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This study was carried out to monitor the presence of organochlorine in drainage water in Kafr-El-Sheikh Gover-
norate, Egypt. Furthermore, to evaluate the effi ciencies of different remediation techniques (advanced oxidation 
processes [AOPs] and bioremediation) for removing the most frequently detected compound (lindane) in drainage 
water. The results showed the presence of several organochlorine pesticides in all sampling sites. Lindane was 
detected with high frequency relative to other detected organochlorine in drainage water. Nano photo-Fenton like 
reagent was the most effective treatment for lindane removal in drainage water. Bioremediation of lindane by ef-
fective microorganisms (EMs) removed 100% of the lindane initial concentration. There is no remaining toxicity 
in lindane contaminated-water after remediation on treated rats relative to control with respect to histopathologi-
cal changes in liver and kidney. Advanced oxidation processes especially with nanomaterials and bioremediation 
using effective microorganisms can be regarded as safe and effective remediation technologies of lindane in water. 
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INTRODUCTION

     One class of organic pollutants which has rightly gained 
greater attention in environmental studies is the orga-
nochlorine pesticides (OCPs). They are highly persistent 
and toxic in nature, and one of them, dieldrin, has been 
suspected to be carcinogenic1. Due to their persistence in 
the environment and biological accumulation through the 
food chain, OCPs can cause environmental damage and 
affect human health2–3.  Moreover, due to the limits of 
water resources in Egypt and the sharp increase of human 
population, the re-use of drainage water for some purpo-
ses (agriculture irrigation and some industrial activities) 
considered a source of a major concern. However, the 
re-use of wastewater in agriculture purposes have a great 
risk on human health in Egypt. Therefore, monitoring 
of organic pollutants in drainage water and searching 
for effective remediation technologies to remove these 
pollutants are in demand to improve the water quality. 

Advanced oxidation processes (AOPs), which are 
constituted by the combination of several oxidants, are 
characterized by the generation of very reactive and oxi-
dizing free radicals in aqueous solution such as hydroxyl 
radicals, which posses a great destruction power4–7.

Bioremediation considered one of the most envi-
ronmentally-sound and cost-effective methods for the 
decontamination and detoxifi cation of pesticides diffe-
rent environmental compartments8. The technology of 
Effective Microorganisms (EMs) was developed during 
the 1970’s at the University of Ryukyus, Okinawa, Japan9. 
Studies have suggested that EMs may have a number of 
applications, including agriculture, livestock, gardening 
and landscaping, composting, bioremediation, cleaning 
septic tanks, algal control and household uses10. 

However after remediation of pesticide residues in 
water, toxicity assessment is needed to directly assess 
the potential hazard of both original pollutants and its 
metabolites7.

In this study the presence of organochlorine pesticides 
in drainage water in Kafr El-Sheikh governorate was 

monitored. The effi ciency of advanced oxidation pro-
cesses with different nano materials and bioremediation 
with effective microorganisms (EMs) were evaluated to 
achieve the total degradation of lindane.  The histological 
changes in liver and kidney of rats treated with remediate 
water relative control were investigated to confi rm the 
complete detoxifi cation of lindane-contaminated water 
after remediation.

EXPERIMENTAL

Chemicals
Organochlroine mixture standard (aldrin, dieldrin, en-

dosulfan, endrin, heptachlor, heptachlor epoxide, lindane, 
dichlorodiphenyltrichloroethane (DDT), Dichlorodiphe-
nyldichloroethylene (DDE), and dichlorodiphenyldichlo-
roethane (DDD) was obtained from Chem. Service, Inc 
660,USA. Lindane with purity of 99.5% was obtained 
from Central laboratory for Pesticides, Agriculture Re-
search Centre, Giza, Egypt. Zinc oxide (99.99%) and 
ferric oxide (99.9%) nanoparticles were obtained from 
Egypt Nanotech Company Limited, El-Wahat road, 6th 
October, Cairo, Egypt. The zinc and ferric oxides particles 
size are 50 and 40 nm, respectively with a surface area 
of 60 and 80 m2/g, respectively. Hexane and methanol 
analytical grade solvents were obtained from Sigma –
Aldrich  Company from Chemicals , U|SA.  Hydrogen 
peroxide and ferric chloride El-Gomhoria Company for 
Chemical and Glasses, Cairo, Egypt.

Monitoring of the organochlorine compounds in dra-
inage water 

Sampling sites
Kafr El-Sheikh (Kotshinar Drainage), Fowa (Fowa 

Drainage No.11), Metobess (El-Hokss Drainage), Beila 
(Karakat Drainage), Balteem (Hafeer Shihabeldeen Dra-
inage), Nashart Drainage and El-Hamoul (El-Hamoul 
Drainage) were selected to be the sampling sites to 
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Photochemical remediation
The scope of the experiments included the fol-

lowing treatments: Nano photo-Fenton-like reagent 
[Fe2O3(nano)/H2O2/UV], nano photo zinc oxide combined 
with hydrogen peroxide [ZnO (nano)/H2O2/UV], photo 
Fenton like reagent (Fe3+/H2O2/UV), and photo zinc 
oxide combined with hydrogen peroxide (ZnO/H2O2/
UV). For the photo-Fenton-like reagent, a UV mercury 
lamp model VL-4.LC with a wavelength range of 254 
to 365 nm was used for the irradiation of lindane in 
the aqueous solution. Ferric chloride and ferric oxide 
nanoparticles were used as sources of the iron catalyst. 
The solution was prepared by adding a desired amount 
of lindane (5 mg/L) to fi ltered El-Hokess drainage (i.e., 
the highly contaminated site with organochlorine compo-
unds) and carefully agitating the solution. Then, freshly 
prepared ferric chloride or ferric oxide nanoparticles at 
a concentration of 50 mg/L as Fe3+ were added followed 
by the addition of H2O2 at a concentration of 0.05%. 
After that, the solution was completed with water up to 
1000 mL. The initial pH of the solution was adjusted to 
2.8 by using hydrochloric acid 1 M for all experiments5.  
The solution was transferred from the standard fl ask to 
a quartz glass cell (1000 mL) and exposed to irradiation 
of the UV lamp under a constant temperature of 25°C 
with steering. The solutions (100 μL) from the irradiated 
samples were removed at regular intervals (i.e., 10, 20, 
40, 80, 160 and 320 min) for high-performance liquid 
chromatography (HPLC) analysis. 

For the ZnO catalyst, 5 mg/L of lindane, with the 
appropriate amount of ZnO or ZnO nanoparticles 
(300 mg/L), was shacked carefully before illumination 
followed by the addition of H2O2 at a concentration of 
0.05%. Then, the pH was adjusted to 7, which was the 
optimum pH for the ZnO catalyst (Derbalah 2009). 
The suspension was kept in the dark for 30 min before 
illumination to achieve maximum adsorption of the pe-
sticide onto the semiconductor surface7. The solutions 
from the irradiated samples were removed at regular 
intervals for HPLC analysis as mentioned before else-
where. Each experiment was replicated three times for 
accurate data. Blank experiments were carried out with 
the tested insecticide alone under the optimum pH and 
dark conditions were run in parallel at all intervals to 
assess biotic loss of lindane. The data was negligible due 
to the high persistence of lindane and the short time.

HPLC analysis
The irradiated samples were analyzed directly by HPLC 

(1100 series; Agilent Technologies, Palo Alto, California). 
The HPLC column used (i.d. of 4.6 mm; length of 250 
mm) was fi lled with Wakosil-II 5 C18-100 (Wako Pure 
Chemical Industries, Ltd., Osaka, Japan). A mixture of 
methanol and distilled water (30:70) was used as mo-
bile phase under the isocratic elution mode. The fl ow 
rate was maintained at 1 mL/min and the UV detector 
wavelength was adjusted to be  202 nm13. 

 Bioremediation technique
The effective microorganisms formulation (EMs1) used 

for bioremediation of lindane was obtained from the 
Egyptian Ministry of Agriculture, Giza, Egypt. This for-
mulation contains 60 species of benefi cial microorganisms 

cover Kafr El-Sheikh Governorate drainage water areas.  
These sampling sites were selected according to their 
proximity to residential areas and agricultural activities. 
Amber glass bottles were used for sampling and were 
cleaned by detergent, putted in acid bath, sterilized in 
the oven and solvent-washed by acetone and hexane 
before using. Three-liter water samples were collected 
twice (in the spring and summer) from sampling sites. 
Glass bottles rinsed twice with the sample water prior 
to fi lling and closing. Sampling of water was carried out 
from the body of running water; the mouth of the bottle 
was pointed upstream and hands downstream to avoid 
contamination. The samples were collected for fi ve days 
during each season. Water samples were acidifi ed with 
know amount of 1 molar hydrochloric acid to inhibit the 
biological activity of the possible excite microorganisms. 
All samples clearly labeled by site number and sampling 
date. Three replicates were collected from each sampling 
site and all samples were transferred to the laboratory 
in ice container for further treatments. 

Extraction procedure
Water samples (500 ml) were extracted twice with 100 

ml n-hexane each time. The extracts were combined 
and fi ltered through nylon 66 fi lter (47 mm x 0.45 μm, 
Supelco, USA). The fi ltrate was concentrated by rotary 
evaporation at 50oC to a volume of about 1 mL.  For  
clean up the concentrate was then transferred directly 
to an activated fl orisil column, and the OCP fractions 
were eluted with a mixture of diethyl ether/n-hexane 
(5:95) at a fl ow rate of 5 mL/min. Finally, the eluate 
was concentrated again by rotary evaporation and the 
fi nal volume of the concentrate was made up to 1.0 mL 
volume by hexane for the GC-MS analysis11. Each sample 
was extracted and cleaned up three times. 

Gas Chromatography – Mass Spectrometry Analysis
Helium (purity 99.99%) was used as a carrier gas at 

a constant fl ow of 1 mL min–1. Initial oven temperature 
was set at 100°C for 2 min, followed by a linear ramp 
to 180°C at a rate of 5oC min–1 (hold for 2 min). Sub-
sequently, the temperature was raised to 200°C at a rate 
of 1.5°C min–1 followed by a ramp to 250 at a rate of 
20°C min–1. A fi nal ramp to 280°C was performed at a 
rate of 30°C and a hold time of 7 min. A split–spitless 
injector set at 250oC was always used and injections of 
1 μL were performed in the splitless mode. Transfer line 
temperature was set at 285°C and the source temperature 
at 220°C. The mass spectrometer was operated in the 
electron impact mode (EI). Electron multiplier voltage 
was set at 1700 V and the dwell time at 25 ms12. The 
three replicates of each sample were injected to calculate 
the mean concentration.

Recovery evaluation
The effi cacy of the analytical steps was evaluated by 

fortifying distilled water samples with the mixture stan-
dard of organochlorine pesticides at concentration level 
of 1 mg L–1 and then the analytical steps (extraction, 
cleaning up and determination) that mentioned were 
performed and replicated three times. Good recovery 
range (90.8–98.6%) of the tested pesticides was obtained 
(data not published).
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grown in special media and produced in Egypt under 
supervision of the Japanese EMRO Scientifi c Organiza-
tion (Okinawa, Japan). Enrichment and propagation were 
carried out in sterilized 250-mL Erlenmeyer fl asks using 
190 mL mineral salt medium (MSM)[14] and 10 mL of 
effective microorganisms (5 mL from the formulation) 
supplemented with lindane at a concentration of 5 mg/L. 
The cultures were incubated at 30°C, pH 7 and 150 
rpm as optimum conditions for the growth of the tested 
effective microorganisms15. Samples were collected at 0, 
3, 8, 11, 15, 19, and 23 days for monitoring the degra-
dation of the tested insecticide. Control fl asks of equal 
volumes of mineral salt liquid (MSL) medium and the 
tested insecticide without the effective microorganisms 
were run in parallel at all intervals to assess biotic loss. 
The collected water samples of the tested insecticide 
were fi ltered using syringe fi lter (0.2 mm)15 followed by 
HPLC analysis as mentioned before. Each experiment 
was replicated three times for accurate data.

Toxicity test
To confi rm the complete detoxifi cation of lindane in 

treated water, toxicity test was conducted on rats. Lin-
dane contaminated-waters after treatment with Fe3+/
H2O2/UV, Fe2O3(nano)/H2O2/UV, ZnO/H2O2/UV, ZnO 
(nano)/H2O2/UV and EMs were orally administrated 
to the tested rats. This test was carried out to measure 
the effect of the possible remaining lindane (parent or 
metabolites) in the water samples after remediation on 
rats with respect to histological changes in liver and 
kidney relative to control. 

Adult rats (Sprague dauley) with 100–120 g of weight, 
obtained from Faculty of Veterinary Medicine, Kafr-
-El-Sheikh University were used. Rats were housed in 
polypropylene cages under standard conditions with free 

access to drinking water and food. The animals were 
randomly divided into fi ve groups, each comprising of 
three animals and water samples (possibly contain lindane 
or its toxic metabolite) after remediation by different 
treatments were given to rats as oral administration. 
Water samples were adjusted to neutral pH, fi ltered and 
was free of hydrogen peroxide before orally adminis-
trated to rats. Control group rats was fed with normal 
diet and given oral dose containing no lindane. After 21 
days, the rats were scarifi ed under anesthesia and the 
kidney and liver organs were removed and prepared for 
histopathological examination according to the method 
described by Bancroft and Stevens16. The histopathology 
test was carried out at Department of Histopathology, 
Faculty of Veterinary Medicine, Cairo University Egypt. 

RESULTS AND DISCUSSION

Monitoring of organochlorine pesticides in drainage water
The analytical parameters of organochlrine pesticides 

and maximum residue limits of these pesticides are shown 
in Table (1). The results of wastewater analysis from 
different sampling sites in Kafr El-sheikh governorate 
showed the presence of several organochlorine pesticide 
residues (aldrin, dieldrin, endosulfan, endrin, heptachlor, 
heptachlor epoxide, lindane, p, p-DDT, p, p-DDE and 
DDD) in the two sampling times (Tables 2–3). The 
concentrations of organochlorine pesticides ranged from 
0.01 to 0.980 μg L–1 in drainage water at all sampling 
sites. With the concerning the sampling sites, the results 
showed that El-Hokss drainage was the highest conta-
minated site with organochlorine pesticides while Fowa 
drainage no. 11 was the lowest contaminated one. With 
the respect to the detection frequency, lindane was the 

Table 1. Analytical method parameters of OCPs by the proposed method

Table 2. Mean concentration of detected organochlorine pesticides (μg L–1) at all sampling sites in spring season
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The results in Figure 1 showed that, the irradiation 
under Fe2O3(nano)/H2O2/UV system gave the highest 
degradation rate of lindane followed by ZnO(nano)/H2O2/
UV, Fe3+/H2O2/UV and ZnO/H2O2/UV systems, respec-
tively. A complete degradation of lindane (100%) was 
achieved under Fe2O3(nano)/H2O2/UV system followed 
ZnO(nano) /H2O2/UV (98%), Fe3+/H2O2/UV (96.8%) 
and ZnO/H2O2/UV (95.2%) systems within 320 min of 
irradiation time, respectively (Fig. 1). 

highly detected compounds while DDD was the lowest 
detected one in all sampling sites. The detection frequ-
ency and concentration level of the detected pesticides 
were higher in spring relative to summer season.

The results of pesticides monitoring showed the pre-
sence of several organochlorine compounds in drainage 
water and this are in agreement with those reported by 
Abd-Allah and Hesham17 and Ashry et al.18. Spite of 
some pesticides still present in wastewater after treatment, 
their concentration level was lower than the maximum 
residue limits (MRLs) according to Egyptian water qu-
ality Standards (Tables 2–3). It is important to note that 
most of these organochlorines were virtually phased out 
many years ago and their presence in water residues were 
from past applications. Firstly, this is attributable to the 
persistent nature of these compounds. Secondly, water 
from the Nile originates from the African plateau and 
crosses eight countries before reaching Egyptian territory 
(e.g., Sudan, Ethiopia, Uganda, Tanzania, Kenya, Zaire, 
Rwanda and Burundi). While fl owing through these 
countries, the Nile River is loaded with various types 
of pesticides and many other contaminants. Thus, it 
arrives in Egypt after already being contaminated with 
different pollutants, including the persistent chlorinated 
pesticides19. Thirdly, combustion of domestic wastes is 
a potential source of PTS in the Egyptian environment 
with a decreasing abundance in the order PAHs>PCBs> 
DDTs> HCBs>chlordane>HCHs> endosulfan20. Fo-
urthly, Nile River fl owing through Kafr El-Zayat City 
which contained one of the largest pesticides factory 
in Egypt that fl ows his drainage contaminated water 
to Nile water , therefore, the Nile River is loaded with 
various types of pesticides before reaching Kafr-El-Sheikh 
Governorate20. In addition, organochlorines still have 
limited use in Egypt as a rodenticide and termiticide20.

Finally, the misuse of these pesticides by concerned 
individuals in addition to the lack of or weak national 
control is behind the presence of these pesticides in 
water18. The occurrence of such pesticide residues in 
wastewater represents an environmental and health ha-
zard due to the re-use in agriculture purposes. Frequent 
monitoring program had urgently needed in order to 
assess health risks associated with such contaminates 
especially with chronic exposure or a life-long intake of 
contaminated drinking water.

Degradation of lindane by advanced oxidation processes
The fi rst parameter considered in this study was the 

losses in lindane concentration with the irradiation time. 

Figure 1. Degradation of lindane at initial concentration of 
5 mg/L in wastewater Fe2O3(nano)/H2O2/UV, Fe+3/
H2O2/UV, ZnO(nano)/H2O2/UV and ZnO/H2O2/UV  
systems

Table 3. Mean concentration of detected pesticide residues (μg L–1) at all sampling sites   in summer season

The results showed that, the degradation rate of lin-
dane was enhanced by irradiation under Fe2O3 (nano)/
H2O2/UV and ZnO (nano)/H2O2/UV systems relative to 
the degradation under other photochemical remediation 
systems. This enhancement in lindane degradation rate 
under Fe2O3(nano)/H2O2/UV and ZnO (nano)/H2O2/UV 
systems compared to other photochemical irradiation 
systems may be due to the fact that the stabilized nano-
particles offer much greater surface area and reactivity 
which lead to higher generation rate of hydroxyl radicals 
relative to the bulk materials21–22.

After 100 min of irradiation time, the degradation 
rate of the remaining lindane was quite slower than 
the fi rst 100 min under all photochemical remediation 
systems. This is might be due to the low remaining 
concentration of lindane (lower than 20% of its initial 
concentration) after 100 min of irradiation time which 
lead to high delivery rate of Fe3+/H2O2 and ZnO/H2O2 
systems corresponds to higher concentrations of these 
reagents, and this subsequently increase their ability to 
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compete with lindane as hydroxyl radical scavengers (eqs. 
1, 2)5, 7, 23–25. Also, chloride and carbonate ions naturally 
present in water react as hydroxyl radical scavengers26 
as shown in equations 3 and 4.
Fe2+ + 

.OH → Fe3+ + + OH (1)
.OH + H2O2 → HO2

. + H2O (2)
Cl– + 

.OH → Cl. + + OH–  (3)
CO3

–2 + 
.OH → CO3

–.  + OH–  (4)
The degradation rate of lindane under Fe2O3(nano)/

H2O2/UV and Fe3+/H2O2/UV systems was higher than that 
under ZnO(nano)/H2O2/UV and ZnO/H2O2/UV systems.                                                                                                      
This is may be due to the high generation rate of hy-
droxyl radicals under  photo Fenton like reagent (nano 
or normal) relative to photo zinc oxide combined with 
hydrogen peroxide (nano or normal)7. 

The degradation rate of lindane under ZnO(nano)/
H2O2/UV system was higher than that under ZnO/H2O2/
UV system and this is  may be due to the effect of par-
ticle size of nano zinc oxide. The effect of particle size 
on the photodegradation effi ciency can be ascribed to 
two reasons. 1) When the size of ZnO crystals decreases, 
the amount of the dispersion particles per volume in 
the solution will increase, resulting in the enhancement 
of the photon absorbance. 2) The surface area of ZnO 
photocatalyst will increase as the size of ZnO crystals 
decreases, which will promote the adsorption of more 
insecticide molecules on the surface27. 

The degradation rate of lindane under Fe2O3(nano)/
H2O2/UV system was higher than that under Fe3+/
H2O2/UV system and this is may be due to the effect 
of nano ferric oxide particle size which agree with28–29 
who developed a new catalyst using nanosize particles 
with a high surface area that can accelerate the photo 
Fenton-like reaction by increasing the hydroxyl radicals 
generation rate.

The ferric and zinc oxide nanocatalysts are very reac-
tive because the active sites are located on the surface. 
As such, they have a low diffusional resistance, and are 
easily accessible to the substrate molecules. Nanocatalysis 
is but one of the many practical applications of nano-
technology which is concerned with the synthesis and 
functions of materials at the nanoscale range (lower than 
100 nm)30–32. An important feature of nanomaterials is 
that their surface properties can be very different from 
those shown by their macroscopic or bulk counterparts33. 
As the term suggests, ‘nanocatalysis’ uses nanoparticles 
and nanosize porous supports with controlled shapes 
and sizes34. The application of nanoparticles as catalysts 
of the Fenton-like and photo-Fenton reactions has been 
described by several investigators28, 29, 35–37. In comparison 
with their microsize counterparts, nanoparticles show 
higher catalytic activities because of their large specifi c 
surface where catalytically active sites are exposed38. 
The advantage of using nanoparticles as catalysts for 
Fenton-like reagent would more than offset the disadvan-
tage (associated with the use of iron(III) catalysts) of 
requiring ultraviolet radiation to accelerate the reaction. 
Form all previous discussion, ferric oxide and zinc oxide 
nanoparticles are potentially useful for remediation of  
lindane polluted sites39.

Biodegradation of Lindane using effective microorga-
nisms (EMs)

The degradation ability of the effective microorganisms 
to lindane was illustrated in Figure 2. The effective mi-
croorganisms showed high potential in the degradation 
of the tested insecticide. Nearly 99% of lindane initial 
concentration (5 mg/L) was degraded within three weeks 
of incubation with the effective microorganisms. 

Figure 2. Biodegradation of lindane at initial concentration of 
5 mg/L in wastewater by effective microorganisms 
(EMs)

With the concerning the bioremediation of lindane, 
effective microorganisms showed high degradation ability 
against lindane in drainage water. This is may be due to 
that the effective microorganisms is not one microorga-
nism but a mixture of microorganisms40 It is also described 
as a multi-culture of coexisting anaerobic and aerobic 
benefi cial microorganisms41. Therefore, its degradation 
ability to lindane may be faster and effective than using 
one microorganism. The main species involved in EMs 
include: lactic acid bacteria (Lactobacillus plantarum, 
Lactobacillus casei and Streptoccus lactis), photosynthetic 
bacteria (Rhodopseudomonas palustrus and Rhodobacter 
spaeroides) yeasts (Saccharomyces cerevisiae and Candida 
utilis), actinomycetes (Streptomyces albus, and Streptomy-
ces griseus) and fermenting fungi (Aspergillus oryzae and 
Mucor hiemalis)42.  

As a conclusion, effective microorganisms could be 
used in various kinds of aerobic and anaerobic systems 
for treating agricultural wastes which represent the fi rst 
point of discharge of many chemicals into environment. 
The effective and stable degradation capacity of this EMs 
technology in utilizing and degrading this compound 
refl ected their effi cacy in biotechnological application 
for the bioremediation of such contaminated water. 
These results indicated that EMs are more stable in 
retaining their ability to completely degrade lindane 
because these effective microorganisms live in symbio-
tic relationships and their infl uence on the lindane are 
sum of all activities of these microorganisms. Where the 
metabolites formed by one type of microorganism may 
be utilized by other group of microorganisms. This study 
so far suggested that microorganisms endowed with this 
property of degradation of toxic pollutants are a boon 
to mankind. Future studies on the genes responsible 
for enhanced biodegradation will enable us to elucidate 
the exact degradation pathway involved in its microbial 
biodegradation.
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Toxicity assessment

The histopathological changes in the kidney
The normal structure of kidney tissue is shown in 

Figure 3A. For the rats treated with lindane after re-
mediation with Fe2O3(nano)/H2O2/UV (Fig. 3B), Fe3+/
H2O2/UV (Fig. 3C), ZnO(nano)/ H2O2/UV (Fig. 3D), 
ZnO/H2O2/UV (Fig. 3E) and effective microorganisms 
(Fig. 3F), the tissues were normal like control  (Fig. 3B) 
but for preiveascular oedema (Fig. 3C), small vaculations 
of epithelial lining renal tubules (Figs. 3D, E) as will 
as glomeular tults and epithelial lining renal tubules 
(Fig. 3F). To confi rm the safety of  materials used in 

the different  remediation processes, some rats treated 
with Fe2O3(nano)/H2O2/UV (Fig. 3B), Fe3+/H2O2/UV 
(Fig. 3C), ZnO(nano)/H2O2/UV (D), ZnO/H2O2/UV 
(Fig. 3E) and effective microorganisms (Fig. 3F) without 
lindane and the kidney tissues were normal like control 
(data not published).

The histopathological changes in the liver
The normal structure of liver tissue is shown in 

Figure 4A. For the rats treated with lindane after re-
mediation with Fe2O3(nano)/H2O2/UV (Fig. 4B), Fe3+/
H2O2/UV (Fig. 4C), ZnO (nano)/H2O2/UV (Fig. 4D), 
ZnO/H2O2/UV (Fig. 4E) and Effective microorganisms 
(Fig. 4F), the tissues were like control but for hydropic 

Figure 4. Sections in liver of rats treated with lindane after remediation with Fe2O3(nano)/H2O2/UV (B), Fe+3/H2O2/UV (C), ZnO 
(nano)/ H2O2/UV (D) and ZnO/H2O2/UV (E) and Effective microorganisms (F) relative to control (A)

Figure 3. Sections in kidney of rats treated with lindane after remediation with Fe2O3(nano)/H2O2/UV (B), Fe+3/H2O2/UV (C), 
ZnO(nano)/H2O2/UV (D) and ZnO/H2O2/UV (E) and Effective microorganisms (F) relative to control (A)
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degeneration of hepatocytes (Figs. 4B, C, F), congestion 
of central vein and hydropic degeneration in hepatocytes 
(Fig. 4D) and congestion of hepatic sensoids as well as 
vacuolization of hepatocytes (Fig. 4E). To confi rm the 
safety of  materials used in the different remediation 
processes, some rats treated with Fe2O3(nano)/H2O2/UV 
(Fig. 4B), Fe3+/H2O2/UV (Fig. 4C), ZnO(nano)/H2O2/
UV (Fig. 4D), ZnO/H2O2/UV (Fig. 4E) and effective 
microorganisms (F) without lindane and liver tissues 
were normal like control (data not published).  

To evaluate the effi cacy of different tested remediation 
techniques in removing lindane from wastewater, toxicity 
assessment was carried out with respect to histology test. 
The histology test for all remediation techniques of linda-
ne in wastewater showed no signifi cant changes in kidney 
or liver of treated rats relative to control treatment. This 
is implies the complete detoxifi cation of lindane and its 
possible toxic products in treated wastewater with diffe-
rent remediation techniques. Also, this is implying the 
safety of all tested chemical and biological remediation 
techniques on human health especially when we extend 
the remediation time.

In terms of the removal of used nonmaterials from 
water after treatment, these could be removed by the 
addition of natural colloids that make aggregation and 
sedimentation of these materials and remove them from 
water43. In addition, membranes with suitable porous 
structures and homogeneous pore-size distribution can 
separate nanoparticles (NPs) that are less than 10 nm in 
size. Hence, ultrafi ltration and nanofi ltration membranes 
are ideal for separating NPs and large molecules such 
as proteins because their pore sizes range from 1 to 
100 nm44. Regarding removal of effective microorganisms, 
this bioformulation is very safe and has multiple uses such 
as serving as growth promoters for humans and poultry 
as well as it used to improve soil fertility etc. Spite of 
its safety and benefi ts, it can be remove easy by passing 
treated water through nanofi lter membrane. Since poly-
mer ultra-fi ltration membranes have been used for the 
separation of various foods, biological, pharmaceutical 
systems as well as for water purifi cation44.

This study relative to other previous studies used  ef-
fective microorganisms’  formulation for the fi rst time  
in lindane biodegradation or bioremediation. This is 
considered a fi rst step for using this safe and effective 
formulation in the fi eld of wastewater treatment. More-
over, the histology technique to confi rm the total detoxi-
fi cation of lindane  in remediated water sound interest. 
Moreover, the toxicity of nanomaterials and effective 
microorganisms  itself  was evaluated with respect to  
histological change in kidney and liver relative to control 
(data not published) and this also refl ect the need to 
evaluate the side effects or the safety of nanomaterials 
not only its effi cacy.

CONCULSIONS

These results clearly indicate the presence of numerous 
organochlorine compounds in drainage water sampling 
sites in Kafr El-Sheikh Governorate. The photo-Fenton 
like reagent and photo zinc oxide combined with hy-
drogen peroxide showed much promise in the complete 

degradation and detoxifi cation of lindane in contaminated 
drainage water. Effective microorganisms’ formulation is 
promising as effective and safe bioremediation technique 
for lindane removal in drainage water.
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