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Abstract

Dimethyl-Phthalate, Diethyl-Phthalate, Di-n-Butyl-Phthalate, Benzyl Butyl-Phthalate, Bis (2-Ethylhexyl)-
Phthalate and Di-n-Octyl-Phthalate were extracted in water samples collected from the City of Zurich,
Switzerland by GC-MS using Specific Sample Concentration Techniques. This study is aimed at developing a
simple and applicable method/technique for the trace determination of Phthalates in ground water with a low or
possibly zeros background interference. Possible source of contaminations in all the analytical and pre-
analytical steps were investigated giving preference to a specific sample concentration technique (liquid-liquid
extraction) while focused on reducing the limit of detection to 0.1ug/l using GC/MS in the trace analysis of
Phthalate in ground water. Systematic cleanup of reagents and glassware were carried out to eliminate
background phthalate that were not derived from the sample. Also the contaminations and interference on the
chromatogram emanating from the injector unit were also studied leading to effective injector maintenance.
Results from this study reveal that the desired low limit of detection (0.1pg/l) were achieved and validated
successfully using this method. This study also reveals the drastic reduction of interference and contaminants
during sample collection, preservation, extraction and concentration of Phthalate Samples is possible without
having to build an exclusive plastic free or all metal laboratories for the analysis of Phthalate. While it is
necessary to develop and optimize a method using specific sample concentration techniques for the extraction
and analysis of Phthalates with the possibility of making accurate measurements with low detection limits,
data’s from this study reveals that this method could be routinely used to analyse and obtain precise quantitative
results in any modern laboratory.
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INTRODUCTION durability of plastics and increase the flexibility of
Ground water is a major source of water for many some plastics such asvinyl flooring adhesives,
communities especially in areas with inadequate detergents, lubricating oils, solvents, food packaging,
rainfall and surface water. Ground water is found automotive plastics, plastic clothing such as raincoats
almost everywhere. It may be deep or shallow; and and personal-care products, such as soap, shampoo,
may rise or fall due to factors such as the heavy rains, hair spray, and nail polish. They are widely used in
melting snow or the heavy pumping of ground water flexible polyvinyl chloride plastics, such as plastic
supplies. Ground water could be potentially bags, food packaging, garden hoses, inflatable
contaminated when storage tanks containing oil, recreational  toys, blood-storage  containers,
gasoline or other chemicals are buried, poorly used intravenous tubing, children’s toys, and some
onsite wastewater disposal systems by homes, offices pharmaceutical and pesticide formulations. The
or other buildings, possible leak of idle hazardous general populations, domestic animals and wildlife
waste containers, poor landfill system, atmospheric regularly encounter opportunities for phthalates
contaminant and chemicals and road salts. Possible exposure to phthalates such as food, water, Infant
contaminants leak out could occur and thus get into formula and milk, Medications and nutritional
the ground water. Examples of such contaminant leak supplements, toys, inhalation, intravenous injection
are phthalates. Phthalates are a family of compounds tubing and solutions, and skin absorption. The United
made from alcohols and phthalic anhydride. They are State Environmental Protection Agency described the
oily, colourless, odourless liquids that do not presence of phthalates in the human body as an
evaporate readily. Often called plasticizers, it was endocrine disrupter. It has been linked to have
reported by the Breast Cancer and the Environment adverse reproductive effects in male pubertal and
Research Centres (2007) that Phthalates are added to adult rodents exposed in utero and during lactation,
many consumer products to prolong the lifespan or such as reduction in the weights of reproductive
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organs and a reduction in sperm count [Foster 2006].
Davis et. al.,, (1994) also establish evidence of
reproductive toxicity in adult female rodents exposed
to DEHP, such as prolonged estrous cycles and
lowered circulating estradiol levels. The Breast
Cancer and the Environment Research Centre
(2007)in their study stated that infant boys born to
mothers with high phthalate urine levels were more
likely to have smaller penises and scrotums and
incomplete testicular descent. His study further
reveals that boys born to mothers with the highest
levels of phthalates were four to ten times more likely
to have reduced genital development. Friedmann
(2006) also reported that Phthalates act as fertilizers
for breast, uterine, testicular and prostate cancers
Human exposure to phthalates can occur as a result of
direct contact or use of a product containing
phthalates, through the leaching of phthalates from
one product into another, as may occur with food
packaging or intravenous fluids, or by general
contamination of the ambient environment. General
survey reveals that plastic material, used sachet water
paper bags and bottle cans are disposed by
incineration, land filling and in rivers, lakes etc. It
was reported by Edjere et. al., (2016) that phthalates
ester content in these materials in direct contact with
this water bodies and other liquid are released into
them.

Previous research reveals that soil and ground water
contamination are greatest in areas of industrial use
and waste disposal. So, trace amounts of Phthalates
esters can have harmful effects on drinking water
quality. It was reported by llavsky and Barlokova
(2004) that capillary gas chromatography were used
as the best method for phthalates analysis especially
in cases where the samples contains rich mixtures of
other compounds, that is, petrol, hydrocarbon and
non — selective (FID) detectors are used. He further
stated that capillary column with silicon stationary
phase and a column temperature gradient are used.
Phthalates are ubiquitous in the environment. They
could be extracted using the liquid/liquid extraction
method and subsequent analysis based on large
volume injection and so have high detection limit(1.0
pg/ldue to the contamination introduced during the
process of sample preparation and analysis in the
laboratory. Thus, it is necessary to develop and
optimize a method using specific sample
concentration techniques for the extraction and
analysis of Phthalates with the possibility of making
accurate measurements with low detection limits.
Hence, this study is aimed at developing a simple and
applicable  method/technique  for  the trace
determination of Phthalates in ground water with a
low or possibly zeros background interference of

(0.2pg/l).
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MATERIALS AND METHODS

Sample Collection and Preparation

A low flow variable speed submersible pump such as
a well wizard were used as the for sample collection.
The pump intake setting was approximately two feet
from the top of the static water elevation. Continuous
pumping was carried out with immediate sampling.
Purging was immediately carried out using the same
pump and the same purging rate for both procedures.
For the purpose of this study, Water samples were
collected in amber glass containers meters away from
the lake of Zurich, Switzerland. The samples bottles
were not pre-rinsed before sample collection and
were sealed with a glass stopper followed by a metal
clip immediately after sample collection. They were
immediately taken to the laboratory where they
refrigerated at 4°C free from light until further
analysis is carried out.

Extraction of Water Sample

1L of the sample solution were weighed into a 1L
calibrated Erlenmeyer flask.1mLCyclohexane
internal Standard solutions were added and then 9ml
cyclohexane. With the aid of a glass coated magnetic
stir bar, Dimethyl-Phthalate, Diethyl-Phthalate, Di-n-
Butyl-Phthalate, Benzyl Butyl-Phthalate, Bis (2-
Ethylhexyl)-Phthalate and Di-n-Octyl-Phthalatewere
intensively extracted for about one and a half hour.
Using a special glass separating device, the solvent
extract was isolated in a 10 mL vial.

Note: This method has deliberately avoided Extract
concentration so as to reduce contamination.

Measurements

Dimethyl-Phthalate, Diethyl-Phthalate, Di-n-Butyl-
Phthalate, Benzyl Butyl-Phthalate, Bis (2-
Ethylhexyl)-Phthalate and Di-n-Octyl-Phthalatein the
extract were separated by means of capillary gas
chromatography using temperature programming.
The chromatographically separated phthalate esters
are detected and measured with Mass Spectrometer.
This is made possible by the large volume injection
(LV1) technique used to introduce 10ul of the sample
solvent extract at a rate of about 4.6ul/sec into the
injector. The injector was Kkept at an initial
temperature of 78°C and rises gradually at the rate of
5°Clsec to 300°C so as to enable complete
volatilisation of solvent into the analytical column.

Oven initial temperature was kept at 70°C on
injection and rises to 300°C at a rate of 20°C/min.
The injector’s temperature was brought back quickly
to normal by the use of a liquid Nitrogen Cryo
cooling unit. Separation and detection were made
possible by the use of a 30m BGB5, Column and an
HP5973 mass spectrometer respectively. Analytical
quantification is enabled with the use of Agilent
Chromstation software.
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Quality Control

Limited holding studies reveals that the analytes
stored at 4°C were stable up to 14 days or longer in
Ground water Samples and so, analyte stability could
be affected by the Sample matrix. Therefore, the
analyst must verify to ensure that the preservation
technique is applicable to the particular samples
under investigation. Analytical grade materials were
used to prevent interference. Thus, samples were
routinely demonstrated to be free from interferences
under the conditions of the analysis by running
laboratory reagent blanks. Since phthalate esters are
contaminants in many products found in the
laboratory, this study thus, avoids the use of plastics
because phthalates are commonly used as plasticizers
and are easily extracted from plastic materials. High
purity reagents and solvents were used to help
minimize Interference problems. As sample blank 1L
aliquot of “nano pure water” was treated as the river
sample including exposure to all glassware,
equipment and solvents. It was necessary to run a

blank sample alongside every sample series so asto
prove the analytical pathway for contaminations. This
is done by the injection of the extracted blank at the
beginning of all analytical series. Exhaustive clean up
of reagents and glassware were carried out. Washing
glassware with warm detergent solution and then
rinsed with tap and reagent to eliminate background
phthalate that wasn’t derived from the sample. The
glassware was dried and except for the volumetric
flask, was heated in a muffle furnace at 400°C for
one hour. After cooling, the glassware were sealed
with aluminium foil and stored in a clean
environment to prevent accumulation of dust and
other contaminants.

RESULTS AND DISCUSSIONS

The table below shows trace analytical results for
Phthalate in ground water sample at Bachema AG.
Switzerland.

Table 1: Typical analytical results for ground water samples analysed for Phthalate

Results of Phthalate in ground water (ug/1) Sample 1 | Sample 2 | Sample 3 | Sample 4 | Sample 5 | Sample 6 | Sample 7 | LOD pg/l
Results in pg/l Lab. Trip

Blank Blank
Dimethylphthalate 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.1
Diethylphthalate 0.08 0.09 0.08 0.08 0.07 0.07 0.07 0.07 0.07 0.1
Dibuthylphthalate 0.01 0.03 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.1
Benzylbuthylphthalate | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.1
Bis(2- 0.01 0.05 0.04 0.05 0.05 0.04 0.07 0.06 0.03 0.1
Ethylhexyl)Phthalate
Di-n-octylPhthalate 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.1

The methodology adopted in this study reveals the
method for analysis of Phthalate in ground water
samples using GC/MS and was validated according
to Institute Bachema AG Quality Management
Guidelines as certified by 1SO 17025 (Institute
Bachema QRL-Verzeichnis, Version 04 and 06).The
determination of Phthalates being ubiquitously
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present in laboratories posed great problems during
analysis since typical detection limits are in the range
1-10pg/l under normal laboratory conditions. This
study was able to eliminate contamination problem
during analysis as shown Figure 1 and 2 establishing
examples of blank chromatographic runs with and
without  contamination from the laboratory
respectively.
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Figure 1: Typical chromatography replica of a contaminated blank.

Note the high amount of Diethylphthalate.
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Figure 2: Typical chromatograﬁﬁ)n/nreplica of

Results from this study reveals that all the results
obtained for the Phthalate contents in the ground
water samples are all lower than the specified limit of
detection 0.1ug/l (<0.1ug/l). This could be attributed
to the various steps observed in the elimination of
possible contaminant present in both the water
samples and the instrument used during analysis
(Edjere 2006). The cleaning of the glassware and the
maintenance of a clean injector system were two
important steps taken to achieve a very low level
interference therefore making it possible to achieve
the desired Limit of Detection.(0.1ug/l or
lower).During the injector maintenance, apart from
routine cleaning before a new graphite seal is placed
in the injector, the liner and seal must be heated to
glowing point. ie: about (1000°C) for example with a
gas lighter or a Bunsen burner. The data generated
with this new approach and the entire method was
passed through a critical validation procedure. Hence,
the analyses of ground water samples from
Switzerland demonstrate the quality of the adopted
method. The samples which were considered free
from Phthalates could be confirmed using this
Method. Nevertheless, the extraction techniques
could be critically reviewed and the addition of a
deteriorated phthalate surrogate in the sample before
extraction and its subsequent recovery could improve
the quality standard of the method in general and also
the correction for recovery. Also, the efficiency of
several sample pre-concentration techniques should
also be investigated with the goal of comparing their
suitability to that of liquid—liquid extraction (LLE).

Conclusion

This study establishes that the trace determination of
Phthalates in ground water samples by GC/MS is
possible in any state of the art equipped
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environmental laboratory. The low background
contamination that make this low detection limits
possible is achieved by controlling the significant
sources for contamination. This work is base on
specific large volume concentration sample technique
without an entirely phthalate free laboratory.
Furthermore this study also demonstrates that drastic
reduction of interference and contaminants during
sample collection, preservation, extraction and
concentration of phthalate samples is possible
without having to build an exclusive plastic free or all
metal laboratories for the analysis of phthalate. Low
limits of detection (0.1ug/l) have also been achieved
and validated successfully using this method. Hence,
data from this study reveals that this method could be
routinely used to analyse and obtain precise
quantitative results in any modern laboratory.
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