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ABSTRACT

This study was undertaken to investigate the effects of bone waste on the conservation of
nitrogen in aerobic composting process by inducing the struvite crystallization, which was known
as a powerful method for conservation of nitrogen in composting reaction. Bone waste was dried
at oven and crushed to less than 3 mm prior to use. It was found phosphorus content in bone
waste was about 20.9% of the fixed solids from the leaching experiments using sulfuric acid.
Addition of seed compost affected the progress of composting reaction substantially. In case seed
compost was not used, the duration of initial low pH was greater than seed compost was added.
This prolonged acidic pH may have a beneficial effect on the leaching of P from the bone waste
and struvite crystallization. The struvite crystallization and resulting conservation of nitrogen by
addition of bone waste was confirmed by both reduction in ammonia loss and increased ammonia
content in compost. However the level of struvite crystallization observed with bone waste

addition may be less than the cases water—soluble phosphate salts were used.
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[Table 1] Physical and Chemical Properties of Materials used in Composting Reactions

Components Water content (%) | Volatile solid (% of TS) | TKN (mg/kg DS) Remarks
78.8 95.1 31,000 Control, Run A
Food waste
81.8 95.5 17,700 Run B, Run C
Seed compost 41.9 83.3 23,600
Sawdust 7.3 99.3 430
3.1 48.8 57,400 Control, Run A
Bone waste
0.4 48.3 52,900 Run B, Run C
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[Table 2] Detailed Conditions of Composting Reactions (dry weight base)
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Components Control Run A Run B Run C

Food waste (kg) 1.62 1.62 1.41 1.41

Seed compost (kg) 1.00 1.00 - -

Mixing Sawdust (kg) 2.00 2.00 2.50 2.50
conditions Bone waste (kg) - 0.41 0.41 0.41
MgCl, * 6H20 (kg) - 0.21 - 0.21

Sub—total (kg) 4.62 5.24 4.32 4.53

C content (kg)" 2.398 2.508 2.220 2.220

N content (kg)? 0.072 0.095 0.047 0.047

C/N Ratio 33.3 26.4 47.2 47.2

1) Carbon content was estimated from volatile solid(VS) assuming 55% of it is a carbon
2) Nitrogen content was calculated from the TKN values measured
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[Fig. 1] Leaching properties of P from bone
waste with changes in leaching
solution and L/S ratio.
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[Fig. 2] Change in temperatures during composting reactions.
(a) : control and Run A, (b) Run B and Run C

pH
n

—&—Control
—-RunA
—&—RunB

—®—RunC

o 2 4 6 B 10 12 14 16 18 20 22
Time (day)

[Fig. 3] Changes in pH during composting
reactions.

N orfo

o8 453 Run A4 pHZE @A fAI==
7rol 7V ke, P A =7 A5
Run BejlA 7P A #&=9It E3] 4%
H|E H7}514] %2 Run B, Run CoflAE 2~6
A=7tA] pH7E 7.0 olstE A FAE AT
olfgt Atz Aed 2% Wkl upiR|E
AZEH] H7E fol ogt Ho=m wetE)h A
ZEH= A]—%—%}X} 9k2 Run B2} Run COﬂH%

32 pH7E AdiHog AA fAEoH, o=
w] H7]=o 23 ¢lo] ¥ Hol %—%% = A

o

e

o] struvite ZAA3} wt
S Aom %%%E}.

ol o felsl g

3.3 AZL|OIM FAQ| HE

3.3.1 gZLjof &M

of 2047k &€ HH|g} 7|13 Fot HirpAR
£AE dmyore] ke [Fig. 419 Ath

Control} Run AojAl= ZHzF 31.1 g, 28.9 g9
ol Easlgon)

35
—— Control
30 1 —#-PRunA
—&—RunB
—8—RunC

Cumulative ammonialoss|(g)

o 2 4 6 8 10 12 14 16 18 20 22

Time (day)

[Fig. 4] Cumulative ammonia loss observed
in composting reactions.

J of KORRA, Vol 19, No. 3, 2011



60 93 ol5, UFe Y7

s

ko] 43.2%, 30.4%0] e oFolth. T Run
Bo} Run CollA= z+z+ 10.3 g, 4.5 g9 o=y
o7b &AlElow, ol %7 HAFke 21.9%,
9.6%° sfgett F 1FFe ol &Rk
o] Aoli= 27] ON u] Folo] ofa) WAyE A
oz #oEck =, Controldt Run A9l 79
Run B&} Run Cofl H]ste] 7] C/N H]7} A
Hor 7] uigel o @2 49 Yot &
A Aoz gatE ol 3H Controld} Run AS
HlwahH Run A] C/N H|7} Aoix oz vh-gof
= Byetn £48 dac) ke o Ak ©
Run B2} Run C& w|ws)] B struvite A3}
2% 93 Run CO] ¢hujo}l &=AleFo] Run
BO| of 43.7% 4Z0= kgt ol@jg Azt
W Mglnh W w7|Ee Hrkeh Avke B
Hrk

o

3.3.2 E[H|9| AZL|O} &

Er]9] gmujol =k WHsk= [Fig. 510 AA|
H oHpeF ok gEyof g w HrlES A
7¥8HA] ¢5& Control®] 79 3,500 mg/kg DS
Felog 7P 9 yehdth s9t SAE2
715 ARERE Run A9l A9 fmujof ke
6,400 mg/kg DS =02 oF 1.8u] H& =4
LEbgTth Run A9] 749 Controlo] H|s}o] A4
ol =2 W HrES FrIskr] el
Hlo] efmuo} 3heF = QtiUol EAlgFo] o
=2 & Atk AW Run AofAl= Controlof|
H|5to] @fmtufo} &4l a1 EH] o] ¢fntyo}
e A gAEYonR Mgdyt W wH7]=
7ol 93t struvite ARSI} wRZo] FkEo]
A A A 5t vepd Ao s sk

E U FAE2E7IE ARERE Run Bet
Run Co] ¢rmujop ke Zk2f 8,300 mg/kg
DS, 7,000 mg/kg DS AXEZ Run BojA ¢ =
Al Yepstth. &, Run CollA: struvite A%}
PS5 f=sk7] f18l Mgds 7M=&
Fotal, EH|o] ¢fEyol ke 23|2 Run B
of wlsto] WA yebdth o= Run BY A%
209 B AlEe] ] 2ol 69%% Run

oIS A19F, A3E, 2011

Col 7% 64%Htt o =A FA=EA7] wiZel
QPEUol} &AlEA) ek Eulol] WFsl] e
0% gekEc gaty 48 Hule] e} 3
PO R= struvite A 9hg9] f8 AHE
Hes] 2R1E 4= gt

70CoA 12A1Z7F AxHE EH] AlR9] my
o} geks =43 23t [Fig. 510 AAIE vkt
o] wes] W H71EY H7KSE Run Bofl wjsh
o] Mgt W #H7]&S Aol H7FeE Run Co
A B #=A YERTh & Run Co 3¢ 20
Hulst § paE dzAmel ohmuo} geke
°F 3,500 mg/kg DS 4=Z° & Run B2} 1,200
mg/kg DSET} 38 A% =9It} Run B2} Run
CollA el Az Alg9 Yol 3 7+
7+ 58 A7 oxy o}l ko] 13.1%, 44.5%
Foldlt). olgjgt Zik= Run CoflA] Mgd-&
w75 SAlel M7 wieell vEbd
Atz ofAZItE &, Run CollAl= Mgde 7t
SH7] wlell EHst dpdoll A AR ehryol
7} struvite2 =0} ARaPgolA FEEZA|
AUA Mg& 7I8HAl & Run BoflA=
wule] grmujolrl AxTHN 47 Sl
£AEY] fEe 2 dAdEny. £ Run Bojla ¢
Zujofe] struvite HE §REo] AL {EA
oyolehi wershE Run Col 29 &g =l A
2ol EAsk= Aot oF 30% H&Tt
struvite2 AgE Aoz F=AFCH

—#— Contral
5000 1 —&—RunB

——RunA
—@—RunC

e=yfe--- Run B (dried) eeDe+ Run C (dried)

Ammonia content {mg/Kg DS)

Time [day)

[Fig. 5] Change in ammonia content in compost
during composting reaction.



¢ g7 AEE

ool Al AAIEE struvite AAB} Ao I3
wjol 4 oA I w4F FEdw
AtAE H7IRE 7]E0] Ate] Hlge] W 4
oz gdEc) Jeong & Kim (2001)2 &2
228712 C/N H| 1862 EH|3lelHA Mgd
(MgCly - 6H20)1} QMAFA(KHPO)S H7het 2
I gule] dmyo} k2 struvite AR} HE
S0 fargel ek Hd 12 ghkg7A] 718
o}, Ren et al. (2010)% %3AF H7|28
vslstE Al Mg(OH)29F  Q4ike H71stod
struvit $S =gt A gu|9] <F
muo} ko] 8 ~ 10 ghkg w74 =obxlth
7 mwskn Qop?. B AgelA mugh gy
o} FheFo] WE struvite AAA R ATrE Py
2 EAsks Aolgt Byl oAt gz 2
AtollAl kg Eulo] ofmujo} JhFRT; e
Fzeolet. o]Egt Aif £ ATtollA] ARETE W

7| E2RE §E52 5 Qe Qb ol &
53 sk FER A7k Aol vigke] A
=7 ‘IHTOH Uehd Ante gobg) b
W 78S o]gsto] struvite ZAAS}F WS
R 75‘% W #7712 2y kg 23 %
F7HQl Aa7E Bashekal Ao

AN

Qe TR Ut Wl Hr)ES §714 o]

st 3ol Hstel Waol A
G 2R 4P ANE Felst

>,
(i
%
k)
~N

o
&
re

7

S

S

fu

r’l

H0)

i

.3

ot

ol
ot
N
M
o o

EoxCogle A 2 e
i
|o
il
=0
e
e
oft
rlo
<
N
o
i
il
i)
o

o L/S H|7} 4001 W #H7| & SF
%ol Fsh= Qo] EHe Ao

orlrrlﬁﬂw
% o

OO_O-E
Jo
S~
K
Q
o
i)
o
=
lo
i
O
i

Lo
2

S BE5 Hujgp oA S A4 £ A 6]

ole|gt Eu|3} §kg 2719 W& DH7} Zz_‘ﬂl 1+
115’4““ W #H7]Eol 23 Qo] o wWo] §&
= 4= o] struvite A3} Whg- G0 7] oSt

Ao 7 TIdFEh E struvite 23} 92 &
L=5t7] Sl d7Fet Mg 2w #H7]=o] FH|
3} 9hg ARl Mol FAAR)] FEE =
oz w9,

3. Mgy} W #7]|=S sAloll A7tk struvite

A28} Hhg-S Fgt A ] EH| F dyof
ol 1A 92 Aol vlske] EA WrEkwt
o, efEyo} &AL o Ak o= Mgd
9w 7|78 Y7k ©Z struvite A 3}o] H
EE7] tEor A, o= Hx AR
Ymyol FHF EAow wesiRley HE m
H71E 7o oJgt struvite 2AsHE St o

wjo} &4 o] I 25 B5HEY F
2 QIS 7SI 9ol ulste] whe Ao
= gt

ARAL

2 A= 20099 gegddeta S
H) Ao 3Eglon, oo HAE=EHYL.

1]

123

1. Morisaki, N., Phae, C.G., Nakasaki, K., Shoda,
M. and Kubota H., “Nitrogen transformation
during thermophilic composting”, J. of
Fermentation & Bioengineering 67, pp. 57~
61. (1989).

2. Witter, E. and Kirchmann, H., “Peat, zeolite,
and basalt as adsorbent of ammonical nitrogen
during manure decomposition”, Plant and Soil
115, pp. 43~52. (1989).

3. Sachez—Monedero, M. A., Roig, A., Paredes,
C. and Bernal, M. P., “Nitrogen transformation

during organic waste composting by the

J of KORRA, Vol 19, No. 3, 2011



Rutgers system and its effects on pH, EC,
and maturity of the composting mixtures’,
Bioresource Technology 78, pp. 301 ~308.
(2001).

. Jeong, Y.—K. and Kim, J.—S.. “A new method
for conservation of nitrogen in aerobic
composting process’, Bioresource Technology
79, pp. 129~133. (2001).

. Jeong, Y.—K. and Hwang, S.—J., “Optimum
doses of Mg and P salts for precipitating
ammonia into struvite crystals in aerobic
composting”, Bioresource Technology 96, pp.
1~6. (2005).

. Jeong, Y.—K. and Hong, H.—G., “Enhancement

of the nutient value of compost by

precipitating ammonia into struvite crystals

(2): effects of MgO addition”, J. Korean Solid

Wastes Engineering Society, 18(7), pp. 667

~673. (2001).

. Hu, T.—J., Zeng, G.—M., Huang, D.—L., Yu,

H.—Y., Jiang, X.—Y., Dai,

G.—H., “Use of

phosphate and sawdust as adsorbents of

F. and Huang,
potassium  dihydrogen

ammonical nitrogen in aerobic composting
process’, J. of Hazardous Materials, 141, pp.
736~744. (2007).

. Zhang, W. and Lau, A., “Reducing ammonia
emission from poultry manure composting via
struvite formation”, J. of Chemical Technology
and Biotechnology, 82, pp. 598 ~602. (2007).

oIS A19F, A3E, 2011

10

11.

12.

13.

14.

. Lee, J.E., Rahman, M.M. and Ra, C.S., “Dose

effects of Mg and PO4 sources on the
composting of swine manure”, J. of Hazardous
Materials, 169, pp. 801 ~807. (2009).

. Ren, L., Schuchardt, F., Shen, Y., Li, G., and

Li, C., “Impact of struvite crystallization on
nitrogen losses during composting of pig
manure and cornstalk”, Waste Management,
30, pp. 885~892. (2010).

APHA, AWWA, WEF, Standard methods for
the Examination of Water and Wastewater,
21th edition. Washington DC: Publication
Office APHA, pp. 4—151~4—152. (2005).
Deydier, E., Guilet R. and Sharrock, P.,
“Beneficial use of meat and bone meal
combustion residue: an efficient low cost
material to remove lead from aqueous
effluent”, Journal of Hazardous materials
B101, pp. 55~64. (2003).

Chen, S.—B., Zhu, Y.—G., Ma, Y.—B. and
McKay, G., “Effect of bone char application
on Pb bioavailability in a Pb—contaminated
soil”, Environmental Pollution, 139, pp. 433
~439. (2006).

Coutand, M., Cyr, M., Deydier. E., Guilet, R.
and Clastres, P., “Characteristics of
industrial and laboratory meat and bone meal
ashes and their potential applications”,
Journal of Hazardous materials V150, pp.

522~532. (2008). (%





