
~7.1<*~~ liUlffi3ZM~:sz~ ~1~ 
Journal of Environmental Research Institute 
Yosu National University Vol. 1, pp. 57-66, 1998 

71£2.~ • I:Hl:Il.2. • O~"7l.¢.
COL:- -, 0-- I 

A study on the physicochemical properties of the municipal wastes to 

design a municipal waste incinerator in Kwangyang city 
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ABSTRACT 

The physicochemical properties of Kwangyang municipal waste were analyzed in terms of 

bulk density. physical composition, moisture content. combustible and ashy content. chemical 

element. and heating value. A representative waste sample was made by collecting samples at 

various locations in the city and considering weighting factor depending on the regional 

(residential, commercial, industrial sites) waste generating portion based on the last published 

reports regarding the waste generations on Kwangyang. Yosu, Suncheon cities by Korea 

Environmental Protection Agency. The Korean Waste Standard Methods were used to collect 

samples and analytical measurements. 

The estimated bulk density of total waste was 211.8kg/m3
• the average moisture content was 

40%, the average combustible content was 48%, the average ash content was 12%, The 

average low heat value was 1,616kcal/kg, which was little lower than the average one of the 

whole country. The result of chemical elemental analysis showed that most of the hazardous 

heavy metals such as As. Hg were not detected or negligible and the contents of sulfur and 

chloride were also relatively low. 
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Fig. 1. Camparison of generation rate 
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~2.~ '?:!5:% ~A]01] '5(71] 'il-%~q. ~.:>:a..g. ~ 

~ . ~~1:!'?:!5:~ ~~~ ~. ~1:! '?:!5:7} £1~~ 

trJl ~1Ij] l.11-!f-~ ~*'T£. ~J7.. ~..g. %'2lJ,<:'. 250m! 

{}z.} ~c}~301] %7=1 u11~ :Liill7-]~ 7-]Al~~£. 

tiRAi O.0725Ne-{}t..}E~ %'2lJ~£. -3:j.:>:a"8"}~q. '?:! 

5:£17-] ei.g. .:R=-Z:.5:. yoH ~ ~o]~ ~.:>:a"8"}~ 

q. Jill.~{}% JI€-%~£."8"}a:j ~"cl=;>j]91 ~%"cl=~ 

T"9!lJ7.. -¥-J8 Jti".);\-"8"}a:j ~.:>:a. ~%"cl=91 ~~5:. 

(95%) ~ 7,:I.£."8"}~q. 

%~Al ~,<:'. J7..AJ sr:.~ Jti"J7..AJ JJJ17] %01] r.Jl "8"}a:j 

JJJ]7]%-t!C1~01]Ai .,:Pa"8"}J7.. ~~ 7-].:>:ji!fi71%91 ~ 

.:>:a ~ 7-].:>:a JJJ]7]%91 "&'{}~C1lo1J~ sr:.~ ~-lE-(uR 

~)loIJ~~ ~1:J"8"}7] ~~ ~~o]q. 5:z.};;\R %~ 

~~% ~~ MC117]91 r.JlJIA].li~ 'il-%71 ~"8"}a:j 

7-]<2;]~£. ;lR2}j~ 1~}' 2~} A].li~ z.}z.}91 ~Aa~ 

£. ~~~ + a:j'T. a:j::B. ~~. %0o"A]%91 47R 

A] 7-]<2;]01] r.Jl~ ~7d-!f- 1996\1 A}.li~ -2-{}~£. 

i>}a:j ~Aa~ ~-rr <1]%% ;>j]{}"8"}a:j o]~ 7}"&'::>']£. 

A}%"8"}a:j r.JlJIA].li~ 'il-%~q. -l'!:- '?:!T01]Ai~ MclI 

7]~ 5:z.}A]~% 7d-?- ~A~£1.c 5:z.};;\~91 "&'i1-4f 

%~"cl=% ~0}5!.7] ~"8"}a:j 7}'?:!-lE-01] r.Jlii}a:j JJJ]7] 

%*.:>:aA]~~91 %~A]~loIJ~01] u:j-c} ~A]"8"}~q. 

"&'i1-4f -lE-~01] A}%-{! AA~ SOLLAA}91 962~ 

A}%"8"}~~tJj "&'i1-4f A]~~~ Cica-MERCK91 

~A}*%% A]~~ A}%"8"}~q. 

:i!}~+ 'T-lE-W"cl=% ~1:J ~ A].li.c z.} Aa-lE-A].li 

~ J7...s711 ~~~ ~ -lE-~7]~ 0]%"8"}a:j o]",~~ 

-lE-~AJE11£. -lE-~~ ~ A}%~5:-lE-~7] ~ o]%i>}a:j 
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~"3"}~q. Cl~ ASTM(Designation E776-8l)oJ1 

uJ-4 ~~"3"}~q. 

3.1. ~~71 ~~ 

~~~ ;;:g-OJ:A1 ~.5!.71 ~x:::: Table 3~ {[q. 

-?71A1~oJ] tJ1~ 96~~ ~TI-;<'1~ ~x(227 

kg/m3)9j- l:l1.Ji7.."3"}CJ:j ~ D1l 1;<'} ~AaA1~ 78~ 

237.5~ %A}"3"}~2 2;<.}'i.! 78~:::: 156Aax~ l:l1.Ji7.. 

~ 5t711 ~AcJ£1~q. °1~ -?71A1~~ 1l~~~E1l~ 

qOJ:AcJ oJ1 ~ %~ 71 'i.!-B q 2 ~ "f' ~2 .5!.q Aa ~ 

~ ~~ ~4{-:! t:i 1J§.g. lE~"f'-7} 3€!.R"3"}q2 

W "f'- ~q. 5i:~J;j)"51~ 2:':ill171 -?~~ :<H:. % 
-61 • .¥.:AJ-fi- 'i!:-°1~~J:9 ;;I~i?J1A1AJ-~ #-t!1]7] -?~.g. 

~q. ~.!f!-A1~ ~ 71E1-A1~~ -'60]fi-~ -'6°1~. 

1ll]A1%o] 2:':ill]71~ -?~g °PY'J:9 o]~ 'i.!"3"}CJ:j ....J

tJ1~~~ 5t.g. ~x~ t+E1-\!J g ~ "f'- ~q. <}Aa 
"1] .~~ ;;:g-0J:A1~ ~.5!.71 ~x~ 211.8 kg/m3~~ 

<}Aa£1~q. 

Table 3.	 The average bulk density of municipal 
wastes in Kwangyang city (kg/m3

) 

T " >!:' = " '"-0 ""i!:" IT 1~} 2~} 

"rr1 A1Qj 
::g-%-9-~ 259.55 137.505 
tJ~-?l2lJ 215.67 175.17 

AJ-7}A] Qj 5i:~J;j)El 179.64 205.09 
A~ iQlAVeJ 356.67 280.45 

~-¥-A] Qj ~::g- Ai 51.25 66.36 
7} ~ 70.23 88.21 

71 E} :'iL tJ0 36.67 97.24 
~~~ 133.3 143.3 

Table 4. Physical composition of municipal wastes in Kwangyang city 

T~ 8'J .5!.., 
....eJ-7}A1Q;j(%) 
1~} 2~} 

-?71A1Qj(%) 
1~} 2~} 

~-¥-A]Q;j(%) 

1~} 2~} 

71 
1~} 

E}(%) 
2~} 

% ~ 4.1 23.3 16.9 35.4 a 1.4 5.9 0.8 
%~fi- ;<~ 5: 23.5 43.8 24.9 18.4 2.5 a 16.5 2.4 

5: :71] 27.6 67.1 41.9 53.8 2.5 1.4 2.4 3 
~ AeJ A1 5.4 0.5 9.1 7.4 a 1.4 5.7 3.4 
.q-%J!!l 0.6 1 1.6 1.2 8.2 24.2 2.3 6.8 
~ ~ Al 14.7 3.7 2.8 3 16.4 20 8.6 0.7 

7} 
~o]it 11

71 Al 
A] 
~ 

4 
0.4 

1.5 
a 

2.7 
10.2 

1.8 
4.7 

10.8 
a 

a 
a 

1.8 
a 

3.4 
24.2 

~ ¥l- A1 0.4 1.9 4.9 4.5 26.9 2.7 7 19.7 
~ 5: :711 25.5 8.6 31.3 22.6 62.3 48.3 45.4 58.2 

Aa 
l:l]'i:J.it 

:l€!%fi
7,:! 2 AcJ 
~ !:f AcJ 

14.2 
14.1 
28.3 

7.4 
3 
5.3 

4.9 
6.6 
5.8 

6.7 
6.2 
4 

20 
2.3 
5.6 

21.9 
10.7 
1.4 

6.5 
16 

1.2 

17.3 
4.2 
2.2 

5: :71] 27.9 15.7 17.3 16.9 27.9 34 23.7 23.7 
.5!.., ;;I~ a 3.7 0.4 0.1 a a 7.2 2.4 
{j 0 or 2.9 a a 0.1 3.2 12.3 a 1.8 
2 p 

T a a 4.2 1.6 a a a a 
l!] ~ a a a a a a a a 

l:l1 
7} ~4r* 

~Jf-p11r 

~=kp ., 

l:l]~if4;=-

7.5 
1.8 
3.1 

1.1 
1 
a 

1.6 
0.2 
3 

1.6 
0.2 
3 

0.9 
a 
a 

a 
a 
a 

5.4 
1.4 
9.8 

2.8 
4.7 
0.7 

~ 
AcJ %c1. X A}7]it 

~ \1;;1~ ~ ~Afi-

3.7 
a 

2.8 
a 

0.1 
a 

0.1 
a 

3.2 
a 

a 
a 

1.6 
3.1 

2.7 
a 

~ :71] 100 100 100 100 100 100 100 100 



3.2. ~2.I~ ~~ 

,y.~171~ %cPj~ .::f..Aa.g. ~~171~ 7}'i1~:i!} 

1:I17}'i1~ %~.£ T~"8"}~ ~~~ o}yi/- ~cJ]71 

~ ~.Aa ~ ~~a~ 'T ~~ 'FJl~ :A}liOlct. ~ 

.::f.A}oJj),i~ 7}'i1~% %-61fi-. ~O]fi-. 1:Il\:lfi-. 7] 

q(-&~H. {j%. .2T. 1IJ~).£ T~"8"}.2. 1:I17}'i1~ 

% -5-4ffi-9} %t.1 ~ x:A}71.£ Y.To:J {lAl"8"}~ 

ct. Table 4~ ~{l~ J£~ ,y.cJ]7]~ %t.13J .::f..Aa 

~ y.q'iR ct 

~fi-~ ~.A~ 1:11%% {[.n:~.!i!.1i1 g-6jfi-~ 'T~.A~ 

A] ~~ 'T 7-l A] ~ 0] uj, AJ-7}A] ~.g. %.!8-7] {}O] A] 

'd :i!}~ ~ ~H~fi-~ 1l1]7] ~~~"8"}~ :i!}~aojj),i ~ 

.A~"8"}~ ,y.~1719} g -61~l.::f.:i!}~aojlAi ~).~"8"}~ ~H~ 

fi-7} 'T~ 0]f-.2 ~ct. ~01fi-~ ~fi-~ ~"11oJ] 

uti/- .!f-51 ~ ~"11~ .!i!. 0].2 ~ ct. '\JTAl ~ oJj),i ~ 

0] ~71l y.E};;tct. .:::z.t.1.2 1:Il\:lfi-~ '\JTA]~~ 

~).~1:I]%0] ~~ct. 1:I]7}'i1.Aa -¥-~~ '\JTA]~oJ] 

).i~ 7-l~ ~).~S1A] ~~~uj AJ-7}A]~ ~ 1:Il*~ 

~~Al~% ¥.W"8"}~ 71qA]~oJl).i 1:I]..ii!.3J 'af0l 

~).~"8"}~ct. 

3.3. ~~~ 

~~ ~:i!} Table 59} Fig. 29} :Q-°l 'T 7-l Al ~ ~ 

1~ 'T~ol ~ 40%. 7}~~ Q:jo 50%. :§j~ ~ 

lO%~ax.£ 'T~ca::i!} 7}'i1~~ 00"0] it~ ~ o]f

.2 ~~ ?!.Q...£ ~~aS1~ct. '\JTA1~~ 1~ {} 

Table 5.	 Results of proximate analysis from 
different source in Kwangyang city 

( % ) 

kl::r 'i!:" 

'T7-j~] Qj .AJ7}~lQj ~T~1Qj 7] Ej

1~} 2~} 1~} 2~} 1~} 2~} 1~} 2~} 

-" kl 
T 'i!:" 38.7 32.2 49.2 44.5 23.6 25.6 19.6 33.7 

7}~~ 52.2 57.2 38.5 39.0 61.1 57.0 66.8 55.3 

~ 
kl 
'i!:" 9.1 10.7 12.4 16.5 15.3 17.3 13.6 11 

-61011 ~~ 1l1]71%ol g -61fi-~ 'T~ o]f-~~uj ~H 

~A1AJ- ~ 7}.£oJl :§j~ca:ol 'af~ ~.g. ~t.1'T7-l7} 

'liB ~fi- ~ ~fi-~ %'il~.£ 71~~ct. .:::z.t.1.2 

~~aoU ~~ {}.Aa~~ ~:i!}~ 'T~ol 40%. 7}'i1 

~ol 48%, ~~ol 12%~.£ ~~aS1~ct . 

801 

.;>~~* 
601 - --. -IG~"

mr-r* 
401 

201 

Fig. 2. Comparison of proximate analysis results 
from different source 

~~~:i!} U}9} 2~} .£.-'¥- Table 6:i!} 7,,[0] AS. 

Hg, CN.g. {j~S1A] ?l~.Q..uj Cd, Cr, Pb. Cu~ 

71€-::<]oj] AJ-t:J-"8"] lJl~"8"}~ ~%% y.q41o:J .£..!f 

7]€-::<]~ ~~"8"}~ct . .:::z.c]E..£ ~ztAl lJH~S1~ 

~zt~H~ :A] {l1l11 7]%0] oPe ~.Q...£ Jtl-~aS1~ct. 

Table 6. Results of leaching test ( rng/ I ) 

"O"~ .£o ., Cd Cr AS Hg ph CN Cu Zn 

71 ~ 0.3 1.5 1.5 0.005 3 1 3 -

p} 0.002 0.004 ND ND 0.014 ND 0.004 0.004 

2 *} 0.001 0.007 ND ND 0.009 ND 0.007 0.006 

s.*ij 
%~llJir 

0.0015 0.0055 ND ND 0.0115 ND 0.0055 0.005 

~~~:i!} ~{loU ~~ ztzt~ .::f..Aa~ .2~ ~ 

A~~~~ca:.g. Table 7:i!} {[.Q..uj, ~{loJl ~~ .2 

~ ~ ~~ ~~ ca: ~ Table 8:i!} {[ct. 

Table 80JlAi 9} :Q-°l '8'-% .2~ ~~ ca:.g. 2,203 

Kcal/Kg cluj, '8'-% :Ai~~~ca:.,g. 1,616 Kcal/Kg 
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Table 7. Moisture contents and heating values for each composition 

.:r '" >!:" 9 ~ ~ 2J (%) 
~;<a oj] .Qj ~ 

~2J711 ~~2J 
(kcal/kg) 

ii-% 
2-9l~~2J 
(kcal/kg) 

~Hl~~2J 
(kcal/kg) 

%-61* %-61 ~ -*~:±'-ff 70.5 5.505 1.623 892 

§};<J-Al, ~*1!Jj, 

~om {l~Al, {fAl, 23.3 4,156 3,187 2,809 
~¥l:Al, 71 ~H 

B]\i* 
3€!-%*, 7,:1.2....a. 

~¥.""a 
11.72 7,713 6.809 6.304 

-&fi~* 19.04 4,665 3,413 3,299 

1l**. 2lf-*. 3!j~* 16.48 5,585 4,496 4,397 

Table 8. Heating value for waste of lkg 

J:ll]l ....]li :Z':i!l17] lKg <3
~~2J .:r~ ~2J(Kca]) 

~% J!..~~~~ 2,203 Kcal/Kg 

13'--& ~~ -9l ~~ 2J 1.616 Kcal/Kg 

.9...5!- 7l1~~~ct. °1~ ~~-9l~~rg:oJl J:ll~ ~.;r~ 

iT-*] 2.360 Kcal/Kg .!ict~ ~ 700 Kcal AJ.5:.7} 

';;!-.9..oJ. ~-2-.5:.A](o:]9-. 0:] {i. ~{i).Qj ~iT ~~-9l 

~~ rg:~ 1,365 Kcal/Kg.!i* ~{} 3't.g. ~E...5!

~78~~ct. %~ MCl]7].Qj 3":....d 'j) ~....~o] )I;]~ 

~.5!- ~;:.] 2 A~ ~9-€'oJ] n:j-t!} ct.soj, EE~ %;:.] 

-6:J 3":....c:l"11A~ ~-B'"9!J.*0] ~fil]-6:J~ .5:.A] ~"1I.Qj 1:Jl 

If..-*] ~ ~o}l..IC::::: t:-Jl ~ oj Dj -&- 11 0] ~ ct. .::z.Cl y. 
o]Cl~ ~Ac:l~~~ MCl]7]oJ] 1:Jl~ .*~;:.] 'j) llJ-~% 

7l]:§:ji>}2 {i;zfli>}~t:-Jl ~ojA~ ~.B.~ Data7} ~ ~ 

.9...5!- 7]1:Jli>}oJ. ~i>] ~z}.5!-~ {i;zfl 'j) -&-~A]ojl 

uH· ~.B.~ 7]-e!:)I;}.li7} ~ ~o]ct. 

3.6. ~~~ 

~A]oJ] A}%9!J.~ 7}78~ llJ-~ g %~i>}71] A}%i>} 

~ct. A].li~ 3":....dB]~oJ] n:j-t!} ~ff~ ~ 2~oJ] 

~~ ~~ g %i>}0:] ~~ ~iT% ;zfl~i>}~2 z} 

3":.Ad~ ~~~~ ~~ Table 99} {fct. 

Table 9. Results of elemental analysis for each 
composition (%) 

T kl 
"i!:" C H 0 N S Cl ash 

%~ ~ 

-'B:* 
46.92 5.74 25.86 5.78 1.71 O.tE 13.94 

%°1* 37.9 4.44 29.42 1.34 1.07 0 25.83 

B1\:i* 88.95 7.98 0.82 0.07 0.64 0.72 0.82 

-&fi~* 45.49 5.96 35.42 0.9 0.45 0.15 11.63 

1l%.J7.-¥-, 
JIj~ 

63.45 3.05 27.86 0.24 0.54 2.54 2.32 

~z}fi~ ~oJ] ~~~ ~~ ~i>}0:] ~~ ~z}~ 

~~~ ~fi-oJ]A~ ~~-6:J~ ~gE...5!- ~i>}0:] %%~ 

~ .Ad~ 'j) %~%o] "3d"2 'j) ~A~~ 9- ~.9..oJ. 

~ ill ~z} 1:Jl.AJ-% ~oJ]A~ %(S). ~~(C]).Ad~'g 

0] ctrg:.9...5!- w-%~~% n:Jl .::z. 7}~.Ado] uH· 3't 

ct2 i>}3!l.ct. -e!: ~~~ ~~"11 ~i>}~. ;,g-0JA] M 

Cl]7]~ 7eH·oJ] %.Ac:l~.g. B].Ji!.-6:J -6:J~ rg:o] .¥..w~ 

oj ~~2 ~~.Ad~.g. {l% 'j) 2-¥-. n]fij. B]>gfi

'g"11A~ B].Ji!.-6:J fi"0] ~~~~ct . .::z.2.~y. ~"11-6:J.9.. 

.5!- B]>gff 'j) {l%. 2lf-. n]fijff7} .*})I;]i>}~ B]~ 

0] .AJ-1:Jl-6:J.9...5!- -6:JojA~ 0]~-6:J.9...5!-~ ~z}-*~;:.]~oJ] 

% 'j) ~~"2~oJ] ~~ %%~~ 1:Jl7].2..~ ~A~%~ 

g ~A~~ 9- ~~ ~~o] B].Ji!..aj .ajct2 ~ 9

~ct. 



Table 10. Elemental analysis results of total waste in Kwangyang city 

f:! ~ C H 0 N S Cl Ash H1% 

%(Ash !f W) 49 5 27 4 1 0.1 13.9 100 
%(7}~~~~]) (23.52) (2.4) 02.96) 0.92) (0.48) (0.048) (6.672) (48) 

%(Ash*!fW) 56.9 5.8 31.4 4.6 1.2 0.1 o· 100 

Table 9£1 3':"'j~ f:!~~~~~9} ~'i§1"S' 711{l 

).1 ).}%~1i:! Zf 3':"'.:]01 ~}A1"8'}~ 3':"'j~ H1%(pj) 

% °l%"8'}cj ~~1 ~Cl171oj1 r!l~ .!?:!~~~% ~:1J 

"8'}cj 7ll{l~~::: Table 10~ ~q. 

Table 11. The summary of waste quality in 
Kwangyang city 

J-. 
T ~ : 40 % 

~ A~ ~ 7}~~ : 48 % 

~ ~ : 12 % 

C 56.9 % 

H 5.8 % 

0 31.4 % 
7}~~£1 

N 4.6 %
f:!~~~ 

S 1.2 % 

0.1 %Cl 

100~ 711 

~i.$l~~ rg: 1,616kcal/kg 

Cd 0.0015 

Cr 0.0055 

AS ND 

Hg ND%~~~~~ 
(ppm) pb 0.0115 

CN ND 

0.0055Cu 

0.005Zn 

W.£ 211.8 kg/mJ 

"fJ.£::: 211.8kg/ni'.£ ~:1J!<1pt 'T~01 40%, 7} 

~~ 48%, :§:]~01 12%.£ t..j-q;;J;q. 7}~~£1 f:! 

~~~~:i!} C 56.9%, H 5.8%. 0 31.4%, N 4.6%, 

S 1.2%, Cl 0.1 %.£ t..j-q;;J;q. ~Zf;AR £1 %* ~~ 

~~::: A1:1Jill171%01 0}'i:J% ~ 'T ~q. 

4. ~ ~ 

.:iit°d''''1 ~Cll71 ~ %~if-~ "'J"7}A1Q:j(47.35%), 

"r/jA1Q:j(47.85%)oj1).i 1:I1~~ ~% t..j-q;;J;~Pj 

~01if-::: ~.!f!-A1 Q:j (55.3%)~ 71qA1 Q:j (51.8%)ofI 

).i 1:I1~~ ~% t..j-q~q. 1:I1'@if-~ ~.!f!-A1Q:j01 

30.95%.£ 7};;<J 5'i-711 t..j-q;;J;~Pj, t..j-u-jA1 7}~~.g

1:I1~~ ~~ t..j-qt]12 ~q. 1:I17}~"'j .!f-~.g- 71 

qA1 Q:j £1 i}4rif-7} 7};;<J 5'i-711 t..j-q;;J;q. .:rt:1.2 

.:iit~).1 ~Cl171£1 {}"'a~ ~~~~ 'T~~ AJ7}A1 

Q:j>"r/jA1Q:j>~.!f!-A1Q:j>71qA1Q:j ~ol~~Pj 7}~ 

~~ ~.!f!-A1Q:j~ 71qA1Q:j°1 1:I1~~ 50-60%r!l.£ 

%A1"8'}s:t~Pj ~~.g- {!~1~~.£ 10-17%).}01 ~ 

%A1"8'}s:tq. 

.:iit°d').1 ~Cl171£1 ~i}4r %~~~ ~~ ~Zf ~ 

;AR%~ A1AJ 1lj]71%01 0Pd ~~.£ ~:1J~~Pj, 

~'i§1"S' ~~~~ ~.$1~~"S'.g- :i{3n- 1,616ktol/kg~ 

.£ t..j-q;;J;~Pj, ~"Of~ f:!~~~~~ 1:I1jl~ ~ ~ 
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