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Annex 1A. Preliminary results of toxic metal analyses of fish and plants, Ha Noi and Phnom Penh
Toxic metals in production systems receiving wastewater

Screening of 40 different elements in plant and sediment samples shoved that metal concentrations generally were low; therefore work in 2005 was focused on Pb, Cd and As, which are toxic at low concentrations. The objective of the study was to investigate whether the use of wastewater in aquatic production result in high Pb, Cd and As concentrations in vegetables and fish and therefore constitutes a food safety problem. Another purpose was to determine if metals tend to accumulate in certain parts of fish and plants. The seasonal pattern was studied by collecting samples at three different times of the year; at low, medium and high water level. Finally plant and sediment samples were analyzed at various distances to the wastewater pumping stations to investigate the distribution of metals through out the system and whether there may be a future risk of high metal concentrations in aquatic products if the supply of wastewater continues.   

Lead, cadmium and arsenic concentrations in water spinach and sediment samples are presented in Table 1. All water spinach samples had lead and cadmium concentrations below the limit value set for leafy vegetables by FAO/WHO and there seems to be no food safety risk consuming vegetables produced with wastewater in Hanoi with respect to lead and cadmium. It was calculated that the maximum level of arsenic one person of 60 kg should consume set by FAO/WHO would be exceeded by eating 290 g per day of the water spinach analyzed with the highest concentration. Since there is also other sources to arsenic this concentration is likely to constitute a health problem, but it is properly not linked to wastewater use because no significant increase in arsenic, cadmium and lead concentration could be observed in samples collected at a control site. Also for sediment samples the use of wastewater did not result in lead, cadmium and arsenic increase compared to the control site. The lead and arsenic concentrations observed were above the Vietnamese limit value for agricultural soils.

Table 1 Concentrations of lead, cadmium and arsenic in water spinach and sediment samples from Thanh Tri district.


[image: image2.emf] Pb  Cd  As   Water spinach   Range (mg/kg w.w)  0.033 - 0.205  <0.005 - 0.046  0.04 - 0.45   Limit value (mg/kg w.w.)  0.3  0.2    Max. intake mg/(day*60 kg b.w.)  0.21  0.06  0.13   Max. intake of water spinach  (kg/day)  1.0  1.3  0.29   Sediment    Range (mg/kg d.w.)  30.3 - 82.9  < 0.032 - 0.288  7.87 - 24.7   Limit value (VN) (mg/kg d.w.)  70  2  12    

Concentrations of lead, cadmium and arsenic of fish grown with wastewater use in Thanh Tri district at shown in Table 2. Consumption of tilapia and common carp grown in ponds in Hanoi could potentially constitute a food safety problem with respect to lead and cadmium. Especially it should be avoided to eat the liver of both fish if raised in wastewater.
Table 2 Lead, cadmium and arsenic concentrations in fish from pond production in Hanoi.


[image: image3.emf] Pb   (mg/kg w.w)  Cd   (mg/kg w.w)  As   (mg/kg w.w)   Common carp muscle  <0.032 - 0.151  <0.0033 - 0.0992  <0.15   Common carp liver  <0.032 - 0.334  <0.0033 - 0.0247  <0.15   Common carp skin  <0.032 - 0.131  <0.0033 - 0.0171  <0.15   Silver carp muscle  <0.032  <0.0033 - 0.0293  <0.15   Si lver carp liver  <0.032  <0.0033 - 0.0262  <0.15   Silver carp skin  <0.032  <0.0033  <0.15   Tilapia muscle  <0.032 - 0.153  <0.0033 - 0.0268  <0.15   Tilapia liver  0.174 - 0.721  0.2200 - 0.6838  <0.15   Tilapia skin  <0.032 - 0.201  <0.0033 - 0.0147  <0.15   Limit value   0.2  0.05  -    

Concentrations of lead, cadmium and arsenic determined in water spinach grown in Boeng Cheung Ek in Phnom Penh are shown in Figure 2, 3 and 4, respectively. Lead concentrations in all plants analyzed are below the FAO/WHO limit value of 0.3 mg/kg wet weight. Concentration of lead is affected by distance to pumping station and season. Lead sorbs heavily to sediment explaining why it is not transported downstream in the system. At a distance of 600 m from the pumping station lead concentrations were below the detection limit. In samples collected in wet season (November) lead concentrations was low. This may be due to dilution and therefore lower water concentrations or to that the plants have no contact to the sediment.

All samples had cadmium concentrations below the 0.2 mg/kg limit value. For cadmium concentrations there was no clear trend with distance from the Tompun pumping station. At the Trabek pumping station the concentration was a little higher and there was a small decrease with increasing distance from the pumping station. At the lake outlet the concentration was at the same level as at the control point. There was a decrease from both pumping stations to the lake outlet and the control site. Indicating that pollution with Cd took place. A 60 kg person should consume 880 g/day wet weight water spinach produced in Boeng Cheung Ek lake before the maximum amount of arsenic advised by FAO/WHO is exceeded if the person receives no additional arsenic from other sources. Concentration of arsenic is not affected by seasonality and distance from the pumping station thus it is suspected that the present arsenic is of geological origin. High arsenic in soils and underground are normal in many countries in Asia.  
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 Figure 2 Lead concentrations in the edible part of water spinach as a function of distance to pumping station and time of year. PS1 and 2 indicates pumping stations Tompun and Trabek, respectively. Meters indicate the distance to the pumping station.
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Figure 3 Cadmium concentrations in the edible part of water spinach as a function of distance to pumping station and time of year. PS1 and 2 indicates pumping stations Tompun and Trabek, respectively. Metres indicate the distance to the pumping station.
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Figure 4 Arsenic concentrations in the edible part of water spinach as a function of distance to pumping station and time of year. PS1 and 2 indicates pumping stations Tompun and Trabek, respectively. Meters indicate the distance to the pumping station.
Cadmium in sediment from Boeng Cheung Ek was only detected at the ww canal point 1 and 2 and at Trabek pumping station (Figure 5). There was a sharp decrease in lead concentration with distance. Lead is not mobile because it sorbs strongly to sediment. Arsenic is evenly distributed in the system, this could be due to that arsenic is mainly of geological origin as previously discussed.   
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Figure 5 Pb, As and Cd concentrations in sediment from the Tompun pumping station canal the distance to the pumping station decrease from ww canal 1 to ww canal 4. PS1 and 2 indicates pumping stations Tompun and Trabek, respectively. Metres indicate the distance to the pumping station.

Consumption of fish from Boeng Cheung Ek does not seem to constitute a food safety problem with regards to toxic metals except for skin of walking catfish which contained relative high arsenic concentrations (Table 3)

Table 3 Pb, Cd and As concentrations in fish caught in Boeng Cheung Ek lake.

[image: image8.emf] Pb   (mg/kg w.w)  Cd   (mg/kg w.w)  As   (mg/kg w.w)   C atfish muscle  <0.032  <0.0033  <0.15   C atfish liver  <0.032 - 0.064  <0.0033 - 0.0097  <0.15   C atfish skin  0.054 - 0.433  0.0036 - 0.8705  1.31 - 82.51   Spineless eel muscle  <0.032  <0.0033  <0.15   Spineless eel liver  <0.032  <0 .0033  <0.15   Spineless eel skin  <0.032  <0.0033  <0.15   Snakehead muscle  <0.032  <0.0033  <0.15   Snakehead liver  <0.032  <0.0033  <0.15   Snakehead skin  <0.032  <0.0033  <0.15   Limit value   0.2  0.05  -    



[image: image9.emf] Pb   (mg/kg w.w)  Cd   (mg/kg w.w)  As   (mg/kg w.w)   C atfish muscle  <0.032  <0.0033  <0.15   C atfish liver  <0.032 - 0.064  <0.0033 - 0.0097  <0.15   C atfish skin  0.054 - 0.433  0.0036 - 0.8705  1.31 - 82.51   Spineless eel muscle  <0.032  <0.0033  <0.15   Spineless eel liver  <0.032  <0 .0033  <0.15   Spineless eel skin  <0.032  <0.0033  <0.15   Snakehead muscle  <0.032  <0.0033  <0.15   Snakehead liver  <0.032  <0.0033  <0.15   Snakehead skin  <0.032  <0.0033  <0.15   Limit value   0.2  0.05  -    

Annex 1B
RESEARCH PROTOCOL

(this study is conducted by National Institute of Hygiene and Epidemiology and Research Institute of Aquaculture No. I in collaboration)

Title

Physio-chemical and microbiological water quality of peri-urban wastewater reuse in a representative fish pond at Bang B commune, Hoang Liet district, Ha Noi city, Vietnam

1. Introduction and background

Wastewater discharged from cities becomes a major concern for urban environment in many developing countries. Urban wastewater may be originated from domestic wastewater or industrial wastewater. According to Vo Qui Hoan (2001), approximately 75-78% of wastewater discharged from Hanoi originates from domestic wastewater while 20-25% is  from industrial wastewater. 

Urban wastewater mostly is discharged into peri-urban areas around cities where farmers are living. Wastewater then can be reused for aquaculture or agriculture in these areas in many developing countries. In China, India, Vietnam, Peru, and Indonesia and even in developed countries as Germany, wastewater fed fish ponds have been practiced. Wastewater fed fish ponds could be considered as low cost wastewater treatment system under the term of wastewater stabilization ponds (WSP) 

Since 1960, urban untreated wastewater has been used for aquaculture in Ha Noi (Hoan, 2001). Socio-economic benefits of the wastewater fed aquaculture are seen obviously however, treatment efficiency on removal of bacteria as well as on reduction of level of chemical pollution is not studied thoroughly and formally. 

2. Objective

2.1. Overall objective

Capacity of natural peri-urban wastewater treatment of fish pond systems in Bang B commune, Hoang Liet district, Hanoi city, Vietnam

2.2. Specific objectives

a. Microbiological quality of peri-urban wastewater reused in a representative fish pond has been assessed

b. Physio-chemical quality of peri-urban wastewater reused in a representative fish pond has been assessed

c. Recommendations on reduction of level of pollution of peri-urban wastewater before discharging into the common city sewage system have been given.
3 Materials and Methodology

2.3. Location of sampling
A nearly 1 ha area representative fish pond in Bang B commune has been selected for water quality assessment. Peri-urban wastewater from the To Lich river is pumped without any treatment into this pond 2 times per month during the dry season and 1 time per month during the wet season. This fish pond has only one inlet and one outlet

2.4. Frequency of sampling

As planned, water sampling will be carried out every 2 weeks during 10 months from May 2005. Totally, there will be 20 times of sampling divided into 2 seasons (10 times in the dry season and 10 times in the rainy season). It could be better that sampling should be done when wastewater from the To Lich river is pumped into the fish pond.
2.5. Microbiological analyses
2.5.1. Microbiological parameters
Thermotolerant coliforms and helminthes eggs (Ascaris lumbricoides, Trichuris trichiura, Hookworm) are selected as indicators for microbiological quality of peri-urban wastewater. Method of water analysis for thermotolerant coliforms is included into 
Annex 1
. Helminth egg enumeration in water samples done in the microbiological laboratory of the Friendship hospital will be followed the WHO manual that is included into Water sampling for Microbiological analyses

Water samples will be collected by using hands with surgical plastic gloves. In order to reduce daily temporal variation, composite water samples of a volume of 1-L will be analyzed consisting of sub-samples of three 1-L samples collected at approx. 8, 10, and 12 h. 

At each sampling point, a sterile 1-L glass flask will be submerged about 20-30 cm below the water surface after which the lid is removed for water entry. This must be done as bio-film on the water surface may contain high numbers of micro-organisms and that their presence/survival is affected by the sunlight. A small volume of water is discharged from the 1-L flask before the lid of the flask is closed. The air present in the flasks allows a thoroughly mixing of samples just before analyses which must be done by turning the flasks up side down five times. Thus, a total of three 1-L flasks will be collected at each sampling point.

In the field, approx 330 ml of water from each of the three 1-L flasks collected at each sampling point will be mixed into one sterile 1-L flask which will be used for the laboratory analyses of thermotolerant coliforms. Another 330 ml of water from each of the three 1-L flasks collected will be mixed into another sterile 1-L flask which will be processed and analyzed in the laboratory in the Friendship hospital for enumerating helminth eggs.

Collected sample-flasks should be stored in a container/sponge-box that will protect them from breaking, from sunlight and increased air temperatures. No ice is needed for storage during transport as cooling down the water samples will kill of some thermotolerant coliform bacteria. 

Each 1-L flasks must contain the following information: ID sample, sampling time (date and time), sampling location and name of person that collected the sample.

The water samples should be transported in the afternoon to the laboratory of analyses immediately after sampling. Preferably, the water samples are analyzed for thermotolerant coliforms or processed for helminth egg enumeration within the day of sampling, but samples may be stored overnight at 4 - 5oC before analyses/processing in the following morning (maximum 24 hour-storage). The water samples are registered in the laboratory book.

Annex 1. Method for detection of thermotolerant coliforms in wastewater sample (the MPN method)

Detection and Enumeration of thermotolerant coliforms in water samples/plant samples by using MPN method (most probable number)

1. Principle

Detecting and enumerating thermotolerant coliforms in water/plant samples is based on lactose fermentation, gas production and indole production from tryptophane at 44 ºC within 24h. Numbers of thermotolerant coliforms on multiple tubes of different dilutions then are enumerated by using the MPN table.

2. Media and materials 

· Double and single - strength lactose dehydrated ox bile broth containing inner inverted Durham tubes.

· Tryptone water for indole production.

· Kovacs’ reagent.

· Sterile phosphate buffer solution.

· Pasteur pipettes, inoculate loop, Bunsen burner, test-tubes, test- tube racks.

· 44 ºC incubator.

3. Procedure of detection 

3.1. Sample preparation

Diluting water samples should be considered according to the type of water, be it from untreated or treated, clean or contaminated water sources. For instance, tap water and well water samples should be diluted as follows: 10 ml, 1 ml, 1 ml (1/10). Surface water samples should be diluted as follows: 10 ml, 1 ml, 1 ml (1/10), 1 ml (1/100), 1 ml (1/1000). Wastewater samples should be diluted as follows: 1 ml, 1 ml (1/10), 1 ml (1/100), 1 ml (1/1,000), 1 ml (1/10,000), 1 ml (1/100,000). 

Plant samples will be washed by using the Pulsifier-based method:

1. Place 10 g (10.00 -10.30 g) of produce in a stomacher bag. (The parts put in the stomacher bag should only be edible parts, i.e. leaf and stem from morning glory).

2. Add 90 ml of 0.9 % NaCl in mQ-water to the bag and make sure all the leaves are covered by liquid before placing the bag in the Pulsifier.

3. Pulsify for 30 seconds

4. Take out 1 ml from the stomacher bag to make the dilution series for the examination of thermotolerant coliforms. In Step 1 (see below), a further 3 ml will be taken from the stomacher bag for the undiluted series of the MPN-tubes (as there are three test tubes for each dilution).

5. Plant samples should be diluted as follows: 1 ml, 1 ml (1/10), 1 ml (1/100), 1 ml (1/1,000), 1 ml (1/10,000), 1ml (1/100,000).

3.2. Enumeration of thermotolerant coliforms 

Step 1

Water sample

· In a multi-hole test-tube keeper, 3 or 5 rows of 3 test-tubes containing lactose broth tubes are arranged. The first row includes 3 test-tubes containing double-strength lactose broth. 10 ml water is added to each tube in the first row. The second and third rows include 3 test-tubes containing single-strength lactose broth per each. 1 ml water is added to each tube in the second row and 1 ml containing 0.1 ml water is added to each tube in the last row.

Plant sample

· In a multi-hole test-tube keeper, 6 rows of 3 test-tubes containing lactose broth are arranged. 1 ml of original plant washing liquid is added to each tube in the first row. 1 ml (1/10), 1 ml (1/100), 1 ml (1/1,000), 1 ml (1/10,000) of plant washing liquid is respectively added to each tube in the 2nd, 3rd, 4th, 5th and 6th row. Depending on the level of thermotolerant coliforms the number of dilutions may have to be adjusted. 

· Test- tubes are incubated in incubator at 44 o C ( 0.5 for 18-28 hours.
· Interpretation of the result: only positive tubes (those with lactose fermentation and gas production) will be taken into account. Even tubes containing very small bubbles in Durham tubes are defined as positive. 
Step 2

· From each of positive tubes, identified in step 1, transfer one drop to a 5 ml tube of tryptone water. 

· Tubes are incubated at 44 ºC ± 0.5 for 24h.

· Add 0.1 ml (2 drops) Kovacs’ reagent to the tube of tryptone water: development of a red colour after gentle agitation denotes the presence of indole.

4. Results
Thermotolerant coliforms are coliforms which ferment lactose, produce gas and produce indole from tryptophan within 24h at 44 ºC ± 0.5. Only positive tubes of the 3 most diluted concentration will be used for enumerating thermotolerant coliforms. For instance, there are 2 positive tubes in 1/1000 dilution, 3 positive tubes in 1/100 dilution, 3 positive tubes at 1/10 dilution of water/plant washing liquid, thus the MPN figure is 3 3 2. Thermotolerant coliforms/100 ml will be enumerated by using the MPN table.

References :

ISO 9308 - 2 (1990). Water quality – Detection and enumeration of coliform organisms, thermotolerant coliform organisms and presumptive Escherichia coli - Part 2 : Multiple tube (most probable number) method.

Tay Nguyen Institute of Hygiene and Epidemiology (2000). Procedure in brief of microbiological water analysis.  Seminar on procedures of pathogenic bacteriological analysis November 7th- 10th, 2000.

Hoang Thuy Long (1991). Techniques of Medical Microbiological Analysis. Vietnamese Cultural Publishing House.

Annex for MPN method

Lactose dehydrated ox bile broth
	
	Single- strength
	Double- strength

	Beef extract
	5g
	5g

	Peptone
	10g
	10g

	Sodium chloride
	5g
	5g

	Lactose
	10g
	20g

	Dehydrated ox bile
	1,5g
	3g

	Distilled water
	1000 ml
	1000 ml

	Brilliant green in 1% alcohol
	0,2 ml
	0,4 ml


Lactose dehydrated ox bile broth (single-strength): dissolve the ingredients in boiling water. Adjust pH 7 ± 0.5. Add brilliant green solution. Filter and dispense 5-6 ml volumes to 16 mm tubes containing inverted Durham tubes.  Autoclave at 110 °C within 20 minutes. Lactose dehydrated ox bile broth (double-strength): dispense 10 ml volumes to 18 mm tubes containing inverted Durham tubes. Autoclave at 110 °C within 20 minutes.

Tryptone water 1-2%
	Tryptone
	10g/20g

	Sodium chloride
	5 g

	Distilled water
	1000 ml


Dissolve the ingredients in the water and adjust to pH 7.5. Distribute in 5 ml volumes and autoclave at 115°C for 10 minutes. Notice: The addition of 0.1% (m/m) L or DL tryptophan may improve the performance of the medium.

Kovacs’ reagent for indole

	p-dimethylaminobenzaldehyde
	5g

	amyl alcohol
	75 ml

	Hydrochloric acid ( p = 1.18 g/ ml)
	25 ml


Dissolve the aldehyde in the amyl alcohol. Add the concentrated acid with care. Protect from light and store at 4°C. Notice: The reagent should be light yellow to light brown in colour, some samples of amyl alcohol are un-satisfactory, and give a dark colour with aldehyde. REMEMBER TO WORK IN FUME HOOD WHEN USING KOVAC’S REAGENT!!!!!

Phosphate buffer solution:

	Potassium dihydrogen phosphate
	42,5 mg

	Magnesium chloride
	190 mg

	Distilled water
	1000 ml


Preparation:

a. Phosphate solution

Dissolve 34 g of the phosphate in 500 ml of distilled water. Adjust to pH 7.2 ± 0.5 with sodium hydroxide solution (1 mol/l) and make up to 1000 ml with distilled water.

b. Magnesium chloride solution

Dissolve 38 g of magnesium chloride in 1000 ml of distilled water.

Final solution

For use, add 1.25 ml of phosphate solution a) and 5.0 ml of magnesium chloride solution b) to 1000 ml of distilled water. Dispense in convenient volumes and sterilize by autoclaving at 121 ºC ± 1 °C for 15 minutes. The final pH should be 7.0 ± 0.1. 

Annex 2. Method for processing and analysis of water samples for helminth parasites (following WHO manual)

**Method description to be prepared by Tuan Anh, Dr. Hoa **

Processing and enumerating water samples for helminth eggs
1. Collect a sample of wastewater: 1 litter for raw, untreated wastewater

2. Allow the sample to sediment for 1-2 hours

3. Remove 90% pf the supernatant using suction pump or siphon

4. Transfer the sediment to one or more centrifuge tubes, depending on the volume, and centrifuge at 1000 g for 15 minutes.

5. Remove the supernatant. If more than one centrifuge tube has been used in step 4, transfer all the sediment to one tube and re-centrifuge at 1000 g for 15 minutes. 

5a. If impossible to enumerate helminth eggs immediately, from collected sediment, making mixture with 10% formalin according to ratio of three parts of 10% formalin to one part sediment. Transportation of the mixture to laboratory. Store at room temperature or 4 - 10oC in refrigerator for up to 2 months.

6. Suspend the pellet in an equal volume of acetoacetic buffer, pH 4.5 (for example: if the volume of the pellet is 2 ml, add 2 ml of buffer). If the pellet is less than 2 ml, add buffer up to 4 ml to ensure that, after extraction with ethyl acetate (steps 7 & 8), there is sufficient volume of buffer above the pellet to allow the ethyl acetate layer to be poured off without re-suspension of the pellet.

7. Add two volumes of ethyl acetate or ether (4 ml), and mix thoroughly in a vortex mixer. The sample may be shaken by hand.

8. Centrifuge the sample at 1000g for 15 min. The sample will now have separated into three distinct phases. All the non – fatty, heavier debris, including helminth eggs, larvae and protozoa, will be in the bottom layer. Above this will be the buffer, which should be clear. The fatty and other material moves into the ethyl acetate or ether and forms a thick dark plug at the top of the sample.

9. Record the volume of the pellet containing the eggs, and then pour off the rest of the supernatant in one smooth action. It may be necessary to loosen the fatty plug first by running a fine needle around the side of the centrifuge tube.

10. Re-suspend the pellet in five volumes of zinc sulphate solution (if the volume of the pellet is 1 ml, add 5 ml of ZnSO4). Record the volume of the final product (ml). Mix the sample thoroughly, preferably using a vortex mixer. Note that a minimum of 1.5 ml is required to fill a two – chambered McMaster slide.

11. Quickly remove an aliquot with a Pasteur pipette and transfer to a McMaster slide for final examination.

12. Leave the full McMaster slide to stand on a flat surface for 5 min before examination. This allows all the eggs to float to the surface.

13. Place the McMaster slide on the microscope stage and examine under 10( or 40( magnification. Count all the eggs seen within the grid in both chambers of the McMaster slide. For greater accuracy, the mean of two slides, or preferably three, should be recorded.

14. Calculate the number of eggs per litre from the equation:

N = AX / PV

Where:

N = number of eggs per litre of sample

A = number of eggs counted in the McMaster slide or the mean of counts from two or three slides.

X = volume of the final product (ml)

P = volume of the McMaster slide (0.3 ml)

V = original sample volume (litre)

Remember that, if a single – chamber McMaster slide is being used, P = 0.15 ml.

Annex 1C
PRODUCTION TO MARKET STUDIES

March 2005

Location of study:

1. Thanh Tri 
Waste water irrigated site with vegetable production

2. Long Bien  
Control site without waste water irrigation

Investigators:

DFVF/KVL team

Lise Tønner Klank

Heidi L. Enemark

Anders Dalsgaard

NIHE team

Phung Dac Cam

Vuong Tuan Anh


Nguyen Thuy Tram (will analyse for Cyclospora and take over analysis for Cryptosporidium and Giardia when Lise goes back to DK)

Nguyen Dang Tuan

Tran Minh Thu

Vietnamese resource persons:

One person to be trained in the washing method. 

Thu (Chung will also be trained to do washing vegetables and will replace THU after THU is on maternity leave from the beginning or middle of June.

This person should be able to continue the processing of vegetable samples for the remainder of the year.

One person for carrying out the questionnaires. 

Chung? (Chung will mostly carry out the questionnaire however, Tuan/Tuan Anh will assist Lise) when Lise would like to interview farmers in the field or traders in the market

It must be someone who is quite fluent in English.

When Lise has left for Denmark, Tram and Nha will have been trained in identifying the protozoans and shipping samples to Denmark for molecular typing. Thu will also learn how to identify protozoan parasites using the immuno-fluorescent assay and may be able to take over the analysis of samples when she is back from maternity leave at the end of 2005.

Time frame:

March 2005 – March 2006

During March to June 2005 when Lise is in Hanoi, the production system to market chain will be examined by sampling vegetables at the time of harvesting, transport, storage and up until being sold at markets. 

Morning glory has been chosen for the part of the study dealing with the production chain from field to market. The market studies, which will form a follow-up to part of Christine’s studies will include more vegetables (a minimum of two). Morning glory and marjoram, a popular herb eaten raw in Vietnam, and time permitting also water cress and water dropwort will be included in the market studies and in two smaller studies focusing on harvesting technique and post-harvest washing of vegetables.  

Objectives of study:

The objectives of these studies are:
1. To assess risk factors for contamination of vegetables consumed raw with protozoan parasites, from production system to market.

2. To assess risk factors for harvesting technique and post-harvest washing of selected vegetables. 

3. To formulate interventions to reduce risks for contamination of vegetables consumed raw with protozoan parasites.

Background:

A comparative study including the crop morning glory will be carried out. This study will follow the chain of events from when the crop is harvested in the field until the consumers buy it at the market. Morning glory is the only crop grown at both the wastewater irrigated field site and the control field site; therefore it was the obvious choice for this part of the study. In the table below are described the chain of events for morning glory, from field to market also indicating likely risk factors for contamination. Details of the sampling regimen are also given. 

At the wastewater field site in Hoang Liet, Thanh Tri,  the morning glory is harvested in the early morning and will continue to be so throughout the year. At the control site in Long Bien, morning glory is harvested in the afternoon until the beginning of May. Starting from May the morning glory will be harvested in the early morning as in the waste water field site. The following two tables describes the chain of event for both harvesting procedures and indicates when and how many samples are taken at each household.

Chain of events from field to market for morning glory harvested in the morning:

	Location
	Action
	Risk factors for contamination
	Sampling
	Number of samples per household / field

	Field
	Harvested in the early morning 
	Harvesting technique

Water in bucket
	Samples from 6 households per field site, 2 replicates for each 
	2 replicates

harvested by us 

2 replicates

harvested by farmer and not washed in fishpond



	Fishpond


	Vegetables are washed in fishpond
	Washing of vegetables

Storing conditions
	Samples from same households as above. 

Farmer will take two samples of 50 g aside before washing the crop


	2 replicates

harvested by farmer and washed in fish pond:



	Transport
	Vegetables are transported in baskets on bicycle. During transport, vegetables are refreshed with water
	Water splashing

Cross contamination
	Samples from same  households as above.
	2 replicates

immediately after arrival to market.

	Market
	Vegetables are displayed at vendor and refreshed with water
	Water splashing

Cross contamination from other vegetables
	
	This will be a separate study including market traders supplied from the two field sites

2 vendors

2 or 3 crops

2 replicates

	Total number of samples
	
	
	
	8 per household

Market study:

8 – 12 samples per sampling occasion


Chain of events for harvest of morning glory in the afternoon

	Location
	Action
	Risk factors for contamination
	Sampling
	Number of samples per household / field

	Field
	Harvested in the afternoon.

Morning glory is put in bucket with water
	Harvesting technique

Water in bucket
	Samples from 6 households, 2 replicates for each 
	2 replicates

harvested by us 

2 replicates

harvested by farmer and not put in bucket with water

2 replicates

after exposure to water in bucket

	Household
	Vegetables are washed and stored in house
	Washing of vegetables

Storing conditions
	Samples from 6 households. Ask farmer to take samples aside before driving to market.
	2 replicates

	Transport
	Vegetables are transported in baskets on bicycle. During transport, vegetables are refreshed with water
	Water splashing

Cross contamination
	Samples from 6 households. Ask farmer to take sample aside before returning home from delivery to market.
	2 replicates

	Market
	Vegetables are displayed at vendor and refreshed with water
	Water splashing

Cross contamination from other vegetables
	
	This will be a separate study including market traders supplied from the two field sites

2 vendors

2 or 3 crops

2 replicates

	Total number of samples
	
	
	
	12 per household


Equipment needed:

Plastic bags for individual samples 

Labels to identify samples

Sterile gloves for harvesting

Sterile scissors/knife for harvesting

Waders 

Permanent markers

Cooling container and ice bags, to keep samples at temperatures between 4 and 10(C.

Questionnaires to be used for observations in the field, for transport and on the market.

Further description of the production to consumer – steps:

1. Production site

Two sites are sampled from: one site which is waste water irrigated and one site which is not waste water irrigated, but irrigated with rain water from a collection pond.

One type of aquatic plant will be tested on both sites, namely morning glory.

Questionnaires based on interviews and observations in the field and as part of the skin disease questionnaire will be carried out. These will cover issues such as type of irrigation system, hygienic conditions for field workers and occupational health issues for workers.

Water used for irrigation will be sampled and tested for helminth eggs and thermotolerant coliforms. This will be carried out in the frames of the PAPUSSA project, where irrigation water quality will be monitored.

Information about the use of fertilizer and pesticides will also be collected. 

To further assess the effect of harvesting technique on the contamination of vegetables, samples will be taken at harvest time: 10 harvested by me/NIHE staff, 10 harvested by field worker. Repeat for other crops than morning glory at both field sites if possible. 

A similar study will be conducted to study the effect of post-harvest washing on the contamination of vegetables.

2. Transport

Observations will be made regarding the practical arrangements concerning transport of the produce. Questionnaires will be carried out. They deal with issues such as the type and condition of vehicle used for transport and how vegetables are arranged in/on the vehicle during transport.

Harvested produce will be sampled after transport to the end destination (and at intermediate distribution market if one is included).

If vegetables are sprinkled with water at any time during or at the arrival at end station, the water source will be tested for its content of protozoans, helminth eggs and thermotolerant coliforms.

3. Distribution market

Samples will be taken here if relevant.

Questionnaires will be carried out as described in 2.

4. Market

This forms a separate study, but will include market traders supplied with morning glory and other vegetables from the two field test sites.

Vegetables should have been at display for several hours (until late morning or midday) and have experienced splashing with water.

Questionnaires based on those used by Christine in her studies, will be carried out.

Water samples of 1 litre will be taken from water sources used for splashing vegetables before sale and examined for protozoan parasites, helminth eggs and thermotolerant coliforms.

Number of samples:

To follow the chain from production to consumer, samples will be taken from 6 households at each of the two sites and at each important point in the chain, i.e. before harvest (NIHE staff harvests the produce), after harvest (by farmer), before washing the produce in the fishpond, after transport and finally, in a subsequent study, from vendor at market; a total of 5 sampling points.

The samples from a total of 12 households will be taken during a time period of 6 weeks. This sampling will be carried out at least three times during one year to be able to look for a seasonal variation. The sampling has to be spread out over 6 weeks due to logistic considerations in the lab.

One sample consists of a minimum of 20 g of produce, 10 g for parasitological analysis and 10 g for bacteriological and helminth egg analysis. To be certain to have enough for two replicates, replicate samples of approximately 50 g will be taken.

As there are two production areas and 6 households for each, i.e. one complete sampling occasion consists of:

2 sites x 6 households x 4 sampling points x 2 replicates = 96 samples

This number of samples will have to be spread over 6 weeks to allow for adequate time for processing and analysing samples. In this way two households at either site (total = 2/week) may be sampled during one week, totalling 20 samples to be analysed during that week. A total sampling occasion may therefore be carried out once during Lise’s stay in Hanoi. As the total sampling occasion will be repeated once or twice during one year, a maximum of approximately 300 samples will be examined for this part of the study.
Market study
The market study will take place in 2 to 4 markets identified in the studies from field to market described above, so that markets supplied by the two field sites can be included in the study. Two vendors will be chosen at each market and from these vendors two crops will be sampled (the interviewer will buy two types of crops from the market trader). The crops to be included in this study are: morning glory, marjoram (as this was the crop where Christine found most protozoans) and possibly water cress and water mimosa. Water used for sprinkling the vegetables will be sampled when the vegetables are bought, using one 1 litre blue-cap bottle. The market study will include a maximum of 8 samples per week, as we will on each sampling occasion sample from 2 market traders, 2 crops from each and with 2 replicate samples for each combination. A modified version of Christines questionnaire will be conducted when purchasing the vegetables. Vegetable samples will be processed as described for the field to market study and analysed for protozoan parasites, thermotolerant coliforms and helminth eggs. Water samples will be analysed for thermotolerant coliforms and helminth eggs.
Sampling procedure:

Collect (i.e. purchase) 2 bundles of morning glory and 2 bundles of marjoram from one of two traders identified in the field to market study. Conduct questionnaire. Repeat for second market trader. 

Each bundle of vegetables should be placed in an individual plastic bag and labelled with sample id and sampling date. Samples should be placed in a cooling box containing ice packs. There should be no direct contact between samples and ice packs, therefore the icepacks should be wrapped in paper or a towel!!

Water samples are collected into 1 litre sterile blue-cap bottles. If water is taken from a larger basin or tank, immerse the flask 20-30 cm below the water surface and take of the lid. The bottle should be almost full when replacing the cap, still below the surface of the water. If a water sample is taken from a smaller container, pour water from this container into the 1 litre bluecap bottle. Remember to wear gloves. Water samples should be transported to the lab as soon as possible for further processing.
WORKPLAN FOR ONE WEEK – Morning glory study

	Weekday
	Morning

8 – 11.30
	Afternoon

14-17
	Number of samples

	Monday
	
	Prepare for sampling
	

	Tuesday
	WW or Control site:

sample two households in the field

make observations and fill in questionnaire. Conduct transport questionnaire.

Lab: start processing 16 samples. Stop before flotation step.

Start analysis for thermotolerant coliforms. Prepare samples for helminth egg analysis.
	Lab: 

Continue processing samples.

Put subsample on 8 slides to dry overnight. 
	2 x 8/10 = 

16 or 20

	Wednesday
	Fix and stain slides

Microscopy 8 samples

Bacteriology: Identify test tubs positive for acid and gas production. Transfer one drop to tryptone and incubate
	Continue microscopy 

Put subsample on 8 slides to dry overnight.
	

	Thursday
	Fix and stain slides

Microscopy 8 samples

Add Kovacs reagent to identify test tubes positive for thermotolerant coliforms.

Chung: collect 8 samples from market

+ water sample


	Finish microscopy

Process 8 samples
	8

	Friday


	Lab: prepare for samples coming in during the following week
	
	

	Total number of samples in one week
	
	
	24-28


Sampling procedure at production site
Questionnaires/observations will be carried out during the time spend at the production site to collect samples.

The first produce samples will be taken by interviewer/researcher directly from the same field where the crop has been harvested the same morning by the field workers. 

Collect 2 x 50 g of the crop using a sterile instrument (knife or scissors) for harvesting and immediately put into two individually labelled plastic bags. Remember to wear gloves when collecting the samples. The samples should be taken from two different places in the field.  

The samples should be stored in a cooling box until processing can start in the lab at NIHE.

A cooling box + icepacks will be supplied by NIHE on the day before sampling.

A produce sample will be taken by the farmer before he washes the crop in the fishpond (2 replicates of 50 g).

A second produce sample (also 2 replicates of 50 g) will be taken by the farmer after the crop has been washed in the fishpond. 

A water sample will be taken from the irrigation water source. To get a representative sample this should be done 3 times during one day and the three samples mixed before analysis. Using a sterile 1 litre bluecap bottle, immerse in water container. Do not open the bottle until it is 30 cm below the water surface. Do not fill the bottle entirely as it should be possible to mix the sample later on. Replace the cap and tighten still below the water surface. Remember to wear gloves! Bring sample to lab for further processing as soon as possible.

Sampling procedure immediately before/after transport

Information about transport will be collected using a questionnaire. 

Interviewer will collect information based on a combination of observations made and questions asked to the farmer in the commune before and after the crop is transported. The transport will be followed physically as one NIHE person will follow the person transporting the produce to the market.

Material adequate for 2 replicate samples will be taken from the vegetable/-s of interest immediately after arrival to the market. 

Procedure:

Two samples of 50 g each will be taken from 2 randomly chosen places in the bundle of vegetables on the bicycle or motorbike and immediately put into two individually labelled plastic bags. Samples will be stored in cooling box brought along by NIHE staff.  

Sampling procedure at distribution market (when relevant)

Two samples of 50 g each will be collected randomly from the bundles/batch of vegetables.

Samples are put in individually labelled plastic bags immediately and stored in cooling bag until further analysis.

Remember to wear gloves when collecting the samples.

Sampling procedure at vegetable market (separate study)

Two replicate samples of 50 g from each of two different crops will be collected from stalls at the market supplied from field site. The samples will be taken in the late morning to ensure that vegetables have experienced some splashing with water.

Samples are put in individually labelled plastic bags immediately and stored in a cooling bag until further analysis. Samples should not have direct contact to cooling elements/ice blocks. A water sample will be taken from the water source used for sprinkling the vegetables. Using a sterile 1 litre bluecap bottle, immerse in water container. Do not open the bottle until it is 30 cm below the water surface. Do not fill the bottle entirely as it should be possible to mix the sample later on. Replace the cap and tighten still below the water surface. Remember to wear gloves! Bring sample to lab for further processing as soon as possible.

Study focusing on the effects of harvesting technique and on the effect of washing vegetables post-harvest.

This study will include up to 4 households at the wastewater irrigated field site. The study will take place in the middle of April after the first sampling for the morning glory study has taken place.

The crops to be tested are Water Dropwort and another crop, either water cress or water mimosa, also grown at the wastewater irrigated field site.

A total maximum of samples for this study will be 4 x 40 = 160 samples.
Chain of events from field to transport and sampling regime for Water dropwort at WW-site:

	Location
	Action
	Risk factors for contamination
	Sampling
	Number of samples per household / field

	Field
	Harvested in the afternoon. Pulled out manually.


	Harvesting technique


	Samples from up to 4 households, 10 replicates for each 
	10 replicates

harvested by us before farmer starts harvesting 

10 replicates

harvested by farmer

	Fishpond
	Vegetables are washed in the fishpond in the afternoon and taken to the household
	Washing of vegetables

Water quality in fishpond
	Samples from up to 4 households. 

Samples will be taken immediately after washing in fishpond and before washing produce in tap water in household
	10 replicates

	Household
	Vegetables are washed in household tap water and stored in water overnight.
	Tap water quality

Storing conditions
	Samples will be taken by the farmer early in the morning before he leaves for the market.
	10 replicates

	Total number of samples
	
	
	
	40 per household


Morning glory study - Checklist for field sampling

Equipment

· Gumboots/waders

· 2 pairs of Latex gloves per household

· 2 sterile scissors or knives for harvesting plants

· 8 labelled plastic bags per household (+ 2 extra)

· 2 cooling boxes for transport of samples

· Cooling units for cooling boxes

· 2 Questionnaires / information sheets; one for field site and one for transport

Samples to be collected:

Morning, 6 am:

a) 2 samples harvested by us from the field

b) 2 samples harvested by farmer and NOT washed in fish pond

c) 2 samples collected after having been washed in fish pond

d) 2 samples collected immediately after arrival to market

Ad a) 

Collect 2 x 50 g of the crop using a sterile instrument (knife or scissors) for harvesting and immediately put into two individually labelled plastic bags. Remember to wear gloves when collecting the samples. The samples should be taken from two different places in the field that has been harvested from earlier the same morning.  The samples should be stored in a cooling box until processing can start in the lab at NIHE.

Complete field site questionnaire.

Ad b)

Collect 2 x 50 g from the crop harvested by the farmer and before he washes the crop in the fishpond. Treat as above.

Ad c)

Collect 2 x 50 g of the crop that has been harvested by the farmer AND washed in fishpond. Treat as above.

Ad d)

Collect 2 samples of 50 g from two different bundles of morning glory immediately upon arrival to the market. Treat samples as above. Identify which vendors are selling the crop for possible later sampling. Complete transport questionnaire.

 Procedure for sample processing



Protocol for detection of Cryptosporidium and Giardia on produce

Wash method for vegetables (Heidi Enemark, DFVF, personal communication)

6. Place 10 g of produce in a stomacher bag. 

7. Add 100 ml of 0.01% TWEEN20 (diluted in MQ-water) to the bag and ensure that all leaves are covered by liquid before placing the bag in the Pulsifier.

8. Pulsify for 30 seconds and immediately pour the contents of the stomacher bag into two 50 ml centrifuge tubes. 

9. Centrifuge tubes for 10 min at 1540 g. Carefully remove the supernatant with a vacuum suction pump, leaving approximately 5 ml. 

10. Add 100 ml of 0,01% TWEEN20 (diluted in mQ-water) to the stomacher bag containing the produce, and ensure that all leaves are covered by liquid before placing the bag in the Pulsifier.

11. Pulsify for 10 seconds, and pour the contents of the stomacher bag into the two 50 ml centrifuge tubes used in step 3 – 4. 

12. Centrifuge for 10 min. at 1540 g. Carefully remove the supernatant with a vacuum suction pump, leaving approximately 5 ml in one tube and 35 ml in the other. Vortex to resuspend the pellets and transfer the 5 ml from the first tube to the second tube. Wash the first tube with 5 ml MQ-water and transfer the washing to the second centrifuge tube to a final volume of appr. 45 ml. 

13. Centrifuge for 10 min at 1540 g. Carefully remove the supernatant, with a vacuum suction pump, leaving approximately 5 ml.

14. Vortex to resuspend the pellet and transfer to a 15 ml centrifuge tube. Wash the 50 ml centrifuge tube with 5 ml of MQ-water and transfer to 15 ml tube to a final volume of 10 ml.

15. Place a Pasteur pipette in the 15 ml centrifuge tube and add 5 ml 1:1 Flotation liquid into the Pasteur pipette using an automatic pipette, thus depositing the flotation liquid at the bottom of the tube.

16. Centrifuge tubes for 1 min. at 53 g.

17. Transfer as much of the supernatant as possible to a new 15 ml centrifuge tube. Discard the pellet.

18. Centrifuge for 10 min. at 1540 g. Carefully remove the supernatant with a vacuum suction pump, leaving approx. 2 ml. Vortex to resuspend pellet. Add MQ-water to a volume of 14 ml. 

19. Repeat step 13 once.

20. Carefully remove the supernatant vacuum suction pump, leaving a volume of approx. 2 ml.

Colouring and counting:

21. Resuspend the pellet, take out a subsample of 200 (l and place on a Teflon printed diagnostic slide

22. Dry the slide at 37 0C for approx. 2-3 hours or overnight at room temperature in the dark.

23. Fixate sample by placing in a giemsa basin for 5 min. and let the slide air-dry. Alternatively, place 50 (l of acetone on each well and allow to dry (in fume hood) for appr. 5 min.

24. Stain with anti-crypto/giardia fluorescent monoclonal antibodies (CELLABS). Dye and mounting buffer should have reached room temperature before use. Add 20 (l dye to each well on the slide and make sure the entire well is covered.

25. Incubate at 370C for 45 min. in a humidity chamber in the dark.

26. Carefully aspirate the dye from the well by placing the tip of the pipette at the edge of the well while tipping the slide. Remember to use a new tip for each new well. 

27. Carefully add 100 (l of PBS to each well and aspirate. 

28. Repeat step 22 once. 

29. After the second wash add 6 (l of mounting buffer to the well and place a cover slip on top – avoid bubbles.

30. The slide should be kept in the dark until counted under a fluorescence microscope using an x20 objective. The entire well is counted.

Storage and shipment of samples

31. The remainder of the sample in step 15 is centrifuged for 10 min. at 1540 g. Carefully reduce volume to 1 ml. Vortex to resuspend pellet and transfer to an Eppendorf tube. Wash 15 ml tube once with 0.5 ml of MQ-water.

32. Centrifuge for 5 min. at 1540 g and reduce volume to 0.75 ml.

33. Add 0.75 ml of 2.5 % K2Cr2O7. Store at 4 °C. 

Consumables

· MQ-water

· PBS

· 1:1 flotation fluid (saturated sugar-salt solution diluted 1:1 with MQ-water)

· 0,01% TWEEN20 (diluted in MQ-water)

· 2.5 % K2Cr2O7 – to be added 1:1 to samples for storage and shipping

· latex gloves

· automatic pipettes; 5-40(l, 20-200(l, 200-1000(l, 2-5 ml

· pipette tips; 3 str.

· stomacher `80´ bags (Seward)

· 100 ml måleglas

· 1000 ml flasker

· 15 ml centrifuge tubes with conical tip

· 50 ml centrifuge tubes with conical tip; alternatively glass centrifuge tubes

· vacuum suction pump

· 5 ml glass pipettes

· plastic wash bottle

· Pasteur pipettes

· Treated Microscope Slide/Teflon printed diagnostic slide

· Acetone

· Giemsa chamber

· Crypto/Giardia Cel IFA-kit fra CELLABS

· 24 x 50 mm cover slips

· Eppendorf tubes for storing and shipping samples to Denmark

· large petri dishes (d=18 cm) to be used as humidity chambers

Larger equipment

· pulsifier 

· centrifuge for 15 og 50 ml centrifuge tubes 

· Incubator

· Epifluorescence microscope          

Protocol for thermotolerant coliform bacteria

Detection and Enumeration of thermotolerant coliforms in water samples/plant samples by using MPN method (most probable number)

5. Principle

Detecting and enumerating thermotolerant coliforms in water/plant samples is based on lactose fermentation, gas production and indole production from tryptophane at 44 ºC within 24h. Numbers of thermotolerant coliforms on multiple tubes of different dilutions then are enumerated by using the MPN table.

6. Media and materials 

· Double and single - strength lactose dehydrated ox bile broth containing inner inverted Durham tubes.

· Tryptone water for indole production.

· Kovacs’ reagent.

· Sterile phosphate buffer solution.

· Pasteur pipettes, inoculate loop, Bunsen burner, test-tubes, test- tube racks.

· 44 ºC incubator.

7. Procedure of detection 

3.1. Sample preparation

Diluting water samples should be considered according to the type of water, be it from untreated or treated, clean or contaminated water sources. For instance, tap water and well water samples should be diluted as follows: 10 ml, 1 ml, 1 ml (1/10). Surface water samples should be diluted as follows: 10 ml, 1 ml, 1 ml (1/10), 1 ml (1/100), 1 ml (1/1000). Wastewater samples should be diluted as follows: 1 ml, 1 ml (1/10), 1 ml (1/100), 1 ml (1/1,000), 1 ml (1/10,000), 1 ml (1/100,000). 

Plant samples will be washed by using the Pulsifier-based method:

34. Place 10 g (10.00 -10.30 g) of produce in a stomacher bag. (The parts put in the stomacher bag should only be edible parts, i.e. leaf and stem from morning glory).

35. Add 90 ml of 0.9 % NaCl in mQ-water to the bag and make sure all the leaves are covered by liquid before placing the bag in the Pulsifier.

36. Pulsify for 30 seconds

37. Take out 1 ml from the stomacher bag to make the dilution series for the examination of thermotolerant coliforms. In Step 1 (see below), a further 3 ml will be taken from the stomacher bag for the undiluted series of the MPN-tubes (as there are three test tubes for each dilution).

38. Plant samples should be diluted as follows: 1 ml, 1 ml (1/10), 1 ml (1/100), 1 ml (1/1,000), 1 ml (1/10,000), 1ml (1/100,000).

3.2. Enumeration of thermotolerant coliforms 

Step 1

Water sample

· In a multi-hole test-tube keeper, 3 or 5 rows of 3 test-tubes containing lactose broth tubes are arranged. The first row includes 3 test-tubes containing double-strength lactose broth. 10 ml water is added to each tube in the first row. The second and third rows include 3 test-tubes containing single-strength lactose broth per each. 1 ml water is added to each tube in the second row and 1 ml containing 0.1 ml water is added to each tube in the last row.

Plant sample

· In a multi-hole test-tube keeper, 6 rows of 3 test-tubes containing lactose broth are arranged. 1 ml of original plant washing liquid is added to each tube in the first row. 1 ml (1/10), 1 ml (1/100), 1 ml (1/1,000), 1 ml (1/10,000) of plant washing liquid is respectively added to each tube in the 2nd, 3rd, 4th ,5th and 6th row. Depending on the level of thermotolerant coliform the number of dilutions may have to be adjusted. 

· Test- tubes are incubated in incubator at 44 o C ( 0.5 for 18-28 hours

· Interpretation of the result: only positive tubes (those with lactose fermentation and gas production) will be taken into account. Even tubes containing very small bubbles in Durham tubes are defined as positive. 
Step 2

· From each of positive tubes, identified in step 1, transfer one drop to a 5 ml tube of tryptone water. 

· Tubes are incubated at 44 ºC ± 0.5 for 24h.

· Add 0,1 ml (2 drops) Kovacs’ reagent to the tube of tryptone water: development of a red colour after gentle agitation denotes the presence of indole.

8. Results
Thermotolerant coliforms are coliforms which ferment lactose, produce gas and produce indole from tryptophan within 24h at 44 ºC ± 0,5. Only positive tubes of the 3 most diluted concentration will be used for enumerating thermotolerant coliforms. For instant, there are 2 positive tubes in 1/1000 dilution, 3 positive tubes in 1/100 dilution, 3 positive tubes at 1/10 dilution of water/plant washing liquid, thus the MPN figure is 3 3 2. Thermotolerant coliforms/100 ml will be enumerated by using the MPN table.

References :

ISO 9308 - 2 (1990). Water quality – Detection and enumeration of coliform organisms, thermotolerant coliform organisms and presumptive Escherichia coli - Part 2 : Multiple tube (most probable number) method.

Tay Nguyen Institute of Hygiene and Epidemiology (2000). Procedure in brief  of microbiological water analysis. Seminar on procedures of pathogenic bacteriological analysis November 7th - 10th, 2000.

Hoang Thuy Long (1991). Techniques of Medical Microbiological Analysis. Vietnamese Cultural Publishing House.

Annex for MPN method

Lactose dehydrated ox bile broth
	
	Single- strength
	Double- strength

	Beef extract
	5g
	5g

	Peptone
	10g
	10g

	Sodium chloride
	5g
	5g

	Lactose
	10g
	20g

	Dehydrated ox bile
	1,5g
	3g

	Distilled water
	1000 ml
	1000 ml

	Brilliant green in 1% alcohol
	0,2 ml
	0,4 ml


Lactose dehydrated ox bile broth (single-strength): dissolve the ingredients in boiling water. Adjust pH 7 ± 0,5. Add brilliant green solution. Filter and dispense 5-6 ml volumes to 16 mm tubes containing inverted Durham tubes. Autoclave at 110 °C within 20 minutes. Lactose dehydrated ox bile broth (double-strength): dispense 10 ml volumes to 18 mm tubes containing inverted Durham tubes. Autoclave at 110 °C within 20 minutes.

Tryptone water 1-2%
	Tryptone
	10g/20g

	Sodium chloride
	5 g

	Distilled water
	1000 ml


Dissolve the ingredients in the water and adjust to pH 7.5. Distribute in 5 ml volumes and autoclave at 115°C for 10 minutes. Notice: The addition of 0.1% (m/m) L or DL tryptophan may improve the performance of the medium.

Kovacs’ reagent for indole

	p-dimethylaminobenzaldehyde
	5g

	amyl alcohol
	75 ml

	Hydrochloric acid ( p = 1.18 g/ ml)
	25 ml


Dissolve the aldehyde in the amyl alcohol. Add the concentrated acid with care. Protect from light and store at 4°C. Notice: The reagent should be light yellow to light brown in colour, some samples of amyl alcohol are un-satisfactory, and give a dark colour with aldehyde. REMEMBER TO WORK IN FUME HOOD WHEN USING KOVAC’S REAGENT.
Phosphate buffer solution:

	Potassium dihydrogen phosphate
	42,5 mg

	Magnesium chloride
	190 mg

	Distilled water
	1000 ml


Preparation:

c. Phosphate solution

Dissolve 34 g of the phosphate in 500 ml of distilled water. Adjust to pH 7.2 ± 0.5 with sodium hydroxide solution (1 mol/l) and make up to 1000 ml with distilled water.

d. Magnesium chloride solution

Dissolve 38 g of magnesium chloride in 1000 ml of distilled water.

Final solution

For use, add 1.25 ml of phosphate solution a) and 5.0 ml of magnesium chloride solution b) to 1000 ml of distilled water. Dispense in convenient volumes and sterilize by autoclaving at 121 ºC ± 1 °C for 15 minutes. The final pH should be 7.0 ± 0.1. 

Helminth eggs – WHO method; see manual

Protocol for preparing samples for helminth egg analysis at Dr. Hoa’s lab in the Friendship hospital

Perform this analysis on solution for bacteriological analysis

Water analysis method (PAPUSSA – project)

Method for water analysis: bacteriological analysis will be done by NIHE whereas physio-chemical analysis will be done by RIA1

Microbiological parameter for testing bacteriological quality of water will be thermotolerant coliforms MPN method will be used for enumerating thermotolerant coliforms in water samples (its description is indicated in the Annex as above described 

Molecular typing of protozoans

To take place in Denmark, at least initially.

Details of methodology will be added later.

Quiagen stool kit will be used for DNA-extraction

Identify risk factors by statistical analysis

Binomial or Multinomial Logistic Regressions can be used for identification of possible risk factors by using SPSS 10 software. STATA may also be used.

Annex 1D
Water and Food Safety Protocols
1.  Title
Microbiological water quality and food safety of aquatic plants produced in peri-urban wastewater in Boeng Cheung Ek lake, Phnom Penh, Cambodia

2. Objectives

2.1. Overall objective:

Capacity of wastewater treatment of Boeng Cheung Ek lake, Phnom Penh and food safety of aquatic plants produced in the lake have been assessed.
2.2. The immediate objectives
1. Assessing the level of variation of numbers of Escherichia coli and helminth eggs in wastewater of Boeng Cheung Ek lake at points of entry and exit

2. Determining the numbers of Escherichia coli, helminth eggs and protozoan parasites in aquatic plants grown in Boeng Cheung Ek lake including samples harvested with and without wastewater exposure.
3. Assessing microbiological water quality to which farmers are exposed during culturing aquatic plants.
The immediate study objective no 1 will assess the reduction in numbers of two key microbiological parameters when wastewater is flowing through the lake. Several households are located in/around the lake and have as their main occupation to grow water spinach in the lake wastewater. As occupational exposure to pathogens and other micro-organisms in wastewater during water spinach culture may be associated with health risk, the immediate study objective no 3 will assess the microbiological water quality that farmers are exposed to during their occupation of culturing water spinach. It is well-known that vegetables and aquatic plants grown in wastewater may be contaminated with fecal micro-organisms, including parasites. The immediate study objective no 2 will assess the microbiological food safety of water spinach grown in wastewater in the lake, including the analyses of samples harvested with and without direct wastewater exposure/contact.

3. Study period

The microbiological analyses of water and aquatic plant samples will be conducted as a pilot study from Aug to Nov 2004. Then a study will be carried out for a period of three months after which the results will be evaluated and decisions made on a possible extension of the study. The study period of three months will begin on 7 Dec 2004 immediately after the PAPUSSA RUA Team returns from the P & P meeting in Penang, Malaysia.

4. Introduction of the study site

4.1. Information of the study site (Boeng Cheung Ek lake)

Boeng Cheung Ek lake 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 throughout a stream named STEUNG CHROV. The other discharges wastewater from the lake into Prek Thmey stream before wastewater flowed into Prek Thnot river. However, this outlet is always dry during the dry season (in Phnom Penh, the dry season often starts from the beginning of November and ends in the end of April, annually). Prek Thnot brings naturally treated wastewater into the Bassac River, a lower branch of Cambodian Mekong River.

Morning glory (white stem morning glory)/water spinach mostly is grown in Bueng 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. In the end of the day, harvested morning glory is collected by the wholesalers and is carried to the local market by truck, motorbike and bicycle for sale.

In the dry season, the water level in Boeng Cheung Ek lake goes down and somewhere in the lake water is empty. Therefore, morning glory is not grown well in some areas of the lake during the dry season. In the rainy season, almost all the areas around the lake are 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 the 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. 

Another studied wastewater site selected is a 1 ha fish station pond (located in Phum 4 village, Chraing Chamres I commune, Russey Koev district, Phnom Penh, approx. 4 kms far from Prek Pneu lake). This pond receives mostly rain water during the rainy season. However, in the dry season, water is often pumped from O Veng canal (300 meters away from the fish station pond) by farmers into the fish station pond due to lack of rain. Therefore, wastewater samples will be collected in the rainy season from the fish station pond and from O Veng canal in the dry season. 

4.2. Information of selected control sites

Boeng Samrong (Prek Phnov) lake has been selected as one of control sites by PAPUSSA team in Phnom Penh. It is a big lake located 15 kms far from the centre of Phnom Penh. Non-wastewater samples will be collected from this lake during both seasons. However, water spinach is not found to be grown in this lake.

Therefore, the control site for morning glory samples will be identified by NIHE and PAPUSSA project. One control site suggested by local PAPUSSA project coordinator and then selected by NIHE researcher is a private pond located in Cheung Ek village, Cheung Ek commune, Dang Kor district, Phnom Penh approximately 2 kms far from the Royal University of Agriculture. This private stagnant pond mainly receives rain water. Morning glory (red stem morning glory) is seen to be grown here. Several households located around this stagnant pond harvest morning glory for human consumption and animal feeding. Perhaps, domestic wastewater is discharged into this pond also.

5. Materials and Methods

5.1. Location of sampling points

5.1.1. Water sampling
Wastewater samples will be collected at the two points of wastewater entries into Boeng Cheung Ek lake. One sampling site will be at the inlet of the JICA pumping station and the other sampling site will be at the Boeng Trabek pumping station (old pumping station). Two outlet sampling points will be sampled, including one sampling point located where the wastewater is running into the STEUNG CHROV stream and a second site will be sampled at the other outlet of the lake. At each sampling time, samples must be collected from the same location at each of the four sites.

Water samples will also be collected at two sites at the non-wastewater control sites. One is at the middle of Prek Pneu lake (accessing to the middle of the lake by a boat). The other sampling site is at the non-wastewater fish station pond/O Veng canal in Phum 4 village, Chraing Chamres I commune, Russey Koev district, Phnom Penh. The two sampling points will be identified and agreed upon by RUA and NIHE. Samples are collected from two different sampling sites in order to assess any variation in findings in different locations.

NIHE will together with the RUA Team visit the Boeng Cheung Ek lake and the control sites to agree on the exact location of the sampling points. All sampling points chosen must be accessible in the both wet and dry seasons (either by motorbike, on foot, or by boat).

Sampling points are proposed to be selected at points of 100 m far from the bank of the BCE lake in order to assure water existing at the time of sampling in both season. A boat will be used to access this point.  

5.1.2. Water spinach sampling
Water spinach samples will be collected in the Boeng Cheung Ek lake at the same four sampling points from which wastewater is collected. In case of impossibility of sampling water spinach at the wastewater sampling points, water spinach samples are able to be collected as close as possible to these four wastewater sampling points. 

Water spinach will NOT be collected from the control site not exposed to wastewater as water spinach are apparently not grown at the control site. Instead water spinach samples will be collected at a private pond in Cheung Ek village, Cheung Ek commune, Dong Kor district, Phnom Penh where water spinach is grown in non-wastewater. 

5.2. Sampling frequency and quantity of samples

Water samples should be collected using 1) hands with any kinds of gloves submerging the sterile flaks below the water surface for 20-30 cm or 2) a bottle keeper. For the cutting and collection of water spinach samples, plastic gloves, e.g. surgical plastic gloves, should be used. Such gloves should be commercial available in Phnom Penh or can be brought to Phnom Penh by NIHE.

5.2.1. Water sampling
WASTEWATER samples will be collected weekly at the four sampling points in the Boeng Cheung Ek lake for a period of three months. Totally, 48 wastewater samples will be collected during this period.

Two water samples will be collected weekly at the two control sites. One sample will be collected at Prek Pneu lake and the other will be collected at the fish station pond/O Veng canal in Phum 4 village, Chrang Chamres I commune, Reseykeo district, Phnom Penh. These sites are currently used for the monitoring surveys. Totally, 24 water samples will be collected during this period.

5.2.2. Water spinach sampling
As water spinach samples cannot be processed at RUA by a method with an acceptable and documented sensitivity for identification/enumeration of parasites, water spinach samples will not be collected regularly by the RUA Team for analyses.

Instead, a number of samples will be collected from the Boeng Cheung Ek lake and from the control site and brought to Hanoi for analyses at NIHE. Thus, sampling will only be done in association with NIHE staff visiting Phnom Penh or other PAPUSSA staff travelling between Hanoi and Phnom Penh.

The frequency of sampling can not be stated as this will depend on when PAPUSSA staff will travel between Phnom Penh and Hanoi. However, it is anticipated that water spinach samples will be collected for analyses approx. four times, including two times in the dry season and two times in the wet season. 

In Boeng Cheung Ek lake, two types of samples will be collected during each sampling time at the four sampling points (same points as water collection sites): 1) stem and leafs of water spinach harvested carefully with a clean knife/scissor with non-exposure/contact of the harvested plant material with the lake wastewater; and 2) stem and leafs of water spinach that after harvest have been fully submerged 5 times in wastewater at the point of sampling.

At the control site with water spinach cultivation (a private pond located in Cheung Ek village, Cheung Ek commune, Dong Kor district, Phnom Penh), two types of samples will also be collected during each sampling time 1) stem and leafs of water spinach harvested carefully with a clean knife/scissor with non-exposure/contact of the harvested plant material with water in the pond; and 2) stem and leafs of water spinach that after harvest have been fully submerged 5 times in water at the point of sampling.

With an anticipation of 4 sampling times of water spinach, a total of 4 * 8 ( 32 samples (including 4 non-wastewater submerged and 4 wastewater-submerged samples) will be collected in the Boeng Cheung Ek lake.  A total of 4 x 4 ( 16 samples (including 2 non-wastewater submerged and 2 wastewater-submerged samples) will collected at the private pond in Cheung Ek village, Cheung Ek commune, Dong Kor district, Phnom Penh.

5.3. Sampling method, transport and storage before analyses
5.3.1. Water sampling method
To reduce daily temporal variation, composite water samples of a volume of 1-L will be analyzed consisting of sub-samples of three 1-L samples collected at approx. 8, 10, and 12 h. 

At each sampling point, a sterile 1-L plastic flask (made in carbon) provided by the Pasteur Institute will be submerged about 20-30 cm below the water surface after which the lid is removed for water entry. This must be done as bio-film on the water surface may contain high numbers of micro-organisms and that their presence/survival is affected by the sunlight. A small volume of water is discharged from the 1-L flask before the lid of the flask is closed. The air present in the flasks allows a thoroughly mixing of samples just before analyses which must be done by turning the flasks up side down five times. Thus, a total of three 1-L flasks will be collected at each sampling point.

In the field, approx 330 ml of water from each of the three 1-L flasks collected at each sampling point will be mixed into one sterile 1-L flask which will be used for the laboratory analyses of Escherichia coli. Another 330 ml of water from each of the three 1-L flasks collected will be mixed into another sterile 1-L flask which will be processed in the laboratory in Phnom Penh before transferring to NIHE for enumerating helminth eggs.

Collected sample-flasks should be stored in a container/sponge-box that will protect them from breaking, from sunlight and increased air temperatures. No ice is needed for storage during transport as cooling down the water samples will kill of some Escherichia coli bacteria.

One 1-L flask will be delivered to the Pasteur Institute in Phnom Penh for analyses of Escherichia coli as described in Error! Reference source not found.. The other 1-L flask will be processed in the laboratory before transferring to NIHE for helminth egg enumeration as indicated in.

Each 1-L flasks must contain the following information: ID sample, sampling time (date and time), sampling location and name of person that collected the sample.

The water samples should be transported in the afternoon to the laboratory of analyses immediately after sampling. Preferably, the water samples are analyzed for Escherichia coli or processed for helminth egg enumeration within the day of sampling, but samples may be stored overnight at 4 - 5oC before analyses/processing in the following morning (maximum 24 hour-storage). The water samples are registered in the laboratory book. 

5.3.2. Water spinach sampling method
Water spinach samples will be collected by the PAPUSSA staff and the visiting NIHE researcher at each sampling point. Sampling is done by wearing sterile plastic gloves. At each sampling site, approximately a 100 gram of stems and leaves are collected and placed in a clean plastic bag (commercial plastic bags purchased in a supermarket is acceptable) which is then sealed with tape. Two types of water spinach samples to be collected have been described earlier in the protocol. The exposure of the harvested samples to wastewater should be done following normal procedures of the farmers.

Each morning glory sample (plastic bag) must contain the following information: sample ID, sampling time (date and time), sampling location and name of person that collected the sample. Two plastic bags with water spinach samples must be collected at each sampling point. One sample will be provided to the Pasteur Institute of enumeration of Escherichia coli where as the other sample will be transported to Vietnam for enumeration of helminth eggs and protozoan parasites at NIHE.

Samples should be handled and transported without exposure to the sun and high temperatures, e.g. together with water samples in a protective box/dark bag with some ice boxes.

The plastic bags containing the water spinach samples are stored for a maximum of 24-48 hrs at 4 - 5oC (refrigerator). The visiting NIHE researcher or another person will then transport the samples to Hanoi as part of the check-in luggage. Immediately after arrival in Hanoi, samples must be transported to NIHE and stored at 4 - 5oC (refrigerator) until parasite analyses. Samples should have been stored a maximum of 72 hrs from the time of collection until the time the analysis has been initiated. The plant samples are registered in the laboratory book at NIHE.

It is expected that Helle Marcussen, KVL will use the same samples for toxic metal analyses.

5.4. Analyses for Escherichia coli, Helminth eggs and Protozoa
5.4.1. Water sample

Each 1-L water sample (composite wastewater samples) will be analyzed for numbers of Escherichia coli and helminth eggs. As already described, two parallel composite water samples will be used for analyses of the two parameters.

Water samples will be analyzed at the Pasteur Institute for Escherichia coli using the methodology described in Error! Reference source not found.. The Pasteur Institute will provide all sterile glass bottles needed for collection of all different types of water samples. 

Helminth eggs (Ascaris lumbricoides, Trichuris trichiura, Hookworm) will be enumerated for each of the three helminth types in 1-L of water samples according to the WHO manual “Analysis of Wastewater for use in Agriculture - A Laboratory Manual of Parasitological and Bacteriological Techniques (WHO, 1996)”. The initial steps in processing of water samples will be done at Cambodian Pasteur Institute, whereas the actual enumeration will be done by NIHE in Hanoi. The method for the initial processing and storage of water samples for helminth egg analyses to be done at Cambodian Pasteur Institute is shown in.

Water samples are not analyzed for protozoan parasites.

5.4.2.  Water spinach sample
Water spinach samples will be analyzed for numbers of Escherichia coli, helminth eggs and protozoan parasites.

The analyses for Escherichia coli will be done at the Pasteur Institute using one of the two set (plastic bags) of water spinach samples. The Pasteur Institute will process and analyze the plant samples following the description in Error! Reference source not found.
The second plastic bag of water spinach will be analyzed at NIHE for protozoan parasites, incl Giardia intestinales, Cryptosporidium parvum and Cyclospora spp. according to the Pulsifier-based method described in Error! Reference source not found..
Helminth eggs (Ascaris lumbricoides, Trichuris Trichiura, Hookworm) will be enumerated for each of the three helminth types in washing water from samples processed in the Pulsifier. A total of 10 g of samples will be processed in the Pulsifier together with 100 ml of sterile water. The enumeration of helminth eggs will be conducted at the Friendship Hospital by Dr. Hoa and his colleagues. The details in the method used for enumeration of helminth eggs in water spinach are shown in Error! Reference source not found..

5.5. Physio-chemical water quality analyses
Such analyses are not part of this protocol.

5.6. Data registration
The Pasteur Institute will enter the results weekly obtained from the analyses of Escherichia coli of water and water spinach samples in an Excel spreadsheet provided by NIHE/KVL. The spreadsheet will weekly be sent to NIHE and KVL by email.

5.7. Data analysis

All data will be store in computer using a spreadsheet of EXCEL. SPSS version 10 will be used for data analysis. Univariate and Multivariate analysis including binomial/polynomial logistics regression will be applied. 
6. Participants

Vuong Tuan Anh and Phung Dac Cam, NIHE

Anders Dalgaard and Anja Kaznelson, KVL

Chhhouk Borin, local PAPUSSA coordinator, Faculty of Fisheries, RUA

7. Budget

NIHE will allocate funds to cover expenses for sampling, data collection and laboratory analyses. If needed, KVL may add additional funding.

Annex 3 Method for analyses of Total & Fecal Coliforms (Escherichia coli) in water samples
	PASTEUR INSTITUTE OF CAMBODIA

Food Microbiology Laboratory & Environment
	TOTAL &FECAL COLIFORMS COUNT

PROTOCOL

NF EN ISO 9308-1 (09/2000)

IC : T 90 - 414


1. CONTEXT 

The enumeration of Total & Fecal Coliforms in water sample may be required in microbiological quality control. The criteria is absent of the Total and Fecal Coliforms in 100 ml of water intended for the human consumption.

2. MODALITIES IN APPLICATION 

A 1000 ml water specimen aseptically sampled by filling in a sterile bottle, which was added 2 ml of  10 % sodium thio-sulphate before autoclave at 1210C during 15 min. The sample must be transported at +4°C in the ice box even if the transport duration is within 1 h and the exterior temperature is higher than +10°C. The sample will not be kept more than 24 h.    

3. MATERIAL & REAGENTS:

3.1. Material

- Sterile sampling bottle (1000 ml) with 2 ml of 10% of sodium thio-sulphate ready to use

- Sterile pipette graduated (10 ml)

- Vacuum filtration system:



- Glass Filter Holder, 47 mm or Hydrosol Stainless Filter holder. 



- 3 or 6 place Manifold, stainless.



- Vacuum/Pressure Pump, 220V, 50 Hz.



- Vacuum Filter Flask and Silicone Rubber tubing,


- Incubator for 360c and 440c


- Forceps stainless steel


- Millipore circular Filter diameter 47 mm - 0.45 (m pore size- HA Type


- Bottle 120 ml (sterile) for dilution…..

3.2. Reagents & media:

- TTC + TERGITOL 7 AGAR in 55 mm Petri dish ready to use fresh and moist


- Tryto-Casein Soy Agar for CO TEST.

 
- Schubert Broth+ Durham tube for Gas.           

- Kovacs Reagent for Indole. 

- Buffer phosphate sterile.


- ONPG disc and CO disc cytochrome oxydase; Kovacs reagent for Indole test.


- Sodium thio-sulphate solution 10 %.

4. ENREGISTREMENT :

                                         Code d'analyse : EPAR & EPAB 






5- LABORATORY PROCEDURE:    (Vacuum Filtration System)


1- Install the Millipore sterile system for vacuum filtration system  (composed by 

               “Filter Holder Funnels 47 mm diameter. And base” wrapped with Kraft paper and autoclaved at 1210C  (15 min) on the vacuum filter flask 1 litre.


     Be sure to use a water trap between the pump and the filter holder.


2- Load a sterile Millipore circular membrane filter 0.45µm pore size, grid side up, evenly centred onto the filter holder support base, then clamp funnel into position.


     Handle only filter with the pre-flamed forceps.

3- Mix the water sample by vigorously shaking for several seconds.

For sample larger than 20 ml, pour the sample directly into funnel. For a sample size less than 20 ml, fist pour 20-30 ml of sterile buffer into the funnel, then pipette


     the sample onto buffer. Sample less than 1 ml in size should diluted in the  

                recommended manner prior to filtration.

4- Apply vacuum to filter the sample and holding the lower body of funnel, swirl liquid

while filtering to ensure to ensure uniform mixing and distribution. If sample size is 100 ml, the swirling action is not required.

5- Rinse the funnel walls with at least 30 ml of sterile buffer. Draw rinse buffer through filter. Repeat of a total of 3 rinses.

6- Turn off (break) vacuum and lift off the filter holder funnel. Using flame sterilized forceps, remove filter from holder base and place grid-side up, onto the TTC + TERGITOL AGAR in 55 mm Petri dish medium previously prepared. 

      Place filter into dish by lining up filter to the edge of the dish and setting it down with a slight rolling action , so that it is evenly centred and free from entrapped air beneath its surface. Replace the cover tightly and incubate by placing the closed Petri dish up side down into the incubator at 360c within 22-48 h for enumeration of “Total Coliforms”.

7- Repeat the same procedure from step 5-2 to 5-6, but this second dish must be   incubated at 440C within 24 h for enumeration of “ Thermotolerant or Fecal Coliforms”

SAMPLE VOLUME SELECTION SUGGESTED FOR FILTRATION

	TYPE OF WATER


	ORGANISM TYPE

	
	TOTAL COLIFORMS
	FECAL COLIFORMS

	Drinking water

Wells, Springs

Lake, Reservoirs

Water supply intake

Bathing beaches

River water

Chlorinated sewage effluent

Raw-sewage


	100 ml

15, 60, 100 ml

4, 15, 60, 100 ml

0.08, 0.15, 0.5, 1, 4 ml

0.08, 0.15, 0.5, 1 , 4 ml

0.003, 0.01, 0.02, 0.08 ml

0.003, 0.01,0.02, 0.08 ml

0.0001, 0.0003, 0.001, 0.003, 0.01 ml.
	100 ml

30, 100 ml

10, 30, 100 ml

0.1, 0.3, 1, 3, 10 ml

0.01, 0.03, 0.1, 0.3 , 1 ml

0.01, 0.03, 0.1, 0.3, 1 ml

0.001, 0.003 ,0.01, 0.03 ml

0.003, 0.001, 0.003, 0.01, 0.03 ml. 


COUNTING PROTOCOL:  Count and record the number of all the yellow characteristic colonies  surrounded by a yellow zone, there are some Coliforms having non characteristic brown colour colonies.


For drinking water samples, only the maximum count needs to be for concern. For all other samples, the minimum / maximum ranks are as follows:


Total Coliforms:  20 - 80 Coliforms colonies


Fecal Coliforms:  20 - 60 fecal Coliforms colonies. 

          IDENTIFICATION: Confirmation tests

          Pick an isolate colony from TTC+TERGITOL AGAR culture plate with a sterile loop on Trypto Casein Soy Agar slant tube (incubate at 360 C– 24 h for CO and ONPG Tests) and also on a tube of Schubert Broth (incubate at 440c- 24 hrs) Gas test. They recommended to pick up 10 colonies for this confirmation and the results is in the scheme in the next page.











2 Circular Membrane filters (47 mm diameter 0.45 (m pore size)

(MILLIPORE membrane filter HA Type)






      N ml of water

(1)                         (2)

STANDARD TEST

   TTC + TERGITOL Agar                                                        TTC + TERGITOL Agar


Incubation: 36°C   (24- 48 h)                                                    Incubation: 44°C   24h


Counting:   Count all yellow colonies                            Count all yellow colonies

            with yellow area  surrounded                             with yellow area surrounded

                                        Note: (1) & (2) Some Coliforms are brown colonies

                                    

                                     Confirmation tests:   

                                     (1)                  (2)               Test for E.Coli Confirmation,

                    Pick up 5 colonies each on Trypto-casein                 Pick up 5  same colonies

     soy Agar TSA slant tubes for ONPG and CO              each on Schubert broth for gas and indol

Incubation:       36°C x 24 hours                                Incubation:    44°C x 24 hours
IDENTIFICATION:     (1) et (2)

	RESULTS
	BIO-CHEMICAL TESTS RESULTS

	
	Schubert/gas
	Schubert/ Indole
	ONPG
	CO

	Total Coliforms 36°c
	+
	+ / -
	+
	-

	Fecal coliforms 44°c (E.coli)
	+
	+
	+
	-

	Aeromonas (possibly)
	
	
	+
	+

	Non Coliforms
	
	
	-
	-

	Non Coliforms
	
	
	-
	+

	
	
	
	
	


CALCULATION: Indicator organism levels in water sample are expressed as the number per 100 ml. Bear in mind that each visible colony is developed from a single bacterial cell in the original sample. To determine the number of indicator organisms in the water tested, use the following formula:

                            No. indicator organisms counted X 100 / No. of indicator

                                                                     =    organisms per 100 ml (Millilitre of Sample)
Example: A 3 ml sample was added to the filter funnel which contained approximately 20 ml of sterile buffer. After filtration and incubation, 36 indicator organisms were counted.

Therefore, (36 x 100)/ 3 = 1200 indicator organisms / 100 ml.
Annex 4. Method for processing and storage of water samples to be enumerated for helminth parasites (following WHO manual)

Processing water samples (by Cambodian Pasteur Institute in Phnom Penh)

15. Collect a sample of wastewater: 1 litre for raw, untreated wastewater

16. Allow the sample to sediment for 1-2 hours

17. Remove 90% pf the supernatant using suction pump or siphon

18. Transfer the sediment to one or more centrifuge tubes, depending on the volume, and centrifuge at 1000 g for 15 minutes.

19. Remove the supernatant. If more than one centrifuge tube has been used in step 4, transfer all the sediment to one tube and re-centrifuge at 1000 g for 15 minutes. 

20. From collected sediment, making mixture with 10% formalin according to ratio of three parts of 10% formalin to one part sediment. Transportation of the mixture to laboratory. Storage at room temperature or 4 - 10oC in refrigerator for up to 2 months.

Samples are processed continuously and enumerated in the Friendship Hospital in Hanoi

21. Suspend the pellet in an equal volume of acetoacetic buffer, pH 4.5 (for example: if the volume of the pellet is 2 ml, add 2 ml of buffer). If the pellet is less than 2 ml, add buffer up to 4 ml to ensure that, after extraction with ethyl acetate (step 7 & 8), there is sufficient volume of buffer above the pellet to allow the ethyl acetate layer to be poured off without re-suspension of the pellet.

22. Add two volumes of ethyl acetate or ether (4 ml), and mix thoroughly in a vortex mixer. The sample may be shaken by hand.

23. Centrifuge the sample at 1000g for 15 min. The sample will now have separated into three distinct phases. All the non – fatty, heavier debris, including helminth eggs, larvae and protozoa, will be in the bottom layer. Above this will be the buffer, which should be clear. The fatty and other material moves into the ethyl acetate or ether and forms a thick dark plug at the top of the sample.

24. Record the volume of the pellet containing the eggs, and then pour off the rest of the supernatant in one smooth action. It may be necessary to loosen the fatty plug first by running a fine needle around the side of the centrifuge tube.

25. Re-suspend the pellet in five volumes of zinc sulfate solution (if the volume of the pellet is 1 ml, add 5 ml of ZnSO4). Record the volume of the final product (ml). Mix the sample thoroughly, preferably using a vortex mixer. Note that a minimum of 1.5 ml is required to fill a two – chambered McMaster slide.

26. Quickly remove an aliquot with a Pasteur pipette and transfer to a McMaster slide for final examination.

27. Leave the full McMaster slide to stand on a flat surface for 5 min before examination. This allows all the eggs to float to the surface.

28. Place the McMaster slide on the microscope stage and examine under 10( or 40( magnification. Count all the eggs seen within the grid in both chambers of the McMaster slide. For greater accuracy, the mean of two slides, or preferably three, should be recorded.

29. Calculate the number of eggs per litre from the equation:

N = AX / PV

Where:

N = number of eggs per litre of sample

A = number of eggs counted in the McMaster slide or the mean of counts from two or three slides.

X = volume of the final product (ml)

P = volume of the McMaster slide (0.3 ml)

V = original sample volume ( litre)

Remember that, if a single – chamber McMaster slide is being used, P = 0.15 ml

 Annex 5. Method to analyse water spinach for protozoan parasites at NIHE

Processing  8 samples a day:
Since the centrifuge can only hold four 50 ml plastic tubes at a time, this is a protocol for processing 8 samples (A, B, C, D, E, F, G and H) in one day. The duration for processing 8 samples is approx. 6 hours. Floatation should be carried out after lunch to prevent the (oo)cyst from staying in contact to long with the flotation liquid. 

1. Process sample A and B step 1-6

2. process sample C and D step 1-6

3. Process sample A and B step 7-9

4. Process sample C and D step 7-9

5. process sample E and F step 1-6

6. Process sample G and H step 1-6

7. Process sample E and F step 7-9

8. Process sample G and H step 7-9

9. Process sample A, B, C and D step 10

10. Process sample E, F, G and H step 10

11. From step 11 and onward the 8 samples are processed at the same time.

Processing and detection of Cyclospora, Cryptosporidium and Giardia on aquatic plants:
Processing step:

39. Place 10 g (10.00 -10.30 g) of produce in a stomacher bag. (The parts put in the stomacher bag should only be edible parts, i.e. leaf and stem from morning glory.

40. Add 100 ml of 0.01 % TWEEN20 in mQ-water to the bag and make sure all the leaves are covered by liquid before placing the bag in the Pulsifier.

41. Pulsify for 30 seconds

42. Take 1 ml from the stomacher bag for the examination of thermotolerant coliforms/Escherichia coli  (not to be analysed in Hanoi but could be analysed in Cambodian Pasteur Institute in Phnom Penh)

43. Pour the liquid from the stomacher bag into two 50 ml centrifuge tubes with conical bottoms. Make sure to have equal amount of liquid in the two tubes.

44. Spin for 10 min at 3500 rpm. Using a vacuum flask and disposable tip carefully aspirate the liquid from the centrifuge tubes leaving approximately 5 ml above the pellet. 

45. Repeat step 2

46. Pulsify for 10 seconds, and transfer the liquid on top of the first pellet in the two 50 ml centrifuge tubes.
47. Spin for 10 min. at 3500 rpm. In one tube (tube 1) carefully aspirate the supernatant leaving approximately 5 ml above the pellet. In the other tube (tube 2) aspirate approx. 15 ml. Re-suspend the pellet in tube 1 and transfer the pellet to tube 2. Wash tube 1 with 5 ml distilled water twice and transfer it to the tube 2. 

48. Repeat step 4 for tube 2.

49. Re-suspend the pellet and transfer the suspension to a 15 ml conical centrifuge tube (tube 3). Wash the 50 ml centrifuge tube with 5 ml distilled water.

50. To remove large particles from the suspension a flotation is carried out. A Pasteur pipette is placed in the 15 ml centrifuge tube and 5 ml 1:1 Floatation liquid is pipetted into the Pasteur pipette, placing the flotation liquid at the bottom of the tube.

51. Spin for 1 min. at 100 rpm.

52. Transfer almost all the supernatant to a new 15 ml conical centrifuge tube (tube 4), leaving behind a pellet.

53. Spin tube 4 for 10 min. 3500 rpm. Aspirate carefully the liquid leaving approx. 2 ml above the pellet. Refill the tube with distilled water. 

54. Repeat step 15.

55. Spin for 10 min at 3500 rpm. Aspirate carefully the liquid leaving 2 ml above the pellet.

56. Repeat three first steps and send 100 ml to the Friendship hospital for examination of helminth eggs. 

Detection step for Cryptosporidium and Giardia:

Colouring and counting:

57. Re-suspend the pellet and place 200 (l (1 gram) on a Teflon printed diagnostic slide

58. Dry the slide at 370C for approx. 2-3 hours or over night at room temperature

59. Fix by placing the slide in acetone in a giemsa kar for 5 min. and let the slide air-dry.

60. Colouration is done with anti-crypto/giardia immuno-flourescence kit (CELLABS). Dye and mounting buffer should be allowed to reach room temperature before use. Add 20 (l dye to each well on the slide and make sure the entire well is covered.

61. Incubate at 370C for 45 min. in a humidity chamber in the dark.

62. Aspirate carefully the dye from the well by placing the tip of the pipette at the edge of the well while tipping the slide. Remember to use new a tip for each new well. Add carefully 100 (l of PBS to each well and aspirate. Wash twice. After the second wash add 6 (l of mounting buffer to the well and place a cover glass on top – avoid bubbles.

63. The slide should be kept in darkness until it is counted in a fluorescence microscope under an x20 objective. The entire well is counted.

Detection step for Cyclospora:

Wet mount preparation: 

· Re-suspend the pellet and place 22 (l (0.11 gram) on a glass slide.

· Cover the prepared slide with cover glass on top and qualitatively check for Cyclospora spp under fluorescent and bright field microscopy.

Annex 6. Method for helminth eggs enumeration in water spinach samples at the Friendship Hospital

Processing water spinach samples in National Institute of Hygiene and Epidemiology
1. Place 10 g of aquatic plants in a stomacher bag. 

2. Add 100 ml of 0.01% TWEEN20 in mQ-water to the bag and make sure all the leaves are covered by liquid before placing the bag in the Pulsifier.

3. Pulsify for 30 seconds and divide the liquid from the stomacher bag into two 50 ml centrifuge tubes with conical bottoms. 

After processing, 100 ml solution will be sent immediately to the Department of Clinical Microbiology in the Friendship hospital in Hanoi for detection of helminth eggs in water spinach following the WHO manual as described in 

4. Transfer washing liquid into one or more centrifuge tubes. Centrifuge tubes at 1000 g for 15 minutes. (g: relative centrifugal force)

5. Remove the supernatant. 

If impossible to enumerate helminth eggs immediately from collected sediment, making mixture with 10% formalin according to ratio of three parts of 10% formalin to one part sediment. Store at room temperature or 4 - 10 C in refrigerator for up to 2 months.

6. Follow step 7 as described in 
7. Annex 1. Method for detection of thermotolerant coliforms in wastewater sample (the MPN method)
Detection and Enumeration of thermotolerant coliforms in water samples/plant samples by using MPN method (most probable number)
Principle
Detecting and enumerating thermotolerant coliforms in water/plant samples is based on lactose fermentation, gas production and indole production from tryptophane at 44 ºC within 24h. Numbers of thermotolerant coliforms on multiple tubes of different dilutions then are enumerated by using the MPN table.
9. Media and materials 
Double and single - strength lactose dehydrated ox bile broth containing inner inverted Durham tubes.
Tryptone water for indole production.
Kovacs’ reagent.
Sterile phosphate buffer solution.
Pasteur pipettes, inoculate loop, Bunsen burner, test-tubes, test- tube racks.
44 ºC incubator.
Procedure of detection 
3.1. Sample preparation
Diluting water samples should be considered according to the type of water, be it from untreated or treated, clean or contaminated water sources. For instance, tap water and well water samples should be diluted as follows: 10 ml, 1 ml, 1 ml (1/10). Surface water samples should be diluted as follows: 10 ml, 1 ml, 1 ml (1/10), 1 ml (1/100), 1 ml (1/1000). Wastewater samples should be diluted as follows: 1 ml, 1 ml (1/10), 1 ml (1/100), 1 ml (1/1,000), 1 ml (1/10,000), 1 ml (1/100,000). 
10. Plant samples will be washed by using the Pulsifier-based method:
· Place 10 g (10.00 -10.30 g) of produce in a stomacher bag. (The parts put in the stomacher bag should only be edible parts, i.e. leaf and stem from morning glory).
· Add 90 ml of 0.9 % NaCl in mQ-water to the bag and make sure all the leaves are covered by liquid before placing the bag in the Pulsifier.
· Pulsify for 30 seconds
· Take out 1 ml from the stomacher bag to make the dilution series for the examination of thermotolerant coliforms. In Step 1 (see below), a further 3 ml will be taken from the stomacher bag for the undiluted series of the MPN-tubes (as there are three test tubes for each dilution).
· Plant samples should be diluted as follows: 1 ml, 1 ml (1/10), 1 ml (1/100), 1 ml (1/1,000), 1 ml (1/10,000), 1ml (1/100,000).
· 3.2. Enumeration of thermotolerant coliforms 
Step 1
11. Water sample
12. In a multi-hole test-tube keeper, 3 or 5 rows of 3 test-tubes containing lactose broth tubes are arranged. The first row includes 3 test-tubes containing double-strength lactose broth. 10 ml water is added to each tube in the first row. The second and third rows include 3 test-tubes containing single-strength lactose broth per each. 1 ml water is added to each tube in the second row and 1 ml containing 0.1 ml water is added to each tube in the last row.
Plant sample
In a multi-hole test-tube keeper, 6 rows of 3 test-tubes containing lactose broth are arranged. 1 ml of original plant washing liquid is added to each tube in the first row. 1 ml (1/10), 1 ml (1/100), 1 ml (1/1,000), 1 ml (1/10,000) of plant washing liquid is respectively added to each tube in the 2nd, 3rd, 4th, 5th and 6th row. Depending on the level of thermotolerant coliforms the number of dilutions may have to be adjusted. 
Test- tubes are incubated in incubator at 44 o C ( 0.5 for 18-28 hours.
Interpretation of the result: only positive tubes (those with lactose fermentation and gas production) will be taken into account. Even tubes containing very small bubbles in Durham tubes are defined as positive. 
Step 2
From each of positive tubes, identified in step 1, transfer one drop to a 5 ml tube of tryptone water. 
Tubes are incubated at 44 ºC ± 0.5 for 24h.
Add 0.1 ml (2 drops) Kovacs’ reagent to the tube of tryptone water: development of a red colour after gentle agitation denotes the presence of indole.
Results
Thermotolerant coliforms are coliforms which ferment lactose, produce gas and produce indole from tryptophan within 24h at 44 ºC ± 0.5. Only positive tubes of the 3 most diluted concentration will be used for enumerating thermotolerant coliforms. For instance, there are 2 positive tubes in 1/1000 dilution, 3 positive tubes in 1/100 dilution, 3 positive tubes at 1/10 dilution of water/plant washing liquid, thus the MPN figure is 3 3 2. Thermotolerant coliforms/100 ml will be enumerated by using the MPN table.
64. References :
65. ISO 9308 - 2 (1990). Water quality – Detection and enumeration of coliform organisms, thermotolerant coliform organisms and presumptive Escherichia coli - Part 2 : Multiple tube (most probable number) method.
66. Tay Nguyen Institute of Hygiene and Epidemiology (2000). Procedure in brief of microbiological water analysis.  Seminar on procedures of pathogenic bacteriological analysis November 7th- 10th, 2000.
67. Hoang Thuy Long (1991). Techniques of Medical Microbiological Analysis. Vietnamese Cultural Publishing House.
68. Annex for MPN method
69. Lactose dehydrated ox bile broth
	
	Single- strength
	Double- strength

	Beef extract
	5g
	5g

	Peptone
	10g
	10g

	Sodium chloride
	5g
	5g

	Lactose
	10g
	20g

	Dehydrated ox bile
	1,5g
	3g

	Distilled water
	1000 ml
	1000 ml

	Brilliant green in 1% alcohol
	0,2 ml
	0,4 ml


Lactose dehydrated ox bile broth (single-strength): dissolve the ingredients in boiling water. Adjust pH 7 ± 0.5. Add brilliant green solution. Filter and dispense 5-6 ml volumes to 16 mm tubes containing inverted Durham tubes.  Autoclave at 110 °C within 20 minutes. Lactose dehydrated ox bile broth (double-strength): dispense 10 ml volumes to 18 mm tubes containing inverted Durham tubes. Autoclave at 110 °C within 20 minutes.
Tryptone water 1-2%
	Tryptone
	10g/20g

	Sodium chloride
	5 g

	Distilled water
	1000 ml


Dissolve the ingredients in the water and adjust to pH 7.5. Distribute in 5 ml volumes and autoclave at 115°C for 10 minutes. Notice: The addition of 0.1% (m/m) L or DL tryptophan may improve the performance of the medium.
Kovacs’ reagent for indole
	p-dimethylaminobenzaldehyde
	5g

	amyl alcohol
	75 ml

	Hydrochloric acid ( p = 1.18 g/ ml)
	25 ml


Dissolve the aldehyde in the amyl alcohol. Add the concentrated acid with care. Protect from light and store at 4°C. Notice: The reagent should be light yellow to light brown in colour, some samples of amyl alcohol are un-satisfactory, and give a dark colour with aldehyde. REMEMBER TO WORK IN FUME HOOD WHEN USING KOVAC’S REAGENT!!!!!
Phosphate buffer solution:
	Potassium dihydrogen phosphate
	42,5 mg

	Magnesium chloride
	190 mg

	Distilled water
	1000 ml


Preparation:
e. Phosphate solution
Dissolve 34 g of the phosphate in 500 ml of distilled water. Adjust to pH 7.2 ± 0.5 with sodium hydroxide solution (1 mol/l) and make up to 1000 ml with distilled water.
f. Magnesium chloride solution
Dissolve 38 g of magnesium chloride in 1000 ml of distilled water.
Final solution
For use, add 1.25 ml of phosphate solution a) and 5.0 ml of magnesium chloride solution b) to 1000 ml of distilled water. Dispense in convenient volumes and sterilize by autoclaving at 121 ºC ± 1 °C for 15 minutes. The final pH should be 7.0 ± 0.1. 
Annex 2
Annex 7. Method for analysis of Escherichia coli in aquatic plants

	Pasteur Institute of Cambodia 

Food microbiology and environment Laboratory
	MICROBIOLOGICAL ANALYSES OF FRESH VEGETABLE WITHOUT ADDITIVES 

Reference : AFNOR 


1-SCOPE 

The enumeration of total aerobic flora (FTM), of Escherichia Coli (EC) and Staphylococcus with positive coagulase (SP) and Salmonella is the part of microbiological quality control according to microbiological standards AFNOR with below criteria:

	FTM / g
	EC / g
	S.P/ g
	Salmonella/ g

	 107
	10
	0
	0


2-INTERPRETATION 

By the application of plans to 2 and 3 classes, the interpretation of the results is in the table below:

                                               classe 1                             classe 2

2 classes plan       N      

                                                        Satisfied                 ( m )              non satisfied

3 classes plan                         classe 1              classe 2                                                classe 3 

               N

                    Satisfied        ta                acceptable               non satisfied          corrupt (> 1000m)         

                        m            m'
                       M                           M'

           *ms = solide medium                                  ( =3m pour ms*)                (= 10 m pour ms*)                      100m

           ** mf= fluid medium                                     ( =10 m pour mf**)            (= 30 m pour mf ** )

            t.a = analytique tolerance

	Results
	FATM / g
	EC /g
	SP / g
	Salmonella

	Satisfied
	N (3.0x107
	N(10
	N= Absence
	N= Absence

	Acceptable
	3.0x107(N( 108
	30 ( N(100
	      Absence
	      Absence

	Non satisfied(
	N (108
	N ( 100
	Presence
	Presence


The samples must be transported at +4°C, less 24 hours for the analysis; 

	Pasteur Institute of Cambodia 

Food microbiology and environment Laboratory
	FRESH VEGETABLES WITHOUT ADDITIVES: enumeration of total aerobes count (FMT).

Reference : V 08-051




MATERIALS AND REAGENTS
1.1 Materials
- Sterile balance, plate, lancet, grips 

- Standard crusher- Stomacher 400 

- Bain-marie at 47°C 

- Drying oven with 30°C. 

- Sterile Tubes 16x160 - sterile Bottle 500 ml 

- Bag STOMACHER

- graduated pipettes 1 ml, sterile 2ml, 10 ml 

- Petri plates of 90 mm for the diameter

1.2 Reagents and mediums

- Tampon peptone water (distributed 90 ml out of bottles of 250 ml) (Bio-Rad). 

- Melted PCA agar with 47°C out of tubes of 15 ml added 2 drops of TTC 0,5% (Triphenyl- 

  Tetrazolium-Chloride, Bio-Rad codes 64475) 

- Blank agarose (Pastagar Bio-Rad ref. 64946) 

- Tryptone- salt 9 ml out of tubes of 20 ml (DIFCO/FISHER codes A50.123.156)

-  Solution TTC 0.5 %

Procedure

Preparation of the principal solution (SM)

· To weigh 10 grams of sample cut out well with an aseptic precaution. To homogenize 4 minutes in 90 ml of tampon peptone water in Stomacher 400. To obtain then a principal suspension SM for the 1/10 (dilution 10-1) thus 10 ml of SM contains 1 gram of sample pure.

· To leave the mixture 30 minutes at the temperature of laboratory

Dilution

From the principal solution SM 1/10, to make 4 successive decimal dilutions (10-2; 10-3; 10-4; 10-5 and 10-6) in tryptone-salt fluid medium (to envisage 20 ml by dilution).

· 1 tube with 10-2 = 2 ml of SM + 18 ml of tryptone-salt (SM 1st re-dilution correspond to 10-2)

· 1 tube with 10-3 = 2 ml of 10-2 + 18 ml of tryptone - salt

· 1 tube with 10-4 = 2 ml of 10-3 + 18 ml of tryptone - salt

· 1 tube with 10-5 = 2 ml of 10-4 + 18 ml of tryptone - salt

· 1 tube with 10-6 = 2 ml of 10-5 + 18 ml of tryptone - salt

Note:

-  It is necessary to mix well while agitating vigorously for each dilution.

 - To change the pipette with each dilution.

D1 Culture in the mass of the agarose plate

· With a pipette of 1 ml, respectively to incorporate 1ml each dilution (10-2, 10-3, 10-4, 10-5 and 10-6) in each plate of Petri dish that having noted the corresponding number of sample and dilution rate ratio. 

· Without exceeding 15 minutes, running 15 ml of medium PCA maintained in super fusion with the bain-marie with 47 +-2°C in each plate of Petri dish. 

· To methodically mix: 

- 6 circular times on the right, 

- 6 circular times on the left, 

- 6 horizontal times comings and goings; 

- 6 vertical times comings and goings. To let them completely solidify; then to run 4 ml of white agarose by box.

· To let solidify

· To incubate in the incubator at 30°C, boxes turned over, during 72 +/- 3 hours.

D3 Enumeration of the colonies: 

To count the colonies in each plates containing less than 150 colonies and to apply the formula

       N = C/d (C = total number of colonies, d = dilution selected); 

We can count all the colonies of two successive dilutions representing between 15 and 150 colonies per plate and apply the formula:

	 Mean Top of Form
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( C is the sum of the colonies counted in these two limp; 

d is the value of the first dilution retained among both plates. 

Examples: 1- SM (10-1) plate: N = 8 colonies X 10 = 80 cfu/g  Conclusion: satisfying 

                 2- Plate10-3 = 132 colonies; plate 10-4 = 15 colonies

                      N = (132 + 15) / 1.1 X 10-3 = 1.3x105 cfu /g 

                     Conclusion: satisfying 

                 3- Plate 10-5: 150 colonies; plate10-6: 120 colonies N = (150+120)/1.1 X 10-5 = 2.5x107 cfu /g

                     Conclusion: acceptable 

                 4- Plate 10-6: 150 colonies X 106 = 1.5 x108 cfu/g 

                     Conclusion: corrupted
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SCHEME OF THE ENUMERATION

	            SM 10-1


D0: 
Sample: 10g + 90 ml tampon peptone water

   Mix 3 minutes 


1st dilution
2 ml

2 ml
                  2ml
      2ml
     2ml





      18 ml TS          18 ml TS
   18ml  TS
          18ml  TS
      18 ml TS


      10-2                  10-3
             10-4   
          10-5

      10-6  

1ml for each dilution

                               Culture in the mass agarose 


10-2                10-3                                10-4                           10-5                                           10-6

                                      1 plate / dilution

                      

                         15 ml PCA agar  + 2 drops of TTC  0,5 %
                  ( 47°C (2°C )


   Methodically mix and let solidifier 


   4ml of white agarose (47°C + 2°C)

   Incubation for 72h   (3 h à 30°C


Day 3:  to count all the colonies in 2 consecutive dilutions:  15<C<150

                                  Mean average: N = 
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       -  ( C: is the sum of the colonies counted in these two plates;

       - d: is the value of the first dilution retained among the 2 plates.

	Pasteur Institute of Cambodia 

Food microbiology and environment Laboratory
	FRESH VEGETABLES WITHOUT ADDITIVES: enumeration of Escherichia Coli/Escherichia coli
Reference : AFNOR validation

                            Biorad 07/1-07/93


1.1- Reagents and mediums 

    - Tampon peptone water (distributed 90 ml out of bottles of 250 ml) Bio-Rad 

    - Rapid' E.COLI 2 agar, Bio-Rad. 

    - Tryptone-salt 9 ml out of tubes of 20 ml (DIFCO/FISHER codes A50.123.156). 

2.1- Enumeration 

       E.coli develop in the forms of red violet colonies. 

       We can count all the colonies in two plates corresponding to two successive dilutions presenting  

       between 150 and 15 colonies per plate and apply the formula:

       Mean average:          N = 
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· ( C sum of colonies counted in these two plates 

· d: value of the first dilution retained among both plates.

2.2 Examples

· a/ plate 10-1: 2 colonies; plate 10-2 =0 

Application of the enumeration for small number: 2 cfu/g   

 Conclusion: satisfying

· b/ plate 10-1 = 8 colonies; plate 10-2 = 1 

 N = (8+1) /1.1 X 10-1 = 82 cfu/g 

Conclusion: acceptable

· c/plate 10-5: 160 colonies, plate 10-6 = 24 colonies 

 N = (160 + 24)/1.1 X 10-5 = 167/ 10-5 ufc/g = 1.7x107 cfu/g 

Conclusion: non satisfying
	Pasteur Institute of Cambodia

Food microbiology and environment Laboratory
	FRESH VEGETABLES WITHOUT ADDITIVES: enumeration of Escherichia Coli/Escherichia coli
Reference : AFNOR validation

                            Biorad 07/1-07/93


                                                                   SCHEME

	Principal Solution SM 10-1


Day 0: 

                  Sample : 10g + 90 ml de Tryptone Salt 

Mix  3 minutes

Decimal solution





     1ml













        1ml
               1ml
     









 10-2 


10-3 

       10-4






 9ml TS 

9ml TS
       9ml TS




1ml for each dilution
         Culture in the mass agarose


 
 
                        SM=10-1             10-2                            10-3                                     10-4   


      

                                       1 plate / dilution

                                         15 ml of Rapid E.coli 2 ( à 47°C ( 2°C )

        

                                                  Methodically mix and let solidifier 


                                                       4ml of Rapid E.coli  2


                                               Incubation at 24h  ( 3 h à 44°C

 Day1:                                            Enumeration characteristics colonies 

                                                  Rapid E.coli 2 medium: red violet colonies 
                                             Enumeration in 2 successive dilutions

 


                            15 < C < 150

                  

 
Mean average: 

                      - ( C: is the sum of colonies counted in these two plates

                          - d: is the value of the first dilution retained among the 2 plates

Annex 1E
Skin diseases among people engaged in peri-urban wastewater use for agriculture and aquaculture
1. Background and Introduction

In many countries including both developed and developing countries, wastewater is used for irrigation in agriculture and aquaculture. Using wastewater for irrigation has several benefits such as the nutrients that it contains and wastewater can be considered as an alternative source of water in places where water is scarce.

However, wastewater contains disease-causing micro-organisms, heavy metals and organic compounds that can have a negative impact on human health. While certain health risks have been well described, there are other potential health risks for which only anecdotal information is available. Health problems often reported by farmers engaged in wastewater fed agriculture and aquaculture are skin ailments and skin irritation. The literature however gives very little scientific information on the possible association between wastewater and skin diseases. 

2. Rationale of the study

A cross - sectional study was initiated in the peri-urban area around the Boeng Cheung Ek (BCE) lake, Phnom Penh (PP) in July 2004 and another one is planned to be conducted in Hoang Liet commune, Thanh Tri district, Hanoi, Vietnam in order to quantify the possible association between wastewater use in agriculture and aquaculture and skin diseases. Prevalence of common skin diseases that are possibly related to wastewater exposure will be assessed throughout the study. 

3. Objectives and Research questions

3.1. Development objective

Sustainable use of wastewater in agriculture and aquaculture by reducing actual risks of skin diseases.

3.2. Specific objectives

1. Estimate the prevalence of skin diseases among people involved in agricultural and aqua-cultural work 

2. Determine whether wastewater exposure is associated with skin diseases

3. Recommendations for preventing/reducing skin diseases have been formulated and discussed with stakeholders
3.3. Main research questions
1. What is the proportion of people in the chosen sample (household members from selected households involved in agriculture and aquaculture using untreated wastewater in peri-urban area) that have skin problems at the time of the study? 

2. What are the types of skin diseases possibly related to wastewater exposure?

3. Is wastewater used a determinant of skin disease?

4. Methodology

4.1. Hypotheses

People engaged in wastewater fed agriculture and aquaculture in the peri-urban area in Hanoi and Phnom Penh have an increased risk for skin problems, particularly dermatitis (eczema). 

4.2. Study setting

Phnom Penh, Cambodia

Boeng Cheung Ek lake located in west of Phnom Penh city, Cambodia. Untreated wastewater from Phnom Penh residential areas and from industrial estates (garment and other various factories) and rain-water run-off is discharged into the lake. Many households living around the wastewater lake earn their living by cultivating aquatic vegetables of which water spinach is the main type.

Information of selected non-wastewater exposed sites:
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 from the centre of Phnom Penh. Another control site (non-wastewater) selected is a 1 ha fish station pond (located in Phum 4 village, Chrang Chamres I commune, Reseykeo district, Phnom Penh, approx. 4 km far from Prek Phnov lake). This pond receives rain water during the rainy season. However, in the dry season, water is often pumped from O Veng canal (300 metres  from the fish station pond) by farmers into the fish station pond due to lack of rain. 

Hanoi, Vietnam

Hoang Liet commune is an area located along the To Lich River. Untreated urban wastewater of To Lich River is used for irrigation by farmers living in Hoang Liet on fields which are located along this river. By observation during previous visits of the research team, farmers mostly do their farm work in the field without wearing boots or gloves. Farmers exposed to wastewater reported skin irritations and itching on parts of the skin those are in contact with wastewater (mainly feet and hands). 

The non exposed site selected is Long Bien commune, Long Bien district where farmers have comparable cultivation practices including vegetable growing.

4.3. Study design

A cross - sectional study is carried out in both cities. In Phnom Penh, 2 rounds of skin survey will be done by the health team in combination with the PAPUSSA baseline (July 2004) and 2nd monitoring survey (Jan 2005). The third skin survey is expected to be done by the health team independently in April 2005. A total of 200 households are selected for the skin surveys in Phnom Penh. While as planned, quarterly skin surveys in Hanoi will be done including a baseline and 3 monitoring surveys. Skin surveys in Hoang Liet and Long Bien, Hanoi will be done from March 2005 to February 2006. A total of 200 households are expected to be interviewed in both wastewater exposed and non-wastewater exposed areas (100 households per chosen area) in Hanoi. 

In order to obtain information on skin problems among people engaged in wastewater - fed agriculture and aquaculture, a questionnaire has been designed by the research team including epidemiologists from NIHE/KVL/IWMI and dermatologists from local clinics. Thereafter, people having skin problems at the time of household interviews will be referred to dermatologists for examination and free-treatment immediately. Information on diagnosis of skin diseases among referred patients will be entered on a survey form prepared by the research team. Data from both household interviews and dermatologists’ examination then will be entered into computer by using Microsoft Access software and SPSS version 10 will be used for data analysis. 

The questionnaire on self-reported skin problems is based upon the NOSQ. Based on the collected information, 2 independent dermatologists retrospectively will diagnose skin disease if skin problems were reported. Two independent diagnoses from two independent doctors will be compared.

4.4. Research team

Epidemiologists and dermatologists from NIHE, IWMI, KVL, local departments of dermatology participated into questionnaire design. Local health team including from RUA in Phnom Penh, NIHE will do household interviews. Physical examination form will be filled out by epidemiologists of the local clinic in PP and Hanoi after examining people having skin problems referred from the study area.

4.5. Tools of research

The questionnaire and examination form are included into the Annex 1 section. Photos of appearance of common skin diseases will be taken by dermatologists using digital or normal camera during doing physical examinations.

4.6. Data analysis

Data from skin problem surveys both in PP and Hanoi will be entered into computer by using Access database and connected with database obtained from the PAPUSSA baseline (BL) and monitoring (MN) surveys conducted by RUA team in PP and RIA1 in Hanoi. Association between variables obtained from BL and MN survey as well as variables obtained from skin problem surveys will be assessed by using univariate and multivariate analysis such as Binomial and Multinomial Logistic Regression. SPSS version 10 will be used for data analysis. Vuong Tuan Anh, Nguyen Dang Tuan (NIHE) and Francis Murray (Stirling University) will be responsible for data management and analysis.  

4.7. Ethical consideration

Before starting the interviews, the selected households are informed in advance so that they could decide to participate or withdraw from the study. During the interviews, respondents could withdraw if they felt uncomfortable. All patients will receive appropriate treatment. Cost of treatment will be covered by the project funds. Information about the studied households will be kept confidential and used only for this study.

5. Research management

5.1. Participants

· Phnom Penh study

Vuong Tuan Anh, Phung Dac Cam (NIHE)

Chan Vicheth (National Clinic for Dermatology and STD unit, Cambodia)

Anders Dalgaards (KVL)

Wim van der Hoek (IWMI)

and others 

· Hanoi study

Vuong Tuan Anh, Nguyen Dang Tuan and Phung Dac Cam (NIHE)

Nguyen Van Thuong (National Institute of Dermatology, Vietnam) 

Anders Dalgaards (KVL)

Wim van der Hoek (IWMI)

and others

5.1.1. Time-frame

	Year 2005 (month)
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Skin problem survey
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Phnom Penh
	x
	
	
	
	x
	
	
	
	
	
	
	

	Hanoi
	
	
	
	x
	
	
	x
	
	
	x
	
	

	Data  entry & analysis
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Manuscript writing 

& submission (2006)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


5.1.2. Budget: will be covered by PAPUSSA budget (NIHE/KVL)





































Prepare positive samples for shipping to Denmark and send





Test for indole production by adding Kovac’s reagent





Identify tubes positive for acid and gas production. Transfer one drop to 5ml tryptone. Incubate at  44 (C for 18-26 h





Make dilution series 10-1 to 10-5





Fix and stain sample





Inoculate triplicate test tubes for each dilution. Incubate at 44 (C for 18-26 h hours





Transfer to Dr. Hoa’s lab for helminth egg analysis





Put 200 (l sub-sample on slide. Dry overnight





Read slide in fluorescent microscope





86 ml: reduce to 2 ml and add 6 ml of 10% FA





Wash method








1 ml for dilution series (10-1


3 ml for triplicate 100





10 g for thermotolerant coliform analysis





10 g for protozoan parasite analysis
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		Pb


(mg/kg w.w)

		Cd


(mg/kg w.w)

		As


(mg/kg w.w)



		Common carp muscle

		<0.032-0.151

		<0.0033-0.0992

		<0.15



		Common carp liver

		<0.032-0.334

		<0.0033-0.0247

		<0.15



		Common carp skin

		<0.032-0.131

		<0.0033-0.0171

		<0.15



		Silver carp muscle

		<0.032

		<0.0033-0.0293

		<0.15



		Silver carp liver

		<0.032

		<0.0033-0.0262

		<0.15



		Silver carp skin

		<0.032

		<0.0033

		<0.15



		Tilapia muscle

		<0.032-0.153

		<0.0033-0.0268

		<0.15



		Tilapia liver

		0.174-0.721

		0.2200-0.6838

		<0.15



		Tilapia skin

		<0.032-0.201

		<0.0033-0.0147

		<0.15



		Limit value 

		0.2

		0.05

		-






_1198693614.xls
Diagram1

		PS1		0.022		0.03		0.009		0.009		0.006		0.006		0.009		0.009

		100m PS1		0.021		0.026		0.004		0.004		0.004		0.004		0.004		0.004

		200m PS1		0		0.026		0.006		0.006		NaN		NaN		0.006		0.006

		400m PS1		0		0.018		0.003		0.003		NaN		NaN		0.003		0.003

		600m PS1		0		0		NaN		NaN		NaN		NaN		NaN		NaN

		PS2		0.025		0.034		0.006		0.006		0.006		0.006		0.006		0.006

		100m PS2		0.02		0.035		0.006		0.006		0.005		0.005		0.006		0.006

		200m PS2		0.016		0.026		0.004		0.004		0.004		0.004		0.004		0.004

		400m PS2		0		0.015		0.002		0.002		NaN		NaN		0.002		0.002

		600m PS2		0		0		NaN		NaN		NaN		NaN		NaN		NaN

		Industry 1		0		0.018		0.005		0.005		NaN		NaN		0.005		0.005

		Industry 2		0		0		NaN		NaN		NaN		NaN		NaN		NaN

		Lake outlet		0		0		NaN		NaN		NaN		NaN		NaN		NaN

		Control		0		0		NaN		NaN		NaN		NaN		NaN		NaN



May 2004

nov-04

jan-05

µg/g wet plant

Pb

0.032

0.027

0.026

0.019

0

0.037

0.035

0.02

0.016

0

0.02

0

0

0



Ark1

		Sampling May 2004

																																								Control point		<0.4

																																								Samples collected in wastewater canal

																																								1.4 km from JICA		0.5

																																								1.2 km from JICA		<0.4

																																								1.0 km from JICA		0.6

																																								0.6 km from JICA		<0.4

																																								0.1 km from JICA		<0.4

																																								Samples collected in the lake

																																								JICA pumping station		<0.4

		Site		Ni		Sd		As		SD		Cd		SD		Pb		SD																						200m from JICA		<0.4

		PS1		0.3		0.03		0.26		0.05		0.07		0.011		0.032		0.009																						400m from JICA		<0.4

		100m PS1		0.29		0.03		0.27		0.04		0.087		0.016		0.027		0.004

		200m PS1		0.28		0.02		0.29		0.05		0.076		0.012		0.026		0.006																						Trabek pumping station		0.8

		400m PS1		0.25		0.02		0.34		0.07		0.078		0.009		0.019		0.003																						200m from Trabek		<0.4

		600m PS1		0.22		0.04		0.31		0.03		0.065		0.01		<0.002

		PS2		0.41		0.03		0.26		0.04		0.094		0.012		0.037		0.006																						400m from Trabek		<0.4

		100m PS2		0.37		0.05		0.27		0.06		0.083		0.011		0.035		0.006

		200m PS2		0.38		0.03		0.26		0.06		0.08		0.005		0.02		0.004																						Point with industry 1		<0.4

		400m PS2		0.3		0.04		0.25		0.03		0.079		0.011		0.016		0.002																						Point with industry 2		<0.4

		600m PS2		0.22		0.03		0.25		0.02		0.07		0.01		<0.002

		Industry 1		0.28		0.05		0.26		0.05		0.075		0.01		0.02		0.005																						Average for other points in lake		<0.4

		Industry 2		0.18		0.02		0.27		0.04		0.067		0.011		<0.002																								Lake outlet		<0.4

		Lake outlet		0.1		0.04		0.2		0.05		0.044		0.009		<0.002

		Control		0.11		0.03		0.23		0.03		0.045		0.006		<0.002

		Site		Ni		Sd		As		SD		Cd		SD		Pb		SD

		PS1						0.3		0.03		0.08		0.006		0.022		0.006

		100m PS1						0.25		0.04		0.078		0.013		0.021		0.004

		200m PS1						0.29		0.05		0.074		0.01		<0.014

		400m PS1						0.22		0.02		0.06		0.009		<0.014

		600m PS1						0.22		0.03		0.06		0.01		<0.014

		PS2						0.26		0.04		0.083		0.012		0.025		0.006

		100m PS2						0.25		0.06		0.084		0.011		0.02		0.005

		200m PS2						0.26		0.06		0.074		0.005		0.016		0.004

		400m PS2						0.27		0.03		0.067		0.008		<0.014

		600m PS2						0.25		0.02		0.062		0.01		<0.014

		Industry 1						0.26		0.05		0.072		0.01		<0.014

		Industry 2						0.27		0.04		0.045		0.008		<0.014

		Lake outlet						0.2		0.04		0.04		0.003		<0.014

		Control						0.25		0.03		0.045		0.006		<0.014

		Site		Ni		Sd		As		SD		Cd		SD		Pb		SD

		PS1						0.25		0.05		0.075		0.006		0.03		0.009

		100m PS1						0.24		0.02		0.083		0.009		0.026		0.004

		200m PS1						0.22		0.05		0.071		0.01		0.026		0.006

		400m PS1						0.3		0.04		0.074		0.009		0.018		0.003

		600m PS1						0.34		0.03		0.064		0.01		<0.014

		PS2						0.28		0.04		0.078		0.009		0.034		0.006

		100m PS2						0.26		0.06		0.078		0.004		0.035		0.006

		200m PS2						0.25		0.06		0.08		0.005		0.026		0.004

		400m PS2						0.25		0.03		0.065		0.03		0.015		0.002

		600m PS2						0.25		0.02		0.062		0.01		<0.014

		Industry 1						0.27		0.05		0.071		0.006		0.018		0.005

		Industry 2						0.25		0.04		0.053		0.011		<0.014

		Lake outlet						0.27		0.05		0.047		0.009		<0.014

		Control						0.23		0.03		0.047		0.006		<0.014



Metals in water spinach from May 2004



Ark1

		0		0		0.03		0.03		0.05		0.05

		0		0		0.03		0.03		0.04		0.04

		0		0		0.02		0.02		0.05		0.05

		0		0		0.02		0.02		0.07		0.07

		0		0		0.04		0.04		0.03		0.03

		0		0		0.03		0.03		0.04		0.04

		0		0		0.05		0.05		0.06		0.06

		0		0		0.03		0.03		0.06		0.06

		0		0		0.04		0.04		0.03		0.03

		0		0		0.03		0.03		0.02		0.02

		0		0		0.05		0.05		0.05		0.05

		0		0		0.02		0.02		0.04		0.04

		0		0		0.04		0.04		0.05		0.05

		0		0		0.03		0.03		0.03		0.03



Ni

As

mg/kg wet plant    .

May 2004



Ark2

		0		0		0.011		0.011		0.009		0.009

		0		0		0.016		0.016		0.004		0.004

		0		0		0.012		0.012		0.006		0.006

		0		0		0.009		0.009		0.003		0.003

		0		0		0.01		0.01		NaN		NaN

		0		0		0.012		0.012		0.006		0.006

		0		0		0.011		0.011		0.006		0.006

		0		0		0.005		0.005		0.004		0.004

		0		0		0.011		0.011		0.002		0.002

		0		0		0.01		0.01		NaN		NaN

		0		0		0.01		0.01		0.005		0.005

		0		0		0.011		0.011		NaN		NaN

		0		0		0.009		0.009		NaN		NaN

		0		0		0.006		0.006		NaN		NaN



Cd

Pb

µg/g wet plant      .

May 2004



Ark3

		0		0.03		0.03

		0		0.04		0.04

		0		0.05		0.05

		0		0.02		0.02

		0		0.03		0.03

		0		0.04		0.04

		0		0.06		0.06

		0		0.06		0.06

		0		0.03		0.03

		0		0.02		0.02

		0		0.05		0.05

		0		0.04		0.04

		0		0.04		0.04

		0		0.03		0.03



As

µg/g wet plant      .

Nov 2004



		0		0		0.006		0.006		0.006		0.006

		0		0		0.013		0.013		0.004		0.004

		0		0		0.01		0.01		NaN		NaN

		0		0		0.009		0.009		NaN		NaN

		0		0		0.01		0.01		NaN		NaN

		0		0		0.012		0.012		0.006		0.006

		0		0		0.011		0.011		0.005		0.005

		0		0		0.005		0.005		0.004		0.004

		0		0		0.008		0.008		NaN		NaN

		0		0		0.01		0.01		NaN		NaN

		0		0		0.01		0.01		NaN		NaN

		0		0		0.008		0.008		NaN		NaN

		0		0		0.003		0.003		NaN		NaN

		0		0		0.006		0.006		NaN		NaN



Cd

Pb

µg/g wet plant       .

Nov 2004



		0		0.05		0.05

		0		0.02		0.02

		0		0.05		0.05

		0		0.04		0.04

		0		0.03		0.03

		0		0.04		0.04

		0		0.06		0.06

		0		0.06		0.06

		0		0.03		0.03

		0		0.02		0.02

		0		0.05		0.05

		0		0.04		0.04

		0		0.05		0.05

		0		0.03		0.03



As

µg/g wet plant     .

Jan 2005



		0		0		0.006		0.006		0.009		0.009

		0		0		0.009		0.009		0.004		0.004

		0		0		0.01		0.01		0.006		0.006

		0		0		0.009		0.009		0.003		0.003

		0		0		0.01		0.01		NaN		NaN

		0		0		0.009		0.009		0.006		0.006

		0		0		0.004		0.004		0.006		0.006

		0		0		0.005		0.005		0.004		0.004

		0		0		0.03		0.03		0.002		0.002

		0		0		0.01		0.01		NaN		NaN

		0		0		0.006		0.006		0.005		0.005

		0		0		0.011		0.011		NaN		NaN

		0		0		0.009		0.009		NaN		NaN

		0		0		0.006		0.006		NaN		NaN



Cd

Pb

µg/g wet plant      .

Jan 2005



		0		0		0		0.05		0.05		0.03		0.03		0.05		0.05

		0		0		0		0.04		0.04		0.04		0.04		0.02		0.02

		0		0		0		0.05		0.05		0.05		0.05		0.05		0.05

		0		0		0		0.07		0.07		0.02		0.02		0.04		0.04

		0		0		0		0.03		0.03		0.03		0.03		0.03		0.03

		0		0		0		0.04		0.04		0.04		0.04		0.04		0.04

		0		0		0		0.06		0.06		0.06		0.06		0.06		0.06

		0		0		0		0.06		0.06		0.06		0.06		0.06		0.06

		0		0		0		0.03		0.03		0.03		0.03		0.03		0.03

		0		0		0		0.02		0.02		0.02		0.02		0.02		0.02

		0		0		0		0.05		0.05		0.05		0.05		0.05		0.05

		0		0		0		0.04		0.04		0.04		0.04		0.04		0.04

		0		0		0		0.05		0.05		0.04		0.04		0.05		0.05

		0		0		0		0.03		0.03		0.03		0.03		0.03		0.03



May 2004

Nov-05

Jan-05

µg/g wet plant

As



		0		0		0		0.011		0.011		0.006		0.006		0.006		0.006

		0		0		0		0.016		0.016		0.013		0.013		0.009		0.009

		0		0		0		0.012		0.012		0.01		0.01		0.01		0.01

		0		0		0		0.009		0.009		0.009		0.009		0.009		0.009

		0		0		0		0.01		0.01		0.01		0.01		0.01		0.01

		0		0		0		0.012		0.012		0.012		0.012		0.009		0.009

		0		0		0		0.011		0.011		0.011		0.011		0.004		0.004

		0		0		0		0.005		0.005		0.005		0.005		0.005		0.005

		0		0		0		0.011		0.011		0.008		0.008		0.03		0.03

		0		0		0		0.01		0.01		0.01		0.01		0.01		0.01

		0		0		0		0.01		0.01		0.01		0.01		0.006		0.006

		0		0		0		0.011		0.011		0.008		0.008		0.011		0.011

		0		0		0		0.009		0.009		0.003		0.003		0.009		0.009

		0		0		0		0.006		0.006		0.006		0.006		0.006		0.006



May 2004

Nov-04

Jan-04

µg/g wet plant

Cd



		0		0		0		0.009		0.009		0.006		0.006		0.009		0.009

		0		0		0		0.004		0.004		0.004		0.004		0.004		0.004

		0		0		0		0.006		0.006		NaN		NaN		0.006		0.006

		0		0		0		0.003		0.003		NaN		NaN		0.003		0.003

		0		0		0		NaN		NaN		NaN		NaN		NaN		NaN

		0		0		0		0.006		0.006		0.006		0.006		0.006		0.006

		0		0		0		0.006		0.006		0.005		0.005		0.006		0.006

		0		0		0		0.004		0.004		0.004		0.004		0.004		0.004

		0		0		0		0.002		0.002		NaN		NaN		0.002		0.002

		0		0		0		NaN		NaN		NaN		NaN		NaN		NaN

		0		0		0		0.005		0.005		NaN		NaN		0.005		0.005

		0		0		0		NaN		NaN		NaN		NaN		NaN		NaN

		0		0		0		NaN		NaN		NaN		NaN		NaN		NaN

		0		0		0		NaN		NaN		NaN		NaN		NaN		NaN



May 2004

nov-04

jan-05

µg/g wet plant

Pb
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Diagram1

		ww canal 1		13		0.5		20		20		3		3

		ww canal 2		12		0.6		15		15		2		2

		ww canal 3		10		0		5		5		4		4

		ww canal 4		9		0		4		4		2		2

		PS 1		10		0		3		3		3		3

		200m PS 1		10		0		3		3		2		2

		400m PS 1		8		0		4		4		3		3

		PS 2		13		0.8		3		3		2		2

		200m PS 2		13		0		6		6		1		1

		400m PS 2		8		0		4		4		2		2

		Inner lake		10		0		7		7		3		3

		Lake outlet		14		0		2		2		2		2

		Control		0		0		2		2		NaN		NaN



Pb

As

Cd

mg/kg dry weigth

120

111

50

46

45

45

38

99

42

44

39

30

18



Ark1

		Sample point		mg/kg Pb dry weight sediment

		Control point		18		2

		Samples collected in wastewater canal

		1.4 km from JICA		120		20																				Sample point		mg/kg dry weight sediment				Sample point		mg/kg dry weight

		1.2 km from JICA		24		4																				Control point		<0.81						sediment

		1.0 km from JICA		111		15						Pb		Sd		As		SD		Cd						Samples collected in wastewater canal						Control point		<0.4

		0.6 km from JICA		50		5				ww canal 1		120		20		13		3		0.5						1.4 km from JICA		13				Samples collected in wastewater canal

		0.1 km from JICA		46		4				ww canal 2		111		15		12		2		0.6												1.4 km from JICA		0.5

		Samples collected in the lake								ww canal 3		50		5		10		4		0						1.0 km from JICA		12				1.2 km from JICA		<0.4

		Average for other points in lake		39		7				ww canal 4		46		4		9		2		0						0.6 km from JICA		10				1.0 km from JICA		0.6

		200m from JICA		45		3				PS 1		45		3		10		3		0						0.1 km from JICA		9				0.6 km from JICA		<0.4

		400m from JICA		38		4				200m PS 1		45		3		10		2		0						Samples collected in the lake						0.1 km from JICA		<0.4

		Trabek pumping station		99		3				400m PS 1		38		4		8		3		0						JICA pumping station		10				Samples collected in the lake

		200m from Trabek		31		6				PS 2		99		3		13		2		0.8						200m from JICA		10				JICA pumping station		<0.4

		400m from Trabek		44		4				200m PS 2		42		6		13		1		0						400m from JICA		8				200m from JICA		<0.4

		Point with industry 1		65		6				400m PS 2		44		4		8		2		0						Trabek pumping station		13				400m from JICA		<0.4

		Point with industry 2		18		6				Inner lake		39		7		10		3		0						200m from Trabek		13				Trabek pumping station		0.8

		Average for other points in lake		39		7				Lake outlet		30		2		14		2		0						400m from Trabek		8				200m from Trabek		<0.4

		Lake outlet		30		2				Control		18		2		0				0						Point with industry 1		13				400m from Trabek		<0.4

																										Point with industry 2		12				Point with industry 1		<0.4

																										Average for other points in the lake		10				Point with industry 2		<0.4

																										Lake outlet		14				Average for other points in lake		<0.4

																																Lake outlet		<0.4





Ark1

		0		0		0		20		20		3		3

		0		0		0		15		15		2		2

		0		0		0		5		5		4		4

		0		0		0		4		4		2		2

		0		0		0		3		3		3		3

		0		0		0		3		3		2		2

		0		0		0		4		4		3		3

		0		0		0		3		3		2		2

		0		0		0		6		6		1		1

		0		0		0		4		4		2		2

		0		0		0		7		7		3		3

		0		0		0		2		2		2		2

		0		0		0		2		2		NaN		NaN



Pb

As

Cd

mg/kg dry weigth



Ark2

		





Ark3

		






_1211270307.unknown

_1211270306.unknown

_1198693626.xls
Diagram2

		PS1		0.08		0.075		0.011		0.011		0.006		0.006		0.006		0.006

		100m PS1		0.078		0.083		0.016		0.016		0.013		0.013		0.009		0.009

		200m PS1		0.074		0.071		0.012		0.012		0.01		0.01		0.01		0.01

		400m PS1		0.06		0.074		0.009		0.009		0.009		0.009		0.009		0.009

		600m PS1		0.06		0.064		0.01		0.01		0.01		0.01		0.01		0.01

		PS2		0.083		0.078		0.012		0.012		0.012		0.012		0.009		0.009

		100m PS2		0.084		0.078		0.011		0.011		0.011		0.011		0.004		0.004

		200m PS2		0.074		0.08		0.005		0.005		0.005		0.005		0.005		0.005

		400m PS2		0.067		0.065		0.011		0.011		0.008		0.008		0.03		0.03

		600m PS2		0.062		0.062		0.01		0.01		0.01		0.01		0.01		0.01

		Industry 1		0.072		0.071		0.01		0.01		0.01		0.01		0.006		0.006

		Industry 2		0.045		0.053		0.011		0.011		0.008		0.008		0.011		0.011

		Lake outlet		0.04		0.047		0.009		0.009		0.003		0.003		0.009		0.009

		Control		0.045		0.047		0.006		0.006		0.006		0.006		0.006		0.006



May 2004

Nov-04

Jan-04

µg/g wet plant

Cd

0.07

0.087

0.076

0.078

0.065

0.094

0.083

0.08

0.079

0.07

0.075

0.067

0.044

0.045



Ark1

		Sampling May 2004

																																								Control point		<0.4

																																								Samples collected in wastewater canal

																																								1.4 km from JICA		0.5

																																								1.2 km from JICA		<0.4

																																								1.0 km from JICA		0.6

																																								0.6 km from JICA		<0.4

																																								0.1 km from JICA		<0.4

																																								Samples collected in the lake

																																								JICA pumping station		<0.4

		Site		Ni		Sd		As		SD		Cd		SD		Pb		SD																						200m from JICA		<0.4

		PS1		0.3		0.03		0.26		0.05		0.07		0.011		0.032		0.009																						400m from JICA		<0.4

		100m PS1		0.29		0.03		0.27		0.04		0.087		0.016		0.027		0.004

		200m PS1		0.28		0.02		0.29		0.05		0.076		0.012		0.026		0.006																						Trabek pumping station		0.8

		400m PS1		0.25		0.02		0.34		0.07		0.078		0.009		0.019		0.003																						200m from Trabek		<0.4

		600m PS1		0.22		0.04		0.31		0.03		0.065		0.01		<0.002

		PS2		0.41		0.03		0.26		0.04		0.094		0.012		0.037		0.006																						400m from Trabek		<0.4

		100m PS2		0.37		0.05		0.27		0.06		0.083		0.011		0.035		0.006

		200m PS2		0.38		0.03		0.26		0.06		0.08		0.005		0.02		0.004																						Point with industry 1		<0.4

		400m PS2		0.3		0.04		0.25		0.03		0.079		0.011		0.016		0.002																						Point with industry 2		<0.4

		600m PS2		0.22		0.03		0.25		0.02		0.07		0.01		<0.002

		Industry 1		0.28		0.05		0.26		0.05		0.075		0.01		0.02		0.005																						Average for other points in lake		<0.4

		Industry 2		0.18		0.02		0.27		0.04		0.067		0.011		<0.002																								Lake outlet		<0.4

		Lake outlet		0.1		0.04		0.2		0.05		0.044		0.009		<0.002

		Control		0.11		0.03		0.23		0.03		0.045		0.006		<0.002

		Site		Ni		Sd		As		SD		Cd		SD		Pb		SD

		PS1						0.3		0.03		0.08		0.006		0.022		0.006

		100m PS1						0.25		0.04		0.078		0.013		0.021		0.004

		200m PS1						0.29		0.05		0.074		0.01		<0.014

		400m PS1						0.22		0.02		0.06		0.009		<0.014

		600m PS1						0.22		0.03		0.06		0.01		<0.014

		PS2						0.26		0.04		0.083		0.012		0.025		0.006

		100m PS2						0.25		0.06		0.084		0.011		0.02		0.005

		200m PS2						0.26		0.06		0.074		0.005		0.016		0.004

		400m PS2						0.27		0.03		0.067		0.008		<0.014

		600m PS2						0.25		0.02		0.062		0.01		<0.014

		Industry 1						0.26		0.05		0.072		0.01		<0.014

		Industry 2						0.27		0.04		0.045		0.008		<0.014

		Lake outlet						0.2		0.04		0.04		0.003		<0.014

		Control						0.25		0.03		0.045		0.006		<0.014

		Site		Ni		Sd		As		SD		Cd		SD		Pb		SD

		PS1						0.25		0.05		0.075		0.006		0.03		0.009

		100m PS1						0.24		0.02		0.083		0.009		0.026		0.004

		200m PS1						0.22		0.05		0.071		0.01		0.026		0.006

		400m PS1						0.3		0.04		0.074		0.009		0.018		0.003

		600m PS1						0.34		0.03		0.064		0.01		<0.014

		PS2						0.28		0.04		0.078		0.009		0.034		0.006

		100m PS2						0.26		0.06		0.078		0.004		0.035		0.006

		200m PS2						0.25		0.06		0.08		0.005		0.026		0.004

		400m PS2						0.25		0.03		0.065		0.03		0.015		0.002

		600m PS2						0.25		0.02		0.062		0.01		<0.014

		Industry 1						0.27		0.05		0.071		0.006		0.018		0.005

		Industry 2						0.25		0.04		0.053		0.011		<0.014

		Lake outlet						0.27		0.05		0.047		0.009		<0.014

		Control						0.23		0.03		0.047		0.006		<0.014



Metals in water spinach from May 2004



Ark1

		0		0		0.03		0.03		0.05		0.05

		0		0		0.03		0.03		0.04		0.04

		0		0		0.02		0.02		0.05		0.05

		0		0		0.02		0.02		0.07		0.07

		0		0		0.04		0.04		0.03		0.03

		0		0		0.03		0.03		0.04		0.04

		0		0		0.05		0.05		0.06		0.06

		0		0		0.03		0.03		0.06		0.06

		0		0		0.04		0.04		0.03		0.03

		0		0		0.03		0.03		0.02		0.02

		0		0		0.05		0.05		0.05		0.05

		0		0		0.02		0.02		0.04		0.04

		0		0		0.04		0.04		0.05		0.05

		0		0		0.03		0.03		0.03		0.03



Ni

As

mg/kg wet plant    .

May 2004



Ark2

		0		0		0.011		0.011		0.009		0.009

		0		0		0.016		0.016		0.004		0.004

		0		0		0.012		0.012		0.006		0.006

		0		0		0.009		0.009		0.003		0.003

		0		0		0.01		0.01		NaN		NaN

		0		0		0.012		0.012		0.006		0.006

		0		0		0.011		0.011		0.006		0.006

		0		0		0.005		0.005		0.004		0.004

		0		0		0.011		0.011		0.002		0.002

		0		0		0.01		0.01		NaN		NaN

		0		0		0.01		0.01		0.005		0.005

		0		0		0.011		0.011		NaN		NaN

		0		0		0.009		0.009		NaN		NaN

		0		0		0.006		0.006		NaN		NaN



Cd

Pb

µg/g wet plant      .

May 2004



Ark3

		0		0.03		0.03

		0		0.04		0.04

		0		0.05		0.05

		0		0.02		0.02

		0		0.03		0.03

		0		0.04		0.04

		0		0.06		0.06

		0		0.06		0.06

		0		0.03		0.03

		0		0.02		0.02

		0		0.05		0.05

		0		0.04		0.04

		0		0.04		0.04

		0		0.03		0.03



As

µg/g wet plant      .

Nov 2004



		0		0		0.006		0.006		0.006		0.006

		0		0		0.013		0.013		0.004		0.004

		0		0		0.01		0.01		NaN		NaN

		0		0		0.009		0.009		NaN		NaN

		0		0		0.01		0.01		NaN		NaN

		0		0		0.012		0.012		0.006		0.006

		0		0		0.011		0.011		0.005		0.005

		0		0		0.005		0.005		0.004		0.004

		0		0		0.008		0.008		NaN		NaN

		0		0		0.01		0.01		NaN		NaN

		0		0		0.01		0.01		NaN		NaN

		0		0		0.008		0.008		NaN		NaN

		0		0		0.003		0.003		NaN		NaN

		0		0		0.006		0.006		NaN		NaN



Cd

Pb

µg/g wet plant       .

Nov 2004



		0		0.05		0.05

		0		0.02		0.02

		0		0.05		0.05

		0		0.04		0.04

		0		0.03		0.03

		0		0.04		0.04

		0		0.06		0.06

		0		0.06		0.06

		0		0.03		0.03

		0		0.02		0.02

		0		0.05		0.05

		0		0.04		0.04

		0		0.05		0.05

		0		0.03		0.03



As

µg/g wet plant     .

Jan 2005



		0		0		0.006		0.006		0.009		0.009

		0		0		0.009		0.009		0.004		0.004

		0		0		0.01		0.01		0.006		0.006

		0		0		0.009		0.009		0.003		0.003

		0		0		0.01		0.01		NaN		NaN

		0		0		0.009		0.009		0.006		0.006

		0		0		0.004		0.004		0.006		0.006

		0		0		0.005		0.005		0.004		0.004

		0		0		0.03		0.03		0.002		0.002

		0		0		0.01		0.01		NaN		NaN

		0		0		0.006		0.006		0.005		0.005

		0		0		0.011		0.011		NaN		NaN

		0		0		0.009		0.009		NaN		NaN

		0		0		0.006		0.006		NaN		NaN



Cd

Pb

µg/g wet plant      .

Jan 2005



		0		0		0		0.05		0.05		0.03		0.03		0.05		0.05

		0		0		0		0.04		0.04		0.04		0.04		0.02		0.02

		0		0		0		0.05		0.05		0.05		0.05		0.05		0.05

		0		0		0		0.07		0.07		0.02		0.02		0.04		0.04

		0		0		0		0.03		0.03		0.03		0.03		0.03		0.03

		0		0		0		0.04		0.04		0.04		0.04		0.04		0.04

		0		0		0		0.06		0.06		0.06		0.06		0.06		0.06

		0		0		0		0.06		0.06		0.06		0.06		0.06		0.06

		0		0		0		0.03		0.03		0.03		0.03		0.03		0.03

		0		0		0		0.02		0.02		0.02		0.02		0.02		0.02

		0		0		0		0.05		0.05		0.05		0.05		0.05		0.05

		0		0		0		0.04		0.04		0.04		0.04		0.04		0.04

		0		0		0		0.05		0.05		0.04		0.04		0.05		0.05

		0		0		0		0.03		0.03		0.03		0.03		0.03		0.03



May 2004

Nov-05

Jan-05

µg/g wet plant

As



		0		0		0		0.011		0.011		0.006		0.006		0.006		0.006

		0		0		0		0.016		0.016		0.013		0.013		0.009		0.009

		0		0		0		0.012		0.012		0.01		0.01		0.01		0.01

		0		0		0		0.009		0.009		0.009		0.009		0.009		0.009

		0		0		0		0.01		0.01		0.01		0.01		0.01		0.01

		0		0		0		0.012		0.012		0.012		0.012		0.009		0.009

		0		0		0		0.011		0.011		0.011		0.011		0.004		0.004

		0		0		0		0.005		0.005		0.005		0.005		0.005		0.005

		0		0		0		0.011		0.011		0.008		0.008		0.03		0.03

		0		0		0		0.01		0.01		0.01		0.01		0.01		0.01

		0		0		0		0.01		0.01		0.01		0.01		0.006		0.006

		0		0		0		0.011		0.011		0.008		0.008		0.011		0.011

		0		0		0		0.009		0.009		0.003		0.003		0.009		0.009

		0		0		0		0.006		0.006		0.006		0.006		0.006		0.006



May 2004

Nov-04

Jan-04

µg/g wet plant

Cd



		0		0		0		0.009		0.009		0.006		0.006		0.009		0.009

		0		0		0		0.004		0.004		0.004		0.004		0.004		0.004

		0		0		0		0.006		0.006		NaN		NaN		0.006		0.006

		0		0		0		0.003		0.003		NaN		NaN		0.003		0.003

		0		0		0		NaN		NaN		NaN		NaN		NaN		NaN

		0		0		0		0.006		0.006		0.006		0.006		0.006		0.006

		0		0		0		0.006		0.006		0.005		0.005		0.006		0.006

		0		0		0		0.004		0.004		0.004		0.004		0.004		0.004

		0		0		0		0.002		0.002		NaN		NaN		0.002		0.002

		0		0		0		NaN		NaN		NaN		NaN		NaN		NaN

		0		0		0		0.005		0.005		NaN		NaN		0.005		0.005

		0		0		0		NaN		NaN		NaN		NaN		NaN		NaN

		0		0		0		NaN		NaN		NaN		NaN		NaN		NaN

		0		0		0		NaN		NaN		NaN		NaN		NaN		NaN



May 2004

nov-04

jan-05

µg/g wet plant

Pb



		





		






_1198693591.xls
Diagram3

		PS1		0.3		0.25		0.05		0.05		0.03		0.03		0.05		0.05

		100m PS1		0.25		0.24		0.04		0.04		0.04		0.04		0.02		0.02

		200m PS1		0.29		0.22		0.05		0.05		0.05		0.05		0.05		0.05

		400m PS1		0.22		0.3		0.07		0.07		0.02		0.02		0.04		0.04

		600m PS1		0.22		0.34		0.03		0.03		0.03		0.03		0.03		0.03

		PS2		0.26		0.28		0.04		0.04		0.04		0.04		0.04		0.04

		100m PS2		0.25		0.26		0.06		0.06		0.06		0.06		0.06		0.06

		200m PS2		0.26		0.25		0.06		0.06		0.06		0.06		0.06		0.06

		400m PS2		0.27		0.25		0.03		0.03		0.03		0.03		0.03		0.03

		600m PS2		0.25		0.25		0.02		0.02		0.02		0.02		0.02		0.02

		Industry 1		0.26		0.27		0.05		0.05		0.05		0.05		0.05		0.05

		Industry 2		0.27		0.25		0.04		0.04		0.04		0.04		0.04		0.04

		Lake outlet		0.2		0.27		0.05		0.05		0.04		0.04		0.05		0.05

		Control		0.25		0.23		0.03		0.03		0.03		0.03		0.03		0.03



May 2004

Nov-05

Jan-05

µg/g wet plant

As

0.26

0.27

0.29

0.34

0.31

0.26

0.27

0.26

0.25

0.25

0.26

0.27

0.2

0.23



Ark1

		Sampling May 2004

																																								Control point		<0.4

																																								Samples collected in wastewater canal

																																								1.4 km from JICA		0.5

																																								1.2 km from JICA		<0.4

																																								1.0 km from JICA		0.6

																																								0.6 km from JICA		<0.4

																																								0.1 km from JICA		<0.4

																																								Samples collected in the lake

																																								JICA pumping station		<0.4

		Site		Ni		Sd		As		SD		Cd		SD		Pb		SD																						200m from JICA		<0.4

		PS1		0.3		0.03		0.26		0.05		0.07		0.011		0.032		0.009																						400m from JICA		<0.4

		100m PS1		0.29		0.03		0.27		0.04		0.087		0.016		0.027		0.004

		200m PS1		0.28		0.02		0.29		0.05		0.076		0.012		0.026		0.006																						Trabek pumping station		0.8

		400m PS1		0.25		0.02		0.34		0.07		0.078		0.009		0.019		0.003																						200m from Trabek		<0.4

		600m PS1		0.22		0.04		0.31		0.03		0.065		0.01		<0.002

		PS2		0.41		0.03		0.26		0.04		0.094		0.012		0.037		0.006																						400m from Trabek		<0.4

		100m PS2		0.37		0.05		0.27		0.06		0.083		0.011		0.035		0.006

		200m PS2		0.38		0.03		0.26		0.06		0.08		0.005		0.02		0.004																						Point with industry 1		<0.4

		400m PS2		0.3		0.04		0.25		0.03		0.079		0.011		0.016		0.002																						Point with industry 2		<0.4

		600m PS2		0.22		0.03		0.25		0.02		0.07		0.01		<0.002

		Industry 1		0.28		0.05		0.26		0.05		0.075		0.01		0.02		0.005																						Average for other points in lake		<0.4

		Industry 2		0.18		0.02		0.27		0.04		0.067		0.011		<0.002																								Lake outlet		<0.4

		Lake outlet		0.1		0.04		0.2		0.05		0.044		0.009		<0.002

		Control		0.11		0.03		0.23		0.03		0.045		0.006		<0.002

		Site		Ni		Sd		As		SD		Cd		SD		Pb		SD

		PS1						0.3		0.03		0.08		0.006		0.022		0.006

		100m PS1						0.25		0.04		0.078		0.013		0.021		0.004

		200m PS1						0.29		0.05		0.074		0.01		<0.014

		400m PS1						0.22		0.02		0.06		0.009		<0.014

		600m PS1						0.22		0.03		0.06		0.01		<0.014

		PS2						0.26		0.04		0.083		0.012		0.025		0.006

		100m PS2						0.25		0.06		0.084		0.011		0.02		0.005

		200m PS2						0.26		0.06		0.074		0.005		0.016		0.004

		400m PS2						0.27		0.03		0.067		0.008		<0.014

		600m PS2						0.25		0.02		0.062		0.01		<0.014

		Industry 1						0.26		0.05		0.072		0.01		<0.014

		Industry 2						0.27		0.04		0.045		0.008		<0.014

		Lake outlet						0.2		0.04		0.04		0.003		<0.014

		Control						0.25		0.03		0.045		0.006		<0.014

		Site		Ni		Sd		As		SD		Cd		SD		Pb		SD

		PS1						0.25		0.05		0.075		0.006		0.03		0.009

		100m PS1						0.24		0.02		0.083		0.009		0.026		0.004

		200m PS1						0.22		0.05		0.071		0.01		0.026		0.006

		400m PS1						0.3		0.04		0.074		0.009		0.018		0.003

		600m PS1						0.34		0.03		0.064		0.01		<0.014

		PS2						0.28		0.04		0.078		0.009		0.034		0.006

		100m PS2						0.26		0.06		0.078		0.004		0.035		0.006

		200m PS2						0.25		0.06		0.08		0.005		0.026		0.004

		400m PS2						0.25		0.03		0.065		0.03		0.015		0.002

		600m PS2						0.25		0.02		0.062		0.01		<0.014

		Industry 1						0.27		0.05		0.071		0.006		0.018		0.005

		Industry 2						0.25		0.04		0.053		0.011		<0.014

		Lake outlet						0.27		0.05		0.047		0.009		<0.014

		Control						0.23		0.03		0.047		0.006		<0.014



Metals in water spinach from May 2004



Ark1

		0		0		0.03		0.03		0.05		0.05

		0		0		0.03		0.03		0.04		0.04

		0		0		0.02		0.02		0.05		0.05

		0		0		0.02		0.02		0.07		0.07

		0		0		0.04		0.04		0.03		0.03

		0		0		0.03		0.03		0.04		0.04

		0		0		0.05		0.05		0.06		0.06

		0		0		0.03		0.03		0.06		0.06

		0		0		0.04		0.04		0.03		0.03

		0		0		0.03		0.03		0.02		0.02

		0		0		0.05		0.05		0.05		0.05

		0		0		0.02		0.02		0.04		0.04

		0		0		0.04		0.04		0.05		0.05

		0		0		0.03		0.03		0.03		0.03



Ni

As

mg/kg wet plant    .

May 2004



Ark2

		0		0		0.011		0.011		0.009		0.009

		0		0		0.016		0.016		0.004		0.004

		0		0		0.012		0.012		0.006		0.006

		0		0		0.009		0.009		0.003		0.003

		0		0		0.01		0.01		NaN		NaN

		0		0		0.012		0.012		0.006		0.006

		0		0		0.011		0.011		0.006		0.006

		0		0		0.005		0.005		0.004		0.004

		0		0		0.011		0.011		0.002		0.002

		0		0		0.01		0.01		NaN		NaN

		0		0		0.01		0.01		0.005		0.005

		0		0		0.011		0.011		NaN		NaN

		0		0		0.009		0.009		NaN		NaN

		0		0		0.006		0.006		NaN		NaN



Cd

Pb

µg/g wet plant      .

May 2004



Ark3

		0		0.03		0.03

		0		0.04		0.04

		0		0.05		0.05

		0		0.02		0.02

		0		0.03		0.03

		0		0.04		0.04

		0		0.06		0.06

		0		0.06		0.06

		0		0.03		0.03

		0		0.02		0.02

		0		0.05		0.05

		0		0.04		0.04

		0		0.04		0.04

		0		0.03		0.03



As

µg/g wet plant      .

Nov 2004



		0		0		0.006		0.006		0.006		0.006

		0		0		0.013		0.013		0.004		0.004

		0		0		0.01		0.01		NaN		NaN

		0		0		0.009		0.009		NaN		NaN

		0		0		0.01		0.01		NaN		NaN

		0		0		0.012		0.012		0.006		0.006

		0		0		0.011		0.011		0.005		0.005

		0		0		0.005		0.005		0.004		0.004

		0		0		0.008		0.008		NaN		NaN

		0		0		0.01		0.01		NaN		NaN

		0		0		0.01		0.01		NaN		NaN

		0		0		0.008		0.008		NaN		NaN

		0		0		0.003		0.003		NaN		NaN

		0		0		0.006		0.006		NaN		NaN



Cd

Pb

µg/g wet plant       .

Nov 2004



		0		0.05		0.05

		0		0.02		0.02

		0		0.05		0.05

		0		0.04		0.04

		0		0.03		0.03

		0		0.04		0.04

		0		0.06		0.06

		0		0.06		0.06

		0		0.03		0.03

		0		0.02		0.02

		0		0.05		0.05

		0		0.04		0.04

		0		0.05		0.05

		0		0.03		0.03



As

µg/g wet plant     .

Jan 2005



		0		0		0.006		0.006		0.009		0.009

		0		0		0.009		0.009		0.004		0.004

		0		0		0.01		0.01		0.006		0.006

		0		0		0.009		0.009		0.003		0.003

		0		0		0.01		0.01		NaN		NaN

		0		0		0.009		0.009		0.006		0.006

		0		0		0.004		0.004		0.006		0.006

		0		0		0.005		0.005		0.004		0.004

		0		0		0.03		0.03		0.002		0.002

		0		0		0.01		0.01		NaN		NaN

		0		0		0.006		0.006		0.005		0.005

		0		0		0.011		0.011		NaN		NaN

		0		0		0.009		0.009		NaN		NaN

		0		0		0.006		0.006		NaN		NaN



Cd

Pb

µg/g wet plant      .

Jan 2005



		0		0		0		0.05		0.05		0.03		0.03		0.05		0.05

		0		0		0		0.04		0.04		0.04		0.04		0.02		0.02

		0		0		0		0.05		0.05		0.05		0.05		0.05		0.05

		0		0		0		0.07		0.07		0.02		0.02		0.04		0.04

		0		0		0		0.03		0.03		0.03		0.03		0.03		0.03

		0		0		0		0.04		0.04		0.04		0.04		0.04		0.04

		0		0		0		0.06		0.06		0.06		0.06		0.06		0.06

		0		0		0		0.06		0.06		0.06		0.06		0.06		0.06

		0		0		0		0.03		0.03		0.03		0.03		0.03		0.03

		0		0		0		0.02		0.02		0.02		0.02		0.02		0.02

		0		0		0		0.05		0.05		0.05		0.05		0.05		0.05

		0		0		0		0.04		0.04		0.04		0.04		0.04		0.04

		0		0		0		0.05		0.05		0.04		0.04		0.05		0.05

		0		0		0		0.03		0.03		0.03		0.03		0.03		0.03



May 2004

Nov-05

Jan-05

µg/g wet plant

As



		0		0		0		0.011		0.011		0.006		0.006		0.006		0.006

		0		0		0		0.016		0.016		0.013		0.013		0.009		0.009

		0		0		0		0.012		0.012		0.01		0.01		0.01		0.01

		0		0		0		0.009		0.009		0.009		0.009		0.009		0.009

		0		0		0		0.01		0.01		0.01		0.01		0.01		0.01

		0		0		0		0.012		0.012		0.012		0.012		0.009		0.009

		0		0		0		0.011		0.011		0.011		0.011		0.004		0.004

		0		0		0		0.005		0.005		0.005		0.005		0.005		0.005

		0		0		0		0.011		0.011		0.008		0.008		0.03		0.03

		0		0		0		0.01		0.01		0.01		0.01		0.01		0.01

		0		0		0		0.01		0.01		0.01		0.01		0.006		0.006

		0		0		0		0.011		0.011		0.008		0.008		0.011		0.011

		0		0		0		0.009		0.009		0.003		0.003		0.009		0.009

		0		0		0		0.006		0.006		0.006		0.006		0.006		0.006



May 2004

Nov-04

Jan-04

µg/g wet plant

Cd



		0		0		0		0.009		0.009		0.006		0.006		0.009		0.009

		0		0		0		0.004		0.004		0.004		0.004		0.004		0.004

		0		0		0		0.006		0.006		NaN		NaN		0.006		0.006

		0		0		0		0.003		0.003		NaN		NaN		0.003		0.003

		0		0		0		NaN		NaN		NaN		NaN		NaN		NaN

		0		0		0		0.006		0.006		0.006		0.006		0.006		0.006

		0		0		0		0.006		0.006		0.005		0.005		0.006		0.006

		0		0		0		0.004		0.004		0.004		0.004		0.004		0.004

		0		0		0		0.002		0.002		NaN		NaN		0.002		0.002

		0		0		0		NaN		NaN		NaN		NaN		NaN		NaN

		0		0		0		0.005		0.005		NaN		NaN		0.005		0.005

		0		0		0		NaN		NaN		NaN		NaN		NaN		NaN

		0		0		0		NaN		NaN		NaN		NaN		NaN		NaN

		0		0		0		NaN		NaN		NaN		NaN		NaN		NaN



May 2004

nov-04

jan-05

µg/g wet plant

Pb



		





		






_1058096261.unknown

_1198687200.doc
		

		Pb

		Cd

		As



		Water spinach



		Range (mg/kg w.w)

		0.033-0.205

		<0.005-0.046

		0.04-0.45



		Limit value (mg/kg w.w.)

		0.3

		0.2

		



		Max. intake mg/(day*60 kg b.w.)

		0.21

		0.06

		0.13



		Max. intake of water spinach (kg/day)

		1.0

		1.3

		0.29



		Sediment 



		Range (mg/kg d.w.)

		30.3-82.9

		<0.032-0.288

		7.87-24.7



		Limit value (VN) (mg/kg d.w.)

		70

		2

		12






_1198688169.doc
		

		Pb

(mg/kg w.w)

		Cd

(mg/kg w.w)

		As

(mg/kg w.w)



		Catfish muscle

		<0.032

		<0.0033

		<0.15



		Catfish liver

		<0.032-0.064

		<0.0033-0.0097

		<0.15



		Catfish skin

		0.054-0.433

		0.0036-0.8705

		1.31-82.51



		Spineless eel muscle

		<0.032

		<0.0033

		<0.15



		Spineless eel liver

		<0.032

		<0.0033

		<0.15



		Spineless eel skin

		<0.032

		<0.0033

		<0.15



		Snakehead muscle

		<0.032

		<0.0033

		<0.15



		Snakehead liver

		<0.032

		<0.0033

		<0.15



		Snakehead skin

		<0.032

		<0.0033

		<0.15



		Limit value 

		0.2

		0.05

		-






_1058096557.unknown

_1058096596.unknown

_1058095016.unknown

_1058095060.unknown

_1057668854.unknown

_1058094625.unknown

_1057668630.unknown

