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sieA el Bast 71249l 7lse] dRkEel B3 A= e vk Zlo] 5718
et A27ks AlelellM S-8Ee ATE83 7IeARl &ote2 79l AREA =T,
ol dHiRlo] ofFd = Sl w2 HE 8olE YIEAHOE ANSke AR £

ATk,

o 23 detade] AgEE SSEAA o] U BR

B319] ISTREASWANA TP LA SEFF (FA, FHA, 201
5)120] WeRd SSEAY Golg AEstenh

oA ST Y RE AL ALY SR, ALY S 24T B4, A3
sigahid, A si50] oA A4Sk A5G sie] et st Al6H sle] T
st A7 SAAE A2, AR 04Ky AL, Ao Bl sk A10% 2
ALY AR 043E Holglth. o AR BAe $E 1o vehigic

ShEe] SEATS YR, B4, MHRA0R BEslr MR S

AT AUYAABR)S BRAOR, F/ BB FFACE © ASoletn 3
SJS}eiE. SHA (17 3-1oll LERA Bt 2ol SSEATS] THRAR A OE ALG
S 7o) AHS0] AGHT PSS X S Ytk 04T AAN HAWH, 358, T

ol
=
AR 75 A, o, SE4E 5 Hamdde] 52 2 wEAL

12) 2% 19620 T 5¥o] 200290 = =H), 20150 2 OEJ 6B HAIstH. o] WA
 gopizsste] Arrsl), Azuesl), wAFg), BEsEAETs duts, 3RS
Sefet e, e, BARYe TAAGTolA AgHE _E A5

13) SFUToALE BHARRA BL 0fpHEN0R Hal S AET GARE Aog HAlth



ANE ST STk S4T AN BN, BIASARIESASARD, v wE
(D) £ 248 Teld) AW BYYT SR G2 FELHEEAD)

U722 2%, XITJHLHH(XHHJ% R CI8d 1AL FusD 98

4

g

6 5 8 3

Z 1-78), 2-AZHAAD), 3-Z7|THAD), 4-HxF, 5-453 6-25A3E, 7-HELRE, 8-95
& 9-A QAFWE), 10-FIUHEE, 11-FARIE, 12-AZJAE, 13-AE.

A= AP, 1743(2015), p.8.

(a8 3-1) 5% sleASe 7484

ol
_{
2
)
%
X
°r”
ilo
m>~
LE
L
i)
~
%
o
o,
"
rj‘g
ot
[ol
allil
i)
4
)
>
i)
-
Jor
al(i
1>
5=1

o= N et XH%’*" 714 WA es B A (FEoi A
4, @714 Ao R Tek oA, eddE(EHANA T A8de skt 1
o] st ePtiieR slided, JSAlelx AR Hish o AdAls] Aokt

Sl ASKA)E flsf oxbd, BEH(EEA, AdE71B=A, 271824 H
8 A7fstRlct d7]-S7THe] o3t 4] AEAsPIHo R AO, AAO, UCTEH, ¥
A Iesd 2= UASB, ICHS7] AAME avlstieH, 97]-271d5edA el o
It A=l Wl 7lestirt. B sledE (S )Y w5, o] ¥ A9y A

e
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Jr
rol
rit
ox
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N
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H
o
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£, ARAGABE, HybridA)el OJet kg go] thal nhxlet ol s rdstoic
A3k, 1748(2015)9) ‘4w ol theat 2ol % 1189 %
o FeEdoRE 5, HAoL 59U A% ANGE Fust Ro] EX1% wech

(& 3-1) UM SHE33rol 458 Hn2s

PSIN, KEAE = ST 2 B
dkxat, A4, = _ = - o
;f%;} S 20024 dekg ralEge TETSEAZAL 492
A 19864 jshg Molrgsh ASASEASTAL 412,
94353, Fds 20084 o REA 2574 7]& TEETAL, 118.
54, 7400 199294 Mol A A EA S THETAL, 244.
"DEWAS. (Decentralized
Ludwiq Sasse 19984 Wastewater Treatent Bermen Publishing, 159.
system)
B = 20044 Ak FAY BHA e E ST ki, 464.
Ba, KR 20044 PR R AL BT R AR rhE S T kR, 321.
SRER 20084 kTR T rhE SR T kR, 192.
PhEEE 20084 kTR T rhE S T kR, 190.
C.B 20024 "KAHAJTM3 AN Mocxsa
dxoBuaes cTtpoiums3marT, 358
"TIPUME PLI
I0.M 19874 PACYUETOB MockBa
Jacxkxos = KAHAJIM3AILIMOHHEBL | crpoiim3TdarT, 258.
X COOPYXEHUIL

A= 43K, 173(2015)9] p.2962 Faste] AxF ARHA.



53] upA[e} AoflA] FEJt B4R At @ 342 200810 =Y 9] LRt AR
Ludwiq Sasse”} 3502 A&t AA1499] A& Decentralized Wastewater Treatment
Systems(DEWATS) and Sanitation in Developing Countries 9|4 & 4 315o0] 7
=AM 8 2 dshe AA71ee] Haol 2E= 7ol ole AdUAE
AT Sh= A&7RsSE AE71E0lR] SHANE A2 aed W Hol7] wieof, ERlojlA

o A9 oiA 79| ofglsg A AA 2t

e
1

o 7179 RN 8ol B 25

o] IA7| oA W7ok SXI=9] sleieo]| IeE HalA o= AR+ slekAldS
HHAT o] AR85k= sewerage(BRrEAIA), sewer system(SFFREAA|) T+ collection
system(J<AA), drainage system(Bi5A|A), wastewater treatment(SHHG A2]) &
9] #3o] AMEEl= 4], Sanitation®]2he A Eol ARSI B4 A=A =
SteA Al oly stz AlEo] AT = FHH]E o] IA] QRobAl, i A2 B YA AEol
i3] Sanitation®]2h= FEZ ARRIT) Sanitations AFEQ] B g FASHA AEsk=
A0S F24d 9 8 (hygienic) AHE FAT 4 U= 589 EF = Foeith of
o ANEShE W o® pATA ol Skt S sk WA o] ARGEH, SheA
oA A stAY EHist HA'S ARSI E Stk

201840l &7 MICS 2017 E4/(DPRK and UNICEF, 2018)04l= £kl 9148
AldS WA AT mIARAER RS -, JRAAES BA] AR AliA o= st
Ak FAA ALY B skeAgdeR AZEE BEAAH(piped sewer
system), J3FE(septic tank), 171501 A= A4 Ha(pit latrine)ol A A2|H=
BEE FEsHleH, A4 JMAAAEY Aee FE7lsel AXE A Wa
(ventilated improved pit latrine)@} Agto] A]E A 4] HA(pit latrine with slab)
= FEoI vRAAELE vAE] W open drain) ¥ FAT ®A(pit latrine

without slab)/7H=°l(open pi)2 F23t0] FAARE TSI

14) Gutterer et al.(2009).
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C okt W7l

5 shele] B3 £38 2Es] Ao 53t A9 +Aed AdHl ¥t £32

ZAY, AESIAH. A A Ho| sl do] ] E of O‘X] gkom I 9 sk, A,

55 59 $AVE YA QFHLR A9 SUOAL FLEY £ A OR
R 5 ok, B A 2Ll et B3t #%’:l?_ﬂxéiﬂOﬂ ool Ame e, Sdw
2 9ot 48871 %7 o U AR HES871E, e F2 S 40
Aol thel Aefsloit. ot B3t simo] Bk FRS T 2 %ﬂﬂ Hse 78

o] 2AE2 A9 AT SAlSeA], 531 59 Ve ¥¥ A=

ﬂJll‘I :
)
o,
el
ol %
3
ol
L o
A
2 1o
K
%@
o

N
of
rlo

1986 A|77] 5& ZiIRIglefoA olFE2 dieide] Aeiehy Atag
1.36mg/Lo|1l &40l Zolfle A4 8.3mg/L ol 2= $X&5 ¥9]al dis
O] ATt AGSIATAL THE S, 1995). 18yt 1993E Al S0 mh=w e
o] ARl thsoll 717 HeEW Exrt Hris do] BRI $RES I
2 vl FH9] 55 T4t weken thiede] ARl BEAk AdEo] FoA, H g
20~30cm Y SqHE F e A=The Bt AAtHERI=A A4, 1993).
HY, gt 3R, HE 5 A 2 A9 diEA] A FH degor S2 EX
717t AR ZAESN oM, BE7) B=rt Asto] 20~30cm o) Aol HolA] o= AL
2 HEQo EgE et ehpnte] siRRr ARFRAL, 5~8d0] H27T Aok TR
A et 123 HHARIC R QIR g o] ARt Ak HAHATHEI, 1995).

&718(1996) F3H SAFAE F AZI= Wil A7l s & 1977900
"EAH, 0] A o] EX|olE EESP} £t HuA B E e, AR o] EetH
ol AlF=E Al7]e]aL, A27]= 1980dH SHF "R, o] A olF ot A1Vl

0¥

]

O

—

r°"
r_‘a\_{



22 59, A, A0 1A BT BHEAE ol Aeisie] 1e 2R
Q4)3} - go] AftjH o2 Hloket A7k 19704 ol% £ 9i5o] Agslo] wre)

% 7t B Aoz mol, MeA, Ao Het exE
oo olgsly] giat i ke HateA, BTl Sdwde] FHANTE

W A262)0] EFEUh S, 198640] BRI, 0] A o]F 1990uthol 3
BH9l 715 EH871E S AREON, 19958l BHEEY, o A
2 AT Ao Feizort, FARY APFolt M2 S e LA wpt gk

3ol
ARG floto] AdulaigrIEe] 45 At 7ol Histe] = A= o]
Aom, ARIEE o9 o e RaEY MAE At v s AL k(A

M
(O8N}
S
fr
A
ol
19
: 2

g2 TEstr] flste] Fstal Sle 7, ok, 3509 47
9] WA YeRITHESA, 1995; DPRK and UNICEF, 2018). 74, 314, 359 ¢4
7lEs BT dutg o st AASkIct. ZhAC] His @A, Mx, pH, 5
4, NO,-N, DO, CN, W<, PCB &&o| F7=9lom, E499] NOs-N, Cl,
CODwn®] 7I=4ke] Z3te whi, 29 7|23k S5 a Autt o)A B o &
ste| it St g obdat SAE HEGH] B 5UE 7S A8okal o, gt
o] s, AR, TUESY SHEE ESHL e AT 9y 532 849 R
Bl

of W T glo] B 712e A9 © PA% 12 Agska Yk werEch

1‘1-‘



w
o
i
ror
ra
o
o
ol
_|

in
to
=
~
0

(B 3-2) 55t9| &, oI, 549 $+HSE7|E HY
o 35|A4(1995) UNEP(2003)
o 4 ut1of 4 oyt
AR - gioio]: 13 glojof gt
A - - <2 <2
pH - - 7.0~8.5 6.5~8.5
nomy - - <20 <30
NH4-N <0.1 <0.3 <0.1 <0.2
NO,-N - - <0.01 <0.01
NO3-N <10 <10 <5 <10
cr <10 <30 <20 <30
DO - - >7.5 >5.0
CODwi <3.0 <3.0 <15 <3.0
BODs <2.0 <4.0 <2.0 <4.0
Ni <0.1 <0.1 <0.1 <0.1
CN - - <0.001 <0.001
As <0.05 <0.05 <0.05 <0.05
Hg lofof & glofoF g <0.0005 <0.0005
Cr <0.03 <0.03 <0.03 <0.03
Zn <1.0 <1.0 <1.0 <1.0
Cu <0.1 <0.1 <0.1 <0.1
Pb <0.1 <0.1 <0.1 <0.1
cd <0.01 <0.01 <0.01 <0.01
Phenol <0.001 <0.001 <0.001 <0.001
F <0.7 <0.7 <0.7 <0.7
971G4 <0.02 <0.02 <0.02 <0.02
gt - - <500 <10,000
PCB - - glojof & StofoF g
A= H84(1995), p.43: UNEP(2003), p.32% skl Az AlEAL
(& 3-3)2 53] g3 TEst7] flote] Her i dsdrE =53 1L 7|+

EO%’“’ AT B, 1995).

53] %

=k51 AR =
53] 4=

A=A viEd e

7] 5ol deiAE ot 2o

e 2%

2 (E 3-Dof AABIAHED, 1995). HFo)d>
7| &sH A



&

%8 A|%0] glol] H4TIA AT H A Do) AX|=o] glo:
42249202 e pH, BOD, COD, SS, S2i9Hajol, 24k, s, ¥4t
Fol glid] 17jgnbct 2798k ik, SRS 2200] 29| 282
BRI 9JOF, ofSL AR, FUA, § U setxiole] 2H A
of SITHL Tk, E ARGl Thet ulES]8715CE 3-4 BT AN 9k
HARE 171 3 ¥ $0E S5 LUHY 992 /T 9t 59
G579 B9 A S0l 2H I, 719, FANGES P3| SAGOHN 09

2L ik

o

Ho(1999)2 B3 871E0] BET FARAIET FARte] SUBA/ED W
31871 119 9 Aol FEA e A0 BHSIgIct AYo] BEAA $UT 2
w5318 ZiEgo] MRS el glont, 1 olFe] /IEgR U F1Egre] Wl

s eHdstA ¢ v7E Qe ol

horera7 |

ol

(& 3-3) 23t

(9] mg/L)

ol MEEX2|/HEE = Y/ =9 /SR =
CODwn 3 4 5
As 0.05 0.1 0.1
Hg 0.0005 0.0001 0.001
Cr 0.1 0.5 0.5
/n 0.1 1.0 1.0
Cu 0.01 0.1 0.1
Pb 0.05 0.1 0.1
Phenol 0.005 0.01 0.05
/71 a 0.001 0.02 0.04
Se 0.01 0.02 0.03
F71d4 0.1 0.2 0.3
Cd 0.005 0.01 0.01
27191 0.015 0.03 0.045
FREE 10 50 150
715 0.05 0.1 0.5
pH 7.5~8.4 7.3~8.8 6.5~9.0
25 4T 4C 4T
oA 70071/L 1,00078/L 1,00078/L

A= 48179(1995), p.44.
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( 3-4) 529 +2LH=E HiEa87IE

kS e S8 U tA
=g mg/L <20 <30
NH4-N mg/L <0.1 <0.5
NO;-N mg/L <0.01 <0.05
NOs-N mg/L <10 <10
CODMn mg/L <?) <?)
DO mg/L >7.5 >5
BOD;s mg/L <2 <4
Ni mg/L <0.1 <0.1
CN mg/L <0.01 <0.01
As mg/L <0.05 <0.05
Cr mg/L <0.03 <0.03
7n mg/L <1.0 <1.0
Cu mg/L <0.1 <0.1
Pb mg/L <0.1 <0.1
Phenol mg/L <0.001 <0.001
Cd mg/L <0.01 <0.01
F mg/L <0.7 <0.7
Cl mg/L <10 <10
7194 mg/L <0.002 <0.002
gt count/L <1,000 <1,000

A= A4879(1995), p.46.

e 9484, T, A4, 437 5 B2 sk o] &A% DPR
Korea(1991)19% <183to], 52 19| o] (& 3-5)9 o] AIAE B} ATHUNEP,
2003).

EZF UNEP(2003)9l41= Rim(1998)10& Q1-83to] 1995~199689] UEA] 4
& FHE AAIBHHIL, Hong(2000)179] 23+ Ql-8sto] thedol A4 w44, 4
4, A, BE3e] 409 s AASH

15) DPR Korea(1991): UNEP(2003)0l14] 791
16) Rim(1998): UNEP(2003)0l14] #2l-&
17) Hong(2000): UNEP(2003)°l14] Q18-



(B 3-5) =5t 52

SRt X|MO| 1991 O|Mo| H

(&9 mg/L)

2 "
MEE | mm | a2 | Mg | VTS Heor | so? | or | soe | 2=
[ 5
(km?)
57 | 16,580.5 | 26.0 | 7.2 6.0 106.4 | 11.0 | 89 | 165.5 5.7
AR | 59331 | 119 | 26 7.7 44.0 67 | 9.6 8.25 2.0
A7 | 51559 | 9.7 1.8 8.9 43.1 50 | 4.4 72.9 1.8
A7} | 69200 | 8.8 3.4 4.2 28.1 86 | 86 61.7 1.9
s&7 | 51400 | 12.0 | 4.8 4.4 50.5 79 | 6.1 85.7 3.7
AH 2,392.0 | 8.0 3.4 3.3 38.9 40 | 50 61.6 2.5
o | 20140 | 9.5 3.0 10.2 429 | 145 | 8.0 88.1 2.1
227 | 24177 | 86 2.5 5.5 25.0 90 | 11.0] 616 1.5
ok 2,200.5 | 198 | 5.9 6.7 84.0 65 | 85 | 1314 4.1
oA 857.0 20.0 | 4.0 9.5 65.0 9.0 | 11.0| 1185 3.5
qA7F | 81295 | 23.9 | 4.0 9.5 78.3 90 |129] 1376 3.8
A97 | 39163 | 275 | 6.0 9.5 1100 | 84 [ 9.0 | 1704 4.5
Zk&: UNEP(2003), p.30.
3174(1995)2 YHo| Futdat 579 4o dof o33 Zo] 71&5k318)

C oo

4ol 505kmQl =
L 4] 2950 Slof A
2 ek, e e

3% 54

HHE=

5 9=

1%(25mg/1)2] 7817} d= 940mg/1(1990E)R1H] ol=

=

Ak

o0

o
okt ok

v

A
=2

(SS)

2 T W

o ez AR

o7

il

u}

o, rr

Suels 4% 106kmA|o}E A2t
AR A8 2 g

34 olat

HollA sk

BAEA

o] 2%t Aot 19 FFHAIHR shsollA 9] 2ok k427 HCOD)E 34
A7126mg/L) 78 o131l 43mg/LRIH ol= SPAMESE, S5 Tk
o3 5 Spef, A, 2E, ARSACIA JRE sieolA wisE Zolth.20
TG SFRAGols AHAFOIT, orAsEEA, S5kl 2A%de &
0] ol FROIA e B2 weet dREo] Fde] 9 e v TS
AZ1AL itz "ol A|eiekE A 0 =R E L= A7 60%F 9] ARl H3le]
AMe HlEidEel 0.022mg/L AESEAHAL . oj2fet of2] 71A] 8]lo] HgH4]

18) 38144(1995)2] pp.28-299]

JrE= 0|83}

2T =

19) ‘FAHEEFAP o A= AZE 13-4 1 ol
20) MEEEIA 2 A7 305 £9] AH<4=E H&ste] BOD 19 8,0009 &, COD 79 && Hj&3ict.

A5

i=

1]
<L
=

o E Aole] 294 A

Z]o] A

2=v o1

e E

21) ‘H@Fol A 2 ATt 28%o] B9 H¢E viEoh 1 Q¢@HskE BOD 1% 4,0009 &, COD 6%
1,0000] £9f o]& Aoz A5t
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7oA A

>34
| T
2 A8 & Qe 334 Adaiolt. ol F33} et ok v, Bato]
Ly
o

% ek, B Al 75 2B ——a;ﬂ%x; o] % 7}011 =4 20
FATIoh ARG H4le] OIS B0 PRoR B Sol/t Bl 44
i 200550] 1S HSlcl, BAFE & 47 HEBAANA W

o] Q@=L Urkar girE.23)

>

FSE(19960)2 F T EE3te] +d SHA=E AASHAH. doleadold 54
2t Aof| 2J5hH DO+= 0.8~9.6, COD+= 32.3~135.33, NHs-N= 0.8~3.5°] T&6to]
s G4 . SRAHY koA siebAita 8 FHCOD)2 35 +271%
(6mg/L)9] 74 °13<] 43mg/LRIH ol JYAHEZR, T2 TMEILTH T
shel, A, I, AXECIM BRE deollA viRE Ao ISl Fi sRX
AQoll= “HAFolBA, oreAseE o] ' 50l o] FROIA viEed g2 Heet
FREo FHAe FELAS HE 7SAIZIL AT S EEcke AR 8
AL ShRE AR 0] 2= Hlmet o, JAlOA S S, g

3] AR, A, BeolA MY 3,000 o€

ol

)

A

22) TULE H=ARR(1993): 4249(1995), p.28°1A AUE-
23) WolgAl HrEAm(1991): 82149(1995), p.28°1A Ai<18-



T, f2%9] 4 SHARE A, B3 old 2SS AESH, 53] HY, dAL
A, HE 5t FHe] Aol HsHA @F= 0] AT 7t EEe] A

HY A 2011; 714E, 2016).

= QA AEY
-9 Hi Z At @57]- X%i].ﬂx] oro 3 o 99

-3EES 1Y vkl FUSY 2% 54
39 ARTY, 1539 Ae e AU Y

Ac—l;:ﬂ%]- —SL]H 1:11__’] 7].0; xqa]-
- AR, SRAAEE, S5 ik EE8 SoERE B, 1A, A
_‘?El_}% QJ—Q/\ OCQ /1171—0]— AZ]Q_OI]A(]—Q]—

- 2B A7 5k 27
sato] A, 57, GHE, AOKE, FR0] A, ¥, WK, B4l 59 Addul
F= | o HEeS 9

S 851 20 S 534 oldk) otsha 44

AR AR Ao o

EEAERERS PR T*Pgﬁf ARAP), Aok v Gered st
Ak gt 5-89 Alo] AZAY WL, ol U HrF BE

Moot AT Sl etha, B St 118ha® B 5 30
o ha 7)o gt ke

- AR A4 ol 4t 9%, o WAL W AR BELE 45 S48 29

A= Z9d, gt 3E7H1990), p.53.

o]%of ¥tE UNEP9} 54to] A& (UNEP, 2003; DPRK and UNEP, 2012)& %
o A9 Mok F4Y & ot (& 3-7)] UER veh 2o, tigdel AdE +4
G2 BV IS A7 Beete FAT, dadt die) 49 8 7IERT A4l

Hir

At} 53] 4AE § 529 COD &7t &1, WAt o o B2 7M =34tk
HFo 2 1999~20084, oF 109 24 tede] 8ol ool Slae & <+ AT

2}



36 | Sot SEYE: ot H7|=

(F 3-7) HSZO AR 41 345
T = GE = 2= A 21
= '99 ‘08 | 99 ‘08 | '99 ‘08 '99 '08 '99 ‘08 ViES
el el el a el el el el el =

COD 2.14 282 | 133 | 211 | 078 | 156 | 0.73 | 2.10 | 1.25 | 2.15 3.00

NH4-N | 0.27 0.30 | 0.87 | 0.20 | 0.08 | 0.20 020 | 0.19 | 035 | 0.22 | 0.3 ™%t

16. 11. 30
Cl- | 720 | 860 | 840 | o | 840 | 1353 | 10.00 | 749 | 870 | o | Loy

311, 33, 4, 63, 2, 25, 68, 12, 96, 33, 10,000

Coliform| “oos | 743 | 847 | 234 | 300 | 7880 | 500 | 000 | 828 | 689 | vt

Z+&: DPRK and UNEP(2012), p.38.

B474(2017)2 £33 DPRK and UNEP(2012)9] At&04 CODLF NH4-N9| ¢
A7 A 26 Y 2o R H7RET, 4785 2(2008)9] A=t Akl 7t
29l A50l %&6}5}1 HIskgie). o, dig=to] 471
Pt B AR SEQPY HlAdo] qlof JlEC R IRt shH e Tt

=2
>
|\
2
=
ofll
filo
M

N,
ox
i{ﬂ
[\]
o
—
A
N
l
o)
o
19
o)
jN
>
B
jo
\
—
()
S
S
&
N
N
_,>:
rSL

1) =8to] QI7R0| Y EAE
55+0] Q17 197019 1,460% FolA] 199580l 2,1868 HoR A 2% 9]
9] AFEZ Holou, 2019¥90= 2,525% B, 202040l= 2,579%F Hog2 F7tstod
24) B5H(2017)E o] H1A9 (F 3-7)3 5L4F #E 85I, 30mg/Ll Cl-9] 47|12 0.3mg/LE

A% B|SG 0|2 98] ‘st BrlRE s B iy ok BvlE 97l U
A2 8ol folelof gk
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FZoll=

(5277 /km? =

h8

o

1km’g 214502

1
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=
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=
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=

=]

kfo

|
2040

2030

2019

1

6,912

1999

6,000 -
4,000 -
2,000 -

8,000 -
A& BA%(2020), p.3.

to| Hlw

ol
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i}
a0
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(a8 3-2)
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307 g, Alef=F,



38 | St SEYE: okt W=

(E 3-8) 28t 2 £Al9| ol

A ol A ol
Rl 3,222,000 Sy 329,207
ix3 559,056 kil 327,000
gz 455,000 A 310,100
<=4 437,000 Aol 288,112
e 346,082 R 222,396
W 338,155 A 209,530

Z}&: Worldometer, “North Korea population”, ZAAY: 2021.6.12.
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3t 2020). =9 7z AA|, AEH =] AT A 2R gkou, AlEEFE
zyste] AJges 9l vz dieide 290l 7EA At St (EA
2008), ABZZ0] BEAZ 7F5o] A @ty sHHS=3E 2008; ZAsE 2020).
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ST RS Loty Y A AFolA HiEH e sieg A5
de 1 &l A F5T Ao Foror, FYoll ExAA LR o 330
go] AlRlo] HiEdhe kA P& Aubeo] ]F Hral skt
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EAI9 FE FEElE, =] He Aot R3Ol Ee RS téFoR A
St B, PEAIE SO BAO] FRt] HoME ARGE AL Qlom, FHlE WA A
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AT R

2= 278 £(2008), p.13.

+F2H2008) F-

& 219] 1960~1970dH 9] o] v]F0] ek seE Hrole
o, <I" 3-3)9] EeAP] A2 et ArE 7IHIOE (X 3-10)3% o] skeAgeS

F4stoct
o= HAAY gl
2= | Al HA
M T2y @ > 6% 0.6%
3.3%
SlefUo = HiE
13.6%
WEPSEEPS
79.7%
ESEZPS aBUoS HE SHA e Ea M3tz CPOVIER- )

A7 -FFEH2008), p.647.
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A7 -FFEH2008), p.647.

+578H2008)0] 4t Hek shpATe W 23 TEAR(YSH, 2017 ol
4] 2019)°14 &= A, B78(2017)2 HtolA st 3Z¥E Atz A=
SHA| 2 Al sHCR AH REshe AR 55T, 2t HRERE B8 o 8
T QT I A Aol SEER A A SskeAE g Aot 3
Fo] F=0] AlFstaL skt 0]24)(2019)2 B 2 HeARrs 33 A7E

o] 834 YL A S5 ol 83she skeAlEOlA d714 nlBES ol 8dhe et
2 A S At TR WYL shrA e = STMAITIRA FA
AHE o] Hapdf o] Ald(Ed A ASAER F4)e o] 83 HEviAE BiRit=
HEE A8

201340)| = Bt sketREEE270] FA1A HPAIES ARSShe AldiHlE
I AR 50~60% T ALE Vst H3 AA9| skeAlE] vlEE 35% TEY
Aoz FAPHEZHF, 2013). sl HAES AU e ST} sk g3t

27) 9 SEEEAC] ehts SAERFE S BIFPY FAT tul He7 f B Q7 BoEp,
FAHOE APWL, PHFAY FAT il Ao | FJASE F4He A7 vlgm Fojsie
FHIEAS A AP RFE urt e Es0) e B T, o 9elo] SBREFE S
AR el BFAGo] I8 Foslo] AAol Aol Wt Wkt WAE Hgsl] A}
AZ|S|3L SI. O]9, YU ojole] SR HFEN SSURHFRE 2 UebdE ot U2 4 Yt
AR, 531 SISEFAREE ofdl ZHolH Bolo] At Solo] e o] oA} Lhebd 4 S,
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Z=o] QIA] 7] WlZoll, skrtart ©<es] 245 2429} A ueo] IR 755k
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Asf 7FsEol 75% Aroll A= Alr FASIAHEAE T, 2013).

20170l 3H MICSEmi(DPR and UNICEF, 2018)°ll= © A% A2
A27F YERY Qi o] MICS B 1A= B319] $95A1%(Central Bureau of Statistics
of the DPR Korea)°] UNICEF(The United Nations Children’s Fund)9] 71&%, A7
A A¥S ot 22E MICS Z299] IRz 95t Aol detid 7Hre
8,5007FAL, 11 ¥ 8,4997HE W, HESIH o SHEC] 100%3AH. ©] 2% F
Vi 3 Ao W3t 8 AIE (G 3-11)0f kA s Edoh 858H2008)
T FARRE 780l ofsf o] HIolHE ARESHE (I 3-12)%F o] SkrAlded 5T &
Uem, 109o] Ak #9f slpAlEle #ekE Hluws) & 4 Qo
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B 3-11) S8 29| HiE ¥ 2| 42 ¥ sieX2lg £H2 Qs 2 79 71y
T A Al A bl 8 7
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. 2|4 vz R HiEshs B¢
Sk A A - : -
FREAL | 6% | D e was ol sl
A4 :
3 2 23
A= I 9.6% - Az WSl #@gg 99 23
YA A4 A 27% | - A HA HESE #2259 24
8% 7% -
A v | O4% | - 71T But 52 59 5oz A%
2AA A
P g _
Ao wa | 208% | AR R 3R 9] SOR A
o RE HR | 01% | - A AUSA e
- o4 Al WA .
g | T BBIS B ysa | ol Aels g
A 100% -
MdE A vl 84.1% -
2 AETEYE 5 32,455 -

At&: DPRK and UNICEF(2018), pp.153-155% AFA.
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200893 201739 e EES ez o AE2AMe] 23E Bludt Aoj2= o
7HA] 2] YR oot HpefRt A AR o= Sl 53] 7oy YR SollA HiE
" 257t sl ke g B3l MiEEAR, HIEA] SkeA 7] 7HA] AL AR EA] ok
‘JHNM BEgely shdes fE-8FE o Sl olF dRIjle] Aes] JIAoHA] Xo
© 357F BobA dut g fide s 9t AEE A3 sieAlEleS HriE A1l
o] At} SRR 5ete] Sipleo]] TRt A=t 79| ARt Aol vl ARt Ak= oA

% Fo 2L 4 Y FIt 4] fould Holeka waH,

(& 3-12) =@t otex2lE Hat

= 20084 £ H|g" 20174 4 H|8?
sz e 13.6% 44.6%
. Aotz 2.6% 9.6%
s g e ——
A4 HA 3.3% 2.7%
A g 19.5% 56.9%
A4 A 79.7% 27.2%
AEx P vz HAAA gle 0.8% 15.9%
TA & 80.5% 43.1%

g 1) £53H2008), p.647
2) DPRK and UNICEF(2018), pp.153-155% 7F&ste] +4.

19.5%% 9 200849] st=A{2&o] 2017490 56.9%% S5 A2 5 vt 4%
oleti & 4= It Set F Ahw FH5A1719) o] Holoh AEe| Mo, HE-HA
STRA A gt HEH 1X%5E vl SN AT 0219 THs4o] it sl
o] HuAR, SRR Ee] 4, o9l METFFE BT AAAC] AFH 7HE Sol
HHEZR] 32 AoA steAElel] E5T Wk S7PF g 9 A9 7ol

48] ololzl7] Rolek BERe faislol & i,



4) 25| X|¥Y sl-x{2|8

MICS 2017 EIA/(DPRK and UNICEF, 2018)°] Uehd TA|Q A|ZQ] B vj&
2 X7 grAlo] mE vl (I 3-13)°f 89kt oS o83l TAI9t AlZ9] sl
S U4 AFEFE 7o R ohA] Yo HQITHA 3-14 FX). A9 SkeAE e
75.5%% AlZQ] oA e 27.9%E Tt 2.78] AA SkEAH| AL AX A UEhdS

A
¢ 5 A

H 3-13) 2 DA AIEQ| 2k HE H X2 E=

72 HAl Al M HHI = A2
sz A4 44.6% 67.2% 9.5%
i ZAA] A3tz 9.6% 6.4% 14.5%
oA A4 HaFEo) 2.7% 1.9% 3.9%
P, o5 75 Al Ha 0.4% 0.4% 0.4%
A AR A Ha 26.8% 15.8% 44.1%
o)A ol EEERIS 0.1% 0.1% 0.1%
A A Qe BA /A uiE 15.8% 8.3% 27.6%
A 100% 100% 100%
A" ABAA HE 84.1% 91.6% 72.3%
A 7IETARY S 32,455 19,779 12,675

At&: DPRK and UNICEF(2018), pp.153-155.

(E 3-14) S8t =A2t AIE9Q] o282 | FXEE £

7 =2 HA| A AZ

skeitE HiE 44.6% 67.2% 9.5%

e sz 9.6% 6.4% 14.5%
R g asae) | 27% 1.9% 3.0%
SkEA & 56.9% 75.5% 27.9%

A a] HA 27.2% 16.2% 44.5%

A g s | waad g 15.9% 8.4% 27.7%
FAYE 43.1% 24.6% 72.2%

As: DPRK and UNICEF(2018), pp.153-155% #arsto] #&F A4
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A&: DPRK and UNICEF(2018), pp.153-1568 #arsto] Az} 224
(a8 3-4) 835t TAY} NS £ SiRElg

SHH, MICS 2017 224(DPRK and UNICEF, 2018)0= 7z = B uj& 2 A
a0 wE vlgo] Yeht Qi ol& XH%L*C‘J%}O% AASHE (I 3-15)¢F At} o|E o] &
ofl (I 3-16)3} o] 7+ T skpAejeS dA ARSI 7P o s 3t AakE UEY
Act.
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(H 3-15) St Y 2t £ 2 i 2 X2 F=
St (=13 o k| =1 =1
Tyl A S| BB | o | | ||| |
g [°7] m O O T = I - O R I O -
=3 | = = e2le ==
3’\7_&
;Tj 23.9|45.1(35.9(33.9|57.4 | 459 | 43.4 | 29.9 | 28.2 | 83.2
L =
fﬂ Hglz 257 |182]180(109| 52 | 50 | 29 | 108 | 55 | 6.7
Al S|4 WA
- T b L
e o)) 00|04 (1037|0100 43 [130]| 1.4 | 04
A4
AR & s
2 | Rea wa 00|06[01]02]| 421|001 01001007103
A
A | A
PERE 35.1123.8129.7|33.6| 128|288 302 |31.2|382]| 82
oA | v X ¥ 0.0 | 00 | 00 | 02 | 0.1 | 00 | 00 | 0.0 | 0.6 | 0.0
Ay | & | A Qs
A | A |¥HA /=i 153 11.8 (152 (1741202203 |19.0| 150|261 1.3
Lkl
A 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
HAE AL vlg | 84.7 | 88.2|84.8 (8241798 |79.7|81.01850 ] 732|987
1,0 1321|4220 18 |37 |55 32| 32| 41
ZAAT 7S 5 ’ ’ ’ ’ ’ ’ ’
i Tl 131390 | 62| 26| 9 | 45 | 94 | 78 | 36

A& DPRK and UNICEF(2018), p.156.
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H 3-16) St Lt 2t =2F oleX2E

5t 5t | o 3} 3
= A R - NP (R (i il
—_I'L'E' 70" o o _'Q_I_J 70}, — — OH OH o
g2 | g 2l g || g |¢
= = =
= = = = = =
sz
o }HH% 23.9 | 45.1 | 35.9 | 33.9 | 574 | 459 | 43.4 | 29.9 | 28.2 | 83.2

e Atz 257 11821180109 | 52 | 50 | 29 | 108 | 55 | 6.7
HiE | A4 W4 | 00 | 04 | 1.0 | 37 | 01 | 0.0 | 43 |13.0| 1.4 | 04
S=AEe | 49.6 | 63.7 | 54.9 | 48.5 | 62.7 | 50.9 | 50.6 | 53.7 | 35.1 | 90.3

A4 WA | 351 | 24.4 | 29.8 | 33.8 | 17.0 | 28.8 | 30.3 | 31.2 | 38.2 | 85

M
e 01,0 153 | 11.8 | 152 | 17.6 | 20.3 | 20.3 | 19.0 | 15.0 | 26.7 | 1.3
iy

AL | 50.4 | 36.2 | 45.0 | 51.4 | 37.3 | 49.1 | 49.3 | 46.2 | 64.9 | 9.8
Zk&: DPRK and UNICEF(2018), p.1562 a1sto] &z} A4,

A S el ES APgete] B, HEAIY SR Egol 100%2hT LT UAH 2
3} o] WA o] QA A MAS olg3te] HeldhA ek Hlgo] 9.8%2 LERt
G AL 00.3%EE AS ¢ Ak T, 7 2 AeHeSe PHRE
63.79%7} 7V 31, AT} 62.7%% IHHGOR or, TAYE, BRE, WL
BT, PUE, BUE, FHGEY £0 Ueha FAGE 35.1% 1Y 228

o} A o]th..
} <y

2 T AMA
At&: DPRK and UNICEF(2018), p.156% Zasto] A&} A4,
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£ H]80] 21.6%(FA] 23.1%, A& 20.7% AL, NFHAAGAL], £AA)E B9l e
B 9] 68.7%= SAANA(TA] 60.3%, AlZF 73.8%) AFEEI A

(F 3-17) S510| JHIHAQ} MR SIS 20| HA U X S0 D2 Hg
= FH| A INES
REAATA 27 %
o 1. 1. 0.
He)3H1) 3 ? ?
AUEAZA 24 & A9
. I 0.1 0.3 0.0
s %H WA HOB) 0.3 0.2 0.3
Eg . 24 B 9 5 3
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B | 8 e 01
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i 8iE v)XK7) 0.0 0.0 0.0
e 2 24 A6 02 05 0.0
= Eir 7 vjAH9) 0.0 0.0 0.0
RUAATA 27 %
o . 6. .
R0 27 ° o7
REAAZA A &
_ . 1. .
. A2 w1 H0 ° 0>
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SIIAE AN qHg
. . 8
AEG)H)HOHO)H1DH161+(17)+(18) 23 47 0
AN A AN Beba
ABA) 61O +H13)+(14)1(15) 925 8.2 970
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A& DPRK and UNICEF(2018), pp.153-1562 #aste] A&} 74,
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I Executive Summary

I. Introduction

1. Background of research

O It is speculated that North Korea had water supply and sewerage facilities
in the 1960s and 1970s, but the rate of population connected to sewerage
is recently estimated to fall behind compared with that in South Korea.

O Much information is not known about the North Korea's sewerage system,
and the reliability of the data being talked about needs to be verified.

QO Therefore, it is necessary to review the original resources that form the
basis of the existing literature related to North Korea's sewerage system

and to confirm its reliability.

2. Purpose of research

Q The purpose of this research is to review, confirm, and analyze the studies
related to the North Korea's sewerage system that have been carried out
so far, and to organize reliable resources, which can be used as a basis
for conceiving and establishing the comprehensive plan for the North

Korea's sewerage system in future.
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II. North Korea's Sewerage-Related Policies and Laws

1. Acts

Q The laws related to sewerage were viewed: Environmental Protection Act,
Sewerage Act, Public Sanitation Act, Water Resources Act, River Act, Land
Environment Protection Enforcement Act, Environmental Impact
Assessment Act, Epidemic Prevention Act, Sea Pollution Prevention Act,
Waste Disposal Act, Urban Management Act, Capital Pyongyang
Management Act, Geumgangsan Tourist District Act, and Daedonggang
River Pollution Prevention Act.

O North Korea's Sewerage Act was adopted in 2009. The North Korea's
Sewerage Act consists of ‘Chapter 1 Basics of the Sewerage Act’, ‘Chapter
2 Construction of Sewerage Facilities, ‘Chapter 3 Management of
Sewerage Facilities’, ‘Chapter 4 Disposal of Wastewater’, and ‘Chapter 5

Guidance and control of Sewerage Projects’.

2. Administrative Organization of Environmental Management and

Sewerage Management in North Korea

O North Korea's urban planning system is divided into a central-level
comprehensive urban plan and a small and medium-sized city-level

comprehensive urban plan.

o The central-level urban plan is divided into the major regional land
construction master plan and the provincial(directly administered city)

land construction master plan.

- The construction of major regional land requires the judgment and

approval of the Supreme People's Assembly.
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- The provincial(directly governed city) land construction plan is managed
by the provincial(directly administered city) people's committee.

o A small and medium-sized city-level comprehensive urban plan is

downsized in scale and divided into the town master plan, labor region

master plan, and village master plan.

O As for the management of sewer system, the central urban management
department professionally manages, operates, and maintains water supply
and sewerage facilities through the General Bureau of Urban Construction

under its jurisdiction.

o There are water and sewerage office and urban management office in
counties(districts) under Pyongyang City, while water and sewerage office
is in charge of technology networks, and urban management office is in

charge of buildings and other civil structures.

o Meanwhile, the construction of water supply and sewerage facilities is
carried out by the facility office of the General Bureau of Urban
Construction under each provincial government.

- Urban management departments are placed in cities and counties(regions)
to guide facilities and establishments under their jurisdiction.

- In other cities and counties(regions) except for Pyongyang, there are
no separate water and sewerage offices but facility offices are to manage

them.
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II. Overview of Sewerage in North Korea

1. Domestic Literature Review Related to Sewerage Facilities in

North Korea

Q It is known that a sewage treatment plant was built in Pyongyang with the
support of the former Soviet Union in the 1960s and 1970s(Yoon, 2008).
It is said that there are three sewage treatment plants in Pyeongcheon
District, a suburb of Pyongyang, and the sewage treatment plant on

Unification Street(Kim, 2020).

o Although they were designed and constructed with foreign technology
and were not much different from facilities in South Korea, it is said that
the Daedonggang River was polluted with domestic and industrial
wastewater in excess of facility capacity(Kim, 2008), and it did not seem

properly operated due to power supply problems(Yoon, 2008; Kim, 2020).

O On the other hand, Jeong(1995) estimated that the large-scale sewage
treatment plant(Pyongcheon Sewage Treatment Plant) built by Pyongyang
City, completed in 1992, had a daily treatment capacity of 300,000 tons,
and its treatment capacity was insufficient to treat the sewage discharged
from the entire districts of Pyongyang. Pyongyang had manure treatment
facilities as well, but it is said that its capacity was only half of the manure

discharged by 3.3 million citizens.

O Jeong(1995, 1996) reported that North Korea has established regulations on
"Water Supply and Sewerage Management’, stipulating responsibilities and
authorities for water source protection, drinking water quality management,

sewage purification, rainwater management, and maintenance of water
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supply and sewerage facilities.

O Kim et al.(2008) stated that percentage of sewered population in
Pyongyang reached 100%, but that in local cities sewerage facilities were

installed only in apartments adjacent to the roadside.

o In addition, a soil trench process should be used for single-story houses
and its floor surface should be cleaned periodically, and if it is not cleaned

in time, the sewage system may overflow.

O Yoon(2008) estimated the sewage treatment rate in North Korea to be
19.5% based on the data onto the manure disposal route in light of our
experiences in the 1960s and 1970s.

o In 2013, the Ministry of Environment predicted that North Korea's sewer
pipes would be 50-60%, similar to that of households using flush
sanitation facilities, and estimated that the overall sewage treatment rate

in North Korea would be 35%(Ministry of Environment, 2013).

2. International Organization Literature Review Related to Sewerage

Facilities in North Korea

0O A more detailed manure disposal route was reported in the Multiple
Indicator Cluster Survey(MICS) report conducted in 2017(DPRK and
UNICEF, 2018).

o This MICS report was conducted by the Central Bureau of Statistics of
the DPR Korea as part of the global MICS program with technical and
financial support from the United Nations Children's Fund(UNICEF).

- The number of households subject to the questionnaire was 8,500, of
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which 8,499 were visited and interviewed, and the response rate was
100%.

o Based on the similar assumption as Yoon(2008) used, when the survey
results from MICS were used to derive the sewage treatment rate, the
change in the sewage treatment rate after 10 years since 2008 could be
compared.

- In 2017, the sewage treatment rate increased to 56.9%, which could be
seen as a remarkable growth considering the sewage treatment rate of

19.5% estimated in 2008.

o However, there might be a possibility that errors occurred due to the
difference in survey methodology, data acquisition period, and the lack
of professional recognition ability of the survey respondents for sewerage
facilities. As far as the implementation of sewer rehabilitation projects,
construction of sewage treatment plants, and the normal operation of
treatment facilities through the stable power supply, etc. are not
guaranteed, the judgment that the living environment and water quality
environment have been considerably improved, as seeing the remarkable

increase of sewage treatment rate, should be put on hold.

o In the same way, the sewage treatment rate for urban and rural areas
in North Korea and the sewage treatment rate for Pyongyang and each
province in Pyongyang were estimated.

- The urban sewage treatment rate is 75.5%, which is 2.7 times higher
than the rural sewage treatment rate of 27.9%, indicating a large gap
in the sewage service.

- Although it was known that the sewage treatment rate in Pyongyang
was almost 100%, the rate of no toilet facilities or no treatment using

conventional toilets was 9.8%, indicating that the actual sewage
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treatment rate was 90.3%.

- On the other hand, as for the sewage treatment rate by province,
Hamgyeong-do had the highest rate of 63.7%, followed by Jagang-do
with 62.7%, followed by Hamgyeongnam-do, Hwanghaebuk-do,
Pyeonganbuk-do, Pyeongannam-do, Yanggang-do, Gangwon-do, and

Hwanghaenam-do were the lowest at 35.1%.

Q In North Korea, as for the manure discharged from septic tanks,
21.6%(23.1% in urban areas, 20.7% in rural areas) was used as fertilizer
for agricultural land, and as on the manure discharged through improved
toilets, 68.7%(60.3% in urban areas, 73.8% in rural areas) was used as

fertilizer for agricultural land.

o In other words, the ratio of the manure discharged from septic tanks or
improved toilets as fertilizer for agricultural land is 90.3%, of which 83.4%
is in urban areas and 94.5% is in rural areas.

o Although it should be surely thought to be higher in rural areas rather
than urban areas, the value of 83.4% of the urban area manure usage
rate as fertilizer for agricultural land seemed so high that the potential
of drinking water pollution and waterborne disease infection could not

be ruled out.

0 In addition, sewage-related articles such as the Labor Newspaper and
Democratic Korea, and sewage-related technical articles and research
articles in North Korea's General Bureau of Invention, Industrial Publisher,
Journal of Kim Il-sung University, and Central Science and Technology

News Agency, etc. were investigated and organized.

o Although they introduced similar specialized sewerage technologies as
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those used and studied in South Korea and other developed countries,
a more in-depth investigation should be conducted on how much they

have actually applied and used practically in the field.

IV. Sewerage Management in North Korea

O The textbook of "Sewerage Engineering" taught in universities in North
Korea was acquired and its key subjects were viewed: considerations in
planning sewage treatment plants, structural management plan and data
management plan of sewage treatment plants, informatization and
automation of sewer management operation, and non-centralized

small-scale sewerage structure module technologies(Kim and Kim, 2015).

o Through this, North Korea seems to be implementing a desirable policy,
which might be a desperate measure considering its current poor
situation, to expand and distribute non-centralized small-scale sewage

treatment facility modules.

O As suggested by Sedlak(2014) and Strande(2021), non-centralized water
management is regarded as an important paradigm shift in future urban
infrastructure development worldwide, emphasizing energy efficiency

aspects.

o However, due to the use of agricultural land in manure, concerns about
pollution in the living environment, risk of waterborne infectious

diseases, and threat to residents' health cannot be eliminated.

o Nevertheless, through the popularization of effective non-centralized
small-scale sewage treatment modules, some results could be achieved

in terms of protecting the water quality environment in public waters
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and protecting residents' health.

o It is expected that North Korea could be a test-bed for successful
demonstrations of improving the sustainability and resilience of water
management, and establishing a small-scale water and resource recycling

system.

V. Conclusions and Suggestions

1. Conclusions

Q In this research, the original resources related to North Korean sewage-related
literatures were reviewed and their reliability and suggestion were
confirmed and reinterpreted in order to be used as the basis for the
conception and establishment of a comprehensive sewerage plan of North

Korea in future.

O Through in-depth analysis of North Korean sewage-related literatures, the

implications for North Korean sewage management were summarized.

2. Suggestions

4 It was summarized what we know and do not know about sewerage system
in North Korea. A strategy was proposed as well to construct sewage

facilities in North Korea in future.

Q In this study as a short-term study, it seemed that only fragmentary results
have been obtained. It is expected that long-term continuous research

investment should be made in specialized research institutes to
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accumulate useful information that could prepare a database, necessary

to devise and establish a comprehensive sewerage plan in North Korea.

Keywords: Sewerage, North Korea, Literature Review, Sewage Treatment Rate,

Sewerage Management
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(F 3-5) 2319| SIETUK| L HIRYBOM H7|HLS B S
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W57 53} 22 5% 579
B9 BAH 7119} AR Lo
o ey =
- 1A 7]AdA Eo] AAAF Ex _ _ _
g | GRS AEE S MY S aasiony Aasiel sa)
A=y =< JAT AAztE 2 g QAo gt 7S A= 1
25 ol oist 7E - s
deggn || 70 BT SR AR 50 V12 Aas de] e ot
e 3 9 g3t Fopo] Ay | A
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Q]“ﬂ %-__94 i]_.g—ﬂ'_ ;ﬁ]ﬂ'oﬂ 1’4]’5?} Zl_.é.g% —I’—E‘ §< ﬁx]%!'g] XH}\oo] O 7]E 2

g AR A,



160 | 25t SZNE: sl H|2

ot

2 B3 A5t & Ee] H7|HEE o] theh /1ol = A SheAof HHE Q=
o A= 2 L85 ENE Wt 4tst Atzlolrh Kim, O, and Pak(2017,
p.72)2 5319 LA 1@ H 7| E(Municipal Solid Waste)} AF4 =] 7]E(Industrial Solid
Waste)= 5] 247 1 A o] dfsto] drgst3ict.s3)

ERte] Hw7to] ozt =4 Shewn § w7lEd WIS = B9t vskAel Y=

et @l Wl] w=o] fiFEelth. 8 Wd2 H7HEEY] 243 FEPe] 7%

1=
—_l-_“
oTsfe] oA Fo] SUsHA Yot ol AT & Uk FHOEH ATE St

Q= Zog moiwr)

83) Kim, O, and Pak(2017), p.72.
84) O and Kim(2017), pp.1671-1678; O et al.(2018), pp.2914-2922; O, Kim, and Kim(2018),
pp.139-148; O et al.(2019), pp.1-12; O et al.(2021), pp.35-44.
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(2 3-6) 5g MZ710 2t WY HEE 2H IHStE==

il ISIN, = FLLE Sk=X|

Waste Composition for Landscape

Kim, O, and Solid Waste - TS 2AAIE R /‘\‘}CQA chitect Ie) and
im, O, = NG rchitectur
Management and Its | H7|[E9 243 A d3S 4 i

Pak. e | wmar Regional
Characteristic Analysis,| 8% )

Planning

a Case Study

20174 Investigation of

characterization of
municipal solid

Energy Sources,
B39 TA|IFH 7 E & 71APart A: Recovery,

O and Kim waste for A g 974 #7189 7]x E| Utilization, and
) 4 9 oyz B4 24 Environmental
refused-derived fuel, a
Effects
case study
o - B3519] TAIYEH7|ES H7] Energy Sources,
A feasibility study of 2 vgeine 28 1S40 dipart A: Recovery,
energy recovery of RDF = e
O et al from municinal solid St A+ Utilization, and
wastcl; - 539 ZAITPH7ES A Environmental
20184 b 244o] AAE. Effects
Assessment of
0. Kim. and enfv1ronme.nt.al lburil.zns_ Bale] EATHE|R] V}Zaste and
Kim or municipal soli 2ol He] 520] AAE. esource
waste management Management

options
An evaluation of
alternatives to energy

Energy Sources,
Part A: Recovery,

5ol =ANgHYE F 7R

recovery from A4 997 "5 A9
Y _
20199} Oetal municipal solid waste | £ol @& 4 9 o1 TE [I{Ztrlli'zraot;(;rll:enizld
part 2: energy balance| °] AAE. lEffects

and carbon footprint

o - ERIA 7129 71 2 A
Investigating effective | _© i ° = 1 .
waste-toenergy | 7V 7189) A2 8412 @8 Proceedings of
Y o s ATt the Institution of

20214d| O et al. options from 23510

- B3lo|lA 7444 2 7714 H7]Civil Engineers -

o] ofuA|g} Aol digt A= Energy

=20 Hx
55 B4%

refuse-derived fuel
resources

m{n

ol

l

Az AR e
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g2 5ok wrjHlde HEd, 5o mrivde B8 3 Ady, S5t H7jud

53] H7|HdE BRIHe SYR, 53 I A97|H 5ol 4F AFEHIL Uk
T2 AR, HIHAEFEH), "EANEH) 59 8 £oF HE FE7T e
™, 20159 AF9] A7t AFEL ot T A2HE, A4 Shatiz]ox 9] Wi 5ol
2 53tolA 20208 TARMESRL S AHEer Ao YEi T, A5 8ol THREC
U A2 SEA etk
559 H7HdE Y 2 A2AR 5 A2AH7ES Q] AP H 7=l st
H= UNEPOIA 2012d0f] AR FE7F F=2 o] 35 AL )tk Tk 20124 oF-9f A+
St TeFAHY] Shai=tE UNEPY HHE &8st Slth ol= 53t AA9 #H7&
| AegE AAISHE AAZ nlgste] =A1715-2] A1 stofl a8 HHIE A
29 Ao waE ARolA WA == #H|7]=(Industrial Solid Waste)
AH oz Azt Aol FAE 54 FalEE ] Azt AYito] o] FofA|aL 9l
ERt=tl o2 H7] Al A7 o] Fo|X[A] Yot Hi7]eHg, 28 52

0 zo]
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- 5210] ME AL FURIN U AFHT QoL FA th A et
B

B ome 481 B A4 WY ARG AVARE ToY 4 U8
g 7|5880] ST UNEPQOI2IA ANE Hu7t 72 o8
| 20124 o€ A7} B A7A4e] BHIHE UNEPS] AHE 72 Bgohn
9
ol sy [T S BRE AT ol ol 1550l 8
=2 LA o] w9 ARG U B0l B Rl Ao

YR AR o) o} aimg s s azo] e ARot wlEal, Aol A=) tig A5
5o 4759
PCBsS} 2 Sal2ao] Akt W17 o]2ojA T Qe AL SHlE} oA

EERE RS

53] wHrjedE |- wr|HEEREHeld WrlE wiee 7150 S sk o wrHdE E

A 2] e A 9 Aol iR 2AAATT SFREA g2 Ao ixéék

Arm AR 2,

85) 33 79 setfs) o4 YR Aot HEo] AN %2,
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2. 5ot HYHAS(WIE) SFHA

7). B@e d7|HARE1R)T BT Golo) AMg

sgtol o] 712t eist Solo] XRE T3 Ozt Kol7t ok, | AR Uel
¥ SolAE w7120 A4S, 0Be Hste] A8t glow, u, By o] g
oA & A8 he SOl AT ek, E3t B3te] SRR} BN E 02
3} 57]5420] BolS Uio] ALGSITL Stk wheba] B3ko] 37 Hof Wt AR
9 73ROl ARGk QI HY1E Bl F2 Solo] HES ) BURoIA Algata

e HE} FEY] FUL S st F2 Bof9) g2 He gt

o Tl 7|, AlF 5= A& Rkl HEe A

o HAEE: T4, 7194 SolA A, BTN o= HE

rlr
Y

o Q& 7MolM TR H7IE

v

o 13 FEojM At FES =St

[¢)

< 7H gl FECFERA] 30

o

o B2 PARFOIA YeE vlF 99 RE H7|E(4 5

53 Aw7kee] =4 Shaite AvEE w7]E #Re JwETLS Municipal
Soild Waste®} Industrial Solid WasteZ W Aokl 1ot Municipal Solid Waste
€ T2 258 YEied ole B9 4272 9vIRith Industrial Solid Waste
= H7HAEER, ol =9 AR H7IES QulRlith. o]Qo: F3t] QlEoly FIt
Hel7|eA7E A4S = SolA ARSEE H7IE BR 8ojk o] AolE Hol=d|
I AHE <(E 3-8)°] UERA
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E 3-8) o=1 S30MQl H7IE 2 0] X0 Ak

r

itz =5t itz =3t
A7 = 7 HAEE S E- N EN oz
ke iy °0F T2 A7), T ks
W2t g zEmy | o= %fjlfjﬁ g‘ﬁ 5 e
5] EAE Y, &8% 7¥et
=4 =4 24 ufefpy7]
Az HAF] ZA k| A==

A TYF B EEE, “EIF gof AR AAY: 2021.6.119] W& HEoE AR AAH.

. Bgte) - AE L B0 o H64E BRAA B

5] HriHdEe] ERAAlE [V HAEF T oA AR H s, =g
ZlHdE W b7l ER 25kl gleH, ol sl (1™ 3-DI A At
71 dEe] A, B et ¥l met FEshal low, =AguYH et dht
ZIHAEES ST 71, 71994, AP Ak ok Bete] w7 HAE ERAANA =

B 7Y MFEe AXE oy ARARL H7|HdE ERe A= A -
EQ SEUEtet 2] TAYEY Ade EHSHA| ket

et "SGR, YIEdER T, SR, (mAvER, EdAEE

HolAe] 2 7] TA|, 29 53 F3H9] shaiA] B HgEolA AR EE wrlHdE
T BolE dHEe b TAYS F7oE = Ak 532 wrjHdE o 8o A
oM A A o] 252 BEHVIER D o U 259 HHo] AZVIEY

ESF ERA Y HE 9 HEEe 84, 719a

om, fEjute] AAdHZIER AT 4= At ol ot THHdEH T oA
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/1% £ AE0] WS T 100, WAV AR AL ek Hefl]
oaute) AR Ados fxeE 4 o
REREERE REFEREES P e R b PETE L E e B

448 A ekoml, Bate] ol £dlol4 AWE Fue Ea f3aE 5 g
Hzolnz g Bako] W |AR Belo] S el et g, 4l 5] A%

= T AR/} EFAA vhge] Z2d Foltt

| YA | H =

FEA R

g AR A,

(a8 3-1) =89 Hr|HEdE 2FAA
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3. Z3to] H7IHMSWIIS) W ¥ XY
7t o= Wy 9 24

E35te] oF AR} 240 gt A=tAQl Apgs njulsicth. HFAIQ AE7t 9l
ojutA L Ao whel ozt AfolE Kol QJrt. QEO] HhAERe. oA oA Al
HE  A7F 9F 587~617F 3,600802 HIE|QT}80) 950 2442 (I 3-9)%} o,
UNEPOIlA M9 20129 %9] BaxoA AAE HR7F 2 LE= ot 53 HE
7o) S| SheERoME T2 FEE A% A8stal 9o Kim, O, and Pak(2017,
p.72) 2&9] 24& ot th2A Busigitt. 201240] €7FE UNEPS] H1A] WofA
QE9] /ol gt A AIRE oA UEhl A= oot Eete] S3EA=2] 2009
W HT a2 yetd ZAe Hi A-ZQ AP A7]E 200849 o]HY Aoz H
t}.87) Kim, O, and Pak(2017, p.72)° 23] B1H &9 AL 2009~2010499] A1
off 2ARE AYS ERICES) wEka Eod E59] 249 lols FAF Al w2 Ao
2 ek

53t YA 0E9 242 A 71 E f714, BUE0E FES &= Qlrk. 71

2 {71482 27.0~29.0%°]1 EAGL 71.0~73.0%= EA4 H71E9] F&ol 5 & A
= 2RI 5= Stk 53], HAle A W71E F 64.0~68.4%5 UEHHL Slof oE Fe=
SHiold of 37T~427F o2 HYAY] 2F T 2 HISZ AAISkL 3t ojet Zo
] vEo] =2 olfe 7P g B AR dRR Heolu € 5 A= 71
=4ES ARSI Q7] WEeltt

HEAET obdzt et dHollA g | AR AR ARy E 5 e 7hdd
=4S ARTE 22 (OE 3-2ME f5ste = ok (OH 3-2)= F85EE 4t

86) Kim, O, and Pak(2017), p.72; O, Kim, and Kim(2018), pp.139-148; 2, BI&a4(2018),
pp.33-36.

87) UNEP(2012), pp.50-52.

88) Kim, O, and Pak(2017), p.72.
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Hr
rot
o
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0)-
Ee]
OI

olel Ajgka} 7oA B o] 83| whEolc nebd HopA|E X
oA WAL 02 F B HFo] Y EoHE AL L 4 91@.
£, 53l0] 92 % WAV} ke ¥ 1

oF 7,0004~9,0004 E8907F 7} Wk 1970Wt] FHbofA] 1980‘31‘41 i /‘]7]—04

S A2 oldat BRle] ZAbEl A0 Bk Hoplo) Al

H 3-9) 5ot YA E(ATYEHY|Z) =Y

O et al.(2018),

— UNEP(2012), Kim, O, and Okir';igmaé;d o
Az VI | 0 et al2021) Pak(2017) e e
HI5A(2018) H21(%)
= % = % E %

EtAER | 11,6000 | 2.0 | 85904 | 1.4 11,600.0 | 2.0 1.4~2.0

oI 29,000.0 | 5.0 | 20,862.4 | 3.4 | 29,0000 | 5.0 3.4~5.0

oy | AR | 11,6000 | 2.0 | 6749.6 | 1.1 | 11,6000 | 2.0 | 1.1~2.0

oe—lﬂ ke 58,000.0 | 10.0 |119,038.4| 19.4 | 58,000.0 | 10.0 | 10.0~19.4
#714 | 9r195718

71et 58,000.0 | 10.0 | 10,431.2 | 1.7 58,000.0 | 10.0 | 1.7~10.0

) 168,200.0 | 29.0 | 165,672.0| 27.0 | 168,200.0 | 29.0 | 27.0~29.0

=% 29,000.0 | 5.0 | 23,316.8 | 3.8 | 29,000.0 | 5.0 3.8~5.0

2 11,600.0 | 2.0 | 4,908.8 | 0.8 11,600.0 | 2.0 0.8~2.0

A
re
oX,

A 371,200.0 | 64.0 |419,702.4| 68.4 | 371,200.0 | 64.0 | 64~68.4

By 411,800.0 | 71.0 | 447,928.0| 73.0 | 411,800.0 | 71.0 | 71.0~73.0

A 580,000.0 | 100.0 | 613,600.0 | 100.0 | 580,000.0 | 100.0 -

AR 20084 oA 2009~20109 20084¢ ol -

At& : UNEP(2012), p.50-52; O et al.(2021), pp.35-44; Kim, O, and Pak (2017), p.72; O, Kim, and
Kim(2018), pp.139-148; @&3&, ¥wa4)(2018), pp.33-36.

89) A&dTd AEdFboleHols, “ofufx] &ul", FMA: 2021.9.16.
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Ag7: gEAEA3)(2006.3.25), “BIALR, FAAWL, HAAL: 2021.6.24.

(38 3-2) EE== T FAHXY

oje} T2 53] oF WT W 249 RO Aol ol- Ak Q1R EA5] St
of 53te] AAGE fARE 27HE9] H71E AR vlwste] HESIYTh (19 3-3)
2 World Bank®ll 9J3l Low Income =712 E54 =7F=2] 1919 GDPE UEeRd o]
th. E3F (E 3-10)2 Low Income =7} 1919 GDP2] H91E 20022 235
7|29 T HYE 190 199 HAFoZ yebd Aol

B3to] 49 201392 7|&0& 1919 GDP7} 749282 EAEIch90) o] A]7]9]
HYAIY Q= 2,926 oIt ol FRoA BaE 53 YA oF WHE A4S
ste] 191 199 WO R TRASHH 0.54~0.57kg/Q1/ Y= YR 4= Sltt

53h9] 20139 1919 GDPRI 74927t &3l= W 9l= 600~8002{olt}. s <]
o] %= Low Income =7hH= 37l=olH, H71&E AT W= 0.50~1.00kg/?1/Lo]
th. 284 Low Income =7} F ollEloA= H7&E TATo] 1.00ke/Q/LY vl
£ FAE Ueidth 7189 A9 AR AAGET s AT Qlo] getkE o

2 gASEY 2710wt w7189 wuel BYTFE B FIE A% Wt 59,

90) Kim(2017), pp.80-87.
91) BAH EIEA, T8 TA A7, MY 2021.8.26.
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ofolEl9] H7|&E Hee] WAFEE AA U= AEAH7E AT TAETH(2019¢
71& 1.09kg/Q1/Q92)3} F-ARSE 2&0]t}. Low Income =714 H7&2] T HA|
1Al mEsl g7 E=T Heg JAE Ao] ofyil X|Xlo|u sid T ArAASE Y
oh= AdH7E J} &2 oE H7l=e] A AAENE 7Fsdol %71 whizoll otelEl 9]
H7E dd9] & 0‘1(_2_‘ o-$- Eolgt ot

ofo|g|& A9t 1919 GDP2| #4171 600~800EH 1 =71] H|7|& LA dd9l=
0.50~0.53kg/Ql/HolB& B3t Fezto] osf| AAE QE0] AT AAH o= WAYst

I Qle wWYIE 4 vt xR vEh 9 FE AIEA Qe A wEh

1200

749 USD
800

600

1219 GDP

400

200

'b \\ fb N D D™ D ™ Q. . A
Q,ﬁ @"% .&*’ <" X 6&@@‘@«% FE SIS TP E LS ESESSE
\
@? & '-:P %‘9 S ¢
&

Z&: Hoornweg and Bhada-Tata(2012), pp.51-625 Z=x5ko] AR} AFA.

(J2 3-3) World BankOA Low Income =Z7I2 £5= =719| 101 GDP

92) 3H4%(2019), p.12.
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(E 3-10) =718 123 GDP Helo| ME HvlEg ZdE

=/t 191¥ GDP(USD) H7l2 24 (ka/2/2)
2 x < 200 0.3~0.55
10 200 < x < 400 0.34~0.80
10 400 < x < 600 0.12~1.46
3 600 < x < 800 0.50~1.00
6 800 < x < 1,000 0.50~2.23

ks 749 0.54~0.57

271 1919 GDP BHe ZAVYH 7B TAYHkg/Q/D) FE7T BE YAH ARE 7o slo]
=7h8 718 d&7t OE.
At&: Hoornweg and Bhada-Tata(2012), pp.51-628 x5t A=} A1A.

o w7EdE 2 3 24

ERtolA wH7|wdEe] "iet AE7F AAEe 2 e &0 HiRt AR A E=

=3 Ho FHon H7|HdE B3 FYAR I {e7F =3E o] St} 5], HY|HdE
S APHoZ AGst B2 1402, AV FH 7] E(Industrial Solid Waste)Z FE s}

8

9T} 93)
Kim, O, and Pak(2017, p.72)- £t HFAoIA 2009~20100] HA3E o7|5 4L
o] A7k oF 5647 Eol=tal Ao, 1 243 (E 3-11)3F Zo] Yet o]

o |HEE e 98 WAREG o] Waye Aol BHSISA e AL YAl
HPANA PSR RS F2 ], B, 5549 5 olole, tlt 7]

o
& 5 AgAe} daztAfiEe] oF 3184 B8 oF 56%E UEHo] 7HE w2 HIS= At

)

93) Kim, O, and Pak(2017), p.72.
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(B 3-11) 235t HUA|Q I7|HHE =M

T2 Holg 3% UYHH(E) Z8(%)
S 564 0.10
3149y 46,981 8.33
NIA 56 0.01
A 677 0.12
7}2-*3 %ol 395 0.07
4;]@ =23 113 0.02
SEA 127,577 22.62
SAEA 30,287 5.37
5 /47148 #HE 10,829 1.92
27 217,478 38.56
AeA 309,974 54.96
ArANE 8,178 1.45
sy e, =27 959 0.17
A 24,365 4.32
=% 564 0.10
27 344,040 61.00
7)€k 2,482 0.44
A 564,000 100.00

A7 Kim, O, and Pak(2017, p.72)& =5} 1A
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Soiendss] 12 Ang 94 ARd), & 3-12)0] Yerig,

LTI HZ(MENAH| I MBI 2 H&(2018E 7IF)

= =8y g
bl MW 6,100
T 7 4H])EKa) E 15,226,131
e ey HHEEK() E 1,709,336
AA EPAb/a) - 0.11
W8 MW 6,940
. A= 4H]2Ha) = 13,802,758
orlE AerA] aAEK(Db) E 2,117,000
A EPAb/a) - 0.15
W8 MW 6,044
N A2 AH|2K(a) E 11,283,221
e ey HHEK(D) E 1,564,000
A TARb/a) - 0.14
W8 MW 5,945
- A2 AH|2K(a) = 13,714,028
Aek] 2hER(D) E 1,600,170
A EPAb/a) - 0.11
e & MW 9,188.6
A= AH ) = 26,462,746
hceisil
ey BPEEK(D) E 2,334.000
At &g Ab/a) - 0.09
- b T - 0.12

g ZEHolE£E(2021.7.27) ‘=

e dmands] R, PEsATde_deadds, 4

A 2021.8.19; F52HolE|ZEH(2021.8.19) A AN SHALE Aet A2 HB” AR
WA AAR AR SHARe AuEdeuy’, SEERdAe Aus] eS8
&, AAY: 2021.8.19; T&HlEEE(2021.9.15) “U=HFHEAHE AR AN AA 23| HH|A_GW,
AMY: 2021.9.15; BA%(2021.8.19) “"HHSAPE wPadu gy, HA: 2021.8.19; =LA Q2
021.8.19) “dAxd Aety] e 9 g AMY: 2021.8.19; =EEEA(2021.8.19), ‘A8
4H] A4 d3, “Mers] 4 9 AEY, AAY: 2021.8.198 Fxsto] AR AL
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HYSLHAAT| Q0] AF, ARAVFELF)] 17} AA=lo] YolA] A
S BAASE BEole] BB TAAT|F20NH Y A PIFS AG-])
3} o] 27kt

B

ool slel i 7)Y AdH e MEA () = g4 2H(A e 2) < A ek A Al S 21(3-1)
= 1,900,000 ~ 2,100,000+ x<0.12 = 231,470 ~ 255,385

21(3-2)

o2
Lo
i\
T
z
=)
B
o
it
!
2
I
Il
[V)
w
=
=
=
l
[\
ot
&
o0
w
at
r
X
—
~
wt

Aetote ol ot Al At F7d3ke] ST 277 7,764~30% 7,003E0=
AN Wb 309 9,9742 3 719] Hlsett 2ot wEbA £-lo 71AE AetAie
PAFE ol F AT £ Gl Fo R wokEnh 2y oE R H]|9HEES]
AF, 7199 Av] 5, A= AR S0l B BEAIA] ot - ol iRt A=

o ASE sYshe Pkl Basit
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4. 2510 HI|HAS(HTIS) MalHg
(RECERLE

S =9 AEle WEA | IR A A9 5 XG0l weE 2 yER
© Aoz FHA ot g5 o) e Hf B AR tiieA] A oA WA E=
8 25 3 e AR AZEEA, eF= w1uV e Este] ARdtal
St 717 e "2l HlgR AZ-8Eet ol g EgEH. ol RNk
ot I Ev]e] g ] f8l BAeh /1A wvlee SRt HlRe g ot
HolA fte= Aold. X3 YNV IE § SAEREVIE A2 A% A AFoA

Ao

of Hi&shd, Fi AFoA A5t 52 Hlz= B-Eotral Qi
A

:_
r}ol'

o] BF YA B AR A A EE] 2F0] A9 TR ghod, g
£ AR o &E AGolA= 7oA clvAde sty fsted 7 5 Q=
7t H7 e A2 B Hieths 25119 S1io] Jgler, di & B 7147
=3 Egote] Hle R 85I ol ety ot ERe] SAR ol wet 7HddH7]
=2 AaAA oiAder E8sHA] ¢, mWiHdtE SAE A

5] o= Aot BTt AR e e BT @51 SRy AR T4
AgAtE7E HiFgols, FFAQ Ao tiet JEe 53] ARl Aol 2T &t
A27He] =4 sheewolA 2 A=dRe] A =H =4 steeol et A
ol izt Aol 2A YEhaL . (R 3-14H)= FH 2= AR AlEE 9

Ao, 27} vjgor LEsle] AAE ARE H2gt Aol Kim, O, and Pak(2017,
p.72)° W=H 530 0F A2 Yo vl wiH(72.9%)°] 7FY oM, 1 thFo®
g 2 Aol8(26.5%), A7H0.6%)2] <=°Itt. O, Kim, and Kim(2018,
pp.139-148) & O et al.(2021, pp.35-44)°l41+= AZ-E& H Aol-8(69.0%)°] 7V =4
UeRgoH, duZo s wWiR(28.7%), £27H2.3%)9] =28 UEkTh AAE F 7HA9]
ZJHoA QE9] AP HIF Aol A AT RAF ] o] AR FHr
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(E 3-14) St BYA| 2= X9 2L {0

o xee £2F oh =] AR
= HOI2(%) (%) (%) (%) I

Kim, O, and Pak(2017) 26.5 0.6 72.9 100 |2009~20104
O et al.(2018, 2021) 69.0 2.3 28.7 100 EEY

ZA&: Kim, O, and Pak(2017), O, Kim, and Kim(2018), O et al.(2021)& &xs5to] AFA.

ot 27| SA She § BRI ke oF TRl wE AR AT

= XHA}% % Ak, a7, ERjE 9 ufgo] 471A] W o R SEste] AAekIrto) AAE
AEOA H7|1BE 7t 2 f714, EARo=E FESko] (A 3-15)°0 A5ttt

7t 9 {71 8H71E00A4 Fol, BA E 170 AR H S HIsol 2 96.3%,
80.3%Z =2 Ag AT & Q. EFH EAAHVENAE S45FE 100% A
2 QLG loH, FEk 88.8% AARE 9 AZEE] 471X]9] A F ¢
T2 TAE EHArh o9 T2 Fol(@HA), L), S570H, o) 2 -
2))9] F5-2 2704 ARt Fujabdol] o5 = FEolth J3F ARglo|A o]2igt
F59 PuAdS B3l Hiet LS E= ALEo=E FESHL Qlof 2 AARE 4
ALEES Hol= A0 wrH:

EZAE H7189 A9 57.4%7F ARG R AZEHL JloH, A HUlE 5 2
HHAQl XH%:J—S« HDPE, LDPE 9 PVColx, Y& PSS9} PP7h 23 Ao B Qrt.95)
o] A H71E F E2AE w7189 A 20189 710 AHEE 57%, &7t
33%, W 10%2] <02 Yehdttoe) T Eite] ZekaE w789 39 Ao
11.1%°12, wjgo] 31.5%% Vet mig &0 HlFo] & 20 & Uepgth, weha] S35t
oA EFAH HrES A 24T = Sle Aol mERt Aow FAHM

o 7148|7159 B9 EMISIR 99.5%7F A= Al 23 4147 E
o] EH|3} H]go] #& olf ABE T AFEUR 53t F=tol] HEAof sl 73
94) O et al.(2021), pp.35-44.

95) O, Kim, and Kim(2018), pp.139-148.
96) $73%(2018), p.45.
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A SOl SR BRI Qs RS, Hl] e 9] 91 A ol
Folt o N CETLCE

98 F 7M e 2 AASHE AR 59.3%7H AR Qe 8 AReET
glom, U 40.7%% = k. S5, B30 SRR Aejuo s He

il

WE B2 So| AU AEET & ke A
VNR BIACIHE A8} 2085302 Heke £ s
t}.99 waba] Bato] ek ARsis BESE BRI AT & Q= 28 S0kl os
Holc},

9B 5 4959 A9, 6750~17 1,600E02 A OB WY F 1 vjFE 1
77.1%9) 1S L g HES Bk o) Axt 7o Mﬂ%lo} Rz5i0] T
122 B9 A Yo s o gerks A T 1) e B4 AT B 4 9ok,
thit Bate] WylE BAR AA7 ngsiths A ns, 7}%3011*1 xos
AMRE 9T WAEA @, T2 S3EEo] FeE0] 1ol ouxYos Agdt

S gl FRE YAUS TR

97) AorAIoFE5(2019.10.10), "5, FRIEC] =t Hvl A 87, AML: 2021.8.11.
98) #&2(2013), p.92.
99) DPRK(2021), pp.38-39.
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=20

(B 3-15) 25 WYA|S| Q2 2|58

ad 96.3 0.0 0.0 3.7

E7tAE 57.4 11.1 0.0 31.5

7?;?; i 17.2 5.7 0.0 77.1
B 4 17 80.3 19.7 0.0 0.0

=& {7148 "8 0.0 0.0 99.5 0.5

TE5F 100.0 0.0 0.0 0.0

=94 e 88.8 0.0 0.0 11.2
Ay 59.3 0.0 0.0 40.7

A= O et al.(2021), p.37& Fxsto] A2 A4,

. H71EAEY AYE%

53] w7|H =] AdgS HPAIE 7l s AAE W AEE, iE, 249 7
Al 05 FEsto] (& 3-16y00 UEHISITE BYA] H7|H &S] 58 A= AuEd A
AHE 3 AEEo] 76.30%2 7P w2, wigo] 23.66%, £x7t°] 0.04%2] HlE-& A5
Aot W7 HEEe] SRe 259 FREH BeH, Avtdos oFHT AARE H A
289 Hlsol =A YETh

BEA H7 A= SF7E AARS AHE, L& #A7F 22 H7|sHEdEe] Sl
<=8 224, A $l, £ 714 WlE, AgAL R 959 7 ST sieEh
Kim, O, and Pak(2017, p.72)< Industrial Solid Waste® &-F5to] AASIAIL, O
et al.(2021, pp.35-44)2 Municipal Solid WasteZ #-F5}0] AAISIAT}. o= =&o
2 2 AAE AZIE B3 W H71ES] ERAAE vIEet 22 vEidtal = 4 itk

uebs] HEA H7EEEY] SR AR tigt 242 250 A7 22 W7
AES A 2 WrEs PPLS F4T F Ue s UGkeA=R), =3

g EPY

2 SN LS4 B A, BAES ARAD] o) ekt det.

ot
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7 IEE & o e FEA 2 SARAY] AARE 9 AZ-8E2 100%0]1L
Sy o] ARG B AZEES 95.6%= TS =T ol IV IEES
Gl F7IHIER ol 8H L JIFIT.100) %Jéﬂﬂﬂ%‘ﬂ A= 100% AR R ARZ
SHI e, gifEe] A AR ol&HL 3= Ao HuFEI: 10D

5]t JGAI9 w7udE A=@Re] Avtd o AAE B AZ-E9| BFo] w20
FAE 2l vad H7|HdEe] ¥ 0] w2 AR ¥k & Q. 28y UNEP

5 FAYIT) 24} A3}, FA) ShRolAe] 7 A3t 9 PRue] 3 5E vt
B304 B Bels v BIFF S0l W EE el 9T B, ),
£ 37300 vIA)s 09 et et A A0R ot W B3l 1754

B3} Peid 9] 2% BAolN9) Aue gEuo] 3o 58 vl HEsie] B 7
e el 522 B0k At olo] A4gel W7t Anke ATt

100) UNEP(2003), p.82.
101) DPRK(2021), pp.38-39.
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(91 %)
78 Wlg 55 g oy A2t
ERERE 57.4 315 1.1
sleey 95.6 4.4 -
a5 80.0 - 20.0
A 17.1 77.1 5.7
74 @ oad 96.3 3.7 -
R =) 66.7 - 333
227 100.0 - -
2224 100.0 - -
=3 $714 W= 99.5 0.5 -
27 98.6 13 0.07
Heb, AR 59.3 40.7 -
$2), £47] 88.8 112 -
2oy 24 100.0 - -
24 100.0 - -
24 623 37.7 -
71e} 70.8 29.2 _
52 76.30 23.66 0.04

A7 Kim, O, and Pak(2017), p.72& #=xslo] A=+ AAL
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o H7|dE A= o3t 2F A%

TUATER dSHE U WrlE F =AEVIES S2Ae] e 9%, H71Hd
E Ao gt B ol I3t HE7E UNEP(2012)°] AA=ALt. (G 3-17)0le ZA|
H71E3 €A 2o S55% sE HEUAH. EAEYIEcE B4 36.2mg/kg,
" 144mg/kg, °F 107mg/kgol frHol 3len, &A= Hl4& 42.6mg/kg, &
171mg/kg, ot 625mg/kge] B=0l AHH & 2T 531, A3 44
gt A} o] =AHZE F R71dEEH sy 9] By, HElE AZ-EE AL JloiA H]
&, |, ofdol| et =g Aok 299 #37F Ao

H718dE Ao ot EFL A 4L (& 3-18)F Lt ol 200593 20099
Afolof H7|¥ldES EHIZ AEEsto] AT BEY T Sa% T=2 WSS Uehd Zo]
ot A7 HAES A3t HIET AR EYOlA S84 s 200593 20094 71E
= 2= ekou S T2t S8 B HEh o &4 932 MIE ks
gel k.

EQ UNEPQ012)e €5 Alfaet g4t FHY BEY § 55 9%°] tid J2e

AABIA. AXE BEE 7H=E, 72, vd, §o dFeE, B VEe 2tk
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(B 3-17) Ho|HE=0 28 =45 &

(&F9: mg/ke)

T 7|1& LN = SX|
FFEE(CJ) 3.0 2.8 3.2
$2(Hg) 2.0 0.7 1.6
H]2(As) 20.0 36.2 42.6
3E(Cr) 100.0 34 57.5

9(Pb) 100.0 144 171
oFA(Zn) 170.0 107 625
79(Cu) 280.0 120 127

A& UNEP(2012), p.50.
(B 3-18) H7|H&=E XM2|o| 23t EYRY
(&9 mg/kg)

= 7= 20054 20094
FFEE(Cd) 3.0 0.80 0.88
$2(Hg) 2.0 - -
H]A(As) 20.0 - -
3E(Cr) 100.0 42.6 46.8

H(Pb) 100.0 47.6 49.3
oFA(Zn) 170.0 88.4 98.2
72](Cuw) 280.0 43.2 64.8

ZH&: UNEP(2012), p.50.
B 3-19) 48 MEA ¥ i FH EAO| FZIL

(&) mg/ke)

T 7= TR A EEHEA Mo ZAt
7I=8(Cd) 3.0 3.4 6.4 3.4
+2(Hg) 2.0 4.5 3.2 6.3
H|A(As) 20.0 47.0 59.0 38.0
AE(Cr) 100.0 - - -
F(Pb) 100.0 261.0 4.1 130.0
oFA(Zn) 170.0 - - -
72|(Cu) 280.0 - - -

A& UNEP(2012), p.51.
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s¢t Y HEEmv[E)e 2N

1. Seto Xixtaet TIHo tist =4

Bl TR 4R Aol G e
343 9iek. 20209 ARFASF AEE 5 FPgolt
7] $isto] A HABS AR U SAL B4 2
AU AL 52 ARSI 9l

A7 ZAFPISNAE 7HoIA AEE 9Fo] BEo] F 4 glrks 8ol ¥l
oF 165 Zo|9] G AHEL oIk Eet B wA] 50| W12 A gstol
SUiE LS Sfsgon, LEAES o) AAUske ok o, Yol that 34
Hog Frst PAoR AR AL uSelA Bk glek102

ol gt AUt FRE ST AR AR 53 WA 71 G2 AUSHE STl
T o] AESITHE WEE el ok o Sof H3ke) 326U T AN
RSt A Al T 2R AAS Wok=d] T, T, SRl T
9% 4% 97122 SIS o, ARFESINE 254 elorths Aol ALY ol
o) AnAoE 9o A A ASRe] MBS UEA Yodhs T 2450] 41
W ARl AR So] AES ekt Bt gAkge] J1E AAA —594 St AR
shal o] OJt ool 1B AZOA HTie S olojA|T 9}, 7| Ql4ut oje} 714
o= ARAst gl et Fgo] olojx|x Sick. ol 20184 FuE} W] 59| 2} 717

ARt AL A& 0 37
7194 SolH ARt et
o B3 A0 2 7]Qa0lA

102) 9A#(2021.6.21), "H7IE ALEE FPoE . pEiot TAY b B AT, AL
2021.7.19.
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G 4 oFgol 3~5kg BEH oY 2020900= 4~6kg BERE SR 2 B &
2= 9Jr} 103)

wHEbA 53te] @Folut H7|wdEe] ARtdehs eAH o 2s YehtA] ot 45t
A 2438k 7170l =t & fIste] Hito] 28715 &g 1 FH7EAE(SRHDE
BAtele AHlE sk flsh 22 SAlotet AEst e, Balore] H7lE A= W
B, 22 759 &7, AEE 9 e HEeke mYd AR FAH

Eo A= Az AE AR S @A =7 EA 2 Ieede], =7kek,
5ok i dish, 34 2 7194 SOl ARt AeAEE A8 5= S0 Adufsie ARt
doke] 849 84S A=shal AU

5 =71 9 B2 I leAdelolde R 7 - AlelM o AiRhdstet et A3t
7F AupE]glon, SU A&, £3 SolAE 45 A7hE B Ut 53] ARl 92
A7)l B el delt BeAlE ol 8ot dids Ailrles /st

I

i, AeEE BFR0H, SAAE deAIE o183l AHAER)ATHAIE TN stAtal

i

B Esgrt 104)

PAGE BoPlaAAT s AAH AR A1ES AU meE(=gE)
o 2 B4 59 7MEES Eirhe Ao] Uoith109 HIRE Taly| &5
A 049k SABAH ] 52 o] §dte] Hsriict 5714 ¥R AA|&S s

»

=3 Au}=] Q). 106)

=
=
2o ArE st

= Al EE 7Pl SEEkArE igel -ElRISTE
o= FePleddeoie FRAAIE ooty &8l
Ao, FEe Hel7|eAdsle et H7IES ol8stel BE 42 A, Fol
g HE 52 sl vkl A .107

5319] F7hstd ASARATANA PET 4] H71ES 7|2 S5AE 02 Heksl=
7leol AL A= W&ol 2ATYEAE 8l A=A, FAH 2= PET 4] H

A

103) MBC2(2021.1.30), gt 2271, 53k of8AY, 489: 2021.7.29.
104) NKAA(2020.5.16), “B3l ZH1] 1317|1249 U3E AAYE AFY 247, AMY: 2021.9.23.
105) BEAR(2011.4.29), “=8go|E RARo"

106) ZHAIQH2021.6.21), “B3t AAdR] == qom uﬂﬂ_ﬂ CAm9l: 2021.7.19.

107) EY%A(2020.5.16), “B 2711871993 ‘gAto|2e 7|e o] A2, AAY: 2021.9.24.
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° aFAYe] FAA) P L2AVI TRYAY] 59| led SHS
AR5 Slote] B LEoA] AT WAOE, B YRS ARS Lulak FeA
th A0 FYMAE o83 1] AL BiRo] mitE TR A

sherao] viE: dA5] &< Y7FERY, ovl=rdery, @4Eed BradLrlecl=

oA AALASt 7]e =dol digh AdS flst] 2EAlE 59 Bt

P 7|40 e] AR Auteiion, o]9f g2 Foto] Ajatlst

2 Aol dist] Ui AlSAT4E, SLAFET 22 71 E4skaL k112
F8 TN AR} AR RS, A, €85, 7 59 AL 33lA 9

A7} A3 Sk, AEE TG ZoHARFAOIAE Ao B B

)
:

o

i)

_l

ko

gg ol

108) 5Y2(2019.5.7), “E, PET 44| H7|EE 7|2SISAIECE A|e AW, FAL: 2021.9.15.
109) 3HAH(2021.6.20), “H7IE AL FAHoR . L2 AL gE EIHA] HE

2021.7.19.
110) A28FR22021.6.27), "It AFAAHE, SUHEE ol8, A9 A B Axrle &7, A4
2021.9.24.
111) §U72(2020.9.18), "5, TUsHE= o183 B FiVle S5 L3R o187, AH:
2021.9.24.

112) &&3(2021), pp.1-17.
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AAAVSH o]

<
JAFE T % %

7 Bk 9 S Feske] AE 9 2487 AsHThe
8ol 7=t

5, O, AN S0] AL BYO) AL, AP BRA 2 wFE Aol
3 952 o] §3lo] Zr|E W HuElolZ YAtste] T3 5ol AFSAOH, A % P
YOI RIS ol85te] Hok, AN, TR 58 AAshL ;Mﬂ BEEglk113)
FFAAE BE3tol ARBLES YA 9ov, A

BARE ol8sto] AUAHEL A AAE Biehs 5 AR O o3 H7|Hd=

2 ol @5t} YHIZS AT ke LH%O] EEH 9k 114 7}?%%011&1% A5

mlm
rr
OH
mlo

O

G, AR, TR, W] 5L olglel AF oVYE, 712 FE, 871 52 Pstart
L AL A9E )

OISolE P BAHAF AN EALES o]§3to] B, HEE, BEAE 0]85
of uldue, EehiE ¥ 5 BABGON, BFLHREAA|BE AL AS

olgstel BANE AL, AFCAE TP AT A 242 BEtel
BEES S22} ASIETRE ARt At gl 119

2310 7k W A2 FP1eslels], SRR, Bt ) ok, 39 9 7)ol
of ALt 71 AL £ S 4l that hES GE 4-Dol 2okttt

WE,

113) BY®F2(2021.5.21), "B A394 #4E =24 9=, AAY FAsiet AAdst Ay, AaY:
2021.7.19.

114) ALY FFA(2021.2.28), “Ib, AALE A 22} A5G4 AL 27, AAD: 2021.9.24.

115) ALBFR2A02021.4.7), "Ik 719AE AAEst 8% 7|dd=.. 4RSS 2", ANY:
2021.9.24.

116) ¥4(2021), pp.4-6.

117) ¥L3(2021), pp.1-17.

118) ¥EA1(2021), pp.4-6; H&3(2021), pp.1-17.
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O, Kim, and Kim(2018, pp.139-148) & O et al.(2021, pp.35-44) 2=
(Municipal Solid Waste)2] A28 9 Ao]&-9] H[&-S (69.0%F Histe] &g & o]
& a7, Mg A=Y § 7F =2 FAE UEleH, Kim, O, and Pak(2017,
p.72)< #7184 E(Industrial Solid Waste)Q] A& L zHARE-C] v 76.30%= A|
Alste] Azt iR 2 BlSS YERth gRbo g H71E9] &850l 40% ©lst
= Uehtes 3 712490 A2 ol ofsf] o]old 4= vkl B7ke 4= glout 7]
=9 AZEEC| 70% A= $E2E YEt 1193k AE 7|&0] Y= oloF yEg
T Us =R Pl

53] 7HEolut oA Hube ARtedste] Ale 2 A4, A, 4 W

AW, AEAA 5] Bkl digk Ao, 5 £obell 5= At olfe HrleS
AE Ee AR AZEohe e 7|24 w59 Agd 7Ies, St gl AR

e

S Zxske ] vlste] amshd A 7lae F EA @A A
webA] 52te] w71 2] AEE % A AIEL do] AT A $he ACE o1
=, AZE D A ol T S s A, 0 Y Aol Ve vER A2
2 o

ERE 53R AFHEQl WE ARt 712 A Al A BT S8 el
ATt Briste] S PAIEA Al AASIIT 1) TRy S5 49 A=A
02 59 439 59 Eot s A5HL, o= sl A E avlAle] B A

o] ZF=gi}. olel] Bt Qlule] 2 FARE Siste] AT Hoko] ARzt A

gl B7etn BRolHE FEo] A&Hor AEo] %, 8 FHow B
% 5ol 7@@}4%@1, 17}, SjotEa So] F5Q HopAe] Alo] o] R0l Ao b]
2 A5Eo] g AL B 4 ok 52 RoolA
DDTU PCBs9] A2 D AMg, R85 7|47} 819le vl glome 23e) Hopix
ARLE Eaket D409 UK 714S EUSIES Bk T2o] QIASIES i Hel]

e
2
N
g
:V‘.:
E
rlr
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Hag =g
(B 4-1) S3t0| WRRISH Jke HLD S0 thet X2 e
Ew e 57 2 g
HOMdE | BoRdEold BAE o84 HelR AIE 94
HIEAUE [ AN RIS o]83lo] AH(HDRIIA A
b9 e WAIE [ A0EQ BeAR AIE e B9 meEas e &
ablaelae | FEIEAES | A5 1EEE X9
o [7PIAS SABRAY) 58 olgelo] iErlAs f714
T | B A1) A olo] ofgt & ) 44 A) SIS A1
gapledias | o L5
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1 ol UMI 62.9 1.10 11 76 8.82 27.7 1.32~3.53
2 [QI=YlAloH LMI | 187.2 | 0.52 11 83 3.22 10.1 0.48~1.29
3| =W | IMI| 83.4 0.5 15 83 1.88 59  ]0.28~0.75
4| HEG | IMI| 559 0.79 13 88 1.83 5.8 0.28~0.73
5| AFH | IMI | 14.6 5.1 7 84 1.59 50 | 0.24~0.64
6| ®= |UMI| 260 1.2 12 75 1.03 32 |0.15~0.41
7| o®E |IMI| 218 | 137 13 69 0.97 3.0 ]0.15~0.39
8 |ZElolAloH UMI | 22.9 1.52 13 57 0.94 2.9 0.14~0.37
9 |golAor LMI | 275 | 0.79 13 83 0.85 27 ]0.13~0.34
10 [2eEA| L | 709 | 0.43 8 89 0.79 25 |0.12~0.31
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FAGI(MMT: Million Metric Tons).
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I Executive Summary

I. Introduction

1. Background

Qa After the division of the Korean Peninsula into the South Korea and the
North Korea, there is little information released on the North Korea's
internal situation due to its closed policy emphasizing anti-toadyism and

independency, and almost no information on the environmental issues.

o According to international organizations such as the United Nation
Environment Program (UNEP), news media, and some academic papers,

environmental pollution is a serious problem in the North Korea.

Q In the North Korea, due to a very low standard of living, the generation
of household waste is not great except in some areas such as Pyongyang

City. It is expected that the environmental impact of industrial waste may

be greater than that of household waste.

o It is expected that the types and characteristics of waste from industrial
areas in the North Korea are varied depending on the type of industry.

Most waste from industries may have hazardous characteristics.

o For example, the North Korea produces hazardous substances such as
polychlorinated biphenyls (PCBs) whose manufacturing and usage are
banned all over the world. In addition, since treatment facilities for these

substances are not established, they can be the cause of serious pollution

in the surrounding environment.
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0 While maintaining the hereditary regimes of Kim Il-sung, Kim Jong-il, and
Kim Jong-un, the North Korea continues to suffer from shortages of
supplies resulting from severe isolation due to UN sanctions against the
country.

o In order to solve the chronic shortage of supplies in North Korea, waste
such as scrap iron, scrap copper, waste paper, and others are collected and
recycled by the government based on the concept of self-rehabilitation.

o At the time of Kim Jong-il, the North Korea society began to recognize
environmental issues, and now it is actively emphasizing recycling as a
means to secure materials.

o Entering the era of Kim Jong-un, in 2020, the Recycling Act was adopted

to emphasize self-rehabilitation and stipulate recycling.

O Therefore, this study aims to grasp the basic status and implications of
waste management in the North Korea through domestic and foreign news

media, reports and academic papers, and publications in the North Korea.

2. Aims and scope

Qd The purpose of this study is to analyze the status and implications of waste
management in the North Korea through the collection of law and literature

information related to waste management.

o Investigation of the status of waste management based on literature
information related to waste management in the North Korea
o Finding implications and management plans for waste management in

the North Korea
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O The main research scope including law and literature collected in this study covers

the following four categories.
o Laws and systems related to waste management in the North Korea

o Current status of waste classification and waste management in the North

Korea presented in the literature.
o Analysis of waste management and treatment in the North Korea.

o Implications of waste management in the North Korea and management

schemes.

II. Laws and Systems on Waste Management in the North Korea

1. Status of laws on waste management in the North Korea

Q In various fields such as politics, military affairs, society, and environment
in the North Korea, different characteristics appear depending on the eras

of Kim Il-sung, Kim Jong-il, and Kim Jong-un.

o During the era of Kim IlI-sung (1945-1994), the level of industrial and
agricultural production decreased significantly after the Korean War. In
1976, agricultural production was promoted through the Five-point Policy
for Nature Reorganization, and environmental problems at that time were
not recognized at all in the social development process in the North
Korea.

o During the era of Kim Jong-il (1997-2011), the principle of prioritizing
facilities for environmental conservation in the construction of factories
and houses was presented in Kim Jong-il's book, On Strenthening Land
Management, recognizing environmental issues in the North Korea.

- After the adoption of the Environmental Protection Act in 1986, various

environmental laws were enacted by environmental medium during the
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era of Kim Jong-il, and several revisions and supplements were carried

out.

- In addition, during the March of Suffering in the 1990s, they suffered
from a severe shortage of supplies, and to solve this poverty problem,
the government demanded that people abide by the principle of

self-rehabilitation in their economic life.

o After entering the era of Kim Jong-un (2012-present), the North Korea
is still showing interest in environmental pollution and waste management
through Kim Jong-un’s work, On Bringing About a Revolutionary Turn
in Land Administration in Line With the Demands for Building a Thriving
Socialist Country.

- In order to solve the economic problem that has become serious with
the sanctions against the North Korea that persist even during the era
of Kim Jong-un, Kim Jong-un is emphasizing the recycling based on
the concept of self-rehabilitation. In addition, the Recycling Act was
adopted in 2020 to stipulate the directive and responsibility with respect

to recycling.

2. Laws on waste management in the North Korea

O Classification of laws related to the environmental sector in the North

Korea

o It can be divided into 11 areas: Environmental basic, water quality and
water resources, marine environment, waste and resources circulation,
air quality, soil, chemicals, environmental health, forest and ecosystem,

urban management, environmental assessment, and others.
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0O Laws on waste management in the North Korea

o Six laws include regulations on waste management: the Environmental
Protection Act, the Waste Treatment Act, the Recycling Act, the Public
Hygiene Act, the Urban Beautification Act, and the Pyongyang City

Management Act.
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(Table 1) Laws and regulations related to waste management in the North Korea

Area Law Contents
- Consists of four chapters
. Environmental - In chapter 3, regulations related to waste are
Environmental . . )
basic Protection Act comprehensively stipulated.
(adopted in 1986) - Installation of waste bins / Recycling of ash,
waste glass, and others as much as possible
- Definition and handling of waste: Defines the
subject and purpose of the law
- Discharge, storage, transportation: Regulation
on waste generation, basic requirements, process
Waste Treatment Act inspections, etc.
(adopted in 2007) - Treatment and reuse: Regulation on basic
Waste and requirements of waste treatment, and others
resources - Guide and control: Stipulates basic requirements
circulation for guidance and control for business related
to waste management
- Recycling is promoted through regeneration by
Recycling Act self-rehabilitation, and the act consists of four
(adopted in 2020) chapters.
- Full text is not disclosed.
- Proper management of places where municipal
Public Hygiene Act solid wa§t§ (MSW) is disposed .of ar?d'toilets
(adopted in 1998) around living quarters and public buildings
-MSW must be collected, transported, and
Others detoxified as prescribed.
(Environmental Urban Beautification | - Regulations on cleaning of the section in charge,
healyh, Urban Act installation of trash bins, MSW treatment and
management)

(adopted in 2012)

recycling

Pyongyang City
Management Act

(adopted in 1998)

- Stipulates the establishment of a comprehensive
waste treatment plant and that waste should be
disposed of in a timely manner

Source: Prepared by the authors.
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3. Systems related to waste in the North Korea

O In the North Korea, systems related to waste include the 8:3 people’s
consumer goods production movement and the government purchases (see

Table 2).

o The 83 people’s consumer goods production movement was started to
increase the production of consumer goods. This is to use disused
materials in institutions and cottage industries to produce consumer

goods, but the quality of the produced consumer goods is very low.

o The major reasons for government purchases are to meet the demand
for food and to secure raw materials for the manufacturing of industrial
products. In order to secure more raw materials, disused materials such

as scrap iron, scrap copper, and others are included as target items.
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(Table 2) Systems related to waste in the North Korea

System Descriptions Features
-In the 1980s~1990s, it was | - In institutions and cottage industries,
promoted under the direction | waste is used to make consumer
83 people's of Kim Jong-il to solve the | products, which is a simple and
problem of supply of consumer | basic recycling activity.
consumer . o .
oods goods due to the insufficient | - The quality of consumer goods made
& . raw materials. mainly by domestic handicrafts was
production . . .
. - This is to use disused materials | low.
movemen L .
in institutions and cottage | -As a result, the solution of the
industries to produce consumer | consumer goods supply problem
goods. could not be reached.
- Neighborhood units are given a
quota for the collection of disused
. . . materials.
- It is mainly a business to meet . L
- The amount of collection obligations
the demand for food and secure o A
. . for each household is increasing.
raw materials for manufacturing -
. . - 2018 : 3~5kg
industrial products. )
» © 2020 : 4~Gkg
- The authorities of North Korea . L
. ) . - An excessive amount of obligation is
included disused materials . o
. . imposed on North Korean families,
Government among the target items of this . . A
. but if they do not meet it, they will
purchases business for the purpose of

contributing to socialist
economic construction.

The major target is about 20

types including scrap iron,
scrap copper, waste rubber
waste paper and others.

be subject to the review meeting of
the party life(or life consensus
session).

-So the residents are meeting their

quota somehow.

- In some cases, residents pay money
to the neighborhood unit or purchase
disused materials from the Jangmadang
(market grounds).

Note: ‘Disused materials’ refers to materials that are useless and are lying idle at home.
Source: Prepared by the authors.
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. Classification and Management of Waste in the North Korea

and Literature Review

1. Classification of waste in the North Korea

O Classification of waste under the Waste Treatment Act
o Waste is classified into: general waste, toxic waste, and radioactive waste.

o However, a specific list of waste has not been established, and the concept

of the sources of waste is not reflected.

O Various terminologies related to waste are used in laws and the news

media such as the Rodong Sinmun, academic journals, and other

publications.

O TTherefore, the classification of waste in the North Korea was inferred
from the contexts used in literature and the testimony of defectors from
the North Korea.

o The resulting waste classification system of the North Korea is based on

the evidence presented in (Table 3).
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(Table 3) Inference result of the waste classification in the North Korea

South .
North Korea Evidence
Korea
- Context in the law: Urban management agencies are
required to create a place for waste disposal near their living
uarters.
Household d
Filth - Testimony of defectors from the North Korea: Waste
waste . . '
generated in households is called filth.
- English expression of a scientist in the North Korea:
Municipal Solid Waste
Things that | ~ Context in the law: Waste disposal should be carried out by
become institutions, enterprises, etc. where it was generated.
- Testimony of defectors from the North Korea: The
obsolete and ) ) ) i
. difference between types of waste is decided on site.
things that ) ) ;
. - Things that become obsolete: Machines, products, etc. that
Industrial are
aste enerated in are not usable
W
§ ~ | - Things that are generated in the production process of the
theproducti . . . .
main product: By-products resulting from the manufacturing
on process £ .
£ i i process in factories, etc.
of the main | _ English expression of a scientist in the North Korea:
product. Industrial Solid Waste

Source: Prepared by the authors.
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2. Status of waste generation and treatment in the North Korea

O Information on the national status of waste generation and treatment of
the North Korea is not found, the scope is limited to Pyongyang City, and

the survey period is limited to 2008 - 2010.

O Status of Municipal Solid Waste (MSW) generation and its treatment

o In Pyongyang City, about 580,000 to 614,000 tons of MSW was generated
annually, and coal ash accounted for 64 - 68% of the total MSW, which

is because coal is used as an energy source in households.

o According to a recent literature, 69% of MSW was reused and recycled,

28.7% was landfilled, and 2.3% was incinerated.

o In addition, the treatment of MSW differs between the metropolitan area
and the rural area.

- In Pyongyang City and some metropolitan areas, ash is used as
construction material, and organic waste is mixed with ash and used
as fertilizer.

- In particular, mixing ash with organic waste is to meet the amount of
fertilizer allocated by the government.

- In rural areas, the amount of MSW is very small, because most of MSW

is reused due to a lack of materials necessary for daily life.

O Status of Industrial Solid Waste (ISW) generation and its treatment

o About 564,000 tons of ISW was generated annually in Pyongyang City,
and coal ash accounted for 55% of the total ISW, which is due to the

use of coal in two power plants in Pyongyang City.
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o For ISW treatment, reuse and recycling accounted for the highest at
76.3%, followed by landfill at 23.7% and incineration at 0.0%.

a In the treatment of MSW and ISW, the portion of reuse and recycling is
high, so it can be seen that the management level is high from a
quantitative perspective. However, considering the reports of international
organization and the testimonies of defectors from the North Korea, the

actual level of waste management is estimated to be very low.

O Contamination due to inadequate treatment and management of waste

o As to the status of pollution due to treatment and management of waste,
UNEP (2012) presented information on heavy metal content in urban
waste, soil contamination by waste treatment, and soil contamination

around some metal refineries and mines.

o Among the heavy metals in urban waste, the amounts of arsenic, lead,
and zinc exceed the standard. Organic substances and sewage sludge
among all types of urban waste are recycled by composting, so there is
concern about soil and ground water contamination by arsenic, lead, and

zinc.

o Information on soil contamination due to waste treatment was presented
in 2005 and 2009. Although it did not exceed the standard limits of heavy
metals, the amount of heavy metal in soils tends to increase and may

affect the environment in the near future.

o The measured values of cadmium, mercury, arsenic, and lead in soil
around metal refineries and mines exceed the standard limits. It is
estimated that slag or sludge from wastewater treatment is not properly

managed.
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IV. Analysis of Waste Management in the North Korea

O The waste management in North Korea was analyzed according to five
categories: status of recycling promotion, MSW management, ISW
management, waste in the mining sector, and the management of

imported waste.

3O Status of recycling promotion

o In the North Korea, the importance of government purchases is emphasized
while recycling is promoted, and the duty of each household to collect
disused materials such as scrap iron, scrap copper, waste paper, and
others increased by about 20% in 2020 compared to 2018. This imposed

a heavy burden on each household.

o In addition, successful cases of recycling in the North Korea are being
advertised. In most cases, plastic waste was recycled to manufacture
products such as paint and shoe soles and construction materials. These
recycling technologies are not advanced technologies which are at the

low and basic level.

0 MSW management

o In some places in the North Korea, MSW is burned in open fields because

there is a lack of means to transport MSW.

o Considering that the packaging waste that entered the ocean in the North
Korea was discovered on Yeonpyeong Island in South Korea, the capacity

of waste treatment facilities is low in the North Korea.
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0 ISW management

o ISW management is a very important matter to show the overall
environmental pollution in the North Korea because the hazardous

characteristics of ISW are not considered in the industrial sector.

o Among various industries in the North Korea, the chemical industries
located in Nampo and Sunchon manufacture produced persistent organic

pollutants (POPs) such as DDT and PCBs.

o In particular, discarded PCBs flows into residential areas and production

facilities, affecting the health of residents and workers.

QO Waste in the mining sector

o Coal, ferrous and non-ferrous metals, and non-metal mining is carried
out in the North Korea. However, overburden piles, waste rock, and
leachate from tailing storage facilities are mismanaged and flowing into

nearby rivers, resulting in severe water pollution.

O Management of imported waste

o With respect to imported waste in the North Korea, the issue of
environmental pollution caused by the imported waste has been raised

by the news media since the 1990s.

o Due to a lack of transportation means in the North Korea, in particular,
imported waste is left at ports, becoming a source of pollution in the

marine environment.

o Nevertheless, waste is continuously imported to earn income in foreign

currency.
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V. Implications of Waste Management in the North Korea and

Management Schemes

O From the result of the analysis on waste management in the North Korea,
the implications and a waste management plan were examined according

to six categories.

Q First, there is a need for a clear classification and scope of waste.

o Due to the insufficient classification and scope of waste, the roles and

responsibilities of stakeholders are unclear.

o Therefore, it is desirable to make it easy to classify and identify types

of waste by setting detailed types and assigning a code number.

QO Second, it is necessary to continuously prepare statistical data on the

generation and treatment of waste.

o Numerical information on the generation and treatment of waste in the
North Korea is limited to that from the period of 2008 - 2010 for
Pyongyang City. With limited information of waste, it is difficult to

understand the types and the characteristics of waste.

o Therefore, the range of statistics for waste collection, treatment, and
recycling should be expanded to cover the entire nation and the statistical

data for waste management should be continuously accumulated.

Q Third, it is necessary to systematically manage hazardous waste taking into

account the management priority of industrial areas.

o There is little information about waste in industrial areas, so there is a

limit to accurate evaluation. When POPs such as DDT and PCBs are
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discarded, proper management can not be carried out without information.

o In the future, it may be necessary to perform appropriate management

for all types of waste according to the international standards.

o However, it is difficult for the North Korea to meet international
standards, so it is necessary to set priorities for waste management

according to the toxicity and the amount of waste.

Q Fourth, the basic management of waste in mining activities is required.

o Due to insufficient management of mine waste, mine waste such as tailings
and overburden enters rivers and cause pollution and damage to

surrounding agricultural areas, leading to human health problems.
o Therefore, it is necessary to set priorities for the proper management

of mining waste in the North Korea and establish a basic management

plan that can be continuously implemented.

Q Fifth, it is necessary to develop systematic recycling technologies.

o The North Korea's recycling technologies are mainly basic technologies

such as composting and block manufacturing.
o In order to improve the quality of recycling in the North Korea, systematic

and continuous technology development should be carried out based on

the cooperation with the advanced countries.

O Sixth, it is necessary to prepare regulations for the management of

imported waste.

o Although the North Korea is a signatory to the Basel Convention, waste
imported for the purpose of earning income in foreign currency is left

at ports without any management. Hence, it is necessary to clearly
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establish regulation for the management of imported waste.

(Table 4) Summary of implications of waste management in the North Korea and
management plans

Category Implications Management plans
- Classification and identification of
- The detailed type, scope, and
) waste types should be made clear
Clear generation source of the waste A )
e o by setting detailed types of waste
classification classification are not reflected. . .
L and designating code numbers.
and scope of |-The roles and responsibilities of . . .
- Based on this, collecting statistics
waste stakeholders related to waste are o
and clarifying where the
unclear. ol 1 . .
responsibility lies will be possible.
- Information on the status of waste
generation and disposal in the - It is necessary to revise the Waste
Continuous North Korea is limited to Treatment Act to expand the

collection of
statistical data
on the
generation and
treatment of

Pyongyang City, and statistics were
only collected in 2008 and 2010.
Statistical data at the national level
are not prepared, which makes it
difficult to grasp the

characteristics of waste, and it is

scope to cover the entire nation
and to continuously collect
statistical data.

- By continuously securing statistical
data, facilities suitable for the
management of each waste type

waste
also difficult to design facilities on| can be secured.
an appropriate scale
Hazardous - It is necessary to perform
- There is little information about . Ty P
waste ; . appropriate management
) waste from industrial areas, so . . .
management in . o according to international
. . there is a limit to an accurate . N
consideration ; standards, but in reality, it is
evaluation. o
of the ) difficult to meet those standards.
- It was confirmed that proper o
management - Therefore, it is necessary to set

priority of toxic
substances in
industrial areas

management was not carried out
when disposing of materials such
as DDT or PCBs by foreign experts.

priorities according to the toxicity
level of hazardous substances and
manage them in order.

Source: Prepared by the authors.
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(Table 4) Summary of implications of waste management in the North Korea and
management plans (continued)

Category

Implications

Management plans

Need for basic
management of
mining waste

- In the North Korea, mining waste
such as tailings enters rivers or
causes damage to surrounding
vegetation due to insufficient
management of tailing storage
facilities and overburden piles.

- For the proper management of
mining waste such as tailings in the
mine, priority should be set, and a
basic plan that can be implemented
continuously should be established

- Recycling technologies described

- As they are basic technologies

Systematic . ) ) ; ; . c
development of in the literature is at the basic such as producing paint with
diverse level, such as composting organic| plastic waste, systematic and
: waste or manufacturing building continuous technology
recycling . . . .
hnologi materials from inorganic waste, development for waste recycling
technologles with few advanced technologies. should be carried out.
- Based on the Basel Convention, an
- The North Korea joined the Basel Abbrobriate manacement olan
Convention in 2008, but imports PProp 8 P
. ) . should be prepared for ESM of
Establishment | waste from foreign countries to

of regulations
on imported
waste
management

secure economic power.
Imported waste are left at ports,
and it is estimated that pollution of
the surrounding environment
(mainly marine pollution) is
serious because of this.

waste.

- In particular, it is necessary to
avoid remaining as a country who
greatly contributes to the marine
pollution in the international
community, by preventing marine
pollution.

Source: Prepared by the authors.
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VI. Conclusion and Suggestion

O Conclusion

o Waste management regulation in six laws were analyzed: Environmental
Protection Act, Waste Treatment Act, Recycling Act, Public Hygiene Act,

Urban Beautification Act, Pyongyang City Management Act.

o In the North Korea, the 8-3 people’s consumer goods production
movement and government purchases related to the reuse and recycling
of waste were carried out. In 2020, the Recycling Act was adopted to

force and promote recycling through self-rehabilitation.

o In waste classification, the detailed types of waste were not set, and the

generation source was not reflected.

o In Pyongyang City, about 580,000 to 614,000 tons of MSW was generated
annually according to the literature in 2018 and 2019, and 69% of MSW

was recycled, 28.7% was landfilled, and 2.3% was incinerated.

o In Pyongyang City, about 564,000 tons of ISW was generated annually,

and coal ash accounted for the largest amount of total ISW.

o In the North Korea, PCBs and DDT are continuously manufactured and
used, and they can leak and flow into the factories and residential areas,
adversely affecting the health of workers and people. Also, the heavy
metal content such as arsenic, lead, and mercury was increasing in the
soil near factories and metal refineries due to insufficient waste

management capabilities.

o The following six implications and management plans were drawn up for
the management of waste in the North Korea: @ clear classification and
scope of waste, @ continuous accumulation of statistical data on the

generation and treatment of waste, @ hazardous waste management in
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consideration of the management priority of toxicity and amount in
industrial areas, @ need for basic management of mining waste, & systematic
development of diverse recycling technologies, and ® the establishment of

regulations on the management of imported waste management.

O nterpretations and assumptions regarding waste management in the North

Korea based on available information

o Interpretations of collected information

- Some environmental laws of the North Korea can be found in the
Unification Legislation Database, but the latest information cannot be
collected.

- Documented information on the status of waste generation and
treatment in the North Korea is mainly presented in the UNEP (2012)
report.

- Through the media in the North Korea, such as the Rodong Sinmun,
and domestic and foreign media, the progress of recycling and the
problem of imported waste were identified.

o Assumption

- Documented information on the waste management in the North Korea
is limited to some regions and time periods.

- Even though reuse and recycling are emphasized in the regulation, it
is hard to understand the level of recycling technologies with the existing
information of waste management.

- International cooperation can be a way to conduct more extensive

research on waste management and recycling in the future.

Keywords: Waste management, Recycling, Imported waste
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