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Abstract: Addressing the 17 Sustainable Development Goals (SDG) m a developing country like Vietnam 1s not
easy. The study aimed to address at least three of the 17 SDG, namely, good health, clean water and sanitation
and life below water. This study conducted microbiological analysis on surface waters of flood vulnerable
communities and concurrently done household community perception swrvey on four communities. A majority
of 245 respondents were dissatisfied with the water quality of the surface water. The discontentment of the
respondents were verified by microbiological results. In the highly urbamzed commurmties of An Cu and An
Hoa, the E. coliand T. coliform values were compared with the Vietnam set standards. E. coli mean values were
125-445 times higher than the max tolerable limit of 200 MPN/100 mL and the T. coliform mean values obtained
were 23-74 times higher than the set max tolerable limit of 10,000 MPN/100 mL.
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INTRODUCTION

Addressing the 2030 agenda for sustamable
development, the world is shifting into a more sustainable
and resilient development. The universal move of creating
a local and nationalistic development that works for all 1s
not easy for developing countries in South Hast Asia
region. Most of the countries in this region are face with
numerous problems and intensified with climate change.
Especially m Vietnam where there are rapid urban
growths, conversion of agricultural lands to industrial and
land use development to boast social and economic
transformation of the country (Phuc et al., 2014). Tt is more
challenging to the city located at the downstream delta of
the Mekong River, Can Tho where more mtense and
frequent flooding were experienced (Kuenzer and Renaud,
2012). Aside from climate change, flooding is expected to
worsen with the constructions of dams (Khoi et al., 2008,
Kuenzer and Renaud, 2012; MRC, 2010) i neighboring
countries upstream and other anthropogenic activities
that create water shortages and pollutions of receiving
waters (Campbell, 2012; Khoi et al., 2008; Sebesvar ef al.,
2012; Toan et al., 2013).

Microbiological assessment of surface waters in the
city is the major concern of this research. Microbiclogical

analysis in chicken carcasses examined in Can Tho,
collected from wet markets and supermarkets contain
Salmonella with a mean average of 459 and 45.5%,
respectively.

Bivalves and shrimp contaminations should also be
considered as it often exceeded environmental standards
(Anh et al., 2010, Onda et al., 201 2). Faecal contamination
induced during flooding 18 also worth considering
(Figueras and Borrego, 2010; Veldhws et al., 2010). Study
shows contamination in green leafy wvegetable with
coliform and E. cofi by values of 5 and 3 log cfufg,
respectively during flooding (Castro-Thanez et al., 2015).

Food contamination is not only happening to
developing countries but alse to developed countries. In
United Kingdom, Escherichia coli and Salmonella sp.
were found present in bagged prepared salad vegetable,
vegetable, spices and fresh herbs (Elviss ez al., 2009,
Olaimat and Holley, 2012; Sagoo et al., 2003). The food
bome outbreaks cause by Noro Viruses (NoV) m Belgium,
Canada and France were associated on fresh produce
(Baert et al., 2011). In Germany, other parts of Europe and
North America, outbreak in May, 2011 caused by
Escherichia coli, cost 39 deaths and 810 cases
(Bielaszewska et al., 2011). Tt was estimated that in 2010,
28% (1.8 bln.) of the world population used unsafe water
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and 11% (783 mln ) use umimproved sources (Onda ef al.,
2012). Tt was also estimated that 1800 children under the
age of 5 die daily from preventable water-related diseases.
Environmenta education and awareness aimed in reducing
contamination should be in place and the role of every
individual is very essential (Carrasco et al., 2012).

The study dealt with the microbial contamination of
surface waters in Can Tho City and community perception
survey on the quality of surface waters. This study was
able to prove that for better understanding of highly
technical problems social research should be done
concurrently.

MATERITALS AND METHODS

Study site: Figure 1 shows the exact locations in black
dots, the household perception survey conducted. The
selection was based on the vulnerability to flood and
characteristics distinct by itself. These were the
commumties of An Cu, An Hoa, An Bmh and Nhon
Nglia. The microbiological surface water sampling sites,
m red dots were n N1 Nhon Nghia m Tinh Lo 932 and N2
Nhon Nghia in Thanh Pho Can Tho in Phong Dien
District, H1 An Hoa in Dureng Huynh Thuc Khang 214,
H2 An Hoa in Durong Huynh Thuc Khang 128B, C1 An
Cu in Thanh Pho Can Tho and C2 An Cu in Durong De
Tham 100A in Nien Kieu District.

Analytical method
Community perception survey: Respondents were
randomly selected in 4 communities in 3 urban districts of

Can Tho. The communities considered were: in the district
of Nien Kieu, An Cu (AC) where manmade lake 1s located
and An Hoa (AH) the boundary of the districts of Nien
Kieu and Bmh Thuy; in the district of Cai Rang, An Binh
(AB) located along the famous floating market and in the
suburban district of Phong Dien, Nhon Nghia (NN) where
1t has an agricultural setting. The distance of the surface
water from their houses and from one respondent to
another was strictly considered i the selection of
respondents. There were 60 respondents per commurty
except An Cu with 65 The survey instrument was in
standard Likert Scale and translated m Vietnamese.

Water quality assessment: Water samples were
obtained from six established sampling sites m the
communities of Nhon Nghia (N1 and 2), An Hoa (H1 and
2) and An Cu(C1 and 2). Water samples were assessed in
terms of Heterotrophic Bacteria (HPC) total coliform,
Eschericchia coli and Salmonella sp. Water samplings
were distributed in the months of December 2013 and
January 2014 at approximately eight to ten (8:00-10:00) in
the mormng. Through grab sampling method, water
samples from each sampling sites were placed in 500 mL
of sterilised bottles and preserved in ice boxes before
bemmg measured in an accredited laboratory of Can Tho
University.

Statistical analysis: The data obtamed in the survey were
analyzed using box plot and mean average for general
information. Microbiological results were then compared
statistically usmng F-value, t-test, two-way analysis of
Variance (ANOVA) and Tukey’s Honest Sigmificant
Difference (HSD) at 0.05 level of sigmficance.
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Fig. 1: The sites for the commumity perception survey and surface water quality assessment
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RESULTS AND DISCUSSION

Community perception survey

General information: The four communities have the
following general information. The average years of
residency of An Cu, An Hoa, An Binh and Nhon Nghia
were 33, 35, 30 and 37, respectively. The average
number of people in the household was 5. Children
below 5 years old, accounts for 11-13% of the total
population per district.

The last flood before tlus study was conducted
happened on 17th of November 2013. The frequency of
flooding in the urbamzed areas was once a year as
against 3-4 i sub-urban districts. On the average, the
respondents have tolerable limits for flood of 92-100% per
district.

Livability and water use: On the question of satisfaction
on the contribution of swrface water to their living
standards, the answers varied based on their dependency
m water for thewr day to day mcome. In An Cu, the
answers were o divided, 26 (40%) disagreed, 25 (38.5%)
agreed while 14 (21.5%) were neutral. If the respondents
were not directly benefitting from the manmade lake, they
would disagree. But if the respondents were owners or
employers of businesses along the manmade lake, they
would agree. Definitely the ones who answered neutral
were just sumply playmg fair.

In An Hoa, 21 (35%) disagreed while 22 (37%)
strongly disagreed. The area during the study was more

residential than commercial. They commented that the
surface water smells, especially in low tide as domestic
wastes were directly thrown into the surface water. In An
Binh, the answers were mfluenced by the benefit of
surface water to their basic needs. Those who disagreed
23 (38%) have sources of income that do not use the
surface water. They used the water supplied by the local
distributor. Those who answered neutral and agreed
were indirectly and directly benefited from the water
in the river. In Nhon Nghia, majority of the respondents,
30 (50%) agreed that the surface water in the
neighborhood contributed so much to ther living
standard. The respondents used the surface water for
cooking, drinking, bathing, irrigation and domestic use.

Majority of respondent’s, An Cu 39 (60%), An
Hoa 49 (82%), An Bmh 36 (60%) and Nhon Nghia
27 (45%) were dissatisfied with the quality of surface
waters. It means that they were aware of the poor quality
of surface water mn the neighborhood.

Willingness and capacity to improve the quality of water:
The respondents were asked on their willingness and
capacity to improve the quality of surface water. The
responses per community were summarised in the Likert
Scale of (Strongly Agree, SA; Agree, A; Neutral, N,
Disagree, D; Strongly Disagree, SD) and further plotted
using box plot as shown in Fig. 2.

In the question, I can help improve the quality of
water, respondents of An Cu (55%), An Hoa (42%),
An Binh (50%) and Nhon Nghia (42%) agreed. In
volunteering to help mmprove water quality, respondents
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Fig. 2: Responses on the willingness and capacity to improve the quality of water
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Table 1: Mean values of microbiological analysis in MPN/100 ml. in six
sampling sites in Can Tho
N. Nghia

An Hoa An Cu

Parameters N1 N2 Hi H2 C1 C2
H. Bacteria 194 244 4582 6313 1164 1236
Salmonella 1536 1637 5679 5671 2253 3100

T coliform 45150 34617 742583 493000 229000 742500
E. coli 7483 3079 53608 83083 24975 58333
Table 2: Vietnamese Standards in MPN/100 mlL

Al A2 B1 B2
Variables Water supply  Aquatic plants Irrigation  Traffic
H. Bacteria - No set standard -
Salmonella - No set standard -
T. Coliform 2500 5000 7500 10000
E. coli 20 50 100 200

m An Cu (58%), An Hoa (53%), An Binh (65%) and Nhon
Neglna (48%) agreed. In the question of willingness to pay
to improve the quality of water, respondents in An Cu
(81%), An Hoa (75%), An Binh (70%) and Nhon Nghia
(41%) also agreed. In the questions, the polluters should
be pumshed for polluting the water and the commumty
should be responsible for the deterioration of the water
quality, respondents in An Cu (83, 89%), An Hoa
(81, 78%); An Bmh (81, 73%) and Nhon Nghia (78, 70%)
agreed in both questions, respectively.

In the question that the communities have the
responsibilities to improve the quality of water majority of
the respondents in An Cu (74%), An Hoa (75%), An Bith
(78%) and Nhon Nghia (65%) agreed. For the questions
that the national and local government were responsible
for improving the water quality, An Cu (74, 80%), An Hoa
(57, 80%), An Binh (63, 83%) and Nhon Nghia (57, 77%)

agreed, respectively.

Microbiological water quality assessment: During wet
seasons water-borme diseases were common especially in
developing countries (Shimi et @l., 2010). The monitoring
group of Can Tho were regularly doing microbiological
analysis in coliform but not with the three other microbial
parameters measured m this study because of cost
(Monitoring, 2013). The mean values of HPC, total
coliform, Escherichia coli and Salmonella sp. in six
sampling sites are shown in Table 1 and compared with
the set Vietnam’s standard per classification in Table 2.

During the duration of this study, there were no set
standard for HPC and Salmonella. The mean values of
Heterotrophic Bacteria (HPC) ranges from 194-6,313
MPN/100 mL and Salmonell a ranges from 1,536-5,679
MPN/100mL m the six sampling sites. For Environmental
Protection Agency (EPA) standard, HPC values above
500 CFU/mL would mean the need for further treatment for
total coliform and E. coli.

The T. coliform mean values for all sampling sites
were beyond the max level of 10,000 MPN/100 mT., for B2
classification. The values obtained in the urban areas of
An Cu and An Hoa were 23-74 times higher than the max
tolerable limit. The mean values of E. coli obtained ranges
from 3,079-83,083 MPN/100 mL. The values in An Cu and
An Hoa were 125-445 times higher than the max tolerable
limnit of 200 MPN/100 mL.

The means of HPC, Salmonella, T. coliform and
E. coli in six established sampling sites were statistically
analyzed. The f value and t-tests showed no sigmficantly
differences in sampling sites within the same commumty
except the means of T. coliform and E. coli of An Cu.
Taking into considerations the sampling sites and
periods, two-way ANOVA was used. ANOVA showed
significant difference m the means HPC, Salmonella,
T. coliform. and E. coli in six sampling sites between
communities. Analysing further with Tukey’s HSD, the
HPC means mn the sampling sites of An Hoa (H1 and 2)
differed sigmificantly with the other means; the 7. coliform
and E. ¢oli means of Nhon Nghia (N1 and 2) differed
significantly with the other means and Salmonella means
of Nhon Nghia (N1 and 2) differed significantly with the
means of An Hea (H1 and 2).

The 245 respondents were aware of the deteriorating
water quality of swface waters in their respective
communities. They were willing to help or even volunteer
to improve the quality of water i the canals/rivers. The
respondents were unanimous in agreeing that the
polluters should be punished for polluting the water. Tf
they were willing to pay, it 1s understandable that polluter
should pay more and penalized for doing harm to the
community. And they also agreed that the community
where they belong should alse be held responsible.

The respondents think that the national and local
government should improve the water quality as their
water utility bill includes the cost of wastewater treatment.
They also agreed that it is the responsibility of the
national and local governments to strictly implement laws
govermng surface water.

Microbiological water quality assessment: HPC can
persist after treatment of drinking water of 10 CFU/mL or
less. This study finds it necessary to know phosphorus
concentration as this can enhance microbiological growth
even in treated drinking water (Allen ef al, 2004,
Miettinen et al., 1997). Phosphate affects the growth of
phytoplankton and increase HPC (Psarra ef al, 2005;
Thingstad et al., 2005).

The HPC mean values of H] and 2 in An Hoa were
significantly different with the means of all other sampling
sites. These sites were always full of domestic wastes.
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One of the major problem in developing countries
and world’s leading causes of intestinal illness 1s
Salmonella (Levantesi ef al., 2012). Typhoid fever is a
serious disease caused by Salmonella, extreme cases can
lead to death (DeRoeck et al, 2007). In developmg
countries m the south and southeast Asia, Salmonella
enterica was the most common cause of bacterial
infections (Deen et ai., 2012).

There is no standard for Salmonella in Vietnam. This
study finds it necessary to know the Salmonella values
in the surface waters in the communities of Nhon Nghia
and An Binh. The respondents in these communities used
untreated water for domestic and wrigation needs.
Salmonella can be acquired in fruits and vegetable washed
with contaminated waters (Levantesi ef al., 2012). This
can be a major threat for human health and economic
growth (Akhtar et al., 2014).

The T. coliform value does not necessarily mean
feacal pollution in environmental waters. The 7. coliform
values obtained were 4.5-74 times higher than the max
level of B2 classification of 10,000 MPN/100 mL.. High
values of T. coliform in Nhon Nghia (N1 and 2) were
crucial as the respondents use surface waters for drinking,
cooking, bathing, washing clothes and houses. In the
PRoAcc report in terms of T. coliform of surface water,
only 8 out of 34 sampling stations in Can Tho, met the
criteria set by Vietnam standard (Trinh et af., 2010).

Study showed high values of T coliform, E. coli and
enterobacteriaceae in drinking water stored in containers
1n the river basin of Hue City, Vietnam (Seino ef al., 2008).
The Vietnamese are aware of the poor quality of their
drinking water. They buy bottled water for those who can
afford and boil water before drinking to those who cannot.
The mean E. cofi values obtamed in Nhon Nghia
were 15-37 times higher than the max level set by the
government. Majority of the respondents
community use surface water as their daily water source.
The values obtained in the urban areas of An Cu and An
Hoa were 125-445 times higher than the max tolerable. It
was occasionally observed in the urban areas of An Cu,
people were catching fishes to be sold to passer bys at
low cost.

The E. coli 15 the
pollution. For developing countries, the most isolated
bacterial strain found in children <5 years old was ETEC
(enterotoxigenic). This accounts diarrhea cases and 10,000
death worldwide (Cabral, 2010). In Ho Chin Minh City,
study showed E. coli counts were higher in markets and
restaurants than from the cultivation fields (Ha et al.,
2008). High E. cofli values and other pathogens were
expected mn Vietnam due to mixed dramage system

in this

best mdicator of fecal

(Yen-Phi et al., 2010). The mean values of microbiological
parameters obtained were higher in densely populated
commumnities, An Hoa and An Cu.

CONCLUSION

Majority of the 245 respondents m the four
commumties 1 Can Tho agreed that they were
dissatistied with the water quality of surface water within
their neighbourhood. Their social perceptions were
verified by the microbiological analysis results. The
values obtamed exceeded tens to hundreds times higher
than the standard set by Vietnam. Surprisingly, although
not satisfied with the water quality, survey showed that
the respondents were not making efforts in protecting
themselves from possible water-borne diseases.

The results of this study should not be taken for
granted. The study should encourage concerned agencies
and local government of the city to take the opportumty
to top human resources that were willing to help and
volunteer to improve the quality of water in Can Tho. Tt is
high time to motivate every individual to be responsible
and become water/waste/environmental managers in
therr own houses/commumty. There is a need for
environmental education and health awareness to these
vulnerable communities. With this move, at least 3 out of
17 SDG, namely, good health, clean water and sanitation
and life below water will be directly or indirectly be
addressed.
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