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Abstract

Microplastics are considered as one of the most widespread environmental pollutants. The undertaken
study presents an analysis of microplastics polymer in tea, powder milk and tea whitener in Wah Cantt
Pakistan. Twenty-three samples of local and branded tea, powder milk and tea whitener were analyzed.
Samples were examined via FTIR and SEM-EDX to detect presence of microplastics polymer. FTIR spectra
of all samples revealed presence of various microplastic such as polyethylene, polyethylene terephthalate,
polyvinyl alcohol, polystyrene, nylon, along with other toxic contaminants such as chromium hydroxide,
phosphorus, polyamide. Moreover, SEM images show irregular, rod shape, fragments, thread like structure
which were commonly observed in microplastics. The EDX spectra have further authenticated SEM results
as it has shown carbon dominant peaks which are common attributes of microplastics polymers.
Comparatively, local samples are more contaminated compared to branded samples. The microplastics
polymers found in tea ingredients are reportedly highly toxic and capable of damaging nervous system,
immune system, hormonal imbalances and causing cancer. The study recommends that use of plastic should
be minimized particularly for packaging oftea, powder milk and tea whitener.
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1. Introduction through different exposure sources (Koelmans
etal., 2019) including drinking water (OBmann
The word "plastic" encompasses a wide et al., 2018), seafood (Smith et al., 2018), salt
range of synthetic compounds, mainly (Iniguez et al., 2017) and milk (Kutralam-
produced by combining monomers through  Muniasamy et al., 2020). Mason et al. (2018)
polymerization. These monomers often come revealed that tap water samples and bottled
from fossil and sources such as starch and  water samples are found contaminated with
castor oil (Leal Filho et al., 2019). Plastic tested microplastics. Furthermore, Afrin et al.
production has significantly been augmented (2022) showed prevalence of macro-plastics in
over the past few years, as 0o 2017 global plastic sugar samples collected from various cities of
production was estimated approximately 348 Bangladesh.
metric tons (Geyer, 2020). Plastic pollution is a
global environmental issue. Plastic pollution Similarly, Hernandez et al. (2019)
can impose detrimental impacts on concluded that tea bags when submerged in hot
environment, as it can negatively alter carbon ~ water release billions of microplastics and
cycle, nutrient cycle and ultimately it could  nano-plastics particles. The most common
cause havoc to wild life and keystone species source of plastic debris in tea leaves are plastic
(MacLeod et al., 2021). Plastic debris in the  waste arise from agricultural farms, plastic
environment is classified based on size into packaging of pesticide and various fertilizers,
macro-plastics (> 25 mm), meso-plastics (25 to airborne micro and nano plastic particles (Bo et
5 mm), micro plastics (5 mm to 0.1 um), and  al., 2023). Li et al. (2022) showed evidence of
nano-plastics (<0.1 um) (Andrady, 2011). presence of various microplastics in tea leaves
samples collected from different regions in
Humans are exposed to microplastics China and they have discovered two types of
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microplastics polymers in samples i.e.
polyethylene and polyethylene terephthalate.
Furthermore, branded milk samples from
various regions of Mexico, all had fragments
and fibers shaped microplastics were observed
in all the samples (Kutralam-Muniasamy et al.,
2020; Hussain etal., 2020).

Tea is commonly termed as “chai” in local
Pakistani language. It is anticipated that tea
utilization in Pakistan will surges up to 250,755
tons by year 2027 (Khattak and Ali, 2015;
Rameeza and Eun, 2022). There are different
types of tea branded and local available in the
Pakistani market having variation in their
quality, but no study has yet been reported in
Pakistan regarding compositional analysis of
local tea brands in relation to quality (Adnan et
al., 2013; Butt et al., 2022). Present study is
focused on assessment of microplastics
analysis of tea and ingredients like tea grains,
powdered milk and tea whitener (both branded
and local) available in Wah Cantt Punjab,

Pakistan. This study will be a pioneer study for
microplastic analysis in tea and its ingredients
in Pakistan. This study will ensure social well-
being and will enlighten pathways for future
research in a particular field. The study will
provide a qualitative analysis of (branded and
non-branded) black tea grains, milk powder and
tea whiteners. Finally, this study will help in
facilitation of future research work in the same
field.

2. Methodology

For current study of microplastics
prevalence in tea and its ingredients, samples
were collected from two major markets (Gol
market Basti and Aslam market) of Wah Cantt
(figure 1). Both of these markets are shown in
figure 1. Wah Cantt is located at 33.7715° N,
72.7511° E, around approximately at 35 km
northwest of Islamabad. Wah Cantt has a total
area of about 14434.800 acres with a population
size 380,103.

Study Area Map
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Fig. 1. Study area of the current research from where samples were collected
from two major locations of Gol market Basti and Aslam market.
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2.1 Consumer Preference Survey

It is important to consider information of
participants regarding their preference for tea,
tea whitener and powder milk, before diving
into outcomes of microplastics in samples. For
this purpose, 200 questionnaires were
distributed among general public. This
information was fetched by outcomes of
questionnaire, which were filled by general
public of Wah Cantt. Data regarding
preferences of local people for tea, tea whitener
and powdered milk were gathered. For ease,
questions were designed to ask respondents to
choose from a distinct set of pre-defined
responses, such as “yes/no” or among a set
multiple choice. The questionnaire contains
questions about basic information for instance
name, age group and gender. Besides that, it
also contains specific information about
costumer preferences for tea, whitener and
powder milk such as branded/non-branded,
brand of their preference. Lastly, it also proved
to be fruitful to fetch data regarding daily
consumption oftea/ individual.

2.2 Sample Collection

Altogether twenty-three samples were

Table 1: Particulars of collected samples

purchased randomly from these two markets.
Out of these 23, eight samples were of tea and
powder milk, whilst, seven samples of tea
whitener were purchased respectively.
Moreover, samples are further divided into two
categories (branded and non-branded/local).
Depending upon availability, four branded and
four local samples of tea and powder milk were
taken while, three samples of branded tea
whiteners and 4 samples of local were collected
as shown intable 1.

2.3 Sample Analysis

For evaluation of type of microplastics
polymers in samples PerkinElmer Fourier
Transform Infrared Spectroscopy (FTIR) was
used (Liu et al., 2021; Teboul et al., 2021;
Schlawinsky et al., 2022). The SEM-EDX was
utilized for analysis morphological and
structural analysis of microplastics in samples.
EDX analysis is a fruitful technique in
determination of carbon dominant particles,
which were commonly observed in
microplastics polymers. Before putting
samples in SEM stubs for analysis, samples
were coated with very thin and inert gold foil to
dissipate charge and to enhance image quality
and contrast (Tiwarietal.,2019).

Name of sample | Sampling Area | Branded Sample Local/Non-
(N=23) Codes Branded
Sample Codes
BT-I LT-I
ol . BT-II LT-II
TEA (N=8=4+4) | Gol Market Basti BT LTI
BT-1V LT-IV
TEA TWB-I TWL-I
WHITENER Gol Market Basti TWB-II TWL-II
(N=7=3+4) TWB-III TWL-III
N/A TWL-IV
BM-I LM-I
POWDERED BM-II LM-II
MILK(N=8=4-+4) | /slam Market BM III LM-III
BM 1V LM-IV




3. Results and Discussions
3.1 Survey outcomes

Results of questionnaire showed that 35%
of respondents were female and 65% were
male. Moreover, most of the participants were
highly qualified and people of age group 20-70.
85% people prefer tea as their regular beverage
instead of soft drink and other beverages.
Moreover, 90% of respondents showed their
affection towards branded tea ingredients
whilst, 10% participants are purchasers of local
tea ingredients. On average people consume 2
to 3 cups of tea daily. Further, people take tea to
make them stress free, get themselves
energized and relaxed. These details are further
depicted in table 2 below.

3.2 Microplastic Identification

Microplastics polymers were detected in
all twenty-three samples under observation,
regardless they were branded or not. Further
details of microplastics polymers analyzed in
samples are given below.

3.2.1 Microplastics in Branded Tea
Ingredients

Microplastics polymers were detected in
all eleven branded samples of tea, tea whitener

and powder milk.

Microplastics polymer, polyethylene

terephthalate was detected in all the four
branded (BT-I, BT-II BT-III and BT-1V) tea
samples. IR spectra of all four branded tea
samples were quiet identical, indicated
presence of ethylene (C,H,) group and BT-III
and I1I show strong peaks in region of 1600 cm™
which indicates presence of aromatic benzene
ring. Saturated aliphatic esters identifies at
1190 cm™ with antisymmetric stretching
vibration, which probably could be propionates
(R-COOCH,CH,). Moreover, 1022 cm” depicts
stretching vibration of primary aliphatic amines
v(C-N). In all the samples sharp-medium peak
was observed at 953 c¢cm’ which indicate
aliphatic NH, group. Next peak for all samples
were weak-medium at 880 cm” which shows
wagging vibration of CH, group attached to
aromatic ring. Spectra of samples BT-1, BT-III
and BT-IV show strong-medium peaks at 804,
813 and 808 cm’ which exhibit rocking
vibrations of carbonyl group along with C-O
bond deformation and manifest presence of
polyethylene terephthalate (PET) in
compliance with reference spectra (Hummel,
2002; Noda et al., 2007). Polyethylene
terephthalate and polyethylene is considered as
one of the most common microplastics detected
in black tea (Li et al., 2022), tea beverages and
inteabags (Mei etal., 2022). On the other hand,
the presence of y (NH2) and v(C-N) group in
spectra could be because it is one of the main
constituents of black tea or may act as
contaminants if present in bulk quantity. IR
spectra of all four branded tea samples are
depicted in figure 2.

Table 2 Customer preferences and consumption patterns of tea

Consumer Preference of Tea Ingredients (N=200)
Literacy Rate | Graduated-65% Undergrad-25% | Intermediate-9% Primary-1%
Economic Upper Class-20% | Middle Class-80%
Class
Beverage Tea-85% Soft Drink-10% Coffee-5%
Milk type Liquid-60% Powder-40%
Tea whitener Prefer-50% Not Preferred-50%
Manufacturer | Branded Tea-90% | Branded Dry milk- Branded Tea Non-Branded
90% whitener-90% Tea, Tea
whitener and
powder milk-10%
Average Dail .
tea i%l take y 2-3 Cups daily
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The spectra of powder milk samples
showed that it contains polyethylene as it shows
CH, symmetric stretch at 2921 c¢cm’', CH,
antisymmetric stretch at 2852 cm” in all four
BM samples, another peak in region of 1370-
1395 cm-1 depicts presence of symmetric
deformation of cyclic CH, group, Medium-
weak peak in region of 875-890 in all samples
which represents ring structure that is rocking
vibration of n-hexyl group and rocking
vibrations of CH, group at 704 cm”, 703 cm’”
702 cm and 703 cm™ were observed in spectra
of all four BM samples , collectively in
compliance with reference spectra (Hummel,
2002; Noda et al., 2007; Jung et al., 2018).
Moreover, presence of carbonyl C=0 group at
1740 cm-1, vibrating stretching of NH2 amide
bond at 3197 and 3266 cm-1 in all samples and
vinyl group R-C=C at 1644 cm™ revels presence
of polyacrylamide. Furthermore, spectra of all
BM samples except BM-III shows medium-
weak peak at 1535 cm’ which indicates
presence of 5-membered aromatic-ring
structure with carbon and nitrogen atoms and
this structure is termed as “pyrroles”. Medium
peak at 1150 cm’ indicates presence of
stretching vibration of carbon-oxygen
(peroxide) bond in all samples and strong peak
at 1075 cm™ was observed in all samples which
indicates anti symmetric vibrating stretch of
saturated aliphatic esters which could probably
denote presence of adipates which are
plasticizers and are toxic but less than that of
phthalates. These adipates are used in
production of various plastic products such as
food containers and they have ability to
accumulate in soil but are biodegradable in
nature (Vikhareva et al., 2021). Sharp and
strong peak at 1022and 1023 cm™ were found in
all four samples which depicts presence of
saturated aliphatic carbonates vas (C=0) ring
particularly lactones group, which were
commonly found in processed milk samples
and use for aroma in milk and its products such
as yogurt (Furlani et al., 2015). IR spectra of all
four BM samples are depicted in figure 2.

Broad U-shaped peak at 3200 cm™ to 3330
cm’ were observed in IR spectra of all three
samples of branded tea whitener which denotes
presence hydroxyl group (OH). Two sharp
peaks at 2920 cm™ and 2850 cm in IR spectra
of all samples which indicates symmetric
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stretch and antisymmetric stretch of CH, group.
Afterwards, a sharp peak at 1744 cm’ followed
by a medium-weak peak at 1642 cm''in all three
samples indicates presence of carbonyl C=0O
group and vinyl group R-C=C. Medium-weak
peak at 1545 and 1546 cm’ depicts five
membered C-N ring structure termed as
pyrroles (Xiang et al., 2021). Spectra of sample
TWB-III show CH, bend at 1460 cm™. While,
peak of medium-weak intensity at 1377 cm” in
all three samples indicates antisymmetric
deformation vibration of CH, group. In region
of 1022, 1018 and 1038 cm’ strong peak was
observed which denotes presence of lactones
group as indicated earlier in powder milk as
well. TWB-I shows rocking vibration of
isobutyl at 922 cm™. TWB-III at show rocking
vibration of hexyl group at 892 cm”. Medium
peak at region of 871 cm™ in spectrum of TWB-
I'and at 867 cm-1 in spectrum of TWB-III show
out of plane wagging motion of CH group
attached to aromatic group. A weak-medium
peak at 700 cm™ denotes deformation motion of
carboxylate group (COO) Altogether, these
functional reveals presence of polyethylene and
polyethylene terephthalate in all samples. IR
spectra of all three samples exhibit band at 1240
cm’ which show C-O, which indicates presence
of antisymmetric aliphatic esters. Moreover,
weak peaks at 1141 and 1148 cm” show
presence of v(C-N) primary aliphatic amine
group. At 1065 cm-1 asymmetric stretch of
esters C-O was observed in TWL-III. IR spectra
of samples TWB-I and III exhibits weak band at
537 which show presence of nitriles, these
functional groups could exist naturally in tea
whiteners. IR spectra of TWB samples are
depicted in figure 2.

3.2.2 Microplastics in Local (Non-branded)
Tea Ingredients

As of branded samples, microplastics
polymers were also found in all local samples of
tea whitener, tea and powder milk which were
purchased from sampling sites. Local tea
samples were found contaminated with
microplastic polymers. IR spectra of samples
LT-I and LT-II reveals presence of nylon
polymer. Spectra of these two samples shows:
strong NH2 band at 3363 cm™ and 3397 cm’,
antisymmetric of CH,at 2786 cm”, deformation
of amide ring structure at 1588 cm’,



asymmetric deformation of CH, at 1467 cm’,
symmetric deformation of cyclic —C(CH,),- at
1374 cm’, sharp peak at 1020 cm’ depicts
antisymmetric stretching of aliphatic
carbonates C=0, weak peak at 954 cm™ which
is indicative of presence NH group. These all
functional groups are constituents of nylon-6,
Noda et al. (2007) which is a harmful
microplastic polymer and could have
deteriorating impact on human lungs (Zarus et
al., 2023). Sample LT-III spectra also indicates
nylon-6 as it shows absorbance at 3364 cm™ for
NH2, 1598 cm™ for deformation of amide ring
structure, 1021 ¢m™ for antisymmetric
stretching of aliphatic carbonates C=0, NH
group at 955 cm”. These functional groups are
present in nylon-6 as stated earlier. However,
LT-1II show additional medium-strong peak at
654 cm’ which reveals presence of vibrating
stretch of aliphatic chlorine v(C-Cl). Chlorine
could impose toxicological impacts on human,
when ingested with edibles (Amir et al., 2019).
Spectrum of LT-IV also indicate Nylon-6, it
shows: vibrating stretch of NH, at 3447 cm’,
(C6H6) at 1603 cm', antisymmetric stretching
vibration of saturated aliphatic esters at 1190
cm’, peak at 1022 cm’ depicts presence of
aliphatic amines. Peak at 953 cm indicates out
of phase deformation vibration of aliphatic NH,
group, Peak at 880 cm’ reveals wagging
vibration of CH, group attached to aromatic
ring and rocking vibrations of carbonyl group
along with C-O bond deformation was
observed at 817 cm’ (Hummel, 2002). IR
spectra of all four samples are depicted below in
figure 2.

Non-branded local powder milk was also
found deteriorated with microplastics
polymers. The samples LM-I and LM-II
contains Polyvinyl alcohol and polyethylene.
IR spectra of LM-I and LM-II reveals OH
stretching at 3312 and 3303 cm’, symmetric
stretch of CH,at 2915 cm”, medium-weak peak
at 1643 show presence of vinyl group R-C=C,
at 1374 cm-1 symmetric deformation vibration
of cyclic CH,, these all functional groups
indicates polyvinyl alcohol. Sample LM-I and
IT beside these peaks show other peaks like
strong and sharp antisymmetric stretch of
aliphatic carbonates vas (C=0) ringat 1015 and
1014 cm™” which probably represent lactones
(also stated earlier in branded milk samples),
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which is commonly found in processed milk
(Furlani et al., 2015). Alongside that, LM-I
spectra show three more functional groups, a
peak of strong intensity at 989 cm-1 indicates
presence of deformation vibration of aromatic
heterocyclic ring structure which are probably
pyridines which are highly toxic and could
impose neurotoxic and carcinogenic effects to
humans (Bellamri et al., 2023). Two more weak
peaks in LM-I were also present at 908 and 867
cm’. Medium-weak peak at 908 cm’ show
presence of phosphorous. Phosphorous intake
could impose detrimental effects on human
health such as osteoporosis, renal failure,
cardiovascular disorders, kidney disorders
(Chang and Anderson, 2017). While, sharp-
weak peak at 867 cm’ indicate presence
vibrating stretch of (O-O) bond which could be
naturally present in powder milk. Spectra of
samples LM-III and IV are exactly identical to
each other they show, broad stretch of OH
group at 3298 cm” and 3301 ¢cm’, symmetric
and antisymmetric stretch of CH, at 2920 cm”
and 2851 cm’, vibrating stretch of carboxylic
anhydrides C=0 at 1742 cm”, vinyl group R-
C=C at 1641 and 1642 cm’ these functional
groups indicates presence of polyvinyl alcohol
PVA in samples. Furthermore, presence of n-
hexyl group and symmetric deformation of
cyclic CH, group indicates presence of
polyethylene polymer in samples LM III and
LM IV. Two weak medium peaks of v(C-N) at
1542 c¢cm’ indicates ring structure, which
denotes pyrroles group as stated earlier in BM.
IR spectra of local milk samples are depicted
below in figure 2.

All the local tea whitener samples were
found deteriorated with microplastics
polymers. Sample TWL-I show presence of
Nylon-6, as its spectrum shows peak of NH, at
3463 cm’', symmetric and antisymmetric
stretch of CH, group at2920 cm™ and 2851 cm™”,
sharp peak at 1742 cm”, v(C-N) stretching at
1079 c¢cm™ show primary amine group,
stretching vibration of carbonyl group C=0 at
1742 cm” and wagging motion of CH, at 771
cm’'. Moreover, presence of vinyl group R-C=C
at 1644 cm’, antisymmetric stretch of (CH,), at
1221 cm” and deformation motion of benzene
derivative ring at 856 cm’, these functional
groups are commonly found in polystyrene.
Polystyrene is one of the most lethal



microplastics, it can be ingested in human body
through edibles and produce cytotoxic,
carcinogenic and neurotoxic impacts to human
beings (Hwang et al., 2020). Furthermore, a
medium peak at 1523 cm™ indicates presence of
benzamidazoles group which has wide range of
applications for instance it could be used in
pesticides and as an antibiotic for animals to
kills dangerous parasites such as tapeworms,
lungworms, roundworms. Use of heavy dosage
of benzamidazoles either to plants as parasites
or to animals as an antibiotic could transfer its
residue to their milk and through milk to
humans via food chain and could cause
deleterious effects to human health (Tejada-
Casado et al., 2018). There are few other
functional groups also present such as strong
and sharp peak at 1021 cm™ of lactones which is
constituent of tea whitener as indicated earlier.
Weak-medium peak of fatty esters at 988 cm’”
(HC=CH) and v(C-O) at 1148 cm’ are
considered as constituents of tea whitener, as
indicated by Priyanka et al. (2022) in their
research study, as indicated earlier in LM-1
sample phosphorus is also detected in TWL-I
sample at 930 cm’. Sample TWL-II shows
symmetric and antisymmetric stretch of CH,
group at 2920 cm and 2851 cm’, very strong
peak of C=0 at 1744 cm-1, vibrating stretch of
carbon oxygen bond v(C-O) at 1150 cm™, ring
structure of benzene derivative at 856 cm’,
these functional groups pointing towards
presence of polyethylene terephthalate (Jung et
al., 2018). While medium-strong peak at 1092
cm-1 show presence of pyrrole group in sample
TWL-II. Sharp strong peak at 1022 cm’
indicates presence of lactones which are
present in milk and also a constituent in tea
whitener powder (Obi et al., 2018). Another
sharp medium peak at 958 cm-1 and 931 cm’
indicates presence of aliphatic CCl and
phosphorus group, both these compounds are
toxic for human if ingested as indicated by
Chang and Anderson (2017) and Amir et al.
(2019) in their studies. Lastly, a weak medium
peak at 880 cm’ indicates deformation
vibration of ring structure of pyrroles in tea
whitener sample (Hummel, 2002). Spectra of
TWL-II and IV were almost same they show
band of NH, group at 3324 cm™', CH, symmetric
and asymmetric at 2920 and 2850 cm’,
carboxylic anhydride C-O-CO at 1743 cm’,
CH, deformation at 1428 cm” in TWL-IV, CH
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at 1343 cm™ show Nylon-6. Moreover, (CH,),
cyclic at 1237 cm”, wagging vibration of CH2
at 907 cm-1 in TWL-III and benzene derivative
ring at 866 cm’' these functional groups show
presence of Polystyrene. Furthermore, in both
samples TWL-III and IV at 1048 cm™ indicates
deformation vibration of benzamidazole ring
structure and it could be deleterious to human
health as indicated earlier in TWL-I.
Astonishingly, these two samples TWL-III and
IV also show peaks at 848, 681which indicate
presence of chromium hydroxide CrO(OH) and
fluorine. Chromium hydroxide which is highly
toxic and impose detrimental effects on humans
and environment (Alam et al., 2023). While,
aromatic fluorine at 518 cm™, which could have
deleterious impacts on human kidneys
(Dharmaratne, 2019). Both samples indicate
phosphorus group at 941 cm”. TWL-IV also
show two peaks at 1115 and 1066 cm-1 which
indicates presence of trimellitates, which also
falls in category of emerging plasticizers and
are toxic in nature (Qadeer et al., 2024). IR
spectra of TWL samples are depicted below in
figure 2.

3.3 Morphology and elemental composition
of microplastics

For examination of morphology, surface
structure and in depth qualitative analysis of
samples for microplastics detection, scanning
electron microscopy SEM equipped with EDX
energy dispersive X-ray spectroscopy was
utilized. As, FTIR results have already revealed
presence of synthetic microplastic polymers in
all samples, so for SEM-EDX analysis only six
representative samples were selected.
Outcomes of SEM images show various shapes
of microplastics polymer and EDX spectra
analysis of samples revealed presence of
prodigious amount of carbon in all six samples
along with few other contaminants in all
samples as shown below in table 1. Moreover,
these carbon and oxygen ratio of EDX results
were found exceeded than natural amount of
carbon and oxygen (25% in tea and 37% in
powder milk/ tea whitener) present in tea, milk
powder and tea whitener as indicated by Luczaj
and Skrzydlewska (2005) and Mehta (2015).

3.3.1 Morphological and elemental analysis
of milk samples



SEM-EDX analysis of selected branded and
local milk samples BM-I and LM-I contains
polyethylene and polyvinyl alcohol polymers.
SEM images of sample BM-I shows irregular
shaped debris morphology for polyethylene as
indicated by (Da Costa et al., 2021). Moreover,
EDX analysis of sample BM-I and LM-I
indicates high percentages of carbon and
oxygen, as aforementioned in table 2, which
indicates presence of synthetic microplastic
polymer (Mphaga et al., 2023). Sample LM-I
also indicated presence of few other elements

such as chlorine, phosphorus, potassium and
calcium. Presence of chlorine and phosphorus
may be considered as contaminants in this
sample, because they are not commonly present
in milk. Moreover, presence of phosphorus in
LM-I sample was also confirmed earlier by
results of FTIR analysis. While presence of
calcium and potassium in LM-I sample can be
considered as milk constituents. SEM images
along with EDX spectra of these two samples
are depicted in figure 3.
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Fig. 2. FTIR Spectra of Branded Tea: a) BT-1, b) BT-I1, ¢) BT-III, and d) BT-1V; FTIR Spectra of Branded
Milk: e) BM-I, f) BM-II, g) BM-III, and h) BM-1V; FTIR Spectra of Branded Tea Whiteners: i) TWB-I,
j) TWB-II, k) TWB-III; FTIR Spectra of Local Tea: 1) LT-I, m) LT-II, n) LT-III, and o) LT-1V; FTIR
Spectra of Local Milk: p) LM-1, q) LM-II, r) LM-III, and s) LM-IV); and FTIR Spectra of Local
Tea Whitener: t) TWL-I, u) TWL-II, v) TWL-III, and w) TWL-IV.
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3.3.2 Morphological and elemental analysis
of tea samples

Representative samples of branded and
local tea samples show presence of
polyethylene terephthalate and nylon. SEM
image analysis of samples BT-III and LT-II
reveals fiber shape for PET and thread and
rod/thread shaped image for nylon. EDX
spectra of BT-III show hefty peaks for carbon
followed by oxygen. The atomic percentage of
carbon was 61.01% and 37.98% of oxygen was
observed. Alongside, that 1.01% of potassium
atom was also found in BT-III sample, this
indicates presence of PET. PET is commonly
used as packing material and it is also observed
in tea bag samples (Hernandez et al., 2019).
SEM-EDX analysis of LT-1I reveal presence of
nylon. SEM image indicates rod shaped and
thread like structure which is commonly
observed in nylon polymer. EDX spectra show
intense peaks for carbon and oxygen with
atomic percentage of 61.95 % for carbon and
37.43% for oxygen respectively. While, atomic
percentage of potassium was 0.62 in sample.
SEM images and EDX spectra of both samples
are shown in figure 2.

3.3.3 Morphological and elemental analysis
of tea whitener samples

SEM image of branded tea whitener,
TWB-I sample exhibit irregular debris
structure which denotes presence of
polyethylene. EDX spectra has further confirm
presence of polyethylene in sample as it shows
gigantic carbon peak followed by oxygen peak,
with 71.32 % of carbon and 28.62 % of oxygen.
On the other hand, local tea whitener sample
TWL-I shows rod like shape structure and
spheres which are typically associated with
nylon and polystyrene polymers (Hawng et al.,
2020). Furthermore, EDX spectra of sample
TWL-I reveals prodigious carbon peak
followed by oxygen peak. Atomic percentage
of carbon was 61.02 and oxygen was 37.94.
While, few other elements were also detected in
trace amounts such as nitrogen (0.81%), iron
(0.11%), calcium 0.09% and phosphorus
0.03%. SEM image and EDX spectra of both
samples are shown in figure 2.

4. Conclusions

18

The study revealed the presence of
various types of microplastic polymers in
samples such as PE, PET, PVA, Nylon and PS.
Moreover, beside microplastics various other
pollutants such as adipates, hydroxyethyl
methacrylate, chromium, phosphorus,
chlorine, these all are toxic their ingestion could
impose devastating impacts on human health.
Elemental makeup and morphological analysis
of samples have further confirmed the presence
of microplastics contaminants. SEM image
shows fiber, rod shape, irregular shape which
were commonly observed in microplastics,
Moreover, EDX spectra have also shown high
percentages of carbon in all samples (more than
natural amount of carbon present in tea, dry
milk and tea whitener). So, presence of excess
amount of carbon than natural amount may
indicates presence of microplastics polymer in
samples. In comparison, the branded samples
contain two types of microplastics polymers
namely polyethylene and polyethylene
terephthalate. However, along with
polyethylene and polyethylene terephthalate
local samples also contaminated nylon,
polystyrene and polyvinyl alcohol. It is
concluded that according to survey outcomes
90% people prefer branded tea, tea whitener
and dry milk for their daily tea preparation over
non-branded. So, it is concluded that people
consuming branded tea, dry powder and tea
whitener are at less risk comparatively to
people consume non-branded ones, as non-
branded samples contains more toxic MP's than
branded ones.
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