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A Study on Optimum Moisture Content and C/N
ratio of Sewage Sludge Treatment Using Composting

Hyun-Suck Son, Won-Ho Yang and Moon-Shik Zong
Department of Environmental Health, School of Public Health, Seoul National University

ABSTRACT

When sewage sludge is treated by composting, higher moisture content and lower C/N ratio on
sewage sludge is problems. This paper project to desolve two problems. The almost trends in run 3
of MC 70% are similar to these in run 1 and 4 of MC 65%. A retention time of the highest tem-
perature (>5(0"C) and increase rate of temperature in run 3 are an affinity to these in run 4. Par-
ticularly, decrease rate of temperature in run 3 is slower than others and this data shows the more
activity of thermal microbial in run 3 than that in others. C/N ratio trends in run 3 shows slow reac-
tion 1n nitial stage but, after 9 days, is similar to that in run 1 and 4. Carbon trends in each run are
a similarity to C/N ratio trends. Temperature, MC, carbon and C/N ratio trends in run5 , whose C/
N ratio is 15, show less microbial activity than that in run 6, whose C/N ratio is 20. But tem-
perature increase of the beginning stage and pH of the final stage in run 5 are greater than that in
run 6. Final MC and carbon content in run 5 and 6 have a similar values. That is, final MC i run 5
and 6 18 49.39% and 48.97% and final carbon content in each run is 25.15% and 22.20%. Expecially,
a temperature increase and C/N ratio decrease rate of the beginning stage in run 5 are greater than
these in run 6. This shows the shorter lag time in run 5 than lag time in run 6.

Keywords : Composter, Moisture content, C/N ratio, Lag time, Carbon content.
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Table 1. Characteristic of the dewatered sludge

Com- Moisture . "o . .
ponent  Content(%) C%)  N(%)  C/N ratio
Contents 82.6 30.6 3.9 7.8

Table 2. Heavy metal contents of the dewatered

sludge

. Stan ontents
Component g g
Pb 3 0.0873

Cu 3 0.072

As 1.5 Non

Hg 0.005 Non

Cd 0.3 Non

Cr* 15 Non

CN 1 Non

Org-P 1 Non

Tetrachloroethylene 0.1 Non

Trichloroethylene 0.3 Non

Soure : The Institute of Health and Environment of
Kyonggi-do.

E air supply : O.4L /min/kg Matter

wr

§

B blower
air equalizer

E thermomaier

w

thickness = 1.5 em
diameter = 20~-24 em
height  * 30~-35cm
material * acryl

(a) (b)

Fig. 1. The experimental setup of composting reactor.
(a} the structure of composting set. and (h)
the structure of reactor and aeration set.

reactor

A3 Aaspxiefol o3t Ao g &4H Lejx|ole) Y
AE(Seed)¥} 7NFA (Amendment) = ZHzt gFany °]
FAgeb EdS GlucoseS AHLEIgIc) 22y &
A (Bulking Agent)® 358 Wol(Straw)E < 1
cm®] A7) Z ghod AMgsleick M. AP A s R 45l
seizel AR SRS 77 Table 134
Table 22} 7t}

(2) A%
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Table 3. Conditions and components of run 1, 2, 3 and 4.
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Table 4. Conditions and components of run 5 and 6

Run

Contents Run 5 Run 6
Components Sludge+seed+  Sludge+seed+
Glucose Glucose
C/N #] 15 20
Moisture 65 65
contents(%)
Aeration rate(LPM) 0.4 0.4
Sludge(kg) 3 3
Glucose(kg) 0.516 0.876
Seed 0.352 0.387

*Run 5 and 6 : conducted to search for proper C/N
ratio at the 20 through 30°C.

Run

Contents Run 1 Run 2 Run 3 Run 4
Components Sludge+Seed Sludge+Seed Sludge+Seed+ Sludge+Seed+
+Glucose +Glucose Glucose Glucose+straw
C/N Ratio 20 20 20 20
Moisture contents(%) 65 55 70 65
Aeration rate(LPM) 0.4 0.4 0.4 0.4
Sludge(kg) 2.5 2.5 2.5 2.5
Glucose(kg) 1.93 1.63 2.07 1.93
Seed(kg) 0.443 0.413 0.457 0.443

*Run 1, 2. 3 and 4 : conducted to search for proper moisture condition at the above 30°C.
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Fig. 2. Temperature trends of each composter by various moisture content.
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Fig. 5. Carbon trends of each composter by various moisture content.
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Table 5. C/N Ratio trends of each composter by various moisture content (unit : %)

Time (day)

Run

1 5 9 14
C 33.53 32.50 26.80 2227
Run 1 N 1.66 1.85 1.88 2.06
C/N 20.20 17.54 14.23 10.84
Run 2 C 36.67 31.78 27.68 19.37
N 1.82 1.79 1.98 1.54
C/N 20.15 17.78 14.00 12.57
Run 3 C 35.22 31.40 24.60 25.85
N 1.75 1.75 1.45 2.39
C/N 20.13 18.00 16.92 10.83
Run 4 C 36.11 31.85 24.09 18.37
N 1.81 1.33 1.75 1.74
C/N 20.06 17.44 13.79 10.58

*Moisture content in run 1, 2, 3 and 4 is each 65,55.70 and 65%. And rund has straws.

u] A5 ggo]| o] ARzl AE-EH 53] & Z 1°] 46.20%, vF-23 27} 37.62%, &3 30] 46.
3l

7] 82 dabal Ral S chudals w24l v] g 8 20% 12} mb-g3 47} 47.26% 2 vrepgdcl, o]zt
Fo| Fad Arz A4g 4 ik g aubsi e whgx 19} 3 2E] 5 498 6k
Zrofl Akl BR2-3E 38 Run 13} 49 Zapsp A9 29| HEr}uledohe A o gl olelg A
ZAe-g woifa gluh. Blx o]E2 JEYE A 2 9o v E Avpe} Fodshcl
v ohg-2] C/Nw] v} 343 0401”" of 4= 9l
=l o]z Wshe Eu)sloly dojvlm vl AEel 2. 2% lE A3l
g]z‘f_} _,;5“35;},&__ _Q_Ej}_ -2 Oﬂoﬂoﬂ,{-] ,‘g—ig],_l__ 7] o] gfﬂs_ 1424 C/N H]J AL7] -r]f{ A} f@gik]
ZEstel F2 dofdris 71EL] Bae) Frhis 7 Wk 59} 62] A AT} elct
& o 5 olrh B8 kg x 4] Hsw kg ¥ A) 25 =gt
uhitoll 2] C/NH] 2| FA% 2FAaE el o)ut AE 23 A 17k " o7 R e e Al
W3l 27)e] Rl B AFeE A1Aksled 7| oA AsfE|dc) airE vk e st A
uf F-oll u[ Aol Al 2 3haE ) F3)} ohE wkg & 17} vawsle] Ao R 7CHES] afe]E Ho)
Zof vlale] ol HAF oz ukg FHEHAA ] I odeh el ubg-Eu ] S AFge] AE 10 ¥
vl 48 gXe] HkS-x 13 4@ vl Fthi: RS 122 TS . Aner) Adle) oz
of 4= qle}. zef 1 ofei’t wWis) ek whagheke vlwsle] Grp= A& Jasr - gl ojEet H e
A 52 obE 2| 2e] Wi} A&y Fdsict 2 97 rh nkge o] vl AE-9] Lag times 4t
Table 50l vtehd 713 ub-g-27]19] ub-g-& ukg- < Z*HMI A¥g v Qlrk= AL 4 5 ol
Z 1, 2 2o 471 whE 28-S Bodct vbHel wl ae]a A 13 S 2ol Bl A2 A 24
$& 3& -8 AE woloh ek Hkg-o] Fuky A o] 7 opabe] il vebdrie el of
of| M= ubg 3o] FA% AlWE v AL 4 F g kg Holr HE 27| Fxrb 3] wiel
Qlrk o'2dF A 2rle] & RIS g whg- o] wiAE gHEslv)ed Hidt xR
he-& HalM = 65%2] TS 7HA HhE Rl g 717ko] Aejrjr) witql Zlo® Alaxich
vlalj4l A0 07| ek vkl 271 8§ Fig. 69F o] vb-g-2 58] 7.9 Z7]of 47k A4
gko] A& Mkg-R 2 TR R A5E S3EEk F 7hagt F oA Ha 2R ] Abge] &
HAR vl AEel gAdo] HAEY] wF-d Zle]ch 7ol whel kg% 62] 5= Ha 2ETR| 9| Ak
Ao 7+ ukexe] C/NulQ] 7HA g ke Frof] &7} ZhAsleirt cM 2kt F7kshs okl

Korean Journal of Environmental Health Society, Vol. 23(2)



52 Hyun-Suck Son et al.

45 | /

/ \\run s
40 |

Temperature
&
-

SR Sell wia) 198 =7 o fFA s ek o7l
HE$-2 59 C/N H]7} vhg-2 60 w]al] 7] ol

2 Goll nla) asla
sl7] Wl Aolek. e} olelat Asbt e ¢/
N ol 213 ol 42| Bao] Qojubx] eokeh o
ol ohuch, olagt F2o] hd AL Uk e
2 9 O/N wlelA = ghualobe] 4zt pHE) A4
%o ofmuo} Fhazt W Asted ofFle] FAZ <)
o7l WEE selAe olHG BAlt YASA
Qsbr] A Roleh N Z, e 9)7] L melA u] E)
£ UIgEel S 24 59 ey nlgie) de

3} vl gEe] Aol b2k HEG wraglel o
1 Axpeo] vhehd ®Aro 2 Az g 4 lAleh 2
o2 C/NW 157} ol ge] el Al a4
b E AER G A ohdeba @ 4 el
FA7 ) Lx o] wlas)
T FAT 7 FF] o] Tl o

O
FoHR R B e
4 et
B) pH Hi3}
Fig. 79} #te] vkg-% 62 pH7P "—F"PH_E 57

Lag timeZ-<l vteli}=
e wkg-2 6ol ula) At

LW

Temperature
]
f//
=z

8 e
7] e, et

pH 6 ~
5]
4

0 2 4 6__8_ 10 12 14 16 18
Time (day)
(a) C/N ratio 15

8 _m—m- -
7 " om -un i -"‘.--’
pH 61 -\‘-\ _Al’/ -
5] " o
4 - T r .
0 2 4 6 8 10 12 14 16 18

Time (day)
(b) C/N ratio 20
Fig. 7. pH trends of each composter by various C/N
ratio.

>
i

A I Qe vkS-Z 59 ul-Lo] w
c}. C/NBIZ} 20-25 ¥} 2 3% ukgo Ashs
7FA| 3 vk Bar) glvh o7& u|AlEol 2%t
A7 AL frlEEc Bafr] o] S0t oy
7] wiFoleh, 2} B =FollA] u-5-2 62) C/NH|
£ 2007 ko] B4t 9ls rheAe A gl
Abafoll A ubS-E 60 HISEEE EF o8 214 ¥
= qlvkh 28l B2 ¥k 59| uhgo] Al C/Nu]d
AMé &5 vl whacoky & 4= gl

Hhg-%2 52 A9 27]9] pH 6.82¢114 Al zhs}o]

sohe 2E 9

A1
2

lo ftjo

>

Korean Journal of Environmental Health Society, Vol. 23(2)



A Study on Optimum Moisture Content and C/N ratio of Sewage Sludge Treatment... 53

pH 8.132.2 uhso] Fg3F 7o whsl w3z 2+
pH 6.7741A4 AlAHs}ed] pH 8.010l14 vhgo] F55]
ek 283 vhEE 62 bR 5oll HlsA] opAbAd
ol 4] FAlo)Are] pHE S| 3| %ol ] 22k 7|7}e] A
Hed o] AL vl AE &5 A|xto] HhEE 5ell4
w2 ok A8 o 5 glrh o2 g A2 oA 7]
Zroll i3t Hollxle) Ay dxgcky & 5 9ot
pHe] ApE 2 shekabal whg 27)2] 59 whg2o]
u1-8-9] 94 3= uhg-o] FubR7ER] 2| 4E 3 ek

CFydlefe] Wiz}

4y-ghefo] wish vy 2x o] wishel 2 of
S BojFy ek a2y 27]9] SRdkke] A}

5 vl 2xo) wsle}l o7t o E S Roln
alt} Z7)9] & AbS-E ubSF SellMd ] FAF A

< Hold vl -2 5ol vla) oF 364)7F A
—;—% g e *”%‘w’l AgE oot
whee] #AFS Holw gtk & F719] SRgge

Aae 6] vheFoA] iﬂl vepdcl, olaig A
T 40°Co) Btoll A= F2A vl Eol 23 dFel
o8 AL AT o)Ak REAS) B-& AAlRITER
aeeg SRgheke) 2hg 2] 2719 vk whg

% 691 B} 58 vk Yol o] 3high wkgg Ao
Ao g2 97 & Aok 328 5 Al
Z C/Nv] 1548 ol K 2] Eu]3} uk-go] o] A-E-2] A
-27]7kal Lag Time®] %‘.}D}w AL o 5 glet. o)A
& Aryot Bagrrl B v ofo] ukeE
Wy Ao g Mo uhgz 52 27] vl Q£
Ak o] Ajzbe] whEcky & 4 lrh b
Hh-g Fulbie] 513—/‘* o] *§%91 gEoddat vk ¥
Hkoll 4] 2] 7]
dolutw 9l AL ﬂ’&% 4“— 9&1‘)& 01718 C/NH]
157} 5R[3S 93 g A v 85 1

D

7
Les ~
ped e S un 5
gan -—n
.
o TN Al -
.
50 - —
45 i Y
[ 2 4 & [ 10 2 14 18 8
Tirw (day)
20 @) T/ ratio 15
Res ) —._*
. Ty TN 6
‘.\k\-\v -
£ -
- —-.
50 - -
i ey
4 T v A
[ 2 4 [ 6 10 12 14 ] 18

(day)
(b) uN ratio 20

Fig 8. Moisture content trends of each composter by
various C/N ratio.

FA7) A0 2E A7 $ET wo] Jlrke A E
s}z 9k

ol2igt A& Fig. 8% v A &s] & 4= lch vt
2% 59} 69 71274 ZH2k -1.11 2251 -0.948A4]
Rb2 59 7187 ¥ Ak s o 5 gtk 29
v} vhgof 2|3 pRgeke) 4aE Bl vhgE 57t
24.90% 18] 7 vF2F 60] 25.15% 24 HHEE 69
A dFo) ol & AL & & Qef olF AAge
Jo C/NH]o) 23t vl o) ZEo] A[dAde] Zha
Aoty & = Ak 49 vIAE F5e 2S5
FRaA B divkre] Balv) o] FolA= 2y
& perE At o] ghecAz} s #A 4]
Jolvdriis Mol o5t 2r]e uhg
gkt v A2 gEo 2 &r]|7te] o
Fo3icky & 5 olck et B Ay oE H
v|3} A Fge 42 SR 24 Aol 2§
o] oli= o BB oFrr) T3] He Aot
olegt Aol Eu|slella] & C/Nuj2Ae] A
L ukex 59 68 w2 o ghdsictn & 5 ek

D) 3] g 4l whagheke] wist

yke-z sl gL vhe 39 F 3

o

r-{m

— [

o

Lo

L
il
r,

o) 2

el vt W] 37h wEv FEeal Wake
ek o] 717k pH7E eFabe] Asksl & F3ke]

Mok b

o] 27MEEs} FEaAY] Azpshs FRkelch,
22 WSE 57} e 6urh wE AsE wolu
oleh ol 919 wE ARelH wolF At ek,

Fig. 98 ® ukg-x 59} 629 71&717F 7 -0.52
labﬁ -0.5524 #2| zolr} ek zevt 7 vEE-
zo| etadhel 74488 Byl whgx 571 24.99% 2
23 uhe-E 6ol 36.2500 24 Hhe-Z 69] B3l 3
o] v shabdc)= 718 oF ¢ = ot} o]e]g) Aup= 4

e ghae) e A8E 32 5 Uk

a4 - o
= 2 e m -
232 - e —
- -
* ° "\’""\-M‘«-
24 Te——m
pig ~
0 T T r T T T T
o 2 4 6 ] o 12 14 16 ‘e
Tirre (day)
x (@) CAN ratio 18
w . -
- 3 ——
2 33 TR uns
pod - e -
- - W~ e ®
2% ———— "
24 R P
22 - -
o - T - =y T — T
a 2 . 6 a 10 12 1 15 18

Tirvm (day)
(h) TN mtio 20

Fig 9. Carbon trends of each composter by various
C/N ratio.

Korean Journal of Environmental Health Society, Vol. 23(2)



54

Hyun-Suck Son ¢ dal.

Table 6. C/N Ratio trends of each composter by various C/N ratio (unit : %)
Time (day)
Run
1 5 9 12 16 17 18
C 34.29 28.23 27.18 27.36 27.05 25.89 25.15
Run 5 N 2.15 2.14 2.24 2.26 2.39 2.18 2.34
C/N 15.95 13.22 12.15 12.11 11.34 11.87 10.75
C 33.83 29.14 27.92 27.98 27.21 25.31 22.20
Run 6 N 1.68 1.59 1.84 1.99 2.48 2.51 2.20
C/N 20.15 18.27 15.21 14.03 11.03 10.09 10.10
*C/N ratio in run 5 and 6 is each 15 and 20
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