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1. KVL & NIHE PARTNER FOOD QUALITY REPORT FOR
HANOI AND PHNOM PENH MICROBIOLOGICAL PART

Lise Tonner Klankl, Vuong Tuan Anhz, Phung Dac Cam’ and Anders Dalsgaard1
1Department of Veterinary Pathobiology,Royal Veterinary and Agricultural University,

Gronnegardsvej 15,DK-1870 Frederiksberg C, Denmark; 2Depalrtment of Microbiology, National Institute of
Hygiene and Epidemiology, 1 Yersin St, 10,000 Hanoi, Vietnam;

1.1 Abstract

Aquatic vegetables were sampled at two field sites in peri-urban Hanoi during April to June and
November to December 2005 in order to asses their microbiological quality and to identify possible
sources of contamination during the ‘field to market’ chain. Vegetables were analysed for
thermotolerant coliform bacteria, the protozoan parasites Cryptosporidium, Giardia and Cyclospora
and for helminth eggs. The field sites included one peri-urban commune in the south of Hanoi
where untreated wastewater was used for irrigating and fertilising aquatic vegetables (‘wastewater
site”) and one other peri-urban commune in the eastern part of Hanoi where rainwater and pig
manure was used to irrigate and fertilise aquatic vegetables (‘Non-wastewater site’). The main
vegetable produced at both sites was water spinach (‘morning glory’) - a standard ingredient in the
Vietnamese cuisine and very commonly consumed by the population. Samples were taken before
and after washing the vegetables post-harvest and upon arrival to the market. In addition, a market
study was carried out at one larger urban market in Hanoi and one smaller peri-urban market in the
southern part of Hanoi. In Cambodia, near Phnom Penh, morning glory growing near two inlets and
one outlet from the Boeng Cheung Ek wetlands were analyzed for levels of faecal pollution.

In Hanoi, thermotolerant coliforms were present at relatively low levels on water spinach (<104
cfu/g), although slightly higher levels were found at markets. There were no apparent differences
between seasons. Protozoan parasites were found throughout the ‘farm to fork chain’ with highest
prevalences in the field at the wastewater-site in Hoang Liet commune. Giardia was the most
prevalent protozoan, particularly at the wastewater-site, whereas Cryptosporidium was most
prevalent during the dry season at the wastewater site. Cyclospora was detected at both sites and at
markets but was less prevalent than Giardia and Cryptosporidium. 1t is concluded that protozoan
parasites are present in Vietnam in the farm to fork chain and may pose a threat to occupational
health as well as to consumers’ health. Helminth eggs were present at very low levels in vegetable
samples from fields and markets and do not appear to pose a food safety problem in the current
setting.

In Phnom Penh, relatively high levels of E. coli and thermotolerant coliforms were detected on
water spinach, indicating a high level of faecal contamination and there was a positive correlation
between microbiological water quality and microbiological vegetable quality. Protozoan parasites
were detected at both inlets and outlet to the lakes, with Giardia being more prevalent than
Cryptosporidium and Cyclospora. There was a positive correlation between levels of faecal
contamination (E. coli) and prevalences of Giardia at one of the inlets, indicating faecal
contamination as a risk factor for protozoan parasites being present on vegetables. Helminth eggs
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were found in low levels both at inlets and outlets. The groups of parasites identified may pose an
occupational health risk for farm workers as well as a health problem for consumers.

1.2 Introduction

Wastewater used for irrigation of aquatic vegetables and as water source for fish cultivation in
Thanh Tri district a peri-urban commune in the South of Hanoi, is of both domestic and industrial
origin. In Bang B village in the Thanh Tri district where the water analysis was carried out, about
50 % of the households cultivate aquatic vegetables. Untreated wastewater from the To Lich river is
pumped into the fields near the village to irrigate and fertilize mainly morning glory crops but also
water dropwort, water cress and water mimosa. Wastewater from the river is also used for fish
culture as has been common in Vietnam since the 1960’s.

The prevalence of the protozoan parasites Cyclospora, Cryptosporidium and Giardia in Vietnam is
relatively unknown but due to the status of these infections as emerging infectious diseases mainly
in developing countries but also in the industrialised part of the world, knowledge on risk factors for
transmission in the ‘farm to fork’ chain and on the species/genotypes found in food, environmental
samples and in human infections is needed both in the Vietnamese setting, in similar settings in the
developing world and in more developed countries, where there is now an increasing importance
and awareness of these waterborne zoonotic parasites.

Phnom Penh, located on the left bank of the Mekong River, has a population of nearly one million
people. Similar to many cities in Southeast Asia, peri-urban areas of Phnom Penh are very
important for food production and supply. Aquatic areas around peri-urban wetlands are one of the
most important locations for cultivating aquatic plants and fish for the city and other areas around
Phnom Penh. These wetlands are mostly fertilized by sewage/wastewater discharged from the city
(Chouk B. 2004). The sewerage and wastewater treatment facilities to serve this population are in
general inadequate. The sewage networks, mostly built in the 1960s, are a combined sewage
overflow from many sources including households, storm water, and industrial effluents. There are
about 160 km of sewer networks in the city core including 2.6 km of open channels (JICA 1999).
There is no wastewater treatment plant, so 10% of the effluents flow directly into the Mekong River
without any treatment. The remaining 90 percent is loaded into retention basins that are the natural
wetlands. Every day, about 55,600 m® of household wastewater (equivalent to 2,414 tons per year
of biological oxygen demand (BODs) discharge) and nearly 1 million m’ of storm water are
discharged into three wetlands; Boeng Trabek, Boeng Tumpun and Boeng Cheung Ek, when
rainfall intensity is at 30 mm per 24 hours (Muong 2003).

The wetland of Boeng Cheung Ek (BCE) is the largest. Its surface area is as large as the centre of
Phnom Penh (about 2,000 ha) in the wet season and shrinks to 1,300 ha in the dry season (Muong

2000). Effluents from the wetlands of Boeng Trabek and Boeng Tumpun are discharged into this

wetland, together with industrial effluents from the surrounding areas.

The objectives of the studies were to:

1) determine the numbers of thermotolerant coliforms, helminth eggs and protozoan parasites in
water spinach grown in Boeng Cheung Ek (BCE) lake, Phnom Penh and at two peri-urban
communes in Hanoi, including samples harvested with and without wastewater (ww) exposure
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2) To assess the association between microbiological water quality and the microbiological quality
of water spinach.

1.2.1 Study site descriptions Hanoi

1.2.1.1 Hoang Liet

In Hoang Liet commune, Bang B village, waste water from the Kim Nguu river is used in the
production of aquatic vegetables. The waste water consists of 60-80% domestic waste water and 20-
40% industrial waste water. A pumping station situated near the road, between the river and the
fields on the other side of the road pumps water into the field area by demand.

During the dry season which lasts until the beginning of April, the pumping station is generally
activated twice a week and daily during harvest. Fields are then flooded with water. During the wet
season the pumping station is activated less frequently, typically 1 to 2 times per month. The
pumping station pumps the water into a concrete-lined open canal which runs alongside on end of
the fields. Outlets from this canal are present for every field and the water is distributed from the
canal to the other end of the field area (max. distance approx. 150-200 meter). No waste water is
spread onto the fields manually (i.e. with buckets or watering cans). Pesticides are used regularly
during vegetable production, whereas commercial fertilizer is not used very often.

Morning glory (water spinach) is the main crop in this area and is grown all year round. Other crops
include watercress (grown from September to April), water dropwort (grown from September to
April) and water mimosa (grown from April/March until August).

Morning glory is harvested using hands to collect the plants out of the soil. All crops are dipped or
washed in a nearby fishpond to keep the vegetables wet and fresh during transport and to remove
soil from the roots. The water in the fishpond originates from the Tu Lich river as well as the
irrigation water.

Vegetables are transported to local markets or distribution markets on bicycles and motorcycles in
chicken wire baskets or sacks. From the distribution market the vegetables are distributed to
different markets in Hanoi. Workers wear gumboots during work in the fields. Workers do not wear
gloves although their hands are often in the water and soil when harvesting, planting or washing the
vegetables in an adjacent fish pond. No toilet is present in the field area; when workers have to
urinate and defecate they have to sit somewhere along the fields.

No animals were observed in the field areas or near the fish pond.

1.2.1.2 Long Bien

Long Bien District, Long Bien Commune, Station Village (Vietnamese name: Cum Tram) is
situated in the Eastern part of peri-urban Hanoi, across the Red River. In Long Bien, rainwater
collected in large pond/lake is used for irrigation. No waste water is used, but as a mean of
fertilizing the crops pig manure (faeces + urine) mixed with water is spread onto the crops, usually
after harvest. This takes place approximately every 10-12 days when the pigsties are cleaned out.
Water for irrigation is spread manually, using a bucket and a small shovel/spoon. The main crop
grown all year round is morning glory. Pesticides are applied twice a month using a spray method.
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At harvest, morning glory plants are pulled out by hand, leaving part of the root in the soil. Directly
after pulling out the plants by hand, they are put into a bucket with water (from the pond).
Vegetables are then transported to the house of the farmer and the morning glory is soaked
overnight in water before being transported to the Long Bien distribution market early the next
morning (2 — 3 am).Motorbikes are used to transport the vegetables to the Long Bien distribution
market. Vegetables are transported in chicken wire baskets or plastic buckets; two on each
motorbike. Dogs were observed near the field area. No other animals were seen near or in the fields.
The pigs providing the manure are kept in stables in the village.

1.2.2 Study site description Phnom Penh

Boeng Cheung Ek (BCE) lake is located in the West of Phnom Penh city, Cambodia. Wastewater
from Phnom Penh urban population and from industrial factories (garment and other various
factories) and rain-water run-off was discharged into the lake. Currently, there are two main
wastewater inlets of Boeng Cheung Ek lake. One is Boeng Trabek pumping station was constructed
in 1986 and the other is constructed in 2004 by JICA called Tumpun Station. The one built by JICA
is located just near the old one.

There are two main outlets of this lake. Wastewater from Boeng Cheung Ek lake, after being
naturally treated, is currently discharged into Prek Thnaot river through a stream named STEUNG
CHROV.

Morning glory (white stem morning glory)/water spinach mostly is grown in Boeng Cheung Ek
lake by the farmers and is mainly collected for human and animal consumption. Morning glory is
harvested by farmers and then stored within the day. At the end of the day, harvested morning glory
is collected by wholesalers and is carried to the local market by truck for sales.

In the dry season, the water level in Boeng Cheung Ek lake goes down and some parts of the lake
are dry. Therefore, morning glory cannot be grown well in these areas during the dry season. In the
rainy season, almost all the area around the lake is flooded. Thus, it is not easy to identify the
location of the outlets except STOENG CHROV stream.

Phnom Penh urban wastewater discharged into the Boeng Cheung Ek lake is not undergoing any
formal wastewater treatment. Thus, the wastewater passage through Boeng Cheung Ek lake and the
associated treatment will be important in reducing any possible negative impacts of the wastewater
on recipient rivers.

In summary, there are always two inlets of Boeng Cheung Ek lake in both seasons. In the rainy
season, wastewater from the lake flows into recipient rivers via both outlets but in the dry season,
wastewater only flows into recipient rivers via STEUNG CHROV stream.

Boeng Samrong (Prek Phnov) lake has been selected as one of the control sites by the PAPUSSA
team in Phnom Penh. It is a big lake located 15 km away from the centre of Phnom Penh city. Non-
wastewater samples will be collected from this lake during both seasons. Water spinach is not seen
to be grown in this lake.
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1.3 Methodology

1.3.1 Study design and analysis - Hanoi

The research on microbiological quality of plants was conducted along the food chain from
production sites to markets and included two main studies. The first study investigated the
microbiological quality of plants irrigated with wastewater (ww) and non-ww at different field sites
in peri-urban Hanoi; Hoang Liet (wastewater site) and Long Bien (non-wastewater site) communes.
Microbiological quality of crops was assessed in six fields on each of the two sites during wet and
dry seasons (duplicate samples).

The microbiological quality of plant samples, mainly morning glory which is the main plant
produced with wastewater, but also other types of aquatic vegetables (water dropwort, water cress
and water mimosa) were studied. Samples were collected at harvest, after post-harvest washing,
before transport and upon arrival to the market.

a) b)

Figure 0-1 Post harvest washing of vegetables at Hoang Liet commune (a), Hanoi and Concrete canal leading
the untreated wastewater into the field areas (b). (Photos: Lise Tonner Klank)

Figure 0-2 Getting ready for transport of vegetables to the market — Hoang Liet, Hanoi (Photo: Lise Tonner
Klank).
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The second study aimed at assessing the microbiological quality of plants originating mainly from
wastewater-irrigated fields and subsequently sold at markets. Markets studied include the Hoang
Liet market (a local market) and Hang Be (a Hanoi city market). At the markets, duplicate plant
samples, including both morning glory and herbs commonly consumed raw by the Vietnamese,
were collected weekly from different market traders during a 3-month period from March to June
2005 and again from Nov-Dec 2005.

In total, 216 plant samples were collected in the field study and 96 in the market study.

The microbiological parameters analysed for in both studies were:
e Thermotolerant coliform bacteria
o Helminth eggs (Ascaris lumbricoides, Trichuris trichiura, hookworm)
e Protozoan parasites: (Giardia intestinales, Cryptosporidium parvum and Cyclospora spp.)

Numbers of thermotolerant coliforms were measured in all samples by means of a Most Probable
Number (MPN) method described by the WHO. To test for helminth eggs, the Bailinger method
described by the WHO, was applied, whereas protozoan parasites were detected by use of an
immunofluorescent antibody test. Some isolates of protozoan (0o-)cysts were further characterized
by molecular characterization, using a PCR-based genotyping method.

Fields designated F1 to F6 in the Bang B village of Hoang Liet Commune in the Thanh Tri district
were chosen to be tested both for water quality and food quality. Here untreated wastewater from
the Tu Lich river is pumped into the field area via a system of concrete canals.

An immuno-magnetic separation technique (IMS) to detect Cryptosporidium oocysts and Giardia
cysts was applied to water samples taken at both field sites and at markets. These samples were
filtered in the laboratory at NIHE and subsequently shipped to Denmark where IMS took place. In
this manner, Giardia cysts and Cryptosporidium oocysts were detectable even in relatively small
volumes of water.

1.3.2 Study design and analysis — Phnom Penh

Water spinach samples (total of 68 samples) were collected at the 2 inlets, 1 outlet of Boeng

Cheung Ek lake and the control site (a small pond); all sites were sampled four times; with and
without wastewater exposure of plants. Plant samples were collected with and without wastewater
exposure during harvest to allow for comparison analyses. Samples were collected by NIHE staff
during visits to the Cambodian PAPUSSA partner. Water spinach samples were processed and
enumerated for thermotolerant coliforms by the Pasteur Institute in Phnom Penh. NIHE researchers
brought duplicate samples to Hanoi for detection and enumeration of parasites, including Giardia
intestinales, Cryptosporidium parvum and Cyclospora spp, helminth eggs (Ascaris lumbricoides,
Trichuris trichiura and hookworm).

The microbiological parameters analysed for in both studies were:
e Thermotolerant coliform bacteria
e Helminth eggs
e Protozoan parasites

10
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Numbers of thermotolerant coliforms were measured in all samples by means of a Most Probable
Number (MPN) method described by the WHO. To test for helminth eggs, the Bailinger method
described by the WHO, was applied, whereas protozoan parasites were detected by use of an
immunofluorescent antibody test. Analysis of samples for this study was conducted at the
Cambodian Pasteur Institute, except for the analysis for protozoan parasites which was carried out
at NIHE in Hanoi.

Figure 0-3 Sample collection in the water spinach field — Phnom Penh
1.4 Results and discussion - Hanoi

1.4.1 Bacteriology

Results are summarized in Figure 1-4 where each bar represents the mean of duplicate samples
from six fields; i.e. a total of 6 samples per bar in the graph. The levels of thermotolerant coliform
bacteria thermotolerant coliform bacteria showed an increasing trend when moving from the field to
the market with the increase being most evident at the non-wastewater-site during the wet season.
At the non-wastewater site levels of thermotolerant coliform bacteria were lower than at the
Wastewater site when plants had been harvested and washed post harvest during the wet season,
indicating that there was a lower contamination level of plants when using non-wastewater for
irrigation of crops. During the dry season this difference was not present. The lack of difference
during the dry season could be due to relatively more water needed for irrigation during this season
and as the non-wastewater site was using pig manure to irrigate and fertilise their soils, the
contamination with thermotolerant coliform bacteria may have arisen from this use.

At markets, the levels of thermotolerant coliform bacteria were comparable and even slightly higher
than those found in the field. This would suggest that some further contamination takes place at the
market. This is supported by the occasional finding of very high levels of thermotolerant coliform
bacteria in water from bottles using for sprinkling water on to the vegetables. These levels were up
to 10%or 10’ MPN/100ml. At markets there were neither any obvious differences between seasons
nor between markets.
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Figure 0-4 MPN numbers (MPN/g vegetable) for thermotolerant coliform bacteria in samples from the field sites

Table 0-1 Levels of thermotolerant coliform bacteria in vegetable and herb samples collected at two markets in
Hanoi.

Location Wet season Dry season
Small market —Hoang Liet 6 x 10° MPN/g 6 x 10° MPN/g
Large market — Hang Be 7 x 10* MPN/g 5x 10* MPN/g

1.4.2 Parasitology

1.4.2.1 Protozoan parasites

The overall prevalence of protozoan parasites for the two sites and markets are presented in Table
0-2 below.

At the wastewater-site, the highest prevalences of Giardia and Cryptosporidium were found during
the dry season when fields are irrigated more often. At the non-wastewater-site differences between
seasons were not obvious. The prevalence of Cyclospora did not vary to any great extent between
sites and seasons. At the market the highest prevalence of Giardia was found during the wet season
and for Cryptosporidium, during the dry season, indicating different modes of transmission.
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Table 0-2 Overall prevalence of protozoan parasites in field and market samples (% positive samples).

Giardia Cryptosporidium | Cyclospora Total number of
samples
Wastewater site, |18.8 % 6.3 % 6.3 % 48
wet season
Wastewater site, [45.8 % 33.3% 2.1% 48
dry season
Non-wastewater |10 % 6.7 % 6.7 % 60
site, wet season
Non-wastewater |11.9 % 11.9% 33% 60
site, dry season
Large urban 37.5% 8.3 % 0% 24
market, wet
season
Large urban 8.3 % 20.8 % 12.5 % 24
market, dry season
Small peri-urban |37.5 % 12.5 % 83 % 24
market, wet
season
Small peri-urban | 12.5 % 33.3% 83 % 24

market, dry season

Figure 0-5 Market trader at Hoang Liet market, Hanoi (Photo: Lise Tonner Klank)
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1.4.2.2 Helminth parasites

Very few samples (less than 2 % of samples) contained helminth eggs (Table 0-3). Of those
positive, only eggs of Ascaris spp. were found. Surprisingly, no Ascaris eggs were found on the
non-wastewater site, where pig manure is used to fertilise the vegetable fields. This could indicate
that eggs have not survived on the vegetables to be detected at harvest time.

At the wastewater site in Hoang Liet, few Ascaris eggs were found. It is not possible to distinguish
the human variant of Ascaris, A. lumbricoides from the swine variant, A. suum, but it is most likely
that the types of eggs found at Hoang Liet were A. lumbricoides as pigs are not kept near this field
site.

It is likely that helminth eggs sediment out during the relatively long transport during the system of
concrete canals leading to the individual fields and that this phenomenon could explain why we find
so few helminth eggs in the field samples. Samples taken from the Tu Lich river after the
completion of the fields study, showed presence of helminth eggs, however helminth eggs do not
appear to reach the fields to any great extent and hence do not contaminate the vegetables in the
field.

Table 0-3 Prevalence of helminth eggs on vegetables at the field sites. Number of samples positive for helminth
eggs

Sampling location Hookworm Ascaris spp Trichuris spp.
WWe-irrigated site — 0/48 1/48 0/48
Wet season

WW-irrigated site — 0/48 2/48 0/48

Dry season

Non-WW-irrigated site 0/60 0/60 0/60

— Wet season

Non-WW-irrigated site 0/60 0/60 0/60

— Dry season
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1.5 Results and discussion - Phnom Penh

1.5.1 Bacteriology

Relatively high levels of E. coli were detected, particularly at the Trabek inlet. This suggests a high
level of faeca