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Utilization of the Bulking Agents for Environment-friendly Toilet in Rural Village
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ABSTRACT

The biodegradability test of bulking agents in feces composting process is conducted to
increase the management efficiency for environment-friendly rural toilet developed by
National Rural Resource Institute in 2001.

In the case study through references and field study, ash, fallen leaves, and wood chips
are commonly used in the ecological toilet. Extension officers and farmers prefer rice
straw, fallen leaves, and chaff among the rural resources as a bulking agents in the
aspect of getting and storage as the result of questionnaire survey.

As the result of biodegradability test including the temperature change, CO, gas
production, and C/N ratio change of composting pile under the condition of aerobic
composting apparatus, rice straw and chaff are good bulking agents for environment-
friendly rural toilet. It is recommended that easy getting materials among the above
mentioned materials are used for bulking agents as the region and season in
environment-friendly rural toilet.
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Table 1. The characteristics of feces used in

this study

- Feces from Seoul This
Sewage Treatment Plant  study

pH 70-172 6.4
TBOD (mg/ ¢) 18,030 16,070
TCOD (mg/ £) 54,100 - 55,276 48,760
SS (mg/ 4) . 40,310 - 42,690 - 35,650
TOC (ng/ £) - 39,020 - 44,980 - 37,447
TKN (mg/ 2) 3982 - 4,212 4,150

C/N ratio 9.8 - 10.7 11.7
(oumber om0 4.6x10" 2.6x10"

* TBOD; Total - Biological Oxygen Demand, TCODcr;
Total Chemical Oxygen Demand, SS; Suspended
Solids, TOC; Total Organic Carbon, TKN; Total
Kjeldahl Nitrogen, C/N ratio; Carbon/Nitrate Ratio
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Figure 1. The closed reactor for biodegradation of
bulking agents.
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Table 2. The case survey of bulking agent use in Korea

Bulking agent

Toilet Location - - Remarks
Type Using period
Purunnun. v1l.l age, ash, chaff often use as compost at vegetable garden
) Sangju-Si
Ash toilet N i
amsa vitlage, ash often use as compost with rice straw

Sancheong-Gun

. . Sancheong-Gun leaf mold often use as compost at vegetable garden
Ecological toilet
Yesan-Gun fallen leaf, ash often use as compost at vegetable garden

Kosung-Gun rice straw one per week use as compost at vegetable garden
Environmental- Yeojoo-Gun fallen leaf one per month use as compost at vegetable garden
friendly toilet* Jinan-Gun wood chips one per month use as compost at vegetable garden
Dangjin-Gun chaff one per week use as compost at vegetable garden

* FEAEER22001)

o] 3}l Sorting Toiletoll & WUF-$28718 A} A 5S¢ AgET UYL, oS HE ARe
£3}3 UtHUschi Eid. 2000). Ab&e] a)-$-49} sjopte] EulE ALE3t3 AATHTable 2).
Aeioke HME F2 A, 9A, R, 9 & REH3 e 8333Y w4

Table 3. The general characteristics on bulking agents

Bulkin .
agemg General Characteristics
. ° ventilation improvement ° easily degradation ° strong water absorption
Rice straw : P ¥ 8 5 P
° restricted period for getting ° need the labor for getting ° cut work necessity
Chaff ° ventilation improvement by big gap ° less occurrence of oder gas ° not good decomposition
° weak water absorption ©° restricted period for getting ° use the chaff producted in RPC
Leaf mold it is very useful when mix with excrementitious matter
° much use in a mountain village
Chios of purchase is difficulty because outturn was not done scale
ll:ne ° Because particle is not uniform, when mix, uniformity security is difficulty
p ° use in the bathroom that user is few, Because decomposition is difficult
Tree bark ventilation improvement by big gap

° use in the bathroom that user is few, Because decomposition is difficult

° ventilation improvement ° strong water absorption ° handling is easy
Sawdust ° offensive odor adsorbability power ° hard to purchase ©° safety problem in income material
° not good decomposition

Peat-moss  ° ventilation improvement ° strong water absorption ° easy in storage and use
in sale  ° need of purchase cost ° purchase is difficulty
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Figure 2. The variation of pH by composting
periods(WC; Wood chips, C; Chaff, RS;
Rice straw, CP; Chips of Plane, LM; Leaf
mold).
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Figure 3. The variation of temperature by composting
periods(WC; Wood chips, C; Chaff, RS;
Rice straw, CP; Chips of Plane, LM; Leaf
mold).
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Figure 4. The variation of CO, gas and C/N ratio by composting periods.
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Table 5. The result of biodegradation of feces with bulking agents

Item Tree bark Chaff Rice straw Chips of Leaf mold
plane
Water contents of bulking agents (%) .35 15 22.5 40 48
Water contents of mixture (%) 60 60 60 60 60
pH variation 7.56.5 8780 7.2—82 8.2—-8.0 7.2-6.0
CO; gas low high high low low
Potential water absorption medium poor high high high
Fungi ND D D ND ND
Volume loss low high ' high low low
Composting safety period (day) 24 30 15 29 15
Safety period after spike test (day) 17 22 11 19 12
C%ﬁ;‘gﬁg&’“) 1,500400 4800450 5200450  1,000/400  1,000/390
(Fist stfégs?}&‘; stage) 55/18 11020 70/18 160/40 40/16
Temperature Max(C) 37 40 43 40 37
Period (day) 3 35 5 5 3
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Table 6. The analysis of heavy metal content from composting materials (ppm/qg)

B;‘glgt‘g Al jag|lAas| @ |ca| o | cu Fe K | Mg | Mn| Na |[Ni| Pb | 2Zn
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Cum [0 | 82 Jon o 02 | 2 [ 2| 2] 10 [3&]oo] r [o
Leal iﬁ; oo | ¢ loo| o1 [ 23 f13s9e11 15| B0 2010011 07 |14
S(‘;;I;‘;SS 2> (50> 52 |300> |500= 150>




112 st=X|ALE MantErs|X| M173 23 2006

7 & dold Aoz sotd = Ao a2y
224, duy, #H9ES A9 Ho 1,000~1,500
ppm, SHY3E ©AClA 390~400 ppmOE A
SACHFigure 4).

g HAFHE] FEE Y

gz dolle HFAES AHsA F
& FE5& FA% 23, F23 Has Z;]%E]x]
anoen B T4 FHRET HUE Y F
A 71E o3tE HAEEE ¢ 4 UTHTable 6).
HEANES QAF A ALRE7] M e BAE
Blge] R&EAE o AL HAsE o o] 45
e g HERAP} 35 FHFoO F B
Foln},

V. 248 9 A

Adus PE Agstn YE BAANY
sAae] BeElASS Foly] Y8 F4mAY
AgAb, Bl B4 vme) EHaYe
Saslgch BdzAlel HPEALE 3 AA
AAEE g AgHn dE jPRE
A, G, YRR Sol AR, Fae ¥
ERY Fol §S9 folAdW HF UL
ARZAE 2% Wl 99, 94 $o8 Uitk

AALEY P AHEEHE BrAwWRY
ExQe 284 zAsA s 3 A%et
of Blwd Az} A E KA (biodegradability) S 2%
W3}, ol italgta MAlE ONu| W3 B¢ B
& A, H1I>A-RRHURH AR ES
&2 Jeb S ¢ 4 UckTable 5). Q3 2
o guzngoly HEANE FFFS A
e 71Z4 o5tz AEHA %744 RS B
Auj A2 drse £A% 52 &5 Yo
wasim, JRgA, REEY ALoe E74
e Agy Huislo] Bed dx TF ER
g wEojFe 9%e JdEg- 4 ok a2y
AA e 28 5o] A7) Wo] AR APDo]
HeF =& LEE FAANA Fe 2EA o
ge ojzlg Aoz wudc webM Hust W

O..L.__,_,F{]I Fr

2o AHEEE EA4MAZA YRR, RYE
5oz AXE AVE G sn, Y] A}
&8 B740R FlAE HAL AHgstE Ao
Hulg 240 floj AR Ardo =

3 584 344 B2AE QANE AGH A
Mol B2} SN AR SAS FolA T
A% A olgsie o) sgEsD AR Ak

F}aER

Mori T., A. Narita, T. Amimoto, and M. Chino. 1981.
Composting of Municipal Sewage Sludge mixed
with Rice Hull. Soil Sci. Plant Nutr. 27(4) :
477-486.

Riggle D.. 1996. Technology Improves for Composting
Toilet. Biocycle : 39-43.

Uschi Eid. 2000. Sustainable water management - A
global challenge for the 21st century. Proceedings
of the International Symposium, 30-31 Oct. 2000,
Germant: 7-10

Wendy Wynia, Anne Sudar and Gray Jones, 1993.
Recycling Human Waste: Composting Toilet as a
Remedial Action Plan Option for Hamilton
Harbour. Water Poll. Res. J. Canada 28(2) :
355-368.

A, AES, 24F, A, o4V SHE2Y
719} 3449 7] B0l A Bulking agent®] #jjo]-8-of
@3 A7 H71EA=ds} 93) @ 127-135.

AAE, E¥42001, A0AERLYE. FIrle
174-179.

&332, A4, FAS 2000 FEAY FARAS
213 guls} A ol & P& AYIA
6(1) : 38-43.

o] FH. 2000. A4-E wHE Sz FY : 135-154.

AR 1992. Fo) Adelch. BUF 122155

A%, TAY. 1994, Eu|5}) ojsety g Y
B, K718 x). A2 23

ZEA. 2000 BAANY FESPGY 2dAL A
T 20008 % RGN APEAT B
FEAYATL ¢ 530553

Z&A. 2001 §3NHY FEFFAY H5B7)
2 83 A7 20018 i%*&%&%ﬂ‘é"“‘
TFHIA. FEAGATA 355,

Hew, &3 2002 959 8335 E AALE
Eulgl sgAde] AA - 8400 FolEFd &
7 76W. FolE7|NFA} 1 132-140

SA173. 2000. FYEZAHnhttp://www.nso.go.kr).

gageluls, 1998 Adgasigd slexlsy 13

A4, 199%. FEZAA] 547 QE“‘W} ey
P A3 AL 4P AZAY. F447]
A T4 49-61



