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Abstract 
Until now, the possibility for the personnel at the National University of Lao PDR (NUOL) to perform 

analysis of arsenic in drinking water as well as water used for agriculture has been limited to 

indication sticks, giving only a vague indication of the presence and levels of arsenic. Due to the lack 

of adequate and sensitive analytical instruments the levels of arsenic are relatively unknown in Lao 

People Democratic Republic (Lao PDR). A simple method of analyzing arsenic in water is using 

atomic absorption spectroscopy (AAS) coupled to a hydride generation system (HG). In support of 

this project, an HG with an AAS-oven has been delivered and installed at the inorganic lab at NUOL. 

The system has been optimized and tested and the personnel at the university have been instructed and 

trained in how to use the system. Sampling and analysis were supposed to be executed although this 

part of the project encountered many problems and could not be performed in a satisfactory way. 

Problems mainly came from lack of material, i.e. distilled water, and knowledge as well as monsoon 

weather conditions making the sampling impossible. 
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Background 

Minor Field Studies (MFS) 

The minor field studies (MFS) are supported by the Swedish International Development Agency 

(SIDA). The projects goal is to give the student an insight in the challenging aspects of scientific 

research in a developing country (1). At the Department of  Chemistry at Umeå University the MFS 

are preformed as a project worth 30 ECTS, under a period of 20 week at advanced level where the 

student spend at least eight weeks in a developing country. The project is then reported as a written 

report and an oral presentation (1).  

Lao PDR  

Lao PDR has a long and shifting history, a history mostly isolated from the rest of the world. The most 

recent impact from the outside world would be from the war between Vietnam and USA where a large 

number of US bombs fell over northern Lao PDR; there are still a large number of undetonated bombs 

in the remote areas of Lao PDR (2), (3). Another large impact on the country would be from France, a 

period of French rule lasted from 1893 until 1949 (2), (3).  Furthermore, the two Indochina war 

affected the small country as well (2), (3). 

Lao PDR are squeezed in between Thailand, Burma/Myanmar, Vietnam, China and Cambodia leaving 

it no costal area, being one of the reasons for the slow tourist development in the country (2), (3). 

It is a small country, approximately half the area of Sweden, with about 6 million people (2009) (4), 

and a population consisting of a variety of different tribes having their own cultures and language. 

There are four main tribes divided by the fluctuations in the landscape (2), (3). There is the Lao Luom, 

the Lowland Lao, that originates from Thai and Burma, they are the main population in Lao PDR and 

represents 50-60 % of the Lao population. As a consequence of their superiority in number they are 

the ones that for centuries have controlled the rest of the tribes. Therefore, their language, culture and 

religion are the once classified as the official language, culture and religion of Lao PRD. They mostly 

support them self by growing wet-rice (2), (3). Secondly there is the Lao Thai, which originate from 

Thai. They are quite similar in the way of living as the Lao Luom, although, they tend to live more in 

the upland valleys and cultivate both dry (mountain) and wet rice (2), (3).  Furthermore, there are the 

Lao Soung, the Highland Lao, who live at the highest locations in Lao PDR and originate from China, 

Burma and Tibet. Traditionally they mainly cultivated opium although in recent years this has been 

replaced by dry rice, corn as well as coffee (2), (3). Finally there is the Lao Thoeng, the Upland Lao, 

who live on the mountain slopes in both south and north Laos. This tribe has a lower living standard 

than the other three tribes and usually work for someone in another tribe. They have their own 

language that differs strongly from Lao and are therefore still quite isolated (2), (3). 

The main religion in Lao PDR is Buddhism although there are some small groups of Christians and 

Muslims (2), (3).  

Lao PDR have travelled from an early kingdom via French rule to The Kingdom of Lao and finally to 

a communist state (2), (3). The historic event that had most relevance on today life in Lao PDR is the 

revolution that took place in 1975 by the Lao People’s Revolutionary Party (LPRP), a communistic 

party (2), (3). Since then, Lao PDR has been a country unknown and unexplored by non-Lao PDR 

citizens (2), (3).  Nearly 10 % of the population immigrated to other countries, as a result of the 

revolution. In addition, most industries and farms are now controlled by the government (2), (3).  To 

this date Lao PDR is still one the world’s poorest country and as much as fifty percent of the economy 
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is based on aid from other supporting countries leaving Lao PDR unprotected in a time of many 

financial crises (2), (3). 

Introduction 

Arsenic in the environment 

Problems with arsenic in the groundwater are a worldwide problem, but for Southeast Asia it is an 

increasing problem (5). Arsenic has been detected in several countries of the Southeast Asia region 

such as Bangladesh, India, Nepal, Burma, Pakistan, Vietnam, Lao PDR, Cambodia and China (5). 

According to the World Bank Policy Report of 2005, there is knowledge about presence of arsenic in 

Lao PDR, although the levels are unknown (5). United Nations Children's Fund (UNICEF) has been 

responsible for some groundwater testing in Lao PDR, showing that there are areas that have levels 

above 10 µg/L and also a few areas that have levels above 50 µg/L (5). According to the guidelines 

from World Health Organization (WHO) the threshold level for arsenic in drinking water is 10 µg/L 

but in many Asian countries the threshold levels are higher, usually at 50 µg/L, due to  limitations in 

resources and capability to perform reliable test for a detection limit below 50 µg/L (6), (7).  

The exposure to arsenic mainly comes from food and water, although the surrounding environment 

affects as well. (5) According to WHO the main source of arsenic poison is drinking water (6). A 

variety of health effects from arsenic poisoning as well as arsenic exposure has been reported, such as 

skin lesions, respiratory problems, problems with the nervous system, problems to reproduce and 

developing cancer (5).  

Arsenic exists in nature mainly as an ore mineral and is introduced to the environment through 

weathering processes, volcanic activities, biological reaction, geochemical reactions as well as 

anthropogenic activities (6). Arsenic released as a result of human activities originate mainly from 

mining, different kinds of industry like wood preservation, tobacco production or wool production, 

combustion of fossil fuels or farmers use of pesticides (6). These activities release arsenic into the 

ground- and surface-water as well as into the atmosphere and later on into the soils and sediments (6). 

Generally arsenic is present at low levels but because of its high toxicity the problems in affected areas 

will be massive (8).  

The major source of arsenic pollution in Southeast Asia is via reductive dissolution i.e. where arsenic 

adsorbed to the iron hydroxides in sediment is released into the groundwater by microbial 

decomposing of organic matter. This digesting process reduces ferric iron to ferrous iron, the more 

water soluble form of iron and as a result arsenic bound to iron can be released into the environment 

(9).  

Arsenic is present in both organic and inorganic forms where the inorganic species are more toxic then 

the organic species (6). There are four different oxidation states of arsenic (-3, 0, 3, 5) (6). Among the 

inorganic forms, arsenic (III) is more toxic then arsenic (V) (6). Toxicity of arsenic is not only 

dependent on the oxidation state but also on the biotic and abiotic conditions of the water (8). 

In groundwater the most dominant species are the inorganic forms of arsenic (6). Only small amounts 

of the organic methyl- and dimethyl- arsenic compounds have been detected in the same matrix (8). 

The occurrence of arsenate (As(V)) and arsenite (As(III)) is dependent on pH and redox potential (6).  

Arsenate is most common in surface water were the aqueous conditions are oxidizing. Whereas 

arsenites are most common in well water and ground water were the aqueous conditions are anoxic 

(6). Arsenite has a pKa of 2.3 and predominant in pH below 2 whereas arsenate has a pKa of 9.3 and 
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Flame 

Sample 

predominant in pH between 2 and 12 (7). This property makes it possible to separate the two forms by 

ion-exchange (7). 

The mobility of arsenic as well as sediment composition is affected by pH, redox potential, other 

species like Fe, Mn, Al, Ca and Mg as well as organic matter and clay minerals (10). Mobility is also 

affected by the oxidation state as well as the biotic and abiotic conditions of the water (8).  

The availability of a reliable, non-expensive and easily carried-out field kit is crucial for mapping the 

occurrence of arsenic in developing countries (5). There are some available field kits on the market 

that make it possible to test the presence of arsenic although they have short lifetime of only 15-20 

days in weather conditions like the ones in Lao PDR, making it expensive to have up to date 

equipment for the analyst (5). There are several other methods available for analysis of arsenic but 

they are only suitable for laboratory work (8). 

Atomic absorption spectroscopy (AAS) 

AAS is an atomic spectroscopic method used for both quantitative and qualitative determinations of a 

substance, mainly in determination of the extent of a substance in a specific matrix (11). The setup for 

an AAS experiment is usually like in figure 1. Light from a hollow cathode lamp goes through the 

sample which has been vaporized and atomized by some kind of heating device like a flame, oven or 

plasma. Then, the light is transferred into a monochromator that separates the light into the narrow 

spectral bands of wavelength that the light is composed of. Subsequently the light reaches the detector, 

followed by an amplifier, and finally the readout device (11). 

In an AAS, the relationship between the analytes concentration and the absorbance are studied and 

therefore, the analysis requires standards of known concentrations and a calibration curve (11). The 

calculations behind this relationship is based on the Beer-Lambert Law, A = εbc. Where A represent 

absorbance, ε the molar absorptivity coefficient, b is the path length and c represent the concentration 

(11).  

  

 

Figure 1. Atomic absorbance spectroscopy setup (11).  

The hollow cathode lamp consists of a hollow cathode and an anode inside a quartz- or glass- bottle 

formed lamp (11). The hollow cathode is made of the element that is studied and the lamp is filled 

with Ne or Ar gas at a pressure of ~ 130-700 Pa (11). When ~ 500 V is applied the gas inside the lamp 

is ionized and positive ions accelerate towards the cathode. These positive ions contain so much 

energy that they can vaporize the ions, of the studied element, on the cathode (11). These ions will get 

excited and emit photons of a certain wavelength (11). Then the photons will be absorbed by the non 

excited analyte atoms (11). The detector will measure the amount of photons that passes through the 

heating device without getting absorbed by the analyte (11).  

By using an electrical heated quarts oven instead of a flame, the amount of interference will decrease 

and the sensitivity will increase as well as it will lowering the background absorption (11).  

Hollow 
cathode lamp 

Heating 
device 

Mono-
chromator 

Detector Amplifier 
Readout 
device 
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The advantage of AAS is that it can distinguish a specific species from a complex mixture of 

substances, especially if combined with a HG that separates the substance of interest from the matrix 

(11).  Furthermore, it has a precision of 1-2 % which works well for trace amount analysis (11).  Some 

instruments, such as Inductively Coupled Plasma – Mass spectrometry (ICP-MS) and Inductively 

Coupled Plasma – Optical Emission Spectrometry (ICP-OES) has capability to measure up to 70 

different species at the same time. Compared to ICP-MS and ICP-OES AAS has the advantage of 

being cheaper (11).  

Hydride generating system (HG) 

An HG is used to enable atomic analysis of non-volatile substances (11). In the HG, the substance of 

interest is vaporized before reaching the heating device of the analytical instrument it is coupled to 

(11). The HG can be coupled to different kinds of analytical instrument such as AAS or atomic 

fluorescence spectrometry (AFS) (8). Furthermore, if coupled to additional separation techniques such 

as high performance liquid chromatography (HPLC), liquid-liquid extraction etc. the sensitivity can be 

increased further (8). In this project no chromatographic system was used for separation so the 

hydrides generated in the HG were directly introduced into the detector. 

The HG was first developed by Holak in 1969 and together with AAS has it then been the most 

popular detection method for inorganic arsenic (8). The arsenic is transformed to a volatile form with 

reducing reagents like sodium tetrahydroborate (NaBH4) or potassium tetrahydroborate (KBH4) (8).  

The HG can be performed in batch mode or continuous flow mode or flow injection, where the later 

are the most common types to this date (12). In the continuous flow mode, at least one peristaltic 

pump is required for pumping in the reagents and the sample (12). There are several advantages with 

the flow injection system compared to batch mode such as higher flow rate,  minimal usage of 

reagents (cost efficient), and that the system can more easily be controlled including the dispersion and 

reproduction of analytical signals (12). All these things make it easier to control the analytical process 

and remove all possible interferences (12).  

When optimizing the HG the volume of the gas-liquid separator and the reaction coils should be taken 

into consideration as it will affect the rate that the hydride will travel to the oven and therefore also 

affects the sensitivity and the amount of interference (12).  

Interference 

All different steps in the HG-AAS such as the hydride generation, gas-liquid separation, the gas 

transfer and the atomization are possible sources of error. One additional problem that arises when 

using a carrier gas to transport the hydride from the hydride generation cell to the atomizer is the 

concentration of arsine is lowered to concentrations that can be below the detection limit for the HG-

AAS (12).  Another source of error could be the rate of gas transfer to the oven; if too low the 

variations can lead to erroneous results (12).  

Different studies have showed that the processes causing interference in the liquid phase are quite well 

established compared to the interference in the gas phase. In the liquid phase it seems like interference 

are caused by metal colloids that are collecting and decomposing the newly generated hydrides (12).  

According to a study on the effects of the length of the reaction coil, an increased coil-length gave 

more interference, although, decreasing the coil-length never completely remove the interference (12).  

The conclusion could then be made that the hydride generation occurs almost instantaneously and that 

the interference mostly occur after the hydride is formed (12). The increased interference when using a 
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longer reaction coil is caused by the fact that the generated hydride and the generation solution are in 

contact with each other during a longer period of time (12).  

Even though the interference in the gas phase is not yet fully understood, there is a suggestion that the 

interference occur in the atomization process and that it is caused by a lack of radicals (12).  Radicals 

are supposed to be a part in the generation of hydrides, so in the presence of a substance more easily 

volatile than the one studied, that substance will steal the radicals and there will be an insufficient 

hydride generation for the metal of interest (12).  

The interference reaction in the liquid phase seems to be kinetically discriminated by the hydride 

generation reaction as well as the acid hydrolysis of NaBH4. Even though, the most effective way of 

avoiding all kinds of interference is to make sure that the hydride generation and the hydride transfer is 

as fast as possible (12).  

Reaction mechanism 

Below, in figure 2, there can be seen an overview over the hydride generation mechanism.  It is still 

unclear if it is hydrogen radicals or hydride ions that are involved in the reaction (see step 2 in the 

reaction) (12).  

AsH3Na
+

BH4

- + H Cl + 3 OH2
B OH

OH

OH

+ 8 H
+
+ Na Cl + H2(g) (g)

+As(III)

4

 

Figure 2. Reaction mechanism over the hydride generation (12). 

Aim and project plan 
Part one in the project plan was to install an HG in the inorganic lab at NUOL. This system should 

then be coupled to a quartz oven that is replacing the flame of an already existing AAS (GPC 932 

Plus). The HG includes a gas-liquid separator and two peristaltic pumps, all of which were optimised 

at Umeå University prior to departure. Part two was to instruct the staff at NUOL in how to use the 

instrument. Finally, part three of the project plan was to collect water samples and perform an analysis 

on them to establish the arsenic levels in the area around Vientiane. 

Installation and application of the HG-AAS system in Lao PDR.  
Our big box with all the chemicals and instruments from Umeå arrived to the airport without any 

problem. They were delivered to the university and installed in the inorganic lab and the settings 

optimised as much as possible.  

Peristaltic pumps and gas-liquid separator 

The instrumental set-up for the HG includes a VGA 77 peristaltic pump with a gas-liquid separator 

attached to it, as can be seen in figure 3. It also includes an extra peristaltic pump, a Pharmacia P1, as 

can be seen in figure 5. Everything is coupled to a supply of argon gas. Either argon or nitrogen can be 

used and argon was chosen as a result of the economy. The primary information was that argon is less 

expensive, although information given at a later stage was that nitrogen is less expensive than argon of 

laboratory quality. The argon supplied for analysis in this experimental set-up was of a lesser quality 

and therefore less expensive than nitrogen. If this affect the analysis is unknown since no other gas 

was available for comparison during this project. 
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Figure 3. Schematic image over the VGA 77 (13). 

Figure 4 is a schematic image of the flow directions of the different reactants, carrier gas and samples 

that are participating in the HG.  As can be seen in the schematic image, figure 4, inside the VGA 77 

there is a gas flow controller that controls the carrier gas flow and separates the gas into two tubings. 

One part of the gas is mixed with the sample, acid and the reductant and transported through the 

reaction coil to the gas-liquid separator.  The other part goes straight up to the gas-liquid separator. 

Thereafter all the gas goes from the gas-liquid separator to the oven. The two separate streams of 

carrier gas had a gas flow of approximately 100 ml/min each.  

 

Figure 4. A schematic image over the flow in the VGA 77 (13). 

In figure 3 a rear and a front tube bed on the peristaltic pump can be seen, both with different pressure 

bars. The front tube bed has room for one tube and the rear bed have room for two tubings. Although, 

in our set-up, only the rear tube beds was used, for the acid and the reductant. For the sample, the other 

peristaltic pump was used. This was due to the fact that the VGA 77 could not provide sufficient flow 

rate for the sample. A flow rate of about 7 ml/min is recommended for the sample and the VGA 77 

could only reach approximately half of that (14). So for the sample, the peristaltic pump showed in the 

image below was used, a Pharmacia P1. In this pump both speed, pressure on tubes and direction of 

the flow could be altered whereas in the VGA 77, only the pressure on the tubings could be altered. 

For the acid and the reductant a flow rate of approximately 1 ml/min was used (14). 
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Figure 5. The Pharmacia P1 peristaltic pump, used for the sample.  

In the following images the gas-liquid separator can be studied further. The reaction between NaBH4 

and HCl takes place in the reaction coil prior to the gas-liquid separator and the arsine gas together 

with the hydrogen gas will be transported through the tubing at the top (black in figure A) by the 

carrier gas.  The waste will be transported to the drain outlet and further to the waste vessel. As a 

result of lack in design of the VGA 77 the drain outlet easily gets clogged and if so the gas-liquid 

separator can get overloaded and it will flood. This problem was solved by putting some “feet” on the 

VGA 77 so that the waste could flow easily to the waste vessel.  

 

Figure 6  Gas-liquid separator; schematic picture (A) (13) and in reality (B).  

Oven with thermo-regulator and controller 

Two units for controlling the oven and its temperature were transported from Umeå to Vientiane, a 

thermo-regulator and an oven controller. Both constructed in 2008 by Mi Nguyen Hoa and Phuc Dao 

Hoang, students at the course “Instrumentation for analytical chemistry” at Umeå University.  

The thermo-regulator and the oven controller works together to keep a constant temperature. The 

temperature is set by the thermo-controller and it is kept constant by the oven controller unit. The 

temperature for this setup was set to 800 °C. The circuit over the two components can be found in 

appendix 1 and 2. More information regarding the construction can be found in reference (15). 

There were some problems with regards to the oven, during the first days, I didn’t manage to get the 

oven to heat up properly. After checking all the cable connections and instruments and with support 
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from my supervisor the problem was found in a cable that needs to be positioned in a special way to 

work.  

Another problem that arose after the oven had run for several hours was that the oven control unit got 

overheated so that the whole unit got very warm. This was solved by moving the lid of the unit a bit 

higher so that there would be some ventilation through the unit to prevent it from getting overheated. 

    

Figure 7. At top is the thermoregulator positioned and below is the oven control positioned.  

The metal shell of the oven is handmade in Umeå by UNIMEG from a design made by Lars 

Lundmark. Inside the oven there is a quarts tube connected to the gas-liquid separator by a tube and a 

metal coil working as a heating element when warmed up by the oven controller, as can be seen in 

figure 8A. The oven is placed at the same position as the flame, as can be seen in figure 8B, although, 

the flame can be locked in its position and therefore unaffected by small movements compared to the 

oven, which therefore is very sensitive to movement.  

Due to the narrow diameter of the quartz tube, optimizing the position of the oven and the hollow 

cathode lamp is crucial for a good absorption. And this was also one of the most time consuming part 

of the instrumental set-up.  

A       B 

Figure 8. Quarts tube with heating element (A), the oven, positioned in the AAS (B).  

The AAS 

The AAS in the inorganic lab at NUOL are a GPC 932 Plus with a split width of 1.0. The lamp was a 

hollow cathode lamp for arsenic with a lamp current of 8.0 and a wavelength of 193.7. The 

background correction lamp were a deuterium lamp and not used in this analysis.  

When trying to optimise the AAS and the absorption through the oven a problem was detected, 

namely zeroing the instrument. This is probably caused by instabilities of the electric network and 

therefore, sadly, nothing that could be altered. Another aspect regarding problem with the electricity is 

that the power supply is not grounded and the buildings does not have lightning rods, making every 
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thunder storm a potential fire hazard as well as a threat to all the electrical instruments. During our 

time in Lao PDR, the rain period was just getting started and a fair guess would be that there were 

thunderstorms in the area at least every other day. So one important thing was to make sure that the 

instrument were connected to the power supply only during analysis.  

The complete set-up 

In the figures below, the complete set-up can be observed, including the homemade sink with fresh 

and clean water supply in case of small accidents or spill. Large accidents would best be solved by 

jumping in to the large barrel of condensed water from the air conditioner that is placed outside the lab 

although, the purity of that water could be questioned; small fishes find it a good place to live in.  

  A                B 

Figure 9. Complete set-up (A) and the complete HG set-up (B). 

Analysis 

Experimental 

All the information on concentrations, flow rates and volumes are taken from a standard method for 

analysis of arsenic by HG-AAS from reference (14) and instruction obtained from the discussions I 

had with my supervisor.  

Reagents 

 Sodium borohydride reagent:  Dissolve 2 g NaBH4 in 100 mL 0.1M sodium hydroxide 

(NaOH). Prepare fresh solution daily. NaOH are used to prevent NaBH4 from decomposing in 

the water. The concentration of NaOH is not crucial although too high concentration can give 

an increase in detection limit as well a decrease in reproducibility (12). 
 Potassium iodide (KI) prereductant solution: Dissolve 10 g KI in 500 mL water. Prepare fresh 

solution daily.   

Both the KI- and the NaBH4 solution were altered from the standard method, suggested by Clesceri et. 

al, after discussion with the supervisor and experimental tests. This to save some chemicals due to that 

both chemicals were brought from Sweden in a limited amount and to order more from China would 

have taken at least three months.  

The hydride generation reaction rate for arsenic (V) is slower than what it is for arsenic (III). KI is 

added prior to the addition of NaBH4 to bring all arsenic in the sample to the same oxidation state i.e. 

arsenic (III) to let the hydride generation reaction go faster and to achieve the same reaction rate for 

both As(V) and As(III). This will then provide a spectrum for the total concentration of arsenic.  
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The reaction mechanism for the reduction of arsenate to arsenite can be seen from the reaction scheme 

presented in Figure 10 (12). 

I I IAs

O
-

O

O
- O

- + 3 + H
+

As

O
-

O
-

O
-

+ + OH2
2IK + K

+
3

 

Figure 10. The reaction mechanism of the reduction of arsenate to arsenite (12).  

 HCl: Used as sample preservation as well as reagent in the HG.  The concentration was 0.6 M.  

 

Since there is no risk of interference with chloride (Cl) when running a HG coupled to an AAS; HCl 

can be used as a regent. If IPC-MS was used, HCl would not have been suitable, this due to the 

molecular mass for Ar (40) and Cl (35) that would interfere with the molecular mass of As (75) in the 

mass spectrometer. In AAS there is not such interference. Furthermore, HCl is also suitable due to that 

it is not an oxidizing acid like nitric acid (HNO3) (12). An oxidizing acid can inhibit the reduction 

process if they are present in excess as they are in the hydride generation of arsenic (12). Besides, 

nitrate is an oxidizing agent that consumes NaBH4, the hydride generation is at risk of not getting 

completed (12).  

Arsenic solutions 

 Stock As(III) solution: 1000 ppm certified reference material brought from Sweden and 

Cambodia. 1000 ppm 

 Intermediate As(III) solution: 1 mL stock As solution to 100 mL with water containing 0,5 mL 

conc. HCl. 10 ppm  

 Standard As(III) solution: 1 mL intermediate As(III) solution to 100 mL with water containing 

0,5 mL conc. HCl. 100 ppb 

 Calibration standards: x mL standard solution and fill up to 50 ml in falcon tubes.  

x = 2.5, 5, 7.5, 10 and 25 mL giving calibration standards of 5, 10, 15, 20 and 50 ppb.  

 

Thanks to the fact that the HG removes most of the matrix that arsenic is present in, background 

correction should not be necessary although to be sure, calibration curves were done with and without 

background correction, as can be seen in table 2-4. To ensure the quality, the plan was to spike the 

sample with a certain amount of arsenic as well as using blanks. Moreover, also some recovery tests 

should have been preformed. Furthermore, all the standards as well as the spiking material were 

prepared from a certified reference material. High quality distilled water, which was used for the 

preparation of standard solutions, was provided for me from the water lab in Cambodia.  

 

Figure 11. In action at the inorganic lab of NUOL. 
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Data 

The only data received in this project are the once from a basic calibration of the AAS-HG system that 

were done to confirm that the system was working as it should. The establishment of the calibration 

curve could not be further improved due to the lack of distilled water.  

In calibration curve number 1 there is a nice linearity although when looking at the values, the 

absorbance is way too low. Curve 2 has an even smaller linear working range than curve 1 and it also 

has very low absorbance values. Furthermore, both curve 1 and 2 only have one value each above the 

quantification limit (0.06 absorbance unit) as can be seen in table 1-3. For curve 3 and 4 the 

absorbance values are much better as well as most values are above the quantification limit indicating 

the need of additions of KI. There is not a significant difference between calibration curve 3 and 4 so 

the need of background correction cannot be confirmed. Thanks to the results presented in calibration 

curve 1-4 the conclusions were made that there needed to be KI added to the solutions and that 

background correction wasn’t necessary. 

Table 1 

Blank 1 Blank 2 Blank 3 Blank 4 Blank(Total) Standard 

deviation (Sd) 

(Blank(Total)/4) 

Detection 

limit 

(Sd*3) 

Quantification 

limit 

(Sd*10) 

0,005 0,008 0,003 0,008 0,024 0,006 0,018 0,06 

 

Table 2 

 

Calibration curve, without addition of KI  

and with no background correction. 

Concentration Absorbance RSD 

0 0,005 High 

5 0,022 4,26 

10 0,041 5,38 

20 0,075 2,84 

50 0,178 3,31 
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Figure 1. Calibration curve, without addition of KI and with no background correction. 

Table 3 

Calibration curve, without addition of KI  

and with background correction. 

Concentration Absorbance RSD 

0 0,008 8,98 

5 0,009 High 

10 0,022 6,3 

20 0,053 4,1 

50 0,14 3,46 

 

 

Figure 2. Calibration curve, without addition of KI and with background correction. 

Table 4 

Calibration curve, with addition of KI  

and without background correction.  

Concentration Absorbance RSD 

0 0,003 High 

5 0,081 6,67 

10 0,149 5,01 

20 0,251 2,29 

50 0,436 2,92 

 

y = 0,0029x - 0,0067 
R² = 0,9998 
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Calibration curve, without addition of 
KI and with background correction.  

Values below the 
detection limit. 

Linjär (The linear 
working range.) 
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Figure 3. Calibration curve, with addition of KI and without background correction.  

 

Table 5 

Calibration curve, with addition of KI  

and with background correction 

Concentration Absorbance RSD 

0 0,008 High 

5 0,079 3,39 

10 0,163 2,56 

20 0,289 2,62 

50 0,476 1,93 

 

 

Figure  4. Calibration curve, with addition of KI and with background correction. 
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Laboratory standard 

The conditions in the lab in Lao PDR are hugely different from the conditions in Sweden. First of all, 

there is the safety matter. The lab does not have any water supplies; as a matter of fact, there is no 

water at all at the university most of the day. If they are lucky, there is some water in the pipes during 

the evenings at the ground level of the building. This problem was solved by bringing clean water in 

bottles to the lab every day making sure that the people working in the lab could wash their hands after 

handling chemicals. 

Another problem connected to the lack of water in the pipes was the difficulty to get distilled water. 

There was a distillation machine available, although it needs cooling water and without water in the 

pipes, no cooling water. It took about six weeks for me to get distilled water in enough amounts to be 

able to perform any test. Lack of information about the real source of problem was the reason as to 

why I did not try to collect water from another source outside the university. 

Furthermore, there is no fume hood or ventilation that is working making the air quality not safe. 

Opening the door to ventilate made the air quality less of a problem. 

The lack of clean and sterile environment makes it almost impossible to perform quality secured 

laboratory work. As a result of the humidity and the large amount of sand in the air, all areas are very 

dusty. There are chemicals left on the bench without labels or lids. There is no paper or cleaning cloths 

available in the lab, making cleaning of the lab difficult. Connected to the problem with clean water, 

there is no possibility for the personnel of the university to keep the glassware and instrument clean 

and sterile. Furthermore, there is no cleaning of the lab neither from cleaning personnel nor from the 

laboratory personnel.   

There is also a lack of safety behaviour from the personnel as they for example, smoke cigarettes in 

the lab. Connected to the lack of safety behaviour, there is also a lack of resources making it difficult 

to create and maintain safety behaviour. If all basic safety gear such as gloves, glasses and lab coats is 

missing, it is difficult to have a safe laboratory environment. Overall, there is a huge risk of 

contaminations. One interesting aspect that never would have occurred in Sweden were the reuse of 

nitrile gloves, I brought some with me and during class I made them us them and they didn’t want to 

throw them away so they reused them, creating even more contaminations than without the gloves.  

 

 

Figure 12. The inorganic lab at NUOL 
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Sampling 

The sampling was executed on four different spots around Vientiane, both pumped groundwater and 

collected rainwater was sampled. The spots were located at quite remote places and the weather 

conditions weren’t optimal. There were some heavy rainstorms during the day making the roads very 

muddy and slippery making it difficult to reach the locations. The pH was approximately seven at all 

four spots. 

The preparations prior to the sampling were executed by my supervisor and some of his students. All 

samples were collected at sites owned by private persons and to be able to do some sampling both 

language and culture barriers need to be overcome, that’s one of the reasons why I needed my 

supervisor to be participating in the sampling procedure. One of the culture aspects that should be 

mentioned is the large amount of hierarchy between students and teachers as well as between women 

and men. This can be confirmed if comparing some values regarding the gender equality in Sweden 

vs. Lao PDR according to UN, as can be seen in table 6 (16) (17). As can be seen there is a negative 

trend in Lao PDR regarding the numbers of girls attending higher education (16) (17). This aspect is 

not only affecting the sampling but all work in Lao PDR and one of the aspects that need to be taken 

in account for during the MFS project.  

Table 6. Some values regarding gender equality in Lao PDR vs. Sweden according to the UN (16), 

(17). 

 Lao PDR Sweden 

Proportion of women in working life 

(excluding farming). 

32,1 % 52,2 % 

Proportion of female representative in the 

government.   

25 % 46 % 

Proportion of girls in college.  0.78  

(numbers of girls per boy) 

1,58  

(numbers of girls per boy) 

Proportion of girls at high school. 0,81 

(numbers of girls per boy) 

0,99  

(numbers of girls per boy) 

Proportion of girls at elementary school. 0,91 

(numbers of girls per boy) 

0,99  

(numbers of girls per boy) 

Proportion of girls that goes to elementary 

school. 

80,7 % 95,6 % 

Proportions of boys that goes to elementary 

school.  

84,1 % 96,4 % 

Proportion of girls that finish elementary 

school. 

67,8 % 99,3 % 

Proportion of boys that finish elementary 

school. 

66.2 % 98,8 % 

 

The sampling procedure was the following; a bucket or something similar was borrowed from the 

owner of the land we were visiting. The water was then collected from a hose connected to the water 

pump or to the barrel with rain water. Then the sample would be filtered in a kind of vacuum filter and 

put in a bottle for me to analyse. These were put into a so called cooling box although the box didn’t 

include any cooling element and the heat inside the box was higher than the heat outside, 35 °C or 

higher. Nothing else was done to the sample. There were a lot of things that went wrong on this 

expedition as stated above and in addition to this, there can be added that the bucket borrowed from 

the family owning the house wasn’t cleansed in any way, my supervisor drank from it and smoked 

cigarettes close by, no acid was added to the samples to preserve them and they weren’t kept cool.  

Furthermore, all the things used during the sampling procedure were used at the next location without 
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proper cleaning in between.  So it is a bit of an understatement that the samples were useless which 

was confirmed the day after when testing the samples for arsenic, and nothing could be detected.  

To sum up, the sampling procedure was a catastrophe and due to lack of time, there was no time to do 

a new sampling. The plan was to perform the sampling in the beginning of my stay but it got largely 

delayed due to factors out of my control.  If a new sampling could have been executed, I would have 

taken a more active part in the preparation for the sampling as well in the sampling procedure at the 

locations. Unfortunately, the fact that the cultures are different and that there is such a clear hierarchy, 

at the time, it was difficult to get fully involved and have full control over the pre-sampling 

preparations and the sampling itself.  

Another problem  regarding the sampling that I notice during my time in Lao PDR,  is that the 

sampling wasn’t regarded as an important step in the analytical procedure as it is in Sweden and it is 

preformed with less amount of consideration and often preformed by some one else then the analytical 

chemist. A result of this is that the person doing the analysis does not have control over the complete 

process; they don’t know how the sampling were executed and can therefore not guarantee the quality. 

 A      B 

Figure 13.Two different water collecting system, a well with a pump (A) and a rainwater collecting barrel 

(B).  

Teacher for a week 
The main focus during my teaching was to make sure that the teacher assistant, that was assigned to 

work with this analysis of arsenic in the future, understood all aspects of the AAS coupled to a HG. If 

some understanding among the others was reached as well, then that was a bonus. The instructions 

from me were in English and one of the teacher assistant translated it to Lao.  My approach was to 

instruct and then let them do all the practical work so that they would learn by ears, eyes and hands. 

Unfortunately, the groups were too big for all to have the possibility to fully participate. Especially the 

students were difficult to get to volunteer and participate in the practical work, probably because this 

was their first time in the lab, and also a result of the hierarchy between students and teachers.  

I also put a lot of effort in creating three different manuals and one poster. The manuals were for 

safety behavior in a lab, for a correct sampling procedure and for the HG. The poster was a step by 

step instruction on how to use the HG in both English and Lao. 
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Figure 14. My class of both students and teachers from the chemistry department of NUOL doing some 

hand-on practice of the HG.  

Problems encountered and personal reflections 
Nothing really went as I had planned, mostly due to the standard of the university and of the lab as 

well as some cultural conflicts. A good wrap-up of the whole project would be that it has been like an 

emotional rollercoaster where expectations and excitement were mixed with disappointments and 

drawbacks.  

When working as a chemist in a developing country like Lao PDR there is a lot of drawbacks and 

frustrations for the local chemist as well for exchanging scientists. Most of the problems that I 

encounter and that caused frustrations during my time in Lao PDR are problems that the staff and 

students at NUOL meet every day. Even so, they struggle on with the possibilities and resources they 

have. Most of the teachers, especially the younger ones, are going to other countries for master, PhD 

and post-doc scholarship programs as well as short courses at other universities to broaden their 

knowledge and experience. Many of them have been in countries with a higher level of resources so 

they have encountered an analysis environment of higher quality than theirs. They know how it can be 

and how it should be but at this time, there are not enough resources to reach that level of standard at 

their own university.   

Below I will try to give some insight into problems that can arise at the chemistry department of a 

university in a developing country. Even if there is a huge amount of problems and that everything I´m 

listing below are problems, one should remember that it is just one side of the whole picture. There is 

a lot that is good as well, mostly coupled to the people working very hard at the university although to 

understand what these people are struggling with, the problems need to be listed.  

A major problem during my stay at NUOL was the time; the time was never on my side. First of all, 

the Lao people are very time optimistic, a fact that I learned after some weeks. Furthermore, every 

process takes a certain amount of time and the processes in Lao PDR take a lot of time. Much of the 

project time was consumed by me waiting for something, which could be my supervisor, some 

chemicals, distilled water or something else.  On top of that, there were some communication 

problems regarding the sources of the delays that were unclear for me most of the time. An interesting 

example of this is the information regarding my departure, information that had been given to my 

supervisor by me at least five times and also by some of the other teachers, although, he was still 

surprised at my last day at the university indicating that the information had disappeared somewhere 

during the process.  
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One aspect that is rarely discussed prior to an MFS is the climate and weather and how it may affect 

your stay in the new country. Even though we were aware that the monsoon rain period starts 

somewhere between June and July, going on until October, and that the heavy rain could create a large 

numbers of problems, we could not have imagined how big the problems would be in a country that is 

lacking the basic infrastructure like proper roads. Most roads are just mud roads and the ones that are 

asphalt are in bad condition. So there is no backup for the damage caused by the heavy rain and the 

mudslides. The rain period this year started off really bad with a tropical storm in the end of June and 

another one in the end of July. According to Vientiane times, this is the worst weather in June and July 

in 36 years (18). And according to UNICEF in Vientiane, the large effects of the rain period like 

mudslides, flooding, lack of water supply and electricity as well as whole villages disappearing and 

people missing, usually comes in the end of august to September although this year it started of badly 

and all this we faced already in the end of June (19).  

The heavy rain affects a project that is focusing on collecting water samples because it made it 

difficult to sample adequate samples since the rain dilutes every surface-water supply and stir around 

all sources of water except for the ground water. Moreover, the heavy rain also makes collecting 

groundwater almost impossible without contaminations from mud, soil, rainwater as well as waste 

water from flooded areas. The large amounts of rain also make the ground very unstable and 

mudslides are common, making all sampling difficult and risky.                                     

Rain period does not equal cold weather, so another aspect is the sun and the temperature that will also 

affect the stay in the country and also the project. One aspect to take in account is that the temperature 

and the humidity changes the way of handling them, one example of this would be that the 

concentrated HCl give more fume in this humid climate and, in addition to the lack of fume hoods, 

made working with concentrated HCl a bit more unpleasant than usually. Another chemical that is 

affected by the temperature and the humidity is NaOH. The NaOH pellets melt in room temperature as 

a result of the high humidity and the measuring of them became a bit more complicated. It should be 

mentioned that the air conditioner was on at all times so the temperature should have been  around 27 

°C so most of the effects on the chemicals probably came from the humidity and not from the heat.  

Furthermore, lack of a supervisor in Lao PDR was a mayor problem. Officially I had a supervisor 

although, most of the time, he was absent due to different kinds of reasons, both known and unknown. 

Unfortunately, there was no one else at the university that had the time and/or authority to take over 

the supervising. This also affected the sampling for the same reasons mentioned above; there were no 

one else to take over the sampling procedure.  

The communication was a constant problem; there were only a few persons that knew English and my 

Lao, as well as their Swedish, is non- existent.  The knowledge regarding the AAS at the lab in NUOL 

was also a problem, apparently, the one with the best knowledge was away during the summer, so 

there was some extra time consumed by optimizing the instrument.  

Another aspect to take into account is the differences in teaching and pedagogical theories between 

Sweden and Lao PDR. From my own experience, my chemical education has been very practical, 

giving a good laboratory experience as well as practical applications of my chemical knowledge. What 

I noticed during the short period of time in Lao PDR, there seem to be very little laboratory practice 

for the undergraduate students and even students at the end of the fourth year had very little or no 

laboratory experience. This indicates that even though the theoretical knowledge is high, they seldom 

have practiced it in reality.  Another aspect of teaching that I noticed is that the students seldom 

questioned the teachers or discussed the information they were given. Compare this to Sweden, where 
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the education according to my experience, includes much more discussions and less straight forward 

answers.  

Some final reflections on our summer in Lao PDR 
Even though nothing turned out as we’d hoped, thought or wanted, the summer of 2011 will be a 

forever memorable and fantastic experience.  Our flight to Vientiane was filled with questions and it 

was two very nervous young women that landed on the airport in Vientiane on June 10th. It is difficult 

to give a fair picture of the time we spent in Lao PDR, on the events that occurred and on the people 

that we met and who we will miss a lot. For those who weren’t there, it might seem like the experience 

is just filled with troubles and mishaps. But that is just one side of the story; the other is filled with 

new insights, a greater understanding of myself and of others and a bigger capability of solving 

problems. And, of course, for those who weren’t there, this just sound like one of all these crappy 

clichés although, I can assure you that this one is true.  

Prior to our travel we tried to prepare for it but the first visit to the lab was still a chock, the whole 

university was a chock. And we felt very lost on top of it, not surprisingly so; tall, white, and blond 

and speaking a language no one understood. It was a lot to get used to this first day at work. Moreover, 

to describe the standard of the labs is not easy, although for a chemist, I think that just mentioning that 

there is no functional fume hood, no tap-water or sink in the lab, no safety gear, chemicals on the 

benches without labels and lids, no cleaning routines of the lab or the glassware, some of the staff is 

smoking in the lab and even some very cute kittens living in the lab. The first weeks was a time of 

adapting to these new standards and to deal with them in the best possible way as well as trying try to 

make these conditions work with the project plan.  

An interesting thing in Lao PDR are the numbers of students, the classrooms are packed with students, 

compared to the very few chemistry students in Sweden. Higher education is a luxury and a huge 

possibility to develop and it is a privilege to have the opportunity to study. Lao PDR is a country 

where studies are a way out of poverty so if you have the possibility, you take it. It is good to see the 

massive interest, although, it is also obvious that the large amount of students make the small amount 

of resources last an even shorter period of time.    

One of the wisdoms gained from this MFS is that to be able to go to another country and to support 

that country with some extra knowledge and perspective, as well as aid in material, instruments or 

even money, you have to let the receiver of the support be an active part of it, you should not come in 

and take over. There has to be respect between the supporter and the receiver and a mutual goal with 

the supporting project. Before I left Sweden I thought I already had this wisdom, it seems so logical 

and simple. Although when you are in a developing country you realise that it is not, it sounds very 

easy on paper but in reality it really hard to implement.  And I think that for to be able to execute any 

form of supporting aid to a developing country you have to go there and meet these challenges to fully 

understand the complexity of this very simple idea that everyone should be included in a supporting 

project.  The problem with my project is therefore mostly a lack of time; there were not enough time to 

both get an understanding regarding the culture and to perform the planned project. The project is 

highly dependent in that I work with the personnel at the university as a team and to be able to do that, 

I need the time to get into the team and to fully get into the team, I need time to get to know the 

culture, a difficult task in eight weeks.  

Another important thing to learn about a MFS is that you leave your country and come as a guest to 

another; it is impossible and also very rude to come and take over. And even if you think that there is a 
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better way of doing things, and even if you are right, it is very difficult to say that without being rude 

or without making the other person felling overshadowed.  

Future prospects 
One of the most important things to realize regarding studies like a MFS as well as other supporting 

programs in a developing country is that the situation can’t be changed if the infrastructure 

surrounding it does not function. So for my project to work sufficient, the basic supplies of water, 

electricity and ventilation need to function otherwise the project fails. Investments are needed to 

ensure that the university has all the basic supplies and until these investments are done, there can 

never be preformed high quality analysis. It does not matter how many fancy instruments that are 

donated by different organizations if there isn’t a university able to take care of them and use them in a 

proper way.  
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