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Cytotoxicity Testing of Sewage Water Treatment Using

Allium cepa Chromosome Aberrations Assay
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Botany Department, Faculty Of Science, Alexandria University, Egypt

Abstract: The genotoxicity of sewage water samples was investigated using the Alffiunt root chromosomes assay. Sewage
influent (untreated) and sffluent {primary treated) were used to treat AMium cepa bulbs in 1995, The treatment with both
sewags watars and thair dilutions decreased the mitotic index and increassd the aberration rats of dividing and nondividing cells
significantly than the control. Sewage water from the West Plant caused the highest rates of chromosomal abnormalities due
to its pollution from industrial activities. It was recommended that sewage water needs further treatments to remove or lower

the pollutants as heavy metals before being used.
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Introduction

Wastewater has been used to support agricultural production in
many countries over a considerable period of time. The area of
land under irrigation with wastewater has increased significantly
ovar the past two dscadss dus to constrains on water supply and
increasing concerns over the environmental implication of previous
disposal routes. Effluent reuse can provide considerable social,
economic and environmental benefits when used under controlled
conditions to sstablish the protsction of health of both farm
workers and consumers of the produce.

The decision to use treated sewage water (effluent) for irrigation
of crops has besn adopted in many Maditerransan and Middls East
countrigs and in much other semi arid areas across the world. In
Egypt, there are many examples of planned reuse of sewage
effluent e.g. Gabal-El Asfar Old farm, EI-Saff and Nubaria areas (Hall
and El-Hakeh, 1999 and El- Bagouria, 1999). In certain countries
sevvags efflusnt and influsnt waters are mixed with certain surface
water sheds to be used in irrigation as in the case of Ghota area in
Syria and Kherbet Al- Samarah in Jordan {El-Bagouri, 1999).
The main components of sewage efflusnt {SE) that warrant
particular consideration to irrigation include: a- The contents of
major and minor nutrients (N, P, K, Ca and Fe, Zn, Cu, Mn, B) as
well as heavy metals (Cd, Pb, Cr, Hg). b- The concent ration of total
dissolved solids {TDS) as well as that of certain cations and anions
which might cause adverse effects on soil properties and plant
growth. ¢- Chemical oxygen and biological demands (COD and
BOD). d- The presence of certain chemical pollutants (EI- Bagouri,
1999).

Increased growth of olive trees and fodder grasses was
observed for irrigation using sewage influent (SI) and effluent
(Saavedera et al, 1984; Karunaichamy et al., 1989). However,
the accumulation of heavy metals from sewage effluent in
surfaca laysrs of the soil and in some plant roots, was suggesting
to cause some genctoxic effects in com (Narwal et al, 1990;
Narwal et al, 1991, Grover and Kaur, 1999; Cabrera and
Rodriguez, 1999).

Alexandria General Organization for Sanitary Drainage (AGOSD)
developed two stations for sewage water treatment, one in the
east and the other in the west of Alexandria city. Up till now, the
primary treatment is carried out by removing the ssttled, Tloating
and suspendsd solids from sewags influent. The resulting liquid
portion varies in composition according to human behaviour and
industrial activity of the two stations. The use of this primary
treated sewage water in agriculture has come into consideration
to overcoms the problem of low water budgst.
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The principal objective of this study is to qualify the effect of
untreated and primary treated sewags water on the gsnetic
matsrial of AlNiurm cepa. This will give an insight to use this
wastewater after the proper dilution with ordinary fresh water in
irrigation  of newly reclaimed lands used for cultivation of crops.

Materials and Methods

Untreated and primary treated sewage water (81 and SE
respectively) were obtained from the East and Wast Treatment
Stations of Alexandria General Organization for Sanitary Drainage
(AGOSD) in 1995, Samples were collected every one-hour and
poolsd for daily uss. The pH, temperature, settable, suspsnded
substances and biological and oxygen demand (BOD and COD)
were estimated in AGOSD laboratories. Homogeneous onion
(Alfium cepa) bulbs were procured from the local market and used
to study the efficisncy of 51 and SE for imrigation. The old roots
and loose scales of onion bulbs were removed, and then
suspended in different concentrations of the tested water (S, four
concentrations of SE: 100%, 75%, 50%, 25% and the control as
distilled wwater) and incubated at 21+ 1°C. The solutions wara
changed every day during the experiment. The root lsngths wers
measured after 3, /7, 10 and 127 days and thse means of b roots
wers calculated. For cytological study the smerged roots waers
fixed in aceto-alcohol (1:3) after three and seven days of starting
the treatments. The conventional Feulgen squash method {(Sharma
and Dphil, 1980) was used to prepare permanent slides of root
meristems. The mitotic activity and rate and kinds of aberrations
wvara recorded using Tour replicas for sach treatment.

The results wers given as arithmsetic means and statistically
evaluated by applying the analysis of variance and LSD tests, using
the COSTAT program.

Results

The quality and the concentrations of potentially toxic elements in
sewage influent and primary sewage effluent are summarized in
Table 1. The pH of different sewage waters of the two treatment
plants was similar. Ths ssttabls and suspsndsd solids were about
4.5 times higher in the 51 of East Plant than that of the Wast one.
Both BOD and COD of the West Plant were higher than that of the
East one. But, the Sl of the East Plant showed the lowest BOD:
CQOD ratio.

Generally, it was observed that the sewage water of both
Plants reduced the mean number of emerged roots per bulb
and suppressed roots than the control (Table 2). Signs of
wvilting started to appear on few of the treated roots after 3
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Table 1: Quality of sewage influent and effluent from the Fast and West treatment plants of Alexandria.

Character East plant West plant

Influent Effluent Influent Effluent
pH 7.40 7.40 7.35 7.31
Temperature (cC) 28.92 28.74 27.50 27.50
Settable substances {mg/1) 10.52 0.78 18.50 0.60
Suspended substances {mg/l) 532.40 98.40 155.00 8.50
Dissolved Oxygen {mg/l) 0.73 1.67 - -
BOD {mayl) 175 115 475 258
CoD {mg/l) 1758 398 1848 430
BOD/COD {ratio) 0.10 0.29 0.26 0.60
BOD = Biological oxygen demand COD= Chemical oxygen demand

Table 2:  Root length of treated 3, 7, 10 and 12 days Alfium bulbs using different concentrations of sewage water from the East and West treatment
plants. The mean number of emerged roots/bulb was calculated at the end of the experiment. {SI: sewage influent, SE: Sewage effluent)

Treatmenit Duration time {Days) Emerged roats/
bulb (no.)
Three Seven Ten Twelve
East treatment plant
Control 1.50 b 1.55 ab 2.40 a 2.41a 19.67
SE 25% 1.60 b 1.66 ab 1.84 ab 2.03 ab 17.33
SE 50% 157D 1.66 ab 1.80 ab 2.11 ab 16.33
SE 75% 0.90 b 0.93 b 093 b 0.93 b 4.67
SE 100% 1.93 a 214 a 2.20a 2.22a 10.67
Si 0.68 b 1.07 b 1.30 ab 1.50 ab 9.33
P 0.0022%% 0.0183% 0.22568 ns 0.0389%
LSD 0.73 0.67 1.73 1.18
West treatment plant
Control 1.50 a 1.55 ab 2.40a 241 a 19.67
SE 25% 1.38 a 1.50 ab 2.36 a 240 a 13.67
SE 50% 110 a 1.11 ab 1.20 ab 1.20b 12.67
SE 75% 1.20a 153 a 1.90 a 2.06 a 7.67
SE 100% 1.03 a 1.05 ab 1.30 ab 1.35 b 11.67
Ell 0.87 a 0.90 b 090D 0.90 b 5.00
P 0.1877 s 0.0292% 0.0092%## 0.007%%#
LSD 0.818 0.576 1.142 0.805
Figures with similar letter are not significantly different at 0.05. * Significant at 0.05 and *#** Significant at 0.01

Table 3:  Cytological parameters of 3 and 7 days old roots emerged after Affium bulbs treatment with different sewage water concentrations from the
East and West treatment plants of Alexandria. (MI: mitctic index, P: prophase, M: metaphase, A+ T: anaphase-telophase, ADC's: abnormal
dividing cells, ANDC's: abrormal non dividing cells).

Treatments Total cells MI Mitatic distribution (%) M/P ADC's ANDC's

{na.) (%) {ratio) (%) (%)

P M A+ T

After 3 days treatment
Control 10158 1131¢c 74.70 8.72 13.60 0.12 077 ¢ 0.16 b
SEE 25% 9908 4.73 ab  55.72 13.76 29.47 0.25 13.02 a 0.67 a
SEE 50% 9976 473 ab 78.80 5.25 13.48 0.07 716 b 0.48 ab
SEE 75% 11201 6.46 ab  76.68 9.17 14.15 0.12 8.10 a 0.7b a
SEE 100% 8728 2.90 a 91.91 0.96 7.13 0.05 1.94c¢ 0.58 ab
SIE 70563 250 a 89.22 4.23 6.65 0.05 5.560 bc 0.29 ab
Control 10158 11.31d 74.70 8.72 13.60 0.12 0.77 b 0.16 b
SEW 25% 11654 bi2c 75.24 6.42 18.04 0.09 8.89 ab 0.70 ab
SEW 50% 96b8 2.23b 77.24 13.28 9.49 0.17 13.78 ab 0.46 ab
SEW 75% 2644 0.22 a 87.50 0.00 12.50 0.00 0.00 b 0.69 ab
SEW 100% 10073 1.61 ab 37.63 26.03 36.05 0.69 23.77 a 0.63 ab
Siw 7861 0.22 a 75.21 2.b6 22.22 0.03 13.77 ab 1.76 a
After 7 days treatment
Control 8172 8.81 61.56 8.82 29.63 0.14 1.1 0.00
SEE 25% 3571 3.03 87.71 2.49 9.80 0.03 1.87 0.26
SEE 50%
SEE 75% nondividing and faintly stained cells.
SEE 100%
SIE 5331 717 53.12 13.66 33.23 0.26 3.65 0.28
SEW ard SIW nondividing and faintly stained cells.

Similar letters are not significantly different at 0.05.
SEW = Sewage efflusnt of west treatment plant  SIW = Sewags influsnt of west treatment plant
SEFE = Sewags sffluent of sast treatment plant 5IF = Sewags influent of sast treatment plant
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Table 4:

Types and percentages of abnormal dividing and nondividing cells in meristems of 3 and 7 days old roats after Allium bulbs treatment with

different sewage water concentrations from the Fast treatment plant. {treatments using 100, 75 and 50% contain faintly stained nondividing

cells).

Treatment time After three days

After seven days

Treatmenits Control Sl SE100% SE75% SEGL0% SE 25% Cantrol Sl SE25%
Total dividing cells (no.) 1142 116 148 752 471 434 729 386 1356
Aberration %* 0.79 5.42 2.70 6.91 7.43 12.40 1.10 3.9 4.44
Aberrations/ cell 1.00 1.56 1.76 1.40 1.29 1.07 1.10 1.00 1.60
Kines:

abnormal P %* 0.00 0.00 25.00 b.77 b.71 0.00 0.00 0.00 0.00
hinucleate 0.00 0.00 0.68 0.00 0.00 0.00 0.00 0.00 0.00
sticky 0.00 0.00 0.00 0.40 0.00 0.00 0.00 0.00 0.00
abnormal M %* 11.11 100.00 25.00 78.85b 71.43 61.67 75.00 53.33 83.33
sticky® * 0.00 4.22 1.36 5.45 4.67 7.64 0.55 1.56 2.96
c-metaphase 0.00 4.22 0.68 2.93 1.91 0.41 0.14 0.00 0.00
multigroups 0.00 0.00 0.00 013 0.00 0.00 0.00 0.26 0.00
abn. chrom. arientation. 0.09 0.00 0.00 0.00 0.00 0.00 0.14 0.26 1.48
others®#* # 0.00 0.00 0.00 0.00 0.42 0.00 0.00 0.00 0.74
abnormal A+ T %* 88.89 0.00 50.00 17.31 22.86 38.33 25.00 46.67 16.67
sticky 0.00 0.00 0.68 0.40 0.42 3.31 0.00 0.00 0.74
abn. chrom. orientation. 0.61 0.00 0.68 0.66 0.64 0.62 0.14 0.26 0.00
abn. chrom. Movement®#** 0.90 0.00 0.00 0.00 0.42 0.00 0.00 0.00 0.00b
hinucleate 0.00 0.00 0.68 013 1.06 1.24 0.14 1.56 0.74
Total nondividing cells (no.) 9016 6887 2078 11201 99505 9427 7443 4946 3671
Aberration (%a) 0.16 013 2.36 0.72 0.47 0.69 0.00 0.28 0.26
Kines:

Micronucleus 013 0.07 0.00 0.00 0.00 0.01 0.00 0.00 0.23
residual bridge 0.02 0.00 0.00 0.00 0.20 0.02 0.00 0.00 0.00
Multinucleate 0.00 0.04 2.36 0.72 0.45 0.52 0.00 0.28 0.03
others® * * ** 0.00 0.00 0.00 0.00 0.00 0.11 0.00 0.00 0.00

* calculated from total dividing cells
**sticky, clumped and ring figures

*#* ¥ polyploidy, binucleate and contracted chromesomes.

*#*** disturbed and prececious chromosomes ** **# [arge nucleus and nucleclus

Table5:  Types and percentages of abnormal dividing and nondividing cells in meristems of 3 days old roots after Affium bulbs treatment with different
sewage water concentrations from the West treatment plant

Treatments Control Sl SE 100% SE 75% SE 0% SE 26%
Total dividing cells (no.) 1142.00 19.00 160.00 5.00 216.00 619.00
Aberration %¥* 0.79 10.53 18.13 0.00 12.96 8.72
Aberrations/ cell 1.00 1.50 1.07 0.00 1.36 1.07
Kinds:

Abnormal P %% 0.00 0.00 0.00 0.00 3.57 5.56
binucleate 0.00 0.00 0.00 0.00 0.46 0.48
Abnormal M %% 11.11 50.00 82.76 0.00 89.29 51.85
sticky®# 0.00 5.26 13.75 0.00 12.96 4.68
c-metaphase 0.00 5.26 0.63 0.00 2.31 0.32
multi group 0.00 0.00 1.25 0.00 2.31 0.32
abn. chrom. orientation. 0.09 0.00 0.63 0.00 0.00 0.32
others®## 0.00 0.00 0.00 0.00 0.46 0.00
Abnormal A+ T %* 88.89 50.00 17.24 0.00 7.14 42.b9
sticky 0.00 0.00 0.63 0.00 0.00 0.16
abn. chrom. arientation. 0.61 5.26 0.63 0.00 0.46 2.10
abn.chrom.movement®# # %, 0.09 0.00 0.63 0.00 0.46 0.48
binucleate 0.00 0.00 0.00 0.00 0.00 0.00
bridges 0.00 0.00 1.2b 0.00 0.46 0.97
Total nondividing cells {no.) 9016.00 6842.00 9913.00 2638.00 9442.00 11035.00
Aberration percent 0.16 3.32 0.67 1.40 0.46 0.72
Kinds:

Micronucleus 0.13 0.09 0.01 0.00 0.02 0.00
Residual bridge 0.02 0.00 0.05 0.00 0.00 0.01
Multinucleus 0.00 3.19 0.61 1.40 0.39 0.71
others® # # ## 0.00 0.04 0.00 0.00 0.04 0.00

* calculated from total dividing cells.

** sticky, clumped and ring.

#*#*¥* hinucleate and contracted chromosomes.

*#*** disturbed and precocious chromosomes.

days by using SIE and after 7 days using all treatments except SIE
and 2b% of SEE.

The treatments with 51 and SE from both Plants changed the
mitotic phase distribution. This is expressed by lower M/P ratios
than the control {Table 3). However, higher M/P values than the
control was found after 3 days treatment with 25% SEE, 50%
and 100% SBEW and after 7 days using SIE.
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#*%**large cell and large fragmented nucleus.

Treatment with Sl and SE of the East and West Plants for 3 days
lowered the mitctic activity significantly than the control. This was
expressed by decreasing the mitotic index {MI) with increasing the
concentration of SE {Table 3). But 75% SEE treatment was an
axception giving the highest Ml value (6.5%), which was still less
significantly lower than the control and was accompanisd by the
shortest roots {0.9). However, the same concentration of the SEW
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as wall as the SV treatments decrsassd Ml to 0.22. No dividing
cells wars Tfound after ssven days treatments with all sewags
waters from the West Plant and after the 100, 75 and 50%
concentrations of sewage sffluent of the Fast Plant and all
nondividing nuclei lost their ability to be stained by Feulgen.

The aberration rate of nondividing cells increased significantly
using S| and SE of both Plants {Table 3). But the SIE treatment
induced lower aberration rates than that of SIW. The frequency of
abnormalities  increased significantly by SEE and SEW
concentration and using SIVW. The most frequent types of
aberrant nondividing cslls included binucleats cells with or without
complete or residual bridge and multinucleats cells (Table 4 and 5).
The rate of aberrant dividing cells increased (Tables 4 and 5) by
decrsasing the concentration of SEE, whils 51 induced aberration
rates in betwsen those induced by 75 and 100% treatments.
Contrary, increase in SEVW concentration increassd the absrration
percentage, while Sl induced about the same value (of aberrations)
as that induced by b0% SEW.

More than one kind of aberrations were found per cell {Tables 4
and b). The highest values were recorded in 100% SEE and SIW
treatments {1.75 and 1.5, respectively), compared to one
aberration per cell in the control.

Sticky metaphase chromosomas were the most frequsent kind of
abemrations induced by SF and 51 treatments from the two Plants.
C-metaphase was the sscond more frequent kind of aberration.
Abnormal chromosome orientation and movement (disturbed and
precocious chromosomes) were also recorded (Table b).

Discussion

Parameters such as root shape and growth, frequencies of mitosis
and abnormal csll divisions can bs analyzed to estimats the
cytotoxicity, gsnotoxicity and mutagsnecity of environmental
pollutants {Grant, 1982; Nislsen and Rank, 1994; Kovalchuk ef al.,
1998). In the Alium test, inhibition of rooting and the appearance
of stunted roots indicatss retardation of growth and cytotoxicity,
while root wilting explains toxicity. Nevertheless, both growth
retardation and root wilting are accompanied by suppression of
mitotic activity and occurrence of chromosomal aberrations. The
present study provides evidence that influent sewage water (S1)
from the two Plants inhibited root growth after its emergence,
while the effluent sewage water (SE) caused growth retardation.
The inhibition of growth may be dus to the high rate of chamical
oxygen demand (COD) of the Sl (EI-Bagouri, 1999), which affected
certain physiological processes leading to the disturbance in the
balance betwesn promoters and inhibitors of endogsnous growth
regulators (Grover and Tejpaul, 1981). In addition, the appearance
of sings of wilting on smerged roots using Sl and some
concentrations of SE could be attributed to lower resistance of the
cellular membranes to pollutants (Amin, 1991) through the
disturbance in the osmoregulatory system (Webbe, 1961).

The suppression of mitotic activities was often used for tracing
cytotoxicity (Smaka-Kinel et al., 1996). This is usually accompanied
by an increase in the fraction of cells with c-mitosis, multigroups,
sticky and abnormal chromosome orientation (Amin and Migahed,
2000). In present study, a decrease in the mitotic index was found
to be significant with an increase in the concentration of SE and
the use of Sl from both East and West Plants. This indicates the
cytotoxic effect of the untreated and high concentrations of
sawage watsr. Tha supprassion of mitotic activity was probably
due to either the blocking of G,, supprassing cells from DNA
synthesis {Schneiderman et af, 1971) or the blocking of G.,
praventing cells from entering mitosis (Vant Hof, 1968). This
occurred probably through the uncoupling of respiration
processes and carbohydrate metabolism (Gdnnert and Stufe,
1961; Shoeb, 1975; Andrews et al., 1983) leading to low ATP
content, which is essential for progress of mitosis. However, the
occurrencas of low M/P ratios in most root cells of sewage watar
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treated bulbs indicate that the dividing cells {in spite of being few)
are in the prophase stage. This indicates that after the mitotic
supprassion, the surviving cells started to divide again, but did not
pass to the metaphase stags. Since sewage waler contain an
appreciable amount of Ca** { El-Bagouri, 1999), the impairment of
nuclear membranes could be the cause for the failure of
sequestering Ca*+ needed for the transition from prophase to
metaphase {(Aarmeda et al, 1984).

The rate of aberrant dividing cells increased by sewage water
treatment. However, it increased by decreasing the SE
concentration. The high content of organic matter of Sl and SE
acted as chelating agent to heavy metals (Das et al, 1997)
lowwaring the aberration rate. Decrsasing the concentration of the
organic matter by dilution (of SE) might enhance the rate of
translocation (transfer) of heawvy metals (found in SE) to root cslls
(Rank and Nielsen, 1998) causing this increased rate of aberrant
dividing cells by decreasing SE concentration. Howsver, the SIW
induced twice the aberration percentage induced by SIE
treatments, and this percent decreased by decreasing the
concentration of SEW. This could be due to the increased content
of heavy metals of this industrial area than the organic matter
molecules chelating them. Accordingly, the rate of soluble and
available metals in sewage water increased and subseqguently
accumulated in root cells depending, to a great sxtent, on its
transfer cosfficient value (Amin and Sherif, 2001). The presence of
other toxic compounds resulting from industrial activation might
participate in the production of some absrrations.

Chromosomal aberrations occur due to lesions in both DNA and
chromosomal and spindle protein causing genetic damage. The
different types of aberrations occurred in present study were
probably due to the effect of genotoxic compounds found in
sewage water (as household chemicals, chlorophenols, trace
elements, heavy metals etc.). This caused drastic changes in
chromatin, spindle apparatus and centromeres, leading to
impairment of chromosoms alignment onto metaphase plate,
abnormal spindle orientation, abnormal chromosome movement
and c- mitosis. The abnormal orientation of some chromosomes
wvas found to be dus to altersd quality and quantity of kinstochors
heterochromatin {Jannifer ef al, 1988). In the present study, c-
mitosis occursd in high frequency after sewags water treatment.
It included partial c-mitosis, poorly developed metaphase plates
and star metaphase, which were recorded also by Onfelt (1987a).
The mechanistic background to spindle disturbances with
compounds might be partially based on the partitioning {sharing)
of some household chemicals into hydrophobic components of
the cell (Onfelt, 1987b). In addition, the presence of Ca*+ (El-
Bagouri, 1999) as well as chlorophenols (UNESCQO, 1996} in
sewage water could be the cause of the occurrence of c-mitosis
after 3 days. However, Onfelt {1987b) found that chlorophenols
could increase the level of cytoplasmic Ca+*+ to the sxtent of
causing a reversible c- mitotic effect, which would explain the
disappearance of c-mitotic Tigures after 7 days of treatment. In the
meantime, the increase in Ca** neutralizes the negative charges on
chromatin fibrils, which would increase chromosome repulsion and
chromatin condensation causing c-mitotic chromosomes {Dipankar
and Crothers, 1986).

Chromosome stickiness is caused probably through immediate
reactions with DNA during its inhibition period causing DNA-DNA
or DNA-protein cross linking (Ashour, 1988 and Amin, 1991), or
through reactions with the Iysosomal system altering the
physicochemical properties of nucleic acids and/or nucleoproteins
{(Mertz, 1969), liquification of the chromatin material (Adam and
Farah, 1989), which consequently lead to the hindrance of normal
chromosome separation at anaphase giving sticky chromosoms
bridges which were recorded in appreciable percentage in this
study. Sticky bridges might be also the result of incomplete
replication of chromosomes by defective or less active replication



Amal W. Amin: Cytotoxic testing of sewage water

enzymas (Sinha, 1979) or late replicating DNA sequences of the
telomearic heterochromatin (De-Faria and Jaworska, 1972 and
Bennset, 1977). If hetaerochromatin blocks did not finish DNA
replication when the nuclsus is ready to divide, bridge Tormation
would occur (Kaltsikes et al, 1984).

In conclusion, sewage water either untreated or primary treated
induced chromosomal aberrations through the interaction with
DNA and proteins leading to chromosome stickiness, mitotic
disturbances and/or cell damage. In addition, sewage water of the
Woest Treatment Plant contained more pollutant compounds (from
industrial activities) causing higher rates of chromosomal
abnormalities. Therefore, it is highly recommended that sewage
water need more treatments and heavy metals should be lowered
before being used for irrigation. So, we can achieve safety results
for irrigated soil, drainage canals, underground wvater, Tarm
animals and conssquently human safety and welfare.

Acknowledgment

The author greatly appreciated Dr. Laila M. Fl-Sadsk, Professor of
Genstics and Cytology, Botany Department, Faculty of Sciencs,
Alexandria University, Fgypt for the critical review of the
manuscript. Thanks to Eng. Hassan El-Haksh, sx- chairman,
Alexandria General Organization for Sanitary Drainags Tor his help
in providing us with tested water.

References

Anrdrews, P., J. Thyssen and D. Lork, 1983. The biology and taxicology
of molluscicide Bayluscide. Hamac. Ther., 19: 245-295.

Aarmeda, M.J., S. Albertini, P. Arni, L. M. Henderson, M. Kirsch-Volders,
J.M. Mackay, M. Saavedera, A. Traoncoso and P. Arambarri, 1984.
Use of sewage water for irrigation of olive trees. Anales-de-
Edafologia—Y-Agrabiologia, 43: 1449-1466.

Adam, Z. M. and O. R. Farah, 1989. Cytological effect of water extracts
of Cymbogon praxmus (Halfa barr on Vicia faba. Cytologia, 54: 489-
492.

Amin, AW, 1991. Cytogenetic Impact of the Molluscicide Bayluscide On
Plarts. Ph. D. Fac. Sci., Alexandria University.

Amin, AW. and M.M. Migahid, 2000. Cytogenetic effect of seawater
irrigation on irradiated wheat grains. Egypt. J. Genet. Cytal., 29:
199-213.

Amin. AW. and F.K. Sherif, 2001. Heavy metals content in maize as
affected by sewage sludge application. . Morphaological characters
and yield. Pak. J. Biol. Sci., 4: 1451-1455.

Ashour, F.M., 1998. A Study of Some Aspects of Chemically- Induced
Chromosomal Aberrations in Plant Cells. Ph. D. Fac. Sci., Alexandria
University.

Bennet, M.D., 1977. Heterochromatin, aberrant endosperm nuclei and
grain shriveling in wheat- rye genotypes. Heridity, 39: 411-419.
Cabrera, G.L. and D.M.G. Rodriquez, 1999. Genotoxicity of soil from
farm land irrigated with wastewater using three plant bicassays.

Mutat. Res., 426: 211-214.

Das, P., S. Samantaray and G.R. Rout, 1997. Studies on cadmium
taxicity in plants. Env. Poll., 98: 29-36.

De-Faria, L. and A. Jaworska, 1972. The relation between the
chromasome size gradient and the sequence of DNA replication in rye.
Hereditas, 70: 39-58.

Diparkar, S. and D.M. Crathers, 1986. Influence of DNA binding drugs on
chromatin condensation. Biochemistry, 25: 1503-1509.

El-Bagouri, I.H., 1999. Potertials and constraints of the reuse of waste
water in desert agriculture. Final report of land and water.
Management Programmed, Center For Environmental And
Developmental For The Arab Region and Europe {CEDARE). pp: 1-16

Ganrert, R. and R. Strufe, 1961. Untersuchungen uber die stabilitat von
Bauluscide als Mittel zur schecken-vernichtung Z. Teopenmed.
Parasit., 12: 220-234.

188

Grant, W.F., 1982. Chromasome aberration assays in Aflium, A report of
the U. S. Environmental Protection Agency Gene- Tax Program. Mut.
Res., 99: 273-291.

Grover, |. S. and 8. Kaur, 1999. Genotoxicity of waste water samples
from sewage and industrial effluent detected by Allium root anaphase
aberration and micronucleus assays. Mut. Res., 426: 183-188.

Grover, 1.S. and S.K. Tejpaul, 1981. Antagonistic effect of gamma
radiation on the dormant seed of Avena fatua. Radiat. Bat., 15: 439-
450.

HALL, J. and H. El-Hakeh, 1999. The Alexandria Effluent and sludge
reuse study. In Fourth International water Technology Corfererce
{IWTC) 99, Alexandria, Fgypt, pp: 313-323.

Jannifer, A., M. Graves and P.A. Zelesco, 1988. Chromosome
segregation from cell hybrids. Does segregation result from
asynchronous centromere separation. Genome, 30-124.

Karmunaichamy, K.5.T.K. and K. Paliwal, 1989. Utilization of municipal
sewage water for fodder grass production. Energy from biomass and
wastes X, 325-337.

Kovalchuk, O., I. Kovalchuk, A. Arkhipov, P. Telyuk, B. Hohn and L.
Kovalchuk, 1998. The Allium cepa chromosome aberration test
reliably measures genotoxicity of soils of inhabited areas in the Ukaine
cantaminated by the Chernobyl accident. Mut. Res., 415: 47-57.

Mertz, W., 1969. Chromatin occurrence and function in biological system.
Physiol. Rev., 49: 163.

Narwal, R. P., Y.P. Mahendra- Singh and M. Singh, 1991. Effect of
cadmium enriched sewage effluent on yield and some biochemical
characteristics of corn{Zea mays L.). Crop Res., Hisar., 3: 162-168.

Narwal, R.P., M. Singh and D.J. Dahiya, 1990. Effect of Cd on plant
growth and heavy metals contert of corn (Zea mays L.).Crop Res.
Hisar., 3: 13-20.

Nielsen, M.N. and I. Rark, 1994. Screening of toxicity and genotoxicity
in waste water by the use of Affiumtest, 121: 249-254.

Onfelt, A., 1987a. Spindle disturbances in mammalian cells. 1l. Toxicity,
c- mitosis and aneuploidy with 22 different compounds. Specific and
urspecific mechanisms. Mut. Res., 182: 135-1564.

Onfelt, A., 1987b. Spindle disturbances in mammalian cells. IV. The
action of some glutathion-specific agents in V79 Chinese hamster
cells, changes in levels of free sulfhydryls and ATP, c-mitosis and
effects on DNA metabolism. Mut. Res., 187: 1565172,

Rank, J. and M.H. Nielsen, 1998. Genatoxicity testing of waste water
sludge using Allium cepa anaphase- telophase chromasome aberration
assay. Mut. Res., 418: 113-199.

Schreiderman, M. H., W.P. Dewey and D.P. Highfield, 1971. Inhibition of
DNA synthesis in synchronized chinase hamster cells treated in G,
with cyclohexamid. Exp. Cell Res., 67-146.

Shoeb, H.A., 1975. The chemistry of Molluscicide. Egypt. J. Bilh., 2:
151-175.

Sinha, U., 1979. Cytomorphological and macromolecular changes
induced by p-fluropherylalanine in Affium cepa ard Triticale. J. Cyto.
Genet., 14: 198.

Sharma, A.K. and A.S. DPhil, 1980. Chromasome Techniques. Fakenham
Press Ltd., Fakenham, Norfolk, pp: 95-105

Saavedera, M., A. Troncoso and P. Arambarri, 1984. Use of sewage
water for irrigation of olive trees. Anales -de- Edafologia -Y-
Agrobiologia, 43: 1449-1466.

Smaka- aakirel, V., P. Stegnar, M. Lovka and M.J. Toman, 1996. The
evaluation of waste, surface and ground water quality using the
Allium test procedure. Mut. Res., 368: 171-179.

UNESCO, 1996. Ecological management of municipal waste water. A
case study of slow- rate land treatment in Shernyang, China. Final
Repoit of the Co-operative Fcological Research Project { CERP).

Vant Hof, J., 1968. The action of IAA and kinetine on the mitatic cycle
of proliferative and stationary phase excised root meristems. Exp. Cell
Res., b1: 167.

Webbe, G., 1961. Laboratory and field trials of new molluscicides, Bayer
73, in Tanganyika. Bull. Wid. Hith. Org., 25: 525-531.



	184-188_Page_1
	184-188_Page_2
	184-188_Page_3
	184-188_Page_4
	184-188_Page_5
	PJBS.pdf
	Page 1


