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ABSTRACT  

By using “upscalling” method the affected area and exposed population due to the H2S emission from To Lich 
River is forecasted. The factor of human potential toxicity of H2S is applied to estimate the loss of economic value because 
of the effects of H2S emission from To Lich River. The loss of economic value owing to the effects of H2S emission from 
To Lich River is estimated depended on the targets of Vietnamese or WHO.  
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INTRODUCTION 

Urbanization and industrialization have made 
urban air pollution a growing problem. The urban air in 
Hanoi City, Vietnam, becomes a serious pollution issue. 
The deteriorating of air quality in this city is a result of 
rapid economic expansion, rise in population, increased 
passenger vehicles and unwanted growth in the term of 
odor nuisance due to the emission of pollutant gases from 
heavily polluted river in Hanoi City. In fact the river 
system in Hanoi City plays as a drainage system for the 
center of Hanoi City. The odor nuisance from sewer 
system is dominated by the present of H2S (Hanoi People's 
Committee, 2005; JICA, 2007; Tran Yem et al., 2009; 
Nguyen Xuan Hai et al., 2010; Nguyen Huu Huan et al., 
2012; Nguyen Huu Huan et al., 2013).  

The problem of public health associated with 
urban air pollution has become apparent, and it is clear one 
of the world’s major environmental concerns. The 
technical group of World Bank proposed a methodology to 
estimate the health effects of air pollutants (Ostro, 1994). 
But this method only focuses on main pollutants in the air 
shed such as particular matter (PM10), SO2, NO2. 
Deteriorating air quality in cities threatens the wellbeing 
of city dwellers, imposing not only a direct economic cost 
for human health but also reducing long term productivity 
of the population. Physical evidence of serious negative 
impacts on health was observed by Ostro (1994) and many 
others (Pearce and Crowards, 1995; Srivastava and 
Kumar, 2002; Reosudarmo and Lucentezza, 2004). 

As health problems associated with odor nuisance 
of H2S is clearly a highly toxic, and flammable, colorless 
gas. H2S is a toxic gas at relatively low concentrations and 
a source of odor nuisance (Beauchamp et al., 1984; 
Teodora, 1992; Guidotti, 1996; Hvitved-Jacobsen, 2001).  

The polluted rive in Hanoi City with high 
contents of organic matters in anaerobic condition should 
generate much of H2S gas that affects to the river water 
quality itself, ambient air quality in the residential riparian 
areas. This causes many problem of public health of 
residents in surrounding areas, such as gynecological 
diseases, skin diseases, eye, respiratory, intestinal etc. 
(Nguyen Huu Huan et al., 2012) 

Ambient air in the riparian areas along To Lich 
River showed the odor contamination, the concentration of 

H2S was approximately 2 times higher than the 
recommended values (42 µg/m3) of the Vietnam national 
technical regulations on toxic substances in the ambient air 
(QCVN 06:2009 / MONRE) (Nguyen Huu Huan et al., 
2012). 

Currently, there are some studies on drainage 
system and the problem of H2S in the To Lich River, in 
Hanoi City, Vietnam (Hanoi People's Committee, 2005; 
JICA, 2007; Tran Yem et al., 2009; Nguyen Xuan Hai et 
al., 2010; Nguyen Huu Huan et al., 2012, Nguyen Huu 
Huan et al., 2013). However, most of the above mentioned 
studies have problems in term of estimate the pollution 
loads and their impacts on health in Hanoi City caused by 
emission of H2S from To Lich River, as well as the 
quantitation of these impacts also into economic values. 
An attempt has been made here to estimate the economic 
health impacts of air pollution due to H2S emission from 
To Lich River in Hanoi City. 
 
METHODS 
 
Study area 

The To Lich River Basin (TLB) located in the 
area bounded by the two dyke systems of right dyke of the 
Red River and left dike of the Nhue River, with the 
catchment area is approximately 77.5 km2. The drainage 
system of the center of Hanoi City is the combine drainage 
system, including the run off flow, domestic wastewater 
and industrial wastewater (Hanoi People's Committee, 
2005).  

The TLB can be divided into 8 Sub-Drainage 
Basins (SDB). In TLB, there are four rivers, the To Lich 
River, Kim Nguu River, Lu River and Set River that are 
the main source of irrigation water for suburban 
agricultural land and fish farm, with a total length of the 
river is 38.2 km, the average width of 10 to 45 m (Figure-
1). In 2002, the wastewater in the TLB discharged into the 
To Lich River, which amounts to 290, 000 m3 per day, 
rises 1.3 times and reaches to 382, 000 m3 per day in 2013. 
In 2002, the total wastewater discharged in the TLB is 
429,000 m3, rises 1.8 times and reaches to 795, 000 m3 per 
day in 2013 (Table-1). 
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Figure-1. Map of sub-drainage basin in To Lich River Basin. 
 

Table-1. Wastewater discharge in Hanoi center (m3/day). 
 

Year SDB Domestic 
wastewater (†)

Industrial 
wastewater (††)

Hospital 
wastewater (†††) Total Source 

To Lich River SDB    290, 000 Nguyen Thi Lan 
Huong et al., 20072002 

Hanoi center    429, 000 Nguyen Thi Lan 
Huong et al., 2007

2004 Hanoi center    450, 000 Nguyen Viet Anh et 
al., 2004 

2005 Hanoi center 187, 780 261, 060 9, 160 458, 000 Marcussen et al., 
2008 

2008 Hanoi center    660, 000÷ 
710, 000 

Ngo Thi Thanh 
Van, 2009 

2009 Hanoi center    750, 000 Tran Yem et al., 
2009 

To Lich River SDB(*) 140, 003 236, 049 5, 959 382, 011  
Lu River SDB(**) 8, 643 14, 572 368 23, 583  
Set River SDB 37, 005 62, 392 1, 575 100, 972  

Kim Nguu River SDB 92, 983 156, 772 3, 958 253, 712  
Hoang Liet SDB (***) 12, 529 21, 125 533 34, 187  

2013 

Hanoi center 291, 163 490, 910 12, 393 794, 466  
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(*) Include the flow from lower Lu River SDB. 
(**) Waster water from upper Lu River SDB 
(***) Remain wastewater of Hanoi center (exclude the flow 
from Yen So SDB)  
(†) The calculation of domestic waste water in 2013 based 
on the: 
 
 Population of SDBs (Hanoi General Statistics Office, 

2013) 
 Area of SDBs (Hanoi People's Committee, 2005) 
 Clean water supply in 2011 is 121 L/person/day, with 

increasing rate of 5% per year, estimation the clean 
water supply in 2013 is 134.5 L/person/day 
(HAWACO, 2013) 

 Generation rate of waste water is about 80% water 
supply; unaccounted rate of water supply is about 40 
% (Department of Medicine and Environment. 2012). 

 
(††) According to Marcussen (2008), the rate of sector of 
industry - service in period of 2005 -2011 is about 8.25% 
(Hanoi General Statistics Office, 2013; Marcussen et al., 
2008) 
(†††)According to Marcussen (2008), the growth rate of 
hospital in period of 2005 -2011 is about 578.6 beds/year 
(Hanoi General Statistics Office, 2013; Marcussen et al., 
2008). 
 
METHODOLOGY 

The method for estimating health and economic 
impacts of air pollutants as did Ostro (1994), namely dose 
response functions. This is a formula to calculate the 
number of people in a certain area who contract a 
particular health problem, since these people are exposed 
to air pollutant concentrations above the air quality 

standard. The general formula of these dose response 
functions is: 
 
Hi,p = bi,p * POPi *dAp 
 
Where  
Hi,p = number of cases of health problem i caused by air 
pollutant p; 
bi,p = slope of the dose-response function of health 
problem i caused by air pollutant p; 
POPi = population within the polluted area under 
consideration; 
dAp = change in ambient air pollutant under consideration. 

The economic value of health problem i caused 
by pollutant p will be calculated by using the general 
relationship as follows: 
 
TCi,p = Vi * Hi,p 
 
Where 
 
TCi,p = total economic value of health problem i caused by 
pollutant p 
Vi = value of health problem i (per case) caused by 
pollutant p 

The human potential toxicity of H2S is 0.22, and 
the PM10 is 0.96, respectively (Heijungs, 1992; Huijbregts, 
2000; Hermann, 2007). Based on this relationship, the 
coefficient of  will be applied to estimate the health 
and economic impacts of air pollutants due to H2S 
emission from To Lich River. These coefficients are 
shown in Table-2. 

 
Table-2. Coefficient of dose-response function of PM10 and H2S. 

 

Coefficient of dose-response 
function bi Indicator Symbol 

 (*)  
Formulas 

Premature mortality MOR 0.00096 0.00220 MOR = b * dA * POP * CM 
Respiratory hospital admission RHA 0.000012 0.0000275 RHA = b * dA * POP 
Emergency room visit ERV 0.0002354 0.0005395 ERV = b *dA * POP 
Restricted activity days RAD 0.0575 0.1318 RAD = b * dA * PropA * POP 
Lower respiratory illnesses 
among children LRI 0.00169 0.00387 LRI = b * dA * (1-PropA) *POP 

Asthma attacks AA 0.0326 0.0747 AA = b * dA * AP 
Chronic bronchitis CB 0.000062 0.000142 CB = b * dA * POP 
Respiratory symptom days RSD 0.183 0.419 RSD = b * dA * POP 

 
Where 
 
dA = Change in ambient air H2S under consideration  
POP = Population in the To Lich River SDB 
CM = Crude Mortality Rate in urban area in Vietnam: 0, 
55 % (Vietnam General Statistics Office, 2010a) 

PropA = The rate of adult population is 76, 1 % (Vietnam 
General Statistics Office, 2010b) 
AP = The average rate of asthma attack in Vietnam: 12, 3 
% (Vu Trung Kien, 2013) 
Vietnamese target on H2S is 42 µg/m3  
WHO target on H2S is 19.6 µg/m3 
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RESULTS AND DISCUSSIONS 
According to Nguyen Huu Huan et al. (2012), the 

METI-LIS model can be applied to forecast the H2S 
emission rate from To Lich River. The forecasted and 
measured values of H2S showed the close correlation 
coefficient with coefficient of R2 = 0.9197. By using 
“upscalling” method to forecast the affected area due to 
H2S emission from To Lich River, with the same weather 

condition and input data that illustrated in the mentioned 
paper, the result shown in Figure-2. The affected area met 
to Vietnamese target is estimated about 8.1 km2, and the 
exposed population is estimated about 232, 634 persons. 
The affected area met to WHO target is estimated about 
9.45 km2, and the exposed population is estimated about 
271, 407 persons. 

 

 
 

Figure-2. Forecast of dispersion of H2S emission from To Lich River. 
 

The health benefits achieved by reducing of the 
H2S concentration in the ambient air due to emissions 

from To Lich River by targets of Vietnamese and WHO is 
calculated and shown in Table-3. 

 
Table-3. Health benefits achieved by reducing of the H2S concentration in the ambient air due to emissions 

from To Lich River by targets of Vietnamese and WHO. 
 

Indicator Symbol Vietnamese target WHO target Unit 
Premature mortality MOR 19 96 Case 

Respiratory hospital admission RHA 43 217 Case 
Emergency room visit ERV 841 4,261 Case 
Restricted activity days RAD 156,298 791,986 Days 

Lower respiratory illnesses among 
children LRI 1,443 7,311 Case 

Asthma attacks AA 14,323 72,575 Case 
Chronic bronchitis CB 221 1,122 Case 

Respiratory symptom days RSD 653,659 3,312,196 Days 
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This study applied the cost of health care in the 
sample research in India to convert the cost of health care 
and estimate the economic values due to the changes in the 

concentration of H2S in the ambient air (Table-4, and 
Table-5). 

 
Table-4. Comparison of cost of health care in India and Vietnam. 

 

National Unit 2011 2010 Average 
% GDP 6.811 6.834 6.823 

Vietnam 
USD/person 94.805 82.788 88.797 

% GDP 3.867 3.747 3.807 
India 

USD/person 59.103 51.356 55.230 
 

Source: http://databank.worldbank.org 
 

Table-5. Estimation cost of health care per once case due to the change of pollutants concentration 
in ambient air. 

 

India Vietnam Indicator 
 2000 (INR) 2009 (INR) 2009 (USD) 2009 (USD) 

MOR 285, 000 741, 000 15, 645. 2 25, 154. 0 
RHA 14, 378 37, 382. 8 789. 3 1, 269. 0 
ERV 405 1, 053 22. 2 35. 7 
RAD 37. 5 97. 5 2. 1 3. 3 
LRI 390 1, 014 21. 4 34. 4 
AA 1, 500 3, 900 82. 3 132. 4 
CB 212, 600 552, 760 11, 670. 8 18, 764. 0 

RSD 24 62. 4 1. 3 2. 1 
 

Base on the data in Table-5, the economic values 
loss due to the impact of H2S emission from To Lich River 

on the exposed area is estimated by targets of Vietnamese 
and WHO and presented in Table-6. 

 
Table-6. Estimation of economic values loss due to the impact of H2S emission from To Lich River. 

 

Indicator Symbol Vietnamese target WHO target 
Premature mortality MOR 474, 395 2, 403, 839 
Respiratory hospital admission RHA 54, 393 275, 617 
Emergency room visit ERV 30, 055 152, 296 
Restricted activity days RAD 517, 303 2, 621, 262 
Lower respiratory illnesses among 
children LRI 49, 660 251, 638 

Asthma attacks AA 1, 896, 163 9, 608, 167 
Chronic bronchitis CB 4, 155, 436 21, 056, 275 
Respiratory symptom days RSD 1, 384, 599 7, 015, 989 
Total in USD (2009)  8, 562, 005 43, 385, 083 
Total in VND (2009)  152, 763, 286, 860 774, 076, 655, 061 
Total in VND (2008) (*)  108, 342, 756, 638 548, 990, 535, 504 
Total in VND (2013) (**)  216, 465, 577, 481 1, 096, 866, 620, 221 

 

Note: (*) Convert by factor of 0.709 (Circular 01/2013/TT-BLD-TBXH) 
(**) Convert by factor of 1.417 (Circular 01/2013/TT-BLD-TBXH) 
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In 2008, the estimation of health care costs due to 
the effects of particulate pollution (PM10) in Hanoi City is 
quantified of 1, 589, 737, 410, 337 VND, and 7, 005, 380, 
314, 953 VND depended on the targets of Vietnamese or 
WHO. In 2008, the total income (GDP) of Hanoi City is 
about 82, 300 billion VND. Thus, the economic loss 
accounted for 1.93 to 8.52% of the GDP of Hanoi City 
(Institute for Environmental Strategies, 2010).  

In 2008, the economic loss due to the effects of 
H2S emission from To Lich River is quantified of 108, 
342, 756, 638 VND, and 548, 990, 535, 504 VND 
depended on the targets of Vietnamese or WHO, 
contributing in range of 6.8 to 7.8 % of economic loss due 
to the effects of particulate pollution (PM10) in Hanoi City. 
The economic loss due to the effects of H2S emission from 
To Lich River accounted for 0.13 to 0.67% of the GDP of 
Hanoi City depended on the targets of Vietnamese or 
WHO. 

In 2012, the GDP of Hanoi City is about 87,505 
billion VND (Hanoi General Statistics Office, 2013). In 
2013, the growth rate of first nine months is about 7.88%, 
thus the GDP of Hanoi City is estimated about 94, 404 
billion VND (VCCI, 2013).  

In 2013, the economic loss due to the effects of 
H2S emission from To Lich River is quantified of 216, 
465, 577, 481 VND, and 1, 096, 866, 620, 221 VND 
depended on the targets of Vietnamese or WHO. The 
economic loss due to the effects of H2S emission from To 
Lich River accounted for 0.23 to 1.16 % of the GDP of 
Hanoi City depended on the targets of Vietnamese or 
WHO. 
 
CONCLUSIONS 
 
a) The affected area due to the H2S emission from To 

Lich River met to Vietnamese target is estimated 
about 8.1km2, and the exposed population is estimated 
about 232,634 persons. For the WHO target is 
estimated about 9.45km2, and the exposed population 
is estimated about 271,407 persons. 

b) By substitution of the human potential toxicity of 
PM10 by human potential toxicity of H2S, and 
application of the method for estimating health and 
economic impacts of air pollutants, the economic loss 
due to the effects of H2S emission from To Lich River 
is quantified of 216, 465, 577, 481 VND, and 1, 096, 
866, 620, 221 VND depended on the targets of 
Vietnamese or WHO, in 2013. 

c) The economic loss due to the effects of H2S emission 
from To Lich River accounted for 0.23 to 1.16 % of 
GDP of Hanoi City depended on the targets of 
Vietnamese or WHO. 

d) The economic loss due to the effects of H2S emission 
from To Lich River increased about 1.74 times from 
2008 to 2013. 

e) The economic loss due to the effects of H2S emission 
from To Lich River is in range of 6.8 to 7.8 % of 
economic loss due to the effects of particulate 
pollution (PM10) in Hanoi City.  

 

REFERENCES 
 
Beauchamp R. O., James S. B., James A. P., Craig J. B., 
Dragana A. A. and Philip L. 1984. A Critical Review of 
the Literature on Hydrogen Sulfide Toxicity. Critical 
Reviews in Toxicology. 13(1): 25-97. 
 
Department of Medicine and Environment. 2012. The 
2011 report on water supply and sanitation sector in 
Vietnam.  
 
Guidotti T. L. 1996. Hydrogen sulfide. Occupational 
Medicine. 46(5): 367-371. 
 
Hanoi General Statistics Office. 2013. The 2012 Hanoi 
statistic yearbook. 
 
HAWACO. 2013. www.hawaco.com.vn. Accessed on 15th 
May 2013. 
 
Heijungs R. 1992. Environmental life cycle assessment of 
products guide and backgrounds. Centre of Environmental 
Science (CML). Leiden University, Leiden, the 
Netherlands. 
 
Hermann B.G., Kroeze C. and Jawjit W. 2007. Assessing 
environmental performance by combining LCA, multi-
criteria analysis and environmental performance 
indicators. Journal of Cleaner Production. 15: 1787-1796. 
 
Huijbregts M.A.J., Thissen U., Guinee J.B., Jager T., Kalf 
D., Meent D.V., Ragas A.M.J., Wegener S.A. and 
Reijnders L. 2000. Priority assessment of toxic substances 
in life cycle assessment. Part I: Calculation of toxicity 
potentials for 181 substances with the nested multi-media 
fate, exposure and effects model USES-LCA. 
Chemosphere. 41: 541-573. 
 
Hvitved-Jacobsen T. 2001. Sewer Processes: Microbial 
and Chemical Process Engineering of Sewer. Aalborg 
University, Aalborg, Denmark. Networks CRC Press. 
 
Institute for Environmental Strategies. 2010. Research on 
theoretical, practical, model, and the process of evaluating 
the economic damage caused by pollution, environmental 
degradation in accordance with the conditions of Vietnam. 
 
JICA. 2007. Hanoi Integrated Development and 
Environmental Program. Vol. 1: Master planning. The 
Japan International Cooperation Agency. 
 
Marcussen H., Dalsgaard A. and Holm P.E. 2008. Content, 
distribution and fate of 33 elements in sediments of rivers 
receiving wastewater in Hanoi, Vietnam. Environmental 
Pollution. 155: 41-51. 
 
Nguyen Huu Huan, Nguyen Xuan Hai, Tran Yem and 
Nguyen Nhan Tuan. 2013. Factors effect to the sulphide 
generation rate in the To Lich River, Vietnam. ARPN 



                               VOL. 9, NO. 1, JANUARY 2014                                                                                                                 ISSN 1990-6145 

ARPN Journal of Agricultural and Biological Science 
©2006-2014 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
  13 

Journal of Engineering and Applied Sciences. 8(3): 190-
199. 
 
Nguyen Huu Huan, Nguyen Xuan Hai, Tran Yem. and 
Nguyen Nhan Tuan. 2012. Meti-lis model to estimate H2S 
emission rates from To Lich River. Vietnam. ARPN 
Journal of Engineering and Applied Sciences. 7: 1473-
1479. 
 
Nguyen Thi Lan Huong, Ohtsubo M., Loreta Y.L., and 
Higashi T. 2007. Heavy metals pollution of the To Lich 
and Kim Nguu in Hanoi City and the Industrial sources of 
the pollutants. Journal- Faculty of Agriculture Kyushu 
University. 52(1): 141-146. 
 
Ngo Thi Thanh Van. 2009. The Existing Sewerage and 
Drainage System in Hanoi. International Journal of Berlin 
Technology University. 63: 18-19. 
 
Nguyen Viet Anh, T.T.H. Hanh, V.T.M. Thanh, Parkinson 
J. and Barriero W. 2004. Decentralized wastewater 
management - a Hanoi case study. People-centered 
approaches to water and environmental sanitation, 30th 
WEDC International Conference, Vientiane, Lao PDR. 
 
Nguyen Xuan Hai and Nguyen Huu Huan. 2010. Study on 
formulation ability of hydrogen sulfide (H2S) from To 
Lich River water. Science and Technology Journal of 
Agriculture and Rural Development. 1(1): 28-33. 
 
Ostro Bart. 1994. Estimating Health Effects of Air 
Pollutants: A Methodology with an Application to Jakarta. 
Policy Research Working Paper 1301. Washington, D.C. 
The World Bank. 
 
Pearce D. and Crowards T. 1995. Assessing the health 
costs of particulate air pollution in the UK. CSERGE 
working paper GEC 95-27. 
 
Reosudarmo B.P. and Lucentezza N. 2004. Health and 
economic impacts of air pollution in Jakarta, Economic 
Record. 80: S65-S75. 
 
Srivastava A. and Kumar R. 2002. Economic valuation of 
health impacts of air pollution in Mumbai. Environmental 
Monitoring and Assessment. 75: 135-143. 
 
Teodora B. 1992. Sulfide as an environmental factor and 
toxicant. Aquatic Toxicology. 24: 21-26. 
 
Tran Yem and Nguyen Xuan Hai, et al. 2009. Study on 
measure for rational use of To Lich river water for 
agricultural production and improving environmental 
sanitation in villages along To Lich River. Funding 
Support Organization: The Asian Foundation (TAF). 
2007-2009.  
 
VCCI. 2013. www.vcci.com.vn, accessed on 1st November 
2013. Vietnam Chamber of Commerce and Industry. 
 

Vietnam General Statistics Office. 2010a. The 2009 
Vietnam Statistical Yearbook. 
 
Vietnam General Statistics Office. 2010b. The 2009 
Vietnam Population and Housing census.  
 
Vu Trung Kien. 2013. Current status of allergic rhinitis of 
secondary students in Thai Binh and Hai Phong Cities and 
the effectiveness of treatment with allergen-specific 
Dermatophagoides Pteronyssinus. PhD of medicine 
dissertation. Thai Binh Medical University. 


