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ABSTRACT

The chemical analyses of waste-water disposed from Oil and Soap Company in Kafr EI-
Zayat, El-Gharbia, Egypt showed high contents of oil and grease, total dissolved solids, total
suspended solids and some other parameters iLe., biological oxygen demand (B.O.D.),
chemical oxygen demand (C.O.D.) beside of some heavy metals. In this research different
treatments have been applied to get rid of (or at least eliminate) these wastes.

Firstly, the waste water was diluted with artesian water at the ratiosof 3: 1 and 2 : 1.
The dilution of waste-water gave significant differentiations under the different ratios with
all parameters of diluted waste-water. Chemical remediation by using different reagents
significantly decreased the main pollutants but to extents still higher than those of the
National Regularity Standards.

Secondary, biological remediation was carried out by using microorganisms, which gave
significant improvement for reduction of pollutants. On the other hand, the interaction effect
of dilution, chemical and bioremediation have been proved to be very efficient in reducing
contents of the organic, inorganic contaminants and other pollutants, where average removal
values of B.O.D., C.O.D. and both oil and grease were 98.14%, 98.10% and 99.8%, respectively.
Consequently, the quality of treated waste-water disposed from Oil and Soap Company

became compatible with National Regularity Standards, Egyptian Law No. 48 (1982).
Key words: Waste-water, dilution, chemical remediation, bioremediation.

INTRODUCTION

The oil and soap industry is one of the major industries
in Egypt which contributes greatly to the pollution of the
River Nile. The major hazards created by waste-water from
this industry are usually due to the presence of oil and
grease in the effluent or disposed water. Such liquors often
contain emulsion substances which aggravate the problem
and cause immense difficulties for water treating (Abou
El-Ela ef al., 1990). The waste-water of these factories is
highly contaminated with both organic and inorganic
pollutants which are discharged into the River Nile. The
discharged waste amounted 650 m’ per hour. In terms of
biological oxygen demand (BOD), the organic load carried
by this volume of water was estimated to be 44702 kg
BOD/day (Mahrous, 1992).

Generally, the application of physical, chemical and
biological treatments aimed at providing the most
appropriate solution for handling domestic and most
industrial waste-water. The chemical treatment process
may consist of rapid mixing of chemicals such as charcoal,
potassium dihydrogen phosphate (KH,PO,) and calcium
carbonate (CaCQ;) with the waste-water, followed by
heating, setting, and biological treatment. Such technique
proved to be the most effective process in the treatment of
many industrial wastes, especially the oil water-wastes
(Eckenfelder, 1989).

The oily wastes can be treated by several delete
methods. Emulsions may be broken by physical, chemical
and biological processes (Barker et al, 1970). E-Gouhari ef
al. (1987) studied the feasibility of treating waste-water from
an industrial complex (Oil & Soap and Canned Food) using
air floatation and chemical coagulation followed by
sedimentation. Chemical Oxygen Demand (C.0O.D.)
removal was only 52%. Residual values were still high and
did not agree with the regulatory discharge standards.
When activated sludge treatment was used as a post
treatment, average residual B.O.D., C.O.D., oil and grease
values were 30, 92 and 8.3 mg/L, respectively.

Abdel-Shafi (1992) studied the precipitation of nickel,
copper and manganese salts by using different chemical
coagulants from industrial waste-water. The obtained
results indicated that the chemical treatment of industrial
waste-water by using of 220 mg/L lime removed more than
89% of copper salt. But, when the pH was raised up to 8.5,
the removal rates of copper, nickel and manganese salts
were more than 94%. The use of 3 g/L limestone
precipitated about 96% of all salts. Addition of 70 mg/L of
aluminum sulfate [AL(SO,);] in combination with sodium
hydroxide (NaOH) increased the precipitation of the above
salts mentioned up to 98%.

Mahrous (1992) treated waste-water discharged from
oil and soap industry by using physio-chemical separation
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folicwed by biological treatment. Sodium chloride was used
as a chemical agent at optimal pH value and dosage, Nalco
“400” was also added as a coagulant at the final stage of
treatment. He showed that this technique has been proved
to be very efficient in removing the organic contaminants.
The oil removal value achieved 99.8% and the B.O.D. and
C.O.D. reached 98.8% and 98.2%, respectively.

Abou-El-Aula ef al. (1994) treated the final effluent of an
oil and soap Company by dissolved air floatation followed
by biological treatment via completely mixed activated
sludge process. Characterization of the end-of-pipe effluent
indicated that the waste-water was highly contaminated
with organic as well as inorganic pollutants. Plain dissolved
air floatation removed up to 60% of oil and grease.
However, dissolved air floatatiorn followed by completely
mixed activated sludge process produced a good quality
effluent amenable for waste-water disposal into surface
water or other uses. Average residual values of B.O.D.,
C.0.D. and oil and grease were 34 mg O,/L, 69 mg O,/L
and 15 mg/L, respectively.

Doma (1996) reported that the anaerobic treatment of
oil and soap waste-water showed significant improvement.
Removal values of C.0.D., B.O.D. and suspended solids
reached 74%, 73% and 89% at a retention time of 10 days.
Activated sludge post-treatment attained extra removal
values. After sequenced anaerobic-aerobic treatment, the
C.O.D. and B.O.D. removal reached 99% and 98%,
respectively. The discharge of such wastes without adequate
treatment into water bodies can cause destruction to the
aquatic life and impair the beneficial use of water for
different purposes.

Egypt is currently facing serious water quality
problems. The Nile water quality has been deteriorated at
an accelerated rate during the last decade. Industrial
effluents are discharged into the River Nile with no/or
inadequate treatment. Different treatments such as
physical, chemical and biological techniques are tried in the
current work on discharged water from Oil and Soap
Company at Kafer El-Zayat aiming at reducing its contents
of both organic and inorganic, pollutants before being
discharged into the River Nile in an attempt to put them
within the permissible values reported by the National
Regularity Standards of Egypt (Low No. 48, 1982 and its
modifications).

MATERIALS AND METHODS

Source of industrial waste-water:

The waste-water samples under this investigation were
obtained from Oil and Soap Factory at Kafer-El-Zyat, El-
Gharbia, Egypt.

Physico-chemical characteristics of the waste-
water:

The physico-chemical analyses of the waste water were
carried out according to the methods outlined by the

standard American Public Health Association (1992). The
value of pH was determined electrometrically using pH-
meter.

To determine the different chemical oxygen demand
(C.0.D.) values contributed by the different fractions of the
waste-water, namely, total (tot), suspended (S.S.) colloidal
(col) and soluble (sol), the samples were filtered using a
band black ribbon filter paper No 589 with a pore size of 7.4
pm. The differences between the COD,y, and CODgereg
equal the CODgygpenged i-€. > 7.4 pm. The filtrate of the waste-
water consisted of both colloidal and soluble fractions (it is
referred to as initial filtrate) by filtration through 0.45 pm
filter paper, the two fractions were separated. The final
filtrate gives the CODgy,y. fraction, and the differences
between the initial filterate and the final one i.e. (the soluble
fraction) equal the COD of the colloidal fraction.

C.0.D. total - C.O.D. filterate = C.O.D. suspened
Filtrate —soluble = C.O.D. colloidal

Biological oxygen demand (B.O.D.); total dissolved
solids (T.S.S.); suspended and dissolved solids; sulfides; total
hardness (T.H.); calcium; magnesium and oil and grease
were determined according to the methods described by the
American Public Health Association (1992). Heavy metals
(Fe, Mn, Zn, Ni, Pb and Cu) were determined by Atomic
Absorption Spectropohotometer PERKIN-EL MER 2380.
Sodium (Na) was determined by Flame Photometer.

Dissolved oxygen, inorganic phosphate and florides
were determined according to the methods described by the
American Public Health Association (1955).

Total bacterial count ie. coliform bacteria as an
indicator for contamination was carried out according to
the method described by Frank er al. (1943) at the
Laboratories of Ministry of Health, Tanta, El-Gharbia
Governorate, Egypt.

Treatments of the industrial waste-water:

Dilution of waste-water with artesian water:

The waste water was diluted with artesian water at the
ratios of 3: 1 and 2 : 1 waste-water to fresh water.

Chemical remediation:

Different reagents i.e. activated charcoal, potassium
dihydrogen phosphate (KH,PO,) and calcium carbonate
(CaCQ:;) were used. All chemical reagents were obtained
from ERFNasr Pharmaceutical Chemicals Co. These
materials were respectively mixed together by weight at
different ratios as follows: 1:1:1; 2:1:1; 1:2:1 and 1:1:2 g/L
waste-water. ' '

Biological r emediation:

This process was carried out before and after treatment
of the waste-water under investigation using a mixture of
microorganisms ie. Sarcodina alga, Rotifers and Ciliated
protozoa.
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Statistical analysis:

Least significant difference (L.S.D.) was calculated at
0.05 level of significance according to Snedecor and
Cochran (1980).

RESULTS AND DISCUSSION

Physical and chemical characteristics beside of
heavy metal concentrations of raw waste-water:
The chemical analysis and metal concentrations of the

raw waste-water disposed from Oil and Soap Company at
Kafr El-Zayat are shown in Tables (1 and 2).

The obtained results showed that the pH value was
11.37, the turbidity value of waste-water was found to be
1388 NTU. Also, the raw waste-water contained a
considerable concentration of total solids. The values of total
dissolved solids and total suspended solids were 3136 mg/L
and 23355 mg/L, respectively.

On the other hand, oil and grease concentration
reached 8735 mg/L. Moreover, the biological oxygen
demand (B.O.D.) and chemical oxygen demand (C.O.D.)
were 2867 and 4642 mg O,/L, respectively. From the above
mentioned results, it can be seen that the (C.O.D.) was
much higher than the (B.O.D.. These results are in
agreement with those obtained by Abou-El-Ela ez al. (1990).

Table (1): Physical and chemical characteristics of the raw waste-water disposed from the Oil and

Soap Company.
Parameters Before treatment Standard*
pH 11.37 6-9
Temperature (°C) 52.0 -
Turbidity (NTU) 1388 S50 NTU
Electerical conductivity (E.C., pmol/cm) 4481 -
Biological Oxygen Demand (mg O,/L) 2867 60
Chemical Oxygen Demand (mg O,/L) 4642 100
Permanganate value (mg/L) 1164 25
Dissolved oxygen (mg O,/L) Nil Up to 4 mg/L
Total dissolved solids (mg/L) 3136 2000
Total suspended solids (mg/L) 23355 60
Oil and grease (mg/L) 8735 15
Total hardness 1388 -
Calcium hardness (mg/L) 912 -
Magnesium hardness (mg/L) 470 -
Sodium (mg/L) 844 -
Sulphides (mg/L) 7.88 1.0
Inorganic phosphates (mg PO, /L) 40.76 5.0
Florides (mg/L) 6.20 1.0
Colon bacterial count/100 cm® 15208 5000

* National Regularity Standards, Egyptian Low No. 48 (1982).

However, the permangnate value, calcium, magnisum,
sodium, sulphides, inorganic phosphate and florides
concentrations were 1164, 912, 470, 844, 7.88, 40.76 and 6.20

Table (2): Heavy metal concentrations of the
raw waste-water disposed from the

oL respech ely: Oil and Soap Company.
Elements (mg/L) Before treatment Standard*

Also, the raw waste-water under investigation contained Iron 3.11 1.5

hfgh amounts of heavy metals ie. iron, m‘anganwe, zinc, Manganese 313 1.0

nickel, lead and copper whose concentrations were 3.11, -

3.13, 7.90, 2.28, 2.25 and 3.20 mg/L, respectively (Table 2). Zinc 7.90 5.0

The above results indicated that the heavy metal Nickel 228 0.1

concentrations were slightly higher than those obtained by Lead 225 05

Abdel-Shafi  (1992), but obviously exceeding the

corvesponding values reported by the National Regularity Copper L 1.5

Standards, Egyptian Law No. 48 (1982). * See footnote of Table (1).
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Effect of dilution on physical and chemical
characteristics beside of heavy metal
concentrations of the waste-water:

Physical and chemical characteristics of waste-water
before and after dilution with fresh artesian water are
presented in Table (3). There were significant reductions in
all physical and chemical parameters due to dilution with
the artesian water. Values of oil and grease were reduced by
22.69 and 26.39% after dilution at the ratiosof3:1and2: 1,
respectively. Total dissolved and suspended solids were
reduced by 3.79 and 5.23%, respectively when the waste-
water was diluted at a ratio of 3 : 1. The corresponding
reduction values achieved when the waste-water was
diluted at a ratio of 2 : 1 were 10.52 and 9.38%, respectively.
Also, the dilution ratio 3 : 1 caused the efficiency
percentages of reducing turbidity, biological oxygen demand
(B.O.D.), chemical oxygen demand (C.O.D.), permanganate

value and total hardness to be 23.05, 17.26, 12.15, 14.60 and
13.90%, respectively. The corresponding efficiency
percentages achieved due to dilution of the waste-water at a
ratio of 2 : 1 were 29.25, 25.74, 16.74, 18.56 and 21.04%,
respectively. However, Table (4) shows that the reductions
occurred in heavy metal concentrations due to dilution of
the waste-water at the ratio of 3: 1 were 13.83, 11.82, 13.42,
31.14, 20.44 and 31.88% for iron, manganese, zinc, nickel,
lead and copper, respectively. The corresponding reduction
values achieved at the dilution ratio of 2 : 1 were 29.58,
23.32, 15.57, 37.28, 33.78 and 38.13%, respectively. From
the above mentioned results, it could be observed that
dilution of waste-water by using fresh artesian water at
aratio of 2 : 1 gave more reduction efficiency percentages in
the different studied parameters higher than the
corresponding ones achieved due to dilution at a ratio of
3 : 1. These results are in agreement with those obtained by
Somaya et al. (1992) and Zaid (1996).

Table (3): Effect of dilution by artesian water on physical and chemical characteristics of the used

waste-water.
Before Waste-water : Waste-water : L.S.D.

treatment | Artesian water . Artesian water at 0.05

Parameters 3:1 Efficiency 2.1 Efficiency
% %

pH 1137 10.46 8.00 9.83 13.54 0.15
Temperature (°C) 520 39 25.00 36 30.77 1.15
Turbidity (NTU) 1388 1068 23.05 982 29.25 20.85
Electerical conductivity (E.C., pmol/cm) 4481 4310 382 4009 10.53 17.50
Biological oxygen demand (mg Oy/L) 2867 2372 17.26 2129 25.74 59.09
Chemical oxygen demand (mg O,/L) 4642 4078 12.15 3865 16.74 79.57
Permanganate value (mg/L) 1164 994 14.60 948 18.56 54.25
Dissolved oxygen (mg O,/L) Nil 029 Nil 043 Nil 0.03
Total dissolved solids (mg/L) 3136 3017 3.719 2806 10.52 11.92
Total suspended solids (mg/L) 23355 22134 523 21060 9.83 82.61
Oil and grease (mg/L) 8735 6753 22.69 6430 2639 81842
Total hardness 1388 1195 13.90 1096 21.04 23.88
Calcium hardness (mg/L) 912 789 13.49 723 20.72 15.76
Magnesium hardness (mg/L) 470 406 13.62 373 20.64 8.12
Sodium (mg/L) 84 787 6.75 701 16.94 4.28
Sulphides (mg/L) 7.88 634 19.54 593 24.75 0.03
Inorganic phosphates (mg PO,>/L) 40.76 36.63 10.13 3241 20.49 111
Florides (mg/L) 620 5.74 742 4.9 19.52 022
Colon bacterial count/100 cm’ 15208 13883 8.71 13038 14.27 622.59

Table (4): Effect of dilution by artesian water on heavy metal concentrations of the used waste-water.

Before Waste-water : Waste-water : L.S.D. at

treatment | Artesian water . Artesian water 0.05
Elements 3.1 Efficiency 2:1 Efficiency
(mg/L) % )
Iron 3.11 2.68 13.83 2.19 29.58 0.19
Manganese 3.13 2.76 11.82 240 23.32 0.18
Zinc 790 6.84 1342 6.67 15.57 0.10
Nickel 228 157 31.14 143 3728 032
Lead 225 1.79 20.44 149 33.78 0.40
Copper 320 2.18 31.88 1.98 38.13 036
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Effect of chemical remediation on physical and
chemical characteristics of the waste-water:

Data presented in Table (5) reveal that all the used
chemical reagents could significantly reduce all the studied
parameters of the waste-water. This occurred regardless of
the ratio of mixing these reagents together. However, it is
worthy to indicate that mixing the chemical reagents at the
ratioof 1:2:1¢g L' waste-water was generally of the best
reducing effect on all the measured parameters except for
the pH value where the mixing ratio2:1:1¢ L showed
the highest reduction peicentage.

The effect of the mixed chemical reagents on reducing
the different heavy metal contents (Table, 6) of the waste-
water seemed closely related to that aforementloned ie.
mixing these reagents at a ratioof 1:2:1¢ L was of the
highest reducing effect on the waste-water content of the
heavy metals under investigation. It is of importance also to
indicate that the other mixing ratios although were of less
pronounced effect on reducing the considered heavy metal
content of the waste-water yet the reduction percentages
were also significant. Chemical reagents probably adsorbed
a significant part of the inorganic pollutants and hence
decreased their values in the waste-water. This conclusion
stands in well agreement with those of Huang and
Blanenship (1984), Etzer and Hughes (1984) and Peters er
al. (1985) who found that charcoal was the best adsorbent
for inorganic pollutants as well as C.0.D. On the other
hand, soluble phosphate might undergo chemical
precipitation through reaction with some heavy metals
present in the waste-water forming insoluble metal
phosphates e.g. Fe;(PO,);, FePO,4 and Pb;(PO,), and so on
(Balba, 1990). Calcium carbonate (CaCOs) is known to
adsorb metals on its surfacesThe phenomenonof adsorption

is inversely related to the size of the CaCO; particles, i.e. the
smaller the size of the CaCOj particle, the higher its surface
area and consequently the higher its adsorptivity.
Moreover, CaCO; may react with heavy metals leading to
precipitating them in the form of CO;” (Balba, 1990).

Effect of bioremediation on physical and
chemical characteristics of the waste-water:

This process was carried out before and after dilution of
waste-water at the ratio 2 : 1 which already gave the most
promising reduction effect on the most pollutants. Table (7)
reveals that the bioremediation process could result in
significant reduction in values of all pollutants whether the
waste-water was diluted or not. The turbidity, B.C.D. and
C.0.D. reduction values reached were 78.82, 73.14 and
68.10%, respectively when the bioremediation was
accompanied with waste-water dilution at ratio 2 : 1 as
compared with the corresponding values attained due to
bioremediation but without dilution. The biological
remediation together with the dilution process showed the
best reduction of total suspended solids (T.S.S.) and oil and
grease whose reduction percentages achieved 93.19 and
91.75%, respectively.

Table (7) indicates also that the dissolved oxygen
increased to 2.08 mg OyL due to bioremediation with
dilution. Also, reduction of total hardness, sodium,
sulphidies, inorganic phosphate, florides and colon
bacterial count reached 50.43, 56.99, 51.14, 37.07, 38.71 and
48.58%, respectively. Moreover, heavy metal reductions
(Table, 8) of Fe, Mn, Zn, Ni, Pb and Cu reached 33.44,
30.67, 16.46, 16.67, 20.00 and 30.94%, respectively. These
results agree with those obtained by Abou-El-Aula ef al.
(1994), ELGouhari er al. (1987) and El-Sarwi ef al. (1997)

Table ( 7): Effect of bioremediation on physical and chemical characteristics of the used waste-water.

Without diluted - With diluted 2 : 1 L.S.D.
Parameters Before After Efficiency After Efficiency % at
treatment | treatment % treatment 1 0.05
pH 1137 8.62 24.19 8.11 28.67 0.12
Temperature (°C) 52.0 36.0 30.77 37 28.85 1.44
Turbidity (NTU) 1388 3% 71.90 294 78.82 6.13
Electerical conductivity (E.C,, pmol/cm) 4481 3450 23.01 3185 28.92 48.92
Biological oxygen demand (mg O,/L) 2867 900 68.60 770 73.14 11.40
Chemical oxygen demand (mg O,/L) 4642 1832 60.53 1481 68.10 2945
Permanganate value (mg/L) 1164 585 49.79 472 59.45 591
Dissolved oxygen (mg O,/L) Nil 0.92 - 2.08 - 021
Total dissolved solids (mg/L) 3136 2415 22.9 2230 28.89 3537
Total suspended solids (mg/L) 23355 1981 91.52 1590 93.19 54.03
Oil and grease (mg/L) 8735 982 88.76 - 721 91.75 37.89
Total hardness 1388 991 28.60 688 50.43 14.64
Calcium hardness (mg/L) 912 654.06 2828 454 5052 9.66
Magnesium hardness (mg/L) 470 336.94 2831 234 50.22 5.46
Sodium (mg/L) 844 517 38.74 363 56.99 18.17
Sulphides (mg/L) 7.88 4.05 48.60 385 . 51.14 0.11
Inorganic phosphates (mg PQ, /L) 40.76 30.89 2421 25.65 37.07 135
Florides (mg/L) 620 421 32.10 3.80 38.71 0.18
Colon bacterial count/100 cm’ 15208 9492 3759 7820 48.58 106.93




Saad et al. (2003) Trials Towards Approaching Effective Remediation of Industrial Waste-Water 41

Table (8 ): Heavy metal concentrations after bioremediation of the used waste-water.

Without diluted With diluted 2 : 1 L.S.D.
Elements Before After Efficiency After Efficiency % at
(mg/L) treatment | treatment % treatment 0.05
Iron 3.11 241 2251 2.07 33.44 0.11
Manganese 3.13 2.06 34.19 | 2.17 30.67 0.08
Zinc 7.90 6.75 14.56 i 6.60 16.46 0.07
Nickel 228 1.92 15.79 1.90 16.67 0.05
Lead ) 225 1.88 16.44 1.80 20.00 0.10
Copper 320 2.89 9.69 221 30.94 0.10

Interaction effect among dilution, chemical and
bioremediation on physical and chemical
characteristics of waste-water:

Data presented in Tables (9 and 10) reveal that, dilution,
chemical or bioremediation solely though could reduce
significantly all measured parameters of the waste-water yet
these parameters remained higher than the corresponding
ones reported by National Regularity Standards of Egypt
low No. 48 (1982).

Sequential treatments of the waste-water by dilution,
chemical reagents and finally bioremediation, on the other
hand, could succeed in reducing values of the different
physical and chemical parameters of this waste-water to
values lower, generally, than those reported by the National
Regularity Standards of Egypt (low No. 48, 1982 and its
modifications). Thus, such a sequential remediation is
highly recommended as an efficient technique for active
remediation of all waste-waters such as that disposed from
the Oil and Soap Company at Kafer-El-Zyat, E-Gharbia,

Egypt.

Table (9 ): Interaction effect among dilution, chemical and bioremediation on physical and chemical

characteristics of the used waste-water.

Before Diluted Chemical Bioremd- Mixed L.S.D.
Parameters treatment 2:1 remediation iation treatment . at
waste-water : 1:2:1% Eﬂiuftncy 0.05
artesian water gL! by mixed
treatment
%

pH 1137 9.83 887 8.11 7.60 33.16 0.17
Temperature (°C) 520 36.00 36.0 370 33.8 35.00 1.44
Turbidity (NTU) 1388 982 315 294 46 96.69 10.85
Electerical conductivity (E.C., pmol/cm) 4481 4009 3205 3185 2824 36.98 42.73
Biological oxygen demand (mg Oy/L) 2867 2129 806 770 54 98.12 42.34
Chemical oxygen demand (mg O,/L) 4642 3865 1680 1481 89 98.08 59.25
Permanganate value (mg/L) 1164 948 498 472 23 98.02 728
Dissolved oxygen (mg O,/L) Nil 043 220 2.08 424 - 035
Total dissolved solids (mg/L) 3136 2806 2243 2230 1977 36.96 3038
Total suspended solids (mg/L) 23355 21060 1664 1590 56 99.76 34.55
Oil and grease (mg/L) 8735 6430 752 721 14 99.84 349.73
Total hardness 1388 1096 766 688 186 86.60 29.61
Calcium hardness (mg/L) 912 723 506 454 123 86.51 20.68
Magnesium hardness (mg/L) 470 373 260 234 63 86.60 10.07
Sodium (mg/L) 844 701 414 363 154 81.75 15.66
Sulphides (mg/L) 7.88 593 358 385 0.84 89.34 0.08
_Inorganic phosphates (mg PO,~/L) 40.76 3241 24.15 25.65 451 88.93 0.82

Florides (mg/L) 620 4.99 2.12 3.80 0.84 86.45 0.16
Colon bacterial count/100 cm® 15208 13038 9631 7820 4729 68.90 262.19

* Activated charcoal : KH,PO, : CaCO,
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Table (10 }: Interaction effect among dilution, chemical and bioremediation on heavy metal
concentrations of the used waste-water.

Elements Before Diluted Chemical Bioremed- Mixed L.S.D.
(mg/L) treatment 2:1 remediation iation treatment : at

waste-water : 1:2:1% Eﬁicn'ency 0.05

artesian water gL' by mixed

treatment

%o

Iron 3.11 2.19 193 2.07 0.99 68.17 0.20
Manganese 3.13 2.40 1.70 2.17 0.82 73.80 0.10
Zinc 7.90 6.67 5.77 6.60 4.08 4835 0.15
Nickel 228 143 159 1.90 0.08 96.49 0.12
Lead 225 1.49 1.60 1.80 039 82.67 0.07
Copper 320 1.98 1.95 221 1.02 68.13 0.12

* Activated charcoal : KH,PO, : CaCO,
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