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Executive summery 

 

Perfluorooctanesulfonic acid or Perfluorooctane sulfonate (PFOS) is a completely 

fluorinated organic compound. This compound contains 8 C atoms and all of the C-Hydrogen 

bonds are replaced by C-Fluorine bonds. PFOS commonly used as a simple salt or is 

incorporated into larger polymers. This compound is extremely persistent in the environment 

due to the Carbon-Fluorine bond which is thermodynamically a very strong bond. In May 2009, 

PFOS and related substances which can degrade to PFOS were listed as POPs by the Stockholm 

convention due to its POPs properties including relevant toxicity to humans. This was because 

of its persistent, bio accumulative, toxic and long range transport properties. PFOS and related 

substances were listed in List B of the Stockholm Convention. PFOS is resistant to typical 

environmental degradation processes such as atmospheric photo oxidation, direct photolysis 

and hydrolysis resulting in a wide distribution.  

 

The toxicity, mobility and bioaccumulation potential pose a significant health risk to 

wildlife and human beings. Studies have shown that they have the potential to bio accumulate 

and bio magnify in wildlife. Health effects of PFOS and other Perfluorinated Chemicals (PFCs) 

have been studied mainly in rodents. Only few have been done on humans and other animal 

species. The liver has been the primary target organ in chronic feeding studies with rodents and 

non-human primates. According to a chronic feeding study in rats, PFOS results in adenomas of 

the liver and the thyroid gland. Animal studies show that PFOS is well absorbed orally and 

distributes mainly in the serum and the liver. 

  

In 1949, an American Company, named 3M began producing PFOS based compounds. 

For about 50 years PFOS and its derivatives have been in use commercially in the world. In 1999 

after receiving data in global distribution and toxicity of PFOS, US-EPA began to investigate on 

PFCs.  In 2001, 3M Company phased out the production of PFOS voluntarily. Before 2003, the 

3M Company used PFOS as the major ingredient of Scotchgard, which is a fabric, furniture and 

carpet protector. It was replaced by Perfluorobutane sulfonate (PFBS) after 2003. China began 

to produce PFOS based products much later than the industrial countries. 

 

PFOS, its’ salts and precursors are not found naturally. They are released to the 

environment during manufacture and use of products containing PFOS. Disposal of products 

such as fire extinguishing foams also promote the increase of PFOS in the environment. PFOS 

can enter the environment through production sites and also where it is used in productions. In 

Sri Lanka concentrations and accumulations of 13 PFCs in human sera and seminal plasma was 

measured. Measurable quantity of PFOS was found in all seminal plasma samples.  
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Another study in Sri Lanka was conducted on pipe borne water and river water 

contamination of PFCs. PFOS was found in most of river samples. Exploratory data analysis 

(EDA) methods were used to analyze and review data files. This was used to decide on the need 

of additional data collection. According to the data, firefighting foams are the major source of 

PFOS to the country and it was 47.4% (upper estimate 17837  Kg) from the total PFOS amount 

(upper estimate 37596 kg). The second is coating and impregnations for synthetic carpets and it 

was 34%. Coating and impregnations for textile was 15.19%.  

 

Awareness programs were held in order to educate the public as well as importers. 

Leaflets containing basic data on PFOS were distributed and questionnaires were handed over 

to share the knowhow among the society. If CAS number could be obtained instead of HS 

codes, a more accurate value could have been obtained. Further, it is recommended to conduct 

more awareness programs and a special attention shall be given to control the importing 

amount of PFOS through the custom office. 
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1. Introduction  
 
Perfluorooctanesulfonic acid (PFOS) and Perfluorooctanoic acid (PFOA) are completely 

Fluorinated (Perfluorinated), organic compounds and both are Perfluorinated chemicals (PFCs) 

(Anon., 2014). PFOS is listed in the Stockholm convention in 2009 (Oliaei, et al., 2010). Even though 

PFOA is not listed in the Stockholm convention, it was proposed by the European Union (EU) as one 

of the harmful persistent organic pollutants (POPs). Fluorinated substances, is a common name 

which illustrates a group of organic and inorganic substances. It contains at least one Fluorine atom 

and because of that they have different physical, chemical, and biological properties (Banks et al. 

1994, 2011).  

 

PFOS is commonly used as simple salt (such as Sodium, Potassium or Ammonium) or is 

incorporated into larger polymers. PFOA is a Perfluoralkyl-carboxylate which produced synthetically 

as a salt (Anon., 2014). As PFOA is not yet listed in the Stockholm convention, this inventory was 

only focused to PFOS. 

 

PFOS group includes 1-Octanesulfonic acid, 1-Perfluorooctanesulfonic acid, 

Heptadecafluoro-1-octanesulfonic acid, Perfluoron-octanesulfonic acid, Perfluoroctanesulfonic acid 

and Perfluoroctylsulfonic acids. They include long Carbon chains which are stable chemicals (Kissa, 

1994; Kissa, 2001; Buck, et al., 2011). As PFOS contains eight Carbon atoms in which all the Carbon-

Hydrogen bonds are replaced by Carbon-Fluorine bonds. This compound is extremely persistent in 

the environment due to the Carbon-Fluorine bond which is thermodynamically the strongest bond 

known making PFOS exceptionally stable. The C8F17 subunit also adds hydrophobicity to it.  

 

PFOS also contains a reactive Sulfonic group (-SO3H) which adds polarity and these two 

attributes give the PFOS the ability to repel both water and oil. Even though PFOS can exist in 3 

forms (anionic, acid and salt forms) under normal environmental conditions (neutral pH) the 

anionic form (C8F17SO3
-) is dominant. This results in very low volatility and high water solubility.  

 

Due to this characteristic, PFOS can be typically found at higher concentrations in water 

compared to air (Anon., 2013a). However, PFOS precursors such as 2-(N-methylperfluoro-1-

octanesulfonamido)-ethanol(N-MeFOSE) and 2-(N-ethylperfluoro-1-octanesulfonamido)-ethanol 

(N-EtFOSE) are more volatile and can travel through air and subsequently degraded to PFOS 

(Renner, 2004). 

 

Because of their unique lipid and water repellent characteristics, PFOS and PFOA are used as 

surface active agents in various high temperature applications and as a coating on surfaces that 

contact with strong acids or bases (Schultz et al., 2003; UNEP 2005). Perfluorinated chemicals 

(PFCs) are used in a widespread variety of industrial and commercial products such as textiles and 
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leather products, metal plating, the photolithography, photographic industry, semi-conductors, 

coating additives, paper and packaging, cleaning products and pesticides.  

 

Through 2001, PFCs were used to manufacture aqueous film forming foam (AFFF). PFOS 

based AFFF is used to extinguish flammable liquid fires (for example, Hydrocarbon fueled), such as 

fires involving gas tankers and oil refineries (EPA 2013a). They are human made compounds and do 

not occur naturally in the environment. PFOS can also be formed by environmental microbial 

degradation or by metabolism in larger organisms from a large group of related substances or 

precursor compounds. After realizing the severity of the health impacts from PFOS, the 3M 

Company which was the primary manufacturer of PFOS accomplished a voluntary phase out of 

PFOS production in 2002 (Anon., 2014). 

 

PFOS and its precursors can be released into the environment during use, manufacture and 

disposal of products containing them. Since PFOS are water soluble and can migrate readily from 

soil to groundwater, where they can be transported long distances through water bodies. It is bio 

accumulative and readily taken up by aquatic and terrestrial animals (Brambilla, et al., 2015). 

Contrast to other contaminants which are stored primarily in the fatty tissues of an organism, PFOS 

binds to proteins e.g. in blood and liver. Thus traditional scanning methods for persistent pollutants 

were unable to detect PFOS exposure for a long time (Buser & Morf, 2009) 

 

PFOS can enter the environment through production sites and also where it is used in 

productions. Sludge and derived bio-solids are three order of magnitude more contaminated than 

the effluent water because of the PFOS coefficient of absorption to organic carbon. Few areas and 

pasture lands have been contaminated by the use of PFOS containing sludge as bio solids 

(Brambilla, et al., 2015). 

 

PFOS and PFOS related substances belong to a larger class of Perfluoro organic compounds 

that are commonly used in commercial products which ultimately degrade to compounds such as 

PFOS and PFOA. PFOS does not hydrolyze, photolysis or biodegrade under typical environmental 

conditions and are extremely persistent in the environment. 

 

PFOS is an extremely persistent synthetic organic pollutant resistant to typical 

environmental degradation processes  including atmospheric photo oxidation, direct photolysis and 

hydrolysis resulting in a wide distribution. The toxicity, mobility and bioaccumulation potential pose 

a significant health risks to wildlife and human beings.  

 

Studies have shown that they have the potential to bio accumulate and bio magnify in 

wildlife (Substance flow analysis for Switzerland). Health effect of PFOS is that it readily absorbs 

after oral exposure and accumulates primarily in the liver, serum or kidney. Toxicological studies on 

animals indicated potential developmental, reproductive and systemic effects (Buser & Morf, 

2009). PFOS accumulates to a high degree in humans and animals, estimating to have a half-life of 4 
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years in humans. Health-based advisories or screening levels for PFOS have been developed by the 

United State environmental protection agency (US-EPA) and other state agencies of United State of 

America (USA).  

 

PFOS, its’ salts and precursors are not found naturally. They are released to the nature 

during manufacture and use of products such as paper, packaging, carpets and fabrics. PFOS and its 

precursors are usually applied to repel water, oil, soil and grease in these products. Disposal of 

products such as fire extinguishing foams also promoted the increase of PFOS in the environment 

(Anon., 2013a). 

 

The number of production sites for PFOS is not very clear, but there is production in the 

USA, Europe and Japan. The production of PFOS started around 1950 (Refer section 1.1 on history). 

The production increased in the 1970 and 1980s and the 1990s (until 2000), approximately 4,500 

metric tons of PFOS-related chemicals have been produced annually at peak production in 1990s 

(Anon., 2002: Paul et al, 2009).  

The major global producer of PFOS ceased production by the end of 2002. After 2002 

production decreased 200 tons /year approximately and was mainly produced in China. The 

majority of PFOS-related chemicals are high molecular weight polymers in which PFOS represents a 

fraction of the total molecular weight. PFOS-related chemicals are used in a diverse range of 

products, including as coating of paper as part of a sizing agent, surface-treatments of fabric for 

soil/stain resistance in carpets and textiles, e.g. on furniture, formulation and in specialized 

applications such as firefighting foams.  

PFOS has a solubility in pure water at 24-25°C. The solubility decreases significantly with 

increased salt content. If the potassium salt of PFOS has solubility in fresh water of 370 mg/L and of 

25 mg/L in filtered sea water. The surface-active properties of PFOS cause the Log Kow as 

undetectable. The potassium salt of PFOS has a low vapor pressure, 3.31 x 10-4 Pa at 20°C (Anon., 

2002). 

1.1 History 
 

In 1949, 3M began producing PFOS based compounds. This was done by electrochemical 

Fluorination which resulted in the synthetic precursor Perfluorooctane sulfonyl fluoride (Paul, et al., 

2009). For about 50 years PFOS and its derivatives have been in use commercially (Buser & Morf, 

2009). 

 

In 1961, Duponts studies showed hepatomegaly in mice fed with PFOA. In 1961 and 1976 

Oregano-fluorine contamination was detected in blood serum of consumers suggesting the 

substance detected was likely to be PFOA. Four years later, it was identified that the primary 

Oregano-fluorine present in blood serum of Fluoro chemical production workers was PFOA. This led 

to studies on toxicity and occurrence of PFOA and PFOS in humans, animals and environment. In 
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1999 after receiving data in global distribution and toxicity of PFOS, US-EPA began to investigate on 

perfluorinated chemicals (Buser & Morf, 2009). 

 

In May 2009, PFOS was listed by the Stockholm convention on POPs due to its high toxicity 

to the humans. This was because of its persistent, bio accumulative, toxic and long range transport 

properties (Lim, et al., 2011). PFOS and its salts were listed in annex: A and B in the Stockholm 

convention with an obligation to the parties of the convention in order to develop and action plan 

for PFOS and its related substances (Anon., 2014a). 

 

In 2001, 3M Company (During that period the major global producer of PFOS) phased out 

the production of PFOS voluntarily with the background that all US criticizes contains high levels of 

PFOS and that PFOS possesses certain toxicity. Thus production of 3M has ceased (Brooke, et al., 

2004). Before 2003, the 3M Company used PFOS as the major ingredient of Scotchgard, which is a 

fabric, furniture and carpet protector. It was replaced by Perfluorobutane sulfonate (PFBS) after 

2003 (Zhao, et al., 2012). 

 

China began to produce PFOS based products much later than the industrial countries. 

Earliest reported production was in 2001. Commercial manufacturing began in 2003. The annual 

production of PFOS related chemicals grew rapidly from 2003-2006. This was due to the sharp 

increase in domestic demands and overseas needs in various application fields due to the stop of 

3M production. Surveys in China association of Fluorine and Silicone Industry have shown about 15 

enterprises producing PFOS and its derivatives currently. The cumulative historical production of 

PFOS related compounds have been estimated to be nearly 1800 tons in China (Xie, et al., 2013). 

1.2 Health effects 

PFOS is highly persistent and does not degrade easily biologically and it bio-accumulates and 

becomes biomagnified in the food chain. It is normally found in human serum, milk and in biota. 

PFOS exposure may lead to hepatotoxicity, immune-toxicity, reproductive and development 

problems, neurotoxicity and potentially tumorigenicity of the liver, thyroid, pancreas, bladder and 

breasts (Mayilswami, et al., 2014). 

 

PFOS are structurally similar to fatty acids and have the ability to interact with several 

biologically important nuclear receptors in humans and other species (Galloway, et al., 2014). 

 

1.2.1 Human Health 

There are several studies that have been done on the effects of PFOS on human health. 

Inspections done on human blood samples, PFOS has been detected in the serum of both 

occupational and general populations. USA reported the highest blood serum level of PFOS in 1995 

in a manufacturing employee in Decatur, Alabama which was 12.83 mg/L. The mean level of PFOS 
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has been dropping in the plant mentioned above and in a plant in Belgium since 1995. The most 

recent levels reported were 1.32 mg/L and 0.80 mg/L respectively in 2000. A mean level of 30-53 

ppb was indicated in the serum collected from blood banks and commercial sources from the 

general Population. Individual serum samples obtained from adults and children from various areas 

of the United States showed mean PFOS levels of approximately 43 mg/L (Anon., 2002). 

 

Several occupational studies were conducted on volunteers at the 3M plants in Decatur, 

Alabama and Antwerp, Belgium. Cross-sectional studies, based on the results of a voluntary medical 

surveillance program for employees at each plant, did not report consistent associations between 

workers’ PFOS levels less than 6 mg/L and certain hematology, hormonal, and other clinical 

chemistry parameters in 1995 and 1997. 

 

In 2000, an analysis was done on male employees from plants in Decatur, Alabama and 

Antwerp, Belgium. The mean values obtained for Triglycerides, Alkaline phosphatase, total 

Bilirubin, and Alanine transaminase (ALT) in these employees were significantly higher with the 

highest PFOS serum levels (1.69 –10.06 mg/L). Serum Triiodothyronine was significantly higher and 

thyroid hormone binding ratio was significantly lower in workers with the highest PFOS serum 

levels (p < 0.05 for both).  

The association with T3 also remained significant and positive in multivariable regression 

analyses adjusted for potential confounders. A longitudinal analysis of these data did not reveal 

statistically significant associations over time between PFOS and cholesterol, triglycerides, and 

other lipid and hepatic parameters. Hormones were not included in these analyses (Anon., 2002). 

 

In a mortality study, which followed workers for 37 years, mortality risks for most of the 

cancer types and non-malignant causes were not elevated. However, a statistically significant risk of 

death from bladder cancer was reported. Three male employees in the cohort died of bladder 

cancer (0.12 expected), and all of them had been employed at the plant for more than 20 years. All 

of them had also worked in high exposure jobs for at least 5 years.  

 

Many different types of cancer and other non-malignant conditions were also examined. 

Increased risks were not reported for most of the conditions or did not reach statistical significance. 

However, an increased risk of incidents was reported for neoplasms of the male reproductive 

system, the overall category of benign growths, cancers and neoplasms of the gastrointestinal tract. 

These risk ratios were highest in employees with the highest and longest exposures to Fluoro 

chemicals. 

 

13 years ago half-life analysis was conducted on 9 retired 3M chemical workers. PFOS 

samples were collected over 4 time periods spanning 180 days, measured in triplicate with all-time 

points from each subject analyzed in the same analytical run. The mean half-life for PFOS was 

reported as 8.67 years (range 2.29 –21.3 years, SD = 6.12) (Anon., 2002). 
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1.2.2 Animal Examination 

 

Health effects of PFOS and other PFCs have been studied mainly in rodents. Only few have 

been done on humans and other animal species. The liver has been the primary target organ in 

chronic feeding studies with rodents and non-human primates. According to a chronic feeding 

study in rats, PFOS results in adenomas of the liver and the thyroid gland acting through a non-

peroxisome proliferating mechanism (Volkel, et al., 2007).  

 

Animal studies show that PFOS is well absorbed orally and distributes mainly in the serum 

and the liver. No further metabolism is expected. Elimination from the body is slow and occurs via 

the urine and feces. The elimination of half-life of PFOS differs according to different species. Half-

life in serum is 7.5 days in adult rats and 200 days in Cynomolgus monkeys. 

 

PFOS has shown moderate acute toxicity by the oral route with a rat lethal dosage (LD), 

LD50 of 251 mg/kg. A one-hour lethal concentration (LC), LC50 of 5.2 mg/L in rats has been 

reported. PFOS was found to be mildly irritating to the eyes and nonirritating to the skin of rabbits. 

PFOS has not been shown to be genotoxic in a variety of assay systems. There are data available 

from acute oral and contact toxicity tests on the honey bee (Apis mellifera) using PFOS Potassium 

salt. These studies indicate moderate and high orders of toxicity of PFOS to bees when 

administered via these routes. The acute oral test yielded a 72-hour LD50 for ingestion of PFOS was 

0.40 µg/bee and a 72-hour NOEL of 0.21 µg/bee (Anon., 2002). The contact test yielded a 96-hour 

LD50 was 4.78 µg/bee and a 96-hour NOEL 1.93 µg/bee(Anon., 2002). 

 

Numerous repeat-dose oral toxicity studies were conducted on rats and primates on PFOS. 

Exposure to PFOS results in mortality and hepatotoxicity. The dose-response curve obtained for 

mortality is very steep for rats and primates. Adverse signs of toxicity were observed in 90-day rat 

studies that included increases in liver enzymes, hepatic vacuolization and hepatocellular 

hypertrophy, gastrointestinal effects, weight loss, hematological abnormalities, convulsions, and 

death. The effects mentioned were reported at doses of 2mg/kg/day and above. 

 

In a dietary 2-year bioassay in Sprague-Dawley rats, hepatotoxicity, characterized by 

centrilobular hypertrophy, centrilobular hepatocytic pigment, centrilobular eosinophilic hepatocytic 

granules, or centrilobular hepatocytic vacuolation was noted in male and/or female rats that were 

given 5 or 20 mg/L (Anon., 2002). Hepatocellular centrilobular hypertrophy was observed in mid-

dose (2 mg/L) male rats. All the male groups showed significant increases in the incidence of cystic 

hepatocellular degeneration (0.5, 2, 5, or 20 mg/L). According to the pathological findings in the 

liver, the LOAEL was 5 mg/L and the NOAEL was 2 mg/L in female rats. The LOAEL was 0.5 mg/L in 

males, and a NOAEL was not established (Anon., 2002). 

 

In Rhesus monkey studies, adverse signs of toxicity was observed including anorexia, 

diarrhea, emesis, hypoactivity, prostration, convulsions, atrophy of the salivary glands and the 
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pancreas, marked decreases in serum cholesterol, and lipid depletion in the adrenals. The dose 

range for these effects was reported between 1.5-300 mg/kg/day. None of the monkeys survived 

beyond 3 weeks into the given treatment at 10 mg/kg/day or beyond 7 weeks into treatment at 

doses that were as low as 4.5 mg/kg/day. In a six month study of Cynomolgus monkeys, excessive 

salivation, low food consumption, labored breathing, ataxia, hypoactivity, hepatocellular 

hypertrophy and hepatic vacuolization, significant reductions in serum cholesterol levels, and death 

were observed at 0.75 mg/kg/day (Anon., 2002). 

 

Several mechanistic studies are being conducted to understand the neonatal death (3M 

Company, 2001c). Preliminary results indicate that reductions in serum lipids and cholesterol 

synthesis do not appear to play a significant role in the death of the offspring. Rats and monkeys 

have similar toxicity profile. Repeated exposure resulted mainly in hepatotoxicity and mortality; the 

dose-response curve obtained was very steep for mortality.  

 

This risk occurs in animals of all ages, while the neonate may be more sensitive. 

Furthermore, in rats a 2 year bioassay has showed that exposure to PFOS resulted in thyroid 

follicular cell adenomas and hepatocellular adenomas; the hepatocellular adenomas did not appear 

to be related to peroxisome proliferation. Additional work to elucidate the species differences in 

toxico-kinetics and will increase the ability to predict risk to humans. Epidemiologic studies have 

shown a link between PFOS exposure and the incidence of bladder cancer; extra work is needed to 

understand this association (Anon., 2002). 

 

There is sufficient information in order to address hazard classification for all sudden infant 

death syndrome (SIDS) environmental endpoints. PFOS is unceasing in the environment and has 

been shown to bio-concentrate mostly in fish. It has been sensed in a number of species of wildlife, 

together with marine mammals. Its dedicated presence in the environment and bioaccumulation 

potential indicate cause for some distress. It seems to be of low to moderate toxicity to aquatic 

organisms but it shows evidence of high acute toxicity to honey bees.  

 

No evidence is presented on effects on soil and sediment dwelling organisms and the 

equilibrium partitioning method may not be suitable for foreseeing predicted no-effect 

concentration (PNEC) for these compartments. High contamination of PFOS has been identified in 

sediment downstream of a production sites and in effluents and sludge from sewage treatment 

plants and in some cases in soils and in humans (Anon., 2002; Brambilla et al, 2015; Oliari et al., 

2013). 

1.2.3 Environment 

There is currently no comprehensive information on the life cycle steps that may lead to 

release of PFOS to the environment. However, PFOS has been identified in surface water and 

sediment downstream of a production facility and in wastewater treatment plant effluent, sewage 
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sludge and landfill leachate at a number of cities in the US, Europe and Asia including Sri Lanka 

(Guruge, et al., 2007). Also first studies on environment levels have been published from Africa 

(Mudumbi J B., 2014; Sindiku et al. 2013).  

 

Sampling of several wildlife species from a diverse range of sites across the United States 

has shown widespread distribution of PFOS and it was sensed in the µg/L range in the plasma of 

several species of wild birds, eagles and fish. Since PFOS is persistent in the environment. It does 

not photolyse, hydrolyse or biodegrade under environmental circumstances and is not expected to 

volatilize, based on an (air/water) partition coefficient of    <2x10-6 Pa.m3/mol.  

 

PFOS has revealed to bio-concentrate in the tissues of Bluegill sunfish and Carp. In Bluegill 

sunfish, bio concentration factor (BCF) values between 1124 and 4013 were determined and PFOS 

depurated slowly with estimated 50% clearance times of up to 116 days. In carp, BCF values were 

determined to be between 200 and 1500(Anon., 2002). 

 

PFOS seem to be toxic to sewage sludge microorganisms. In an activated sludge respiration 

inhibition test, the 3 hour IC50 value for PFOS (potassium salt) was >905 mg/L (nominal 

concentration).  No data are available for effects on soil-dwelling or sediment-dwelling species. The 

use of equilibrium partitioning models to derive a PNEC for these compartments may not be 

applicable to this anionic surfactant. 

 

Given the obvious widespread occurrence of PFOS, national or regional exposure evidence 

gathering and risk assessment may need to be measured. Furthermore, data on its toxicity to soil 

and sediment dwelling organisms could be produced as a post SIDS activity. There is currently no 

evidence on effects on soil or sediment dwelling organisms and PFOS has been detected in 

sediment and its presence in sewage sludge could lead to soil exposure if spread on agricultural 

land (Anon., 2002). 

1.3 Monitoring 

Monitoring and control of hazards caused to environment and human health entails a wide 

range of actions to be taken. Each is tailored to the particular hazard or the form of public health 

concern. Monitoring can be defined as the use of routine measurements to detect changes. These 

changes can be changes in health or in the environment. It can be based on the data collected from 

a wide variety of sources. In order to control the PFOS levels, defining of acceptable levels is 

compulsory, thus the control levels can be determined and kept below the specified threshold 

(Wilkinson, 2009). 

 

In Canada the monitoring under the chemicals management plan monitoring and surveillance 

are the key elements under Government of Canada’s chemical management plan (CMP). These are 

vital for identification and tracking health risks as well as environmental concerns raised. Chemical 
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substances in air, sediments, freshwater, aquatic biota, and wildlife across Canada are collected by 

environmental scientists of Canada. Monitoring is done at landfills and wastewater treatment 

systems since many chemicals involved are disposed finally in these areas. This is conducted under 

the CMP environmental monitoring and surveillance program.  

 

Under CMP, health Canada also conducts human bio monitoring and monitoring other media 

of concerns to human health such as house dust, indoor air and drinking water (Anon., 2013a). 

European Union (EU) covers environment concentration and monitoring of emission loads into the 

environment under monitoring effects. The European monitoring and evaluation programme 

(EMEP) is a policy driven and scientifically based programme for international cooperation under 

the convention on long range transboundary air pollution (CLRTAP).  

 

Several measures related to monitoring of POPs have been taken in order to identify and 

characterize sources and releases of these substances. Many of the measured data are included in 

the national implementation plan (NIP) and have been benefited from many national policy 

frameworks. Other inventories beside the national emission inventories for release of 

unintentionally produced POPs into the air, water and soil available of releases are the E-PRTR data 

base and the CORINAIR emission inventory.  

 

Some of the POPs are included in several regional monitoring programmes established as part 

of regional conventions or initiatives that cover some parts of EU. The Arctic monitoring and 

assessment programme (AMAP) analyses fluxes, pathways and environmental levels of POPs and 

presents an assessment of Arctic environment contamination. Other examples are trilateral, 

monitoring and assessment programme of the Waddensea (TMAP), Monitoring network in the 

Alpine region for persistent and other organic pollutants (MONARPOPS) as well as regional seas 

conventions. 

 

The European Environment Agency (EEA) provides sound and independent information on the 

environment which ensures that general public and decision makers are kept informed about the 

European environmental data, assessments and knowledge obtained. This agency collects data on 

POPs concentrations in the environment, data on POPs emissions and then analyses their trends. 

The member states under the water framework directive monitors priority substance in water 

bodies and data on POPs is contributed to the agency. Member states have also contributed data 

on some substances to a working database specifically developed for commission’s 2011 review of 

priority substances list. (Anon., 2012a) 
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1.4 Selected research done in the world 

1.4.1 Japan 

 

Concentration of PFCs in cord and maternal blood samples was carried out by a research 

group in Japan. PFCs in 15 pairs of maternal and cord blood samples were examined by liquid 

chromatography electrospray mass spectrometry coupled with online withdrawal. Limits of 

quantification of PFOS, PFOA and PFOSA in human serum and plasma were obtained. The method 

used enabled precise determination of PFCs and can be applied to revealing PFCs in human blood 

samples for monitoring human exposure. The PFOS concentrations observed in maternal samples 

were higher than those observed in fetal samples.  

The results revealed a high association between PFOS concentrations in maternal and cord 

blood samples. But there was no significant correlation between PFOS concentration in maternal 

and cord blood samples and age bracket, birth weight, or levels of thyroid stimulating hormone or 

free thyroxin. The study showed that fetuses in Japan may be exposed to a comparatively high level 

of PFCs (Inoue, et al., 2004). 

1.4.2 China 

 

Due to 3M phasing out the manufacture of PFOS voluntarily, production of PFOS based 

products has increased in China since 2003 to accommodate domestic and overseas demands. PFOS 

related industries are significant sources that release PFOS in to the environment of China. In the 

study done by (Xie, et al., 2013), industrial sources of PFOS in China were identified and emissions 

from major related industries were evaluated. The related industries studied were PFOS 

manufacture, textile treatment, metal plating, semiconductor and firefighting industries. The 

contribution of various industrials sources and spatial distribution of PFOS emission was discussed. 

 PFOS use in industry for metal plating was recognized as the major source of PFOS pollution 

at national level. The total emission, emission density and emission intensity showed geographical 

variations in China. The most severely industrialized regions of China showed higher emission rates, 

emission density and emission intensity than other regions. Surface water monitoring showed 

similar pattern. This conformed manufacture and industrial used were crucial sources in releasing 

PFOS in to the environment causing significant risks (Xie, et al., 2013). 

1.4.3 United States of America 

 

In rat and mouse the postnatal effects of in utero exposure to PFOS was evaluated. 

Pregnant Sprague-Dawley rats were given different PFOS doses daily by gavage during gestation 

time. At parturition newborns were surveyed for survival and clinical signs. Although the newborns 

were alive and active initially, the neonates that received the highest dosage became pale, inactive 

and moribund within 30-60 minutes and dies afterwards. In lesser dosage groups the neonates 

became moribund but survived longer. But over 95% dies within 24h time period.  



Preliminary Inventory of Perfluorooctane Sulfonate (PFOS) and its Salts in Sri Lanka - 2015 

 

   11 
   

Cross fostering PFOS exposed neonates in order to control the nursing dams had failed to 

improve survival. Serum concentrations of PFOS in newborns were same as dosage given in the 

maternal circulation. The PFOS levels of the surviving neonates declined gradually. Significant and 

persistent growth lags were detected in the surviving pups exposed to PFOS prenatally. The eye 

openings were also delayed. Liver weight was increased significantly. Development and learning 

was not affected by PFOS exposure. This project indicated the utero exposure to PFOS did harshly 

compromise postnatal survival of the neonates and caused growth and developmental delays. This 

was accompanied by hypothyroxinemia in the surviving rat pups (Lau, et al., 2003). 

1.4.4 United Kingdom 

The hypothesis that PFOS and PFOA may alter m-RNA expression of genes in the parathyroid 

signaling cascade in order to provide evidence on possible pathways between osteoarthritis (OA) 

and these chemicals was tested. The relationship between PFOS or PFOA and serum levels and the 

in vivo expression of the parathyroid hormone 1 and 2 genes, parathyroid hormone 1 and 2 

receptor genes and parathyroid hormone like gene in peripheral blood from a selected population 

study designed to assess potential health effects of these chemicals.  

Multivariate linear regression models were used to find that PFOS or PFOA was inversely 

correlated with parathyroid hormone 2 receptor expression. Levels of parathyroid hormone 2 

transcripts encoding ligand of parathyroid hormone 2 receptor were also lower in women with OA 

compared with controls. Parathyroid signaling cascade is a known candidate for OA risk, thus the 

findings reported raise a possibility that exposure to these chemicals may contribute to 

pathogenesis of OA in certain individuals (Galloway, et al., 2014). 

1.4.5 Germany 

 

In this study PFOS and PFOA were quantified in breast milk samples obtained from mothers 

in Germany and Hungary. Based on the results the intake via breast milk for an infant was found 

out to be  0.10µg/day for an infant of 5 kg bodyweight. Even though fully breast fed infants are 

doubtful to exceed the recommended tolerable daily intake of PFCs more studies are required to 

identify amount and time trend of PFOS and PFOA in maternal blood during the pregnancy, after 

delivery and growing infants and in the diet given (Volkel, et al., 2007). 

 

1.5 Researches done in Sri Lanka 

In Sri Lanka concentrations and accumulations of 13 PFCs in human sera and seminal plasma 

were measured. A measurable quantity of PFOS and Perfluorohexanesulfonate (PFHS) were found 

in all seminal plasma samples. The PFOS accumulated in sera was pointedly positively linked with 

PFOA, PFHS and Perfluorononanoic acid (PFNA). This suggested that these compounds may have a 

similar origin of exposure and accumulation. Partitioning of both PFOS and PFNA between sera and 

seminal plasma gave positive associations.  
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This study showed that PFCs concentrations obtained in Sri Lanka was similar to those 

reported from industrialized countries. This assists in pointing out to the fact that PFCs is 

widespread. The novel finding of PFCs in seminal plasma can imply that further studies need to be 

done in order to observe the long-term exposure in humans may result in reproductive 

impairments (Guruge, et al., 2005). 

 

In another study twenty one Fluorinated compounds were measured in coastal and inland 

waters in Sri Lanka. The compounds that were measured included six Perfluoroalkyl sulfonates, ten 

Perfluoroalkyl carboxylic acids, three Flurooctane acetates, one Fluorooctane sulfonamides and one 

Fluorinated telomere carboxylic acid. Water samples were collected from a depth of 0.5m to clean 

polypropylene sampling bottles from water bodies along the western coastline in and around 

Colombo such as Negambo lagoon, Hamilton Canal, Kelani River, Bere Lake, Kirillapone canal and 

fresh water sample from the Kandy Lake.  

 

The samples collected were refrigerated and sent to Japan for analysis. All water samples had 

contained detectable concentrations of PFOS (0.65-44 ng/L) and other Fluorinated compounds. 

Greatest PFOS concentration was detected in Bere Lake. It was even larger than the PFOS 

concentrations detected in areas such as Tokyo bay, Lake Erie and number of water bodies in New 

York. But the value was lower than concentrations reported in surface water collected near Fluoro 

chemical facilities and superfund sites in the US.  

 

Thus direct input of large amounts of Fluoro chemicals from industrial facilities around the 

Lake can be ruled out. The lowest reported concentration was detected at the Negambo lagoon. 

This may be due to the fact that it has a higher water exchange with the sea. The PFOS 

concentrations found in Sri Lanka fall within concentration ranges reported in most developed 

nations such as US. and Japan. The study done on human sera showed that the intake of these 

compounds via drinking water and dietary fish is great enough to be a concern in Sri Lanka (Guruge, 

et al., 2007). 

 

Fluoro chemicals were analyzed in fish, shellfish and water samples collected in Sri Lanka. The 

concentration of PFOS in fish muscle had ranged from 0.021 to 12.4ng/g wet weight. In surface 

water the range of PFOS was from 0.66-47ng/L. The upper limit of the dietary intake of PFOS via 

fish in Sri Lanka was estimated to be 7.5ng/kg body weight/day (Guruge, et al., 2007). 

 

Another study in Sri Lanka was conducted on pipe borne water and river water contamination 

from PFCs. Water samples collected along Mahawali River from Peradeniya University to Victoria 

reservoir were analyzed for twelve PFCs at Kyoto University, Japan. Treated water samples 

collected from five water treatment plants along the same river segment were also examined. Then 

the PFCs levels obtained were compared with other country values. PFOS was found in most of river 
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samples. PFOS concentration was found to be in average 1.5ng/L. This was similar range as Chao 

Phraya River, Bangkok, Thailand (Seneviratne, et al., 2009). 

 

1.6 Rules and regulations to control PFOS 

Most uses of PFOS and derivatives have been banned in all organization for economic 

cooperation and development (OECD) countries except for some uses. They are photoresist or anti-

reflective coatings for photolithography process, industrial photographic coating, mist suppressants 

for chromium plating and other electroplating applications and aviation hydraulic fluids (Jensen, 

2011). 

Acceptable purposes/ Specific exemptions in the Stockholm Convention  

•   Photo‐imaging  

•   Photoresist and anti‐reflective coatings for semiconductors  

•   Etching agent for compound semiconductors and ceramic filters  

•   Aviation hydraulic fluids  

•   Metal plating (hard metal plating) only in closed‐loop systems  

•  Certain medical devices (such as ethylene tetrafluoroethylene copolymer (ETFE) layers and 

radio opaque ETFE production, in‐vitro diagnostic medical devices, and CCD colour filters)  

•   Firefighting foam   

•   Insect baits for control of leaf‐cutting ants from Atta spp. and Acromyrmex spp. 

 

Specific exemptions 

 

•   Photo masks in the semiconductor and liquid crystal display (LCD) industries  

•   Metal plating (hard metal plating)  

•   Metal plating (decorative plating)  

•   Electric and electronic parts for some colour printers and colour copy machines  

•   Insecticides for control of red imported fire ants and termites  

•   Chemically driven oil production  

•   Carpets  

•   Leather and apparel  

•   Textiles and upholstery  

•   Paper and packaging  

•   Coatings and coating additives  

•   Rubber and plastics 

 

Although alternatives to PFOS are available for some applications, this is not always the case 

in developing countries, where they still need to be phased in. Some applications like photo 
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imaging, use for semiconductors or aviation hydraulic fluids are considered as acceptable purposes, 

partly because technically feasible alternatives to PFOS have not been well established to date. 

1.7 Available alternatives and initial socioeconomic considerations 
 

Four countries reported manufacture and 7 countries imported PFOS related substances 

while 9 countries reported importation of products or mixtures containing PFOS related substances 

according to a survey done in 2006. A total volume of 73-162 tons of PFOS related compounds have 

been manufactured in 2005 (Anon., 2006). 

 

Instead of using PFOS, many alternatives can be used. Most common PFOS alternative in use 

is Fluorotelomers. PFOS can also be replaced with shorter chain analogues or non-Fluorinated 

chemicals (Anon., 2014b). These are precursors of PFCA or shorter chain sulfonates. For example 

instead of using PFOS for impregnation of textiles, leather and carpets, other Fluorinated 

compounds such as C6-Fluorotelomers and PFBS, Silicone based products, Stearamidomethyl 

pyridine chloride can be used. As an alternative for impregnation of paper and cardboard 

Fluorotelomer based substances, Phosphates and mechanical processes can be used (Jensen, 

2011). 

 

For textiles, Fluorocarbon free Silicone based alternatives can be used. Such as Silicone 

based products, mixtures of Silicone and Stearamidomethyl pyridine chloride, sometimes together 

with Carbamide and Melamine resins are available. Also Fluorocarbon free hydrogen based 

alternatives can be used. A waterproofing agent using Fluorocarbon free water repellent finishing 

agent has been invented that has many advantages.  

 

Non-fluorinated alternatives are normally less persistent and therefore better degradable in 

the environment, and it also has water and soil repellent properties to textiles and also a soft 

handle, high abrasion resistance and an excellent washing durability and improves sewing ability of 

textiles during confectioning. Even though it is not bio degradable it can be eliminated. Another 

Fluorocarbon-free waterproofing agent has a range of properties to improve the performance of 

textiles, such as efficiency, versatility and compliance. It has a durable water repellent effect and 

does not contain harmful chemicals. Another finishing agent consists of paraffin chains that can 

wrap themselves around the individual fabrics of a fiber.  

 

PFOS used in Chromium plating can be substituted by Poly-fluoroalkyl alternatives or 

Fluorocarbon free alternatives. For example PFBS which is relatively fast eliminated from the body 

can be used. For chemical surfactants for paper and cardboard use in packaging the alternative 

used are short-chain telomere based substances and Perfluoropolyethers and Poly-dimethyl 

siloxane(Anon., 2014b). 
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  For firefighting foam PFOS is used because it has been very effective in extinguishing highly 

flammable liquid fires. Alternatives such as Perfluorohexane ethyl Sulfonyl betaine and 

Dodecafluoro-2-methylpentan-3-one are currently. Silicone based surfactants, hydrocarbon based 

surfactants, synthetic detergent foams and protein based foams can also be used. There is PFCs-

free fire-fighting foam which have received approval for hydrocarbon fires.  

 

For aviation hydraulic fluids there is an uncertainty about alternatives. It can be based of 

phosphate esters and Fluorinated chemicals other than PFOS. But normally PFOS is used (Anon., 

2014b). Using alternatives instead of PFOS we can reduce the PFOS contamination. Hence 

awareness of society on PFOS is also essential in PFOS threat elimination. It is important for the 

process that the alternatives which are phased in for PFOS are assessed for their toxicity and 

appropriateness and that the most sustainable alternatives are chosen.  

 

1.8 Objectives 
 

There are few objectives of this project. The utmost purpose of this study is to make Sri Lanka 

safer from threats that are forced by PFOS. The proposed objectives are 

1. To quantify the import and consumption of PFOS in Sri Lanka. 

2. To quantify the PFOS amount in stockpiles (e.g. synthetic carpets) 

3. To confirm whether the PFOS accumulation in the country is within the limits. 

4. To develop an inventory of potential PFOS contaminated sites.  

5. To make the community aware about the threats initiated by PFOS, and 
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2. Materials and Methodology 
 

This chapter briefly focuses on the hypotheses and assumptions made and the way the 

study has been executed.  Essentially, the study was based on data acquisition and analysis which 

was carried out at three stages; as desk study, telephone conversation and field investigation. The 

following flow diagram (Fig. 1) presents the basic hypothesis derived to proceed with the study.  

 

 

 

 

 

 

 

 

 

 

 

 

The whole study was focused on the related activities done in year 2013. A simplified substance 
flow analysis (SFA) has been involved in the study standing upon the following assumption referring 
to the previous study reports published in Switzerland, Netherlands and China; 

1. PFOSs are the main chemicals contributing to health and ecological impacts 

2. PFOS precursors will be incorporated in the second phase of the study 

3. Ecological emission and storage is saturated and at constant annual rates during last 10 

years 

4. Impacts from PFOSs from finished products is relatively less than the chemicals considering 

the least rates in emissions, and 

5. In this first assessment the hydrosphere was considered as most predominant in ecological 

system and impacts from atmosphere and soil releases were not considered. However at 

contaminated sites exposure via soil and livestock can be major exposure pathways and 

need to be considered together with the water pathway (Brambilla et al., 2015) 
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Figure 1: Methodology adopted for PFOS study 
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The above assumptions have simplified the study approach as the first phase of the study will 

recommend all related authorities on PFOS data management focusing on conducting a 

comprehensive study at the second phase. 

2.1 Data acquisition 
 

The data related to PFOS have been categorized into thirteen subdivisions, referring to the 

Sweden report on the same.  For the calculation of the quantity of PFOS, guidance for the inventory 

of PFOS published in year 2012 (Anon., 2012) was used.  Even though thirteen categories cover 

most of the PFOS related substances but pure chemical foam which used in laboratory cannot be 

neglected. Therefore 14 main categories were identified as below. 

1. Metal plating industry 

2. Firefighting foams (AFFF) 

3. Photolithography and semiconductors 

4. Photography 

5. Hydraulic fluids for aviation  

6. Textile protection 

7. Leather protection 

8. Carpet protection 

9. Paper and paperboard protection 

10. Coating of metals and ceramics 

11. Cleaning products, wax and polish 

12. Paints and lacquers 

13. Impregnation agents 

14. Pure PFOS chemical for laboratory use 

 

The data obtained from the Central Environmental Authority, Sri Lanka (CEA) on the industries 

were classified under the above fourteen sub-groups and as well as based on the districts. In 

addition to that, each sub group was further divided considering the production related activities 

with respect to PFOS and the screened data from the factory list given under the National 

Environmental Act, No. 47 of 1980 based on three categories as part A, B and C depending on 

industrial capacities (Annexure: C). The screening of industries was carried out based on the 

capacity of the industries.  

 

According to the National Environmental Act, No 47 of 1980 Categorization, Industry A is 

independent and Imports raw material or goods directly and supplier for Industry B and C. B type 

industries are self-dependent even though some are dependent on industry A. Independent B 

category  industries export raw material or goods directly and supplier for Industry C. Accordingly 

Industry C is dependent on Both A and B industries hence A and B type industries were considered 
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by neglecting industry C , for the inventory preparation and literature review done in reference to 

the relevant  information.  

 

The total short listed industries were counted as 809 for the entire country coming under 

categories A and B above and questionnaires were developed for each category based on the 

Switzerland study and there translations in both local languages were sent through the Ministry of 

Mahaweli Development & Environment, Sri Lanka. The same were contacted via telephone to 

collect as much as possible the responses on time. Later, the selected industries were visited to 

identify the details on their production line and in particularly on the chemical usage and 

consumption with the assistance and guidance from Board of Investment (BOI) and CEA. All the 

questionnaires and their local translations are given in the Annexure A. 

 

The main data collection was done with the assistance from Custom office at Colombo. The 

complete data base available at Sri Lanka Customs was initially screened out to select all the import 

and export data within year 2013 for Sri Lanka. Then, the same data were further filtered out using 

the CAS numbers stated in Sweden report and other relevant literature on PFOS (Buser & Morf, 

2009). Tariff guide and explanatory notes given with the data were used for the data classification 

and screening process.  

 

Since data from custom database were available with relevant industries contacts, it was used 

to clarify the raw materials and finished products. Further industries were contacted if more 

clarifications required. The industries were filtered based on their significance and the final list of 

importers and exporters were chosen at last to contact them via telephone to find out the 

chemical/ material mass balance of their goods in order to find out the fate of each related 

chemical or final products.  

 

 In order to have a complete study, a large amount of relevant data were required to ensure 

and maintain the accuracy of the inventory. Accordingly, additional data were gathered by 

reviewing peer-reviewed literature published in journals, conference abstracts, reports and books. 

The existing and recently established international networks (industry, research and authorities) 

were used to collect data as additional sources. These data from many other countries were 

important as no self-conducted measurements were carried out under the scope of this project and 

the quantitatively data in Sri Lanka were limited at the time of the study.   

 

The field survey was significant in collecting and justifying the accordance of data collected after 

the previous activities. Initially, it was planned to do a combined survey, i.e. for chemical importers 

and production section but for the clarity of the information, surveys did separately for chemicals 

and finished products. The first survey mainly dealt with PFOS chemicals and their related products 

at the industrial level and other uses, while the second survey focused on the consumption of 

imported and finished products of PFOS in the local market. In addition, the same questionnaire 

was extended towards the small scale manufacturers registered under the local authorities. 
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The number of recipients in the second questionnaire was larger as there were more 

manufacturing companies in small scale rather than chemical importers.  It was assured to the 

companies that the data they provided would be treated as confidential business information, only 

the aggregated data were presented in the report and the names of the individual companies were 

not stated. For the same reason, a list of the companies contacted was not provided here as that 

might allow interfering the information provided by an individual company. By completion of above 

procedures import quantity of each PFOS category was used to calculate the PFOS quantity. 

2.2 Industries and uses  

2.2.1 Metal plating industry  

In hard and decorative chrome plating PFOS related substances are mainly used as wetting 

agents/mist suppressants and surfactants. This can reduce emission of Chromium and improve the 

working environment. Fluorosurfactants are also used as agents to prevent haziness of plated 

copper by regulating foam and improving its stability, in nickel plating baths non-foaming 

surfactants are used to reduce surface tension and these agents are also added to ensure that 

plating has uniform thickness in tin-plating baths.  

After the metal plating process the PFOS remains in the galvanic baths. These baths are 

often used several times before discarding. The process is considered as a closed process with no 

releases of PFOS if it is treated as a hazardous waste (Anon., 2012). However there are normally 

releases via waste water and over time the site can become contaminated (Huang et al. 2015). 

According to the industries database in Sri Lanka there are very few metal plating industries and 

also value obtained is almost negligible.   

2.2.2 Firefighting foams 

Foams have been developed to assist in fighting fires which involve flammable liquids. 

Water is unable to extinguish these types of fires and may help to spread them. Fluorocarbon 

surfactants are one of the components of such foam concentrates with synthetic foaming agents, 

solvents and other substances. These foam concentrates are mixed with water and aspirated with 

air in order to produce the finished foam.  

 

The fluorinated surfactants move to the solution air interface and produce a very thin film 

that spreads over the liquid fuel fire in the aqueous film forming foams. They can also be used in 

alcohol resistant foams for fires that involve more polar solvents that tend to disintegrate 

conventional foams. PFOS related substances used are of PFOS salt type (Brooke, et al., 2004). 

These are used for fire protection in petrochemicals, fire brigades, military facilities etc. (Xie, et al., 

2013).  
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Firefighting foam has an environmental impact due to bio accumulation, persistence, 

toxicity, biological oxygen demand and chemical oxygen demand. PFOS containing Firefighting foam 

can effect upon water quality and aquatic ecology. Groundwater and soil can become 

contaminated by PFOS containing firefighting foams. This is a huge environmental issue. Landfill 

sites, military firefighting training sites, foam storage sites, open dump sites and waste water 

treatment plants are probable sources of ground water contamination. Ground water and water 

catchments maybe directly contaminated as an outcome of using bio-sludge from waste water 

treatment plants, sediments where PFOS has concentrated as fertilizer for agricultural purposes 

(Seow, 2013). 

 

Sri Lanka was influenced by a civil war for 26 years. During this period a lot of fires took 

place as results of bombings and other war crimes. Due to this reason a lot of fire-fighting foam was 

used in Sri Lanka. Thus PFOS contamination was inevitable. Thus many of the places where fires 

occurred can be considered as potentially PFOS contaminated sites. The data was collected from 

the fire brigade, main export industries, on main fire areas, storages and added under 

contaminated areas in section 3.3.  

 

2.2.3 Semiconductor, photoresist and photo imaging Industry 

 PFOS based materials are used within the semiconductor industry for several functions 

which relate to photolithography. This is a process that uses photoresists (materials which has an 

altered composition on exposure of light, which makes them easier or difficult to remove allowing 

structures to build up in the wafer). PFOS can also be used to add a thin coating to the resist in 

order to reduce reflections (Buser & Morf, 2009).  

When semiconductor circuit features get smaller chemicals like PFOS are essential. 

Semiconductors use POFS as photo acid generators (PAGs) which increase the sensitivity of 

photoresist in order to allow etching images smaller than wave length of light. Another use is ass 

anti-reflective coatings (ARCs) which prevent blurred images caused by surface reflections (Pichl, 

2005). 

The photo imaging industry used PFOS based substances in manufacturing and performance 

of certain imaging products. This is due to its critical antistatic, friction control, surfactant and dirt 

repellent qualities (Buser & Morf, 2009). Photographic industry PFOS based chemicals are used for 

few purposes in mixtures, in coatings applied to photographic films, papers and printing plates. 

Uses of PFOS in this industry include coatings for surface tension, static discharge, surfactant in 

mixtures used to process imaging films and adhesion control for analogue and digital imaging films, 

papers and printing plates (Anon., 2012).  
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2.2.4 Aviation industry hydraulic fluid additives 

 For the use in the aviation industry alternative hydraulic fluid additives must undergo 

extensive testing to qualify (Anon., 2012b). Its role is to inhibit erosion and damage to parts of the 

hydraulic systems. It is present in the hydraulic fluids at mg/L levels (Brooke, et al., 2004).  This 

industry is in Sri Lanka. 

2.2.5 Surface treatment of textiles, and leather and carpet 

PFOS related substances have been used on a range of textiles and other materials to 

prevent the adherence of oil, liquid spills, stains and grit to the surface by providing a protective 

barrier. The acrylate, adipate and urethane polymers produced from the intermediate substance  

N-ethylperfluorooctane sulphonamido ethanol are the types of PFOS related substances (Brooke, et 

al., 2004).  

In various leather manufacturing and repellent treatments of tanned leather, fluorinated 

surfactants are used. Due to their ability to improve efficiency of the process, reduce processing 

time and increasing the quality of the product (Buser & Morf, 2009).  

 

In the production of synthetic carpets fluorinated compounds are used to provide stain 

protection. PFOS is first bound in to a polymer which is applied to the carpet. PFOS related 

substances may be used to make synthetic carpets stain proof after cleaning. The main concern of 

using synthetic carpets is possible direct exposure of small children and babies. Washing synthetic 

carpets might be a source of release of PFOS into water (Anon., 2012). 

2.2.6 Surface treatment of paper  

PFCs are incorporated into coatings that are used on paper products used to impart grease, 

oil and water resistances to paper and packaging substrates. They are applied during the paper 

making process rather than adding to finished paper (Brooke, et al., 2004). Food contact 

applications (plates, food containers, bags and wraps) and non-food applications (folding cartons, 

containers, carbonless forms and masking papers) are uses of such paper products. To paper and 

paperboard, high molecular weight phosphate ester produced using N-EtFOSE and an acrylate 

copolymer based on N-methylperfluoro-1-octanesulfonamide (N-MeFOSA) have been applied 

(Buser & Morf, 2009).   

2.2.7 Floor polish 

In order to improve wetting, leveling and rewetting characteristics Fluorotelomer-based 

surfactant products are added to acrylic, wax floor polish formulations. In film making water based 

floor polish products the substances are used in low concentrations (Buser & Morf, 2009). 

 

http://allie.dbcls.jp/pair/NMeFOSA;N-methyl+fluorooctane+sulfonamide.html
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2.3 Calculations and Data analysis 

Basic data analysis processes of inspecting, cleaning and transforming data were deployed 

with the goal of discovering useful information, suggesting conclusions, and supporting in decision-

making actions. Exploratory data analysis (EDA) methods were used to look at the data files and to 

get an idea of what is there. This was used to decide on the need of additional data collection. 

 

The industrial data were initially analyzed using SFA analysis and found the release of 

materials to the hydrosphere as waste. The relevant statistical software Minitab and R was used in 

data analysis in order to maintain a higher accuracy. The complete data was analyzed using a SFA 

technique at the last stage to develop a holistic view on the study. The results were cross checked 

with the results from other countries as mentioned above. 

 

 Amount of PFOS content in the finished good was calculated based on the quantity of PFOS  

guidance for the inventory of  PFOS  published in year 2012 (Anon., 2012). Table 1: Show the 

template which was used to calculate annual net consumption of PFOS in the year 2013. 

 

Table 1: Template for annual net consumption of PFOS (Anon., 2002) 

Category of 
article or 
preparation 

 

Year 
of 
phase- 
out 

Process  
 
Steps, if applicable 

Import 
 
(kg per 
year) 

Manufac
ture 
(kg per 
year) 

Expor
t 
(kg 
per 
year) 

PFOS content 
Approximate 
values (mg 
PFOS/kg article 
or preparation)* 

PFOS 
quantity 
 
(kg per year) 

Photographic 
sector 

  Surfactant 

 Electrostatic charge control 
agent 

 Friction control agent 

 Dirt repellent agent 

 Adhesion control agent 

   100 

 
 

Semiconductor 
sector 

  Etching agent 

 Photoresist substance 

 Photo-acid generator 

 Surfactant 

 Anti-reflective coating 
agent 

   200 - 1000 

 
 

Electronics 
sector 

  Etching agent 

 Dispersion agent 

 Desmear agent 

 Surface treatment agent 
 Photoresist substance 

 Photo-acid generator 

 Surfactant; 

 Anti-reflective coating 
agent 

 Solder  

 Adhesive 

 Paint 

   200 - 1000 

 
 

Aviation 
hydraulic fluids 

     500-1000  

Fire fighting 
foams 

     5000-15000  
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Category of 
article or 
preparation 

 

Year 
of 
phase- 
out 

Process  
 
Steps, if applicable 

Import 
 
(kg per 
year) 

Manufac
ture 
(kg per 
year) 

Expor
t 
(kg 
per 
year) 

PFOS content 
Approximate 
values (mg 
PFOS/kg article 
or preparation)* 

PFOS 
quantity 
 
(kg per year) 

Metal plating  
Decorative 
plating of metal, 
rubber and 
plastics 

     50 000 –  
500 000 

 

Certain medical 
devices 

     150  
ng/CCD filter 

 

Coating and 
impregnation of  
- paper and 
packaging 
-synthetic 
carpets 
- leather and 
apparel 
- textiles and 
upholstery 

     500-5000  

Coating and 
coating 
additives 

     1000-10 000  

Toner and 
printing inks 

     100  

Cleaning agents, 
waxes and 
polishes 

     50-100**  

TOTAL quantity 
of PFOS per 
year 

       

 

 

2.4 Field investigation 
 

A set of additional data were obtained after the comprehensive study on the open dumping 

yards as the vulnerable sources and were noted during the field investigation. Leachate at the 

selected open dumping yards and surface water sources were investigated referring to the testing 

guide lines stated in US EPA. The same study will be continued in order to make available more data 

for the phase 2 study. 
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2.5 Contaminated sites  

Solid Waste disposal and other sites have been contaminated by improper handling or disposal 

of toxic and hazardous materials and wastes, or it could be a site where toxic materials were 

deposited as a result of flood or wind and also sites where accidents or improper handling had 

resulted in the release of toxic or hazardous material that are not waste.  

 

Sites can be contaminated by various intended, accidental or naturally occurring activities. Few 

such activities are manufacturing, waste disposal, accidental spills, illegal dumping, pesticide use, 

fertilizer application etc. Depending on the level and type of contamination they can be categorized 

in various ways.  

 

When a site is contaminated it can leach toxic chemicals into ground or surface waters. These 

toxic chemicals can be taken by plants and animals, by entering into water supply systems, humans 

can also be affected. Thus contaminated ground should be properly managed and human and 

wildlife exposure through inhalation, ingestion or dermal contact should be minimized. Effects may 

be acute or toxic (Anon., 2011). 

 

Major PFOS contaminated sites in Sri Lanka during last 10 years were identified with the help of 

relevant authorities. PFOS firefighting foam and waste dumping sites were the two major 

categories which represent contaminated environment. To identify major PFOS contaminated site 

from the firefighting, the high level officials from Sri Lankan Fire Brigade and Sri Lankan airport 

were interviewed. In addition to that one of major supplier of firefighting foams, M/s Apogee 

holdings (Pvt.) Ltd was interviewed. In addition a literature survey was conducted to identify the 

major dumping sites within the Sri Lanka. 
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3. Results 

3.1 Estimated total amount imported 

 Estimated amount of imported PFOS (for 2013)is shown in table 2. Data base at Sri Lanka 

Customs was used to calculate the amount of PFOS and the concentration of PFOS in products 

according to the inventory guidance.  

 

 

Table 2: Estimated amount of PFOS imported in year 2013 

Category of 
article or 
preparation 
 

Year 
of 
phase- 
out 

Process  
Steps, if applicable 

Import 
(kg per 
year) 

Manufa
cture  
(kg per 
year) 

Export 
(kg per 
year) 
 

PFOS content 
Approximate 
values 
(mg PFOS/kg 
article or 
preparation) 

PFOS 
quantity 
(kg per year) 

Photographic 
sector 

2013  Surfactant 

 Electrostatic charge 
control agent 

 Friction control agent 

 Dirt repellent agent 

 Adhesion control agent 

43670 Nil Nil 100 
 

43.67 

Semiconductor 
sector 

  Etching agent 

 Photoresist substance 
 Photo-acid generator 

 Surfactant 

 Anti-reflective coating 
agent 

Nil Nil Nil 200 - 1000 
 

Nil 

Electronics 
sector 

  Etching agent 

 Dispersion agent 

 Desmear agent 

 Surface treatment agent 

 Photoresist substance 
 Photo-acid generator 

 Surfactant; 

 Anti-reflective coating 
agent 

 Solder  

 Adhesive 

 Paint 

Nil Nil Nil 200 - 1000 
 

Nil 

Aviation 
hydraulic fluids 

  47250 Nil Nil 500-1000 23.63-47.25 

Fire fighting 
foams 

  1189156 Nil Nil 5000-15000 5945.78-
17837.34 

Metal plating  
Decorative 
plating of metal, 
rubber and 
plastics 

  Nil Nil Nil 50 000 –  
500 000 

Nil 

Certain medical 
devices 

  Nil Nil Nil 150  
ng/CCD filter 

Nil 

Coating and 
impregnation of  
- paper and 
packaging 

  Nil Nil Nil 500-5000 Nil 
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Category of 
article or 
preparation 
 

Year 
of 
phase- 
out 

Process  
Steps, if applicable 

Import 
(kg per 
year) 

Manufa
cture  
(kg per 
year) 

Export 
(kg per 
year) 
 

PFOS content 
Approximate 
values 
(mg PFOS/kg 
article or 
preparation) 

PFOS 
quantity 
(kg per year) 

- Coating and 
impregnation of  
synthetic 
carpets 

  2577220 Nil Nil 500-5000 1288.61-
12886.13 

- Coating and 
impregnation of  
leather and 
apparel 

  85007 Nil Nil 500-5000 42.50-
425.01 

- Coating and 
impregnation of  
textiles and 
upholstery 

  1142278 Nil Nil 500-5000 571.14-
5711.39 

Coating and 
coating 
additives 

   Nil Nil 1000-10 000 Nil 

Toner and 
printing inks 

  3121200 Nil Nil 100 312.12 

Cleaning agents, 
waxes and 
polishes 

  2345291 Nil Nil 50-100** 117.26-
234.53 

Chemicals   99 Nil Nil 100% 99.0 
TOTAL quantity of PFOS per year 8443.71-

37596.44 

 

Since this study is the first PFOS inventory, the upper value was taken as a conservative 

guess value. According to the sub categories, percentage of PFOS % is shown in figure 2. Meanwhile 

alternatives for PFOS were in the market since several years (in particular since 3M stopped PFOS 

production around year 2000). This estimate can be seen as an upper estimate. In phase 2 during 

NIP implementation the chemicals used for the individual applications need to be individually 

assessed. 
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Figure 2: Best guess of PFOS % imported in to Sri Lanka in the year 2013 

 

3.2 Questionnaire response 

 
Table 3: shows the Number of questionnaires from each category and total number of response. 
According to the data response was very low. 
 

Table 3: Summary of questionnaire survey 

Response Number 

Questionnaires sent 806 

Questionnaires received 61 

Industries using PFOS  7 

Questionnaires knowing about PFOS 44 

Questionnaires not knowing about PFOS 17 
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3.3 Stocks of PFOS containing materials 

Over the past approximately 40 years PFOS containing articles/products have been 

imported to Sri Lanka (e.g. impregnated carpets, paper, textiles, fire fighting foams). Virtually none 

of these imported articles/products have been destroyed due to a lack of destruction capacity. 

Therefore most of these articles and materials have ended up in landfills and dumpsites (Refer 

section 3.3.1). 

 

Some articles/products with long life time are in use or in stock (synthetic carpet, furniture, 

fire fighting foams). In this preliminary inventory this stock has only been quantified for firefighting 

foams (Refer section 3.3.2). Other stocks (treated synthetic carpets or furniture) not been 

quantified due to the lack of data.  Also the stockpile of PFOS containing fire fighting foam has not 

been assessed in the current inventory due to the lack of data. These stocks will be calculated 

within the NIP. 

3.4 Contaminated sites 

3.4.1 Dumpsites and landfills 

The largest amount of PFOS containing materials has probably ended on landfills and 

dumpsites. PFOS and other PFAS are water soluble therefore it leach out from landfills and 

contaminate groundwater around landfills. According to database of Municipal Solid Waste, 2005, 

Sri Lanka dumpsites and landfill areas and waste generation were shown in following Table 4 and 

waste composition is shown in Figure 3. 

According to Table 4 Colombo district waste generation was 58.6%. Therefore Colombo 

district significantly incorporate for solid waste generation as well as PFOS emission to the 

environment. Central, Southern and Eastern provinces share 7.01%, 8.1%, 8.2% solid waste 

generation respectively. 

 

The average composition of waste in the municipal areas is shown in the pie chart (figure 3). 

There are slight variations in the composition among the municipal councils and the hierarchy of 

local authorities, the percentage of short term biodegradables increasing and the long term 

biodegradables reducing as the level of the local authority increases for the Pradeshiya Sabha 

(Political sub division), through Urban Councils to Municipal Councils. However, in all local 

authorities, the major portion of waste (40% – 66%) is short term biodegradable. 
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Table 4: Municipal Solid Waste in Sri Lanka 

Province District 
Gross weight of 

waste collected per 

day (Ton) 

District 

percentage 

Provincial 

Total (Ton) 

Provincial 

Percentage ( all 

island) 

Western 
Colombo 1257 44.3% 

1663 58.6% Gampaha 313 11.0% 
Kalutara 93 3.3% 

Southern 
Galle 103 3.6% 

199 7.01% Matara 68 2.4% 
Hambantota 28 1.0% 

Central 
Kandy 145 5.1% 

229 8.1% Matale 33 1.2% 
Nuwara Eliya 51 1.8% 

Northwestern Kurunagal 73 2.6% 170 6.0% 
Puttalam 97 3.4% 

Sabaragamuwa Rathnapura 49 1.7% 92 3.2% 
Kegalle 43 1.5% 

Uva Badulla 57 2.0% 85 3.0% 
Monaragala 28 1.0% 

North central Anuradhapur

a 

52 1.8% 74 2.6% 
Polonnaruwa 22 0.8% 

Eastern 
Ampara 57 2.0% 

232 8.2% Batticaloa 119 4.2% 
Trincomalee 56 2.0% 

Northern 

Jaffna 71 2.5% 

94 3.3% 

Mannar 4 0.1% 
Kilinochchi 1 0.0% 
Mulativu 9 0.3% 
Vavuniya 9 0.3% 

Total   2838 100.0% 2838 100% 
 

Source: Data base of Municipal Solid Waste in Sri Lanka, 2005 
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Figure 3: Composition of Solid Waste in Sri Lanka 

 

3.4.2 Stockpiles and areas of (former) use of fire fighting foams 

M/s Apogee Holdings (Pvt) ltd. was interviewed to estimate the PFOS contaminated from 

firefighting foams one of major importer of fire fighting in Sri Lanka. According to their information 

from the last 30 years they imported  firefighting foams only from Europe (UL certified foams). 

Usually, they do not maintain any stock in the company but they only arrange to, deliver directly by 

the manufacturer to the site of customer on the request. However, there are other firefighting 

foam suppliers to the Sri Lankan market from India, China and from other countries.  

 

Life time of the chemicals (foams) is 10 years and after it the chemical shall be tested and 

replaced at the cost of customer. Before applying the foam it will be mixed with water (1:30) at the 

site and pumped as needed when fire occurs at sites stored organic matters (such as paint, tire, 

petrol, etc.). 

According to the interviews conducted at M/s Apogee Holdings (Pvt) ltd. all foams supplied 

by the company are UL registered and ecofriendly brands. The main buyers from the company are; 

Sri Lankan Airport, Katunayake, Petroleum Cooperation, Sri Lankan  Air Force, Sri Lanka Ports  

Authority, Sri Lanka  Navy and fire brigade of Sri Lanka Customs (at Colombo Port) and  Colombo 

Municipal Council (For Fire Brigade). These stations maintain their own stock.  

 

 Since Sri Lanka has faced a terrorist attack for 03 decades, Colombo City, and its suburb 

areas and some major cities had experienced major fires. According the Sri Lankan Fire Brigade 

head office interview, they have ordered a larger quantity of firefighting foams in late 1980s and 

still a balance of 50,000 L in the stock. Fire brigade maintains their foam stocks at Hettiyawatte, 
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Grandpass, Mardiwela, Fort, and, Colombo 10, Head Office. However, the chemical has already 

expired long ago and since that they usually use more than three times of the chemicals to control 

any fire.  

 

All of the firefighting foams were imported before year 2000 and no any interest has been 

made on PFOS as it was before identification of PFOS as a hazardous material by Stockholm 

convention. Therefore there is no doubt that the foam contains PFOS. This statement was cleared 

by the Colombo Municipal Council fire brigade (they are using Flouro protein (Mixed) and Flouro 

chemical type foams).  

 

Out of the major fires, the fire happened at the bomb blast at Central Bank was crucial. In 

addition to the chemical used by the CMC Fire brigade, additional fire foams were directly taken 

from India by the Sri Lanka Air force as enough chemicals were not available.  Because of no 

experience in controlling a devastating fire in that capacity, no one has kept any record on the used 

amount of chemicals. Therefore, it is very difficult to analyze the chemical consumption and direct 

ingression of PFOS amount almost after 30 years in time.  

 

According the information by relevant institutes, authorities the possible contaminated sites 

and stocks of PFOS are included in to table 5.  The location listed in table 5 has their training 

location within their institute except Sri Lankan Port Authority, Ceylon Petroleum Corporation and 

Sri Lankan Navy. Colombo Fire Brigade, Ceylon Petroleum Corporation, Custom Fire Brigade does 

their training in Hettiyawaththa. Sri Lankan airport has their own training location in premises of 

airport. Sri Lanka Air Force and Navy do their practices on both Katunayaka Airport and army 

training places which is highly secured. Based on the above information, locations of potentially 

major PFOS contaminated sites from fires are shown in figure 4. 

 

Table 5: Possible contaminations sites from PFOS bearing firefighting foams 

Location Storage Major Fire Total 
Capacity(l) 

Current 
stock (l) 

Hettiyawatta ( Colombo Fire 
Brigade) 

Yes Attended unknown 51595 

Wellawaththa( Colombo Fire 
Brigade) 

Yes Attended 

Grandpass( Colombo Fire Brigade) Yes Attended 

Ceylon petroleum corporation, 
Colombo 

Yes Yes(1990 bomb blast/ 
Fire drills 

100000 100000 

Sri Lankan Airport, Katunayake, 
and Training places 

Yes Yes  
90’s terrorist attack/ 
Fire drills 

  

Sri Lankan  Air force HQ and 
Training places 

Yes    

Sri Lankan Port  Authority Yes    
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Location Storage Major Fire Total 
Capacity(l) 

Current 
stock (l) 

Sri Lankan Navy and Training 
places 

Yes    

Custom fire brigade (Ports) Yes    

Biodegradable (Fluoro Protein)    5877 

Non-biodegradable (Aqueous film 
foaming foam) 

   7059 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

Figure 4: Suspected PFOS contaminated locations in Sri Lanka 
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4. Awareness Programs 

 

 In order to minimize the harm that can be caused by PFOS, the first action that should be 

taken is to make people aware on PFOS. Without knowing the danger in human health, people will 

not protect themselves against PFOS. Thus the idea of awareness programs which aware people of 

PFOS emerged. In this the principle, the target is to make different groups of the society be aware 

of PFOS and to educate them on how the harm it causes can be prevented. The society could be 

divided into few groups. They were, 

1. Chemical importers 

2. Industries 

3. Community 

4. School children 

 
 Sociologically, people have poor knowledge about PFOS containing products and wastes as 
well as the effects of PFOS. There was also no PFOS awareness activity and mass media is not much 
involved in the awareness program. These should be overcome in order to prevent hazards brought 
on by PFOS.   
 

Hence, few presentations were done in order to help awareness of PFOS in society by the 

invitation of the Ministry of Mahaweli Development and Environment. During this program 

brochures were distributed informing people about PFOS (Annexure B). Questionnaires were also 

distributed (Annexure A) in order to share the information already relevant on PFOS. During the 

program a presentation was given on “Introduction to PFOS Inventory of Sri Lanka and need 

justification” (Annex D) by Dr. K. B. S. N. Jinadasa, senior lecturer and principle investigator of the 

PFOS group established by the Ministry of Mahaweli Development and Environment, Sri Lanka 

 

Another presentation was done by Dr. S. K. Weragoda on the “Use and Health Effects of 

PFOS” (Annex E) .in this presentation, it was  highlighted that there are 13 identified and listed uses 

of PFOS and 4 of them contribute mainly on the pollution. Fire foams, aviation liquid, metal plating 

and photography have become significant in that regards. Bioaccumulation and biomagnification 

was also discussed and the mobility of PFOS in long distances was highlighted. The presentation has 

been focused mainly on convincing the participants about the health impacts from PFOS and PFOA.  

 

In the Skype discussion with stakeholders from industry on the request from the two 

moderators of the discussion, Dr. S. K. Weragoda, Dr. K. B. S. N. Jinadasa and Dr. Weber has made a 

short self-introduction to the audience. The importance of developing an inventory on POPs was 
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highlighted and also shared the experience of 3M Company with the audience and its positive 

impact by stopping the production of 3M-made fabric protectors.  

 

Responding to the questions raised by the audience, Dr. Weber explained in detail on the 

importance of private sector participation in deciding the future of the country, in terms of 

chemical usage. The function and importance of PFOS and related substances as a hydro- and 

lyophobic compound was explained and process of compiling information on alternatives to replace 

them in the industry under the Stockholm Convention Replying to question of the audience, Dr. 

Weber confirmed that food packing materials today normally do not contain PFOS chemicals but 

possibly other PFCs. He also discussed about the finished goods and their impacts on environment.  

Questionnaires given to different industries in order to collect information on the usage of PFOS 

showed that not many people were aware of PFOS. Not all questionnaires were returned thus it 

was difficult to get the total amount of PFOS used by industries.   

 

It is suggested to conduct more programs as above and share knowledge on PFOS and its 

threat to the society. This would help in minimizing the risks faced. By highlighting the individual 

responsibilities, it would be possible to make people act against PFOS in future.  
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5. Discussion 
 

The main target of this project was to focus on developing a detailed inventory on PFOS and 

its precursor containing products. The PFOS levels obtained from the Sri Lanka Customs were 

compared with values from other similar projects done in world. The Customs are the first line of 

defense for import of hazardous chemicals to a country. Thus there should be a control from the 

customs on how much PFOS containing goods, articles and products that enter a country.  

 

The questionnaires were taken from the substance flow analysis done for Switzerland on 

Perfluorinated surfactants perfluorooctanesulfonate (PFOS) and it was translated into Sinhalese 

and distributed amoung the industries. These databases were catogarized by CEA according to the 

gassete (Annexure D) which sorted out the different industries. The group C was discarded because 

of its negligible size and because it depended on A and B categories. The industries were further 

screened out in to the major 9 categories that involved PFOS usage.  

 

During the next stage it was sent through the Ministry of Mahaweli Development and 

Environment to Industries and the Industries registered under BOI. Their response rate of filled 

questionnaires was very low.  Some stated that they did not have any knowledge on what PFOS 

was. Most stated that they did not use PFOS in their industries. This is shown in table 6. Since many 

were not answered it was difficult to gain the data on the industries use of PFOS.  

 

Short Comings in import/export data collection 

 

HS codes from the database of the Sri Lanka Customs was taken in order to assess import 

data for PFOS. The four and six digit number code covers the entire spectrum of goods, articles and 

products that are imported and exported. The twelve digit number HS codes give a specific result. 

HS codes provides information on general groups of goods. PFOS is only recently included in the 

Rotterdam Convention for prior informed Consent for importation of  hazardous chemicals.  

 

HS code for PFOS has neither data nor contain specific or enough information or rough 

estimates of PFOS related substances used for PFOS inventory. Conducting an inventory on PFOS 

using customs information is not possible with the current general HS codes available . This was 

also a major conclusion of the Turkey PFOS inventory. Thus HS codes cannot be used as they are 

not specific enough. However industries should be able to work with CAS number which gives a 

better understanding on the PFOS amount (Korucu, et al., 2014). Specific HS codes might be 

developed now in the frame of Rotterdam Convention listing. 

 

 In developed countries the PFOS use and production show a significant drop due to strict 

legislation in these countries. In order to reduce and eliminate PFOS importation to Sri Lanka the 
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first step to be taken would be awareness programs. Further it is necessary to implement 

mechanisms  to restrict the amount of PFOS imported through the customs.  

 

New regulations to restrict PFOS in respective uses should also be developed and 

implemented. Even if PFOS is used in many sectors these should be restricted to only essential use. 

In order to make the findings more robust, further more accurate data must be collected. Then it 

would be easier to check the progress of PFOS reduction. By informing the industry and the 

Population of Sri Lanka about alternatives for PFOS used products, the contamination of PFOS 

related products can be reduced vastly.  

 

The use of sulfluramide (a PFOS precursor used as pesticide against ants and cockroach) has 

been assessed within the pesticide inventory. It was found that there was no historic use of 

sulfluramid in Sri Lanka and therefore also no stockpile exists. 

 

According to the data, firefighting’s foams are the major source of PFOS to the country and 

it was 47.4% from the total PFOS amount. The second is coating and impregnations for synthetic 

carpets. It was 34% of the total. Coating and impregnations for textile was 15.19% and 1.13% of 

PFOS from coating and impregnations for leather protections. Other categories are lower than 1%. 

Accordingly the main focus should be on firefighting foam, synthetic carpets and textile industry for 

managing PFOS and PFOS stockpiles.  
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6. Recommendations and Action Plan Activities  
  

Awareness Programme 

 

The community in Sri Lanka is not aware of the risks brought on by PFOS. But it has been 

detected in many samples taken from different areas of Sri Lanka, proving that PFOS is a threat 

faced by Sri Lankans.  Thus proper awareness programs should be conducted for chemical 

importers, officers in Customs and other communities in order to decrease and eventually 

eliminate the threat. By reducing the consumption of goods that contain PFOS and its precursors, 

and monitoring the amount of products that are imported containing them can be methods used to 

reduce PFOS in Sri Lanka.  

 

 During data collection many challenges were encountered. Officers of Sri Lanka Customs  

didn’t have an idea about what PFOS was. Tracking down chemical names by using CAS (Chemical 

Abstracts Service) number was a difficult task.  The custom officers do not mention the chemical 

names in their data base, thus it was difficult to track them. Even though they had HS codes 

(Harmonized System code), no clear relationship between HS codes and the CAS numbers could be 

identified. Getting data of chemicals using their names was not possible.  

 

Tracking down HS codes using chemical names was also not likely. In order to track and 

monitor PFOS in Sri Lanka the above difficulties should be minimized. There should be easier ways 

in order to monitor PFOS from the customs. The custom officers should be aware about PFOS. 

Conducting an awareness program for them would be the first step in order to assist them in 

understanding the health impacts from PFOS.  

 

A method should be developed in order to connect chemical names and CAS numbers 

easily. The chemical names (especially ones containing PFOS or its precursors) shall be included in a 

data base by custom officers. This would enable to track the chemicals easily. A directory can be 

written where the relationship between HS codes and CAS numbers are indicated enabling easy 

identification between the two.  

 

When checking a chemical in the custom list there was not sufficient data on it. For example 

the amount imported, the companies that brought it, what they were used for etc. By recording 

these data on arrival would be a better option in finding where these PFOS products go and the 

amount that enters Sri Lanka. A database with HS codes and their relationship with the chemical 

names would be valuable. If these steps are taken the monitoring of PFOS in Sri Lanka would 

become easier. In order to improve the inventory detailed information is essential.  
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In Sri Lanka there is a lack of laboratory facilities in analyzing the concentrations of PFOS. 

There is no existence of capacity for PFOS containing waste management and a huge viod in 

expertise when technological side is considered. This is a hindrance in the project towards reducing 

and eliminating PFOS contamination.  

According to the results firefighting foam is the main source of PFOS and synthetic carpets 

remain in second place. Therefore it would be better to develop a method to restrict those items. 

All the firefighting foams and fire extinguishers should be monitored under manufacture or supplier 

UL certified foams which are environmental friendly, biodegradable, and non-toxic and Free of 

PFOS. The certification can be monitored through online UL certification database.  

Synthetic carpets should be monitored through the MSDS certification issued from the 

international laboratory. The above statement should be used in the custom to regulate all the 

foams imported by different suppliers to the country 

Legal Framework on PFOS import  

The decision making bodies of the country should be informed about PFOS since their 

knowledge on PFOS is limited. Unless they have an idea about it they will be reluctant to allocate 

funds on environmental issues.  

The future action plan for PFOS is briefly discussed below, 

Few goals that are to be implemented in the future are, 

 Legal restriction of all use of PFOS 

 Assessment if PFOS are used and needed in metal plating industry and potential listing of 

exemption 

 Restriction of PFOS and PFOS related products import and export   

 Assessment of alternatives to PFOS in different application 

(http://POPspub.bcrc.cn/col/1408693347502/index.html) and selection of the most 

sustainable alternatives within the process of sustainable consumption and production  

 Introduction of alternatives and awareness 

 Management of stockpiles 

 Development of chemical management system  

 Ensuring effective implementation of policy 

 Minimizing the PFOS discharges to water and environment 

 Monitoring Plan for PFOS related compounds including assessment of contaminated sites 

 Improvement of the preliminary inventory. 

 

 

 

 

http://poppub.bcrc.cn/col/1408693347502/index.html
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6.1 Consideration on improving the PFOS inventory: 

The inventory can be improved in several ways. Preliminary investigation of use of PFOA has 

already been proposed by EU to the Stockholm convention. Addition of the historical incidents of 

fire- fighting used in the last 40 years under practice areas, major uses and other used locations  

into the inventory should be considered. The addition of different users, chemicals and details of 

stocks under fire fighting users is also another reasonable possibility.  

 

When considering the metal plating industry for using PFOS compounds, they can be 

clarified under former use, current use, waste management, sludge management and landfill. 

Synthetic carpet industry could also be added under stocks into the inventory.  

 

6.2 Consideration on regulation 

The level of PFOS can be regulated in several methods. One is undertaking law and policy 

assessment related to management of PFOS, amending existing laws or developing new laws where 

it is necessary related to the management of PFOS. Establishing a database on PFOS and related 

substances within a chemical database including integrated management and waste disposal and 

improving the control of importing chemicals and chemical products at custom levels will help to 

keep PFOS under regulatory levels.  

 

Developing a program for control and/or elimination of PFOS from the identified sources 

also helps to regulate PFOS levels. A chemical management system should be coordinated among 

all organizations. Introduce PFOS parameters for drinking water or water intakes, improving the EPL 

license information at CEA and banning or restriction of PFOS compounds are other options.  

 

When considering firefighting foam import of PFOS containing firefighting compounds can 

be prohibited. Assessment of stock-piles can be done. Socio-economic study for the disposal 

method can be done in order to assess the life cycle cost.  Exemption list could include possible 

listing for metal plating industry, firefighting industry and assessment of other uses of PFOS and 

presence in stock-piles. 

 

Under Stockpile management firefighting foams, aviation fluids, synthetic carpets and 

possible other uses (furniture, textile, polish etc) can be considered. The PFOS-containing materials 

can be stored in environmentally safe storages. They can be reused instead of being recycled. The 

waste that contains PFOS can be destructed or exported. Use and disposal of fire-fighting foam 

containing PFOS; development of guidance for collection and treatment of run-off water from fire 

incidents where PFOS containing foams are used are good ways of stockpile management. Use and 

disposal of aviation hydraulic fuel; establishing a system for management of waste oils as well as 

maintenance work with aviation hydraulic fuel including an established frame for environmentally 
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sound disposal are other methods. It is highly recommended to manage landfill sites to avoid these 

compounds release to environment. Assessment of option for destruction of the PFOS and related 

substances cost were given in the table 6. 

 

Awareness programs can easily make the society aware of PFOS. From the studies it was 

concluded that society did not have considerable knowledge on PFOS. Thus awareness programs 

are to be conducted in several groups. They are Industries using PFOS and PFOA compounds, 

Chemical importers, users of Fire-fighting, public awareness (General POPs) and relevant officials 

(Customs, CEA, BIO). Stakeholders should be informed and what PFOS should be explained (e.g. 

Chemical importers, fire fighters; users of aviation fluids) and public on the environmental and 

health impact, environmentally sound management and on alternatives of PFOS and related 

substances (in particular in exempted uses).  

 

Development of related education and awareness materials in Sinhala and Tamil would be a 

good step in order to aware people who do not understand English. Establish free access on PFOS 

awareness and information materials (web and database) would help people using PFOS to gain 

knowledge in PFOS. Training of users in the case of use of PFOS containing foams   i.e. education of 

fire fighters on alternatives is another step that can be taken. Sustainable training/education of 

customs authorities on POPs and other hazardous substances in articles and products will help 

awareness of PFOS.  

 

Contamination sites can be studied under several categories i.e. overview of potentially 

contaminated sites, amount of potential exposure, securing and possible remediation, propose 

mitigation measures and monitoring.  

 

In the strategy used for measuring PFOS, first assessment need of laboratory or testing 

abroad (contaminated sites, water, blood, fish, etc) was carried out. Then instrument availability 

was checked. Thereafter the National strategy for monitoring contaminated sites was followed. 

Final assessment and development of treatment methods available for contaminated sites was 

done. In an alternative assessment case, sustainable green chemistry was studied. Within it larger 

assessment of fluorinated and non-fluorinated compounds, link to sustainable consumption and 

production strategy and green public procurement policy was done. The proposed budget and time 

frame is shown in the below table 6. 

 

 

 

 

 

 



Preliminary Inventory of Perfluorooctane Sulfonate (PFOS) and its Salts in Sri Lanka - 2015 

 

   41 
   

Table 6: Proposed time frame 

Task Time Budget  
(Rs. Mil) 

1. Improvements to the Inventory 6 months 0. 3 

2. Regulatory Level Action 1 years 0.5 

3. PFOS control in Fire fighting  1 years 0.2 

4. Exemption listing  6 months 0.3 

5. Stockpile Management  1-3 year 1 

6. Awareness 3 years 3 

7. Contaminated Sites 2 years 1 

8. Strategy to measure PFOS  3 years 8 

9. Alternative Assessment and use 2 years 2 

 

 In order to minimize and control, governmental and institutional policy system is required. 

This may be a cabinet paper or an institutional policy. It is also the most effective way to 

implement the  Stockholm convention.  

1. There are few key elements of a policy system. Policy Agenda 

– Linked to and prioritized by national implementation plans 

2. Institutional Architecture for Implementation of new Policy 

– Ensuring predictable transparent Data base 

3. Mutual Agreements 

– Ensuring mutual agreement between institutions to acquire data  and other works 

regarding PFOS  

The key principles for country policy plans are available data base, coordination and 

partnership, inclusivity, transparency, predictability, good governance and efficient markets.  

Under the legislative, institutional and regulatory action plan it is planned to undertake law 

and policy assessment related to management of PFOS, amend existing laws, or develop new laws 

where necessary, related to the management of PFOS, banning or restriction of PFOS compounds, 

establish database on PFOS and related substances within a chemical database including integrated 

management and waste disposal and also to develop a program for control and/ or elimination of 

PFOS from the identified sources.  

 

In order to minimize PFOS and PFOS related products import and export, several officials 

should be involved. The Role of Sri Lanka Customs are to detect industries that use CAS numbers 

and identify PFOS Chemical’s HS codes, recognize major finished goods within PFOS categories and 

to monitor import and export through material safety data sheet (MSDS) and policy development 

for industrial chemical importers.  
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Role of BOI is to collaborate programs with Customs, survey current uses of PFOS and 

storages within the BOI and introduce alternative solutions. The role of the Central Environment 

Authority  to update the registration policy so that it covers type of good production, raw materials, 

method of production. The control of the industries at an initial stage is vital to control PFOs 

programs. Other institutions can take part in collaborative work, awareness and incorporate 

country policy system to institution.  

 

In order to monitor PFOS compounds development of laboratory facilities to measure PFOS 

compounds (Contaminated sites, Water bodies, etc), capacity building for Research on PFOS and 

funding should be made available. Action plan for contaminated sites consists of  

 compilation of potentially PFOS contaminated sites,  

 investigation of the maintenance sites, stockpiles storage areas where accidental 

spills or leakages occur from aviation hydraulic fluids  

 secure and monitor locations up to remediation process   

 

In order to manage, reduce and eliminate releases from stockpiles and wastes 

environmental safe storage of PFOS-containing materials includes 

 stopping recycling and reuse of PFOS containing articles,  

 assessment of destruction option of PFOS containing stocks and waste,  

 destruction or export of PFOS containing waste,  

 proper management of land fill sites, 

 use and disposal of fire-fighting foam containing PFOS;  

 development of guidance for collection and treatment of run-off water from fire 

incidents where PFOS containing foams are used and  

 use and disposal of aviation hydraulic fuel;  

 establishing a system for management of waste oils as well as maintenance work 

with aviation hydraulic fuel including an established frame for environmentally 

sound disposal can be done.  

 

Before principle implementation, awareness program should be conducted for Sri Lanka 

Customs, CEA, BOI, Aviation authority/ Sri Lankan Airlines and other selected industries.  
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Annexure A 

QUESTIONNAIRE FOR CHEMICAL INDUSTRIES AND PRODUCT SUPPLIERS 

1. Name and address of the chemical industry 

Name Address 

  
 

 

2. Are you a, 

 Producer of chemicals products  .................................. 

 Supplier of chemicals or products  .................................. 

 Downstream user of chemicals products .................................. 

Please specify type of chemicals or products you produce or supply. 

PFOS or its related substances   Impregnation / coating formulas for 
textiles 

 

Firefighting foam   Impregnation / coating formula for 
carpets 

 

Aviation hydraulic fluids   Impregnation / coating formula for 
leather 

 

Insecticides   Impregnation / coating formula for paper 
and packaging 

 

Drilling fluids   Chemicals for use in the electronic 
industry  

 

Chemicals for use in metal plating 
industry 

  Chemicals for use in the photographic 
industry 

 

Chemicals for use in the semi-conductor   Products such as waxes, shampoos, 
sealants, paint, coating, household and 
industrial surfactants etc. Please specify 

 

Chemical mixture / agents please specify   

Others please specify   

3. What kind of PFOS related substances, chemicals or products containing those 

substances does your company produce, supply or use? 

Name of chemical 
or product 

Product code or 
number / CAS 
number 

Yearly amount 
produced 
consumed or 
supplied (kg) 

CAS number Content PFOS or 
PFOS related 
substances (%) 
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4. How are the PFOS containing waste rejects from your sector processes managed? 

(a).  Deposited near the factory area   (b) Destroyed in a waste treatment 
facility 

 

(c). Sent to a landfill (name / address)   (d) Other (please specify)  

 

5. Stockpiles of PFOS containing chemicals or wastes 

Product 
Name/Name of 
chemical mixture 

product code 
or number / 
CAS number 

Storage 
conditions 

Quantity Name of 
PFOS or 
related 
substance 

CAS 
number 

Content 
location of 
PFOS or its 
related 
chemicals 
(%) 

       

       

 

6. Please name the company you sell chemicals or products to or buy from. 

Name of company Product Contact information 

   

   

   

 

7. Are you aware of locations contaminated with PFOS or its related substances? 

Location Type of 
contamination 

Type of activity at the 
location 

Have the site been 
investigated? (do not 
know, yes or no) 

Levels of PFOS 
and its related 
substances (if 
available) 

     

     

 

8 Remarks 

 

9. Respondent 

Name 

 
Department 
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Position 

 
Telephone 

 
Mobile Phone 

 
Email Address 

 
Signature 

 
Date 
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