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Potentially toxic metals (PTMs) contamination in the water bodies had been a worldwide challenge. Industrialization and anthropogenic activities
have produce and discharge wastes comprising organic and inorganic pollutants into the water resources making them hazardous and threatening
human health and the environment. Packaging technology for food and beverages such as juices, milk, and other liquids using paper packets,
generally known as Tetra Pak, has resulted in the generation of too much waste in the world in recent decades. On the one hand, it appears that the
building of composites from Tetra Pak trash allows for maximum recycling of these materials, while on the other hand, the inclusion of Kraft paper,
Al, and polyethylene in the packet composition can improve the functional features of the goods. Tetra pak packaging is comprised of three different
types of raw materials: cellulose (75 %), low density polyethylene (LDPE) (20 %), and aluminium (5 %).The present research aimed to assess the
potential of Tetra Pak industrial waste as biosorbents to remove PTMs such as lead (Pb), Nickle (Ni), and Copper (Cu) from PTMs-artificial
contaminated water. Approximately, 0.05 mg/L concentration for Ni, 0.027 mg/L for Pb, and 0.05 mg/L for Cu were artificially added in the water
bodied to assess the adsorption efficacy amended with two samples of waste Tetra Pak OTP (sample productl) and DOTP (sample product 2) as
biosorbents. The obtained results showed that the maximum Ni adsorption recovery was received by (83 % with DOTP), Pb 52 % with OTP and
Cu 32 % with OTP as bio-sorbent amendments. Overall, the present study indicated that the remove of PTMs from dilute aqueous solutions and using
industrial waste material as easily available and low-cost sorbent, that can be successfully used to remove pollutants from multi-metal polluted water.

Keywords: adsorption; tetra pack; potentially toxic metals; polluted water.
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IuryBaru sx: Myxammani A., Jlaropi A. I'., Bam6ons B., Bam6ons C. (2021). BunaneHHs MOTeHIIHHO TOKCHYHUX METANiB i3 BOJHOTO PO3UHHY

3 BUKOPHCTAHHSM NPOMHCIIOBHX Binxoxuis Tetra Pak sik 6i0coB6eHTz. Heo@ze/wu oxoponu neaui 6 Vxeaihi, 37(3), 3-7.

3a0pyqHEeHHs BOJOIM NOTeHLiHHO TokcuyHuMu Metanamu (IITTM) crano nmpoGiemoro B ycboMy CBITi. IHAycTpianizalis Ta aHTPONOreHHa JisUIbHICTh
MPU3BOJITH JO YTBOPEHHS 1 CKHJAHHS BIIXOXIB, IIO MICTSATh OpraHiYHI Ta HEOpraHiuHi 3a0pyHHIOBadi, B BOJHI pecypcH, L0 poOUTH iX
HeOE3MEeYHUMH 1 3arpOXKYIOTh 3[0POB'I0 JIIOJUHH | HABKOJMIIHBOMY CepefoBHILy. TeXHOOTIsl yIakoBKH XapyoBHX MPOAYKTIB i HAMOIB, TAKHX SK
COKH, MOJIOKO Ta iHIII PiIMHHU, 3 BUKOPHCTAHHAM IANepOBHX IAKETIB, 3a3BM4ail Binoma sik Tetra Pak, mpuBena 10 yTBOpPEHHs 3aHAATO BEIMKOI
KIUTBKOCTI BiXOAIB B OCTaHHI NECATHJITTSA. 3 OZHOTrO OOKY, 3Ma€ThCS, IO CTBOPEHHS KOMHO3MTIB 3i cMmirts Tetra Pak nossoisie MaxcuMaiibHO
MepepoOHTH i MaTepialii, a 3 iHIIOro, - BKIIOYEHHS KpadT-TIanepy, aTlOMiHII0 Ta HOJIieTHICHY O CKJIaay MakeTa MOXe MOMIMIHTH (HYyHKIIOHAIbHI
XapaKTepHCTUKH YIaKOBKH. YmakoBka Tetra pak ckiamaeThes 3 TPhOX Pi3HHX THIB CUPOBHHH: LeMI0N03H (75%), HoNieTHIeHy HU3bKOI MILIBHOCTI
(LDPE) (20%) i amomiHito (5%). Lle nocmimkeHHs crpsIMOBaHE Ha OLHKY HMOTEHI{iaTy IPOMHCIOBHX BinxoniB Tetra Pak B sikocti 6iocopOeHTIB st
sunaneHss [ITM, takux sk ceunens (Pb), vikens (Ni) i Migps (Cu) 3 mry4Ho 3a0pyHeHii umu Metanamu Boau. [pubnusuo 0,05 Mr/in koHLeHTparii
Ni, 0,027 mr / 1 Pb 1 0,05 mr / 1 Cu Oynu ITY4YHO J0JaHi B BOJOMMY JUISl OL[IHKM aIcCOPOLiHHOT €()eKTUBHOCTI 3 MOMPABKOIO Ha J[Ba 3pa3Ka BiJXOJiB
Tetra Pak OTP (3pasok mpoxykry 1) i Tetra Pak (DOTP) (3pasox mpoxykry 2) B skocti OiocopOenTiB. OTpuMaHi pe3yibTaTH MOKa3aly, IO
MakcHMaibHe BifHOBIEHHs ancop6uii Ni Oymo orpumano (83% 3 DOTP), Pb 52% 3 OTP i Cu 32% 3 OTP sk no6asku Giocopbenry. B wminomy,
JIAHUH JTOCIIIKeHHS noKas3ano, mo BujganeHHs [ITM 3 po30aBieHHX BOJHMX PO3YMHIB HIIAXOM BHKOPUCTAHHS MPOMHCIOBHX BiIXOAIB B SKOCTI
JOCTYITHOTO i HEJOPOTrOro COpOEHTY, MOXKe OyTH JOCHTD €()eKTHBHIM.

KuarouoBi ciioBa: ancop6uis; Tetra pak; moTeHIHAIbHO TOKCHYHI MeTalu; 3a0pyIHEeHa BOJa.
|

1. Problem statement and analysis of the recent Metal ions are a severe environmental pollutant seen in
researches and publications. industrial wastewater regularly [2]. It is eminent that about 70
With the world's population quickly rising and water to 80% of diseases in un-developed countries are because of the
supplies becoming scarcer, there is a pressing need to utilization of polluted water [3]. Because of their toxicity,
examine our consumption patterns and how we use our water persistence, and bioaccumulation in food chains, an increased
resources. Potentially toxic metal (PTMs) contamination of release of PTMs into the aquatic environment creates major
the environment from industrial effluent is a big issue [1]. water pollution problems. Metals and pesticides, in particular,
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tend to collect and get magnified in the food chain. It is
therefore necessary to inspect metals at the point of discharge
to ensure that they do not enter the aqueous system [4]. To
de-polluted water contaminated with PTMs, a variety of
physicochemical methods are utilized around the world.
These solutions, on the other hand, are fundamentally
difficult to apply and are not cost-effective [5]. Biological
processes such as bioaccumulation and biosorption have
gotten a lot of attention recently due to a variety of benefits,
and experts from all around the world have been working to
determine the most effective biomass type [6]. Pakistan has a
coastline of around 990 kilometers. Out of this, 960 km is
largely pollution-free, whereas 30 km of Karachi's coastal
water is heavily polluted from both home and industrial
sources. According to a JICA report, about 20% of the city's
annual wastewater is treated, while the rest is dumped
untreated into Karachi Harbour and the surrounding coastal
areas via the Lyari and Malir river outfalls. Different
industrial units operate in the city are discharging their waste
into coastal water [7]. Packaging technology for food and
beverages such as juices, milk, and other liquids using paper
packets, generally known as Tetra Pak, has resulted in the
generation of too much waste in the world in recent decades.
Around 312,000 tonnes of these items were found among
Europe's 12 billion tonnes of recycled materials in 2006. On
the one hand, it appears that the building of composites from
Tetra Pak trash allows for maximum recycling of these
materials, while on the other hand, the inclusion of Kraft
paper, Al, and polyethylene in the packet composition can
improve the functional features of the goods [8].

The word "biosorption" refers to the non-metabolically
mediated passive adsorption of metals to living or dead
biomass. Because most current methods are ineffective and
expensive, particularly when employed to reduce heavy metal
ions to low concentrations, novel separation methods are
needed to reduce heavy metal concentrations to
environmentally acceptable levels at a reasonable cost.
Various researchers have investigated a variety of low-cost
biomass for mitigating pollution from various sources in
various parts of the world. The majority of cellulosic
materials tested were shown to be effective heavy metal
adsorbents [9]. Traditional methods for the elimination of
PTMs ions such as chemical precipitation and membrane
filtration are too much expensive when amending at the huge
amount of water, useless at low amounts of PTM (incomplete
metal elimination) and produce large proportions of sludge
and other toxic materials that require careful disposal. Bio-
sorption and bio-accumulation are ecological alternatives.
These alternative methods have merits over conservative
method [10].The most abundant biopolymer in nature is
cellulose. It is made up of glucose units that are linked
together by b-1, 4-glycosidic linkages. The topics covered
include washing, drying, and screening processes, as well as
chemical treatments such as acid-base treatment and
formaldehyde  treatment. Although,  phosphoration,
carboxylation, sulfoethylation, carboxymethylation, and other
chemical reactions [11].

The use of paper sludge as an adsorbent raw material has
several benefits, including lowering the amount of solid
waste produced and the cost of treatment, as well as offering
a low-cost adsorbent for heavy metal removal. Because of
their high carbon content and cellulose fibber proportion,
paper sludge and other organic waste materials from the
paper industry could be considered adsorbent materials [12].
A ton of pulp made from recycled paper uses 60% less
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energy to create than a ton of bleached virgin kraft pulp. PTMs
have been dumped in huge quantities in the environment in
recent years. Numerous techniques for metal removal from
contaminated waters have been developed due to their toxicity
[13].

Tetra Pak is a beverage and liquid food system that is
commonly used as an aseptic packaging material around the
world. This unique packaging technology allows products that
were traditionally deemed perishable to be delivered and stored
for up to six months or longer without refrigeration - even
delicate foods like milk, soy drinks, juice, and nectars. More
than 137 billion tetra pak packets were sent around the world in
2007. As a result, the number of trash tetra pak packaging in
municipal solid wastes is steadily increasing. That is why, both
economically and environmentally, converting discarded tetra
pak packages into valuable chemicals or fuels is critical. Tetra
pak packaging is made up of three primary materials: duplex
paper about 75%, Al 5%, and low-density polyethylene 20%.
Three methods are used to recover the Al and polyethylene
layers such as energy generation through incineration,
aluminum recovery in pyrolysis ovens, and high-end plastic
lumber goods are made by processing a blend of plastic and
metal [14]. Therefore, the main aim of present research was to
explore the potential of olpers tetra pack (OTP) and dairy
omeng tetra pack (DOTP) industrial waste as biosorbents to
eliminate PTMs such as lead (Pb), Nickle (Ni) and Copper (Cu)
from PTMs-artificial contaminated water. It is hypothesised
that the tetra pak industrial waste as biosorbents might be
highly effective to eliminate Pb, Ni, and Cu from metal-
polluted water.

2. Statement of the problem and its solution.

2.1 Materials and methods.

Tetra Pak is made up of 25 % LDPE, 70 % kraft paper, and
5 % aluminium, all of which are laminated in six layers. The
tetra pak was stripped of its (Al) foil and plastic, leaving the
only paper for the experiment. The paper pulp was washed
many times with distilled water until the pH of the supernatant
water layer of the pulp was around 6.5 to 7.0, to remove
external contaminants such as oil, black ink, and bleaching
agent (chlorine dioxide). To penetrate the phosphate into the
cellulose matrix, the paper pulp was refluxed with 5.0 percent
Na2HPO4 for 3 hours using a water condenser. The analysis
was carried out on three metals such as, Ni, Pb and Cu.

Lead. 1g-5g of lead nitrate salt was dissolved in 50 ml of
water to make a lead stock solution. In 0.5g of sample, 50 ml of
each stock standard solution was introduced and allowed
overnight for adsorption. The sample was filtered and dried
before being used. 50 mL of each sample (filtrate) was placed
in a volumetric flask with 2 mL of acetic acid and heated on a
hot plate, followed by the addition of potassium dichromate to
generate a yellow precipitate of lead chromate. The precipitates
were weighed after being dried, filtered, and weighed again.
5 mL nitric acid (HNO3), and 10 mL chloric acid (HCLO3) was
added to the paper sample and cooked on a hot plate until a
clear solution was formed. The final volume was made up to
50ml, then 2ml of acetic acid was added, the solution was
heated on a hot plate again, cooled, and potassium dichromate
was added to create the precipitate. Adsorbed lead was found in
the precipitates.

Nickel. Nickel chloride salt stock standard solutions were
made with concentrations ranging from 0.01M to 0.05M. 50ml
of each stock standard solution was added to 0.5g of sample
and left overnight for adsorption. The sample was filtered and
dried before being used. In a volumetric flask, 50 ml of the
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sample (filtrate) was placed and heated to 75 degrees Celsius.
5 mL ammonia was added, then 35 mL DMG was added, and
it was placed on a water bath for 15 minutes, after which the
precipitate was filtered, dried, and weighed. 5 mL nitric acid
and 10 mL chloric acid was added to the paper sample and
cooked on a hot plate until a clear solution was formed. The
final amount was made up to 50ml, with 10ml of ammonia
and DMG added before being placed in a water bath.
Filtered, dried, and weighed precipitates.

Copper. To begin, prepare a copper chloride standard in
250 mL with a concentration range of 0.01-0.05M. In 0.5 g
of sample, 50ml of each stock standard solution was
introduced and allowed overnight for adsorption. Filtration
and drying were done on the sample. The sample was filtered
next day, and the solution was made up to 20 ml with 1 ml
NH4,OH, and the absorbance was measured with a
spectrophotometer at 610nm. Digestion of paper was done
with 1 mL nitric acid (HNO;) and 1 mL chloric acid
(HCLO,), boiled on a hot plate till 1 mL NH,OH was added,
and makeup to the mark 50 mL with distilled water, and
absorbance was measured at 610nm with a
spectrophotometer.

Statistical analysis. The data were analysed using Excel
2013 and the graphs were made by using OriginPro software
(version 16).

2.2. Results and Discussion.

2.2.1. Sample characterization

Three main components are grouped in six layers in Tetra
pak packaging materials: duplex paper cellulose fibres 75 %,
low-density polyethylene (LDPE) 20 %, and aluminium (Al)
5 %. Cellulosic fibres make up the majority of Tetra pak
panels, accounting for 75 %, and LDPE, a thermoplastic
substance, makes up the remaining 20 %. Al, which is a
metal, is the third component. Even though it is widely
known that cellulose fibres make about 75 % of the material,
it is not pure cellulose. The kraft process, often called as kraft
pulping, is a chemical process that produces the paper used in
Tetra pak packaging material. The kraft method is thought to
remove more than 95 percent of the lignin in wood. There are
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still some polyoses like xylose and mannose, as well as some
lignin, after the kraft process [15]. The illustrated chemical
characteristics of tetra pack packaging material are indicated in
(Figure 1).

Lignin Arabinan ¢, 0y
39%._ 01% g9

|~

Glucan

Total
Carbohydra
les
96.1%

Mannan
4.7%

Chemical properties of tetra pak packaging material

Figure 1 — Paper used in tetra pak packaging material chemical
characterization [15]

2.2.2. Impact of absorbents on adsorption of potentially
toxic metals in water

The initial concentration acts as a powerful driving force,
overcoming all adsorbed mass transfer resistance between the
aqueous and solid phases [16]. As shown in (Figure 2 a, b, c),
the maximum adsorption capacity of Ni in the artificial
contaminated water was observed by 0.12mg/g with application
of DOTP as compared with OTP. Because, oxygen-containing
cellulose has a higher attractive force, this occurs. Furthermore,
greatest the adsorption potential of Pb was noted by 0.000995
mg/g in artificial contaminated water with application of OTP
rather the DOTP. Similarly, the highest adsorption capability of
Pb in artificial polluted water was found by 0.01003 mg/g
amended with OTP as compared with DOPT. It was assumed
that that DOTP as bio-sorbent has potential to adsorb mo Ni in
the water bodies, whereas OTP has capability to adsorbed
maximum Cu and Pb in the contaminated water, mean while it
could might be due to nature and chemical properties of
potentially toxic metals in the water bodies.
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Figure 2 — Adsorption capacity of Ni (a), Cu (b) and Pb (c) in water with application of OPT and DOTP

2.2.3. Recovery of potentially toxic metals in artificial
contaminated water

The maximum Ni adsorption recovery in the water body
was received by 83% with application DOTP as compared
with OTP. While, in case of Pb content in the water body the

maximum recovery was observed by 52 % with application of
OTP rather than DOTP. Likewise, the greatest recovery of Cu
in the water bodies was received by 32 % with application of
OTP as compared with DOTP (Figure 3). It is observed that the
DOTP has potential to easily recovered Ni from water bodies
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as compared with Pb and/or Cu. However, OPT as additive
was found to be highly effective to recover Pb and Cu from
aqueous solution as compared with Ni. This recovered metal
may be recycled in other processes, making it a very cost-
effective commercialization method for any sector. Singh and
Ali [3] reported that Cu’+, Pb*+ and Ni*+ were evidently
removed from industrial effluents with application of
agricultural wastes made biosorbent. Khan et al. [17] stated
that the removal capacity of Ni*+ and Cu’ in the aqueous
solution was observed by 90 % with application of biomass
and clay materials. Shin [18] revealed that the adsorption of
Ni*+, Cu’+ and Pb*+ in the waste water treatment system was
observed with application of Hizikia fusiformis made
biochar.
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Figure 3 — Maximum recovery of potentially toxic metals
in water
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Conclusion.

A bio-sorption technique that can successfully applied the
living or dead biomass to eliminate the potentially toxic metals
viz., Ni, Pb and Cu from polluted water. The waste products
from the Tetra pak industry seemed to be sufficient for
recovery of Ni, Pb and Cu in the water bodies. The use of tetra
pak to Ni, Pb and Cu from industrial water was revealed in this
study. In the present work DOPT has potential to recover Ni in
the water bodies, whereas OTP was found to be highly
effective for recover of Pb and Cu from artificially potential
toxic metal polluted water. Gravimetric, traditional digestion,
and spectrophotometer methods are used in the research. The
pattern of Ni, Pb and Cu removal can be better understood by
comparing multiple samples from the same category. Due to
the use of traditional methods, there was an error in the
expected outcome, and it was difficult to analyse all areas using
the same way. Future studies must be focused on conversion of
tetra pack waste material to prepare biochar at low or fast
pyrolysis temperature for stabilization of pollutant from multi-
metal polluted water and soil.
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3arpsi3HEHHE BOJOEMOB MOTEHIMAILHO TOKcHYHBIMH Metaiutamu (IITM) crano mpo6iemoit Bo Bcem mupe. MHmycrpuanmusamms u
AQHTPOIIOTEHHAs JIEITSIBHOCTh HMPUBOAAT K 00pa3oBaHMIO M COpOCY OTXOJOB, COAEPXKAMUX OPraHMYECKHE U HEOpraHHIeCKUe
3arpsI3HATENH, B BOJHBIC PECYpChl, YTO JENAeT MX ONACHBIMH M YTPOKAIOIIMMHK 3I0POBBIO YENIOBEKA M OKpY)Kalomleh cpeje.
TexHoNOrMsl yNakoBKHM IHINEBBIX MPOJAYKTOB M HAIIMTKOB, TAKMX KaK COKH, MOJOKO M JPYIHe >KUAKOCTH, C HCIIOJIb30BaHHEM
OyMakKHbIX IaKeToB, 0OBIYHO HM3BecTHas kak Tetra Pak, mpuBema k 0Opa30BaHMIO CIHIIKOM OOJBIIOrO KOJIMYECTBA OTXOAOB B
nocieanue necsatuiaerus. C OAHOH CTOPOHBI, KXKETCs, YTO CO3/laHHe KOMIIO3UTOB M3 Mycopa Tetra Pak mosBonser MakcHMalibHO
nepepaboTaTh 3TH MaTepHaibl, a C APYTroif, — BKIIOYEHHE KpadT-OyMaru, allOMHHHS U TOMUSTHIEHa B COCTAaB MAaKeTa MOXET
yIAy4IIATh (YHKIHOHANBHBIE XapaKTEPUCTUKH YMAKOBKH. YMakoBka Tetra pak COCTOMT M3 TpeX Pa3IMUHBIX THIIOB CBIPBS:
netonossl (75 %), nommatinena Huskoi mwiotHoct (LDPE) (20 %) n amomunus (5 %). Hacrosimee nccnexoBanue HapasieHo HA
OLICHKY INTOTEHIIHANA IIPOMBIIIIEHHBIX 0TX0J0B Tetra Pak B kxauectBe GuocopOenToB must ynaneHus I1TM, takux kak ceurern (Pb),
nukenb (Ni) 1 Menp (Cu) U3 MCKyCCTBEHHO 3arpsi3HEHHOW STUMH MeTaiiaMu Boasl. [Ipubnusurtensho 0,05 mr/in koHnenTpanuu Ni,
0,027 mr/n Pb 1 0,05 mr/n Cu 6bIIM HCKYCCTBEHHO 100ABICHBI B BOJOEM ISl OLICHKH a/ICOPOIIOHHOM () PEKTHBHOCTH C NOIPABKOM
Ha naBa obOpasua orxomoB Tetra Pak OTP (obpasen mpoxmykra 1) u Tetra Pak (DOTP) (oOpasen mpoxykra 2) B KauecTBe
OuocopbenToB. [lonydyeHHble pe3ysbTaThl IOKA3aIM, YTO MAaKCHUMAJIbHOE BOccTaHOBJICHHE ancopOuun Ni 6buto moiyueHo (83 % c
DOTP), Pb 52 % ¢ OTP u Cu 32 % ¢ OTP B xauectBe n06aBOK O6uocopOeHTa. B 1iemoM, HacTosiee uccieqoBaHuE MOKa3aio, 4To
ynanenue IITM mu3 pa30aBIeHHBIX BOIHBIX PpACTBOPOB IIyTE€M HCIHOJB30BAHMS MPOMBIIUICHHBIX OTXOMOB B KadecTBE
JIETKOAOCTYITHOTO ¥ HEZIOPOTOro COpOEHTa, MOXKET OBITh JOCTATOUHO 3P (PEKTHBHBIM.

Kurouesble cioBa: ancop6uus; Tetra pak; moTeHIMANbHO TOKCUYHBIC METAJLIbL; 3arPSI3HEHHAS BOJA.
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