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Abstract 
 
A wide distribution of biocides in the industrial activities and households around the world 
has become the reason for the ecological anxiety due to the high toxicity of these chemi-
cals even in low concentrations; therefore it is necessary to control the presence of hazard-
ous substances in the environment. In this regard, environmental monitoring is an effective 
tool for establishing the baseline quality and defining environmental trends that will be used 
for policy and plan development and its implementation. Passive sampling is one of the 
most effective methods of environmental monitoring discussed in the thesis.  
 
This thesis was dedicated to identifying possible factors influencing passive sampling in 
water based on a literature review that provided the basics of passive sampling and identi-
fied possible factors that need to be considered in this monitoring method. The practical 
work involving the use of available polymers to test their ability to adsorb chlorophenol 
compounds and define issues encountered in practice. 
 
In this study, the following factors influenced the result: the need to derivatize chlorophe-
nols before GC/MS analysis, careful pipetting of solutions into water samples, and selection 
of appropriate solvents for the extraction of chemicals that do not dissolve the materials. 
Most of the faced issues can be minimized or eliminated by following sampling standards 
and care operations. In future, it could be recommended to conduct more research if stud-
ied polymers are planned to use in qualitative sampling.  
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INTRODUCTION 

The use of biocides in industrial activities has steadily increased in recent dec-

ades. Pesticides, herbicides, insecticides and others products that are intended 

to destroy, render harmless, prevent the action of, or otherwise exert a controlling 

effect on any harmful organism by chemical or biological means are widely dis-

tributed in industrial and daily usage. Many of the biocides are the sources of 

ecological anxiety as they are toxic and potential carcinogens at concentrations 

of only a few µg/L. Therefore, it is necessary to monitor the potential discharge of 

hazard compounds for preventing negative consequences to the environment 

and all living beings. In this regard, environmental monitoring is used as a tool to 

establish baseline quality, uncover environmental trends, and identify any varia-

tions, support policy development and its implementation.  

 

Passive sampling is one of the most effective techniques of environmental moni-

toring that is proving to be a reliable, robust and cost-effective way establishing 

an accurate, early picture of the risk, making it possible to respond appropriately. 

This technique is widely used in monitoring pollutants in air, soil and water in ar-

eas, where contamination results from domestic and industrial discharges, and 

the use of agrochemicals. 

 

In this thesis, reliable literature will be reviewed for analyzing of passive sampling 

methods and their working principles, and finding factors that can affect the sam-

pling process and therefore should be considered beforehand. In addition, labora-

tory work will be done with available polymers to find out practical complications 

of the process. 

  

The aims of the research are the following: 

 

a) To test if commonly used polymers can adsorb chlorophenols from water. 

 

b) Collect literature information on the facts that have to be considered when 
using passive sampling in water. 
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c) Define what issues to consider in practice when using passive water sam-
pling. 

 

 

1 THEORETICAL PART 

Before the description of the experiments, it is essential to provide an insight into 

passive sampling and describe its working principle, as well as present the gen-

eral information about chlorophenols along with its impact on the environment. 

 

1.1 Passive sampling 

Passive sampling is an environmental monitoring technique involving the use of a 

collecting medium, such as biotic or abiotic devices to accumulate chemical pollu-

tants in the environment over time. Passive sampling was used for the first time 

for the semi-quantitative determination of CO in 1927 (Gordon & Lowe, 1927). 

Truly quantitative passive sampling was introduced in 1973 for determination of 

NO2 (Palmes & Gunnison, 1973) and SO2 (Reiszner & West, 1973) in the air. 

Since then, passive sampling has been used for monitoring contaminant concen-

trations in the water column, soil and sediment interstitial waters, and air at sites 

around the world. However, passive sampling is less sensitive to accidental ex-

treme variations of the organic pollutant concentration thus giving more adequate 

information for long-term monitoring of contaminants in an environmental com-

partment. This method has many advantages in monitoring since it vastly simpli-

fies sampling and sample preparation, eliminates power requirements, and signif-

icantly reduces the costs of analysis. One of the advantages of using passive 

samplers for long periods is the potential to detect episodic events such as spills 

or run-off or other sporadic chemical releases to the environment that may be 

missed in traditional sampling methods. 

 

Passive sampling is based on a free flow of analyte molecules from the sampled 

medium to a collecting medium, as a result of a difference in chemical potentials. 

The net flow of analyte molecules from one medium to the other continues until 

equilibrium is established in the system, or until the sampling period is stopped. 
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(Górecki & Namieśnik, 2002). The process of passive sampling does not require 

any energy sources other than this chemical potential difference. The process of 

analytes capturing and retaining from the sample in a suitable medium within the 

passive sampler has been described as simple diffusion and partitioning between 

two compartments of the receiving phase and external environment.  

 

The principle of analytes adsorption from the studied environment into passive 

sampling systems shown in Figure 1. The exchange kinetics between a passive 

sampler and water phase can be described by a first-order, one compartment 

mathematical model: 

 

𝐶𝑠 (𝑡) =  𝐶𝑤  

𝑘1

𝑘2
 (1 − 𝑒−𝑘2𝑡)  

 

where CS (t) is the concentration of the analyte in the sampler at exposure time t, 

CW is the analyte concentration in the aqueous environment, and k1 and k2 are 

the uptake and offload rate constants. Two main accumulation regimes, either 

kinetic or equilibrium, can be distinguished in the operation of a sampler during 

field deployment. 

 

 

Many passive samplers have been operated at the equilibrium regime when the 

sampler is deployed long enough so that thermodynamic equilibrium is estab-

lished between the chemicals in the environmental medium and receiving phase. 

Figure 1. Two main regimes (kinetic and equilibrium) of passive samplers 
(Vrana et al, 2005) 
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In the kinetic regime, it is assumed that the rate of mass transfer to the receiving 

phase is linearly proportional to the difference between the chemical activity of 

the contaminant in the environment media and that in the receiving phase. (Vrana 

et al., 2005). 

 

1.1.1 Passive sampling of water 

Passive sampling is used for sampling from solid, liquid and gaseous media us-

ing various types of samplers. Passive samplers can have many different de-

signs, depending on the sampling principle and the sampled medium. There are 

two categories of passive devices used for water sampling:  

 

 Membrane-based passive samplers that are divided into types: semi-per-

meable membrane (SPM), including semi-permeable membrane devices 

(SPMDs) and supported liquid membrane (SLM).  

 

o SPM is a bag or a tube made of a suitable material and filled with a 

liquid collecting medium. Non-porous films made of hydrophobic 

synthetic polymers such as polyethylene or polypropylene can be 

used as suitable materials since they are more resistant to solvents 

and biodegradation, so they are generally more advantageous for 

SPM applications. These sampler types are generally solvent-filled 

that means the use of solvents as collecting media. It must be taken 

into account that if the solvent is allowed to reach equilibrium with 

the analyte dissolved in water, no more net flow of the analyte oc-

curs between the two phases and the amount of analyte collected in 

the solvent may not reflect the true time-weighted average concen-

tration of the analyte in water. 

 

o SPMDs is an important class of membrane-based passive samplers 

for water developed by Huckins, Tubergen & Manuweera (1990) or 

studying the bioavailability of hydrophobic organic chemicals to 

aquatic organisms. They comprise a tubular low-density polyeth-

ylene lain-flat membrane filled with about 1 g of high molecular 
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weight lipid. SPMDs sampling is based on lipid–water partitioning. 

SPMDs have many advantages, including ease of deployment, 

standardized character, the possibility of using long sampling times 

without approaching equilibrium, and accurate representation of the 

freely dissolved fraction of the analyte in water. (Górecki & Na-

mieśnik, 2002). 

 

o SLM devices are based on porous polytetrafluoroethylene mem-

branes impregnated with an organic solvent and separating the 

sample from a stripping solution. These devices do not relate to true 

passive samplers because the sample and the stripping solution are 

most often forced through channels in a special device.  

 

 Diffusion-based passive samplers typically consist of solid sorbents as a 

collection medium that is directly exposed to water. Unlike the membrane 

samplers, these are less widespread applications in the water analysis.  

 

o Solid-phase microextraction (SPME) can be used as a diffusion-

based passive sampling method used in gas, liquid and solid me-

dium sampling. SPME method is based on the partition equilibrium 

of analytes between the sample matrix and the extraction phase. 

This extraction tool consists of a length of fused silica fiber coated 

with various stationary phases (for example, polyacrylate, polydime-

thylsiloxane or carbon). The fiber is attached to a stainless steel 

plunger in a protective holder. The fiber is exposed to the water 

sample of the headspace for a specified time, then retracted into 

the needle and inserted into a GC injection port. (Shoemaker et al., 

1999). Then the analytes are thermally transferred onto the chroma-

tographic column for separation and measurement. Afterwards, the 

SPME fiber is retracted into the needle and removed from the injec-

tion port for subsequent sample analysis. SPME is a unique tech-

nique that requires no solvents or complicated extraction apparatus. 

Because of the relatively short time required to reach equilibrium, 
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SPME is particularly suited for passive grab sampling. (Górecki & 

Namieśnik, 2002). 

 

1.1.2 Passive sampling of groundwater 

Passive groundwater sampling is defined as the collection of a water sample from 

a well without the use of purging by a pump or retrieval by a bailer (Interstate 

Technology and Regulatory Council, 2004). Over the past 51 years, knowledge of 

groundwater flow and transport processes has increased along with the develop-

ment of innovative tools, techniques, and methods. The groundwater sampling 

has changed from the simple bailing and standard purging methods to passive 

sampling. (Imbrigiotta & Harte, 2020). The purpose of the groundwater sampling 

is to retrieve a water sample that represents the characteristics of water below 

the ground surface. 

 

The idea behind the passive sampling is that a passive sampler is lowered into 

the screened or open interval to sample the water flowing through it owing to nat-

ural groundwater gradients instead of purging a well and drawing water into a 

well in purging method. In passive sampling, chemical compounds are collected 

in the sampler by the process of diffusion. Thus, passive samplers allow sampling 

pollutants in monitoring wells without creating active transport of groundwater and 

without any external energy sources. The identification and quantification of the 

pollutants are done by the chemical analysis after retrieval of the sampler. 

 

1.2 Chlorophenols as studied chemicals 

Chlorophenols (CPs) are a group of chemicals in which chlorines (between one 

and five) have been added to phenol. Phenol is an aromatic compound derived 

from benzene, the simplest aromatic hydrocarbon, by adding a hydroxy group to 

carbon to replace hydrogen. (Toxicological profile for chlorophenols, 1999). 

Nineteen congeners are possible, ranging from monochlorophenols to the fully 

chlorinated pentachlorophenol (PCB) including 5 basic types of chlorophenols: 

mono[one]chlorophenols, di[two]chlorophenols, tri[three]chlorophenols, 

tetra[four]chlorophenols, and penta[five]chlorophenols. Most chlorophenols are 
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solids at room temperature, except 2-chlorophenol, which is a liquid. The chloro-

phenols have a strong medicinal taste and odour, even small amounts (at parts 

per billion to parts per million concentrations) can be tasted in water and fish. 

(Agency for Toxic Substances and Disease Registry, 1999). 

 

The chlorinated phenols are manufactured by chlorination of phenol, or for the 

higher chlorinated phenols, the chlorination of lower chlorinated phenols at high 

temperatures. The manufacture of the tetrachlorinated phenols requires a cata-

lyst (e.g., iodine, ferric chloride). 2,4,5-TCP, 2,3,4,5-TeCP, and 2,3,5,6- TeCP 

have also been produced by the alkaline hydrolysis of hexachlorobenzene Both 

processes of the chlorophenol production result in the formation of impurities. 

The impurities include polychlorinated dibenzo-dioxins (PCDDs), polychlorinated 

dibenzofurans (PCDFs), polychlorinated phenoxy phenols, polychlorinated diphe-

nyl ethers, polychlorinated benzenes, and polychlorinated biphenyls. As the 

higher chlorinated phenols are produced at higher temperatures, the contamina-

tion of the higher chlorinated phenols is greater than that of the lower chlorinated 

phenols. (Agency for Toxic Substances and Disease Registry, 1999). 

 

All the chlorophenols have been used as biocides. Generally, the monochloro-

phenols have been used as antiseptics, such as 4-CP that have been used as a 

disinfectant in households and hospital uses. The principal use of the monochlo-

rophenols has been as intermediates for the production of higher chlorinated phe-

nols. 2,4-DCP has been used for mothproofing and as a miticide, while the higher 

chlorophenols have been used as germicides, algaecides, and fungicides. (World 

Health Organization, 1989). 

 

2,4,6-TCP and the tetrachlorophenols have also been used directly as wood pre-

servatives and are generally used as a mixture and are applied to lumber in an 

aqueous solution (World Health Organization, 1989). Commercial pentachloro-

phenol, which is used as a wood preservative, contains about 4% tetrachlorophe-

nols and 0.1% trichlorophenols. North America and Scandinavia are the main re-

gions of the world where chlorophenols have been used as wood preservatives. 
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The use of these compounds has been banned in Sweden since 1978, and pro-

duction was banned in Finland in 1984. (Kalliokoski & Kauppinen, 1990). 

 

Chlorophenols are the major group of pollutants of environmental concern be-

cause of their toxicity and widespread uses (Häggblom & Bossert, 2004). Among 

19 possible congeners of CPs, 2,4,6-trichlorophenol and pentachlorophenol are 

listed in the Priority Pollutant List of the US Environmental Protection Agency 

(CERCLA Priority List Of Hazardous Substances, 2007). 

 

Сhlorophenols are introduced into the environment as effluents waste from sev-

eral industrial processes, through its use as biocides or as by-products of other 

industrial operations, such as pulp bleaching with chlorine, water disinfection or 

even waste incineration (Murialdo et al., 2004). Chlorophenols enter the atmos-

phere through volatilization, with mono- and dichlorophenols being the most vola-

tile. Releasing to the environment, chlorophenols are subject to a series of physi-

cal, chemical, and biological transformations. Sorption, volatilization, degradation, 

and leaching are the primary processes governing their fate and transport. The 

pH in water, in soil and sediment, is a major factor affecting the fate and transport 

of CPs in these media, since the degree to which the compounds ionize in-

creases with increasing pH. 

 

Chlorophenol groundwater contamination will occur if sufficient quantities of the 

chemical are present to exceed the sorption capacity of the vadose zone satu-

rated soils (Scow et al., 1982). Contamination is most likely in soils with low or-

ganic carbon content or high pH. Once in groundwater, sorption of chlorophenols 

by the solid aquifer matrix may be estimated based on log Kow and organic car-

bon content, provided that the organic carbon content exceeds 0.1% and the aq-

uifer pH is not sufficiently high for significant dissociation to occur (Schellenberg 

et al., 1984). However, low levels of chlorophenols in water, soil, or sediment are 

broken down by microorganisms and are removed from the environment within a 

few days or weeks. 
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Phenol toxicity is related to unspecified toxicity related to the hydrophobicity of 

the individual compound and formation of free radicals. Microbiological transfor-

mation of CPs leads to the formation of other toxic compounds – trichloroanisole 

and tetrachloroanisole (Gunschera et al., 2004). Therefore, phenol and its com-

pounds are grouped as priority pollutants by the United States Environmental 

Protection Agency. 

 

The general population may be exposed to chlorophenols through the ingestion 

of chlorinated drinking water and food contaminated with the compounds and in-

halation of contaminated air. Short-term exposure to large amounts of PCP can 

cause harmful effects on the liver, kidneys, blood, lungs, nervous system, im-

mune system and gastrointestinal tract (Fiege et al., 2000). Additional side effects 

may include elevated temperature, profuse sweating, uncoordinated movements, 

muscle twitching and coma. Contact with PCP (particularly in the form of vapour) 

can irritate the skin, eyes and mouth. Long-term exposure to low levels such as 

those that occur in the workplace can cause damage to the liver, kidneys, blood 

and nervous system. Also, exposure to PCP is also associated with carcinogenic, 

renal and neurological effects. The Environmental Protection Agency classifies 

PCP in group B2, as a probable human carcinogen. Since phenol is absorbed 

through the skin relatively quickly, systemic poisoning can occur in addition to the 

local caustic burns. 

 

Only 3,5-dichlorophenol, 2,4,6-trichlorophenol and pentachlorophenol will be 

evaluated in the work, as these are the most likely to occur in groundwater as 

possible contaminants from an anthropogenic activities. 

 

1.2.1 3,5-dichlorophenol 

3,5-Dichlorophenol (Cl2C6H3OH) is a dichlorophenol in which the two chloro sub-

stituents are located at positions 3 and 5 (Figure 2). It belongs to the class of sub-

stituted phenol compounds, which are widely used in industrial applications such 

as synthesis of pesticides, dyes, drugs, plastics, etc. Due to their extensive us-

age, they are commonly found in environmental samples as pollutants.  
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The compound exists as colourless crystals with a specific medical odour (Inter-

national Programme on Chemical Safety, 2010). Limited amount of information 

available for study, mainly classification and labelling and basic physical and 

chemical properties. 

 

1.2.2 2,4,6-trichlorophenol 

2,4,6-trichlorophenol (C6H3Cl3O or C6H2Cl3OH) is a trichlorophenol with phenolic 

substituents on positions 2, 4 and 6 (Figure 3). It is a synthetic, crystalline solid 

that is slightly soluble in water and soluble in organic solvents. 2,4,6 trichlorophe-

nol is primarily used as a pesticide for wood, leather, and glue preservation; and 

as an anti-mildew treatment and antiseptic.  

 

Figure 2. Molecular structure of 3,5- dichlorophenol (Sigma-Aldrich, 
No date a) 

Figure 3. Molecular structure of 2,4,6,-trichlorophenol (Sigma-Aldrich, No 
date b) 
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2,4,6-trichlorophenol appears as yellow to pinkish-orange needles or orange fluffy 

solid and has the strong phenolic odour (Pubchem, 2020). When heated to de-

composition, 2,4,6-trichlorophenol emits toxic and corrosive fumes of hydrochloric 

acid and other toxic gases. Exposure of humans to 2,4,6-trichrophenol via inhala-

tion has been reported to cause respiratory effects, altered pulmonary function 

and pulmonary lesions. It is reasonably anticipated to be a human carcinogen. 

 

1.2.3 Pentachlorophenol 

Pentachlorophenol (C6Cl5OH) is a synthetic substance, made from other chemi-

cals, and does not occur naturally in the environment; the most persistent of the 

chlorophenols (Agency for Toxic Substances and Disease Registry, 2001). Pen-

tachlorophenol is a chlorophenol that substituted by 5 chloro groups (Figure 4). 

The purchase and use of pentachlorophenol have been restricted to certified ap-

plicators since 1984 and it is no longer available to the general public. PCP was 

widely used as as a wood preservative before restrictions. Nowadays, PCP is 

used industrially as a wood preservative for power line poles cross arms, fence 

posts, and the like.  

 

Figure 4. Molecular structure of pentachlorophenol (Sigma-Aldrich, No 
date c) 
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Pure PCP exists as colourless crystals with light specific smell at room tempera-

ture. In the case of heating, it has a sharp phenolic smell. Impure pentachloro-

phenol has dark colour from grey to brown and exists in fine fraction like dust and 

flakes. PCP exist in two forms: as pentachlorophenol or as the sodium salt of 

pentachlorophenol, which dissolves easily in water unlike the first form of the 

chemical.  

 

PCP is released to the environment mainly from factories, chemical manufactur-

ing plants, wood-treatment facilities, and hazardous waste sites. PCP mostly 

moves with water and generally stays in soil due to chemical and physical proper-

ties of the compound; an only small amount goes to the air by evaporation. In the 

air, surface water and soil PCP lasts from hours to days and breaks down by sun-

light and microorganisms. The compound can be present in fish or other species 

used for food. 

 

 

2 MATERIALS AND METHODS 

The laboratory works were aiming to study the ability of different kinds of poly-

mers to absorb chlorophenols from groundwater and estimate its efficiency. Wa-

ter samples for analysis were collected at the beginning of October 2019 from the 

lake in the Mikkeli region a few days before the tests. All the measurements were 

conducted in the chemical laboratory at South-Eastern Finland University of Ap-

plied Sciences in Mikkeli Campus. The laboratory provided all the necessary 

equipment and reagents for the experiment. 
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2.1 Preparation of samples 

Two water samples were prepared for the analysis: sample water 1 (containing 

chlorophenol standard) and sample water 2 (groundwater containing chlorophe-

nols). Two replicates of both samples were prepared for accurate results. In total, 

there were twelve beakers: six with cholorphenol standard and six beakers  with 

contaminated groundwater. Each beaker contains three polymer samples (Figure 

5). 

 

Sample water 1 contains tap water with a mixture of different phenols, shown in 

Table 1. 2,4,6-tribromphenol is an internal standard, and other chlorophenols are   

the analytes. Tests were done in the beakers containing 800 ml of chlorophenol 

water. All 12 beakers were labelled with abbreviated names, which are described 

in Appendix 1. 

Figure 5. Sample preparation: Chlorophenol standard (left) and Ground water samples (right) 
 

Table 1. Phenols added in water sample 1 
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Bottles from polyethylene terephthalate, silicone tube, and polypropylene pipettes 

were used as samplers from commonly available polymers. The plastic bottle 

was cut into rectangular pieces which were fixed to the beakers with a metal wire 

so that the polymer samples were completely submerged in water. Small silicone 

tubes and polypropylene pipettes were also fixed with the wire to the beakers.  

 

 

 

Adsorbing materials were covered with foil and soaked in water for 20 days in the 

dark place to minimize environmental impact on the adsorption (Figure 6). 

 

2.2 Chlorophenols extraction 

After the soaking in the water samples, the samplers were dried in a stream of ni-

trogen for further analysis after that polymers were put into the beakers with 5 mL  

Figure 6. Preparing samples for 20 days soaking in water samples 
 

Figure 7. Preparing samples for 20 days soaking in water samples 
 

Figure 8. Preparing samples for 20 days soaking in water samples 
 

Figure 9. Preparing samples for 20 days soaking in water samples 

Figure 10. Sonication of samples (left) and drying with nitrogen stream (right) 
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of ethyl acetate and sonicated with ultra wave for 15 minutes for each of 12 sam-

ples at room temperature. Ethyl acetate was used as extraction solvent because 

of its chemical function and ability to extract both polar and non-polar com-

pounds.  

 

Polymers were sonicated twice to extract all chemicals that presented in the ma-

terials. After the sonication, ethyl acetate solution was transferred to the test 

tubes and evaporated to dryness under a stream of nitrogen. 

 

2.3 Preparation for GC/MS 

After the drying, evaporation residues were taken into the test tube and dissolved 

in 1 ml of methanol. 2 ml of 5% K2CO3-solution and 200 µl fresh distilled acetic 

anhydride were added for acetylation process (Figure 8). Potassium carbonate 

was used as a weak base to form chlorophenol anion that reacted with acetic an-

hydride more easily than chlorophenols. Acetylation of CPs was carried to reduce 

the polarity and increase the volatility inside the GC column. The tubes were 

shaken for 1 minute. 1 ml of hexane was added and shook for 1 minute after that 

hexane layer was pipette out into the clean test tubes.  

 

 

 

The extraction procedure was repeated two times. A small amount of Na2SO4 

was added to dry the hexane solution after that solution was evaporated under a 

stream of nitrogen to the volume of 1 ml and transferred into a GC sampling vial. 

A double extraction with ethyl acetate and hexane was performed to ensure that 

Figure 11. Acetylation of chlorophenols 
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all the chlorophenol was extracted. Finally, samples were analyzed with gas chro-

matograph-mass spectrometer. 

 

 

3 GC/MS RESULTS AND ANALYSIS 

The analysis was conducted with gas chromatography/ mass spectrometry 

(GC/MS) that is the most ubiquitous analytical method that combines the features 

of gas-chromatography and mass spectrometry to identify different substances 

within a test sample. GC/MS is recognized as the «gold standard» for identifying 

chemicals in simple and complex mixtures and this technique is indispensable in 

the fields of environmental science, forensics, health care, medical and biological 

research, health and safety, the flavour and fragrances industry, food safety, 

packaging, and many others.  

 

The purpose of the method is to determine how many components are present in 

the samples, find out which components are (identify them) and find out how 

much of each compound is in the mixture. Gas chromatography is the best suited 

for combination with the ion detector of a mass spectrometer since the com-

pounds are already in the gas phase in the column of the chromatograph. 

 

The process of GC/MS analysis and the device is shown in Figure 9. The pre-

pared sample solution was injected into GC injection port where it is vaporized at 

high temperature and transferred into GC column by the carrier gas. The sample 

flows through the column and the compounds comprising the mixture of interest 

are separated underf their relative interaction with the coating of the column 

(stationary phase) and the carrier gas (mobile phase). The latter part of the 

column passes through a heated transfer line and ends at the entrance to ion 

source where compounds eluting from the column are converted to ions. (Wu et 

al, 2012). After that, the ions enter a detector that sends information to a 

computer that records all of the data produced during the analysis.  

 

The GC/MS analysis was performed with Scan and Sim methods to get mass 

spectra and identify unknown compounds. In the Scan method the MS device 
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monitors all the mass fragment and the SIM (Selected Ion Monitoring) method al-

lows the mass spectrometer to detect specific compounds with very high sensitiv-

ity. The method also allows the collection of more points across a chromato-

graphic peak, thus enhancing the accuracy and precision of quantitative results.  

 

 

The results are presented in the chromatograms, a graph showing detector re-

sponse as a function of elution of time. The x-axis of the gas chromatogram 

shows the amount of time taken for the analytes to pass through the column and 

reach the mass spectrometer detector. The peaks that are shown correspond to 

the time at which each of the components reached the detector. The y-axis, or 

the area of the peak, is a reflection of the amount of analyte that presents in the 

sample. The area is based on the number of counts taken by the mass spectrom-

eter detector at the point of retention.  

 

The identification of compounds in the samples is based on the retention times 

and mass spectra. The mass spectra of every peak are shown in the chromato-

grams. The mass spectra of samples are compared to the mass spectra in the 

mass spectrum library in the computer after what the computer defined what 

compound is in every peak. 

Figure 12. Schematic of a GC/MS system (Wu et al, 2012) 
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There are two examples of chromatograms (SW1PET1 and SW2PP2) were 

shown in the results part for detailed analysis since other chromatograms looked 

the same.  

 

3.1 Sample water 1 with polyethylene samplers 

SW1PET1 contains tap water with chlorophenol standard with polyethylene sam-

plers. The results of the GC/MS analysis of the sample are shown in Figure 10.  

The first chromatogram was done with the SCAN method, and the second one 

with more sensible SIM method. Chromatogram with SIM mode shows com-

pounds in the view of several peaks in the polyethylene sample. Detailed infor-

mation about these peaks (retention time, area etc.) is shown in Appendix 2.  

 

 

The computer compared the retention times and mass spectra of compounds in 

the sample water 1 and defined several chemicals: 3,5-dichlorophenol (retention 

time of 20,714 minutes), 2,4,6-trichlorohenol (retention time of 23,345 minutes), 

internal standard 2,4,6-tribromophenol (retention time of 31,561 minutes) and 

pentachlorophenol (retention time of 33,836 minutes). Chromatograms indicate 

Figure 13. GC/MS chromatogram of polyethylene samplers (SW1PET1) 
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all chemicals that were added in the water sample at the beginning of the experi-

ment.  

 

3.2 Sample water 2 with polypropylene samplers 

SW2PP2 contains groundwater from the Mikkeli region. The GC/MS results of 

this sample are shown in Figure 11. The lower chromatogram shows four clear 

peaks that were defined by a mass spectrum library as: 2,4,6-trichlorohenol (re-

tention time of 23,345 minutes), 2,3,4,6-tetrachlorophenol (retention time of 

28,893 minutes), 2,4,6-tribromophenol (retention time of 31,550 minutes) and 

pentachlorophenol (retention time of 33,827 minutes).  

 

In this experiment with polypropylene samplers, all the analytes were detected 

except for 3,5-dichlorophenol. Moreover, GC/MS revealed the presence of 

2,3,4,6-tetrachlorophenol, which was not used in the chlorophenol standard. 

 

 

2,3,4,6- tetrachlorophenol (C6H2Cl4O) belongs to the class of substituted phenol 

compounds, which are widely used in industrial applications such as synthesis of 

Figure 14. GC/MS chromatogram of polypropylene samplers (SW2PP2) 
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pesticides, dyes, drugs, plastics, etc. (Sigma-Aldrich, No date d). Due to their ex-

tensive usage, it has become a common environmental contaminant and proba-

ble human carcinogen. 

 

3.3 Ratio of internal standard and compounds 

2,4,6-tribromophenol was used as the internal standard in this work, controlling 

the acetylation process. In the ideal situation, the areas of internal standard 

peaks should have been almost equal because the amount of the added stand-

ard was equal for each water samples, but we can see some variations in Table 

2. 

 

To determine the amount of a compound in the analysis, it is necessary to make 

calculations where the area of the internal standard peak is divided with the area 

of each compound’s peak. The smaller the ratio is the more there has been the 

compound in the analysis.  

 

In Table 3 we can see the ratio of internal standard and CPs in water sample 1, 

containing chlorophenol standard and in it replicate. Although the same amount 

of chlorophenols was added to this water sample, the ratio shows that the 

amount of 3,5-dichlorophenol is more than other chlorophenols in both samples 

and pentachlorophenol was the least in the samples. 

Table 2. Peak’s area of 2,4,6- tribromophenol in the samples 
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Table 4 shows the ratio of internal standard and detected chlorophenols in 

groundwater samples. There are different amounts of chemicals in both sample 

and its replicate. Sample SW2PP1 contains the most pentachlorophenol and 

2,3,4,6 - tetrachlorophenol, respectively. In sample SW2PP2, which contains the 

same water sample, the highest amounts of 2,3,4,6-tetrachlorophenol and 2,4,6-

trichlorophenol were found. Detailed table of peak’s area and the ratio of internal 

standard and compounds are presented in Appendix 3.  

 

 

 

Water sample Peak # Compound Area RATIO

SW1PET1 2 3,5 - dichlorophenol 6068720 6,25

5 2,4,6- trichlorophenol 195941 193,58

7 2,4,6-tribromophenol 37930522 1,00

10 PCP 555117 68,33

Water sample Peak # Compound Area RATIO

SW1PET2 2 3,5-dichlorophenol 13094334 9,81

6 2,4,6 –trichlorophenol 296394 433,31

10 2,4,6 –tribromophenol 128429482 1,00

15 Pentaclorophenol 579776 221,52

Water sample Peak # Compound Area RATIO

SW2PP1 4 3,5-dichlorophenol 13202 85,29

6 2,3,4,6-tetrachlorophenol 50462 22,31

9 2,4,6 –tribromophenol 1125999 1,00

14 Pentaclorophenol 52306 21,53

Water sample Peak # Compound Area RATIO

SW2PP2 8 2,4,6 –trichlorophenol 138865 68,42

9 2,3,4,6-tetrachlorophenol 749648 12,67

10 2,4,6 –tribromophenol 9500771 1,00

14 Pentaclorophenol 41935 226,56

Table 3. Ratio of internal standard and CPs in chlorophenol standard with 
polyethylene samplers 

Table 4. Ratio of internal standard and CPs in ground water with polypropylene 
samplers 
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3.4 Tests with silicone samplers 

The results of the experiment with silicone samples as commonly available poly-

mers capable of adsorbing chemicals from water samples were ignored since the 

solvent used in the CPs extraction stage from the samples dissolved the silox-

anes in the sample. Siloxanes give very high background to the GC/MS analysis 

that disturbs the method. 

 

 

4 DISCUSSION 

4.1 Issues encountered in practice 

During the conducting and analysis of the work, the following issues that could af-

fect the results were identified. One of the issues encountered in practice is the 

need for standard compounds that certify the presence of certain chemicals in 

water samples. In this study, 2,3,4,6-tetrachlorophenol was found in a  groundwa-

ter sample that was not added to chlorophenol standard. Thus, the existence of 

this compound in the groundwater is based on the scan analysis run with GC/MS 

and it is not certified with the standard compound. In addition, reliable identifica-

tion of compounds using GC/ MS requires the use of pure standard substances. 

 

The second issue was in the inappropriate solvent for the silicone sampler on the 

extraction stage. During the sonication of the samples, silicone tubes changed in 

size and consistency, causing siloxanes dissolving, which affected further analy-

sis. Therefore, it is necessary to study thoroughly the extraction methods, and the 

effect of solvents and other chemicals on the samples. 

 

Moreover, using an internal standard requires careful pipetting to ensure that all 

samples are equal to the standard. GC / MS results showed that the samples had 

completely different amounts of both the internal standard and the chlorophenols 

in the standard, even though the same amount of chemicals were added in the 

water samples. In this case, incorrect pipetting may have played a role in the out-

come of the study. 
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It is also necessary to take into account that chlorophenols could not be analyzed 

directly and they had to be derivatized. In this work, we derivatized chlorophenols 

by acetylation with acetic anhydride. Acetylation has the following benefits in GC 

analysis: it improves analyte stability by protecting unstable groups; it can provide 

volatility on substances such as carbohydrates or amino acids, which have many 

polar groups that they are nonvolatile and normally decompose on heating; it as-

sists in chromatographic separations which might not be possible with com-

pounds that are not suitable for GC analysis; compounds are detectable at very 

low levels with an electron capture detector. (Orata, 2012). 

 

4.2 Issues to be considered in passive sampling 

Despite its relatively long history of application, passive sampling is still develop-

ing. This method has many significant advantages, including the simplicity of use, 

low cost, no need for expensive and specific equipment, unattended operation, 

and the ability to obtain accurate results. Some factors that can ambiguously in-

fluence the results: 

 

 Passive sampling provides information about average contaminant con-

centrations and all possible concentrations over the sampler deployment 

time are included in this average value. If high and low concentrations of 

pollutants are required throughout the sampling period, other sampling 

methods in combination with passive sampling should be used. (National 

Water Quality Monitoring Council, 2019). 

 

 The effect of environmental conditions on analytes uptake can complicate 

the sampling process. Chemicals uptake also depends on temperature 

and flow conditions. In this case, compared diffusion of lower temperatures 

indicated lower sampling rates and higher temperature contrariwise higher 

rate (Vermeirssen, 2012). To avoid such deviations, it is necessary to 

bring the temperature during sampling closer to the real environmental 

conditions. 
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 An excessive concentration of compounds in the studied environment can 

lead to a decrease in the ability of the sampler to adsorb or retain contami-

nants for further analysis (Vermeirssen, 2012). 

 

 A sampling time can adversely influence the results. In most cases, the 

studied liquid medium is a mixture of various compounds. Some sub-

stances take less time to accumulate than others do. In contrast with 

slowly accumulating substances, those that amass relatively faster the 

overall toxicity will tend to be underestimated in passive sampling extract, 

even if both mixtures would be equally toxic to aquatic organisms. 

(Lohmann et al., 2007). 

 

5 CONCLUSION 

The passive samplers soaked in the water samples for 20 days had positive re-

sults in adsorbing different types of chlorophenol that could be seen in the 

GC/MS results. The main results show, that even a commonly available polymer 

that can be found in any households or purchased at local markets can effectively 

adsorb chemical compounds and serve as a passive sampler. In this case, the 

three polymers available, including polyethylene, silicone and polypropylene were 

used as passive water monitoring devices. Polyethylene and polypropylene have 

shown their effectiveness in the study, therefore they can be successfully applied 

in water passive sampling but more research should be done if these polymers 

are planned to use in quantitative sampling.  

 

Despite all the concerns, passive sampling is an excellent alternative to more 

conventional sampling procedures and widely used in many fields. To prevent the 

aforementioned problems, all instructions and recommendations for sampling 

with this method must be followed. 
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7 APPENDICES 

Appendix 1 

Sample abbreviation and description 

Sample abbreviation Description 

SW1PET1 Sample water 1, polyethylene samplers 

SW1PET2 Sample water 1, polyethylene samplers (replication) 

SW1PP1 Sample water 1, polypropylene samplers 

SW1PP2 Sample water 1, polypropylene samplers (replication) 

SW1Sil1 Sample water 1, silicone samplers 

SW1Sil2 Sample water 1, silicone samplers (replication) 

SW2PET1 Sample water 2, polyethylene samplers 

SW2PET2 Sample water 2, polyethylene samplers (replication) 

SW2PP1 Sample water 2, polypropylene samplers 

SW2PP2 Sample water 2, polypropylene samplers (replication) 

SW2Sil1 Sample water 2, silicone samplers 

SW2Sil2 Sample water 2, silicone samplers (replication) 
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GC/MS results: Sample water 1 (Polypropylene samplers) 
 
 
 

 
(SW1PP1) 
 
Peak 2: 3,5-dichlorophenol 
Peak 3: 2,4,6 –trichlorophenol 
Peak 4: 2,4,6 –tribromophenol 
Peak 8: Pentaclorophenol 
 

 

(SW1PP2) 
 
Peak 2: 3,5-dichlorophenol 
Peak 5: 2,4,6 –trichlorophenol 
Peak 6: 2,4,6 –tribromophenol 
Peak 9: Pentaclorophenol 
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GC/MS results: Sample water 1 (Polyethylene samplers) 
 

(SW1PET1) 

Peak 2: 3,5-dichlorophenol 
Peak 5: 2,4,6 –trichlorophenol 
Peak 7: 2,4,6 –tribromophenol 
Peak 10: Pentaclorophenol 
 

 

(SW1PET2) 

Peak 2: 3,5-dichlorophenol 
Peak 6: 2,4,6 –trichlorophenol 
Peak 10: 2,4,6 –tribromophenol 
Peak 15: Pentaclorophenol 
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GC/MS results: Sample water 2 (Polypropylene samplers) 
 

(SW2PP1) 

Peak 4: 3,5-dichlorophenol 
Peak 6: 2,3,4,6-tetrachlorophenol 
Peak 9: 2,4,6 –tribromophenol 
Peak 14: Pentaclorophenol 
 

(SW2PP2) 

Peak 8: 2,4,6 –trichlorophenol 
Peak 9: 2,3,4,6-tetrachlorophenol 
Peak 10: 2,4,6 –tribromophenol 
Peak 14: Pentaclorophenol 
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GC/MS results: Sample water 2 (Polyethylene samplers) 
 

 

(SW2PET1) 

Peak 5: 2,4,6 –trichlorophenol 
Peak 6: 2,3,4,6-tetrachlorophenol 
Peak 9: 2,4,6 –tribromophenol 
Peak 15: Pentaclorophenol 
 

(SW2PET2) 

Peak 5: 2,4,6 –trichlorophenol 
Peak 7: 2,3,4,6-tetrachlorophenol 
Peak 8: 2,4,6 –tribromophenol 
Peak 11: Pentaclorophenol 
  



 
 

Appendix 3 

Tables containing peaks area and ratio of internal standard and compounds 

contained in water samples. 

Water sample Peak # Compound Area RATIO Water sample Peak # Compound Area RATIO

SW1PET1 2 3,5 - dichlorophenol 6068720 6,25 SW1PET2 2 3,5-dichlorophenol 13094334 9,81

5 2,4,6- trichlorophenol 195941 193,58 6 2,4,6 –trichlorophenol 296394 433,31

7 2,4,6-tribromophenol 37930522 1,00 10 2,4,6 –tribromophenol 128429482 1,00

10 PCP 555117 68,33 15 Pentaclorophenol 579776 221,52

Water sample Peak # Compound Area RATIO Water sample Peak # Compound Area RATIO

SW1PP1 2 3,5-dichlorophenol 548178 108,05 SW1PP2 2 3,5-dichlorophenol 704323 39,62

3 2,4,6 –trichlorophenol 381195 155,38 5 2,4,6 –trichlorophenol 135207 206,37

4 2,4,6 –tribromophenol 59229722 1,00 6 2,4,6 –tribromophenol 27901996 1,00

8 PCP 299238 197,94 9 PCP 275753 101,18

Water sample Peak # Compound Area RATIO Water sample Peak # Compound Area RATIO

SW2PP1 4 3,5-dichlorophenol 13202 85,29 SW2PP2 8 2,4,6 –trichlorophenol 138865 68,42

6 2,3,4,6-tetrachlorophenol 50462 22,31 9 2,3,4,6-tetrachlorophenol 749648 12,67

9 2,4,6 –tribromophenol 1125999 1,00 10 2,4,6 –tribromophenol 9500771 1,00

14 Pentaclorophenol 52306 21,53 14 Pentaclorophenol 41935 226,56

Water sample Peak # Compound Area RATIO Water sample Peak # Compound Area RATIO

SW2PET1 5 2,4,6 –trichlorophenol 16844 10,05 SW2PET2 5 2,4,6 –trichlorophenol 977067 53,00

6 2,3,4,6-tetrachlorophenol 104226 1,62 7 2,3,4,6-tetrachlorophenol 46539030 1,11

9 2,4,6 –tribromophenol 169285 1,00 8 2,4,6 –tribromophenol 51780180 1,00

15 Pentaclorophenol 40418 4,19 11 Pentaclorophenol 153647 337,01


