Journal of
Biological Sciences

ISSN 1727-3048

science ANSI@? ’

alert http://ansinet.com




Tournal of Biological Sciences 7 (8): 1354-1360, 2007
ISSN 1727-3048
© 2007 Asian Network for Scientific Information

Determimation of the Amount of Environmental Hormone Contamination im
Raw Materials and Products of Bandar-e-Imam Petrochemical Complex

‘M. Ebrahimi and ?N. Shamabadi
'Green Research Center, Al-Ghadir Blvd., Qom University, Qom, Iran
*Member of Young Research Club, Qom Azad University, Qom, Iran

Abstract: Environmental hormone pollutants are synthetic chemicals which can disturb endocrine systems in
human and wildlife if they enter body. Many diseases have been related to environmental hormones ranging
from hormone dependent cancers to low sperm quality and quantity, infertility, wildlife population decline,
developmental abnormalities and many more disruptions. Many of these pollutants are generally originated
from o1l and petroleum products. Therefore, estimating the amount of environmental hormone contaminations
in raw materials and products of petrochemical complexes can illustrate the amount of society exposure to those
dangerous pollutants. This study has looked at one of the biggest petrochemical complex, Bandar-e-Tmam
petrochemical complex, n Iran in order to determination of the extent of environmental hormones” contamination
in material used and produced there. Bandar-e-Imam petrochemical complex produces 6.1 million tons of
different products (3.5 million tons such as light and heavy chains polyethylene, polypropylene, PVC, artificial
plastic, aromatic compounds (benzene, xylene) etc) every yvear. From 158 ingredients or products (7546928.47
tons) studied in this paper, 30 of them (3871447 8 tons) possess at least one environmental hormone pollutant.
The most and the least percentage of the number of environmental hormones belong respectively to used and
produced materials in CA unit (50%) and EDU unit (8%). No significant difference (p=>0.05) were observed
between raw materials used and final products made in petrochemical complex regarding to environmental

hormoene pollution
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INTRODUCTION

Recently, there are many concerns about disrupting
effects of some pollutants on human and wildlife health
via interfering with the endocrine system (Grun and
Blumberg, 2006, Whitehead and Rice, 2006). It has been
shown that not only some synthetic but also natural
compounds can disrupt normal endocrine functions
through either competing or blocking hormone receptors
(Bogi et al., 2003; McMullin e al., 2004). Different names
have been used to identify them such as: environmental
hormone, endocrine disrupting chemicals, xenoestrogens
and environmental estrogens (Kelce et al.,, 1994; Kodama
and Kodama, 1998; Niyachi et al, 2000, Gulledge et al.,
2001; Newbold et al, 2007a). Many abnormalities
including reproductive and evolutional difficulties have
increased the number of infertiles (Cheek and McLachlan,
1998, Golden et al., 1998), mcrease in hormone dependent
cancer incidences (Golden ef al., 1998; Kodama et al.,
2000) and others have been related to more exposure of
populations  to these chemicals which are widespread.

We applied the term of environmental hormones in this
paper (Moller, 2001, Morrison et af, 2003; Lind et of .,
2004).

It has been shown environmental hormones when
attach to hormones’ receptors can either mimic natural
hormones activity (over-stimulating the receptors) or
block them so, no normal hormones can bind to the
receptors (Kovacs et al., 1983; Birrell et al, 2007)
meanwhile, some environmental hormones may bind to
the receptors and induce other activities than normal
procedures (Atanassova et al., 2000; Jobling et al., 2003).
Due to disruption of normal hormone-receptor binding
and activity, it would be no surprise to see that some
hormone related diseases such as developmental and
reproductive abnormalities, hormone dependent cancers,
diminished sperm quality and quantity, reproductive
system anomalies and population changes in wildlife
are ncreasing either sharply or steadily in communities
with higher exposures to environmental hormones
(Holmes et al., 2004; Lemaire et al., 2004). Well-known
relation have been reported between sharp declining in
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population of alligators in great lakes of Florida with
increased exposure and contamination with pesticides
such as DDT, dicophole, toxaphene (pesticides having
environmental hormone properties) (Drbohlav et al.,
2004). The same reports have been cited for increased
abnormalities in birds’ reproduction and decreased egg
laying potential whom fed from centaminated fish of
polluted lakes (Dhooge et al., 2001; Dorner et af., 2001). In
addition, there 1s deleterious effects in development of
nervous system 1n embryos of pregnant women
consurued fish from the same lakes (Giesy et al., 2003).

Before World War I, about half of the industrial
products in industrial countries including the United
States, were made from renewable resources, such as
plant-, wood and animal-based materials (Imaida and
Shirai, 2000; Henson and Chedrese, 2004; Newbold et ai.,
2007b). In 1920s and 1930s, oil and chemical companies
like Union Carbide, Shell and Dow expanded their interest
in petrochemical manufacturing (Whaley et al., 2001,
Takeyoshi et al., 2002). The petrochemical industry,
strengthened immensely by World War I, replaced by
renewable materials with synthetic orgamc compounds
made from the by-products of oil and natural gas. For
mstance, synthetic rubber, chemical detergents and
polyester replaced with natural rubber, animal-based
soaps and cotton, respectively. In the 1950s and 1960s,
the thriving plastics industry accelerated the shift even
more. In doing so, today, 92% of the materials used for
example in 1S products and production processes are
nonrenewable (Whaley et al, 2001; Takeyoshi et al.,
2002).

One of the largest mdustrial establishments in Iran 1s
located on the northwest coast of the Persian Gulf. This
location has been chosen owing to its easy access to feed
stocks, the main national roads, railway network, as well
as international waterway. In the early seventies, a 50-50
joint venture agreements was signed between National
Petrochemical Company (NPC) of Tran and a consortiun
of Japanese firms, head by Mitsui and Co., In order to
constructing this colossal petrochemical complex, under
the name of Tran-Tapan Petrochemical Company (ITPC).
Preliminary and basic activities, including back filling, site
grading, construction of buildings and warehouses,
mstallation of power, water and steam facilities and
construction jetties began in 1974. At this stage, the
resuruption of sit activities began with the cooperation of
national and ntemnational contractors and complex umits
came on stream, one bye one from 1990 through 1994. The
complex is now working less than total capacity but it is
one of the biggest petrochemical complexes in Tran which
producing many products which feed downstream
factories.

As many environmental hormones are products of
petrochemical factories and regarding to the role of
Bandar-e-Tmam complex and importance in Tran, this study
looked at contarmmination of raw materials used (incomes)
and products made (outcomes) of the complex with
environmertal hormones.

MATERIALS AND METHODS

Research samples were taken from Bandar-Imam-
Petrochemical complex. The complex is composed of ten
separated units working together (gas dissociation unit
(NF), Olefin unit (OL), Aromatic unit (AR), Heavy chain
polyethylene unit (HD), Light chain polyethylene unit
(LD), Propylene unit (PP), Butadiene and artificial plastics
unit (BD/SR), Alkaline chloride umit (CA), Ethylene
dichloride unit (EDC), Vinyl chloride monomer (VCM) and
Water power (UT)). Each unit consumes some raw
materials and produces some products. In a cross-
sectional study and by using questioners and interview
as data gathering tools, all different kinds of raw materials
and products in every umit, the amount of raw materials
and products (tons), their chemical structures and
chemical prosperities were determined. After defining
chemical structure and property of each material used or
produced in the complex, their envirommental hormones
potential were calculated with scientific database
{(Environmental Protection Agency-EPA-guidelines and
experiments were used as standard criteria to define
environmental hormones property of each compound)
and finally data were categorized by means of SPSSv. 14
(SPSS Inc., 444 N. Michigan Avenue, Chicago, [llinois
60611, USA) software and presented afterward.

RESULTS

Raw materials needed for petrochemical complex
includes 3.2 million tons of liquid gas, 120 million cubic
feet of natural gas, 400 thousand tons of salt, 1 million
tons of NAFTA and 7800 thousand tons of monostyrene
per year. Most natural gas comes from nearby Ahwaz and
Maron gas fields. Different unites are working together in
Bandar-e-Imam complex. The final and proposed capacity
of complex 18 6.1 million tons of different products:
meanwhile, at the time of this study, it was working with
5.3 million tons capacity of producing different products
such as light and heavy polyethylene, polypropylene,
PVC, artificial plastic, aromatic compounds, liquid gas,
HC1, NaOH and ethylene dichloride. Most of these
products used as fuel materials (4.358 million tons 81.72%)
and other products are chemical substances (946.1 million
tons 83.36%), polymers (425 million tons, 97.7%) and
aromatics (550 million tons 10.31%) (Table 1).
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Table 1: Weights of different products produced in Bandar-e-Imam
petrochernical complex (tons)

Types of products Amount (tons) Percent
Chernical a64.1 83.36

Polymers 425.0 97.70

Aromatic 550.0 10.31

Fuel 4358.0 81.72

Total 7297.1

Table 2: The percentage of envirounental hormone pollutants in each
operating unit of Bandar-e-Imam petrochemical complex

Bandar-e-Imam petrochemical complex units Percent
Alkaline chloride unit (CA) 50.0
Viryl Chloride Monomer (VCM) 25.0
ur 17.0
Butadiene and artificial plastics unit (RD/SR) 15.8
Gas dissociation unit (NF) 30
Heavy chain polyethy lene unit (HD) 13.0
EDU 80
Aromatic unit (AR) 27.0
Propylene unit (PP) 22.0
Light chain polyethylene unit (1.D) 22.0
Olefin unit (OL) 19.0
Poly Vinyl Chloride (PVC) 13.0
Total 908.0

The results showed that 158 different ingredients
(either as raw materials or products) are being dealt with
in Bandar-e-Imam petrochemical complex (Table 3) with
the most and least nuniber were in BD/SR umt (15.8%) and
EDC unit (1.3%), respectively. From 7546280.47 tons of
materials used or produced in the complex, 19.3%
(14604485 tons) were mcomes and 81.7% (61 06480 tons)
as outcomes. OL unit with 1434305.2 tons (19%) and UT
unit with 473.5 tons (0.006%) were the most and the least
consuruers of incomes and outcomes materials.

This research demonstrated that in 158 different
types of materials either used or produced in Bandar-e-
Imam petrochemical complex, 30 (18.98%) possess
environmental hormone activity. Of all of those materials,
about 3871447 8 tons (51.3%) had environmental hormone
activity. The maximum amount of environmental hormone
pollutants belong to OL, PP and BD/SR units (4 in every
urit, 13%) and the mimmum belong to CA, LDPE and EDC
(1 in every umt, 3.3%) (Table 2). The maximum and
minimum amount of products with environmental hormone
activity found in PVC unit (180000 tons, 28.15%) and in
NF and AR umts (0 tons), respectively (Table 2). The
maximmum  and mimmum  of products mcluding
environmental hormone agents were in NT unit
(1908040tone, 59.04%) and LDPE, EDC, HDPE, BD/SR and
UT units (O tone), respectively. Maximum numnbers of
incomes and outcomes in different umts of Bandar-e-Imam
petrochemical complex observed in BD/SR unit (25) and
minimum was in CA umit (2) and the maximum amount of
envirommental hormones contaminant measured in NF and
BD/SR units (4) and the mimmum numbers seen in OL,
EDU and CA units (1). The most and the least percentage

Table 3: The number of environmental hommone pollitants in each
operating unit of Bandar-e-Imam petrochemical complex comparing
to the total number of products produced in that unit

No. of

enviroumental Total
Bandar-e-Tmarn petrochernical hormone No. of
complex units pollutants products
Alkaline chloride unit (CA) 1 2
Vinyl Chloride Monomer (VCM) 3 12
uT 2 12
Butadiene and artificial plastics unit (BD/SR) 4 25
Gas dissociation unit (NF) 4 13
Heavy chain poly ethylene unit (FID) 2 16
EDU 1 12
Aromatic unit (AR) 3 11
Propylene unit (PF) 4 18
Light chain polyetitylene unit (L.T)) 2 9
Olefin unit (OL) 1 12
Poly Viryl Chloride (PVC) 2 16
Tatal 29 158

of the nmumber of environmental hormones than total used
and produced materials were in CA wnit (50%) and EDU
unit (8%), respectively (Table 2).

DISCUSSION

Since the publication of Rachel Carson’s Silent
Spring (Daston et al., 2003), there has been increasing
awareness that chemicals in the environment can exert
profound and deleterious effects on wildlife populations
which is inextricably linked to the health of the
environment (Cheek and Mclachlan, 1998; Niyachi et al.,
2000; Gilbert and Fausto-Sterling, 2003; Newbold et af.,
2007a). The last three decades in particular have
witnessed a growing scientific concern, public debate and
media attention over the probable deleterious influences
in humans and wildlife which are possibly owing to
chemicals exposwre having potential to interfering with
the endocrine system (Saenz de Rodriguez, 1984;
Kobayashi et al., 2001; Newbold et al., 2007a).

Environmental hormones encompass a variety of
chemical classes, mcluding natural and synthetic
hormones (Kobayashi et «l, 2001), plant constituents
(Krazeisen et al., 2001; Vollmer et al., 2002), pesticides
{(Guillette and Moore, 2006; Bretveld et al., 2007; Lurling
and Scheffer, 2007), compounds used m the plastics
industry and consuner products (Skakkebaek et al., 1998;
Kodama et al., 1999) and other industrial by-products and
pollutants. They are often pervasive and widely dispersed
in the enviromment and mainly come from oil and
petrochemical products (Harvey et al., 1981 ; Peakall et al.,
1981). Some of which are persistent (Steinhardt, 2004,
Grun and Blumberg, 2006, Grun et al, 2006,
Newbold et al., 2007b) able to scatter in long distances
across national boundaries and also have been
found in virtually all regions of the world (Arukwe, 2001 ;
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Hanselman et al., 2003). Others are rapidly degraded in the
environment or human body or may be present for only
short periods
development.
Many related to
environmental hormones contamination m a range from

of tume but at critical periods of

abnormalities have been
Increasing cancers ratio to developmental defects,
reducing in sperm quality and quantity and even wildlife
populations’ decline (Allen et al., 1997, Ahmed, 2000,
Aok, 2001 ; Danzo et al., 2002; Jobling et al., 2003; Tobling
and Tyler, 2003; Morrison et al., 2003; Chung et of., 2004;
Helbing et al., 2007).

In developed countries, tough regulations are being
umplemented to lessen the human and wildlife exposure to
these pollutants: meanwhile, in developing countries, the
lacking of the necessary infrastructure to momnitor and
evaluate these chemicals expressed a particular need for
an objective international assessment. One major source
of contammation comes from refinery and petrochemical
products so that this study looked at the extent of
contamination of Bandar-e-Tmam petrochemical complex.
The result showed that more than 51% of raw materials
and products of Bandar-e-Imam petrochemical complex
have at least one environmental hormone pollutants. Tn
some units which are producing some especial products
(such as PVC unit or units which produce heavy and light
chain aromatics), nearly all products have environmental
hormoene agents. Regarding to the huge capacity of this
petrochemical complex for producing different kinds of
products and also the extent of society exposures to these
products (nearly all populations are in close contact with
petrochemical products either directly or indirectly)
(Sommenschein and Soto, 1998; Ohlson and Hardell, 2000,
Kumar, 2004), 1t 13 clear that those contaminated products
will insert their deleterious impacts on Tranian populations
in short and long terms exposure. Tt should also be
considered that many petrochemical products are
themselves raw materials for other factories and the extent
of population exposure would be even more and more.
The denger would also be higher for laborers who are in
touch more closely with those pollutant raw materials
and products 1inside the petrochemical complex
(Somnenschein and Soto, 1998; Hanaoka et al., 2002,
Fossi et al., 2003; Kumar, 2004).

Regarding the results of this study about Bandar-e-
Imam petrochemical complex
environmental hormones pollutants, multiplying by the
nmumber of active petrochemical complexes in Tran (the
mumber of workers in each umt), it would be fairly

contamination with

simple to imagine the extent of society exposure to
these contaminants. As many of these pollutants are

lipophilic (Bogh et al., 2001, Goralezvk et al, 2002;
Christensen et al., 2005), then, they can accumulate in
body fats (Adelsbach and Tjeerdema, 2003; Kumar, 2004;
Lemaire et al., 2004; Correa-Reyes et al., 2007), so that
their side effects would be obvious maimly in a long term
period (Guenther et al, 2002; Silbergeld et af., 2002).
Even now in many mndustrial countries, environmentally
hormones dependent diseases are so high that concerned
many scientist and environmentalist (Elswick et al., 2000;
Bogh et al, 2001, McMaster et al., 2001; Fuerhacker,
2003, Kumar, 2004). Therefore, seeking for products which
are safer and more trustable in order to substituting with
current contaminated products 1s extremely recommended.
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