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ABSTRACT

Objectives: This study was aimed at re-assessing the environmental burden of disease attributable to water-
related diseases using available local data from Korea.

Methods: The general methods and the operational definitions for water, sanitation and hygiene applied to the
study were based on an environmental burden of disease study conducted by WHO. Eleven water-related
diseases were selected. The attributable fraction for diarrhea was calculated by assessing local exposure levels
to drinking water, sanitation and hygiene according the scenario-based approach. The attributable fractions for
the other ten diseases were derived from the results of the environmental burden of diseases study. The
attributable DALYs were measured by using the attributable fractions and local health statistics.

Results: The total environmental burden of disease attributable to water, sanitation and hygiene for Korea was
0.9210 DALY per 1000 capitals. Of the total burden of disease, the attributable burden of diarrhea was 0.8863
(96.1%), the attributable burden of malaria and malnutrition was 0.0236 and 0.0063 DALY per 1000 capitals,
respectively. There was little burden of disease measured for other diseases.

Conclusions: This study is meaningful in re-assessing the environmental burden of disease using available local
exposure data and health statistics. Quantitative analysis of the environmental risk factors and a health impact
assessment would be helpful to prioritize health policies or interventions in the future.
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Table 1. Diseases related to unsafe water, sanitation and
hygiene & ICD-10 code

Diseases and ICD-10 code

Group of WSH

risks Diseases ICD-10 code

Diarrhea A00-A09
Malnutrition

Yzﬁiaf;)ip 18); lflte‘stir.lal nematode  B76, B77, B79

hygicne infections

Schistosomiasis B65
Trachoma A7l
Malaria B50-B54

Lymphatic filariasis = B74
Water resource

Onchocerciasis B73
management

Dengue A90-A91

Japanese encephalitis  A83

Safety of water Drowning W65-W74
Definition of exposure
scenarios
l Relative risk per

exposure scenario (ii)

Categorize the
population into \
exposure scenarios(i)

Impact fraction

Estimation of
attributable burden

Disease burden
estimates per
disease(iii)

Fig. 1. Calculating the EBD using a scenario-based
approach”,
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Table 2. Selected exposure scenarios”
Environmental
Scenarios Description fecal-oral pathogen
load
\%! Not improved water supply and no basic sanitation in a country that is not extensively very high
covered by those services, and where water supply is not routinely controlled
Vb Improved water supply and no basic sanitation in a country that is not extensively covered very high
by those services, and where water supply is not routinely controlled
Va Basic sanitation but no improved water supply in a country that is not expensively high
covered by those services, and where water supply is not routinely controlled
v Improved water supply and basic sanitation in a country that is not covered by those high
services, and where water supply is not routinely controlled
Illc IV and improved access to drinking water(generally piped to household) high
11Ib IV and improved personal hygiene high
Ila IV and drinking water disinfected at point of use high
1 Regulated water supply and full sanitation coverage, with partial treatment for sewage, Medium to low
corresponding to a situation typically occurring in developed countries
I Ideal situation, corresponding to the absence of transmission of diarrheal disease through low
water, sanitation, and hygiene
Table 3. Exposure level of Korea
Total Water supply  Improved Scenario Scenario Scenario Scenario Scenario
Population rate hygiene I v Va Vb VI
(*000) % % % % % % %
47,430 92 87 - 87 - 5 8
Relative Risk N/A N/A 25 6.9 6.9 8.7 11
1A ARIHe] IAE AEAR] AR s HEEd ot 92 508 759 A9 100%,
T e W ARgSkE TiHHSl WReR ATt ARL 97.8%0] AT}

ATE el 543 A7l sgske Aold w3 A iRk AHAR A8 glel, §-
=& Aueler FEaEle] Br718 4 AUrkFig. 1) guete] s BREEs vEoR FAT §-
AAZ A Aol i Ao S AR em guEte] seE REE2 20074 1298 7]E0
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Table 4. Relative risk associated with scenario”

Scenario
Approach
II v Va Vb Ve
Minimum 1 25 25 3.8 38 49 6.1
Realistic 1 25 4.5 6.9 6.9 8.7 11.0
ZAFAQT AL VA 1V 2 Z8E g Table 5. Population attributable fractions of water,

o7d3] AArgte] 37.5% FHAEATE o) 774
Aol olv] FRHJL e = THS T
g o o)A} A} Ak 7hAav) Gule AL 9
3H(Table 4).

o) ARE D2 ol8sel £8 % 949
7] E-E-(attributable fractionys 43It Table 3
o] eyt mE s 7|AAHEE o8-8t
AApdghe] 7]olR&e 86% AlLTEISITE

> pRR~Y p, RR,

AF = SRR (N
AF 71935

pr == 7EIRE] 19 °H”ﬂ1°

p, 1 FA e WA T aE e 19) Sle

RR, c71EEpE Y vaEle] =& ThE|aE] 19] A
SEE

dAtelele] ymA] 107) A gk WHOS] EBD 4
Tl AARE 7ol a5 ©]- 838t WHO 5 -
Uil Sal e A2 MEE RS e
A=t gl A Y (Asia and/or Western pacific)
o] grol AAE Aol ANE e o83
A o] Fhol AAHA = B-eel= dA

I g AR Eae] gol

= =

&%
Fom ANRALY WEF, FRFEF, B2
9 3% 7S Aol YT 42 2 443

Fato] 71EES 100%= 4
0}93\1?}. Oé"}"V‘LZ_(Chllclhoocl malnutrition)e] 73-$- <F
AokA &gk 7 2 AL gt ] Fad
dog FUEe FTE Aslstr] wEel WHOel
M oF 50%0] dgF=ol 7 9 fAelA] 719l
3k Aoz Fgsi3ith. 2% vl Z3h(Vector-borne
disease) & ZE}E|olMalaria)= A EHYE A9
40%=, "N A3 5 AVESS (Lymphatic filariasis)

http://www.kseh.org/

sanitation and hygiene

Disease ICD-10 code PAF (%)
Diarrhoea A00-A09 86

Intestinal nematode infections B76, B77, B79 100
(ascariasis, trichuriasis, &
hookworm diseases)

Schistosomiasis B65 100
Trachoma AT71 100
Malaria B50-B54 40
Lymphatic filariasis B74 82
Onchocerciasis B73 10
Dengue A90-A91 95
Japanese encephalitis AS83 95
Drowning W65-W74 54
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Attributable burden of water, sanitation and

hygiene = DALY x PAF
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Table 6. Attributable burden of diseases by WSH in Korea (DALY per 1,000cap.)

. . DALYs % of total
Group of WSH risks Disease (thousands) DALY
Water supply, Diarrhea 0.8863 96.2%
sanitation & hygiene Malnutrition (only PEM) 0.0063 0.7%
Malaria 0.0236 2.6%
Water resource management .

Other vector-borne diseases 0.0010 0.1%

Safety of water Drowning 0.0038 0.4%

Total 0.9210 100.0%
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Table 7. Comparison of results with country profile of WHO and Korea

. . This study WHO 2007

Group of WSH risks Discase DALYs (thousands) DALYs (thousands)
Water supply, Diarrhea 0.8863 1.20
sanitation & hygiene Malnutrition (only PEM) 0.0063 N/A
Water resource management Malaria 0.0236 0.00
g Other vector-borne diseases 0.0010 0.50
Safety of water Drowning 0.0038 N/A
Total 0.9210 1.70

& 1.70 DALY®|R O}, o] S-7eixlE= 0.9210 DALY 4 5 v

2 UERE, WHOZE AAIRE 3ke] 542% 0]t
AR AARe] AR TR o] AFolA] 0.886
DALY® WHO2| 120 DALYS] 73.9% 50|t}
E3] 7[el 252 vl 3 Agke] AEEEE 0.001
DALYZ WHO7} A|AIE 0.5 DALY Et} g 5
gtow, ¥, WHOE f-Ejvetelr +daa 9%
g Zetole]] ok AR ATE AASHA] &
St} o] Al 2+ 0.0063 DALYS}F 0.0236
DALY?] Feo] AALE AT Table 7).

-

v.a1 &

o] Atox FAIH AWEH A7e <
1,0008F 0.9210 DALY®|SoH, ATz =
APE 1,0008% 0.8863 DALYE thH-(96.2%)<
A5k e, Tl o} 0.0236 DALY, JUN-=
©] 0.0063 DALY®|IoH, 1 vol] AL & w74
A2 B718e] Aol ule- A AEE S
TS 20079 WHOZF ®3Esh =7hd a3 1,70
DALY} H]A] w9 2re o] itk WHOS} o] A
TollA AAI FHAE Ay Aol A 5
o WHES A&t 7217} o8k AEd
o] zjolof] 7QlEtATtaL B 4= Qi) o] AFox=
FAAE 10N A3 BAE, FHE T ASE
7RIS HTAEE o] §FEA §-
guEre] 2GS FEEES widsiglen,
g =E2FEY] AR ALY T]olRE0] Aol
vt s HFEY S HEES ol%
stATh AAl WHOOIA ARE-gE S-ejuete] s

HE AFEE 85%0I%l oLt of = 20074 12€
A AFE BHEE 92.1%C1300h A% A=
HaE o mEt AaEste] 7o g2 o Wl

o 1 4

http://www.kseh.org/

geo] Austo] o1 1,0008% 0.001 DALYE A
ZHAeY, WHOS| A&7k 0.5 DALY=E =%
& AolE Holi Uk A 20089 4¥ 2do 4
@ A|5%} Global Alliance Elimination Lymphatic
Filariasis =A3]e] ollX 2Fo = Q15 wiz)/ddg
o] A5 g=pollA HRE Aol A" vk vtk A
=+ o]#] gk zfoli= WHOS| =7PH A5E 4 uf
T8 AFaId 72 2 9IS Xt 95l &
el et =228 9 s = 57PE AE7
opd 2zt kg T2 gEvEtrt 23t de AH
B MEEdS 5 A9aEe] 483 A5E 4
g3lo] AARG A ALtE Aoz 4T 4
th AA WHOOIA = o]2f3t o]-f& 7|Z2%<] &+
ARE vEeR £ o A ke 4
SEAFE Bk Aok

FH WHOOIA = AAEA] B detelolel o
I Aol o] A-roA 22t 0.0236 DALY
9} 0.0063 DALYE YERHTE 20043 WHOeIA 4
gk vzl A3k Rt i Aol ik AA|
A P w2 "Elelole] A9 =t 7k
Hol7} 27] wjitel] AHFEe] AT-E S AFE
A8l = offHthe AS Ws|al Atk mEbA -
2luete] 98 82 #8835 o] A7 A7t o
g Zlog AHe & 9l

AT PENA o] ATt Zhe e
2t AR, AAEste] A9 AWREs S5
A A E AEE Y 9 oY AEE BT A}
B3O, 1 vre] "] A e AENE X
Sl wea] A SRS A Qg Ayde] &
A ARENE FeE ddEn. =
Agetel glof AAE AR 1070

oL OJN.‘ 3’.9,

2ol tisiA

J Environ Health Sci 2011: 37(4): 250-257



= WHOZE AME3h 38 S00] 4849t meA
L] 739 PAFE 86%= H-ga13lont,
5 7Y (Intestnal nematode infections), T35
Z(schistosomiasis), E &} v}(trachoma)®] 73-%-
PAF 3to= 100%2 gk, Bk e 92
Lete] AEES SA4s] Heire vt o
oF Amet 2Rl EE Fo fevete] dds v
sk 7] EEE AkEste] diEdol A8siok

N
O
:E
2

_\

AR, dEAAAE7Ie] AEE vReR v
ofel7]ole WHES A7 AdsA] 13k &
HaE EAskedl, = Hé Agtolu oAbz
A3 A8 vkE alolnt. o] dAFolxe <
3ol= Q%—a&ﬁ@lﬂiﬂﬂﬁ—g— Hgo® vjot
o}‘KiOLP L e e Kl e RA LR A M v g - Rt =
2 u}‘”s}"ﬂﬁ} w7l Aghe] 749 % B*J*FJETJ
AAHZAE AN AFste AAHSAAET} @
O}, oH% A5e] A AR getd 5 ‘}li
L]— /\]X‘ﬂ 01;(-]7]7]_ q%oﬂ l:ﬂ—}:ﬂzs], 1— g x}g% g],g}
g = glo] DALYE 43710 g7 etk A
SEIVERe] ARl LA AETE 2R g
AP AL A A5 B A ¥
H ZAlolt). AR Wikl o3t APl
Bl AbdEAlE SJAtel ogh AbgRIT H]gc @
60.8% Hrol HR] kol o]F A Aoz i)
 Fe LAESE A HRT s st
AP o R sk Slo] APEERlE =AYl
fRlog AFHE 7FeAol Je= Atalor &
[¢) q_ 11)

WY BT, B AT e

‘.

_04

ﬂl

3
it

é rL
re |

—
A

worfr e nle

—_

o
[o

i
[ ol §

N
Jr
F.?-a o ox, T
ot
A1
0,
o
oA
=
N
)
il
il
o
oo

3 o

=
o

N

H

>

R

N

s

r

o

k1

ur

o)

2

N, 30

o K

Q9

tlo
Noﬁ
hirn 0&'_‘,
[y U T
flo Lﬂ? ol ¥
o T
o ot

YO [
> r_{> a
do
i
i)

tlo
S
o
2

J Environ Health Sci 2011: 37(4): 250-257

B A= WHOS EBD 97 WHH 2 7] 23]
Sevete] R A3 o AHREEE
o8t zpg o 2Ast AREstuat Sk AT
of wl Ak Bbdg 2 B 9ol 7]os}
Aol A7) A+ 1,0008%F 0.921 DALY
12t} o1& 20073 WHO7} AAEE $-2juele
A gl 9o AR 1.70 DALYRCTF biorom,
WHO?] 347k -gjuzte] o8t 257} opd 24
AR 2 A5 ARE Agsto] dAE =
A ARFERTGAL & 5 Tk o] AFe vk
34 Sl = <l AWEEs S5 S8 5

=& 9 BAAEE ol&st] A
A . mERA o]$)
2ol SAFTAA H2E FF d B 9 2
= SRR =R

gl -
o] Frkl =52 & o s AR o

=

i&
rﬁ
jint)

e _l

]

—

. Country profiles of environmental burden of disease
website. Available: http://www.who.int/quantifying
ehimpacts/national/countryprofile/republicofkorea.pdf
[accessed 29 November 2008].

2. Priss A, Kay D, Fewtrell L, Bartram J. Estimating
the burden of disease from water, sanitation, and
Hygiene at a global level. Environmental Health
Perspectives. 2002; 110(5): 537-542.

3. Priiss A, Mathers C, Corvalan C, Woodward, A
Assessing the environmental burden of disease at
national and local levels: introduction and methods.
Environmental burden of disease series, No.l.
Geneva: WHO; 2003. p.50.

4. Report on Death Causes 2007. Korea National Sta-
tistical Office. Daejeon: Korean National Statistical
Office: 2008 (Korean).

5. Fewtrell L, Priiss A, Bos R, Core F, Bartram J.
Water, sanitation and Hygiene: quantifying the
health impact at national and local levels in coun-
tries with incomplete water supply and sanitation
coverage. Environmental Burden of Disease Series
No. 15. Geneva: WHO; 2007. p.20, 22-26, 31-47.

6. 2009 Environment Statistics Yearbook. Seoul: Min-
istry of Environment; 2009. p.550-551.

7. WHO/UNICEF. Meeting the MDG Drinking Water

and Sanitation: The urban and rural challenge of the

http://www.kseh.org/



SEH 2ol 9

|'0||

b o=elel 28 5E 257

decade. Geneva: WHO /New York: United Nations
Children’s Fund. 2006.

. Priiss-Ustin A, Kay D, Fewtrell L, Bartram J.
Unsafe water, sanitation and hygiene In: compara-
tive quantification of health risks. Global and
regional burden of disease attributable to selected
risk factors. Geneva: WHO; 2004.

. Yoon SJ. Measuring burden of disease in Korea.

Seoul: Ministry of Health and Welfare; 2005. p.67,

http://www.kseh.org/

148, 150, 152.

10. Keiser J, Caldas de Castro M, Maltese MF, Bos R,

11.

Tanner M, Singer BH, et al. Effect of irrigation and
large dams on the burden of malaria on a global
and regional scale. Am J Trop Med Hyg. 2005; 72:
392-406.

Yu SH, Jung SH. The study for recent changes of
disease-mix in health insurance data. Korean J Prev
Med. 1990; 23(3): 345-357.

J Environ Health Sci 2011: 37(4): 250-257



