; Fe Mn Al Cu Zn Cd Pb Cr Ni

Wastewater
sludge 0.12 91 490 6.7 127 5.3 203 1.06 9.7 0.3 2.1

&~

s¥Fustz 4A, A2 W 2

£ Agoll 2SRt Hulzl FAHL Fig, 1o]4 R uiel Ul 2wzl ¥-&
71 F7 Tme] Fuo2A ol 60cm Y 7 55em EHA AFstom, 587
£ 550§ ETLETE AMESIGon B2 flste] F&7|8 YN8 Aloo
HE2ABN ANBES FAIA Hulg JHF U dSHE AU YA
Zich,

Hu| 3z F715YL air compressorg ©o]&3le] F7IE FUAIE F7F W
2], Co, W FEAAZAE 242 AX3te] F71& FHAY F FYAAC 3715
HAE AAAF 7] 9I5te] ARAAZA] ol FRTE Yol F7E SHAR2H
ZH+E B4 FIE COAAZX uo] NaOHE Yol F7|F COE NaOHo] =
AA AAXNY F FEAAZNYL silica gel & FHAIA F75o TRHE &
& AAANZCE ol AP E AA AW F7E o] dAHA FUA
7171 18te] Eu|z 3Hio] ofaYolnjo|=to R 5eme] FIHE HEHI}HLH of
AYolulol=stell= A7 1me] FHE HiL vt Fels A% 20mm PVCujo] 2
oF In§ MXsle] dFY FIE RAAZCH Jela HnE }FF Hu| R
A A= CO; W NH8] E4& $i3te] EHER o dnteg WuAA F
v 22 FE UAdshs WE7AE 7 TmdE FUSIER 3o wj&rtAF CO,
W NH;e] L A7 NaOH B HS0.00 2tz EAHEE sigdch. EAH Co,
&l B8 NaOHe| E4=% C0:& BaCl. & HAA]Z vhe W& NaOHE Phenolphthalein
Z|Al}E AHEBte] HCLZ Q3o COEATE Folola, wi&rlad Nbe &
& HS00 FH NHsE KjeldahlJ 2.2 £43tgict. 2eja Hu|3} 233 Hu|
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szu)e) LEHE HuHz Uy 374 AR $22EAE AT ZABA
ch

9
1
9.
0l
2 =
3 4 5
1.Air compressor 2.Needle valve 3.Dust removal
4,COz removal 5.Moisture removal 6,Rota meter
7. Composter 8.NH; collector 9.C0; collector

Fig. 1. Systemic digram of pilot composter.
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3. Euix Hy W HAH2D PEE A% ANEl @ 23 23

714 &2 HulE Sy 9 2 2EE HE ANe W 3
Z7L Table 20| RHi= ute} go] nBEAA H/M-F, 7] (NE 2FE, &)
TR, 3z FUFYY, zeolited7E W FAVIINS &Rl &
i A7HEe] wlel HuERE Aol .

& n]AEAA] F7M-Fol whE Huld AP RAle AN &R 34
kgoll B 12ke& 7S] TRF AL thd oj5E3 ¥ FEL WRAESHAAE
Sed| &2 A7Psla, o} ¥ FEE o2 EuiEze FYAIA AL

Hulzlge] ONG 2EL 7 A2 wiel +E2EA F& 24§ HIlstY
2383190, ZIakL Needle valveE ZAF}Y5L, X7 $£ETUURAL 2} A
2o wet Al8E ARAIIAU FFTE H7iste 2dstlct

Zeolited 7H&ol ulE FHu|FAYNY AN ARG 8] Slkgol] i
& 14.5kg AUIste] FF 4L thy ASESt 42 zeoliteE 5,10 X 20%2
HI&Z2 EYste] Eu|stze Fsle] AL, 471394 gulAld &
H7hgo] whE w3t AYIF 2Ake FA7BES Rl FES 50, 65 W
80%9] WI&E FF Y ohE A A 2 uwiel Eu|H=e] BYAA A
staict.
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Table 2. Treatments and conditions for composting.

Com- Treatments contents nggf taici]ngs
e i Gt et ¥ st i for s
(g)  (ie) (ke _

1 17 6 0 0 0 190 31 thout

2 17 6 o 0 5 210 With Seeding
3 17 6 0 0 5 240 Initial G/N
4 17 6 0o 0 5 170 tnitial ON
5 17 12 0 0 5 157 Initial G

6 17 6 0 0 5 240 Initial Moisture
717 6 0 0 5 170 [Initial Joisture
8 17 6 0 0 5 190 Initial Moisture
9 17 6 0 0 5 100  Air flow rate
10 17 6 o 0 5 200  Air flow rate
1m 17 6 0 0 5 400  Air flow rate
12 17 55 05 0 5 200  Zeolite added 5%
13 17 5 1 0 5 200 Zeolite added
4 17 4 2 0 5 200 Zeolite added
15 3.4 5 1 136 5 a00 ~ Livestock manure
16 6.0 5 1 11.0 5 200 ~ Mvesteck mnure
17 85 5 1 85 5 200  Livestock manure
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A 3d A7 A d 33

1 o EA §F % 7] NG Z2Fo] W& EHul3 54

FALES &2AE FARR slo] gElAlo] +EXEAA g AT
R o nBEAE R(5%)F W 7] CN& 2E(C/NE 16, 22 & 36)o]
Huiy gF 2x, $EALE, FEUY, NS, of, EHIAES NH-NE]

| B718E 83 58 Ao RN EnE e AR Aze ok

t}.

my B e

<
2}

7h =W

FAZR S gvlxe] EnHRRe njgEA ] /F W 27] ONE 2E u}
T ¢8x9 Hulg 3P 5 LEUHE AR Ze Fig 2 € 304 E& upg}
Zrt, njAEA D HuHRUY] 2=HIte Fig 28 o] EHu[E 1d71A] 33
Fsste] 70Co] =Rstg e IF Hui3 3dA7HA] of 67~72CTE RAISER, 2
FHEl MM gaste] EuE 8d Felle A2o] E3idivt. njAE FAe =y
szufe] ENste Huld 2d7tA MM dssiel 0T ERstden ¥
o 1Y $¢ 0CE fASHAUL IFFE = Hadhe Z¥elddth nEEAE EH|
szule 2E7F nE FAge vst HISE EZAUo] o 1UdYE WHke
o, HIXE FAANRE 1Y = Aok 4713 SR Eu g
27] C/NEE 16, 22 W 3622 2Hslo] gex] EHul3 P F LEHE Fig
33} Zol mEA o] whE 2=} vkt FYolglen, AiHes EHuin
AT TU &27] CNE 225 16 ) 36 €282 w3, 2 Aol sl
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Temperature (C)

Fig.

Temperature (T)

Fig.

80{'
70 F

—a—without seeding
—o—vwith seeding

60
50
40
30
20 4
10

0 1 L 1 i 1 i 1 J

0 1 2 3 4 5 6 7 8
Composting periods (days)

2. Changes of temperature in composting materials according to
treating with or without seeding during composting periods.

80 r

—a—initial C/N ratio 18
70 r —m—initial C/N ratio 22
60 —e—initial C/N ratio 36

50
40
30
20
10

1. 1 Il 1 1 ]

0 1 2 3 4 5 6 7 8
Composting periods (days)

3. Changes of temperature in composting materials according to

adjusting initial C/N ratios during composting periods.
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FAIEE e eA]e] By siaige] ndEA ] FF W 7] ONE 2o u}
&A1 Hul3 A F FYULE VHE 2R A= o3 At
Hulzige] ndgAe] Fol wE EuiE AFF ¥R F¥RLES
Fig. 4olA] B uiel o] Hu|sA|do] ZAU4+HF A& F7iste] Hujd F7)9
oF 39~40%3t23tgict Hu|3 4d7tAlE u]dEA ] HulAEFY FHHLE)
nAE FAee] uiste] FII8tGa, Hu|H 44 Fol nlAEAE] Hu|AEZS
TEHLEO] F 3EA UPE FA L wste] ¢ exFIIsIH oY OFHEE
EH] 3} Aldo] BAUTF FYULE] ALY HolA= F¥elslrt

HulAge] &7] C/NE 2Eol wiE =HH|3} HHF FEHLE Ve Fig. 5ol
A Bi= uleh o] FRALEL A FUIst, Hul 8d Fole 7] CNES
16, 22 Wl 3602 ZAHSIAS A 4z oF 44, 46 W 3IT%EEA 7] C/ANEE 228
24319 E& 2327t Y AL&] MY wUrh
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50 r
40 |
€ 30 r
§ 20
P
10 F —&—without seeding
—e—vywith seeding
0 1 1 ] 1. i 1. 1 )
0 1 2 3 4 5 6 7 8

Composting periods (days)

Fig. 4. Changes of weight loss of composting materials according to
treating with or without seeding during composting periods.

50 r
40
£ 30+t
[9]
8
= 20
(=]
2
~&—initial C/N ratio 16
10 —m—initial C/N ratio 22
—e—initial C/N ratio 36

i 1 1 i J

0 1 2 3 4 5 6 7 8
Composting periods (days)

Fig. 5, Changes of weight loss of composting materials according to
adjusting initial C/N ratios during composting periods,
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ot Y U

FA7HEe &eA e HulsA R njdEAE] §F U £7] ONE 2o u}
€ €89 Hud A4 F +EUY HIHE A 2= Table 3004 R ujo}
Zol BE Ae] 20N HH|HAdo] BAY4E FEUFS AL Hastgon,
53] Fulst Ftvlo] o a4 Fo] st
TR E HEs golen =gt Eulstxo)e vste] of 14~15%
Ztaslgch, 7] CNE ZAo] whE £Eyake 27 ONSS 6, 22 W 3608 =

A3l A 472 oF 19%, 22% L 23%7 A Tt

Uz el n|FEA L FFel ul

Table 3. Changes of moisture contents in composting materials according
to treating with or without seeding and adjusting initial
C/N ratios during composting periods,

Composting Seeding Initial C/N ratios

periods(Days)  Without With 16 22 36
0 64.8(100") 64,5(100%) 62.8(100%) 64.9(100") 64.0(100%)
1 64.9(100) 64.2(99.5) 64.8(100%) 63.1(97.2) 63.4(99.1)
2 64.6(100) 64.1(99.4) 61.2(97.5) 62.0(95.5) 63.3(98.9)
3 62,9(97.1) 61.8(95.8) 60.2(95.9) 59.7(92.0) 61.7(96.4)
4 58.9(90.1) 59.8(92.7) 56.8(90.4) 57.6(88.8) 60.5(94.5)
5 55.3(85.3) 67.8(83.6) 56.2(89.5) 55.1(84.9) 58.6(91.6)
6 57.8(89.2) 67.5(89.1) 54,6(86.9) 53.1(81.8) 56.7(88,6)
7 56.3(86.1) 56.3(87.3) 53.0(84.4) 52.0(80.1) 56.6(88.4)
8 54,7(84.4) 55.4(85.9) 50.8(80.9) 50.4(77.7) 49.3(77.0)

% ! Index
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g}, T-C, T-N & C/N& w3}

TAZRSS e &A1Y Hulx)Re njPEAE FF W 7] NG ZAE) w)
< €8X9 Hulg 3PF 1-C, T-N % CNEY H3E XA A3t Table 49]
A R upet g,

st gel njYEE AR dge Z% el NFF FHuigay 1o
€ FHIARS T-CHIFL 49.2%019l2m ¥ MNAMF PLsle Hu| e
48.3%01glom, T-NHIH= Eu]EY] T-N§HarS 2,86%0] QA Hu)3tztgo] Aay
of wiel FA38] ZAste] EulEErlo] of 1.68%2 M <F 41% ZAstATh. 2y
C/NEL EH|3} Fy)of o 2924 oF 67% Z7}stdct.

HulARol | BEE AAE FPoles nBE T Huldzoas} v
F BFgolglen, T-C W T-NES Huls F7)of Euls} Zvjo) uiste] 2z} ¢}
1 R 23% A3 01) CNSL 28%=7}5tsT).

Eu|afge] 7] CANE ZH] whE EuE S T-C, T-N @ NG Hilg
B T-C2 27] CNEol TAQel Zashe Fgoloa, T-NEaL 27 oN
&< 16, 22 W 3622 2AHAUL B HuRI]o] n|sle F7lo] 2tz o 39,
24 9 11%zAstg o, C/NGS 242} oF 62, 31 R 108 F7}514rc) ol9} 2 2
HE u]Fo] E uf &7] C/N&o| EolXEA T-NjHake] A o] Zastk oz
AEE o},
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Table 4, Changes of T-C, T-N and C/N ratios in composting materials
according to treating with or without seeding and adjusting
initial C/N ratios during composting periods.

Periods
(Days

Seeding

Initial C/N ratios

Without

With

16 22 36

T-N C/N T-C

T-N

C/N

T-C T-N C/N T-C T-N C/N T-C T-N C/N

O N O U = W - O

49.2
49.0
48.4
48.4
48.4
48.7
48.2
48.4
48.3

2,86 17.2 49.2
2.28 21.5 48.9
2.60 18.6 48.7
2.16 22.4 48,5
1,94 24,9 48.3
2.05 23.8 48.6
1.94 24.8 48.5
1.82 26.6 48.9
1,68 28.8 48,7

2.67
1.58
1.85
2.01
1.83
1.90
1.81
2.11
2.06

18.4
30.9
26,3
24.1
26,4
25.6
26.8
23.2
23.6

47.7 3.06 15.6 46.4 2,12'21.9 50,5 1.41 35.8
46.6 2.64 17.7 45.5 2,02 22.5 50,3 1.41 35,7
47,3 2,36 20.0 47,6 1,78 26.7 50.6 1,35 37.5
46,7 2.11 22.1 45.5 1.71 26.6 49.6 1,37 36.2
45.8 2.28 20,1 46,6 1.90 24.5 51.0 1,34 38.1
47.0 2,02 23.3 45,5 1.81 25,1 47.0 1.69 27.8
46.9 2,08 22,5 44,4 1.88 23.6 47.4 1,68 28.2
45,1 2,0 22,6 44.7 1,74 25.7 49,7 1.25 39.8
47.6 1.88 25,3 46.0 1.61 28,6 49.5 1,25 39.6
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o, pHe] W3}

TAIEHS A HuHAR njAENE FF W X7 ONE 2-o) w}
828 HH|3 3FF pHe] HE AR AIe Table 5o R upe} 2
o] Hui3} 297Hx] pH7t FH3] U1t om 2% AL W%y APOE pH 8,9~
9.0 & RAItAch

k=%
T

Table 5. Changes of pH in composting materials according to treating
with or without seeding and adjusting initial C/N ratios during
composting periods,

Composting Seeding Initial C/N ratios

periods(Days)  Without With 16 22 36
0 6.8 6.4 7.4 6.8 8.7
1 7.9 8.5 8.8 8.4 8.4
2 8.8 8.7 8.8 .8.6 8.6
3 8.9 8.9 8.7 8.6 8.5
4 8.7 8.8 8.7 8.5 8.3
5 8.6 8.8 8.7 8.6 8.5
6 8.9 9.0 8.9 8.7 8.7
7 8.8 8.8 8.9 8.8 8.8
8

8.9 8.9 9.0 8.7 8.7
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¥}, CO; ¥ NHs Aj=k

TR A uyENE] fF W 27 ONE 2Ho] mE &=
HulE 23S wl&7kAe 0 W NHpL RS AR Azhe e} Pt

B EAE fiol ulE EHuld HFF 0, U MR Fig. 60]4 KB u}
o}l AA nAES AedAe B¢ oot =Hul 247X F43] F1
Sto] oF 1,800mg/kgvs « hro|Q13L, ¥ FAS Zh4ste] Hn|3} 3dF o} 690mg/kg
vs - hro]glom IFRE BM|HFI|71A] A4she F¥oldct nAE Az =
3 3183 coptdEre nlAEA e vt APolgont nl Bl ulslo]
Cog g 7ol At '

ndEA e EuE 2FF NeEAdES EHuiE 147t d wE) gladeuy
35 F40] F7I5te] EulE} 29F o 27mg/kevs - hrol &3, % FH3s| Zas]
o] EHI3} 4F of 3mg/kgvs - hro]glom 13 Eu|3¥E7|71x] & F3o| ¢lgirh.
Eng A7 5 nAE Mo EHulEzoM n|dE FA EHuHRo| H|Ele
NHp A &Fo] oF 43% wiglc),

Z7] CNE& 240 & EulE} AFF 0, ¥ LA Fig, 7o]4 HE u}
o}t BRE 2oA HuIE 194E FH3] LSt Huld 4971x] x| &E Y
o 3% FxpFog Aty CorddRL 7] ONE ZEd wiel 43 A
Fo] glalem, XI|IC/NEE 16, 22 U 3628 2AIYE F$ F otz %
2} o 9.2, 8.7 W 6.9g//kgvs - hr Q.24 27] CN&o] W&4F walch NHaUA
T2 EuE 1dF 7] ONES 16, 22 W 3622 zFIUE B 47 ¢ 68,
12 9 7mg/kgvs * hroJglew OF MAM3] ZAste ZFyoldct el & NHygA
T2 242} o 138, 72 W 23mg/kgvs - hr22A Z7] CANEO] £&4E Nyl o]

FHlo] Zasioirt
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(1Y‘SASY/3m) UO1IRIIUS)
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Composting periods (days)

2

1

to treating with or without seeding during composting periods,

Fig. 6. CO; and NH; generation out of composting materials according

Pwith seeding

Mwithout seeding
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Composting periods (days)
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(T4‘SASY/3w) uorjersuad ¢ [N

2000

(3 m>wx\w5 uoijeIaUad 2 ()

Composting periods (days)

Fig. 7. CO; and NH; generation out of composting materials according

to adjusting initial C/N ratios during composting periods,

Minitial C/N ratio 16 @initial C/N ratio 22 Hinitial C/N ratio 36
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T g¥AY nAEAE FE QL X7 oNE 2R WHE &=
Eu|3 g F HulARF NH-NgEEHEE AL A 242 Fig, 8 W 9o)A

= Hiel Ut

Euldige] ndEAe] fFo] wE Huz APE HuAE S NH-NgEe
RA o AEE AE3eE B¢ HulAEF NHANEFL oF 5,300me/kgo] S HH]
5 1474 FA38] F7lste] 9 10,200me/kgol YO0 TF EH|3} 47| A}
o 49 olFole AL H3t glo] YL NHE FAE Huld AyE
NH-NERE m] g 8] Eu|stzoM el vt H3dololon En|3l F7)o] uy
X 2] Hulshzol] ulste] NH-N¥aFo] mi$- &t

Ul R 7] CNE 2o wE FHuAEF NH-NSH wslE ARt 2
I 7] CNEE 16, 22 W 3628 ZANYUL A9 FHARRY NH-NYLES
242} oF 8,600, 2,400 W 2,400mg/kgolol.om, EW|ztztgo] o] what 2
C/NES 1602 =AY oM E Hu3) 3U7A] 4ty 2% &7t 27}
T o EuE Fri7kx] & HEL glth. X7 ONGE 22 R 3608 R §
v S 2o M = EHH|3 2U7kA] ozt U1 the & Wt glalen, Hu|s} )
o] NHe-NER2 212 ¢F 3,100 9 2, 100mg/kgo] ¢t}
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Fig. 8. Changes of NHy-N in composting materials according to treating

with or without seeding during composting periods,
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4
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—&—initial C/N ratio 16
— —m—initial C/N ratio 22
g 6000 —e—initial C/N ratio 36
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Z
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Fig. 9. Changes of NH;-N in composting materials according to adjusting
initial C/N ratios during composting periods,
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o} F714& ¥

+371E54 SN nAENE 5 % 27 ONG 2ol WE &Y
Hu3} 32 Byl 4 EYUe WBlE ZARE A3 Table 6014 B ule} o] |
8} 27)0] wsle} F7lo] P05, KO, Ca0 W Na S ok F7istglom, Mgogra
& 2 W3l glala, Wngtre & Bo% 7tasiyrh olg} o] 44BN 4 &
A2} iz BPF BIRE Bl Hulzt 27l0) wisel Frlo] Aitgos
2710 A& Hu3} H9E HuESe 7180 Hi) 2ugesn Aumes
B4 Eae] £r14 Ro2 AZH T

Table 6. Changes of inorganic components in composting materials
according to treating with or without seeding and adjusting
initial C/N ratios during composting periods,

I . \ Seeding Initial C/N ratios
norganic Composting
components stage Without With 16 22 36
Before 1.11 1.18 0.84 0.93 0.70
P205(%)
After 1.46 1,44 1,13 1.23 1.17
00%) Before 0.54 0.63 0.87 0.82 0. 59
2 After 0.80 0.66 0.90 0.93 0.68
Ca0(%) Before 0.24 0.21 0.18 0.19 0.15
After 0.24 0.24 0,24 0.24 0.24
MO (5%) Before 0.13 0,12 0.09 0. 09 0. 07
g After 0.11  0.13 0.09  0.08  0.07
Na(%) Before 0.04 0.05 0.15 0.14 0.09
After 0.05 0.06 0.16 0.15 0.11
Before 129 73 30 - 36 53
Mn(me/ke) oo 52 48 23 21 25
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2. EuEAR 272 W F7F 2d0] oE Huld 54

T geAE FARE 3l @A +EREAY FYL TR &
38 ol ZU|4-E%ar53, 62 W 73%) W F7]2IEH(100, 200 T 400mé/ £ -
min)g& 2Aste] Hud} RYF &, FVHLE, +EEY, NG, pH, EH[AE
F NHe-N 2 RI1EE HE 58 Ao N ARSI &8R] Huj3 23
ZA& ZARY A= gt g

7} =W

T e A HulEARe] 27|4EEY W FUFYY ZEo wE
oA Huy RFF S=HIHE 2ARE A3 47 Fig. 10 W 11604 RE 6}
e} i

zr\¢EYRg 2ol B3 YS HuszuY LENsE 2R A3
Haexe 27428 53, 62 W 73wolM 2t} oF 71, 74 W 68CoIPon 53
Z7)FEURE 12 2YINE A$ HAXE EYA I} ok HexAo vt
o] 1d BE && HulE 39 FHch 2F Hulsrt Aol ulet Lx= 7HAst
o] Hul3} 8y Fol 2714E3aF 53, 62 W 73wolA] zhzt oF 31, 40 W 36To]
gt z2a EHuist Fr B¢ FFLEE XU|SEUW 53, 62 W 7o) Z
2} ¢F 50, 55 W 54Co|glt)

Hulglz F7159S 100, 200 L 400m¢/ £ - minO 8 RAste] Hu|z F2
Eu3zue] SEHE 2A A HILEE F7FYBE 100, 200 W 400me
/% - min FYA] Eu|H 14 go Ha2EQ 7 ¢ 71, 72 W 66T @y
% A3 Aste] Bud U 2tz oF 34, 30 ® 29Colgrt, e EH|3}
W7 B¢ BFLEE Huske FARQWol 100, 200 X 400n/ £ - mind )
Z}z} <F 49, 56 L 37°Col ik,
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U FEtAagwus)

TA7IEHT A2 HuHAged 2/+2HY W FFYY 2Fo ulE
e Huldt AP F FYRLSHEHE 2AIRY Z3 A7 Fig. 12 Q1304 B
+ uiet Zrh

Huixigs] 27le2d® 2o nE =Hulg AT HuAEY FFULES
Fig. 12014 R nie} o] Euzpajde] Fadte] ulel A& F71ste 27|48
H8E 53, 62 W 732 RASNAE Z¢ EHuisl FIlo] ZZ o 46, 52 Y 43%%
2319t X7 pETLL 6248 A 53T 2AIEL Ao uste] Hujy
Aol FHEaEo] Aoy I8 445 :

Eulajze] F71FUPge] whE Huid 3 S HuEY] FHU4AEL Fig 13
oA B wiel o] HulsiAdo] Fol uial A& FI1st, F-IFLF 100,
200 3 400mé/ £ - minoll A En|B}¥Er\of Ztzh oF 36, 43 W 40%7tA St
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Temperature (T)

Fig.

Temperature (C)

Fig.
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—A—initial moisture 53%
~ms—initial moisture 62%
—o—initial moisture 73%

0 1 2 3 4

5 6 7 8

Composting periods (days)

. Changes of temperature in composting materials according to

adjusting initial moisture contents during composting periods,

—&—air flow 100 m¢/2 ,min.
—m—air flow 200 me/¢ ,min.
—e—air flow 400 mé/2¢ ,min.

0 1 2 3 4
Composting periods (days)

11,

5 6 7 8

Changes of temperature in composting materials according

to adjusting air flow rates during composting periods.
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Fig. 12, Changes of weight loss of composting materials according to
adjusting initial moisture contents during composting periods,
50 r
40 r
€ 30
3 20 |
B —a—air flow 100 m/2 ,min.
10 —m—air flow 200 mt/2& ,min.
—e—air flow 400 mt/2 ,min.
0 [\ ] 1 1 ]
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Composting periods (days)
Fig. 13. Changes of weight loss of composting materials according to

adjusting air flow rates during composting periods,
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oh U™ W

TA7MEN S &elX]e HulHxiRe] XV4EEY W FFYLY - e
&2ix|e] B3t ARG F FEUL HHE AR A3 Table 7o]4 B ule} o)
EE XAoA Hulsabgo] Fud4F A Aasigct. ZUl4EEES 53, 62
W 732 SIS o Hud 8d F EUTS FHu| &0 wisle # o}
36, 31 W 2x7Asolon x7|¢EUT] WE4E AL Fo| Msigrt. T/F
9% 100, 200 B 400me/ ¢ - minolA] EH|¥} 8YUF £EIUFL En|HR7]of v}
of 2z} o} 15, 16 W 26%7Asigon FI|FUs] WSEF T4 Ho| Ayl

t}.

Table 7. Changes of moisture contents in composting materials according
to adjusting initial moisture contents and air flow rates
during composting periods.

Initial moisture (%)
53 62 73

Air flow rate (mé/ £ - min,)
100 200 400

Periods
(Days)

0 53.3(100%) 62.4(100%) 72,9(100%)

1
2
3
4
5
6
7
8

51.5(96.6) 60.9(97.6) 68.7(94.2)
50.7(95.1) 60.6(97.1) 67.9(93.1)
50.0(93.8) 59.8(95.8) 67.8(93.0)
41.9(78.6) 58.0(92.9) 65.9(90.4)
39.3(73.7) 52.5(84.1) 61.9(84.9)
36.8(69.0) 50.0(80.1) 57.9(79.4)
34,0(63.8) 44.9(72.0) 56.7(77.8)
34.1(64.0) 42.9(68.8) 57.5(78.9)

63.6(100%) 63.6(100%) 63.6(100%)
58.7(92.3) 63.0(99.1) 61.8(97.2)
61.5(96.7) 59.4(93.4) 55,7(87.6)
59.6(93.7) 58.0(91.2) 52.7(82.9)
61.6(96.9) 60.8(95.6) 55.6(87.4)

160.6(95.3) 59.1(92.9) 55.3(86.9)

59,7(93.9) 58.8(92.5) 54.9(86.3)
59,7(93.9) 58.0(91.2) 53.5(84.1)
54.1(85.1) 53.4(84.0) 47.1(74.1)

3

¢ Index
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g}, T-C, T-N W C/N& W3}

T 4

g9 Huidjge 2I¢EHY W FFUT 2 wE

&8 x| Fu|3} AFEF T-N, T-N @ C/NE HHE ZARRE Z 3= Table 804 B
= upe} 2l

EujA go] 7]

TEURE

2 8 HIUL glddch IS
5191 w T-CEERe HulEhEs)s)l Hulsh 7o) wlste] ofzt zrAstelon, T-N
glere zbzb oF 15, 24 B 11% ZASI9lE, C/NSLS 27 oF 15, 29 W 10%Z7}3}

ot

53, 62 Q! 73%E 2AHUS
T-NRFE Huist 7)o nlsto] Eu|3} F7]of oft a3
100, 200 X 400mé/ £ + mino &

725 HuAge 1-c W
= Agolgl3l, C/NE
zA3lq F4¢

].

Table 8. Changes of T-C, T-N and C/N ratios in composting materials
according to adjusting initial moisture contents and air flow
rates during composting periods,

Initial Moisture (%)

Air flow rate (mé/ £ +min,)

Periods

53

62

73

100 200 400

(Days)
T-C

TN CN T-C T-N CN T-C TN CN

T-C TN CN T-C TN CN T-C TN CN

4.1
48.4
48.7
47.6
48.1
47.6
48.7
47.5

O 3 N L oW = O

47.4

1.60 30.7
1.62 29.9
1.39 35.0
1.51 3L.5
1.66 29.0
1.60 29.8
1.62 0.1
1.62 29.3
1.62 29.3

47.6
48.6
47.8
41.5
48.4
46.2
46.2
47.0
4.7

2,00 23.8
1,62 30.0
1.62 31.4
1.68 28.3
1.83 26.4
1.74 26.6
1.61 28,7
1.83 25,7
1.93 23.2

49.1
48.3
4.9
47.7
48.3
46.8
45.5
47.3
46,7

1.76 27.9
1.72 28.1
1.4 333
1,34 3.6
1,52 31.8
1.4 32.5
1.48 30.7
1,57 30.1
1.51 3.9

49.1 1,90 25,8 49.0 2,11 23.2 49.0 1.94 25.3
48,3 1,76 27.4 48.3 1.83 25,7 48.4 1.74 27.8
48.4 1.48 32.7 48.2 1,60 30.1 48,4 1.54 31.4
48,2 1.53 31.5 48.0 1.27 37.8 48,0 1,59 30.2
47,5 1,62 29,3 48,3 1,60 30.2 48,5 1,41 H4.4
47,9 1.46 32.8 48.3 1,60 0.2 47,7 1.47 2.4
47.8 1.54 31,0 48.3 1.61 30.0 48.0 1.48 32.4
47.8 1.55 30,8 47.8 1,58 30.3 48,0 1.41 34,0
48,0 1.62 29.6 48.1 1.61 29.9 47.9 1.72 27.8
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mf, pHe] Wiz}

TS eixe HusARe] 27 TEUT W FIFAY 2P| mE
&9 Huizt HAF pHEE ZAR A3 Table 9olA R ule} go] RE
ZA0A Hustxs)ol: phl 343 Zlstdon, 2% QAR Hu|s} $7)
ol HuA|Re] 27 pHet Auglel 8.2~8. 68 L)

Table 9. Changes of pH in composting materials according to adjusting
initial moisture contents and air flow rates during composting

periods,

Periods Initial moisture (%) Air flow rate (mé/ ¢ - min,)

(Days) 53 62 73 100 200 400

0 6.4 6.5 6.6 8.1 8.1 8.1

1 7.1 7.8 8.1 8.7 8.6 8.5

2 8.2 8.3 8.4 8.6 8.4 8.5

3 8.2 8.4 8.6 8.7 8.6 8.5

4 8.1 8.4 8.6 8.6 8.5 8.5

5 8.3 8.4 8.4 8.7 8.6 8.5

6 8.4 8.3 8.4 8.6 8.6 8.5

7 8.2 8.4 8.5 8.5 8.5 8.4

8 8.3 8.4 8.5 8.6 8.6 8.4
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", CO; W NHy wAga

TATEH S &Y HuHRe 27)4EUY 9 FIFYL A e
829 =g HF o Y NP AR A3 Fig 14 @ 15004 B
uie} g},

Z7)19EHYE 53, 62 W 7% 2ASUS AS FHui3t A3 00, W Nyt
RBFE Fig. 14014 B uig} o] 00843 BE =AM 43 Aol ¢
dom Eu|# 6d FRElE: FA3] Zasiidrh J82 3 coudRe 2z o
4.2, 7.3 X 6.0g/kgvs - hr2. 8 X7|5E3targ 628 ZAsIYS A7} 743 w
AT NHpU e 27|43 53, 62 W 73 2W3IAS A$ =u)3 3d7
A FA38] FIste] Azt o 8, 25 W 17mg/kgvs - hro] QI TF A A3 FAZ X%
th 23l ¥ NHagd a2 2+2) 30, 68 B 67mg/kgvs - hro]glt},

715U %S 100, 200 B 400me/ £ - minl 2 A3l 21519l w ¥} 2R
% C0; W NHEAE™2 Fig. 150]4 HE ule}l Zr), #A coydaske RE 270
A EEIE 1ARE F43] st 2% Ad gasigon, F/FQP wet
AP FFo] ek 2z FI)FUTS 100, 200 X 400ml/ £ - mino. T ZA
sl FU3AE o F CordANBL 42 oF 5.5, 6.6 W 4.9g/kegvs - hrO B 7|
TUTE 200me/ £ ninC 2 ZASAE H$7F 7 Wkt NHeLAR RS Hujy
1d F7e FA3] UAdst] s 3U71A] 2&H o] 0]X7)9] NH g gk 27|
C/NEE 16, 22 W 3628 ZASIAE Z9 22 <F 68, 12 W Tmg/kevs « hro| QoL
AF N3] St FYeldrh T3 & NHegAd RS A7) of 54, 656 W 68mg
/kgvs « hro]it},

)
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Fig. 15, CO; and NH; generation out of composting materials according to
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Fig. 16. Changes of NH;-N in composting materials according to adjusting
initial moisture contents during composting periods.
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Fig. 17. Changes of NH4-N in composting materials according to adjusting

air flow rates during composting periods,
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SIS GHA MUl 2o|4EUT W FFYY 20| WE
&elAg HuY HYE B ABANE ZAR A3 Table 100]4 R u}e} go|
Euls} 27)o) wlstel Flo] POs, K0 W Ca0WES obzt FAASHALH, Mgo [
NadPERE 2 S} Qi MRS 2 Zom gasiyr)

B

Table 10, Changes of inorganic components in composting materials
according to adjusting initial moisture contents and air flow
rates during composting periods.

Air flow rate
(n€/ £ -+ min.)

53 62 73 100 200 400
Before 1,11 1.21 1.27 0.91 1.00 1.06

Inorganic Compost- [nitial moisture (%)
components ing stage

POS(%)  ptter 130 136 134 .11 122  1.21
o) Before  0.80  0.83  0.80 0.40  0.41  0.39
z After  0.81 0,99 0.85 0. 50 0.46 0.52
cao(s) Pefore 015 017 0.18 0.25  0.24  0.24
After 0.2l 0.24 0,24 0.26 0.25 0.27
vgo(s)  Before  0.09 0,10 0.09 0.08  0.08  0.08
g After  0.07 0.08 0,07 0.07 0.07 0.08
Na(w) Before 011 013 012 0.04 0.04 0.03
After  0.12  0.14 0.13 0.04 0.04 0.05

Before 31 28 33 45 43 43

Mn(mg/ke) prier 13 16 15 18 19 23
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3. EHIFARS zeolite W FEHIIgo] whE Huj3} 54

TATIE SHAE FAURE o &R o] FE2EAY Bk IE &
U ThE zeolite(5, 10 W 20%) I &HE(50, 65 W 80%) H7}go] wha #AHgzA
= FEEI] Hste] EHIH ARE Lx, FYWLE, SRR}, NG, pH, 2]
AEZF NN 2 27148 83 58 AR b okt 2o,

7}, 2wy

FA7FBH S &R HuHNRe] zeolite W FEHIILo] WE &2jx o
Hust 24E LENtE 2 A3t 27 Fig 18 9 1964 R uie} ),

ZeoliteE 5, 10 W 20%2] W] &2 H¥rislel Euis} 2}A2S Huzzule =W
B ZY2 8 xol7h (Ao} =Hujt A 5 FRLEE 232} ¢} 46, 50 I
46°C o] glct.

SFEH7MEE 50, 656 W 8% 3HAS A9 EMIBRUL HzLE: Hulz 1y
Foll =eglon ojuje] =& 2t oF 68, 76 W 74ToIITh. ¥ A A
st ®ulst 89 ¥ Ztz} < 41, 36 W 43ColAT, EHM|HAI T Bt FReEs
7z} of 56, 51 W 49TEA $4713u4 &8lX 9 BIHRO] £S4E B},

L FEHAEH

TATRETS &2 EHBH R zeolite W FEYIIG] nkE &elxg Hu)
5 4 E T8 UNE 2R A3} 242 Fig 20 © 21004 B upe} ),

Zeolites 5, 10 B 20%2] ul&E Hrisle] Euisl 4BF SARLLHN Ay
2= ZolM 4 Alol7} glglovt Bulst 8UF 2zt of 49, 47 W 44% 7tAsiolr.

FTH7MEE 50, 65 W 8% B9 AS Huy APF FwPLee AL
F7rstelon, Eus 8 ¥ FHAALLE 2zt & 50, 37 W 312N 4712y
T =8X9 HFrlgol F/HLS4E FUrsarn.
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Fig. 18. Changes of temperature in composting materials according to
adding rates of zeolite during composting periods,
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Fig. 19, Changes of temperature in composting materials according to added
rates of livestock manure during composting periods,
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Fig. 20. Changes of weight loss of composting materials according to
adding rates of zeolite during composting periods,
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Fig. 21. Changes of weight loss of composting materials according to adding
rates of livestock manure during composting periods,
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TR €uR] Hu|HRN R zeolite YW FEYIIZo] wlE x|
Eug P F EEY HEE AR A3 247 Table 11014 B& ulgl Zo] B
E 240A Hu|3 3}3F A &HH s 7A39c) Zeolite¥ /& 5, 10 W 20%
= 39S B FEUT R4S HHHFI 7} HuHRo)o] ulste] Ztzt ¢ 19,
22 W 23%2 A4 zeolite¥ 710 H&TE F/8tdd}. ez HEH/NLE 50, 65
U 80%Z SIE F ol TEZALES HuHFI It 270 uiste] 7z oF 34,
26 9 27%0] 9Tl

Table 11, Changes of moisture contents in composting materials according
to adding rates of zeolite and livestock manure during
composting periods,

Zeolite (%) Livestock manure (%)

Periods
(Days) 5 10 20 50 65 80
0 62.8(100") 64.9(100%) 64.0(100°) 61.8(100") 59.9(100") 60.1(100%)

00 1 O U & W N e

62.8(100") 63.1(97.2) 63.4(99.1)
61.2(97.5) 62,0(95.5) 63,3(98.9)
60.2(95.9) 59.7(92.0) 61.7(96.4)
56.8(90.4) 57.6(88.8) 60,5(94.5)
56.2(89.5) 55,1(84.9) 58.6(91.6)
54,6(86.9) 53,1(81.8) 56,7(88.6)
53.0(84.4) 52.0(80.1) 56.6(88.4)
50.8(80.9) 50.4(77.7) 49.3(77.0)

60.9(98.5) 58,8(98.2) 56.9(94.7)
57.6(93.2) 55.3(92.3) 54.8(91.2)
54.1(87.5) 53.0(88.5) 52.7(87.7)
51,2(82.8) 50.8(84.8) 50.5(84.0)
48.0(77.7) 50,5(84.3) 48.1(80.0)
44.7(72.3) 48.1(80.3) 47.1(78.4)
42.9(69.4) 47.1(78.6) 47.1(78.4)
40.8(66.0) 44.2(73.8) 43.8(72.9)

=3

! Index
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g}, T-C, T-N ¥ C/N& w3}

Fud7tgslg geAle] HulEajEe] zeolite W FEH7FE O whE gef=|el gy
3} AFF 1-C, T-N © CO/NE HEE ZARE Z3N= Table 12014 K= upe} Zry,

ZeoliteB7/1&S 5, 10 W 208 319 #A$ HuAsy T-cysre ztz}h of
44,5, 42.3 'L 38.0x0]9lem, Hu|stajddo] FIyle] whe} efzh ZAtHCh T-N
k2 EnEFIICL 2700 Hisle] Z+z; of 25, 25 Wl 34w AP em C/NES
Hulrt ARl whel BE 2AA F718tach. FEH71EE 50, 65 W 80%2
g B¢ T-C @ T-NERL 8 H¥7) glden], ONES SEHTIE wlel &

FHH LR Wlgrt

Table 12. Changes of T-C, T-N and C/N ratios in composting materials
according to adding rates of zeolite and livestock manure

during composting periods,

Periods
(Days)

Zeolite (%)

Livestock manure (%)

5 10 20

50 65 80

T-C TN CN T-C T-N TN T-C T-N CN

TC T-N CN T-C T-N CN T-C T-N CAN

GO =1 O N o W N = O

4.5 2,14 20.8 42.3 2.28 18.6 38.0 2,37 16.0
44.7 2,50 17,5 43.6 2,39 18.2 38.8 2.28 17.0
44.6 2,07 21.5 434 1.4 301 37.9 1.9 2.2
45.7 1.80 25.4 42.8 1.54 27.8 39.5 1.69 23.4
45.2 1.67 27.1 41.9 1.4 29.1 36.8 1.7 21.0
45.0 1.87 24.1 41.3 1.57 26,3 37.1 1.63 22.8
43.4 2.07 210 40.8 1.79 22.8 34.3 1.60 21.4
45.2 1.60 28.3 42.4 1.7 24.2 34.8 1.62 21.5
44,7 1.60 27.9 41,4 1.70 24.4 348 1.57 22,2

4.0 1.43 30,8 4.3 1.23 3.0 4.2 1.22 3.2
2.6 1.3 31.8 43,3 1.9 33,3 43.7 1.14 38,3
42,9 1.43 30,0 43,3 1.38 3.4 43.8 1.25 3.0
5.0 1,58 27,2 43,9 138 31.8 43.8 113 3.8
432 1.4 30,0 4.3 1.28 34.6 4.0 0,92 47.8
45.9 1.7 26,1 43.6 1.39 3L.4 44,0 1.15 38,3
45.7 149 0.7 43.7 1,30 33.6 43.7 0,99 4.1
45.9 153 30,0 43,7 1.37 31.9 44.0 0.88 50,0
4.5 1,5 2.7 4.3 1.3 3.3 43.7 115 3,0
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m}, pHe |3}

4271294 &AL Hu|sRo] zeolite B FEBIIE wE &AY
Hulsl 282 pHHSE ZARE Z3) Table 13004 B uist go] Hrldt 74
L o7} F71%t e 2 HEs) ¢l '

Table 13. Changes of pH in composting materials according to adding
rates of zeolite and livestock manure during composting

periods,

Periods Zeolite (%) Livestock manure (%)

(Days) 5 10 20 50 65 80
0 7.4 6.8 8.7 8.0 7.9 8.2
1 8.8 8.4 8.4 8.4 8.4 8.5
2 8.8 8.6 8.6 8.3 8.3 8.2
3 8.7 8.6 8.5 8.3 8.2 7.7
4 8.7 8.5 8.3 8.1 8.2 8.2
5 8.7 8.6 8.5 7.4 8.1 8.2
6 8.9 8.7 8.7 7.4 7.9 8.2
7 8.9 8.8 8.8 7.8 7.9 8.1
8 9,0 8.7 8.8 8.1 5.1 . 8.2
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H}, CO; W NH; A8gr

FA7EsS &el#) 2] HNiERIE) zeolite W FEHTIRO] wE a¥jA2] By
3} 218ZF 00, N NHrt A ERe RAN A3ke Fig, 22 ® 23004 R ule} gl

ZeoliteHM7FEE 5, 10 W 202 319-& 7% w3 3335 €0, X NHyEgP %
& Fig, 22614 BE upel o] CoRE RE UM 4% Z¥o] ¢sivh
323 & cotyRe 4 o 7.0, 8.3 W 8 4grkgvs - hro]glon, NHpgAw-2
a3t 24 ¥ FH3] FUisle] B3 3UAR] AKEHNew 2% FH3] gas
dth 83 % NHeiAahe 7zt 68, 47 W 46me/kevs - hrol STk |

FEH/-S 50, 656 Q 80%E 3{gl& 7A-F HH|H HFF 0 U NHEAYS
Fig. 230 XM= u}e}l Zo] C0Al®r-S Euld} 29 F o] @ion olujs
cotAiare zhzh oF 928, 1,020 W 1,391mg/kgvs - hrolglit 5 M A3 4stsl
T}, 2Ei & coyggee 74zt o 3.1, 4.1 B 5.5g/kgvs - hr2 B $A71EWH S
&Yx] Hrigol 27184S Wtk N EHu|3} 1U717] A8 L= st
U 3% F43] st Hui 3dzR] A&Eglen, $i7bgss APt
& 37I1U4& FUtstdch 23 3 Nipd 32 47 65, 58, W 45me/kgvs ¢
hro] ¢t} ‘

A NHeN e s

471804 gAY Hu|HAEe] zeolite W FEH/HE WE €AY
EuZ 23 NH-NEEEEE 2ARY 23 4% Fig 24 ) 25004 Re upsh gl

ZeoliteH}71&E 5, 10 W 2052 st & 3% Hu3} 2d7px] F43] F71514
om IF MAS] Lastel Hulst 8y F 212t of 2,600, 2,700 % 3,000mg/kgol
gth HEH7IEE 50, 66 W 8042 It FS HWINEFS M-NGF 47
e} 2,900, 2,600 W 2,100mg/kg2 2 FEHIHE] 714 F FHen Hujd 14
7R F71 o 2F A A3 ZF4stgich
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Fig., 24, Changes of NH¢-N in composting materials according to adding
rates of zeolite during composting periods.
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Fig, 25. Changes of NHi-N in composting materials according to adding rates
of livestock manure during composting periods.
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oh. §718E WUt

22718 E4 &eAe HuldAige] zeolite W FEWI/FE WE &A
Hu|3 s RS B 4ENE AR 243} Table 1404 B upsl o] BE 2
Aol Eu|3} Z7lo] nistel F7lof Pls KO, Ca0 W Na§i <t S8R
o, Mgogtate & Wyl glga, iR & §OE ZHatidc

Table 14. Changes of inorganic components in composting materials
according to adding rates of zeolite and livestock waste
during composting periods.

Inorganic Compost— Zeolite (%) Livestock manure (%)
components ing stage 5 10 20 50 65 80
a0s(5%) Before 1.03 1.15 1.12 1.05 1.13 1.08
e After 1.40 1.13 1,14 1,12 1.30 1.33
00%) Before 0.78 0.83 1.11 1.67 1,75 2.09
2 After 0.81 0.90 1,22 2.31 217 2.26
Ca0(5%) Before  0.16 0.17 0,18 0.24 0,29 0.31
After 0.21 0.23 0.27 027 031 034
Mg0(5%) Before  0.10 0.11  0.11 0.17 0.20 0.24
After 0.09 0.08 0.10 0.24 023 0.24
Na(%) Before  0.11 0.15  0.22 0.05 0.05 0.06
After 0.12 0.16 0.26 0.07 0,06 0.06

Before 29 29 26 55 69 81

M(me/kg) e 25 23 22 29 36 56
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TATIEH S @Rl HulEE ole] $AskEnS &uxe) HlEd s 8
M, 2%z A% W od, i Y 0 YY2AL 2R 9ot
TATREH T &HAE FARL slo] GeiAlo] $E2EA Bihe TaE oy
T The HBENE fF, 27) N, 271423053, 62 W 73%), Tyjaelet
(100, 200 X 400m¢/ £ - min, ), zeolite(5, 10 W 20%) W 71&XE(50, 65 80%)
A7Hgol ©E Huis AYF SE, FUNLE, $EUY, ON, H, Hujgaa
NN B F718E 3§ 2AREeEH $A71Eu4 &ex]e] Hu3 Eaw
H W HE2AL 1P AAE e ohed 2.

L sa7hesis euxe vgg8e v, Aa W Qe 3tako] 27 o

46.1, 5.86 W 1.4%2 HlEYEL &2 Aoz wer=gr).

2 £QENIBZE HA, A g ALAE WU A3 2071204 S| L)
HlEA el A Hulstze Res wgkE gy,

3. TANES & Hus AW THE st nYENY 4B Q 2
7] CNE ZAd W Hui3} ARF B HE okshE njAEE Huldx)
Bol sxABtA g B¢ FAzo] v|sle) Huly} 270 LI woton, 2
710l TBZLE] WA, EY TN 47} Hgon coppgate] wol
3L, HHIE FIlo] HulESE NH-NGHEo] Hlnh &) oNg o] wE
HH|5 4EF HILE QU FYULEL 27) ONE 22 > 16 > 36208 &}
o, $EUY ALEL 27] ONE 36 > 22 > 16801903, T-NLARE 2
C/N& 36 > 22 > 1608 Utk EF COMUNBE 27| CNGO] WSS
wotor, =Hulsgrlo) HulAEFe) NH-NZERS X7) ONG 16 > 22 > 36
T2 i}, |

4. B3} HH=2AE FHEI 915} 27|EU(53, 62 W 73%), TR
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(100, 200 B 400mé/ £ - min.), zeolite(5, 10 W 20%) W (50, 65 T
80%) HrH&e] whE Euiz} AH2AL AR A oL gl

7h B3 AR F PIFLEE XI|SEUSY 62% > 73% > 53wao|QI, TR
200 > 100 > 400wt/ £ - min, &0l 4TE 223 zeoliteIHE-S 10%= 3}
F& 97t ohE = wisle] REJ} B4R, $i7bENES &Ex) MUt
&0 ¥&TF L2} &t} ‘

L SIS AF A $8UL8S XU 4B 62%, TiRYBS
200mé/ £ - min,, zeolite¥7}&2 5%, $A/IEv4 &E|Ro] JFEHIS
50%2.2 3tol& %97t ok En|3 =6 ulsle] &glt). '

o EHulE 43 F EUDULEL 2I|4EUYo] We4E, a2y
%, zeolite}71E W $4IBVIS &olA] HrHRo] ¥&48 wohon, H
£ EE Az @ A=Al Huisiaslels S/ the % ¥ )
et ez RE AelzdolAM Huld 3F T-C @ T-Ngare ztas)
T YOI, CNGE F7IsHe Ao E 2 A 2 weiie By
SEELRCLT- o) |

gt Eud AAF F oUAPL XU)4EYRS 62%, BI|FYFE 200me/
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of ulsle] 7h3 Wk:, zeolite® 10 @ 20%8] HIEE WIlstgle A S 2
Z} o 8.3 W 8.4a/kgvs < hr. B 55U 7SI & Aol wiste] Woten 44
7HEvs €8AY ARl £&4F F CoruATo) wWatch Huist 243
T T MUY 2R, BRUY Y SBHIRO] BL4E @
ko) zeoliteH71&o] ¥4 Hor}.

o}, EulzlEe] NH-NEERE $Ab7hEslg &ex) e AHA7, Ne ® A=A
of whe} ©gton, Huis}t aPF NHNGEEL RE Ng 9 £AZANA
AWM o2 Fu|Bzrle] Z7HL the a¥% tasie] tAsE gl a8ln
Eu3 AF R4 RE ZAA Hu|3t Ao uste] Hujy o
P05, K0, Ca0 W Na®t®rd 2t F7isiglon, Mgoglale & Wiy ¢d
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A2 A aFen g

1. FAA=

A AT GEAE B ALY $A7HEE R sieA e gl WAy
© SAE Agsigen, FE U et AN ASEL g FRoy
dE7tol A Felste] ARgstgict, deEla $EREAZ AN Y dutsT)
oA, zeolitetx= A]Foll REEE zeoliteE FTUYAME3IACE

&ex¢) Huls} FUAE ALE D HEISE AL WY SHuHITPIAY ¥
H3 AR F n|AE ZAo] JM Iy A71Y] HulAgE AF st AMg-sigch

A7 €8Al, &FE, B zeolite W RIPEHF AAY oYY &
4, 7S] £83%, UAE ¢ % FISUYS 47 Table 1~40A] B )
2 gt
Table 1. Physico-chemical characteristics of the seafood processing

wastewater sludge, livestock manure, sawdust, zeolite and
seeding materials used in the experiment,

p Mois- p o py oN wgen NO o Organ o0 )

ture ) NO3-N ic-N
------ ) ek L 7] 7 e ) e
SW 6.4 80.3 43.2 5.41 8,011,025 134 4,30 0.15 0.31

Livestock
panure 9.7 69.8 45,6 1.92 23.7 648 106 1.42 0.29 0.75

Sawdust 5.1 21.5 52,5 0.16 875.0

Zeolite 6,5 7.8 2.9 - - - - - - -

Seeding 7.7 63.4 49,2 1.12 43.9

materials 0.06 0.13
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{Continued)

A R P () K0 (%) Ca0 (%)
fvail  Vater Buhen  Vater Bubhen  Vater
---(%)---  Total ‘P giple Total geeble solble Total e while
Sw 25.2 17.2 5.402.100.09 0.46 0.37 0.23 0.58 0.14 0.06

Livestock
manure 8.7 7.0 3.291.500.42 2,32 1.39 0.47 3.23 0.81 0.02

{Continued)
MgQ (%) Na (%) Fe (mg/kg) Mn (mg/kg)
Excha Water Buha Water iy Vater aaiy O
Total ngesh solb  Total rgeeb solb  Total 7" solh  Total 7 solub
le le le le 1 le
sY 0.110.100.06 0.230,.160,10 2,338 633 4.5 74 54 4,37
Livestoc

Kmanure 0.670,200,03 0.550.360.30 1,137 372 19.2 248 210 1.69

SW : seafood processing wastewater sludge

Table 2. Fractionations of organic matters in composting materials used,
(% - dry weight)

Ether . ‘ « .
. Vater soluble  Hemi- Lignin and
olble  Resis o tyecderide cellulose M iricom
Sw 8.05 ° 10.7 6.55 37.4 23.9 10,8
Livestock

manure 1.45 3.02 5,60 24.3 35.1 16.8

SW : seafood processing wastewater sludge
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Table 3. Microbial populations in composting materials used.
(CFU/g * wet weight)

Mesophilic Thermophilic
. Actino- R . Actino- .
Bacteria mycetes Fungi Bacteria mycetes Fungi
SW 6.0X10° 2.7x10° 1.7%x10° 4.8X10° 10° ) 10° )

Livestock t 4. 6 6 qnd "
manure 4.3%10° 1.9%x10° 0.5%10 6.0x10° 5,6X10° 7.7X10

Seeding 0 b v . o ’
materials 2 0%10 5.0xX10° 3.5X10 1.9X10° 3.0X10° 2.4X10

SW : seafood processing wastevater sludge

Table 4. Heavy metals contents of the materials used.
(mg/kg * Dry weight)

Cu Zn cd Pb Cr Ni
Total
SW 254 179 0.94 29.8 15.5 4,05
Livestock
manure 132 245 0.62 7.4 10,7 4,00
0. IN-HC1 extractable
SW 168 141 0.85 14.1 10.8 3.65
Livestock -
panure 121 220 0.56 5.9 8.5 3.80
¥ater soluble
Sw 30.9 14.8 0.27 0.65 - 0,55
Livestock )
HanEre 20,5 5.4 0.12 0.45 1,0 1.05

SW : seafood processing wastewater sludge

2. g% stz Aled 4 29

E Agel A1ge 14 HulsRE Fig. 104 R ule o] 3 $F¥4 &
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T 20n (712 X A Z SmX o] 2n)2] EAE 22EE ALY}

Eu|Zzue] 37152 air compressord o]g3lgon, /& FUAAI ¢
slo] Eu]gtz shyo PVCHE ujdsto] Fole of 1mAY)Y] THE B3 o)RS
Bsto] 37171 Bz fYEESF sigcth Hujgixue] 3718 TR 24
Al7171 $18te] EH 2 sHie] RejE, I Ao e 4 ¢ senFAlE 22
F gt _ _

ezt AYF FTRLEE AR U Z MeEd EuAE 5008
polyethylene 0.8 A Eu|3}z ANo) sutEoe ZI T nj7sloc).

a3 Fudzde] =die Hudz Ui o3 shaate] 574 x|Ae)
-2t 3R F 107] A He] 2 LEAF A st RAlsich

FATFEH S gAY 22 Huld(curing)s 12} HHIHAN oy ofHAA ¥
7174 ERIZE oF 6047 Azt en, EuyE ®HA/E 13} Hulslola 2%}
EH|3E Afshe A7), FHulz) 409 R =} 60UF) 33 AAstgch

Air compressor

hole(1mn diameter)

Composter Bottom of the Composter

Fig. 1. Systemic diagram of the composter.
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3. 8% &R S AU A 9 24 24

$A71E €A HuEHE 3 JIRAE(IGA dF)olA SEHETE o
62%, F71¢ 8k 200me/ £ - min, LE8]3L zeolite P{IIEL 5~10%8 XAl Fu|
3ohe Rol 1% A&EHU AR UREHYULER £AV3N S &8AlY R §
H]3E % Ay Q £ AL Table 504 R ups} e 2ALE N ¥
A5t

& RE AHE YoM zeolite W njFEHF AAE T3] 250k & TRY T}
2 FALES &8R100%, & X|75%+F825%, SBX|50%+FHE50%, &eR]26%+
E75% W FE100%2] v &2 27 gt Asigr}. oA A= F 549 H
vl 2ol RS -] A3t BUe 4 A 2] wiel 1,000~1, 200kg
& 28] BAE L i HMHRE olFstel 14 HustE Ak

1x} Elu|g7t FEE = AH] 23 Hu|3E A, Huid 19¢, 40¢ W
604 ¥ HF/E AAsI3ch

Table 5, Conditions for composting of seafood processing wastewater sludge.

by Operatin,
Composter Treatments c?ndltl.ons (kg) ;%Zi;:g; Rewarks
Sw IM Sawdust Zeolite Seed Total (ke - min, )
Rn A [4,000 0 1,200 250 250 5,700 200 SH100%
Run B |3,000 1,000 1,150 250 250 5,650 00 SV
Run C {2,000 2,000 1,100 250 250 5,600 200 ST
Run D {1,000 3,000 1,00 250 250 5,550 200 SV
Run E 0 4,000 1,000 250 250 5,500 - 200  LM100%

SW : seafood processing wastewater sludge
- IM : livestock manure
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Photo, 2. Photograph of mixing with composting materials.
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Photo, 4. Photograph of curing composting,
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Az

Ay

B FAvHe g8A, S8, B AEISA @ ZHEY E4L B
SHHEME W BEEAY £330 ENIIATL. & pie XARAFY, $EEY
< %Y, ¥ ©iat HPH, NH-NE4A P N0 +NOg-NZ- L= 2N-KCIE H&EAZ
T Kjeldahl3-F 28 E43tgen, & A4 GAE3|Y(HCI0,  HS0, ¢ HO
=2:2: 1)28 E¥AZ vhe Vanadate 2.8, §& W 48994k Lancaster™
L8 EA3tdrl

F FAQEUYL ANRE SNEsHYeE sl BMsigon, 484 T
BEEGS FHTE SN, AV K Ca, Mg W Nat= IN-NHOACE, ¥4 Fe
£ 0.02N-EDTAZ, -R&E Mo N-NHHPOE 22t H&3te] I oJ9g Wl ule}
3] 4 3to] atomic absorption spectrophotometer® 2}2} £-243}4ir}.

f7188 2E3%L Fig. 28 2 Wies EM3dch

[ Organic matter

‘ Extraction with ether
Ether soluble materials « —---—-—-—-—uc

Resing «— ———————memee
Water soluble polysaccharide €= --~--=-e-aamaa-
Hemicellulose € —==---cemcaaun-

Cellulose €~ =~—-——mccmmmuuo
( Lignin or unknown |

Fig. 2. Analytical method for fractionation of organic'matter.

Aol PUPFE YUl St} BHBTh F AR & KCI18Y
28 BEAZY ¥ YRSYLE FAHALE 3 sgon, I B A7
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22 FEFFE Yt ARAA AFYZ flasko] 255 7)) 1N-HCIE YA
T FUSH 48A1Z Ao WAY F FFHEE A3 2F HC12 HE7} 6No| HE
g 23T thy 95C F8g0lA AT 7H23AA o9 d3%e 235t anino
sugar-N§ % &3t4ich.

Amino acid-Ne] &2 amino sugar-NFHE ofe] Ak E3]&2A|(Hg0+
KaS04+CuS0) & 2 Th HSUE 7H-E3iM A A48 FFY ok J15Esay
A oA amino sugar-Ng A2]¥F U] S amino acid-NOE Hirs}igr).

n S P el 4] L anino sugar-N2| R3] ¥ W2 AAE ARAHA $4
LN (HC10; ¢ HoSOy ¢ H0 = 2: 2: 1) 28 JlE3AlA Kjeldahl ZFAR] o)A
sl

AR FFL 0.IN-NaOH7HEFE& FA o2 stglom Rajdo] 12N-HCIL
715to] pHE 1~28 2E3le AAFHE BES humic acid, ¥]EAFEE Hio
fulvic acide} stgien, HAH humic acidg 0.IN-NaOHel T}A] o A Z o
2%t ¥ UV-spectrophotometer® 400mm T 600molr] FREE &3} Alog
K(1logk400 - 1ogK600)S -t5tadcth.

g At ANE 1058 1% NaClo] B4Y BF 4ol Wil by
127 Al 1 o] g Table 604 Hi= ule} B2 wjx|§ Algsio] EokuAy

XY wlel HMgPabyges et F2oAES 30ToA 282 2en
S 50Tl 2z wiestsit). Bacteriaty 32 W 229 BF 2903 ey}
HLow actinomycetes W fungit: F$ W AP BT 74 wjasie AW
colony§ 22t ZABTE 202 7t w4 colonys] A4T} olag A
ol WrlZ& ol8stel el W M7 & T A} bacteria, actinomycetes
U fungi® F-E3te] Algslgict.

FAAE % ZHFUARY F 345 E£42 AR 5gol FAEMNY 15018
Y3 dytel]d BEajxHen, 484 W 0 IN-HCI/MEEEE4S & 9 0. IN-HCIE
Zt2} 2% HEAY vy AR oHste] L ojedg atomic absorption
spectrophotometer® 4319t}
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Table 6. Used media for microbial enumeration.,

Microbial group Composition of media(g/ £)
Trypticase-soy agar medium (pH 7,0)
Trypticase peptone 17
Phytone peptone 3
Bacteria NaCl 5
K2HPO4 3
Glucose 3
Agar 20
Malt-yeast extract medium (pH 7.0)
Bacto-malt extract ' 4
Actinomycetes Bacto-yeast extract 10
Glucose 4
Agar 20

Potato-dextrose agar (pH 5.0)

Fungl Potato-dextrose agar 30

5. &=} wol& A¥

Held Hule REeE DS gstd B, wie W oo]e) wWolg W e
APSE Eu) Dol RSTR U (SUrIeSAL) ol Wt chezt Po| ZABSIACL

o3 BA2e] Z Hu] 2868 £F4 20mlo] Y3 60ColA 3087 AE AS
4g YAHE 22 petridisholl 7me] FUF ¢k 7} FAHE petridish@ 50714
Y3 25T A R 48AI7, w3 60A17t W Qo 6812 27 WelxlZl F ol
W e YA AT R2FE FH4Y petridisho] ToeFAY i A
719 SR PHes sy,
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A3d d748 A3 9 2%

1. A71gss &ex]e =us AP35 o|3%ty Fyuy

W3 Sa7hev4 XY HuE ARE oy BHNNE =kl 9%
o] Bt zeolite W HABYE ARE QAN WL TP, of7le] $4t7t
B34 SER100%, SeATon S8, S R|50r2 1500, &l x|26%r3275% 3
ZE100%e) HlGE 2tz T Nelsto] Nelzdd Huld 3% oE, EUPs
&, $23%, i U 08 2ARE A3k ohedt 2ok |

7}, =W}

7} Aezzd Huist 3F LEHHE A AIHe Fig oM B uks}
ol WA $akEve ST 1004 2 g HulHzol A 12} Hu)3 s
L= Huls 3g7kA] FF8 d3shed 66Tl BHen I ¥ Eulg 5zt
2} At HLEQ T5TIHR] et the MM S iaste] Euld) 199 Fof
£ 46Tt o] AZIE 13 Hulst 2EAFo et AT ] EHE TS5 9
stod 12} HAIE AR ohy obd g stglon], F43ABe] LEHHE 2A
AzHe )3 259 F 54CE2M 13} Hulst Fo)o) wiste] =} o 8T A4}
gk 2 ¥ =71 FA Zastel Hulst 409 Fols of 35T asely 2
2 HA718 Qs 23 FR7E AL o REIF Asstd oy 1% |
A& stee ul Hrl LEY 44 o] FAgtn IF =Hui3} 604 ¥ 32 ¥
& 19e o Lx& AL ssix gl

SR A Towr FH25%, SN0 2L, SHN2BrAETEx B FE100%] u]E
2 AR Huiztze) Huist }PF LN AL £471E0 4 & 100wt
AE)E Husxo e LEHM HRIAOL HILE EYNIE 2 A}
0] &4 wgton), olue] HRLEE 22 of 76, 73, 67 W TOTEA 44t
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MBS eeiA Y Hrlgel ¥&4F YT

Atz oz Hugle] glojq L= Huldt APl AFEA Hus &
Zlole 227} Hesin Huldsl Ay wet siEshe Aos 4FA glon,
Hulst AgF =7t el wtel R718e RiGEr) welxn, ¥ay My
= W AN B0l AaHE Aoz ¢8iA drlh Huld }FF 2E7} 20T
ol3tz usid Hulfe oA Ha 20Tl njdEe ASHeAE exl
THEFE B3 GE51 wiEA F715lH, 0T E F2YuNER ¥F
o] JAEH I2YNPES BFo] FUHY, 60T Yol e ALY HEE ¥
8ol ULE, Hude] XFHLEE 50~60THEH, o] LEE 43 2~3¢
L RABlolof WAL nAEL APEAL ¢ e ez dfA gt} aa ¥
HIAES FF7 sld= I3 oY) 2= At ¢& vl Hulst REHE Res
delA olch,

2 AdolAe e 3B F 2=UE nFe] & o BE Nz M g
Hog U4 Hudt A& WFAA FE ALE AyFHYgen, Hu Age
74 Azl 2o met AL tiEL SN ZPOE vl fo] Hol M3 199
Rbofl 13} En|3l7} vt Bt o8 miedsta, ¥&gFol Huizl 60 F 33
A FHNE Sl ¢ S=UHIL ot A28 njfo] Kol favlEd4 &
=l Hul3st 80d wtof ¢hER oz zyiE g
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Temperature (TC)

Fig.

Weight loss (%)

Fig.

80 r

——SW100% —a—SY75%+LH25%
—a—SW50%+LUE0% —e—SW25%+LM75%
—w—LNM100%

60

40

20

0 S L 1 1
0 20 40 60 80
Composting periods (days)

3. Changes of temperature in composting materials according to
the mixing ratio of seafood processing wastewater sludges
and livestock manures during composting periods.

SW : seafood processing wastewater sludge
IM ¢ livestock manure
50
40 —i
T
30 F
20
——SW100% —u—SW75%+LH25%
10 i —a—SW50%+LM50%  —e—SW25%+LM75%
—«-LK100%

o 1 1 . | - J
0 20 40 60 80
Composting periods (days)

4, Changes of weight loss in composting materials according

to the mixing ratio of seafood processing wastewater
sludees and livestock manures during composting periods.

S¥ : seafood processing wastewater sludge
IM : livestock manure
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v A4S E

Hujst 4F FYULL] WNE 2R FIE Fig. oM B ujeh ok,
RE Ne| 2A0IA Huls 1307 2ASHA Lasted, 2F Aol Anttel m
3 AGHA pasigont 1 24 Fo] Uukshrh. &AA100%, &el|ToneEE
25%, &el|50%50n, GERGHAETsE T FEI00%E MY Hu|HRelAe)
Faztage Hust 27)e) W3] 13 Hu2 SEALANE 2 o 32, 37, 3,
27 W 22N GeEATRERG Ny Hulgzeld g woton, F4u7
FEARINE Z% o 41, 38, 40, 77 U 3%TH &AA100%H 2T Hulztzo]
X FRago) HE Wk

ol 2T U

B3t B35 SEUPAE 2ARE A3 Table 7614 B uieh ek =)
3 AlARRS HuAEe] $RURE DUHLE 59~70v2 ZUsig oo, Sulzt
H3F SEUBE BE NelolA Huls} AQol ZAUSF ASGHA Gy 24
sk, | .

FabEEle GHAT 1004 FHSkRANY FRUBL Hulz 2700 v
S 1A Bul% FRAGIE o v YARAD, FEIY FRAPlE o 15 2
ABtiTh. AT BN, GAGONHEI0N N G ARTNE Nl T
Sulszol ] £EU W AYE GAANL 10064 21T Bz} v
AYelglz, F& FRAHNY olF Ne|Te $EUYRLES Hulzt 270
WSl 2ha of 18, 22 % 2EN FEUAEO] wESH WL e} FEw A
G% HulszelAs HMAR FEUY) of TN THE Husizo] us) o}
& gokonl, Sush AFHY $U FRUT 4L o 17agich
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Table 7. Moisture contents in composting materials according to the
mixing ratio of seafood processing wastewater sludge and
livestock manure during composting periods.

(unit : %)
R I

0 63.6(100%) 64.1(100%) 60.2(100%) 59.5(100*) 69.8(100%)
3 62.2(97.8) 63.4(98.9) 59.5(98.8) 57.4(96.5) 59.9(85.8)
7 58.3(91.7) 62.9(98.1) 55,7(92.5) 56.4(94.8) 67.5(96.7)
13 58.9(92.6) 60,8(94.9) 53.0(88.0) 51.7(86.9) 65.2(93.4)
19 59.9(94.2) 57.8(90.2) 52.1(86.5) 51.2(86.1) 64.1(91.8)
30 59.9(94,2) 59.1(92.2) 54.6(90.7) 57.4(96.5) 61.0(87.4)
40 61.4(96,5) 61,5(95.9) 48,3(80.2) 57.2(96.1) 62.2(89.1)
50 60.8(95.6) 59.1(92.2) 47.3(78.6) 51.6(86.7) 60.3(86.4)
60 57.4(90.3) 58.2(90.8) 46.0(76.4) 47.1(79.2) 60.2(86.2)
80 54.2(85.2) 45.8(71.5) 46.7(77.6) 45.8(77.0) 58.1(83.2)

SW : seafood processing wastewater sludge
IM @ livestock manure
¢ Index

*

gt pH ¥}

Hulgt 3F pH HWIE 2AR e Fig 5ol RE uie} 2o Eujziae
phis EMIAES &8¢ dgel £24F UM ottt Hus HHF oo
£ =g 1Az e 47 Aot 2F 373 Z713te 4 Nelzde) wle)
Hu| 3} 3~54d7tol pHr} Hae] EEstden IFFE= HAl ¢FsEo]l RE A
gl2Zo)A ph 7.6~9. 19418 H=35}gltt. ‘

olg} o] Eu|s} x7lo] pHrt ZAY AL Hulst 2ule) K714 R c0) A
ol 71" Re A= on, Husizbye] Aol wel pHrt A4Y e
RS NN B S7lellar} Bul3) 2950 2al=lo] amonificationo] 2|
lo] Mis7b AYEZ AEE Mirs B3t 1hgsie] NUOHE A7) HiEQ Row
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AFEE glTh

dtg o Eu|z|ge] pHEe HH|E &S APsHe FA AREM  pHrl 59]
IR wlolAW A Hu|37} o] oA ¢ AoE dBA glen, EHu 27
of pH7} Wod =uxst A=, 2uis APF Bill&2 pH 6~934] YelMe
pH7} S/HL45H F718laL |, pH 11014 EuE 2PF 7] oAl &84
do] x|d=n], pH 120] oA ENEIL BT Ze= A et

10,0 1

9,0

= 8,0}
7.0 ——SW100% —a—SW75%+LM25%
! —4—SW50%+LH50% —e—SW25%+LM75%
~»—LM100%
6 y 0 A1 '} 1 3
0 20 40 60 80

Composting periods (Days)
Fig. 5. Changes of pH in composting materials according to the
mixing ratio of seafood processing wastewater sludges and
livestock manures during composting periods,

SW : seafood processing wastewater sludge
IM ! livestock manure
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mf, EC {3}

Eu]3 23 F EC HEE RAMEE Azb= Table 804 Ri= v} 2o} Hulxs
%8 ECe FA7Hgsls @@Aq 1005223 HuldtzelME ¢ 3 3us/cndom
7152 Mgl ¥&4F ECt kol ZF#olqch =Huid yZE Fouzls
Y AF2 gy Hrisl ARL4F AFges olon ¥4y =
EAHolMS] ECe &@R]100%, &|=|75%+3825%, &elA|50%+SE50%, Loz
2%+ E75% T HE100%E Neltt HulgtRo)A ztz oF 4.0, 4.2, 4.2, 4.3 Q
5.0ms/cn2A] Eluj3} ZXrjo) ul¥) 4z} ¢F 15, 7.7, 1.7, 2.4 ¥ 11%57}35}4 ).
oo} o] F&3y FEAMO] Hn[} 7ol uls] EC7F &old e Eu|gzly
of AAEUA EHuIAEs £ FHERA A o] 2ES £33 wEal
Ao ALZHAT)

Table 8. EC in composting materials according to the mixing ratio of seafood
processing wastewater sludge and livestock manure during composting
periods,

(unit : ms/cm)

i : %+ %+ %+
Jaes(i)gggs ?11)255 ) S¥100% ,SI.;MWZSS% SI'.‘E:'S%% %2755% LM100%
0 3.3 3.9 - 3.9 4,2 4.5
3 3.3 3.4 4.5 3.9 4,3
7 3.9 3.4 3.2 3.4 4.6
13 3.8 3.9 3.4 3.5 4,5
19 4.6 3.5 3.1 3.1 4,7
30 3.9 3.5 3.8 3.9 4.8
40 3.8 3.7 3.4 3.6 4.4
50 3.4 4.3 3.5 4,2 4.8
60 4.3 3.9 3.6 4.0 4.8
80 3.8 4.2 4.2 4.3 5.0

SW : seafood processing wastewater sludge
IM ¢ livestok manure
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2, TAHENS &8RS Hui3t A3 F BN

BE FA7RNS oA Aezdd ol 333 BAUE 24817 9
st E2EAA B ” zeolite 28] Bl AEAAE LB v&E E§3la,
o710 Fi7HEu4 & R1100%, &)X 75%+2E25%, &) A|50%+3E50%, &R
25+ JETo% Wl FE100%2] HIEE 22 EY Al HzAd ey I3
SAUHE AR A3 ohe 2L

7t B3 Ee] W

Z} AelzddE Huy A3F Qi ¥ W g g HIHE 2N FAys
Table 9o RX¥&= nv}g} 2t}

AA & P05, F3X P0s X 484 P05 YePHIE RARE @b & Qlakgler
FA71EM 4 &8 Mg 2/1U4S FIlstd oy 84 QatRe &
A71go] F/ME4F Folsigeh EHulg 3¥2 Qe Wske 2 Na 239
whel ezt Alole glont AtYogs Husit AWY4E Zrishs APolgith
°]9} & AE Hu|F QAtgkare] ZUH Holepy| ke Hu|AEE e ER
ol 2AHAY EeEgly) B AtjFos it Po] ZA RoE AkmHY
th EY REQA W 484 AAEE 72 F Qlate] of 54 W 9.2% o]y
t}. |

SOt SA7FEEIS4 SRt 1008 Ae|¥t Hu|HRoli o} 0,2%0]Q13L,
FuzEF Y FEAEC] F7HETE 4 FI5lach. ¥4 FRAHNAY
SO S &l R|100%, &) X|75%+35825%, & 8=]50%+E50%, & 8] X]25%+&-575%
L HE 100xS A gt Hu|stxs) Bu|2 27)o) uls) 242 F 12, 50, 26, 33 W
83%% 7Hatglch,

Clgae Hulzlesd FEN7Nge) Z71U4E A3 Fvpsigen, ¥&434
FEAGM CIUFL SHA100%, &2x|75%+2E0%, &o]R|506+XE50%, &
AN AR Y FRI10058 My Hulszst Huist 2olel v 4

dr rlo
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73, 7, 28, 0 B 23%Z7}3}eic),

EuE 3FF K0 E Na HPEE A A Table 1004 B uigp &
o BA F KD, BP0 W 4848 KOHY HEE AR 22 uHEF B
E KO0 o] HEHIZo] S+ WAE Fristden, =u FaA3H0)
Eu)s} 7)o n[s] ozt Fuistelch E AP K0 % 484 K0 g2 Az
% K08 of 78 W 29% $Fo|4irh ‘

% Na, X84 Na B 4874 Na EpHEE 2AR 23 HUXNEF BE Na
ol FE4] kol F/1U4E WA Frisialen, Hujz FaAIHl HulH
Z7)o uis) Frtstdch. B B Na @ 83 NaYES 242 F NaRES]
67 W 73% FFolgr}).

zh AelzAd Eu3 3}3F Ca0 W Mg0 FIEHE ZARRY H2H= Table 119
Al B upe} Atk fA & Ca0, A¥A Ca0 W 484 Ca0 ParHYE AW Z
3} BUIAEF & Ca0 W X HY CaOUPL HEHIIE0] S7I1UTF A3 F71
st o} 84 Ca0 Hare 2 A = wiel E gt ¢lgicth =i 24y
Fole HHisst AYLS+F F CORTS FsIGoM, A¥Y W #8748 Ca0Y
e W HIl gAY o Zastgch =Y XA Ca0 Y 484 Cad T
2}z2} % Ca02] <F 21 W 1,6% o] 4iTh
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Table 9. P05, SO; and Cl contents in composting materials according to
the mixing ratio of seafood processing wastewater sludge and

livestock manure during composting periods,

Composting P;05 (%) S04 Cl
Treatments ﬁﬁﬂgﬁff Total Available sE?Egge ------- (%) ~------

0 3.14 1,33 0.08 0.17 0.22

7 3.48 1.49 0.10 0.19 0.24

19 3.79 1,60 0.08 0.17 0.24

SH100% 30 3.53  1.30  0.09 0.17 0.95

50 3.65 1.29 0,07 0.16 0.38

80 3.55 1.42 0. 09 0.19 0.38

0 2.87 1.61 0,18 0.18 0.28

7 2.87 1.77 0.16 0.17 0.25

SW75% 19 3.31 1.82 0.12 0.22 0.24

+LM25% 30 2.79 1.63 0.11 0.25 0.36

50 2.98 1.73 0.18 0.20 0.38

80 2.96 1.87 0.16 0.27 0.30

0 2.32 1.46 0.20 0.19 0.32

7 2.76 1.57 0.16 0.20 0.32

SW502% 19 3.00 1.54 0.18 0.19 0.32

+M50% . 30 2,26 1.76 0.19 0.27 0.23

50 2.19 1.81 0.20 0.21 0.26

80 2,11 1.80 0.23 0.24 0. 34

0 2.39 1.42 0.32 0.24 0.44

7 2,29 1.35 0.29 0.25 0.46

SW25% 19 2.55 1.35 0,32 0.29 0.35

+LM75% 30 2,70 1.33 0,41 0.24 0.41

50 2,82 1.53 0,38 0.24 0.44

80 2. 64 1.67 0, 44 0.32 0.42

0 2.15 1.07 0.43 0.30 0.66

7 2.15 1.16 0.42 0.49 0.70

19 2.56 1.36 0.51 0.57 0.78

LM100% 3. 282 1.55  0.57 0. 61 0.72

50 2,80 1.67 0. 44 0.50 0.79

80 2.74 1.45 0,62 0.55 0.81

SW : seafood processing wastewater sludge

LM : livestock manure
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Table 10. K:0 and Na contents in composting materials according to the
mixing ratio of seafood processing wastewater sludge and
livestock manure during composting periods.

Treat- Composting Ki0 (%) Na (%)

eriods Exchange Water Exchange Water
ments (Days) Total ble solible  ToHl e
0 0.42 039 0.23 0.16 0.13 0.12
7 0.57 0.40  0.27 0.16 013 0.13
) 19 0.42 0,36 0.22 0.21 011 0.13
SWoos - 45 0.57 0.50 0,18 0.27 0,13  0.15
50 0.74 0,47 0.19 0.24 0.17 0.16
80 0.70 0,55  0.23 0.20 0.16 0.14
0 0.74 0,63 0.21 0.23 0.16 0.13
7 0.88  0.57  0.28 0.22 0.13 0,13
SW75% 19 0.76  0.60 0,32 0,20 0.16 0.16
JIM25% 30 1.0l 0.78 0.28 0.33 0.17 0.15
50 0.97 072 0.26 0.27 0.18 0.13
80 0.95 071 030 0.31  0.20 0.17
0 0.83 0.70 0,37 0.26 0.24 0.27
7 0.93 077 0.25 0.26 0.29 0.25
SW50% 19 0.76 0.85 0.27 0.20 0.20 0.27
JIM50% 30 1.1  0.95 0.33 0.31  0.24 0.30
50 1.10 1.06 0.25 0.35 0.34 0.29
80 .20 1,23 0,30 0.37 0.37 0.33
0 .26 0.98 0.36 0.39 0.20 0.24
7 1.15  0.92  0.38 0.33 0.21 0.29
SW25% 19 1.01 0.89 0.31 0.36 0.21 0.29
+IM75% 30 1.21  1.01  0.37 0.3 0.24 032
50 1.47 1,06  0.39 0.48 0.26 0.33
80 1.20 110  0.48 049 0,28 0.39
0 2.05 1,37 044 - 0.49 0.27 0.28
7 2.10 1,50  0.47 0.43 0.30 0.31
) 19 2,12 1.42  0.51 051 0.33 0.31
LMIOO® 30 233 152 060 064 035 049
50 2.49 1,62 0.64 0.69 -0.41 0,50
80 2.49 1,76 0.70 0,69 0.40  0.47

SW ! seafood processing wastewater sludge
M livestock manure

- 219 -



% M0, ¥ Mgo W 84 Mg TabABE AR Az EMARZ F Mgd
W AT M0 TR FEQ HUhgo] FMUSE EUistd oy 484 M0 e
& 2 a7y gaon, Hus BPSde & vg0 R ANV M0 [BL Hui
AYLS$F 7 Sr1I90L, 84 MO ¥ MU} glolch =Y Auy
Mg0 B 484 MgORL 212t F Mg0e] ot 47 W 1.3% &0 gtk

Hu3} }EF Fe U Un YHIE ZARE e Table 12614 K ujs} 2
th WA % Fe, f& Fe W 4§74 Fe T3 WS 2R A2} Hula3 % Fe
T Al d Kolst iglen WA Feyre SRS &g Mt
80 £S4% wooU 84 Fellue JEU/IE0] w4 F BT Hu|y
HFE5o0e F Fe U 874 Fe UTL Hudyl ARL4F 43} Zulsta e,
X4 Fedtare 2 Ne| 2ol wel Hol7t geut & Fo = Fvhsignh,

% Feflarol 2 A Aoyt gl AL $E2IAH E: ZTAZ WAV
zeolitee] % Fegtuto] % &ot7] W Aos A== glrh, Eg XBA Fe
W 484 Felle 22 3 Fed] o 17 @ 0.5% $-Zoglch,

2 Mn, NBE Mn L 84 Mo 3 ABE ZAR A HEAEE F h 9
AT Mn RS FEE Aol F7 €48 Fvkigout, 484 M ke
2 us7l e, Huist BgFols £ M % AV Mn Tk Hulzl A8
45 ozt Frhsigon, 444 MYk E HE} glglth ER WA Mn Y
873 Mn $He 212t % nel of 42 B 1.3% S-Fo|gich
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Table 11, Ca0 and Mg0 contents in composting materials according to the
mixing ratio of seafood processing wastewater sludge and
livestock manure during composting periods,

Treat- CORETE gaoh(%) W ggoh(%) W

wents (Days)  Total ég;;?; so?ﬁgge Total é:;;?L so?ﬁgge

0 0.46  0.14 006 010 008 005

7 0.55 0.10 004  0.11 0.07  0.03

, 19 0.51 003 006 010 0.06  0.05

SWL00% 44 0.57 013 002 016 008 0.0l

50 0.64 017 002  0.18 0.08 0.0

80 061 0.15 003 016 0.09  0.0]

0 .02 0.31 003 020 016 006

: 7 1.09 034 002 014 019 003

SWs% 19 0.86 0.29 004  0.19 010  0.06

‘IMos% 30 0.75 0.20 003  0.22 013 002

50 1.25 031 003 022 012 0.0l

80 0.80 032 004  0.25 013 0.0

0 .72 0.43 _0.06 _ 0.20 _0.15  0.07

7 1,72 0.29 002 0.2 012 0.04

SWS0% 19 .82 038 002 024 015 0.05

sM50% 30 2.00 051 002 032 018 002

50 1.79  0.46 002 033 017 0.0

80 293 0.53 002 0.3l 0.6 0.0

0 1.67 056 005 026 0.16 0.0

7 206 043 002 032 014 003

SW25% 19 2.41 042 003  0.25 0.16 0,03

75 30 1.68 0.48 002 037 020 0.03

50 223 049 002 035 022  0.03

80 208 049 001 035 023 0.0l

0 .96 0.60 002 050 016 0.0

7 2.69 0.66 003 053 018  0.06

] 19 359 0.52 003 0.6 016 004

LMI00% 4 455 053 001 0.8 023 010

50 407 049 001 078 022  0.08

80 3.29  0.51 0. 01 0.73 0.20 0.10

SW : seafood processing wastewater sludge
LM : livestock manure
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Table 12. Fe and Mn contents in composting materials accerding to the
mixing ratio of seafood processing wastewater sludge and
livestock manure during composting periods,

Treat- Comproisotding FeE(n;lE/kg) - Ml’;z(ﬂ;‘g/kg) T
s - -

ments p(eDayS) Total gxc—)caball:a soﬁglfe Total gxecabalne so?uglfe
0 2,912 494 12 142 48 3.1
7 3,017 467 12 127 62 2.5
) 19 3,346 432 11 134 54 6.5
SW00% 55 3959 580 19 176 56 3.2
50 3,543 665 18 181 57 4.1
80 3,299 731 18 175 53 3.5
0 2,775 457 13 174 6l 2.8
7 2,575 518 13 192 99 2.2
SW75% 19 3,258 592 11 200 106 3.6
+LM25% 30 3,642 729 14 249 66 2.4
50 3,252 791 15 211 66 1.3
80 3,117 846 14 231 74 2.8
0 3,170 451 13 188 81 2.4
7 3,446 397 14 224 103 3.9
SW50% 19 3,137 433 14 230 91 2.9
+LM50% 30 3,963 641 11 303 82 3.2
‘ 50 3,356 796 11 303 86 3.7
80 3,374 840 13 264 84 2.0
0 3,231 330 15 221 127 3.9
7 3,009 356 14 220 113 2.8
SW25% 19 3,667 450 13 235 101 2.1
+LM75% 30 3,562 593 11 321 83 3.5
50 3,211 642 12 324 88 2.8
80 3,320 662 15 300 104 3.6
0 2,201 339 23 251 213 3.1
7 2,063 377 32 294 212 3.3
) 19 2,411 373 29 24 178 4.3
LMIO0% a5 9950 383 25 342 135 2.6
50 2,971 400 25 369 129 2.1
80 2,268 416 24 339 110 2.8

SW : seafood processing wastewater sludge
LM : livestock manure
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U w71&H el H3t

EHu]3t 2 ZF /718 HE AR Z3E Table 13 @ Fig 6~110fA4 Ri u}
o} ek Enist 233 & YL HHE 2AR Ae Table 13004 B ule}
th EujAesy ¥ w4 RS Z A 2do) uel 40~46%2M OF =zt
Alde) BAUFF AH R o LA FYolddrh F3) HuHxr) 3¢}
2] $4ae] ATl AU ALE Rol o] Aly|o] u[dEo] E3}s] 3L 4IE
o] £3¥l RAo=w Azbxior].

SAR00%, &7 B205%, &A50% B E50%, &A% ARy 1) A8
100%& Al HulHzRolN ¥ ©AULEL 12} Hu|3 FRAY (B 199%F)
of = Eu1E} 7ol wis] & & 7.1, 5.4, 4.9, 6.5 W 3 5xgion, F&zH
FTEAA(HM3 80U-F)ol M= HH|Y 7o) ws] 2 < 7.8, 5.4, 5.7, 4.5
446553 F0Y Ay U AT 1005 2T Hujzs] & gk Zgag
o] 7b8 &lch el B AH{E p|Fo] Hol 7IBH S AT war
FEFY whio] wiz] 37 2 i, 12 Hajabge] F&apy Rt £ @
goies A& o 4 gl

oy 34 fU1ERS BY AU d3= oed gk # Azzdd
etherFEEH WaPHHE 21 Aape Fig. 6ol R vl Zo] etherFHE
A ekl SER100%, &R Tox+S505%, & X500 2550%, & 2||25%+2-ET75%
o &E100% Hel EulAESel 4= ¢f 5.0, 5.0, 1.1, 1.6 % 0.4624 &&lx]
o 7Mool ¥4 &l 12z Euizt P F etherFEHEAW Wiz 1
2 el o2 8 WY Qaou F&HF 5047k AFoR Fidte
2o, I Fol= ¥ WS Qgich ¥ FRAFNAL ether2E2EA
ZHAZE U3 27)0) uls) S R100%, & 8|70 3 E5%, &= 50%2E50%,
& X 25%+ X E75% 3 JE100%S A2y Bn)sRel A 24z} oF 60, 53, 35, 77 L
57%0] gl ct., |

Resins®] HUBE AR Asbs Fig 7ol K uish 2ol resinsisde &
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B A 100%, &2 x| 7hw+&-525%, &8l =] 50%+&-850%, &2 x|26%+HET75% W 2E100%
& A EuajEFe] 27 oF 5.2, 4.9, 2.8, 3.7 ¥ 2.6%0|%13, Huly 2}y
% resinsHFS EHu|3} AP FUA M3 Aadte AYog, Z Az XA
whet ofZt Aol glout ¥4y o] HAaFo] Mgl ¥4Iy FBAA
A4 resins®] &S &EX|100%, &8 X]75%+&E25%, &ex]50%+HE50%, &
BA25%+5E76% W FE100%8 A Eu|stzsl Huis 2709 s 2 o
33, 32, 51, 69 W 38%%ic}

4878 polysaccharides®] HapHIE ARt HN= Fig, 8ol Bi= ups} o)
487’8 polysaccharides2 &u|R|100%, &8 R|75%+&E25%, &R 50%+X5L
50%, &ejA|26%+&ET6% W HE100xE Mg HujABFo] 2z oF 2.7, 2.7,
2.5, 2.5 Q! 3.8x2A] FHET At Hulszold 1 gol {HIT 9lgled,
EuI3t 7Y F 84 polysaccharidesfteBete 7 Ae] Zol whel ozte] 2}
ol ey Huldt 1097kx] F71 ohe ®u3} 20971x] ¥ HEUl gldled,
T35 AA3] sl Huid 2718 484 polysaccharides@arz} wlsesigct,

HemicelluloseH 3 HEE 2RARE A= Fig. 994 HE  uigl o
hemicellulose} & Hu|zEF ol oF 22~28%U-R3t glen, Hus} AP35
hemicellulosefH A ¥h= EH| 3} 50U7tR] MM 24y ohg 2% E ¥ ¢l
qdrh. ¥4 Z28AF)Me hemicelluloseflal ZHAE-L & R|100%, &aR|75%+
F26%, &l X|50%+SE50%, &8 X|25%+FET75% W FE100%E A2 Fuizs)
Eu|E 7)o wls] Zk2 of 30, 22, 26, 21 R 19%BA FaAFES & wt
100%2] 2] ¢t E]u] B0l A hemicelluloseZtAgo] 71% &ttt ‘
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Table 13. Total carbon in composting materials according to the mixing
ratio of seafood processing wastewater sludge and livestock
manure during composting periods,

(unit : %)
0 43.5 42,7 40.7 39.7 45.8
3 41.8 41.0 36.9 38.3 . 44,7
7 41,2 41.5 37.4 38.0 44.0
13 41,6 40,7 38.4 36.7 44.6
19 40. 4 40.5 38.7 37.1 44,2
30 41.8 41.4 37.2 37.9 44.8
40 42.4 40.7 38.4 38.1 42.6
50 40.5 40,9 37.0 37.2 44,7
60 39.2 40.0 36.8 38.3 43.1
80 40.1 40, 4 38.4 37.9 43.7

SW : seafood processing wastewater sludge
IM : livestock manure

CelluloseFHILE AR A= Fig, 10004 Ri= n}e} o] cellulose'ﬁ%
S EBA|100%, ST 75%+5E25%, &2 A|50%+HE50%, & x26u+FETEE Y 2
T100%E A2 Hu|AES of 2zt of 25, 26, 26, 29 W TN FET N
EuisizolA 7bg weol ¥Rt glglen, 13} Hulgt gFele H Wy} ¢
Forl, FEPols gt FUke FWoldrh o9t Pol F&atY R
cellulose®tgo] ¢zt F71%t AL cellulose§lddo] Arja o s Zylslr|Rrle vt}
T 718 Sl i3t A3 F 24590 wRel] AP LS celluloseiido] 2
7tE 7] WEd] A2 4zEct

Lignins B "EFE] RI71EUDANE ZARE A=k Fig. 11604 R npe} g
o lignins & ulFFe] RIIEUTS &2R1100%, &2)X]|75%+3E25%, &2=]50%+
52505, SHA25%+SHETo% W FEI00%E N a2 22 oF 26, 26,
25, 29 4l 27xol9lem, 12} Eu|¥ 2P Fole ¥ WSl oot 434
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wastewater sludges and livestock manures during composting
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Fig. 7. Changes of resins in composting materials according to the

mixing ratio of seafood processing wastewater sludges and
livestock manures during composting periods.

SW : seafood processing wastewater sludge
IM : livestock manure
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Changes of hemicellulose in composting materials according

to the mixing ratio of seafood processing wastewater
sludges and livestock manures during composting periods.

SW : seafood processing wastewater sludge
IM : livestock manure

- 227 -



Cellulose (%)

(%)

Lignin and unknown materials

5]
[
o

40

35

30

25

20

_ ——SK100% ~a—SW75%+LM25%
—a—SW50%+LUE0% —e—SW25%+LU75%
—»—-LH100%

0 20 40 60 80

Composting periods (Days)

10, Changes of cellulose in composting materials according to

the mixing ratio of seafood processing wastewater sludges
and livestock manure during composting periods,

SW : seafood processing wastewater sludge

IM ! livestock manure

40 r ——SW100% —u—SW75%+LM25%
—a—SW50%+LU50% —e—SW25%+LH75%
—«—LY100%
30 -.\.\./'/.\'
—
20
10 F
o i 1 'l J
0 20 40 60 80
Composting periods (Days)
11, Changes of lignin and unknown materials in composting

materials according to the mixing ratio of seafood
processing wastewater sludges and livestock. manure during
composting periods,

SW : seafood processing wastewater sludge
IM : livestock manure
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Eulg A3 F AL YepHsE AR 3= Table 14 W Fig 12~1506]4 X
+ ulel Zrt EHuiE 34F F AL U3E 2ARE ZA3Re Table 1404 B
= Higt Zrh Eu|AESY & LU 16~2. i e FAULENSe &
gzl HF7M&o]l &&TE &l HH[Y RS ALEPHIE= FHuy A2y
T AP on, SHR100%, SR TR0, & 50%+ 2508, &=
250+ 3275% W FE100%E A% HulEzolNe F ALALEL2 EN|3 274
ulal 1A} u[ FEAEeIAE 22t of 25, 21, 28, 20 W Tw%, ¥F&IY B
EANFMNE 2z oF 36, 22, 37, 42 W 204t B3] Eu|3xr) 3d7A] AL
el AaFo] Asliden, 1x Huld 235 AL gado] FEaF o ujd] Yol
#4E At

oje} o] Hul¥ z7jo] AAYEY HAFo] & AL ¢iAVFNS &YAFY
URLolgIEro] tfY & Eut o)zl Euldst ARHel wiel pHY] Fret 3V
FHLE R} 7| LR FAtE S, EH[E I nAE] EIEI] &
F21el a7 BAE Y] vE8d AL2 AlgEdct

Eu[3}t 2P F NH-N B N0y +NOs-N'E} R Aagariishg 2ARE A3k Fig 12 9
1304 Hi= uiel v} HA NH-Nel| HaUebHsE ZARE A3k Fig, 12004

£ Hig} Zo] EHuIEF NH-Ne] LS $a7gus &R Mol
F7VdeE Fr1stgdcl. S 2EF NHe-Nel AAHRS Eud 3~7d71A] A
WHo 2 FAS FIY i 2F 14 - FeAAA Hudt 19971 F33)
Zaste] Eu|3 X270 bl NH-Nel Hagsro] o FHgich F&53FFoles Hu]
2} 407k d st fgou ¥ a3 60Y 7Rl ozt FUlslged o¥
FSEFRAAA 8 HE Gtk MHeNE] A4 F7b AP Ao 44
7HEule &8R4 Frlgo]l 71445 7=}
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Table 14, Total nitrogen contents in composting materials according to
the mixing ratio of seafood processing wastewater sludge
and livestock manure during composting periods,

(unit : %)
e smoow  JiTwer SR SRS Lmoo
0 2.64 2.11 1.91 1.63 1.62
3 2.18 2.00 1.66 1.68 - 1.47
7 2.19 2.02 1.50 1.50 1,60
13 2.13 1.91 1.49 1.35 1.46
19 1.98 1.96 1.38 1.31 1.50
30 1.73 1.63 1.46 109 1.46
40 1.86 1.65 1.12 0.94 1.45
50 1.75 1.50 1.35 0.91 1.43
60 1.70 1.69 1.07 0.90 1.46
80 1.70 1.56 1.21 0.95 1.29

SW ¢ seafood processing wastewater sludge
IM : livestock manure

Eu|3 }FF NO+NOg el AAUPHIE 2ARE A= Fig. 1364 Ri= v}
o] EHuizlEF No+NOg el ik £ Hilgo] F71U4E Frlsiach
Eu|3} }FF NO+NOgEf AAURL 2 Aelzo] ulel Xole glou Hud
20~3047tx] F71% the Huist SRAIFEZA E WA QAU 4T ety
th ¥4 FEAFNAML NONOsE] LU Fuldt 2v)of ujzf 2z A
270 wlel 60~295% Z7}3}oict.

Z} Aelzdy Eu3 33 F anino sugar Y amino acide] HAEFHME R4}
T A= Fig. 14 9 1504 B upe} gl

WA Hus 335 anino sugart] ALYIASE ZARE A3k Fig. MoIA
B ule} Zo] amino sugare] AL &E|A]100%, &8 75%+5-E25%, &8
50%+SE-50%, SeX|25%+&E75% W FE100%E A EHugFd Zz o
0.27, 0.24, 0.20, 0.16 M 0.15%24 &HA|2) ¥rH8o] &&4E Wkl 2eln
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Eul3}t 243 anino sugarel AAHN= 13} Hulsiaby St &8jx) 100% ©
S X T+EE25% N HugzoMe F71sgou &ER)50%+S-E508, &8
2] 250+ J75% B FE100%A 2] ¢t Hu 2o A= 8 W} glglt). 2% RE ¥
gl Eu|s} 30d7kx] oFt ZA¥ ohe Huld Azby B¢ d H3st Qo
F<28 $5A139 amino sugarE] AAZLASL &EHA|100%, &3 x]75%+2E25%,
G506+ FR50%, &HX2WBx+-HET5% R FLI006E A2 |2} 51313‘4
Z7)ol Wls) zZtz} oF 11, 20, 40, 44 W 20%0]) g}

EH|3} 28F amino acide] AAYIUIE ZAY HI}E Fig. 15014 R u}
2t Zo] amino acide] AU &TR100%, &8 A]75%+Z-225%, &) A]50%+3E
50%, &|X|26%+5E70% W FE100%E AT HujAEZo] 22} ¢F 0,97, 0,82,
0.71, 0.62 W 0.44%2A4 &9 H7tgo| £&4+F Walth ez Huy 23
% amino acide] A& §HZH:= 12} Euit AHF BE AEoA FH3] gast
A3, FE3pgels 8 Mt dgleh ¥4 FEA oM amino acidel] A
& AEEL STR1100%, &R 75%+3E25%, &\ R|50%+3E50%, &ulx|25%HE
75% Yl FE100%E A el Fu|tz7) B3} Z7)of nis) 22} ¢F 56, 50, 59, 65
W 23%0]9lch.
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Fig. 12, Changes of NHy-N in composting materials according to
the mixing ratio of seafood processing wastewater
sludges and livestock manures during composting periods,

SW : seafood processing wastewater sludge
IM : livestock manure

300 ¢
—+—S5W100% —u—SW75%+L.M25%
——SW50%+LM50% —e—SW25%+LM75%
—u—LM100%
£,
=~ 200
E
T
[
=
n 100
=)
0 L Iy ) J
0 20 40 60 80

Composting periods (Days)

Fig. 13. Changes of NOz+NOs-N in composting materials according to
the mixing ratio of seafood processing wastewater sludges
and livestock manures during composting periods,

SW : seafood processing wastewater sludge
IM : livestock manure
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Fig. 14. Changes of amino sugar-N in composting materials according
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to the mixing ratio of seafood processing wastewater
sludges and livestock manures during composting periods,

SW : seafood processing wastewater sludge
IM : livestock manure
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Fig. 15. Changes of amino acid-N in composting materials according

to the mixing ratio of seafood processing wastewater
sludges and livestock manures during composting periods,

S¥ : seafood processing wastewater sludge
IM : livestock manure
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Hujd} BHF /NG HEE AT A3 Table 1504 Ri= npe} P £
A7 Es g EEAIRE 10062 2] 3 EHu|Rej M BHl3} 27]9] NS ¢} 160K
3L, ZEN 100%X 2l g EujsiRro) e EujE X7]8) CNESS ¢F 3BLE HE9
HB71go] EolA4F NS L FII5IAT

12} El3 FeAE9 CNES &ER100%, &8 R]75%+F125%, & X]50%+
50% W & R)25%+SE75% At Eu|skzsl ®u|3t x7)e] wis) 2 <F 20, 26,
94 gl 83xZ7hstg o}, HE100% MU HuHRAE wAASIER, 2F ¥4
H3Fole BE AzzdolA E Hiy} glgich olst Ho] ¢47FEISG &8R9
SEL 7567kx] Hrlsto] Eu|R) EH|RNY CNEO] 71 R eEA o ¥
8 $ALFY FUlEidLT XA 3R Hl&o] & ¥ onel Eu|E AFF
p7} 2713, Rrlefd4rt €33 5o wEd AL A==

Table 15, C/N ratio in composting materials according to the mixing
ratio of seafood processing wastewater sludge and livestock
manure during composting periods,

Compasting SW100% | SW75%+ SW50%+ SW25%+

periods (Days) LM25% LM50% LM75% LM100%

0 16.3 16.8 18.1 20.1 32.7

3 19.2 20.5 22.2 29.9 - 30.4

7 18.8 21.0 22.5 42.1 25.6
13 19.5 21.3 24.4 37.1 30.5
19 19.6 21.2 35.1 36.7 30.2
30 24,2 25.4 25.5 34.8 30,7
40 22.8 24.7 34.3 40.5 29.4
50 23.1 27.3 27.4 40.9 31.3
60 23.1 23.7 34,4 42.6 29.5
80 23,6 25,9 31,7 39,9 33.9

SW : seafood processing wastewater sludge
LM : livestock manure
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af, 28] el w3t

Hulg 3 F F49 YepisE AR A He Table 16 [ 17614 B nps}
Zoh ®A HuAEg F PAUPS &eX100%, &\ 75w&E5%, &R
50%+3-250%, &2 R|25%+&H75% U HE100%S A 2| Uz Ztzt o 30,
27, 21, 17 9 15%glem, |3 RFFoe FE100% A2 Hustzg Ay
Eustzol A =uist 7d7bA] A% the 2% d W3l 9oz, &E100% A
3 EuHRolME Huist A 23 ¢ E HEs) gglch

ElujE 2 F humic acid W fulvic acid§&FE Table 16014 K= n}e} Zho]
Eu)3} A} F hunic acid@are 8 WU} Q4, fulvic aciditere ZAs Y
ot mEtd B3 P Fels & H4AdolAN hunic acidZt AA]SH= ulgo] Aty
Hog Z7H9T, fulvic acidz} XAH= M} &L ZastoiTh \

EAAYHIES a2 T Hu|AES HAFAZLS 0.85~3.55 Helela daA
dem, & AHAME 7z Aol wE F431F FIAHoIML] HA/FAZLS
0.81~1.4808A W&y ZH¥olglc], .

EuE 332 humic acidy AlogK(1ogk400-10gK600)E Z AT Z 3= Table 17
AN R wis} zto] =uistt AWM whe} Zashs Fyolgeh. Aityoz £
Al5t7t o] whel o] Zlo] FoluEr: Rog UHA o]Et Ux sty

Humus/ Total carbont]i= Table 170]4] Ri= ule} Zo] HulxgZolx= &8A|2
%ﬂ%"] wETH ®3hon, sl A wiet 4N B goley A
ez Zastgch
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Table 16, Humus, humic acid and fulvic acid contents in composting materials
according to the mixing ratio of seafood processing wastewater sludge
and livestock manure during composting periods,

Composting SW100% SW75%+ SW50%+ SW25%+

“periods (Days) LM25% LM50% LM75% LM100%
Humus (Humic acid+Fulvic acid) (g/100g)
0 29.6 26.9 20,9 17.3 14.9
7 22.9 20.0 14.9 14.5° 14.8
19 22.0 18.3 12.4 11.8 12.2
30 18.1 18.3 13.9 13.4 14.4
50 19.0 19.1 15,7 12.9 15.5
80 23.9 20.7 15.5 14.4 15.2
Humic acid (g/100g)
0 11.2 11.6 8.3 7.2 7.3
7 9.7 7.9 6.4 7.6 5.7
19 8.6 7.1 5.2 5.4 4.5
30 9.9 8.9 6.8 8.1 7.6
50 10.7 9.0 7.7 7.5 8.5
80 11.8 9.3 7.3 8.6 8.7
Fulvic acid (g/100g)
0 18.4 15.3 12.65 10.10 7.7
7 13.3 12.1 8.45 6.90 9.2
19 13.4 11.3 7.20 6.40 7.7
30 8.2 9.4 7.10 - 5.35 6.9
50 8.3 10.1 8.05 5.40 7.0
80 12, 11.5 8.20 5.80 6.5

SW ! seafood processing wastewater sludge
IM : livestock manure
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Table 17. HA/FA, Alog K and HA/T-C in composting materials according to
the mixing ratio of seafood processing wastewater sludge and

* livestock manure during composting periods,

i %+ %+ %+
pgl?in;%.;j;gygs) smoos NP o Thiyon LM100%
Humic acid/Fulvic acid
0 0.61 0.76 0.65 0.71 0.95
7 0.73 0.66 0.76 1.10 0.62
19 0. 64 0.63 0.72 0.84 0.58
30 1.20 0.94 0.96 1.50 1.10
50 1.28 0.89 0.95 1.38 1.21
80 0.97 0.81 0.89 1.48 1.33
Alog K
0 0.986 1,012 1.043 1.018 1.017
7 0.903 0.938 0.988 1.000 0.975
19 0.924 0.932 0.979 1.004 0.963
30 0.934 0.945 0.973 0.978 0.973
50 0.919 0.933 0.953 0.963 0.969
80 0.818 0.926 0.945 0.952 0.955
Humus/Total carbon
0 0.68 0.63 0.51 0.43 0.33
7 0.56 0.48 0.40 0.38 0.34
19 0.54 0.45 0.31 0.32 0.28
30 0.43 0.44 0.37 0.35 0.32
50 0. 47 0.47 0.42 0.35 0.35
80 0. 60 0.51 0.40 0.38 0.35
SW : seafood processing wastewater sludge

LM :

livestock manure
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Hepd Hulxigel 12 #ul SEAE(Hu 199F) 2 F538 F2A(FHY
EB0Y )l M 8] n|AE e AL ZINs Table 18614 Bi= ule} Ack.

%2 bacteriats RE Aol 12 Hu|HFEAFHAME 4 FHu[ARe] w3
100~1,0008) F7i3tolen, ¥4y FEAH= 121 Hu|HFEA Y] vl3) ¢
7 &35, FL actinomycetes B F-2 fungits EH|3 }BFF 4L F71314A
Tl 3& bacteriat 1x} EH|¥ ZFAAAME Hulzigd vls) o 2~10u] F7}
ston, £4344 FEAPolE 13 Hulzt FEAH] u)3 2t AY=Ae] utet
Aol glont ozt F4sATE 18]3 & actinomycetes [ fungits E|H|3 3}
BF A4 &t F7isteh

iz o HulHagL uggel o3 RI71ES 3 AFHAI e AFLEA
EHulE 2 o BEIL LY BATL Qe AL 2 geA Ui F3| bacterial} H
vl gtol] b3 Fa5lA o3ty HAEE AFEAIE 55Tol gAY Huld HE
< F2 284 bacteriaqdl LT ¢3A 9t FHuld AFF Fo2% 9L 3t
E fungis Z2u9lolA Hu|3t Fatsle] vehn) 7142 cellulose W ligningl
Zog ¢8A gon, AMFS FRIIL S0t o gteldel & et Fw|
3 Futvle] fU1E% Elshe ALog d8A glth

£ Ay =Huisl 343 RE Aoy AN LR FL bacteria 48] W}
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Table 18, Microbial population in composting materials according to the
mixing ratio of seafood processing wastewater sludge and livestock
manure during composting periods.

(CFU/g - wet weight)

Treat- Comsting Mesophilic Thermophilic
ments .. Actino- . .. Actino-~ .
(Dys) Bacteria mycetes Fungi Bacteria mycetes Fungi

0 4.2X10° 2.1x10° 1.3x10° 2.8x10° 4.5X10° 1.2X10°

SW100% 19 2.8x10" 4,3X%10° 8.2x10° 3.3%x10° 8.2x10' 3.0x10*
80 5,0x10” 3.3x10" 1.0x10" 4.0X10° 1,9%X10° 0.5X10°

si7see O 4.0X10° 2,4X10° 0.8X10°  2.4X10° 3.3x10° 2.1X10°
_ 19 1.4x10" 1.9X10° 3.0X10" 8,0%10° 1.1X10° 1,7x10*
LMZ5% 80 1.0%10™ 2.1X10' 2.2x10° 2.0%x10° 5.5X10° 9.9x10"
sys0+ 0 3.4X10° 1,5X10° 1.7X10°  3.3x10° 2.7x10° 3.3X10°
19 8.4x10" 3.8X10° 5.0x10° 1.2x10" 8.3x10* 3.7x10*
IM50% g0 4.4x10° 2.3X10° 2.1X10° 8.6X10° 2.0X10° 4.3X10°
gwoser 0 4.2X10° 2.0X10° 1.4X10° 5.0X10° 3.0X10° 2.6X10°
19 4.9X10" 7.8X10° 4.5X10° 9.2x10° 1,0x10° 5,1x10*
IM75% 80 3.6x10° 9.0X10° 1.1X10° 1.3X10° 8.9X10* 8.7X10°
0 4,5x10° 1,8%10° 1,5%X10° 3.6x10° 4,9%x10° 2,4X10°

IM100% 19 7.2X10" 3.6x10° 2,4%X10" 7.7%x10° 7.8x10* 7.1x10*
80 4.9%10" 2,5X10° 9,3x10" 2.0x10" 4,1X10° 4,9X%10°

SW : seafood processing wastewater sludge
IM : livestock manure
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A} FESG R

414 GuAY Pl HRE E24 YPALE 2A] st 4B
ZAAYL BYL R zeolite, MAEANE AR WET SWZ, o3rlo] 44t}
Fo4 SEA100%, &ER|Tow2Ey, &aX|506 S50, &) 253875 B
Z22100%2] H]&E 22t Bg Aelsle] Ay Huy APE F F2%, 0. IN-HCI
024 9 484 534 YEE 2 Ak ULy g

Hulgl 8% cu W Zn YIPARE ZARE AT Teble 1964 RE ule} g
th ®WA & Cu, 0.IN-HCI MEY W $84 Cu YPHE 2AIY A3} Huxis
% #¥e] MWrhgol F/U4E £ 0y, 0.IN-HCL B2 L 484 Cupre o
Zastylth. BE Melold Hujd g2 2 9 0. INHCL W& Cu W oA

2E o7t Frlste FWolgou, 484 Cu WIS A A gk =Y
0.IN-HCI B 487 Cu §HE 2tz 3 Cu §a¥e] o 74 B 15% 42olgich,

F Zn, 0.IN-HCI ¥4 R 484 Zn ARG 2AY 23 Hux2 28
o) A7Hgol F/HU4E & W 0.INHCL WEH In YRS BUlHe AT,
484 7o WS W WY} Qdrh NARAY 4 Mol gglovt Huizt 3}
3% % 9 0.HCL W34 In YL A 2ot APolden, 484 In ¢
e W Wy} gtk EY 0.INHCL B 484 Zn RS 242 3 Zn BB o
96 5 1.6% $-Zo| it}

Huls 282 od R Pb YPHLHE ZARE AIHE Table 0] Ri upe} g
th. % Cd, 0.IN-HCl H&d U 484 Cd g2 BE HolA HuxjgF ¢ 5
al3} HE 8 WY deded, 0.INHCL U 484 od wake 7 & cd
o] oF 87 Wl 27% 4=Fo]gc}.

Z Pb, 0.IN-HCI W& W 484 Pb Pebsty 2l A3} Huges 44
M4 SHA ) Wrigo]l B4 EE Pb YL ok 27lsigic). Hujg
g% & Pb, 0.IN-HCI R&Y W 484 Pb YR ¥ Wiy} ook =g
0.IN-HCIl B! 484 Pb §ay2 Z}z}t & Pb jtare] ¢ 63 @ 3.9% 4=Fo] 9]
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HuI3t HAF o R Ni YEHSIE 2ANE ATHe Table 21014 B ujel g
th % Cr, 0.IN-HCl A&4 % 484 Cr YPAHE AW 23} BHux2s 4
A7rEEe EEAY] HMEol ¥E€4E & orYEE 44, 0. IN-HCIHEEA ory
e g U} glglem, 444 e wolth Hug AR BRE A
g 24 % Cr @ 0. IN-HCIYSA oritake o7 Evlsldon, 484 crita
& F&34 FRAFCE Hulg zvlol uia) o 2~4sxEvlsidnh e
0.IN-HCI R 484 Cr Rare 7tz 3 orifakel o 90 9l 8% 4-FolgT).

E N, 0.INHCI H&4 N 484 N YPAHE AR A3 HuzRHes
$071354 &8AY WAgol E&4E F N W 0.IN-HCIUS Ni gpe o
Mt glout, 484 NgERe zastdnh  Huls BEBelE 3 NgRe o
Zr F7PtA R, 0.IN-HCIE &8 o 84 NIy '8 ¥ ¢lgich 0. 1N-HCl
W 484 Ni W 27 & Nighake) o 80 B 13% 4-&olqTh.
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Table 19. Cu and Zn contents in composting materials according to the
mixing ratio of seafood processing wastewater sludge and
livestock manure during composting periods,

Treat- Comvsting Cu (mg/kg) Zn (mg/kg)

ments periods Total 0.INHCI  Water 0.IN-HC1  Vater

(Days) Extractzble soluble  1°%2!  Eyfractable soluble

0 170 123 25 102 100 2.4

7 184 120 27 112 117 2.5
19 198 114 24 109 113 2.9
SW00% 45 178 124 20 98 105 2.3
50 209 138 29 105 104 2.2

80 188 132 27 11 107 1.9

0 158 109 29 141 120 2.1

7 165 108 30 132 125 1.9

SW75% 19 160 107 23 146 131 2.1
JM25% 30 180 110 24 111 133 1.8
50 192 109 25 135 130 1.7

80 169 121 24 117 127 1.7

0 128 94 27 131 114 2.6

7 120 100 18 122 106 2.2

SW50% 19 123 105 15 122 111 2.8
JM50% 30 138 99 16 120 123 1.6
50 140 117 14 121 112 1.7

80 134 108 20 125° 110 1.5

0 99 101 11 141 116 2.6

7 87 92 13 143 115 3.4

SW25% 19 108 108 17 136 114 3.2
AM75% 30 113 98 20 116 113 1.9
50 115 83 17 127 123 2.0

80 108 99 18 124 114 2.8

0 88 88 17 207 212 2.4

7 87 71 22 217 207 2.4
19 98 72 29 210 211 2.8
LMLOO% 45 g5 7 16 220 225 3.0
50 104 86 19 223 . 220 2.9

80 11 81 18 239 228 2.9

SW : seafood processing wastewater sludge
IM ¢ livestock manure
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Table 20, Cd and Pb contents in composting materials according to the
mixing ratio of seafood processing wastewater sludge and
livestock manure during composting periods.

Treat- Canposperi gciigg Cd (mg/kg) Pb (mg/kg)
ments (Days) Total E?ctrl'gctgg%e sgﬁgtl‘e Total lg(trl‘g]ctgg%e szﬁzi‘e
0 050 044 016 177 10.9  0.56
7 0.46  0.49  0.17 150 16,6  0.63
19 048  0.46  0.13 152 124 0.68
SW00% 45 050 0.51 015 14.4 8.0  0.87
50 0.45 049 017 159 84  0.52
80 049 05 012 - 150 10.2  0.46
0 049 046 0.17 13.6 8.2 0.47
7 0. 48 0.44 0.10 14.4 8.7 0.36
SW5%% 19 0.51  0.56  0.08 16.3 9.1  0.49
Mo 30 0.49 0.4 0.13 1.7 9.9  0.62
50 0.53  0.33 0,10 14.8 8.0  0.42
80 0.5 0.4 012 18.4 85  0.48
0 048 041 018 135 53 0.3
7 051 049  0.10 127 5.5  0.47
SW50% 19 0.48 046  0.14 1.0 6.3  0.44
JAM50% 30 053 0.41  0.09 12.4 54  0.58
50 0.45 0.41 006 153 6.0 0.5
80  0.63 . 0.49 002 158 7.1 0.6l
0 048 031 013 8.9 52 0.3l
7 047 0.31  0.16 8.3 .67 0.3l
SW5% 19 0.66  0.36  0.13 1.1 6.9  0.49
M7s% 30 059 0.36  0.13 9.7 7.0  0.43
50  0.49  0.36 0.1 9.7 40  0.15
8 053 039  0.10 83 3.6  0.35
0 041 036 017 4.5 54 029
7 040 0.4 0.8 49 6.9 028
19 0.3 044 0.18 6.4 55  0.32
MIO0% 55 047 o0.54 017 48 49  0.37
50  0.57 0.3  0.16 4.4 - 50 028
80 043 044  0.19 5.1 4.8 0.40

SW : seafood processing wastewater sludge
IM : livestock manure
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Table 21. Cr and Ni contents in composting materials according to the
mixing ratio of seafood processing wastewater sludge and
livestock manure during composting periods.

Treat- Cmégg Cr (mg/kg) Ni (mg/kg)
nents (Days) Total E?cttl'glctgae sgsll:}e)rl‘e Total E?ctxl‘:ctgg{e sg&llttgrl‘e
0 986 75 0.4 2.4 2.3 0.24
7 9.8 7.2 0.57 2.1 2.4 0.20
13 9.5 7.0 0.60 2.2 1.7 0.25
SWO0% & 70 71 031 3.3 2.3 0.22
50 9.5 84 047 3.9 1.4 0.2
80 9.7 8.5  0.62° 4.0 21 0.8
0 9.1 6.9 058 2.6 2.1 0.52
7 9.4 6.3  0.58 2.1 1.7 0.3
SW5% 19 8.7 7.5  0.74 2.5 2.0 0.40
amess 30 98 6.5 0.62 3.8 2.3 0.37
50 108 8.6  0.30 3.7 2.6 047
80 101 8.6  0.78 3.0 2.2 0.55
0 7.6 71 065 20 25 025
7 8.3 7.8 0.57 2.6 22 022
SW50% 19 8.0 80  0.78 2.4 2.2 0.37
JAMSO% 30 7.9 6.2  0.54 3.2 2.4 0.29
50 8.9 8.6  0.76 2.1 2.1 0.48
80 8.9 9.0  0.82 3.4 2.3 0.30
0 7.6 75 0,63 2.2 2.8 030
7 7.2 8.4  0.75 2.5 2.7 0.30
sWs% 19 9.0 89 072 2.5 3.0 0.19
JAM75% 30 8.4 89  0.87 2.9 2.4 0.27
50 82 80  0.76 3.6 1.8 0.28
80 80 88 092 3.3 21 0.26
0 63 63 078 2.5 20 064
7 6.9 6.9 087 2.9 2.1 045
19 99 7.9 0.99 3.7 1.5  0.41
e P 7.2 0.88 3.0 40 085
50 7.1 81 0.9 3.9 3.9 052
80 7.4 7.8 0.94 3.5 3.7 0.6

SW : seafood processing wastewater sludge
LM @ livestock manure
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- 245 -



Table 22, Bioassy of composting materials according to the mixing ratio
of seafood processing wastewater sludge and livestock manure
during composting periods,

Treat- compostmg Radish Chinese cabbage Cucumber
ments peri iods Germina- Root Germina- Root Germina-
(Days) tion (%) length(cm) tion (%) length(cm) _tion (%) lenggh( cm)
Control 98 2.45 94 2,04 100 2.19
0 76 1.10 16 0.60 100 2.40
19 63 0.76 36 1.04 100 1.72
SW100% 30 100 2.54 96 3.10 80 1.40
50 100 2,02 100 2.48 100 3.46
80 96 1.98 88 2.58 90 2.26
0 80  1.32 84 1.44 100 2.44
syrss 19 82 150 9%  1.32 80 212
30 92 2.12 88 3.12 100 2.32
HM25% g 96 2.37 96 3.36 100  3.18
80 100 2.18 92 2.70 100 2.00
0 96 1.28 96 2.20 100 0.16
swsos 19 100 2,10 % 214 100 2.82
LME0% 30 96 2.68 920 3.42 100 3.06
50 100 3.12 92 3.12 100 3.64
80 96 2.04 92 3.86 100 3.50
0 92 1.48 92 1.66 90 1.84
awose 19 88 2,28 9% 246 90  2.90
THTE% 30 92 2.52 90 3.10 90 1.98
50 92 2.84 92 3.76 . 100 3.32
80 92 2.48 96 2.56 90 1.68
0 86 1.98 36 2.46 100 2.76
19 88 2.50 96 2.64 90 1,54
LM1002% 30 96 2,76 92 2.58 80 - 1.22
50 92 2.50 96 2.18 100 2.32
80 100 1,64 92 1,78 100 2.20

SW : seafood processing wastewater sludge
IM : livestock manure
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A4d 8%

dE 7S SRl BHuHE §st E2EAY BY ® zeolite 1
glz nFYEFT AANE 4B H&E EYs, ol $AIEEHSe &R
100%, &e|A|75%+2-525%, & A)50%+&E50%, &BR|25%+BET5% W 810052
Nl &2 4% EPAcste] Azid W Huid AUpE Hul) o)3¥E B4 ws),
718, 4 9§ Yepdst 5 B 9 ZApiold g AR A the
3
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AlZlen I gujgzue] 2571 Tt Agstdel Euist 404F 2xt {347
& AAElslen ojddls 2=HER= 1x 37 gl vk FPojsien) 2%
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7} oimlela, =7t Qg3 ot U aelAle] uiEy) $iRE FeE
wietsiolel. EuiE AAF HILEE 67~76THS ¢lon, NEEe R &
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75% ©O 8 Egkch .

2. ElY SRAAHMY HuFe FHRLE Y 2UFHLES HuE )9
i} Zbz) oF 35~41% B 15~23%olglon) 13} HuiBapge] F&ztge} vis) 2
Zago] Eoirh pHe HHE 197 4% o 2 F5E EbE 13~19¢
7IA F43) FrRIen, I¥ QAso] Buld Z8AE7R]Y pie HitE
L. 8.2~9.2& -FASGth. Jeja ECe it 2E5 9B AR F0)
o] ez F2AFqs Aol me} 2ol= glont 2~11%3 715},
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& WRE FUIEEASEse vy Ayeldot F FI5Ul v
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Zb oF 92 W 1.64%, Cd%) A= A < 87 % 27%, Pbe] BE- 47 o 63 W
3.9%, Cre] -9 22} oF 90 W 8%, Ni&] 2% bz} oF 80 W 13% 4-Fojgith
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A2Ad AF+Y U

1. AR

7t FARE

TA AEF S5TE ST TEN FEIEL URE ASEen 44 F
& B271(30C) el A 3¢ Fet HF Lol Z thE Holrt vlad Y FAE
Adste] mEsigich. 23 FAPRE k¥ B NFE o4 3046l potolA
ot 2l ThE HIdEp-L Aol BgAIH LPEA o]4stgct.

L FAEHE " BY

FA Hule 8 SA7tE4 &A1 Hulg AR (2dal dF) oA Hulxs
& 7S £8A]100%, &R 70%+FE26%, &) X]50%+SE50% H 2E100%
8] H&E ANestel Y HulE G5 4TolN BF Bste] AAEIA, FA
EGL 2 goTol &A% duksrty A B AMg-siqch

TA SIS &8 W HE EY vl wiel Yatd Eu] oty &
3 W F3% UV Table 1 W 2014 B ule} P} Telz FA B o]
8hd 54 o 234 Yk Table 304 K ujel 7, |

Table 1, Chemical properties of the composts according to the mixing ratio of

seafood processing wastewater sludges(SW) and livestock manure(IM) used,
- N02+

/A
(L:500) (msem) - (%) ——= ™70 " (mg/kg) = oo (%) —--
SW100% 6.27 3.80 40.4 170 23.8 1,563 1,009 0.26 0.38

SW75%+LM25% 6.56 3,75 38.5 1.56 24.7 2,438 554 0.28 0.30
SWo0%+LM50% 5.97 4,21 38.6 1.21 31.9 679 1,079 0.39 0.34
LM100% 8.51 4,89 43.7 1,29 33.9 344 29 0.53 0.51

Composts
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(Continued)

Composts Pls Ko G0 M) Na Fe Mn
------------------ () ~ocmeomo T (mglk) oo
SW1002% 3.55 0.85 0.65 0.18 0.20 3,299 181

SW75%+LM25%  2.96 0.90 1.45 0.25 0.31 3,117 204
SW50%+LM50% 2,11 0.93 2.23 0.31 0.37 3,34 224

LM100% 2.55 2.10 3.29 0.73 0.69 2,268 427

SW : seafood processing wastewater sludge compost
IM : livestock manure compost

Table 2. Heavy metals contents of the composts according to the mixing ratio
of seafood processing wastewater sludges(SW) and livestock manure(LM)

used,
(Unit : mg/kg - Dry weight)
Composts Cu Zn Cd Pb Cr Ni
SW100% 134 81 0.33 11.1 2.29 2.83
SW75%+LM25% 172 97 0.41 13.5 3.84 3.75
SW50%+LM50% 123 - 8 0.37 10.7 3.31 2.97

[M100% 152 253 0.59 6.7 4,25 5.30

SW : seafood processing wastewater sludge
IM : livestock manure

Table 3, Chemical characteristics of soil used,

B oy NOt+ av, -
pH EC 0.M. T-N NH NI\D.{—N P,0s S0y K Ca Mg Na

(:3H0) (mssem) -- (%) —- ---—- (mg/kg ) ———- ---- (cmol/kg) —-——-
Corn 436 0.11 2.74 0.19 16.5°11.2 617 108 0.45 1.78 0.30 0.05

Soils

Chinese
cabbage 4,44 0.08 2.69 0,16 20.0 5.0 679 81 0.64 1.47 0.27 0.03

_253_



(continued)

. Fe Mn Cu Zn Cd Pb Cr Ni
Soils
--------------------------- (mg/kg) =======mmmmmmmmmmmmm oo
Corn 157 4.5 526 24.5 0.26 10.1 3.59 2.5

Chinese ‘
cabbage 231 39 4,97 31.9 0,22 11.8 4,32 4,6

2. Aug 9 AEYY
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Table 4, pH and EC in soil by application of the composts during growth of

corn plant,
pH (1:5H:0) EC (ms/cm)
Treatments ; "
(1, 500kg/10a) Days after sowing Days after sowing
0 3 57 B 0 35 57 3B
Nonfertilizer 4,36 4.21 4.63 4.85 0.11 0.08 0.08 0,13
NPK(15:13:13) 5.01 4.37 4.15 4.23 0.21 0.18 0,18 0,14
SW100 4,72 4,18 4.54 4.75 0.33 0.16 0,10 0,15
NPK+SW100 4.74 4,21 4,48 4.84 0.36 0.31 0,13 0,14
SW75+LM25 4,36 4.37 4.59 4.85 0.20 0.28 0,09 0.13
NPK+SW75+LM25 4.82 4,32 5.02 5,14 0.32 0,22 0,12 0.15
SW50+LM50 531 4,53 4.17 4,11 0.27 0.12 0.24 0.28
NPK+SW50+LM50 5,34 4,48 4,08 4,21 0.3¢ 0,11 0,32 0,22
LM100 4,86 4.59 4.10 4.51 0.24 0.19 0.32 0,16
NPK+IM100 5.28 4,79 4,20 4.70 0.32 0.14 0.37 0,16

SW : seafood processing wastewater sludge
IM : livestock manure

Table 5. Organic matter and nitrogen contents in soil by application of the
composts during growth of corn plant,

Organic matter (%) Total nitrogen (%)
(IT%%%tl?: /nlfbsa) Days after sowing Days after sowing
0 3 57 B 0 3% 57 98

Nonfertilizer 2.74 2.69 2,77 2.84 0.19 0.16 0.18 0.17
NPK(15:13:13) 2.84 2,22 2,66 2,79 0.25 0.19 0.17 0.17
SW100 3.28 2,90 3.34 3.21 0.25 0.15 0.16 0,17
NPK+SW100 3.23 3.41 3.3 3.13 0.29 0.16 0.22 0.19
SW75+LM25 2.84 2,79 2.84 2.95 0.20 0.17 0,18 0.17
NPK+SW75+LM25 3.57 2,563 3.39 3.03 0.30 0.15 0.12 0,11
SW50+LM50 3.59 3.15 3.10 2,92 0.24 0.21 0,18 0,21
NPK+SW50+LM50 3.26 2.59 3.08 295 024 018 0.20 0.20
LM100 2.46 2,69 2,61 2.48 0.26 0.17 0.18 0.18
NPK+LM100 3.4 2,64 323 3.5 0.25 0.20 0.19 0,19

SW : seafood processing wastewater sludge
IM : livestock manure
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Table 6. NH4-N and NO2+NO3-N in soil by application of the composts during
growth of corn plant,

NH¢-N (meg/kg) NO2+NO3-N (mg/kg)
Treatments : :
(1, 500kg/10a) Days after sowing Days after sowing
0 K3 57 8 0 R 57 93

Nonfertilizer 16.5 6.7 8.1 12.3 11.2 9.2 155 9.2
NPK(15:13:13) 174.0 32.2 9.1 249 7.7 31.3 22,9 4.8

S¥100 6.7 70 130 238 9.5 40.7 2.1 29
NPK+SW100 2440 66.2 6.7 1.8 130 361 365 19
SW75+LM25 54.7 11.2 4.2 1.8 7.7 3H.5 16,2 4.3
NPK+SW75+LM25 134.0 20,7 1.4 0.7 9.5 78.2 122 1.2
SW50+1M50 21,1 13.0 18,7 13.7 13.0 33.0 66.6 3.9
NPK+SW50+LM50 231.0 60.9 57.4 2.5 147 645 70.5 2.9
LM100 247 9.8 TL7 1.8 23.5 260 30.6 36
NPK+LM100 223.0 22,4 53.2 1.8 16,5 351 855 1.2

SW : seafood processing wastewater sludge
IM : livestock manure

Table 7. P05 and SO4 in soil by application of the composts during growth of

corn plant,
P05 (mg/kg) : S04 (mg/kg)

(f?;ggﬁgi?g;) Days after sowing Days after sowing

0 KS) 57 3 0 b 57 98
Nonfertilizer 617 633 632 607 108 55 44 52
NPK(15:13:13) 817 1711 796 783 279 148 159 148
SW100 1,079 976 908 907 170 230 72 27
NPK+SW100 1,135 1,133 1,065 903 136 262 75 33
SW75+LM25 912 861 880 768 122 203 73 25
NPK+SW75+LM25 999 774 1,060 921 218 163 150 97
SW50+LM50 1,056 979 1,056 923 327 83 148 175
NPK+SW50+LM50 1,042 816 1,007 1,102 332 83 215 176
LM100 1,145 713 876 750 322 65 221 104
NPK+LM100 1,162 872 1,079 890 370 117 284 82

SW : seafood processing wastewater sludge
IM : livestock manure
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Table 8, K and Na in soil by application of the composts during growth of

corn plant,
K (cmd/kg) Na (cmol/kg)
Treatments - .
(1,500kg/10a) Days after sowing Days after sowing
0 K3 57 98 0 35 57 98

Nonfertilizer 0.45 0.59 0.43 0.30 0.05 0.02 0.05 0,02
NPK(15:13:13) 0.84 0.74 0.65 0.55 0.07 0.03 0.06 0.04

SW100 0.7 0.82 0.57 0.56 0.15 0.09 0.10 0.07
NPK+SW100 0.82 0.70 0,55 0.97 0.15 0.11 0.12 0.09
SW75+LM25 1.05 1.07 0.44 0.63 0.10 0.10 0.12 0.10
NPK+SW75+LM25 1.37 0.87 0.8 0.67 0.25 0,06 0.21 0,13
SW50+LM50 1.28 0.78 0,81 1,08 0.14 0.08 0,08 0,12
NPK+SW50+LM50 1.55 0.76 0.85 0.80 0.15 0.06 0.11 0,12
LM100 1.55 1.27 1.12 0.44 0.17 0.05 0.10 0.05
NPK+LM100 2.09 1,32 1.26 0,63 0.24 0,12 0,17 0,09

SW : seafood processing wastewater sludge
LM @ livestock manure

Table 9. Ca and Mg in soil by application of the composts during growth of

corn plant,
Ca (cmol/kg) Mg (cmol/kg)
Treatments : - -
(1, 500kg/10a) Days after sowing Days after sowing
0 b 57 98 0 35 57 98

Nonfertilizer 1.78 1.71 1.81 1.94 0.30 0.31 0,31 0,28
NPK(15:13:13) 2.60 1.88 2,47 2.39 0.46 0,31 0,46 0.41

SW100 2,47 2,13 2,18 2.18 0.47 0.44 0,44 0.44
NPK+SW100 2,57 2,17 2,21 2.1 0.52 0.43 0,46 0.48
SW75+LM25 2,59 2,03 2,07 247 0.40 0.42 0,44 0.35
NPK+3W75+LM25 2,72 1.68 2.93 3.20 0.81 0.38 1.03 0.71
SW50+LM50 3,07 204 2.25 2.80 0.60 0.45 0,46 0.53
NPK+SW50+LM50 2.7 1.79 2.5 2,91 0.55 0.34 0.55 0.41
LM100 2.00 1.79 2.40 1.78 0.46 0.33 0.44 0,36
NPK+LM100 3.03 2,92 3,23 2,54 0.79 0,69 0.76 0,47

SW : seafood processing wastewater sludge
IM ¢ livestock manure
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Table 10, Fe and Mn in soil by application of the composts during growth of

corn plant,
Fe (mg/kg) Mn (mg/kg)

(f?EﬁEﬁE??E;) Days after sowing Days after sowing

0 b 57 98 0 3H 57 9B
Nonfertilizer 157 165 123 105 4,53 3.20 3.65 2.48
NPK(15:13:13) 145 161 116 117 6.04 3.49 5,39 4.34
SW100 163 203 129 119 6.41 4.80 4,99 2.96
NPK+S¥100 147 216 137 130 5.84 3.98 5.00 3.15
SW75+LM25 182 181 164 132 5.36 3.80 3.95 2.53
NPK+SW75+LM25 162 168 141 111 7.01 3.75 4,43 2. 71
SW50+LM50 141 192 120 134 593 4.16 5,70 3.91
NPK+SW50+LM50 157 185 145 141 5.50 3.40 5.53 3,05
LM100 176 201 141 134 5,74 3.03 4.48 2,58
NPK+LM100 177 194 161 109 5,91 4.56 5.35 2.98

SW : seafood processing wastewater sludge
IM : livestock manure
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Table 11, Heavy metals contents in soil by application of the composts during
growth of corn plant,

(Unit : mg/kg)
Treatments Cu Zn Cd Pb Cr Ni
(1,500kg/10a) 354§ 4 "B A B A B A B
Nonfertilizer 5.25 5,22 24,5 18,2 0.26 0.17 10.1 9.9 3.59 3.62 2.46 2.55
NPK(15:13:13) 5,39 5,20 27.8 18.6 0.28 0.21 10.4 9.8 3.60 3.77 2.45 3.04
SW100 9,18 7,93 39.7 31.2 0.28 0.19 10.7 8.8 3.49 3.75 2.28 2.97
NPK+SW100 7.49 8.51 38.9 32.0 0.27 0.17 10.8 10.1 3.84 3.83 3.25 3.11
SW75+LM25 8.58 7.39 34.5 28.0 0.30 0.21 10.4 9.7 3.45 3.58 3.17 3.09
NPK+SW75+LM25 7.61 7.84 39.4 33.0 0.27 0.19 10.6 10.2 3.15 3.48 3.30 2.9
SW50+LM50 6,57 8.45 34,7 27.5 0,21 0.17 10.6 8.7 3.70 3.77 3.33 2.81
NPK+SW50+LM50 6,31 7.83 32.3 30.3 0.19 0.18 10.2 8.5 3.20 3;53 3,10 2.94
LM100 6,31 6,51 35.5 26,6 0,22 0.17 10.3 9.0 3.51 3.07 3.32 3,13
NPK+LM100 7.27 6.69 35.8 30.5 0,15 0.19 10,9 9.8 3.84 3.20 3.07 3.02

S¥W : seafood processing wastewater sludge
LM : livestock manure

A : At sowing time
B : At harvesting time
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Table 12, T-N and P;05 in corn tissues by application of the composts,

Total nitrogen (%) P05 (%)
(I'I: %%%t}?;nltosa) Days after sowing Days after sowing

35 57 98 35 - 57 98

Stem
Nonfertilizer 2.22 1.71 0.79 0.67 0.81 0.41
NPK(15:13:13) 3.82 2.45 0.81 0.88 0.83 0.52
SW100 3.05 2.86 0.80 0.94 0.86 0.87
NPK+SW100 3.32 2.85 0.89 1.07 1.05 1.09
SW75+LM25 3.17 3.54 0.79 1,02 1.11 0.82
NPK+SW75+LM25 3.91 3.16 0.96 1.25 1.47 1.43
SW50+LM50 3.61 2.91 0.76 1.10 0.90 0.88
NPK+SW50+LM50 3.77 3.57 0.68 1.16 1.21 1,22
LM100 3.26 3.42 0.89 1.04 1,33 0.77
NPK+LM100 3.1 3.36 0.87 0.96 1.20 1.25
Leaves

Nonfertilizer 3.86 3.27 2.39 0.76 0.74 0.89
NPK(15:13:13) 4.56 3.51 3.33 0.82 0.89 0.95
SW100 4,18 3.84 2.63 0.86 0.99 0.89
NPK+SW100 5,47 2,91 2.55 1.18 0.81 0.61
SW75+LM25 4.40 3.79 3.28 0.98 0.82 0.96
NPK+SW75+LM25 3.55 3.51 2,04 1.05 1.12 1.30
SW50+LM50 4,58 3.49 3.22 0.92 0.80 0.83
NPK+SW50+LM50 3.68 3.49 2.86 0.88 0.79 0.81
IM100 _ 3.82 3.94 3.75 0.98 0.95 0.95
NPK+LM100 4.80 5,78 3.05 1.04 1.21 0.84

SW : seafood processing wastewater sludge
IM : livestock manure
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Table 13. K20, CaQ and Mg0 in corn tissues by application of the composts,

K0 (%) Ca0 (%) Mg0 (%)
Treatments ; ; :
(1, 500kg/10a) Days after sowing Days after sowing Days after sowing
3 57 98 35 57 98 b 57 98
Stem
Nonfertilizer 2.83 6.22 6.89 0.27 0.58 0.56 0.19 0,34 0.28
NPK(15:13:13) 3.05 7.16 6.62 0,20 0.29 0.64 0,16 0,27 0.43
SW100 3.31 5.50 6.83 0.49 0.41 0.39 0,10 0.28 0.33
NPK+SW100 2,16 8,07 6.54 0.25 0,55 0.69 0,14 0.26 0.29
SW75+LM25 2.80 8.00 573 0,39 0.67 0.74 0.15 0.27 0.32
NPK+SW75+LM25  5.67 8,10 5,34 0,56 0.59 0.65 0,17 0,27 0.32
SW50+LM50 2.29 7.52 6,88 0,31 0.35 0.74 0.14 0,25 0.42
NPK+SW50+LM50 2,97 5.62 7,06 0,53 0.45 0.83 0,24 0,32 0.4
IM100 2.00 7.95 6.31 0.25 0.3¢4 0,70 0.16 0.24 0.39
NPK+LM100 3.78 7.27 5,46 0,25 0.49 0,33 0.12 0.26 0.26
, Leaves ‘

Nonfertilizer 4,70 4,29 0,81 1,02 0.8 0.16 0.28 0.30 0.20
NPK(15:13:13) 5.15 3.65 0.71 1,03 0,73 0.16 0.23 0.28 0.24
SW100 4,69 3.62 0,58 1,05 0.71 0.19 0,29 0,32 0.21
NPK+SW100 7.37 3.34 0.47 1,33 1.16 0.16 0.41 0.34 0.21
SW75+LM25 6.26 3.24 0.61 1,16 0.91 0.16 0,35 0.24 0.19
NPK+SW75+LM25  5.96 3.70 0.66 0,95 0.89 0,14 0,34 0.32 0,18
SW50+LM50 5.67 4,65 0.45 0,97 0.78 0.15 0.23 0.27 0.21
NPK+SW50+LM50 4,24 3,75 0.67 0.85 0.58 0.17 0.20 0.24 0.19
LM100 5.64 3.68 0.52 0.88 1.43 0.16 0.21 0.29 0.21
NPK+LM100 4,71 3.52 0.68 0.93 0.86 0.15 0.19 0.28 0.12
SW : seafood processing wastewater sludge

IM

livestock manure
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Table 14. Fe and Mn in corn tissues by application of the composts.

Fe (mg/kg) Mn (mg/kg)

(f}gﬁgﬂgﬁ?ﬁ;) Days after sowing Days after sowing

35 57 98 35 57 98

Stem
Nonfertilizer 151 68.5 22.3 23.7 26.1 17.9
NPK(15:13:13) 89 41.5 25.3 40.2  58.3 29.9
SW100 134 48.0 24.7 39.0 48.0 21.5
NPK+SW100 125 52.5 27.9 43.2 53.6 27.8
SW75+LM25 149 88.8 24.8 32.5 58.3 28.4
NPK+SW75+LM25 88 62.6 23.5 38.0 41.9 21.4
SW50+LM50 94 68. 4 26. 4 47.9 53.4 23.6
NPK+SW50+LM50 82 47.9 30.6 51.2 78.9 23.5
LM100 92 64.7 28.4 43.2 74.6 27.3
NPK+LM100 106 93.5 24.3 4.1 56.8 27.1
Leaves

Nonfertilizer 87 76.2 94,1 100 62 293
NPK(15:13:13) 101 81.3 57.2 117 108 293
SW100 103 88.4 103.0 109 101 314
NPK+SW100 186 73.5 74.1 177 108 287
SW75+LM25 154 87.6 90.6 108 121 297
NPK+SW75+LM25 162 78.8 75.2 76 118 213
SW50+LM50 114 102.0 95.1 113 117 304
NPK+SW50+LM50 107 89.7 73.3 106 141 285
LM100 162 78.5 125.0 98 108 349
NPK+LM100 87 99.6 118.0 121 103 359

SW : seafood processing wastewater sludge
IM : livestock manure
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Table 15, Cu and Zn in corn tissues by application of the composts.

Cu (mg/kg) Zn (mg/kg)
(f?gﬁgigiy%;) Days after sowing Days after sowing
35 57 98 35 57 98
Stem
Nonfertilizer 10,7 5.63 1.53 42,7 35.7 3.07
NPK(15:13:13) 10.3 5.93 2.63 66.6  65.4 7.87
SW100 10.2 7.23 1.03 68.1 61.8 6.97
NPK+SW100 12.1 5.43 2.98 73.9 52.8 6.89
SW75+1M25 12,3 6.63 1.83 53.3 55.4 9,67
NPK+SW75+LM25 10.2 7.33 1.63 79.6 82.6 5.07
SW50+LM50 10,3 8.83 0.73 74.7 87.3 6.87
NPK+SW50+LM50 10.7 6.53 1.73 52.0 82,0 5.77
LM100 10.8 6.33 1.33 61.1 75.3 5.97
NPK+LM100 11.1 6.13 0.93 55.9 78.2 5,57
Leaves

Nonfertilizer 6.73 10.5 27.4 23.3 11.8 19.4
NPK(15:13:13) 7.63 15.8 21.7 25.3 16.4 17.0
SW100 8.03 13.6 19.6 22.0 13.8 23.0
NPK+SW100 9.03 11.4 21.3 27.1 13.8 14.4
SW75+LM25 8.23 13.4 14.8 24.0 13.7 18.6
NPK+SW75+LM25 8.13 12.0 19.5 25.0 19.3 20.9
SW50+LM50 8.73 11.9 22.9 27.2 15.7 23.9
NPK+SW50+LM50 7.03 18.4 21.0 24,7 19.1 23.1
LM100 7.43 13.2 23.8 26,0 23.5 22.7
NPK+LM100 7.33 14,7 24,0 29.5 23.7 27.1

SW : seafood processing wastewater sludge
IM : livestock manure
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Table 16. Heavy metals contents in corn yield by application of the composts

Treatments

(1,500kg/10a) Fe Mn Cu In
Nonfertilizer 58. 8 13.7 6.43 24.7
NPK(15:13:13) 36.5 11.5 5.13 20.1
SW100 31.3 11.0 5.03 18.5
NPK+SW100 29.9 11.4 5.13 17.8
SW75+LM25 31.5 9.3 4.63 17.6
NPK+SW75+LM25 23.8 9.3 4.53 22.6
SW50+LM50 23.8 9.9 4.53 17.6
NPK+SW50-+LM50 27.1 14.4 4.33 20.4
LM100 28.9 12.5 4.13 20.4
NPK+LMLOO 27.6 11.2 4.73 18.8

SW : seafood processing wastewater sludge
IM : livestock manure
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Photo, 1. Photograph of corn plants at 35 days after sowing,

Photo, 2. Photograph of corn plants at harvesting time,
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Table 17. Chlorophyll-a in corn leaves by application of the composts,
(mg/ i « Fresh weight)

Treatments Days after sowing
(1,500kg/10a) 35 57 a8
Nonfertilizer 2,424 (92) 5,436 (81) 2,156 (73)
NPK(15:13:13) 2,636 (100%) 6,733 (100%) 2,935 (100%)
SW100 2,514 (95) 6,952 (103) 2,204 (75)
NPK+SW100 2,707 (103) 6,971 (104) 3,099 (106)
SW75+IM25 2,570 (98) 6,395 (95) 2,870 (98)
NPK+SW75+LM25 2,701 (102) 6,725 (100) 3,002 (102)
SW50+LM50 2,625 (100) 6,696 (99) 2,869 (98)
NPK+SW50+LM50 2,820 (107) 6,834 (102) 2,942 (100)
LM100 2,570 (98) 6,303 (94) 2,811 - (96)
NPK+LM100 2,640 (100) 6,785 (101) 2,974 (101)

SW : seafood processing wastewater sludge
IM : livestock manure
% ! Index

Table 18. Plants heights, number of leaves and diameter of corn by application
of the composts,

Days after sowing

Treatments 35 57 98
(1,500ke/102) “Height No, of Dnimet- FHeight Mo, of Dhimet- Feigt Mo, of Dicmot-
(cm) leaves er{em)  (cm)  leawes erfem)  {cm)  leswes er{cm)
Nonfertilizer 22.8 4.9 0.6 87 59 2.1 174 10.0 2.0
NPK(15:13:13) 28.5 5.2 0.8 102 6.9 2.6 . 176 12.4 2.2
SW100 28.3 53 0.8 98 56 2.2 174 12.4 2.2
NPK+SW100 29.6 53 0.8 101 56 25 173 13.0 2.2
SW75+LM25 3.7 5.2 0.8 98 56 2.5 170 11.3 2.4
NPK+SW75+[M25 31,6 5.2 0.9 108 53 2.7 171 14.3 2.4
SW50+LM50 32.0 6.0 1.1 112 69 2.9 18 135 2.5
NPK+SW50+LM50 32.4 5.6 1.1 111 6.9 2.9 169 150 2.5
LM100 33.2 61 0.9 107 65 2.8 175 158 2.6
NPK+LM100 37.2 57 1.0 112 66 30 174 17.3 28
LsD 1% 1.48 0,18 0.07 2,99 0,20 0.14 2,68 1.89 0.17
5% 1.13 0.14 0.05 2.28 0.15 0.10 2.04 1,43 0.11

SW : seafood processing wastewater sludge
IM ! livestock manure
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Table 19, Weight of 100 grains and grain yields of corn by application of the

composts,

Treatments Weight of 100 grains Grain yields
(1,500kg/10a) ' (g) (kg/pilot)
Nonfertilizer 47.3 (94) "~ 4,82 (93)
NPK(15:13:13) 50.3 (100") 5.21 (100%)
SW100 51.9 (103) 5.30 (102)
NPK+SW100 52.7 (105) 5,57 (108)
SW75+LM25 50.8 (101) 5.30 (102)
NPK+SW75+LM25 52.6 (105) 5.98 (115)
SW50+LM50 51.2 (102) 5.57 (107)
NPK+SW50+LM50 54.5 (105) 5.66 (109)
LM100 48.6 (97) 5.28 (101)
NPK+LM100 49.8 (99) 5.62 (108)

1% 2.34 0.19

LSD 5% 1,78 0.15

SW ! seafood processing wastewater sludge
IM : livestock manure

% ¢ Index
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Fig. 1. Fresh weight of corn by application of the composts,
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Table 20, pH and EC in soil by application of the composts during growth of
chinese cabbage,

pH (1:5H,0) EC (ms/cm)
(11: r;&ts: ;{Cosa) Days after transplanting Days after transplanting
0 k) 55 75 0 30 55 75

Nonfertilizer 4.44 4,50 4,54 4,80 0.08 0.05 0,06 0.10
NPK(32:8:20) 5.0 4,17 4,27 4.24 0.31 0.32 0.30 0.12
SW100 4,74 4,23 4,54 4,42 0.28 0.24 0,28 0.11
NPK+SW100 4,36 4,31 4.64 452 0.3¢ 0.22 0.25 0.21
SW75+LM25 4,44 4,26 4,70 4,62 0.29 0.23 0.26 0.16
NPK+SW75+LM25 4,71 4,39 4.88 4.81 0.383 0.22 0.28 0.19
SW50+LM50 4.78 4.32 4.36 4.14 0.36 0.26 0.40 0.20
NPK+SW50+LM50 5,39 4.64 4,30 4,10 0.40 0.27 0.33 0.28
LM100 4,95 4,75 4.27 4.19 0.28 0.25 0.26 0.20
NPK+LM100 5,19 4,76 4.36 4.26 0.3 0.25 0.22 0.22

SW : seafood processing wastewater sludge
IM : livestock manure

Tablie 21. Organic matter and nitrogen in soil by application of the composts
during growth of chinese cabbage.

Organic matter (%) Total nitrogen (%)
(E%%a&?: /nlfbsa) Days after transplanting Days after transplanting
0 30 55 7% 0 0 55 75

Nonfertilizer 2,69 2,66 2,66 2,66 0.16 1 0.12 0,11 0.10
NPK(32:8:20) 2.87 2.61 2,79 3,10 0.28 0.22 '0.21 0.20
SW100 3.93 3.39 3.57 3.59 0.26 0.21 0.25 0.16
NPK+SW100 3.23 3.18 3.47 3.03 0.30 0.23 0.20 0.20
SW75+LM25 3.36 3.18 3.10 3.10 0.29 0.25 0.21 0.13
NPK+SW75+LM25 3.13 3.72 3.49 2.84 0.31 0.24 0,21 0.23
SW50+LM50 3.656 3.13 3.13 3.28 0.26 0.29 0,24 0,11
NPK+SW50+LM50 4,29 3.44 3.90 3.28 0.38. 0.19 0.24 0.24
LM100 3.39 2.77 3.10 3.26 0.29 0.23 0.24 0.15
NPK+LM100 3.18 2.84 3.21 3.18 0.28 0.28 0,23 0.23

SW : seafood processing wastewater sludge
IM : livestock manure
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Table 22, P05 and SO4 in soil by application of the composts during growth of
chinese cabbage.

Treatments P20s (mg/kg) S0; (mg/kg)
(1, 500kg/10a) Days after transplanting Days after transplanting
0 30 55 75 0 30 55 75
Nonfertilizer 679 716 693 746 81 48 69 67
NPK(32:8:20) 966 918 822 72 123 161 111 94
SW100 _ 1,097 1,079 1,281 1,154 171 154 43 99
NPK+SW100 1,182 1,171 1,129 1,050 152 99 50 190
SW75+LM25 1,194 1,005 1,017 1,010 180 99 90 70
NPK+SW75+LM25 1,231 1,044 984 971 138 61 67 81
SW50+LM50 1,250 1,086 1,130 1 , 122 173 53 113 139
NPK+SW50+LM50 1,202 1,048 1,085 1,018 124 36 98 118
IM100 1,306 963 1,076 1,105 146 34 108 114
NPK+LM100 1,199 937 1,145 1,051 119 49 63 152

SW : seafood processing wastewater sludge
IM : livestock manure :

Table 23. K and Na in soil by application of composts during growth of
chinese cabbage,

K (cmdl/kg) Na (cml/kg)
( I'I:rseo%tll:: /nltbi ) Days after transplanting Days after transplanting
0 30 55 7 0 3 55 75
Nonfertilizer 0.64 0.41 0,68 0,32 0,03 002 0,02 0,03
NPK(32:8:20) 1.08 0.98 0.71 0.52 0.06 0.03 0.03 0.02
SW100 1.20 1.24 0.8 0.70 0.11 0.10. 0.05 0.05
NPK+SW100 1.44 0,99 0.90 0.58 0.12 0.07 0.07 0.07
SW75+LM25 1.45 0.93 0.64 0.82 0.22 0,07 0,12 0,07
NPK+SW75+LM25 1,51 1.10 0.61 0.66 0.21 0.09 0,18 0,15
SW50+LM50 175 0.72 1.05 0.40 0. 11 0.06 0.11 0.11
NPK+SW50+LM50 2.06 057 0.91 0.49 0.26 0.06 0.12 0.08
LM100 2.1 071 0.68 0.65 0.18 0,09 0.09 0.08
NPK+LM100 2,00 0.66 1.07 0.53 0.26 0,07 0,11 0,08

SW : seafood processing wastewater sludge
IM ¢ livestock manure
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Table 24, Ca and Mg in soil by application of the composts during growth of
chinese cabbage.

Ca (cmd/kg) Mg (cmol/kg)
Treatments ; :
(1, 500kg/10a) Days after transplanting Days after transplanting
0 X 55 75 0 0 55 75

Nonfertilizer 1.47 1.42 1,75 1.34 0.27 0.29 0.33 0.28
NPK(32:8:20) 1.81 1.77 1.99 1.20 0.35 0,33 0.44 0.24
SW100 2,25 1,99 1,93 1.88 0.45 0,45 0.43 0.40
NPK+SW100 2,90 1.92 2,23 1.69 0.43 0.41 0.46 0.39
SW75+LM25 2.56 2,07 2,20 1.93 0.64 0.45 0.51 0.41
NPK+SW75+LM25 3.04 2,67 2.98 204 0.8 064 0.8 077
SW50+LM50 2,79 2.04 2,13 1.30 0.70 0.43 0.53 0.27
NPK+SW50+LM50 2.45 1,62 2,43 2.16 0.91 0.43 0.55 0,50
LM100 2.40 1,78 2,18 2.34 0.57 0.40 0.54 0,51
NPK+LM100 2.56 2.39 2.83 2.14 0.73. 0.52 0.74 0.56

SW : seafood processing wastewater sludge
IM ¢ livestock manure

Eo}E Fe W Mn 3 H3HE ZARY ZaH= Table 25014 Hiuje} gt} Eod
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7 Zastgon), E¢F Cd, Pb, Cr W Nighehe F5<% W Hu| S5l wkeiy 4
HETL QA nlu]StAl Ztashe Zolglct.

Table 25. Fe and Mn in soil by application of the composts during growth of
chinese cabbage.

Treatments Fe (mg/kg) " Mo (me/kg) :
(1, 500kg/10a) Days after transplanting Days after transplanting

' 0 30 55 7 0 -30 55 75
Nonfertilizer 231 229 237 206 3.9 3.1 3.3 3.0
NPK(32:8:20) 200 224 225 188 4.2 3.6 4.7 3.2
SW100 271 247 216 195 50 4.2 4,5 4.4
NPK+SW100 251 244 242 212 4.7 4.5 4.5 4,2
SW75+LM25 250 259 254 208 5.4 4.2 4,7 3.6
NPK+SW75+LM25 246 254 223 210 6.5 4.6 4.4 4,3
SW50+IM50 226 226 222 215 6.4 4.0 4,5 3.9
NPK+SW50+LM50 213 226 234 225 6.2 3.6 6.2 5.9
LM100 224 241 225 233 7.0 3.6 4.4 5.1
NPK+IM100 199 237 238 228 6.9 3.8 4.9 4,5

SW : seafood processing wastewater sludge
IM : livestock manure

Table 26. Heavy metals contents in soil by application of the composts during
growth of chinese cabbage,
. (Unit : mg/kg)
Treatments Cu - ZIn Cd Pb Cr Ni
(1,500kg/10a) A B A B A B A B A B A B
Nonfertilizer 4,97 4.22 31.9 28.2 0.22 0,17 11.8 9.9 4.32 5.62 4.58 4.55
NPK(32:8:20) 4,99 4,20 27.2 28.6 0,13 0.21 11.0 10.8 5,44 577 4.25 4,04

SW100 9.34 7,93 31.3 23,2 0.17 0.19 11,2 8.8 6,00 575 4.40 4,97
NPK+SW100 8.89 7.51 28.7 25,0 0.23 0.17 11.4 8.1 526 5,83 4.34 4.11
SW75+LM25 9.31 7.39 33.0 29.0 0.26 0.21 11.3 9.7 5.18 5,58 4.49 4.09
NPK+SW75+LM25 11,50 7.84 33.0 29,0 0.18 0,19 10.8 8.2 5,30 5.48 4.18 3.90
SW50+LM50 7.84 6,45 34.4 30.5 0.18 0.17 11.2 10.7 4.97 5,77 3,78 3.81
NPK+SW50+LM50  8.39 7.83 33.5 30.3 0.21 0.18 10.7 8.5 4.64 3,53 4.21 3.9
LM100 7.04 5,51 39.7 29.6 0.15 0.17 10,5 8.0 4,81 3.07 3.70 3.13
NPK+LM100 7.06 5.69 34.3 30.5 0.12 0.19 9.2 7.8 4,51 3,20 3.62 3.02

SW : seafood processing wastewater sludge
LM ¢ livestock manure

A @ At transplanting time
B : At harvesting time
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2271204 SR 100%, &8 R|75%+2825% S A|50%+SH50% T =8
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7t 8 X7}t oyt ol At o g 7)o ulste] ozt LAt
B3 Hu] FF8 EQF KoY 8 Xeolst gk

Hj3F Ca0 W MgOUHL BAAKIZ Bk 2 Bu| W e s+ 2} Hu] A7)
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Table 27, Nitrogen and P:05 in chinese cabbage by application of the composts.

Treatments Days af te'rr—l\irf;)s lanti Days af t:soir(z:l)s lantin,
(1,500ks/10a) "0 SR R BT

Nonfertilizer 2.97 2,51 2.46 0.42 0.80 0.70
NPK(32:8:20) 3.20 3,01 3.21 0.79 0.90 0.72
SW100 3.65 3.48 2.70 0.71 1.02 0.86
NPK+SW100 3.90 3.30 2.49 0.91 - 0.82 0.86
SW75+LM25 3.14 3.18 2.64 0.92 1,17 0.83
NPK+SW75+LM25 3.96 2.97 2.89 1.14 1.45 1.14
SW50+1LM50 4,46 4,14 3.79 0.87 1.15 1.07
NPK+SW50+LM50 4,49 3.05 3.44 1.05 1,12 1.09
LM100 3.98 3.65 3.86 0.93 1.16 1.19
NPK+LM100 4,38 3.72 3.41 0.92 0.98 1.06

SW : seafood processing wastewater sludge
IM : livestock manure

Table 28. K20, Ca0 and Mg0 in chinese cabbage by application of the composts

K20 (%) Ca0 (%) Mg0 (%)
Treatments Days after Days after Days after
(1,500kg/10a) transplanting _ transplanting _ transplanting

D % B P 5 B D B B
Nonfertilizer 8.76 6.26 3.76 1.91 1,84 1.27 0.32 0.26 0.27

NPK(32:8:20) 9.07 7.50 5.33 2,23 1,61 1.73 0.29 0.36 0,34
SW100 9.00 5.68 4.82 1.86 1.68 2.12 0,31 0.27 0.29
NPK+SW100 : 9.99 7.00 5.75 2.20 2.71 1.80 0.37 0.23 0,31
SW75+LM25 8.85 5.44 4.66 2.38 1.88 1,78 0.36 0.22 0.24
NPK+SW75+LM25 8.69 6.66 5,22 2.18 2,82 1.83 0.34 0.35 0.29
S¥50+LM50 8.47 9.73 6.21 1.82 1.82 2.43 0,31 0.38 0.35
NPK+SW50+LM50 9.02 9.86 7.90 2,10 3.69 3.07 0.33 0.37 0.31
IM100 7.17 9.86 6,95 2.09 1.71 1.62 0.35 0,37 0.38
NPK+LM100 8.23 7.78 8,02 2.37 2.35 2,50 0.31 0.42 0.45

SW : seafood processing wastewater sludge
IM ¢ livestock manure
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719 wj3F Fe, Mn, Cu W ZIn¥elE ZARE ZH=s Table 2904 Hi=n}e}
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Table 29, Fe, Mn, Cu and Zn in chinese cabbage by application of the composts
at harvesting time,

Treatments Fe Mn Cu in
(1,500kg/10a)  ~IITTIITTIIIIIITTITTT T I —
Nonfertilizer 59.0 64 5,43 35.2
NPK(32:8:20) 50.1 113 4,93 43,7
SW100 67.7 82 5.93 41,7
NPK+SW100 65.7 133 5,23 39.5
SW75+LM25 71.1 96 4,53 36.1
NPK+SW75+LM25 63.4 98 5.03 36,8
SW50+LM50 58.7 112 6.73 48.3
NPK+SW50+LM50 74.2 170 4,23 43.4
LM100 57.3 97 5.83 ‘ 55,7

NPK+LM100 76.0 125 5.43 45.4

SW : seafood processing wastewater sludge
IM : livestock manure
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Table 30, chlorophyll-a in chinese cabbage by application of the composts
(mg/nd « Fresh weight)

Treatments Days after transplanting
(1,500kg/10a) 0 55 5
Nonfertilizer 726 (96) 759 (79) 644 (77)
NPK(32: 8:20) 760 (100") 961 (100°) 832 (100%)
SW100 996 (131) 963 (100) 855 (103)
NPK+SW100 1,035 (136) 1,103 (115) T 932 (112)
SW75+LM25 952 (125) 975 (101) 835 (100)
NPK+SW75+LM25 947 (125) 1,002 (104) 986 (119)
SW50+LM50 918 (121) 959 (100) 783 (94)
NPK+SW50+LM50 1,033 (136) 1,174 (122) 978 (118)
M100 863 (114) 987 (103) 821 (99)
NPK+LM100 949 (125) 1,035 (108) 997 (120)

SW : seafood processing wastewater sludge
IM : livestock manure
% ¢ Index

Table 31, Plants height, number of leaves and diameter of chinese cabbage
by application of the composts,

Days after transplanting

Treatments

ST T Hzcasmfm T
Nonfertilizer 13,1 13.5 0.5 22,5 27.5 23.6 49.0 2.0
NPK(32:8:20) 22.2 14,6 1.1 33.3 42.1 2 1 32.0 53.1 2.2
SW100 22,9 15,1 1.0 28,0 38.2 2,2 33.1 52.8 2.2
NPK+SW100 22,8 13.6 1.2 33.0 48.6 2.4 35.5 53,0 2.7
SW75+LM25 24,7 15,3 1,0 26,7 41.5 2.3 32.6 41.8 2.3
NPK+SW75+LM25 24,5 15,2 1.2 32,1 48.0 2,5 35.0 59.1 3.1
SW50+LM50 24.2 145 1.2 32,3 54.5 2.4 30.8 48.5 2.3
NPK+SW50+LM60 27.5 14,1 1.3 33.8 56.0 2.4 34,0 57.7 2.9
LM100 26,56 15,1 1,2 34,0 52,0 2.4 32,3 53.0 2.7
NPK+LM100 28.6 13.5 1.3 35.8 46.2 2.3 33.5 57.4 2.9

1% 1.15 0.36 0.11 0.92 4.04 0,16 1.59 3,16 0.15

LD 5y 0,88 0.27 0.08 070 3.08 0.12 1.21 2.40 0.12

SW : seafood processing wastewater sludge
IM : livestock manure
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SW : seafood processing wastewater sludge
IM : livestock manure
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