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appreciated in coneection with the processing of “F4™ environmen filed before the
U'nited Nativans Compensation Commission.

The Commission was established by the Sgcurityoubgil 10 55 claims and pay

ion occupation of Kuwait. The

compensation For losses resulting from 1raq’s untawighin
a number of Governments, including

environment seeking 2 to1al of approxima
bread groaps. The first group conpri OV } damage and the depletion of natwral
resaurces in the Persian Gulf region resulting from oil-well fires and the discharge of
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Abstract

]
Persian Gulf War happened in January 1991 has distributed huge

amounts of atmospheric pollutants in the Persian Gulf region. The
pollution penetrated in one third of Iran’s territory, atmosphere and
water.

The recent research was carried out in five provinces (including
Bushehr, Hormozgan, Sistan va Baloochestan, Chaharmahal va
Bakhtiari, and Khuzestan) covering more than 25% of the area of Iran
and also included limited parts of five other provinccb(aﬁ'distan,

Lorestan, Kohkiluyeh -va- Boyerahmad, Fars and IllamNgrovinces).
Firstly, the ecological studies were perfomed@if’ ecosystem
characters. Then, the enzyme patterns we in 4 species
(including Avicennia marina, Prosopis ci@

persica, Ziziphus spina-christi). @

The number of sampled trees w ollGWs:

77 Avicennia marina indivi

uercus brantii var.

als, 89 Prosopis cineraria individuals,

20 Quercus brantii var, individuals, and 80 Ziziphus spina-

christi individuals, t 7 individuals were sampled in total.
Cross sections nches were separated for enzyme analysis
(peroxidase, a
1989 through

polyacrylamide gel electrophoresis (PAGE) method qualitatively.

and catalase). Cross sections included years

01.Peroxidase and amylase were analyzed by

Enzyme activities were determined by spectrophotometer methods .

Na, K, Ca, Cd, and Pb contents were measured after extraction, by
means of atomic absorption; however S was estimated by
turbidometric method. Two cross chores from all of the trees were

taken for dendrochronological study.
2



In order to remnforce the main project (UNCC, 5000427), three
complementary projects were also designed including in-virro,
anatomy and soil enzyme studies. The results of the main project
showed the role of trees as a valuable indicator for different
environmental stresses. Genetic diversity was high in all habitats
except for Assaluyeh {Only two classes) by peroxidase method.
Enzymes, the most sensitive stress indicators, showed abnormal
alterations during the war year and the subsequent period (between 2
to 7 years). On the other hand, element analysis indicatedyuptakes of
cadmium (Cd) and lead (Pb) during the mentioned; &ln some
individuals and regional indicators, K and Ca con Wer increased.

It seemed that their increases had a protects e against the

pollution stress in trees as well. Enzymat A8tions depended on
species and interspecies. Some trees &cted only in one year
but others showed reaction ovgr | g@iods. Mangroves, oak and
christ-thorn reacted with creating Wew patterns as well. Also some of

the regional indicators sh brformal patterns.

The amounts of pollut ents assimilated confirmed the obtained

results. Existenc substances in tissues of mangrove and oak
in 1991 was ason confirming the effect of pollutions. The
results have also confirmed by dendrochronological studies. The
decrease in annual growth rate was another important evidence
showing the establishment of pollution as it showed physiological
damages on plants tissues. In spite of high rate of annual precipitation
in the war period (more than the average), there was a %35.65
decrease in the annual growth rate in all of the studied areas.

Minimum and maximum decrease rates were observed in oak and



cashaw individuals, respectively. Soil analysis did not show any
special pollution effects in different horizons, because the studies were
carried out 7 to 8 years after war occurrence. Soil enzymes studies
showed abnormal patterns in some areas such as Bordekhoun and
Dayyer in different horizons.

In -vitro enzymatic results were consistent with the earlier results
obtained in natural habitats. According to the results, pollution emitied
through the war had affected total bioclogical texture of the southern
and western ecosystems of Iran. The results indicate that the existing
organisms were affected by war pollution both directfyﬂ as plant

species) and indirectly (such as animals and huma

*
Qualitative results were classified to quant values to
compare the rate of damages in the 12 stud 1ons. Relative
amounts were calculated based on t t criteria such as

physiological factors, growth gate, nig/ matter percentage, soil
enzyme activities and plant en%ctions. The criteria could
be divided into two main . Bhe first group is called negative
parameters such as te decrease, abnormal enzymatic
reactions in soil an t tissues, heavy metal and sulfur content
that indicate of the ecosystem. The second group is
called posi arameters such as organic matter, calcium and
potassium content that indicated stability of the ecosystem. In
order to calculate relative amounts, a range of values between 0-10
was determined for elements and percentage of organic matter.
Enzymatic reactions and growth rate decrease being of ‘
importance, double value were selected for these factors in

comparison to the others. The negatives were between 0-20 but the

4



positives had a reversed order. Therefore the highest and lowest
positive parameters were given 0 and 20, respectively. On the
other hand, the highest and lowest negative parameters had values
of 20 and 0, respectively. Soil studies included five enzyme values
(0, 2.5, 5, 7.5 and 10). This meant 0 for normal pattern in all of the
enzymes, 2.5 for only one abnormal enzyme pattern, 5 for two
abnormal patterns, 7.5 for three abnormal patterns and 10 for
abnormal patterns within all of four studied cilzymes. The final
scorc was used as an indicator to compare different logations

L 4
(shown in the Table). According to this classiﬁcatiox an
'$

with the score of 7.3 and Assaluyeh with the scgre th in
Bushehr province) were the most sensitive resistant
ecosystems against Irag- Kuwait @ tion effects,
respectively.
oot | i | e coment |5 comtent| CETHR
Bushehr Asaluveh 152 1] 29 1.65 3.15
Bushchr Bondckhun 16.6 1.5 3 4,15 3.3 5.875
| Bushehr Davyer 12,8 9., 55 2.25 1.6 6.1 6.212
| Bushehr Saadabad 124 g 8 20 1.25 32 1.65 1.044
Bushehr Kimzan 12,5 9.75 g 192 S35 | -] i.65 1.347
Khouzesn | Sovend | o o |85 | 158 ] 235 [ 355 55 [ 2205
{Shushtar) : - - ! ! -
Bahmaii
Khevzestan (Behbghar) 275 B 15.1 1.25 2558 1.65 6.344
Hormazgan Talabi 7.4 6 1.5 1L.3 625 3 1% 6.447
Hormozgan 52 6.5 8 - 525 3 8,735 5.97
Sistan &
Bﬂ]qochesw.n 52 7 4.5 9.8 5 1.3 B3 53R
Wi s2 o | oo | s3 10 6 | 165 | 2066
mrﬂ Lordegn | 86 o | sz I 9.5 J s 1 12 a8 10 5 | ssu




Locations

classification Rates
Kangan 7.34
Shushtar 7.205
Saadabad 7.04
Lordegan 6.51
Hormozgan Pro 6.44
Bchbahan 6.34
Dayyer 6.21
Hormozgan Avi 5.97
Bordekhun 5.875
Sistan-pro 5.388
Sistan-avi 4.06
Asaluyeh 315

According to the mentioned results, statistical analysis was carried out
' _r < .

and a number of descriptive curves are presen\ n general

discussion,

*
The results showed that enzyme activity in ar year (1991)

decreased because of denaturation of he% Maoreover, mean
analysis of enzyme activity show & ere were significant
differences between the amoyntsgi 9) and the average amount of
all years after. All the th%\ves {peroxidase, catalase and

amylase) showed a high co

umption in 1991 in comparison with the
average of the year ¢ results proved peroxidase to be the
most sensitive en to the pollution as compared with the other
ENnzymes.
Moreove plot of heavy metals (l:1 diagram) showed
accumulation of these substances within plants tissues. Results
indicated that lead (Pb) concentrations were more than cadmium (Cd)
and sulfur (8) in 1991 (after war beginning) in comparison with the
year 1988 (before war) (Aminipouri 1999, Korori 1998,). In three
studied species growth rate decreased rather in the 1991 than the
average of the other years whereas the amount of precipitation in the

former year was more than the annial mean of the regions. The
6



highest reduced growth rate was seen in Cashaw in Kangan location
(in Bushehr province). The higher diameter classes of trees showed
more decrease rate than the lower ones.

To summarize, the results emphasized on the effects of war pollution
on the biological texture (plants and soils) of the different ecosystems
in the south and southwest of Iran. The most polluted region was
determined to be Bushehr province and the most sensitive species
appeared to be Prosopis cineraria.

High recovery ability was seen in reserved .ecosystems after the
2

pollution effects. The results indicated trees as the®§ rtant
bioindicators against the pollution effects and otheg e ical tresses
and peroxidase as the most sensitive enzyme in ecglo tudies.

In order to generalize the results to all of x es, rangeland
ed on other species

and medicinal plants, in-virro studies we
- {Amygdalus scoparia, Periplocay afhy Artemisia sieberi and
Tecomella grandis). The results indic at these species reacted to

it new patterns against pollution

stress and some of them rea

uptake, like the reaction to

In order to simulat s reactions in natural condition against
pollution effectsQugNitro studies were also done. Qur findings
demonsirated th ees could be used as important bio-indicators.
These results showed a great conformity with those of main
experiments in the field.

Finally, total values of forest damaged in the Zagrossian and Khalij-¢-

omani region of Iran calculated.



1. Introduction

Following Persian Gulf War occurred in January 1991, huge amounts
of atmospheric pollutants were distributed in the Persian Gulf region.
Atmospheric and water pollutants penetrated into one tﬁird of Iran’s
territory as a consequence of the war (Aminipouri 1999).

Research conducted by international agencies and regional and
national institutes revealed the extensive distribution of smoke and
soot over the Persian Gulf and surrounding countries. Reports of
atmospheric pollutants reaching Turkey, Syria and’as &as India and
Himalayas were frequent. According to SCWMRC\l , based on

analysis and processing of about 1267 AYHRR satellite
pictures, about 35% of the total atmosphest nts were resulted

from the buming of one billion ban@ait oil had penetrated

into Iran’s territory (Amitnipouri @ research done in 1991 by
Esmaili—Sari and Zare—Ma% d that the terrestrial deposition”

of these pollutants covered ap imately one third of Iran’s territory,

Wet deposition of p ts®ccurred as black rain in plains and

lowlands and black in mountains. Moreover with regard to'wind
f air pollutants were transferred to different
regions o even in central locations (such as Tehran) and south-
east of 1 Sistan va Baluchestan province). Additionally, in the
Persian Gulf and Oman Sea area (mangrove and other trees habitats)
received oil and other pollutions (Koror 1998).

Substantive claims of the Ministry ofJihad-e-Agriculture (MJA), were
registered as claim No.5000456 (5000288) before the UNCC, via an

F4 category claim. MJA claims seek compensation for damages, for

clean up costs, ecological economic losses, remediation and

8



restoration costs as a result of depletion of natural resources and
degradation of environmental attributes following the extensive and
prolonged introduction of atmospheric pollutants and spilled oil into
the territories and marine environments of Iran in 1991{Aminipour
1999).

Claims of losses to natural resources of soil and water, forests,
agricultural lands, rangelands, wetlands, coastal and inertial and sub
tidal ecosystems, fisheries and livestock were among damage
elements included in the MJA substantive claim No.5000456. In
reviewing text of relevant Exhibits annexed to the MJA glaims, one
finds out that there are several key points effectively C(N ting to
variations in the amount of claims sought for. these points
may relate to scientific approaches 1n co lutants to the
source of about 700 buming Kuwait %nd damaged o1l
terminals; some other points may rel methodology of damage
assessment in affected areas in 150n to pre — 1991 war status
and tracking and monitoring4of eg gical attributes over time and

data processing; and stil ay deal with methodology applied to

ied out 7 years after Persian Gulf War damages.
In order to prove the influence of war on natural ecosystems, a method
was designed which was able to compare the condition of war period
with periods before and after.

Trees were used as indicators because of having annual growth rings.

Enzymes, cation and anion variations were analyzed in plant textures.



At the preliminary stage, the director of the prbject suggested about 41
locations in 11 provinces where black rainfall had been reported. In
the first schedule, 4 years and 10 replicates per species per location
were predicted. But based on UNCC scientific consultant suggestions,
the study period was limited and number of replicates were increased
to 20-40 individuals per species per location. Dendrochronological
studies were added to the project, as well.

Therefore sampling areas were limited to 5 provinces. Study locations
inciuded 5 provinces: Chaharmahl VA . Bakhtiari, Khouzestan,
Boushehr, Hormozgan and Sistan va Baloochestan and s%d species
included Avicennia marina, Ziziphus spina-christi, QuegcRs brantii
var persica and Prosopis cineraria. The Bup included
Kurdistan, Lorestan, and Kohkiluyeh -v mad, Fars and
[llam provinces.

Three complementary projects were@d out including soil enzyme
studies, anatomical studies to willl in-vitro studies related to the
establishment of pollution effects o the ecosystem .

Some soil biological

were conducted (vertical biological
gradient and comp 1es) by means of soil enzymes variations.
Anatomical stu done to determine the levels of poliution
uptake in marina, Ziziphus spina-christi, Quercus brantii
var, persica an®Prosopis cineraria.

An in-vitro model was designed in order to eliminate unrelated
pollution factors and natural stresses and studied species included 1-
Amygdalus scoparia as a mountainous species in the southern regions
of [ran, 2- Tecomella undulata as a reserved species, 3- Periploca

aphylla as a widespread species in the southern regions of Iran and 4-

10



Artemisia scoparia as a widespread rangeland species in all Iran’s

territory.

The British biochemist, Dixon has described living matter as a system
of unstable catalysts being kept in existence by the occurrence of the
reaction, which they catalyze. This implies that the ratio of catabolic
to anabolic enzymes increases or decreases concerns to age, genetic
and ecological alterations (Ebegt 1977).

As a matter of fact, peroxidase shows the highest reaction to
environmental stress (Castillo 1992) and therefore the e &trees as
an important indicator of stress occurring has b O(&
(Castilo 1990, Ebermann 1991).

Sulfur dioxide (So3) is one of the major bypr burning oil. It
has been proven that Spy changes inz& acid in the air and
sulfuric acid is capable of causi e t damage to leaves and

stems of plants (Pfanz 1991).

nstrated
2 2

ur stdies and those of others, during

%

the past 20 years, have sho t?peciﬁc changes in the enzymes of

the plants occur as a re environmental stresses (Castillo 1992
,Castilo 1990).
Plants absorb levels of heavy metals from the soil and
subsequently the bio-system. Research conducted at British
universities has shown that increased concentration of zinc and copper
affects the activity of the phosphatase. The same ¢lements along with
cadmium and lead -affect the activity of amylase in conifers (Ebegt
1977, Mellanby 1988).

Plant spectes respond to environmental pollution in different ways.
Enzymes are the most important indicators in plants for environmental

stress monitoring and peroxidase is one of the most sensitive enzymes
11



for the study of the ecological transitions (Castillo 1992, Castilo 1990,
Ebermann 1991 ). Plants, especially trees, have an important role in
monitoring environmental alteration. The level of the enzyme
decreases from cambium towards the pith of trees. On the other hand,
the higher amount of .cambium contentleads to more activity of
extracts (Ebermann 1982). ]

Dendrochronology is the dating of past events through the study of

growth rings in trees. A.E. Douglass first used this technique in 1920

| to solve
many environmental problems. Ring analysi e variety of
ways to diagnose pollution effects early stages.

Dendrochronology is used to predigt %age environmental

conditions in the future. It is useful@ sing pollution, adjusting

irrigation projects and in regalib

in his dating of Pueblo Bonito, a prehistoric American gettlement in
*
New Mexico (Shroder 1975). Dendrochronology is i

process. Karlsson (2001)

showed the effect of envir al factors such as drought,

infestations and polluti the radial increment of Scots pine on

sandy soil in weste . Tree rings are used as an indicator of
ecosystem health. ‘
Soil is a livy most of whose biochemical activities proceed
reactions. Enzymes are bio-products that
accumulated in soil organisms in different forms. They are very
important in the modification of organic matter and show the quantity
of life levels in soil systems (Dick 2000, Gershuny 1995).

Enzyme activities in the soil of an undisturbed ecosystem are higher

than those of manipulated ecosystems (Dick 2000, Sachs 1999).
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According to the above antecedent, a comprehensive project was
designed to monitor pollution effects on biological structures in

southern and central parts of Iran.
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1.1. Study sites:

Ecology and socioeconomic importance of affected regions

Khalij —o -Ommani region

Having a forest area of 2880000 km's this area was a sub-region of
Sahar-o-Sindian covering four provinces. There are many important
plant species including Dalbergia sissoo, Acacia albida, Moringa
perregrinea, Tecomella undulata. The number of plant species in this
region is 1030 with more than 200 tree and shrub @pecies. The

population of the area is 6,931,620. In total, ross and

Khalij —o -Omani forests compromise about @r{"s forest.

Figure |- Forest ecosystem, a landscape in Khuzestan province
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