38

Envrontropica, April- June 2006, Vd.3, No 1, 08@00.

Ddeteriaus Effect of Cement Dust Pollution an Chromosames and
Fee Amino Acids of Two Beetles, Blapssulcata (Laporte) and Akis
reflexa (Falridus) in the Western-Coastal Desert d Egypt

*A.M. Kheirallah, M.L. Shonouda, C.A. Matta, HOashem and W. Osman.
Department of Zoology, Faculty of Science, Alexantniversity, Alexandria, Egypt.

Accepted on June 30, 2006.

Abstract

This study was initiated to evaluate the effectexjposure to hazardous cement dust on
the coleopterous insedBlaps sulcataand Akis reflexainhabiting the Maryout regon of
Egypt at two different sites using physicochemiaall organic criteria. The expected
anoxicity of cement dust ste was evidenced by devated metal content and
physicochemical parameters. Emerging evidence siggoghat insects respond
differently according to environmental stress indaxeach ste. Cement dust caused
structural and numerical chromosomal aberrationd iaduced significant increase in
abnormal metaphases. It changed free amino adéssfFconcentrations in the whole
body homogenate of both sexes of the two inseditso& all the FAAsvere sensitive
to cement dust pollution. Most recorded change® mecrease in FAAs concentrations
rather than a decrease.

Keywords: cement dust polliion; chromosome aberration;e framino acids;
biomarkers; beetles; insects.

Introduction

Developing countries such as Egypt are facing tmelenge of managng the increased
environmental pollution that is accompanying itsr@mic development. The risk of
atmospheric pollution has increased, especiallyhi@ industrial areas and air pollution
has become far more serious and more dfficultaiotrol than previously. Cement dust
is considered a major pollution problem at varisteps of cement manufactue (Eckert
et al.1999). The cement kilnsare the major source dttax emissions. Moreover, the
cement dust contains many toxic substances sudalesm carbonate (CaGQ and
sodum sulphate (N&>) as wel as heavy metals such as cadmium (Cdypnthm
(Cr), lead (Pb), zinc (Zn), nickel (Ni) and copp&u). These pollutants have adverse
health effects (Legatoet al.,1998). Many chemical polluants that are releasethée
environment through industrial processes, besié@ tioxicity, may induce mutations
and chromosomal aberrations (Schneiderl.,1984).

Free amino acids (FAASs) in insects have an importafe as a major blood buffer,

make a major contribution to osmotic pressure, mgkehe contractile elements of
protein and the enzymes that catalyze the reldasmavgy, have a transport function
when they are present in the blood. Moreover, saméo acids such as Tyrosine and
its derivatives have an important role in the fotioraof exoskeleton, hardening of the
cuticle and body pigmentation (Karison, 1963).

Free amino acids (FAAS) in insects are in a stétedynamic equlibrium. The amount
fluctuates only within regulated limits in spite d¢iie rapid tunover due to the influx
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from feeding or catabolism of cellular proteins ahé efflux due to celluar gromth or
protein secretion (Wooding and Blakeney, 1980).efEhare many studes which
demongdtrate the influence of metal-contaminatddaifree amino acid composition in
insects (Ortel, 1995; Jamét al., 1995) but very little is known about the effects of
industrial wastes. The present study is amed wysty the effects on chromosomal
structure and free amino acid concentrations in dbleopterous insect8laps sulcata
(Laporte) andAkis reflexa(Fabricius) exposed to cement dust from a cemacibfy in
the Westem Coastal Desert of Egypt.

Materialsand methods

Study stes

The study was carried out in the Maryou regioncivis a strip of land about 100 km
long and 30 km wide West of Alexandria on the Meddnean coast, with an annual
precipitation of about 150 mm which decreases ghargand. Two uncultivated sites
were chosen for sampling of the coleopterous issetthe uncuttivated areas are
occupied by many halophytic plant species shrites Thymelea hirsuteand Atriplex
halmusand are used for herdng sheep and goats. Alsosdh in the two studied sites
is mixed wth different szes of rocks, stones,hieband gavels. These stes were:
(A) at Burg EFArab city, which is 53 km West of édandria and 5 km Souh of the
Mediterranean sea-shore and (B) at El-Hammam ciychwis 62 km West of
Alexandria and 10 km South of the sea-shore (FHp. The area suveyed at
El-Hammam city is 1 km down-wind from a recentlyitbuement factory. The area
showed signs of cement depostion on the vegetasorel as the soil surface.

Sampling procedure

In the studed sites the coleopterous insdBtssulcataandA. reflexawere confined to
the spaces beneath rocks and canopy of the shmdbaese available during the early
mornings. Sampling was accordingly restricted tohgulaces and was taken during the
breeding (October-November) and non-breeding (Déeerdctober) periods (Shalaby
et al., 1987). Twelve sampling areas (each 1m x1m) vamelaomly chosen in each ste
during each season. All the insects collected weseed and were maintained alive on
native soil and plants in suitable jars until pssieg. Smultaneously with insect
collection, soil samples at a depth of 30 cm bdlbe/surface were collected from the
specific sampling sites, air dried and passed girdi2 mm sieve to eliminate gravel
and debris.

Soil analysis

The determination of heavy metals copper (Cu), Iad), cobalt (Co), zinc (Zn),

cadmium (Cd), chromium (Cr) and nickel (Ni) congetibns, in sieved soil samples
was carried out according to Loring and Rantala92)9using atomic absorption

spectrophotometer (Perkin-Elmer model 2380) unlerrecommended condtions and
detection limits (DL) in the manual for each metRhysicochemical characteristics:
electric conductivity (EC), hydrogen ion concentrat (pH), calcium carbonate

(CaCQ), total phosphorous (P), total organic matter (J9.Mygroscopic moisture

(H.M) and fractions of slit and clay were carrieat according to Alleret al. (1974).

Chromosome preparation

Chromosomal aberrations were obtained from theysisabf metaphases in testes cells
as they were dfficult to get from ovarian celllulk males of each species collected
from sampling sites were injected in the abdomnegion with a dose of 0.05 ml of

0.05% colcemid for 2 hours. Specimens were theseatisd in insect Ringer solution
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where testes were removed by fine forceps andntigtammersed in 1.0% of sodiun

citrate soluion for 10 mins. at room temperatiiee testes were then fixed in ethanol-
acetic acid (3:1) for at least 1 hour. Chromosomadlysis was carried by squash
technique used by Osman (1994). The dissectedstestie stained with 20% aceto-
orcein soluion then fixed for about 10 minutes4if% acetic acid. The best spread
metaphase cels were selected. Chromosome numbkstamture were examined in

100 intact metaphase cells. The types frequendiesumerical as wel as structural
aberrations of chromosomes in all groups were theorded.

Free amino acids assessment

Samples of males and females of insects which weliected from the studied sites
during the breeding and non-breeding periods wesn odried to constant weight at
60°%C and pulverized by hammer mill. 200 mg girskots were homogenized in 3 ml
sulfosalicylic acid (3.5%). The mixtue was centgdd at 3500 rpm for 5 minutes then
filtered The fitrate (0.1 ml) was injected intoBeckman amino acid analyzer, Model
119 CL.

Statistical analysis
Chromosomal aberration data were subjectedidtest. Soil analysis and free amino
acid assessments were tested with analysis ofneariéSAS Instituie, 1988).

Reaults

Soil chemistry

Table 1 shows the metal concentrations in soitthef selected sites. The soil at cement
dust site has significantly higher values of altake as compared to the reference site,
which is the unpolluted site and thus served astrobnTable 2 shows other
physicochemical and organic matter of soils at shlected sites. The pH values were
generaly on the alkaline side in the studied sigs increased alkalinity at cement
dust site. Soil at cement dust was significanthghbst in all parameters except
hygoscopic moisture which exhibited indifferent @mts. In general, Burg El-Arab
site had the least amounts of polluants henceléstion as reference or control.

Chromosomal aberration

The diploid chromosome number Bfaps sulcatais 2n = 34 while that ofAkis reflexa

is 2n =16 (Fig. 2. A-B). Cytological examinatioims testes cells of the studed species
from the selected sites revealed several typesraftaral and numerical chromosomal
aberrations. The structural aberrations are fragsnestickiness and chromatid deletion.
The numerical aberrations are polyploidy (Fig. D)

Data for structural and numerical chromosomal aliems are summarized in Table 3.
All types of aberrations as well as total aberrar@gtaphase were significantly increased
(x* -test, P <0.01) in testes of both species celteédtom cement dust site.

Free amino acid assessm ent

Seventeen amino acids comprising nine essentiad. chlerionine (Thr), Valine (Val),
Methionine (Met), Isoleucine (lle), Leucine (Leuphenyl.Alanine (Phe), Histidne
(His), Lysine (Lys), Arginine (Arg) and eight nossential ones: Aspartic (Asp), Serine
(Ser), Qutamic (Qu), Proline (Pro), Qycne (GyAlanine (Ala), Cysteine (Cys),
Tyrosine (Tyr) were identified and quantified frothe protein hydrolysate run data of
aduts of both species during the study period. (Big In all groups the most prominent
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amino acids were Asp, Glu, Pro, Ala and Arg amagto about more than half of the
amino acid pool. The amino acid Proline was foumdbet the major component.

Conspicuous dfferences in the relative amountsinafvidual amino acids occurred
between cement dust and the reference groups. Timden of individual free amino
acids (FAAs) which showed significant increase onaentration due to cement dust
stress was higher than those that showed sigrifidacrease (FHg. 2).

Remarkable changes in TFAAs concentrations wererod$ among sexes of each
species during the sampling periods at the selesittesl (T able 4). Females Bf sulcata
showed significant lower concentration than malesnd non-breeding periodtest,

P <0.05). The reverse was true fr reflexa During the breedng period, the profile of
TFAAs concentrations of the sexes &. sulcataremained rather constant throughout
the reference and cement dust gou whereas thatAofreflexa remained constant
throughout the reference groups and decreaseficsigily (>-test, P < 0.05) in cement
dust females.

Table 4 also shows the effect of cement dust onABFéoncentrations as well as the
ratio of essential to non-essential amino acidsAGNEAAS) in sexes of both species
sampled during dfferent periods. ANOVA indicatedat cement dust significantly
increased TFAAs in whole body homogenate. The rdEi®As/NEAAs decreased
markedy in cement dust insects. From the eighupgotested four proved to be
statistically significant that is, males and fensalkis reflexaduring the non-breedng
and breeding periods.

Discussion

The data from the present study indcate that cérdest increased the concentrations
of metals significantly. Earlier reports indcatidit cement dust contains several metals
(Carrascoet al., 1998; Eckertet al., 1999). Cement dust was also found to cause
changes in soil characteristics which is in agregmeith Migahid and El-Darier
(1995).

Soil analysis assessment woud be of limited valghout the development of a
comprehensive risk approach. Such an approach ,woakdcurently, include both
chemical and biological monitoring advances. Witk tiatter approach, it is reported
here that cement dust was capable of inducing fisgni increase in abnormal
metaphases in populations of the studied insectste were found to contain high
frequency of fragments, stickiness, chromatid degletand polyploidy. Such resuts
provide evidence that exposure to high level ofpailfution by cement dust increases
the risk of chromosomal aberration. Various stutiase shown that exposure to high
levels of air pollution increases the risk of chamsmmal aberrations (Husbgt al.,
(1999); Perreaulet al. (2000); Rube®t al.(2000); Seleveret al. (2000). Fatimeet al.
(2001) also showed that workers occupationally sggpdo cement dust increased their
chromosomal aberrations. Data from current studppetis the assertion by
Michailova, Petrova, Bovero, Cavicchioli, RamelladaSella (2000) that chromosomal
aberration is an appropriate parameter for asgessiatal pollution.

Chromosomal aberrations in the present study dovald arisen from the interaction of

cement dust toxicants with DNA and other cellulaacnomolecues as previously
documented in white-footed midgeromyscus leucopusollected from abandoned coal
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strip mines (Husby and McBee, 1999) and in the dhaulwiscus cephaluexposed to
chemical polluions of the river Rhone (Norway al., 1998).

With regards to free amino acids (FAAs), the resifidcated variations in TFAAs
concentrations among the sexes of each species. SEli specific dfference may be
attributed to the differences in the metabolic irequents of male and female
reproductive system as reported earlier by PantGupda (1980) irPhilosamid ricini.
Also, it was clear that cement dust enhanced T FRégkgentrations of both sexes of the
two species during the study period. The profiletlod relative abundance of indvidual
amino acics also changed. It has been demonstiatesany insect species that
exposure to sublethal concentrations of polutargisses an increase in the levels of
FAAs concentrations (Islam and Roy 1983; Garal., 1985; Jamilet al., 1995; Ortel,
1995).

The marked decrease in the ratio of essential/ssantial amino acids (EAAS/NEAAS)

detected in cement dust insects may be indicatfivineo fact that protein synthess, but
not synthesis of amino acids themselves, is imghaitemight also have resuted from

the imbalance between the analolic and catabolis raf these endogenous amino
acids, as Mansingh (1965) concluded from his fitinsecticide treated cockroaches.
Such imbalances are possble due to pollutants@tdchanges in enzyme activities.
Such reduced enzyme activities were reported byrBré2003). In conclusion, the

biochemical and genetic parameters that responded, quantitative manner, to the
deleterious effect of cement dust coud be ranlkethdicators of pollution. Moreover,

when no serious tissue damage occurs, the enh&#dksl concentration is considered
as apromising "biomarker" for appraising subletb@ahtamination of insects.
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Tabe 1. Metal concentrations (ug/g) in soil samplmeans based on two replicates
from the reference and three replicates from cenukst). Data were subjected to
analysis of variance.

Site CL Pt Co /n Cd Cr NI
Referenc 25.F 35.C 11.C 55.C 0.5C 26.C 27.5
Cement du: 22.Z 146.C 13.C 63.2 0.9C 34.7 32.%
F-ratio 30.9¢ 1848.; 11.C 93.7¢ 14.4C 101.¢ 72.0¢
P <0.0F [ <0.007 [ <0O.0F | <0.00Z [ <O.EF <0.(1 <0.01

F at 5% level=10.13, F at 1% levet 34.10.

Tabe 2. Levels of some physiochemical characiesisif soil at the selected sites
(means based on 5 replicates from each site). Data subjected to analysis of
variance.

Site Eledrica Total Organic| Hygroscopic| Clay Frac.
conductivity pH CaCQ | phosphorou§ matter noisture | (clay & silt)
(mm hos/am) (X9 (Md/9) (%9 (% (%)
Referenc 10.1¢ 710 500 134: 2.19 1.04 16.0
Cenent dus 25,62 78 59.1 241F 0.83 1.01 23.0
Fratio 5991 0.73 124: 539¢ 213 0.001 73.5
P <0.01 >00%  <0.01 <001 <0.0% >0.0¢5 <0.01

F at 5% level=5.32, F a 1%leve = 11.26.

Table 3. Chromosomal aberrations in teste8laps sulcataandAkis reflexacollected
from the selected sites.

Types of aberrant chromosor Totd
Insect Site Chromatic aberrant | o for total
species Fragments| Stickiness | deletion | Polyploidy | metaphasq aberrant
%9 (% % (%) (%) nmetaphase
B. sulcat Referenc 5 4 1 1 11
Cement dus 9 16 10 6 *41 17.31
A reflexa Referenc 2 3 1 1 7
Cement dus 8 11 6 8 *33 16.90

Note: 100 metaphase cells were examined for eath te
*P <0.01)?0.01=6.6
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Table 4. Total free amino acids concentrations (ABJand the ratio of essential to non-essentiaharacids (EFAAs/ NEFAAS) in
whole body homogenate of sexes of both insects keahtluring different periods at the selected sWesies represent mean of three

replicates.
Total free amino acid concentrations (mg/100g sar
Period Male B. sulcat: FemaleB. sulcat: Male A. reflex: Femal A. reflex:
Referenc | Cemen | F-ratio | Referenc | Cemen | F- [ Referenc | Cemen | F-ratio| Referenc | Cemen | F-ratio
site dust P site dust| ratio site dust P site dust P
P
c @ |TFAAs | 1400.5! |1977.3!|373.6¢| 1184.50 [1409.0( [ 333.2| 1092.3¢ |1672.3:| 223.3¢ | 1482.2¢ |2012.7" | 315.5¢
> 3 0.000 0.000 0.000 0.000
o EFAAs| 44537 | 612.4¢ 395.8( | 449.8¢ 413.7. | 56t.13 564.1¢ | 720.9¢
< [NEFAAs| 995.1¢ [1364.8 788.7: | 959.1¢ 678.6. |[1107.1¢ 918.0¢ |1291.8¢
EFA 1.65 0.01 12.42 6.2¢€
0.466 | 0.448 [ 0.268| 0.501 | 0.469 | 0.99| 0.609 | 0.510 | 0.024 0.614 | 0.558 | 0.05
NEFAAs
© [TFAAs | 1317.2% |1529.71 375.9¢| 1297.4« |1509.1|720.C| 1036.6( |1405.8!|1712.2¢| 1057.3" |1163.0" [ 129.3:
S 0.000 0.000 0.000 0.000
o EFAAs | 340.3: | 357.2¢ 313.2: | 348.0¢ 343.81 [ 425.7¢ 350.1 | 310.7¢
@ [NEFAAs| 976.90 [1172.4 984.2: |[1161.0¢ 713.5¢ [ 1246.5: 707.27 | 852.2¢
EFA 6.C 3.1¢ 26.87 45.5¢
)ﬁ 0.348 | 0.304 | 0.07 0.318 | 0.299 |0.152f 0.481 | 0.341 | 0.007 0.495 | 0.364 | 0.003
NEFAAs

F at 5% level=7.71, F at 1% level = 21.20.
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Fig. 1. Location map of the study area.
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Fig. 2. A-B. Photomicrographs showing normal metsehstages in testicular cells of

(A) Blaps sulcatawith 2n = 34 chromosomes and (Bkis reflexa with 2n = 16
chromosomes in each cell (X4500). C-D. Photomiaplgs of abnormal metaphase
stages in testicular cells of (CBlaps sulcata and (D) Akis reflexa showing

stickiness(S), fragment (F) and chromatid dele{ié®) (X4500).
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