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A Study on Optimum Mixing Ratio of Paper Wastes as
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ABSTRACT

This study was performed to find the optimum mixing ratio of paper waste in composting of mix-
ture of swine feces and newspaper. Using the experimental setting of aeration rate which was found
in the experiment carried out priorly, and moisture contents reported in other hiterature, just the in-
itial C:N ratios were differentiated by mixing different amount of newspaper with the same amount
of swine feces. This study was carried out by operating 4 experimental composting reactors of hench
scale for 3 weeks.

The followings are the conclusions that were derived from this study.

1. During composting reaction, the C:N ratio of each composter was decreased. Degree of decrease
was in order of run 3, run 2, run 4, and run 1 of which initial C:N ratio was 30, 25, 35, and 20 respec-
tively. All of the final composts were found to be completed composting reaction.

2. Ash contents of each reactor increased rapidly in order of run 3, run 2, run 4, and run 1. The ab-
solute values of quadratic effect coefficients of each second order regression function was 0.059, 0.038,
0.032, and 0.030 respectively. Ash contents evolution trend had a linear correlation with the C:N ratio
trend. (r=-0.96932, p<0.05)

3. The range of highest temperatures reached during composting was 47.2-53.5°C. Those were not
significantly different from one another. Thermophilic temperatures were maintained in the range of
48-108 hours.

4. Contents of heavy metal detected in the final compost were lower than those of Korean and Eu-
ropean standards.

5. Concentration range of Nitrogen in the final compost was 1.11-2.27%, and that of phosphorus
was 8.40-10.70 mg/kg.

6. The optimum C:N ratio which has been proposed without the consideration of types of bulking
agents should be re-examined. Biodegradabilities of each bulking agents was thought to be important
factor when determining the optimum initial C:N ratio for composting.

Keywords : Composting, bulking agent, C:N ratio
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Table 1. Physicochemical properties of swine feces
and newspaper

Swine feces Newspaper
Moisture contents (%) 61.75 8.16
Ash contents (%) 19.00 4.62
Volatile solids (%) 81.00 95.40
Bulk density (g/) 985.00 66.00
Carbon (%) 45.00 52.99
Nitrogen (%) 2.97 0.14
C/N ratio 15.15 386.51
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Fig. 1. The Experimental setup of composting reactor.
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(a) the structure of composting set, and (b) the structure of reactor and aeration set.

Table 2. Experimental conditions of each run

Aeration rate Swine feces(g) Newspaper(g) water added Initial

(m{/min.kg-vs) initially (m/) C/N ratio
run 1 500 1788 212 78.8 19.09
run 2 500 1607 393 175.7 24.94
run 3 500 1455 545 256.8 29.94
run 4 500 1327 673 325.7 36.57
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Table 3. Evolution of C:N ratios depending on various initial C:N ratios

Time (weeks)

Run C/N ratio — - final/initial
Initial 1st week 2nd week final

Run 1 20 19.09 16.17 15.99 12.80 0.67

Run 2 25 24.94 20.47 17.35 14.52 0.58

Run 3 30 29.94 22.37 20.54 14.53 0.49

Run 4 35 36.57 26.83 25.08 24.17 0.66
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Fig. 2. C:N ratio trends of each composter by vari-
ous initial C:N ratios. run 1, C:N ratio 20; run
2, C:N ratio 25; run 3, C:N ratio 30; run 4, C:
N ratio 35.
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Table 4. Heavy metal contents of the final compost
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Table 5. Maximum pollutant limits of compost in Korea and Europe (unit : mg/kg)
Korea  Germany Holland Denmark Finland Sweden  France Swiss Scotland
Pb 800-1200 500 2200 1200 300 1000 1000 1500
Cu 1200 600 700 3000 3000 1500 1000 1500
Zn 3000 2000 6000 5000 10000 3000 3000 2500
Cd 5 30 10 30 30 15 15 30 20
Hg 2 25 10 - 25 8 8 10 7.5
Ni 200 100 - 500 - 200 600
Cr 50 1200 500 500 1000 1000 2000 1000 2000
As 50
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F Az} Qlo] ko] olx= Ze, Aie} Qle

F9 AU B Y Gl B Wz
Folrl ] 7)1 Ao, 2)el Fheleiald A
ok Q18] ool J gL e Ao walch,

5. TS METot =X C:NH|

glad-e Zafe] 384452 2 phenylpropane %
N2 ¥ WeE pEAEA|w Eae] 20-30%F
AR E A ik Bl adE a| Y EEH R Bart A
HRA ke BAE 7R gl o]# Zlog e g
2y o)glell = AEZ ~(cellulose)s} slv|dEZ 2
(hemicellulose)7} 9lovf, o] F& rlodfFolul '

Table 6. Contents of N and P in the final compost
materials

N* P**

Runl Run2 Run3Run4 Run1 Run 2 Run 3 Run 4

227 217 184 111 1070 988 975 840

*%, dry weight base
** mg/g, dry weight base

el AAE
(crude fiber)elw, o] &
7] g FEo g}
t}-5-29] Table 7 £ A AHH A8 &
%3'4' AR E B RS, Eu]stel &3] AREE=
1a—mv Fibat W, aelw ey $7184
te| 2 wio) o) 2 Af-4 S A Aok
¥, B 0, AEA) 0 A0 3 el 9l
= A sl eEs AT R 3] 24
i F3E Boks o, AlEA, Fi BE, =
ulo] MR B oFe] 2ARAE T3k A
oh AlEAl2h EREE 710) Mk o] 2 RaE
FRha Aw, WA AEA % Fikel A 4w
Esta gl Hrls =
ruch 4L ofe] ZHGAE THeky o] A
=7} ol 93k golebn # 4 Siek Al 5
Al vl Abg EushEe $AE A
g5to] C:NW] 209914 Eju]shib-g-e] GAiske} of
sujol 7h k) Zha A okE AE vt ek
3 2AANEZ AREAE AR 2 ¥l 2 e
ASE Hel 27]) CNulZE 30018y, Fis AR
AHgshe alubael s shubgol] HAe] A4S ¥
o] 27| C:NHI7} 25~30 Alolel Zeg ® = g)
o}, Al o] od A ARs|A] whAdal AR, Z2]
A2 AREsle] SAE 27| E ER]33l ool =
Z7] CNHIE 3022 243le] gu]gsid & of €3]
2 kgl Malg A& o3, A2 gisie
7y AA g3 588 el 27] CNBl ZA el
9lelA siefslefol shz Qlable o 4 glrk.
olgl AL T71H =Huzt W ohe} FHrA
Mg 3 F714 7122 Al vzt
padch 712604 $714 7128 Helst
- 73% st ez alrbedt el Bl ¥
o ojaf AR 9Y 5 vk AFUE B
2wl glch 3714 Euske] A fU1A R
}i°16}ﬂl AFY = ok, DlAEe ¥
Elﬂl:i} el glelA Ewisiila & AE
Ba7he o] Aokt Heshe ol¢

2% Eghhe el z4dda
#7154 & A 37t
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Table 7. Crude fiber contents of the organic materials used for composting(%)

Swine feces Sawdust

Rice straw Newspaper Rice

Crude fiber 9.01 58.04

29.06 58.53 1.02

Korean Journal of Environmental Health Society, Vol. 22(4)



90 Moon-Shik Zong ef al.

IV. 291} ZE

=89 gulstelg AR AR S AH-E o,
o] EAEY HA wigwlE 2r] 9d, 3 8=
AdelA Yzl A FrladsEa 718 4
oA B Rk 2 7] CNulE tf=2
Al & vl A uEEFE A Zpzt E1 T AlEALE A
43 wigmE sl 19961 894U RE]
1996\ 8Y 20d71x} < 357 Eu|ub--S A7
o}, 7z REg-x20] ¥u|st &87 A4 E8)e kA
A g vl EAS 1R A9 ohee e AE o
et

1. guis} "kgo] zAlai=lmA C:Nule 743t
B C:NHle] ZF4aA TS run 3(271C:NH| 30),
run 2(Z7]C:N®] 25), run 4(Z7]C:N¥] 35), run
1(Z71C:NY| 20) 022 Ful Aoz da=lglon}
run 4% run 19] #ol& % Agkeh(< 1%). #HE
C:NH|E HZE CNB) &2 e 38 25 0.75 o8&
vhe} 28 ukg-ZellA su[sirt keSS #l
LRI =

2. sy} 2ol npel 3| Eg- o]=k3lH
HpA Alel] ZALSHA| F7tsledct. 2 Aol =nst
uhg-o] x| § 2 AHE3E o] 3ghre] o] A3l A
gk, 7] CG:NH|E zH2F 20, 25, 30, 352 3&
o] z}zb 0.030, 0.038, 0.059, 0.0329] &3 Rch
o] Axg ¥ 7] C:NH|7F 304 of Hu]gukg-
oA FAH olxpakA|g2| Fhol 71 A Bt
o174 kel s EaEke] St A g
Nv]e] 7hiF=A el U238z Ho|ivh (r=-0.96932,
p<0.05)

3. uhgo] Aldxlma] X 7)o TEA Wl
2 Aoyt Al 97| ke Al AEgled
uhg- kel F8gt 2ol A= ] oot} w4l
3k 124171kl 3dAd W92 Abeale] 48-108 A1%H
ok o] WrE X&E ATk 7 uks-xeA Tt
X 47.2~53.5C9 2w 2 2ol Ysdet

4, ¥kgollA Aabel Ewle] FF4 F Cd, Pb,
Cut =3 §-§ AAe] vebe] 71 & 71 A%
71 EX ok e Gpol

5. AN Ew] Zol £3Eo] 9ole vl
ks wols o, Ax F /|FoE AL 111~
2.27%°1%1 1L, < 8.40~10.70 mg/kgel it

6. =R FFel F-aslA A=A - 2
7] C:N¥|&= Aarsofol & 7102 Wolu] Zx1z)9|

Al #HA Est 288 A% 2] CNulE
AR szl oA s ojof g}

ZAle 2

= &t3]2] 2229 23 pp.58~68el] AAE =
B3 A2 7o EHE Fu|so)] oA )T
o] En|F A g wAE= 4T o] =L 19954
&= st gAte] FrAA dFuled 2t
AEglen 742 2 =gy
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