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ABSTRACT

Background: Natural disasters are out of human control, often leading to loss of life and
property, and particularly affecting public health. Natural disasters influence human lives
in different ways. They may have severe, obvious, or hidden consequences. Therefore, the
present study aimed at examining the environmental health condition of the cities affected by
2017 earthquake in Kermanshah Province.

Materials and Methods: This was a cross-sectional study. The environmental health experts
gathered and analyzed the study data regarding the environment health condition of public
places, food safety, solid waste management, types and number of water supplies, number of
healthcare facilities and local health centers, etc.

Results: According to the results, the lowest and highest number of damaged villages in
Kermanshah Province were located in Sarpol-e Zahab (205 villages) and Qasr-e Shirin (29
villages), respectively. In addition, Eslamabad-e Gharb and Salas-e Babajani had the highest
and lowest urban and rural populations, respectively. A total of 138564 people were affected
by the earthquake. The improved water sources in the affected areas included 51 low-risk
water sources, 171 moderate-risk water sources, 2 high-risk water sources, and 0 very high-
risk water sources. In addition, 5059 m® water was chlorinated by the environmental health
experts and 1805 households were under the coverage of methoxymethyl chloride. Moreover,
public healthcare centers (1059 intact and 605 damaged), 4564 food safety centers (3204 intact
and 1360 damaged), and 20 solid waste management centers (16 intact and 4 damaged) were
available in the area after the earthquake.

Conclusion: Overall, the results indicate that the environmental health activities in the areas
affected by the earthquake were adequate in terms of providing healthy drinking water, garbage
and wastewater management, distribution of healthy foods, and so on. Thus it can be used as a
good model to response the needs of the survivors from the future natural disasters and crises.
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1. Introduction

nexpected disasters are defined as situa-
tions in which the society loses its control
to run normal functions. As a result of a
sudden natural or unnatural disaster with
its destructive effects, the society is unable
to fulfill its healthcare duties [1]. Today,
loss of life and property as a result of natural or unnatu-
ral disasters has an undeniable impact on human being’s
health and lifestyle. The destructive effects of disasters
can impair the societies’ ability in response to the basic
demands and may lead to widespread deaths and injuries
[2, 3]. Natural disaster is a severe geographical collapse or
a high-emergency situation that can result in death, injury,
illness, and property damage, and cannot be effectively
controlled by the available resources and methods, there-
fore requires foreign aid. Natural disorders are, in fact,
acute and sudden phenomena with deep effects on the so-
ciety [4]. Natural disasters can lead to widespread death
and destruction depending on their nature and severity.

For example, 2004 Indian Ocean tsunami or the natural
disasters in the United States in 1999 led to large build-
up of waste about 5 to 15 times the waste normally pro-
duced in those areas [5]. According to a report by the
UNISDR (The United Nations International Strategy for
Disaster Reduction), from 2000 to 2012, natural disasters
accounted for 1.2 million people death and $ 1.7 billion
damage around the world [6, 7]. Recent studies indi-
cate that Asia and Australia are particularly vulnerable
to natural disasters, and often face with a wide range of
natural disasters, including floods, earthquakes, storms
etc. [8, 9]. Iran is among the 10 most-prone countries to
natural disasters. In fact, of 43 types of disasters known
around the world, 34 has already occurred in Iran [4, 5],
and 90% of the Iran population are vulnerable to natural
disasters, such as earthquakes and floods [10].

Earthquake is the most frequent and destructive natu-
ral disaster in Iran. Otherwise speaking, in the past 90
years, earthquakes in Iran have led to death of more
than 180000 people, with the Bam earthquake being a
prominent example in which 30000 people were killed
and 10000 more were injured [11]. Iran’s seismic haz-
ard zoning map shows that urban and rural areas of Iran
are largely located in the high relative risk zones [10]. In
addition, most of Iranian cities, such as Tehran, Tabriz,
Qazvin, Zanjan, Hamadan, and Kermanshah have expe-
rienced earthquakes and the resulting destructions. Ac-
cording to the earthquake recurrence interval formula,
these cities are still vulnerable to earthquakes [10].
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However, the required laws and capacity for provid-
ing healthcare services for natural disaster victims have
made available [12-14] in Iran in recent years. Thus, the
environmental health unit as one of the main organiza-
tions involved in the crisis management during natural
disasters is obliged to take specific measures during
emergencies, including restoration, maintenance, and
improvement of the health conditions in the damaged ar-
eas. It can strongly be argued that environmental health
activities, such as water supply, waste and wastewater
management, food safety etc. Play a key role in times of
natural disasters, and if properly implemented, can pre-
vent epidemics and facilitate the return of normal condi-
tions. Therefore, the present study aimed to examine the
environmental health condition of the cities affected by
2017 earthquake in Kermanshah Province.

2. Materials and Methods

This is a cross-sectional study conducted in Novem-
ber 2017. The data on the environmental health condi-
tion were gathered using special forms designed by the
environmental experts in Kermanshah Province. These
forms covered the health condition of public places,
food safety, solid waste management, types and num-
ber of water supplies, number of healthcare facilities,
local health centers and so on. Immediately after enter-
ing environmental health groups of Kermanshah in the
damaged areas, a quick analysis was conducted on the
environmental health condition, the extent of damage,
and the urgent demands. Then, the collected data were
statistically analyzed and presented in data sheets. This
provided an appropriate ground for continuing the pro-
cess of recovery in the damaged areas and also the health
management of the population under study.

Kermanshah earthquake affected a wide geographical
area and a large population. It had an immense destruc-
tive impact on both human lives and properties. The epi-
center of Kermanshah earthquake was near Ezgeleh, a
city in Kermanshah Province (Figure 1). The earthquake
occurred on November 12, 2017 at 21:48 local time, at
45.9 degrees longitude and 34.84 degrees latitude, at
the depth of 11 km. In addition, the earthquake was fol-
lowed by two other quakes with magnitudes of 4.6 and
4 in Richter scale, respectively. The most affected cit-
ies in Kermanshah Province were as follows: Sarpol-e
Zahab, Salas-e Babajani, Qasr-¢ Shirin, Dalahoo, and
Eslamabad-¢ Gharb. Therefore, the study participants
were selected using a census method from these 6 cities.
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Figure 1. The epicenter of Kermanshah earthquake

3. Results

Table 1 presents the demographic statistics of Kerman-
shah earthquake, separately for each city. According to
Table 1, the lowest and the highest number of affected
villages in the Kermanshah Province were in Sarpol-e
Zahab (205 villages) and Qasr-e Shirin (29 villages),
respectively. In addition, the highest and the lowest ur-
ban and rural populations were in Eslamabad-e Gharb
(79541 in cities and 50584 in villages) and Salas-e Baba-
jani (16359 in cities and 19435 in villages), respectively.
The estimated population of Kermanshah Province at
the time of earthquake was 370925; a total of 138564
individuals were affected by the earthquake. In addition,
113371 households lived in Kermanshah Province at the
time of earthquake, out of them a total of 35726 house-
holds were affected by the earthquake, and 470 individu-
als were killed in the earthquake. Moreover, it is estimat-
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ed that out of 79360 houses in the Kermanshah Province
at the time of earthquake, 34011 houses remained intact
and 45349 houses were damaged.

Table 2 presents the results regarding the water sup-
plies of the cities affected by Kermanshah earthquake,
reported for each city. As shown in Table 2, the highest
and the lowest number of households with access to tap
water were in Sarpol-e Zahab (12548 households) and
Qasr-e Shirin (1111 households), respectively. In addi-
tion, the highest and the lowest number of households
with access to improved water sources were in Gilan-e
Gharb (254 households) and Qasr-¢ Shirin (11 house-
holds), respectively.

The improved water sources in the areas affected by
the earthquake included 51 low-risk water sources, 171
moderate-risk water sources, 2 high-risk water sources,
and 0 very high-risk water sources. In addition, 5059 m?3

Table 1. Demographic statistics of the cities affected by Kermanshah earthquake

Number of Healthcare and Local

Population Number of Households Health Centers
. Number of
City .
Villages
Urban Rural Urban Rural Urban Centers and Bases
Sarpol-e Zahab 37027 49897 14272 11397 205 8 7 49
Qasr-e Shirin 18958 3954 4739 2164 29 3 1 7
Dalahoo 17351 20614 3470 6795 139 4 2 36
Bl s 79541 50584 15908 26559 159 12 5 58
Gharb
Salas-e Babajani, 16359 19435 3271 6686 147 2 3 33
Gilan-e Gharb 27980 29225 5596 12514 181 3 4 42
197216 173709 47256 66115
Total 860 32 22 225
370925 113371
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Table 2. Water sources of the cities affected by Kermanshah earthquake

Number of House- Number of House-

Number of Holds With A
Numb D T Type of Water Source Holds With Access to LS (B0
City umber  Water Sources Tap W to Improved Water
of Villages ap Water Sources
Urban  Rural Urban Rural Village  Household Village  Household
Sg;r;(;lk-)e 205 1 31 Sarabgarm Sarabgarm 194 12548 11 172
Qasr-e Shirin 29 1 2 Sarabgarm Sarabgarm 25 1111 4 11
Dalahoo 139 3 71 Sarab Karand  Sarab Karand 126 5021 13 145
Es'ag]zkr’gd'e 159 19 44 Waterwell  Water well 153 12987 6 42
salas-e 147 3 55  Springand?2 Spring 123 4270 17 165
Babajani, water wells
Gilan-e 181 3 17 Springand  Water supply 170 7761 11 254
Gharb Sarab complex
Total 860 30 220 - - 791 43698 62 789
[ilealthin

water was chlorinated by the environmental health ex-
perts and 1805 households were under the coverage of
methoxymethyl chloride.

Table 3 presents the results regarding the toilet condi-
tions and waste disposal methods in the cities affected,
separately reported for each city. As shown in Table 3,
the highest and the lowest number of households with
access to sanitary toilets were in Sarpol-e Zahab (11871
households) and Qasr-e Shirin (1078 households), re-
spectively. In addition, the highest and the lowest num-
ber of households with access to sanitary waste disposal
were in Sarpol-e Zahab (11758 households) and Qasr-e
Shirin (1089 households), respectively.
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Table 4 presents the results regarding the food supply
and distribution centers and public places in the cities
affected by Kermanshah earthquake. As shown in the
Table 4, the lowest and the highest number of urban and
rural schools were in Gilan-e Gharb (97 schools in cit-
ies and 183 schools in villages) and Qasr-e Shirin (21
schools in cities and 19 schools in villages), respectively.
In addition, the lowest and the highest number of urban
and rural food supply and distribution centers were in
Gilan-e¢ Gharb (1283 centers in cities and 403 in vil-
lages) and Qasr-e Shirin (241 centers in cities and 22 in
villages), respectively.

Table 3. Toilet conditions and waste disposal methods in Kermanshah Province

Number of Households With Ac-
cess to Sanitary Toilets

Number of Toilets

Number of Households With Ac-
cess to Sanitary Waste Disposal

City
Urban Rural Village Household Village Household

Sarpol-e Zahab 7136 205 185 11871 186 11758
Qasr-e Shirin 4760 1951 29 1078 29 1089
Dalahoo 3470 1050 102 4036 110 4136
Eslamabad-e Gharb 15908 26559 144 11844 117 11674
Salas-e Babajani 1309 441 98 3301 126 3832
Gilan-e Gharb 5596 12514 160 7675 174 7830
Total 38179 50776 718 39805 742 40319
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Table 4. Number of food supply and distribution centers and public places

Number of Food Supply and
Distribution Centers

Number of Schools Number of Mosques

City
Urban Rural Urban Rural Urban Rural

Sarpol-e Zahab 646 245 40 177 10 66
Qasr-e Shirin 241 22 21 19 7 16
Dalahoo 285 102 28 100 3 18
Eslamabad-e Gharb 1283 403 97 161 14 49
Salas-e Babajani 338 131 21 125 10 80
Gilan-e Gharb 456 307 97 183 5 29
Total 3349 1210 304 765 49 258

Table 5 presents the results regarding the environmen-
tal health condition of the cities affected by Kermanshah
earthquake, in three aspects: environmental health of
public places, food safety, and solid waste management.
Table 6 presents the urgent equipment announced by the
environmental health group of the Vice Chancellor for
Clinical Affairs at Kermanshah University of Medical
Sciences, following the earthquake.

4. Discussion

The present study was conducted by a team of re-
searchers and experts at Kermanshah city health depart-
ment in autumn 2017, aimed at examining the health
condition of the cities affected by Kermanshah earth-
quake and also analyzing the activities in this regard.
The environmental health team with the cooperation of
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the other crisis management teams took important steps
to improve the health condition of the areas affected
by Kermanshah earthquake. Some of the steps included
checking drinking water storage tanks, chloride test-
ing and water chlorination, monitoring the quality of
distributed foods, building sanitary bathrooms and toi-
lets, monitoring proper waste and wastewater manage-
ment, and also providing useful and practical instruc-
tions. These activities were successfully completed at
all stages, and were effective in controlling the spread
of diseases and helping recovery of the affected areas
a normal state.

One of the strengths of the works conducted by the
environmental health team in the affected areas was
helping in better management of drinking water and
improving water quality, also assisting in better dis-

Table 5. Environmental health condition of the cities affected by Kermanshah earthquake

Parameter Intact Damaged Total
Number of schools and learning centers 642 427 1069
Health condition of food Number of mosques and holy places 215 92 307
supply and distribution cen-
ters and public places Number of healthcare centers 195 84 279
Number of hospitals 2 2 4
Number of food supply and distribution centers 3199 1360 4559
Food health
Number of food stores and cool stores 5 - 5
Number of waste disposal sites 8 2 10
Solid waste management
Number of temporary waste transfer stations 8 2 10

Iilealthin
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Table 6. The equipment needed for monitoring and controlling water and wastewater in the areas affected by Kermanshah earthquake

Materials/Equipment

Number of People Affected By The Earthquake: 138000

Water sampling equipment (Sterile bottle, gauze pad, cotton and
matches, sample labels)

Chlorine and pH test kits
Sample carrying cases

Portable turbidity test kits

E. coli microbial water test kits
Portable computer with modem and the necessary software
Paper, pen, and pencil
Mobile laboratory
Water purification tablets
Portable water purification machines

Portable storage containers in different sizes: 20-L, 100-L, and

1000 series

100 units
100 units
100 units
100 units
20 units
100 series
1 unit
100000 tablets

100 units

20-L: 50000 units, 100-L: 10000 units

1000-L
TF-35 thermal foggers 10 units
Manual sprayers with flat fan nozzles 10 units
Fog machines 5 units
Wettable powder insecticidgs (Solfac, Lambda-Cyhalothrin, 350 kg
Ficam)
Liquid insecticides (symporter, k-Othrine) 700 L
Rodenticides 100 kg
Disinfectants 28000 L
Hand sanitizers (gel or liquid) for the health teams 200L
Personal protection equipment for environmental vector control 50 series
Momentary air quality monitor 2 machines
Sampling kit 100 units
Sterile jars 500 units
Cold boxes 100 units
Solid ice 1000 units
Plastic bags in large, medium, and small sizes 600 packs
Infrared thermometers 100 units
Rapid test kit with reagents 100 series
lodine test kits 100 kits
Sample labels 100 packs
[ilealthin
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tribution of services by the active groups in the en-
vironmental health domain. From the moment the
earthquake occurred, the environmental health experts
started monitoring the equality of drinking water, wa-
ter chlorination, and microbial sampling.

In Aslehashemi et al. study, the major aspects of envi-
ronmental health, such as waste and wastewater manage-
ment, providing healthy drinking water, disinfestation,
and proper monitoring of food supply and distribution
centers were examined [15]. Our examination of the ac-
tivities in the areas affected by Kermanshah earthquake
showed that all the aforementioned parameters were ad-
equately considered. In addition, the study results indi-
cated that in the affected areas, there were 250 urban and
rural water supplies, 43698 households with access to
tap water, and 789 housecholds with access to improved
water sources.

Along with the populations of the cities and the staff
and operating workers, a total of 41 environmental
health workers worked in the areas affected by the earth-
quake. This number is consistent with WHO suggestion,
i.e. 2 staff workers and 8 to 15 operating workers per
5000 to 100000 people affected by the earthquake [16].
However, in the study by Akbari et al. on Bam earth-
quake, there was 1 environmental health worker per
50000 people affected by the earthquake [17]. We also
assessed the adequacy of human resources, appropriate
organization of environmental health forces in the rural
areas, and recruiting forces from Kermanshah Province
due to their familiarity with the region’s geographical,
social, and cultural aspects, in order to increase the ef-
fectiveness of the environmental health services pro-
vided in the areas affected by the earthquake.

The number of households with access to sanitary toi-
lets in the affected areas was 39805 that is consistent
with the finding of Fatemi et al. [18]. However, the toi-
lets had been installed without paying proper attention
to the minimum standards, such as selecting a suitable
place, not too far from the survivors so that they could
conveniently access the toilets, sound substructure, and
adequate water piping. Formation of wastewater ponds
in some areas acted as an environmental risk factor in
attracting insects and rodents, and increased the risk of
vector transmission and possible epidemics [19]. How-
ever, regular disinfecting and spraying by the environ-
mental health workers reduced this risk factor to a con-
siderable extent.
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5. Conclusion

In conclusion, the results indicated that the steps taken
by the environmental health experts were sufficiently ef-
fective in meeting the needs of affected areas by Kerman-
shah earthquake in terms of providing healthy drinking
water, proper waste and wastewater management, proper
food supply and distribution, and so on. This experience
can be a good model for meeting the needs of the survi-
vors from future natural disasters and crises.
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