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AbsTRacT. Over the past 20 years, the new industrial cities were con-
sidercd as the maim solution to most of the problems facing the met-
ropolitan industrial areas and to assist in the natiopal industrial
development. tn these new communities, industrial and domestic activ-
ities result in the production of vast quantitics of waslewaler: the
tmpreper disposal of which may cause serious environmental hazards,
New Borg El-Arab Industrial City (NBA) ineludes 9 residential areas
and 4 industrial zones. The four industrial zoncs are occupied hy 266
running factorics belonging (o different industrial sectors. All the
domestic sewage as well as the industrial wastewater are treated at an
axidation pond treatment plant and the plant cftluent is used in irmiga-
tion of silviculture arcas. The general objective of the present sludy
was to assess the industmal wastewater characteristics, The pre-
asscssment phase revealed that 64 factories were discharging industrial
wastewater, They cnuld be classified inte 9 textile planis, 11 fabricated
metal plants, 7 paper and cardboard plaats. 12 chensical plants, 23 food
industrial plants, and 2 glue plants. The resuits revealed that aut of the
64 wastewater-generating industrial plants in NBA etty, 39 were
vialaling the law 93/62 of the waslewater discharge into the sewerage
system for one parameter or more. These were 8 lexlile companics. 3
fabricated metal companies, 4 paper and allied products companies, 7
chemical companies, 12 food processing companies, the studicd 2 ed-
ible ail refinery compantes, and 1 gluc production company. The fre-
quency of violation was found lo be 59%, 44%, 10%, 56%, 56%. 36%.
10%, and 2.6% as regards pH. $S. settleable solids, BOD, COD,
0&G, PO?{'. and NH; respectively among the violating plants. The
study proposed some recammendations for the violating companies lo
comply with the law limils. These were pollulion reduction. pre-
treatmicnt. loans and grants, and awareness and training programmes.
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Introduction

Industry, in its modern sense, has been known in Egypt since the early 19" cen-
tury. Following World War [, industrial activities based on natural resources
began to increasc. The concentration of these industries in the metropolitan arcas
of Cairo, Dclta, and Alexandria has put services such as transport, communica-
tions, water supply as well as wastewaler dispvsal under special strain. Fur-
thermore, it has led to an imbalance tn ecological conditions and a widespread de-
terinration of environmental quality (Hamza and Gallup, 1982). As a result, new
industriat cities (NICs) were represented as the mam distinet solution to stop en-
vironmental deterioration in the citics of metropolitan areas (World Bank, 1997).

Industries make up about 80% of the entirc pollution load in wastewater, In-
dustrial and domestic activities result in the production of vast quantitics of
wastewater. Industries often send their untreated wastewater directly to a mu-
nicipal facility, paying it to treat them along with municipal wastewater. But
industrial effluents sometimes have components that interfere with praper tunc-
tioning of the municipal plant, or the plant may be unable to remave noxious pol-
lutants and pass them into receiving waters. Alsp, municipalities often want to
usc biosolids for beneficial purposes; and the presence of certain industrial pol-
lutants may make these applications impossible or more difticult (Hill, 1977).

The New Borg El-Arab (NBA) City is one of the industrial cities in Egypt. It
15 a parl of the Northwestern coastal region of Egypt. It is located at 60 kms
from Alexandria and 14 kms from the Mediterrancan Sca. The city includes
nine residential areas and 4 industrial zones. The 4 industrial zones (1, 11, 111,
and 1V} arc occupicd by 510 facieries of different industrial sectors. Most of the
residential and industrial zones wastewaler in NBA City is served by a network
of collecting pipes thal carry wastewdter ta a Waste Stabilization Pond (WSP)
treatment plant (Council of NBA. 2002). The study aims at assessing the in-
dustrial wastewater characteristics in NBA City.

Materials and Methods

Within the 4 industrial zones of NBA City, an inventory of the different
industrial plants was prepared. A preliminary evaluation visit to each plant was
performed in order to prepare an inventory of the wastewater generating com-
panies. These companies constituted the study samples.

Samples were cotlected trom the wastewater discharged out of the industrial
plants. Sampling was performed six times for cach plant. Whenever possible,
composite samples were taken. The samples were analyzed physically and
chemically according to the Standard Metheds for the Examination of Water
and Wastewater (Clesceri, et al., [995).
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Results of analyses were compared to the standards mentioned in the decree
No. 44/2000, executive decree of law 93/62, for the discharge of industrial
waste into the sewerage system (Ministry of Housing and Utilitics, 2000).

Results and Discussion
Results of the Wastewater Audit

As a result af the survey, it was found that 266 faclories were actually oper-
ating. It has been found that 64 factories were producing considerable amounts
of wastewater, They are distributed as follows: 16, 31, 16, and 1 factortes, in the
industrial zonces, 1. U, 1II, and IV, respectively. Among the wastewater gener-
ating industries. 23 food plants, 12 chemical plants, 11 metal plants, 9 textile
plants, 7 paper and allicd produets plants, and 2 tanning and glue plants,

Wastewater Characterization
Textile industrial sector

From the results presented in Table 1, it is clear that the pH of the wastewater
discharged was mostly in the alkaline range, probably from the desizing and
bleaching processes. This was in agreement with Snowden-Swan who deduced
that the major pollution issue in peroxide bleaching is the high pH (Snowden-
Swan, 1995). As for cotton preparation in company [9], no alkalt was used and
consequently the effluent was almost neutral.

Although TDS has no standard value in the deeree 44/2002, it could be com-
pared with its corresponding value stated in the previous executive decree No.
9/89 (2000 mg/1). Hence, most companics were tound to discharge higher con-
centrations than that stated in the latter decree. These high TDS contents would
not be removed by the present WSP treatment plant. Therefore, they would ap-
pear in the final etfluent of the ponds thus jeopardizing its suitahility for reuse
in irrigation, since the Egyptian law No. 92/63 and its executive decrce No. 44/
2000 specity a TDS value of 2000 mg/l. According to the EPA, a typical cotton
batch dyeing uses quantities of salt that range from 20% to 80% of the weight
of goods dyed, and the usual salt concentration 1n such wastewater 1s 2000 to
3000 ppm, with a pH over 10 (USEPA, 1997). This was m accordance with the
results of the study since TDS had a mean of 2140 mg/i.

The highest BOD; value was encpuntered with company [9] (715 mg/l). In
addition, COD value was also found to violate the law in the same afore-
mentioned company (1785 mg/1) resuiting from the cotton particles reaching the
waste stream from raw material washing. Simtlarly, a COD of 1432 mg/l was
determined in the effluent from the raw material storage area 1 Company [7]
where there was very much spillage of dyes and chemicals on the floor.
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TasLk 1. Physico-chemical analysis of the wastewater discharped from textile companies located
in NBA city {1999-2000).

T )
Setlleable sulids . .
- g | s | TS " BODs [ COD |NH, [ NOy | PO} | O&G
e P mg,.] ]'I'Ig"] - mg.-l mg.'l []'Jg.-] mgl mg'] mg"]
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The average values of BODy and COD were calculated to be 383 and 815 my/
I, respectively for all surveved textile mills. This was in accordance with previous
results obtamed from a study on the textiie industries in El-Seout area in Alex-
andria (350 and 754 mg/l in El-Seouf Campany and 403 and 676 mg/l. in El-
Motahida Company, respectively) (Sohail, 1978). On the cantrary, lower BOD;
and COD values were determined from Kafr El-Dawar textile companies, They
were found to be 282 and 417 mg/i respectively in the talian Factory, and 347
and 334 mg/l, respectively in El-Beida Dyers Campany {Attia, 1981). Morcover,
much higher values werc obtained from the characterization of the effluent from
Misr Amereya Company as well as United Arab Company where BOD values
were 750 and 763 mgl, respectively, and COD were 1200 and 1728 mg/l, re-
spectively (El-Sharkawy, ef al., 1999). This variability might be due to the differ-
ence in the processes applied, raw material. and chemicals used in addition to the
management philosophy regarding water and wastewater within each factory.
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Comparing the characteristics of the effluents from different textile mills in
NBA City with the limits staied in decree 44/2002 for the discharge of publicly-
owned trcatment plants, it was obvious that all of them (except Company [4])
need source reduction measures followed by instatlation of pre-ireatment units
10 be able to discharge their wastewater into the scwerage system.

Fabricated metal industrial sector

The results of the analysis of the waste streams discharged from fabricated
metal industrial plants arc presented in Table 2. Regarding pH, it is obvious to
be strongly acidic in the 3 surveyed galvanizing shops (1.8 in both companies
[1&2] and 4.2 in company [3]). This resuits from the use of concentrated
H,SO, for degreasing the workpiece prior to dipping in the Zn bath. Never-
theless, this acidic pII was not found to be in agreement with the 6.7-7.6 re-
ported by Rodenkirchen {1973). Such neutral range could be attributed to that in
some companies, NaOH 1s added to the galvanization tank.

Tanr 2. Physico-chemical analysis of the wastewsler discharged from fabricated meral com-
panies lacated i NBA city (1999-2000).

Settleable solids -
" L Bong | cov | wig | voy | po} | 0&G
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TDS were high 1n the wastewater of company [1] (2947 mg/l) owing to the
high ionization and dissolution capacity of the strong acid.

Otherwisc, and after excluding these galvanizing enterprises, pH range in the
eftluents of the other companies was 6.6 to 9.3 which complied with the decree
44/2000 of the Egyptian law.

Concerning SS, they were below 800 mg/l limit stated in decree 44,2000 ex-
cept in waste effluent from company [4]. BODs, COD, and O&G were also
violating the law in waste stream from the same company. whose metal fin-
ishing process consists of painting. They were recorded to be 800, 2611, and
213 mg/l, respectively. This was in agreement with USEPA who stated that in-
organic metal finishing had little effect on BOD; and on the other hand, organic
finishing wastes {from painting processes) consist of compounds that contribute
to organic load in the waste stream (USEPA, 1995).

Company [6] was also using painting pracess. It has been used to discharge its
waste stream nto a septic tank that was pertodically evacuated and cleaned. How-
ever, its COD value (980 mg/l) was still much higher than the other factories.
Slightly higher COD value of 1108 mg/l was similarly encountered in wastewater
discharged from company [7] performing anodizing, galvanizing, and painting.
The combination of these processes resulted 1n a waste effluent characterized by
674, 330, 1108, and 53 mg/l for TSS, BOD, COD, and O&G, respectively,

Regarding wastewater generated from electroplating companies, they were all
complying with the said decree. According to Steward (1984G), the BODg of
metal electroplating wastewater ts gencrally below 25 to 30 mg/l and COD s
high depending pn the amount of O&C removed from the processced metal sur-
faces. Stmilarly, results of another study carried out in an electroplaiing shop in
Alexandria reveated that all the parameters in the final effluent were within the
timits stated in the Egypiian law. Exceptions were the heavy metal concentra-
tions including Cr (40 mg/l), Ni{5 mg/h), Cu (2.2 mg/), and Fe (9 mg/1) (Abd
El-Salam, 2602), On the contrary, heavy mectals determined tn wastewater dis-
charged from NBA e¢lectroplating companies were analyzed and found to range
from 0.32-0.37 mg/l for Ni and from 0.06-0.07 mg/i for Cr.

Paper industrial sector

Table 3 presents the results of the characteristics of wastewater generated
from paper industry. With the exception of facilities [3&6] that used to reeycle
their treated wastewater, the other factories were discharging heavily polluted
effluents with means of 2015 mg/l TDS, 3676 mg/1 SS, 20 and 16 ml/] settleable
solids after 10 and 30 minutes, respectively, 2615 mg/l BODs, 4062 mg/i COD
and pH range of 2.6-11. All these values are violating the law.
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TasLe 3. Physico-chemical analysis of the wastewater discharged from paper industrial plants
located in NBA city (1999-2000),

Settieable solids , _ 3
Activity i oS | TSS ml BOI?_; .COD NHy [NO; | POy | O&G
: meit [ me - mgfl | med | med [ mgl | mel | med
B 10 min| 30 min
Cardboard manufacturing
1 - Paper sheet i 2303 118157 | 06 | 11150 ] 15230 36 oo
— cotrugated 11
cardboard
2 - Paper sheet 6.7- 11299 | 945 5 6.3 08 | 192 | 7 2 03| 215
- cornugated Y
cardboard
Paper manufacturing
3 Wasie paper ER RS I S I 5.5 180 1 300 | 02 (o0 | 29 3
~ paper tolls
and sheets L
4 - Wuste paper 26-7 | 2308 | 391 18 15 698 | 1884 | 3.5 ! {1 i
— paper tnlls
und sheets
5 — Waste paper 65 [AMNE] 2245 | M 68.5 [2800 | ssell | 14 0s ) 07 10
4 paper rolls
& - Bagassc and T woh | 36 0 ] 94 226 | 26 { 03 5
wasle paper -
Paper junbo,
rulls, sanitary
towels, napking,
dipers
Mean WS 3eT6 | 20 16 2615 | 4062 | 3 {16 | 14
Runge 26- [ %90 | 36 |094 065 | w4 | 266|027 |02 | 0313273
IR 2800 | 15230 29

The plI value of 2.6 was observed once in company [4] and might be from wash-
ing the wire screen with dilute H,SO,. On the other hand, the alkaline pH value (11}
was encountered in the wasie stream of company [1] and might he from the leakage
of the adhesive solution used to prepare the corrugated cardboard.

The major source af the extremely high values of BOD,. COD, and TSS
(11,150, 15.230 and 18,157 mg/l, respectively} in the waste stream for the same
company [ | ] was the presence of starch. Improperly managed starch at Georgia-
Pacific City corrugated packaging plant resulted in BOD¢ and TSS levels as
high as 2600 mg/l per each (Berens and Johnson, 1998).
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On the contrary, factory [2] was slightly exceeding the limits for discharge
since it was discharging wastewater loaded with 945, 765, and 1192 mg/t for
S8, BODS, and CQOD. respectively.

Despite companies [4&5] had in-plant wastewater treatment units. their
wastewater was characterized with high selids content either in terms of TDS,
SS, or settleable solids being 2508 mg/l, 391 mg/], and 18 ml/] at 10 minutes re-
spectively for company [4] and 4018 mg/l. 2245 my/l, 94 ml/l and 69 ml1 at 10
and 30 minutes respectively, for company [5]. These high values are attributed
to the large amount of cellulosic fibers escaping from the treatment unit. Fur-
thermore, such fibers were the cause of the high organic load in the cffluents.
COD was highly recorded as 1884 and 5560 mg/l, respectively for the same
aforementioned factortes. Such solid contents, BODs, and COD values were
lower than those reported by 4 chemothermomechanical pulping mill in Canada
(9600, 1200, 4000, and 12000 mgl for TDS, S§ BOD, COD, respectively)
probably resulting from the chemicals used in the pulping process (Dufresne, ef
al., 1998).

On the other hand, the values recorded in the present study were very high
compared with those reparted in the effluents of Varta paper factory and Na-
tional Paper Company. Both are paper reprocessing plants with TDS means of
1428 and 819 mg/l respectively, BOD; of 355 and 630 mg/l, and COD of 1264
and 1650 mg/l, respectively (Ahmed, 1999). Moreover, the results obtzined
from NBA papcer manufacturing wastewater were even higher than those re-
corded from Rakta Paper Company in which rice straw and bagasse werc used
for pulp productton. The effluent from Rakta had BOD< range of 800-1725 mg/1
and COD range of 1104-2428 mg/} (Salib, 1979). This could be attributed to the
absence of any wastewater recycling in Rakta Company causing the polluiton
load to be diluted by the large amount of wastewater discharged. In addition.
the housekeeping in both companies [4&3] was poar, besides the poor operation
of the treatingnt units.

Chemical industrial sector

The chemical industrial sector is presented in Table 4, showing a great var-
iability in the results obtained. Regarding compliance, 5 companies were com-
plving with law 93/62. These were companies [1.7.9.10.11].

In company [1]. the acidic effluent from sulphenic acid preparation was neu-
tralized.

The cooling water used to reduce the temperature of the mold 1n company [7]
was used to dilute the wastewater resulting from equipment cleaning, Such dilu-
tion resulted in a waste stream with minor pollutants concentrations,



Srucdy oo Indsirid Wesewarer Characteristics in. 73

Tamc 4. Physico-chemical analysis of the wastewater discharged from chemical and glue in-
dustrial plants located in NBA city (1999-2000).

Settleable solids e
. 08 | TSS bl |BODs| COD | Nd, | NOy | PO} | 0&G
Activity pi! me:d | oy - —— mgd | mgd | mel | mgl| mgh| myl
- il mm‘ 30t min
Chemical industria! plants
! - Dodecy!-benzene L3 4350 42| 0 l M| 823 | he | § 4 B
sulphonic acid.
detergents
2 Plastic containers, 6.3- M35 274 0 ¥ 205 465 1234 | 08 1.1 2t
detergents 1.7
3 - Soap 114 (37197 [ 14832 ) 0 { 1500 (23000 | 114 | O 25| 290
4 - Construction 71- 35890 1898 | 07 0 L4 [ 2550 ) MOOR ) 6 f .7 B
chetmicals
5 - Plastic paint, RS 100 5300 0 T45 | 1615 ] 03 p2s1 02 Y
insulating 71
materiak
6 - Suft gelatn 25 #23 643 | 0 ] 397 | 1333} 36 | 06 55 23
cpsitles b.3
7 - Plastic containers 1o} 1346 MWK DR 04 143 M3 I fwis) 2 M
Chemicals for T4
texuile industries
¥ Painting pastes e 930 | 82| 05 sul ] 136 | 4 n:l e 143
9 - Car paints, indus- 6.1- WM | 23 15 M o0 M0 45| 100
trial pamts and 0.9
other chemicals
10 Cosmelics H.5-75 67} U | RRE) 454 | 0.4 5 1.1 4
vl Cosmetics 661 834 170 03 es 9] 181 | 15 0.3 (RS kil
127 Sndium silicate 08 | 14989 | 38531 | 0 03 154 00 7 01 ] 65 0
[ Mean sggr | so1t foos | o7 [em3 | 303 |ne a3 | dsd
Range T IS O K S VRS VO T B 4 Bl |04 | 06 | 0.2-8] 4103
107 137197 | 3483 ] 25350 | 23000 | S04
Glue industrial plants
1 - Cilue, fat, 15 W RER Y B WM& | 2151 % t 1.3 M
phosphate powder ¢ 8.7
2 - Glue. fan, [ I TS U B DEXI 7 MO0 | 3RFT ] MO | Y kY [ 603
phosphate powder .
Mean 1035 994 | 2 15 | 123 | 2046 | 19R 1 16 92
Range 687 | W7 | 34 0-4 07 p146- | 205 B 85 [ 0911 13-38) 2160
1862 | 14953 2100 | 3877 | 340
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Company |9] produces solvent-based paints. Hazardous wastes result when
the mixing vessels and lct-down tanks are cleaned. Instead of disposing this
waste solvent, a solvent recovery system based on equipment and floor cleaning.
Besides, it seems that the factory had neutralized some of the effluent acidity.

Finally, the production of printing pastes used in the textile industry within
company [8] resulted m a palluted waste stream loaded with 860 mg/l BOD;,
1136 mg'l COD, and 103 mg/l O&G. This was in accordance with the World
Bank study that revealed that liquid effluents resulting from equipment cleaning
after batch operation in dye manufacturing contain high BODg, COD, S8, and
O&G (World Bank, 1997).

Gilne industrial sector

Characterization of the effluents from both glue manufacturing plants is pre-
sented in Table 4. The huge contrast between the treated and the untreated efflu-
ents is clearly illustratcd. The wastewater of company [1] is complying with the
Egyptian law 93/62 in all items. On the other hand, company (2] is discharging
a heavily polluted stream containing 1953, 2100, 3877, 340, 31, and 160 mg/l
for 85, BOD;, COD, NH;, P()43 . and O&G, respectively. All these parameters
were laying within the ranges determined by Hassan and Ramadan (1999) who
found that the final effluents of 5 gluc plants had the range of 1400-51,000,
3520-116.,000, 553-52,210, and 25-20,600 mg/1 for BOD, COD, S8, and O&(G,
respeetively. They attributed the high organic load in glue wastewater to the
steps of bone washing. fat cxtraction, and fat dehydration with 11,SO,. In addi-
tion, they interpreted the high 88 content to the dust and fareign matter that
were adhering to the processed bones.

Food induserial sector

Food processing is the largest wastewater generating industrial seetor in NBA
City. This scetor includes 7 meat and poultry processing plants, 5 vegetable and
fruit processing plants, 6 bakery and confectionery productian plants, 3 dairy in-
dustrial plants, and 2 edible oil refineries, Due to the large variety of the pro-
cesses encountered in this sector, the results of every industrial subdivision wili
be presented and discussed separately. The results of analysis of the eftluents of
the plants of this sector are presented in Table S,

Meat and poultry processing industry

The results of a study carried out by EPA revealed that only 25% of the brine
used mn meat cooking remained in the product and the pH of meat processing
wastewater was typically in the 6.5-8.5 range (UNEP, 2002). This was in ac-
cordance with the results obtained from the present study. With the exception of
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Taw1. 5. Physico-chemical analysis ot the wastewater discharged from meat and poultry pro-
cessing industrial plants located in NBA city (1999-2000).

Settleable sohds - s
products pH | TOS| 7SS | my |PUDs| CODINHGE NI, G POy { 0&G
me:| | mgl mgl | mgl | mgl | mgl | mel| mel
10 min} 3 min
Meat and poultry processing industrial plants
1 - Mea: products a1-hT [ 1377 | 978 3 4 930 ) 1275 35 0 230 156
6.1-65 1253 | 652 | 08 © 15 | o0 | 95k 6 ] 02 92
2 - Meat products 4703 TR0 | 337 0 0 330 530 271016 26 113
- Tomato
coneentrate
3 Meat products 64 1954 ] 140 ) ol n2 | 370 | 68D 24 n 1l 42
4 Meat products 7 o | 430 2 25 00 600 4 ] 1.7 25
£ — Frezen poultry 6778 779 | 608 4 t 557 L1013 4. 0.3 3.5 103
6 Frozen poultry 6.5-67 | B30 [ fIRE | 01 1 60 | 9026 2 1025 | 48 140
7 - Chivken stock 67 120 ] 2120 s ] 07 | 380 | 8RS p 45 ] 02 |29 L |
Mean 14 | 470 1.3 4.8 464 492 7.1 0.2 26 o5
Range 4778594 | tan- | o4 | 048 300 | 530- | 2724 0-03 [ 0-481 23156
1934 | 978 930 | 127
— L
Fruit and vepetable industrial plaots
|- Fruzen vegetables| 69 [ 1000 j 1200 ) 04 I 06 | 600 | 1060 O 0.5 1 25 683
2 Juce 67 |1200 | 150 [ 63 ? 600 | ] o | 04§ 35 25
3 - Dried vepewbles 64 5200 [ 420 | 30 o Y000 | 8000 12 72 27 NIl
1 - Tomaty A3s4 1Al | MR A sl 690 | 873 2 n2 2 5
cnncenirate
5 Fruzensegetables| 6.8 1980 | 130 03 1 450 ¢ 870 0 0 1 10
Mean 1958 | 254 | 175 | 17.9 11469 | 2403 | % | 146 | 13 32
Range SA60 980 | 120- (0507 0.6-51 [450- | 870- | 012 7 0-72 | 1-35] 5685
3200 | 448 3000 | 8300
Bakery industrial plants
| Bread 93 (1200 7 180 | 000 | 001 | 320 | 48D} 23 o 3 Y1
- Pastries |
—
1 Tehina and 4752|1987 110149 260 | 200 [3934 |10163) 175 ] 05 | 62 17
halawa
3 - Biscuits and 63172367 | 333} 25 4 190 1 336 s ] 1.3 i
chocolates |
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Settleable solids g B} <
broducts o | TDS | TS ml BOD | COD | NH,-H| NIy | PO™[ 0&G
mgl | mgd [ 7 | med | med [ omed | mal mgl [ mgl
10 min | 30 min
- Powderjellyor | 63-68] 952 | 473 4 5 475 | 635 38 ; .6 44
créme carame]
5 Waters 6.2 1534 To 43 33 H60) 930 52 0 0 144
6 - Choeolate $2-T ] 2446 | 258 | 0l 05 | 2005 | 41200 301 10235 | 33| edd
- Biscuits sticks
Range 1748 [ 1911 432 | 359 (1599 | 2784 | 62 0.1 24 194
Rangre 474931 952- | T6- | 001- | 0.01- | 190 | 336- 25 [ 0-05 [ 0-6.2] Topnd
2446 | 4yl 2a0 | 200 [ 5934 [1Mes] 178
Dairy industrial plants
| - Processed 33 2038 | 1048 (60 | s& | 3450 | 3500 ] 0.3 1.4 N
cheese
2 Processed 45 | AH8e TROD| 06 4 124000 [ 17328 65 0 253 | R0
cheese
- Butter
3 - Butter bl-64 | 1038 | 307 Yy g 690§ 1430 f 0 27 i3
- Processed
Cliese _
Mean TR | 30K 36.5: 23| 5489 | 8093 43 ] | 85T 163
fange 4564 | 1038 [ 407- |0.6-100) 4-56 | 690- | 1450-] 1-6.3 | 0-0.3 | 1.4- | 33.3%0
20440 | 7800 [2390 | 17328 253
Edible oil refineries industrial plasts
|- 9.9- p4nld | 2682 {t 0 4350 | 8310 6K 0 46 | 478
113
- T304 2813 ) 1903 7 7 T 11736 105 0 9] 493
122
Mcan 3714 ] 2293 35 L3 15970 10023 &6 0 478 484
Range 212813 [ 1903 027 | 07 |47S0- | RM0-| AR ] 00 | 46-] 475.
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company [2] wastewater, the pH of all plant eftluents ranged from 6.1 to 7.8. As
for the exception company, the acidic ¢ffluent (pH = 4.7) could be contributed
to the tomato concentrate production line discharging acidic wastewater during
equipment washing.

Wastewater generated from company [1] was overloaded with 978, 930,
1275, and 156 mg/l for SS, BODg, COD, and O&G, respectively. This might be
due to the segregation of the polluted waste stream. This company was found to
have 2 separate sewer nctworks. The first outlet was highly polluted while the
second was not. Generally, when an in-plant wastewater treatment plant is in-
stalled, the concept of waste segregation appears as the way to reduce the cost
of treating clean wastewater. However, in the absence of this pre-treatment unit,
combining both polluted and unpolluted eftluents would be beneficial since this
would dilute the strength of the discharged constituents. This could explain why
the other 3 meat processing plants were complying with law 93/62 as concems
their effluent characteristics.

Regarding poultry processing plants [5&6]. both were discharging O&G lev-
els (105 mg/t and 140 mg/l} higher than the Jimit stated by the law. The other
parameters were all found to comply with the faw and were much lower than
those recorded from an EPA study of poultry processing wastewater (ranges of
BOD, SS, and O&G of 948-2166, 510-1040, and 243-1501 mg/l, respectively)
(USEPA, 2002). The obvious contrast between the EPA study and the present
study might be due to the larger amount of water consumed and discharged
from NBA abattoirs leading to dilution.

Fruit and vegetable processing industry

it encompassed 5 companies of which 2 were producing frozen packaged
vegetables [companies [ &3], 2 were producing concentrates [companies 2&4],
and the fifth company was producing dehydrated vegetables [company 3].

As regards pH, it was in the range of 5.3 to 6.9. The acidic value was recorded
in the effluent from company [4] for the production of tomato concentrate. This
was in accordance with EPA results {5.3-7.4) (Sohail, 1978). The same factory
had higher BODy level (690 mg/1) than the limit stated by law 93/62. probahly
from the tomato residue washed with wastewater during equipment clcaning.

Concerning TDS, very high levels reaching up to 5200 mg/l were encountered
with company [3] and this resulted in subsequent high BOD4 {5000 mg/l) and
COD {R00O mg/1). This could be due to the raw matertal processed on the sam-
pling day (e.g., beets or sweet potatoes generating BOD levels of 4000 mg/l and
7500 mg/l, respectively). As a matter of fact. wastcwater characteristics are high-
Iy dependant on the type of product being processed (Economopoulos, 1993).
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Generally, the average values obtained from the analysis of wastewater gen-
erated from vegetable processing plants were 1958, 254, 1469, 2403, and 32
mg/l for TDS, S8, BODg, COD, and O&G, respectively. They were falling
within the ranges determined for Kaha Company (between 440-2587, 84-923,
200-2160, 271-3500, and 10-36 mg/l for TDS, SS, BOD, COD, and O&G, re-
spectively) (Attia, 1981),

Bakery industrial sector

The mean BODg, COD, and O&G of the plants of this sector were 1599,
2784, and 194 my/], respectively. By eomparing these averages with wastewater
discharged from Bisco Misr Company and loaded with 1165 mg/I BOD;. 2360
mg/l COD, and 70 mg/l O&G (Sohail, 1978), NBA bakeries wastewater was
found to be more polluted, probably due to the strong industrial effluent gener-
ated from company [2].

This company was found 10 discharge highly polluted wastc stream with an
acidic pH resulting from the wastage of citric acid and maleic acid. [n addition,
the settleable solids were determined to be 260 and 200ml/! atter {0 and 30 min-
utes respectively due to the presence of sesame seed husks that were also the
causc of the high SS content (10£49 mg/l) and the high COD level (10,165 mg/
1). Furthermore, the o1l content of sesame seeds was found to reach wastewater
from the seeds soaking, washing steps, and from the ultimate equipment clean-
ing. This oil content led to a BOD; value of 5934 mgA, und an O&G value of
175 myfl.

Company [6] was found to discharge high organic load (BOD; of 2015 mg/]
and COD of 4120 mg/l) and high O&G content up to 644 mg/l. This was in
agreement with the wastewater discharged from Tom’s Foods confectionery in
Georgia (2,380, 4560, and 66 mg/t for BOD,, COD, and O&G, respectively)
(Givens and Cable, 1988). This might be duc to the swect ingredients flowing
on the floor during processing and carried to the drains during cleaning, The
high values reported from company {6] wastewater analysis illustrated the ne-
cessity to start a pollution prevention program besides installing a wastewater
treatment unit. This was the situation 1n company [5] using lime/NaOH to reat
the plant discharge. However, slightly high BOD; (660 mg/1) and O&G (140
my/l) values were determined in the effluent frnm this company.

Dairv industrial sector

The pH was always in the acidic range (4.5-6.4). This was in accordance with
the Misr Dairy plant effluent characteristics showing pH range of 5.2-6.9 (Sa-
lem, ef al., 1995). This could be attributed to the fermentation of milk sugar lac-
tose into lactic acid.
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Total dissolved solids were recorded to havc a range of 1038 to 20,486 mg/l.
Such high value might be due to the large amounts of salts incorporated in
checse making. As regards SS, they ranged between 407 and 7800 mg/L

As far as the organic load was concemed, the UNEP put a COD range for
dairy effluent from 180 to 23,000 mg/l. Low values were associated with milk-
recelving operations and high values were due to the presence of whey from
cheese production. In addition, the World Bank determined that COD was nor-
mally about 1.5 times the BOD level in dairy wastewater (World Bank, 2001).
This was in agreement with the results nf the present study where mean BODs
and COD were 5489 and 8093 mg/l, respectively. These values were also con-
cordant with those reported in Misr Dairy effluents (5580 and 7860 mg/l, re-
spectively) (Salem, ef al., 1995).

Moreover, total phosphates concentration was found to be very high (253 mg/
1} in company [2] and caused the mean concentration to be 85.7 mg/l. None-
theless, this average was still lower than that recorded in a Kafr El-Dawar
cheese production plant (144 mg/1). These phosphates might be owed to the de-
tergents used in cleansing procedure (Ramadan, et af., 1998),

Finally, O&G were also violating the Egyptian law in the same afore-
mentioned factory and were probably a result of butter and cheese lost mnto the
drains.

As a whole, the 3 surveyed companies were violating the law for the dis-
charge into the sewcrage system.

Edible oil refinery industrial sector

The alkaline pH range (7.2-12.2) was obvicus and could be attributed to the
excess NaOH used in fatty acid removal. Similarly, the high phosphoerus con-
ceniration especially in company [2] might be due to the H;PO, used in de-
gumming process.

The recorded mean values of BOD;, COD, S.S., and O&G were 5970,
10023, 2293, and 484 ing/l. respectively, They were all falling within the ranges
prescribed by an oil refinery pollution control centre in India. These ranges
were 1,375-6500, 2,500-10,500, 100-5.800, and 150-1,900 mg/l for BOD,,
COD. S8, and O&G, respectively (APPCB, 2001). )

However, these values were much higher than those recorded for Alexandria
Oil and Soap Company whase final effluent was loaded with 2000, 560, 700,
400, and 100 mg/ for TDS, SS, COD, BOD;, and O&G, respectively. This
could be explained by the in-plant wastewater treatment in Alexandria Ol and
Soap Company (El-Shal, [994).
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On the other hand, the results recorded from the present study were lower
than those determined by the World Bank for edible o1l processing wastewater
(20.000-35.000, 30,000-60,000, 10,000, and 5,000-10,000 mg/l for BODx,
COD, TDS, and O&G, respectively). These high concentrations were probably
determined from integrated o1l refineries performing both the extraction and the
processing of oil from a variety of fruits, seeds, and nuts. The extraction pro-
cesses might be mechanical or involving the use of solvent followed by boiling,
All these processes generate high organic loads in the waste stream (World
Bank, 1997).

Conclusions and Recommendations

Based on the findings, it can be concluded that only 25 out of 64 companics
complied with the Egyptian faw 93/62. Those violating the faw were distributed
as foliows: 14 food, 8 textile, 7 chemical, 5 fabricated metal, 4 paper and | glue
industrial companies. The frequency of viplation was found ta be 59%, 44%,
10%, 56%., 36%. 36 %, 10%, and 2.6% as regards pH, SS, settleable solids,
BOD, COD, O&G. POj', and NHs, respectively among the violating plants,

The following are some proposed recommendations to achieve environmental
compliance as regards wastewater management in NBA City:

{  Industrial plants are required to implement the possible pollution pre-
vention methods prior to treatment.

2 - Following prevention measures. industrial wastewaler violating the law
93/62 prior to its discharge should be treated.

3 - Loans and grants should be pffered to the violating companies to help
them with the programmes of pollution control.

4 Awareness and training programmes on pollution prevention and control
should be arranged among industry personnel.
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