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ABSTRACT

The problems associated with the discharge of textile dyes into the environment are of growing public concern.
This study was conducted to identify the magnitude of the problem in relation to environment pollution. A ques-
tionnaire was submitted to several textile plantsin the major industrial sitesin Egypt: Shubra El Khima, Mehella
Kubra, Kafr El-Dawar and New Borg El-Arab regions. The questionnaire intended to seek information regarding
textile wastewater disposal, effluent volumes discharged, dyes used, and percent of dyes loss into the effluent
discharge. Soilscloseto thetextile plantswere analyzed to assessthe potential for soil degradation. Soil biological
activity using dehydrogenase enzyme activity, total microbial counts as effected by three commonly textile dyes
used (Dis-azo brown, Acid red, and Reactive) and their mixture were evaluated. The effect of these dyes on
beneficial soil microorganisms; Rhizobium, Azotobacter, yeast, and fungi, was appraised. The main findings were
asfollows:- The COD of the effluent wastewater was generally high reaching up to 3918 mg/l. On the other hand,
the BOD which involves measuring the dissolved oxygen used by microorganism to biodegrade organic com-
poundswas generally low and did not exceed 350 mg/I. Such low BOD valuesrelativeto COD can be attributed to
the dyestoxic effect on microbial activity. The pH of thetested wastewatersranged from 3.8 to ashighas 11.9. The
salinity measurement as EC ranged from 0.4 to 19.6/ dS/m. Such widerangein pH and EC islikely to be attributed
to the use of different chemical including the dyes. The textile plants had a detrimental effect on the quality of
adjacent soils expressed by chemo-physical properties such as pH and EC of the soil as well as the biological
activity of the soil. The dyes showed devastating effect on beneficial soil microorganisms such as Rhizobium,
Azotobacter and yeast. On contrary fungi showed a strong resistance to the dye toxicity. This strengthens the
ideas of studying the fungal strains to identify the potential fungal candidates for dyes removal and biodegrada-
tion. © 2008 Trade Sciencelnc. - INDIA

INTRODUCTION

Textile dyeswastes are among the most difficult
wastesto treat. Thisisdueto their synthetic origin and
complex aromatic molecular fructureswhichmakethem
moredifficult to biodegradein theenvironment. The
conventional wastetreatment systemswerefound to
be unefficient in dye biodegradation. The lack of
remedi ation technologiesintheindustria plantsresults
indischarging of dyes containing wastewatersin the

nearby lagoonsasthe only availableapproach for waste
disposa. Thesewastesfind their way eventudly to the
water streams, which areused for land irrigation of ag-
riculturd.

Thetextiledyeparticularly Azo dyesarereported
to betoxic®. Inthiswork studies on the carcinogenic-
ity and toxicity of Direct, Acid and Basic textile dyes,
were conducted using Amestesti?, Theresults showed
that the studied dyes have mutagenic effect on thetest
organismsused inthese studies.
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In previous work!?" studied the toxicity of dyes
widely used in Egyptian textileindustry. The studies
showed the hazardous nature of these dyes.

The ability of microorganismsto decolorize and
metabolize dyes haslong been amatter of research,
and the use of bioremediation based technol ogiesfor
treating textilewastewater has attracted theinterest of
scientists?3. Aretxagaet al., (2001) documented the
remova of thedye GrisLanaset G from agqueous solu-
tionsby funga pelletsand determined adsorption of the
dye by dead biomass pellets of Trametesversicolor.
Severd other authors studied the decol orization of tex-
tiledyesby fungal strains. Kirby et al ., (2000) found
that Phlebia tremellosa fungal strains were able to
decolorizeeight synthetic textiledyes, Yesiladaet d .,
(2002) studied the decolorization of the textile dye
Adrazon Red FBL by thebiomassof Fundiatrogii fungi
and Meehan et a.*, used a thermotolerant yeast,
Kluyveromycesto decolorize the Remazol Black-B
dye.

Removal of textiledyesfromindustrial effluent
wasdoneby severd methodsincluding nonliving agri-
cultural wastes?, alum sludge!, yeast biomass*4,
anaerobic bacteria?®”, bacterial biomassd?!, Fungi®14
and/or ozonation and €l ectrofloccul ation®.

Azodyesarethelargest classof dyeswiththegrest-
est variety of colors. At least 3000 different varietiesof
azo dyesareextensively used intextile, paper, food,
cosmeticsand pharmaceuticalsindustries. Individual
bacterid strain cannot degrade azo dyescompletely and
theintermediate products are carcinogenic aromatic
amines, which need to befurther decomposed®. Re-
moval of theazo dyeswas studied based on reductive
cleavage of the dyes azo linkages through anaerobic
treatment’® or through employing zerovalent iron*8.,

MATERIALSAND METHODS

Chemo physical analyses

Wastewater quality assessment was based onthe
conventional parameters. Chemica oxygen demand
(COD), biochemica oxygen demand (BOD), and total
solids(TS); employing the standard MethodsY. COD
was measured using (Hach) spectrophotometer test kit,
whereas BOD was measured by OX|1 Top BOD meter
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(WTW, Co). The EC values were determined using
digita Y SIEC meter (modd 35), and the pH wasmea-
sured by digital Orion pH meter (model 420A). Spe-
cific absorption of dye solutionswasassayed by LBK
spectrophotometer (model 4054) for the Dis-azo
brown, Acid red, and Reactive blueat 342, 542, and
562nmwavelength, respectively.

Microbiological analyses

Totd countswereenumerated in soil samplesem-
ploying the plate count technique using nutrient agar.
Plateswereincubated at 28°C and thetotal microflora
was counted after 7 days. Counts are presented as
colony forming units (CFU) per gramoven dry soil.

Thedyestoxic effect wastested on rhizobium, azo-
tobacter, yeast and fungi Microbia strainsisolated from
Egyptian soils; except therhizobium strain (R etli) was
obtained fromtheltalian culture collection |1 GB rec-
ommended asinoculant Srainfor bean. Threedyeswere
employed, inaddition to their mix. The Dis-azo brown
dye was obtained as pure chemical from the Textile
Industries Divison, Nationa Research Center. TheAcid
red and Reective blue dyeswere obtained from Dyetex
Company at Borg El-Arab. Specific mediawas used
for each microorganism: yeast mannitol extract (YMA)
for rhizobium, Ashby medium for Azotobecter, and mat
extract for yeast and fungd strains. Oneml from48hrs
liquid cultures of each strain was spread on the surface
of agar mediaamended with 300 or 600ug/ml dyecon-
centration. Threereplicateswere conducted and the
plateswereincubated at 30°C for five days. Results
arereported asrelative growth.

Dye effect on soil dehydrogenase activity

The dehydrogenase assay is based on using the
2,3,5-triphenyl tetrazolium chioride(TTC) to replace
atmospheric O, as H acceptor during the oxidation
process. Fivegramssoil samplewereplacedinastop-
pered 50ml Erlenmeyer flasksthen mixed with 0.1%
CaCO, and 1ml of 3% aqueoussolutionof TTC and
2.5ml of digtilled water. Thisamount of liquid should be
sufficient for small amount of freeliquidto appear over
the surface of the soil after mixing. Flaskswere stop-
pered andincubated at 30°C for 24 hours. Thetriphenyl
formazan (TPF) produced was extracted with metha-
nol. The contents of theflaskswerefiltered, the soil
wasre-extracted and thefiltrate madeto 50ml volume
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withmethanol. Theintensity of thereddish colour was
measured using aspectrophotometer at awavelength
of 485nmwith 1ml cuvette and methanol asablank®,
Thetest was conducted on natural soilsaswell ason
soils amended with 600 ppm dye. The amount of
produced TPF was cal culated against reference cali-
bration graph prepared from TPF standards (Forma-
tion of mg formazan requires 150.35pl of H,). Thede-
hydrogenase activity of the soil was expressed as pl
H,g" soil day™.

RESULTSAND DISCUSSION

Problem identification

Questionnaireswere submitted to 24 textilecom-
panies. But only 15 responded and alowed the project
teamto visitstheir factories. A tota of 43 wastewater
samples were obtained from the respective disposal
sitesshownin TABLE 1. Theamount of wastewater
discharged from each factory (Q) ranged from 2.5to
5000m?/day. (TABLE 1). Themain dyesused are Re-
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activein severd plants, Direct in 7 plants, Dispersein 6
plants, Vat in 2 plants, Sulfurin 2 plants, andAcidin
oneplant. Currently, thereare gpproximately 3000 types
of dyesintheworld market. M ore than 60000 tons of
dyesarereleased into the environment through indus-
trid wastewater from two magjor sources, thetextileand
dyestuff industries**". Inasurvey of over 4000 dyes,
the Ecologicd and Toucol ogica Association of the Dye-
suff Manufacturing Industry (ETAD) reported that 90%
werefound to betoxic, with thehighest toxicitiesfound
inthe Dis-azo direct and basic dyes®. Wastewater is
the main route by whi ch dyesenter the environment?”.

TABLE 2indicatesthat for thevigted textile plants,
percentage of dyeslost to theenvironment ranged from
0.01 to 95%, and similar losseswerereported by Pe-
ter*19, Source of the dye and manufacturing technique
affect the efficiency of dyefixation onthefabrics. Ad-
vancesinthedyeindustry play animportant roleinthe
dyefixationefficiency. Thesurvey reveded that around
50% of the dyes used are produced locally (TABLE
2), which may account for the high dyerdeaseinto the

TABLE 1: Textile wastewater discharged (Q) and samples obtained from disposal sites

Region Company Q m°/day Qm®day Sample Sampling site
Seif El Din Co for industry and trade 50 1,2 Drainage outlet.
Egyptian Int'l Co for 650 34, Drainage water from the dyehouse basin.
New Borg knitting and dyeing(Dyetex) 5,6 Dyehouse drainage. Drainage outlet.
Egyptian Industries Co. NA 7,8,9, Drainage water from the dyehouse basin.
(Sougic) 10,11 drainage outlet.
. Drainage outlet. Wastewater sample was
Nouno textile factory and dye-house 2.5 25 12,13 collected from inside drainage.
: 14,15, 16, Drainage water from the dyehouse.
Caro El mukatem dyehouse 25 17,20,21 Dyehouse drainage. Ddrainage outlet.
Shams compan 10 18,19, Drainage water from the dyehouse basin.
pany 22 Drainage outlet. Dyehouse drainage.
Drainage water from the dyehourse basin.
Mehalla El-Nasr textile and dyeing Co. 5000 23,2526 Drainage water from the dyehouse basin.
Kubra From dyes factory after treatment
El Salam textile and dyeing Co. NA 24 Drainage canal.
El belkiny dyehouse 7 27 Drainage water from the dyehouse basin.
. L Drainage canal.
El-Salam dyeing and finishing Co. 40 28,29,30 Drainage water from the dyehouse basin,
Asco factory 40 31 Drainage canal.
Shubra El The tian Co. for dyeing, printing and
Khima egyptian 0. yang, p 9 60 32,33,34 Drainage water from the dyehouse basin.
finishing (Misrtex)
El fanneya dyaing, gg nting and finishing 50 35,36  Drianage water from the dyehouse basin.
Ixmadye company NA 38,39,40 Drainage outlet before treatment
Kafr El- Misr El beidadyers NA 37.41,42 Small D_efshu drainage qanal. Big Defshu
Dawar drainage canal. Drainage outlet.
Societe Misr Pour La, Rayonne S.S. Akafrel  NA 43 Drainage outlet.

O : Wastewater discharaein m®dav:; NA: Datanot available
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TABLE 2: Sourceof dyesused intextileindustries, % of theexcessdyeslost inthewaste effluentsand and waste treatment

methods
Samples % of dyes Treatment Sour ce of dyes
location Company name lost methods L ocal imported Countries
Self El Din Cofor industrial andtrade 018 Mechanicdl -3 NA
imported
Egyptian Int'l Co for Knitting and i . .
New Borg Dyeing (Dyetex) 0.5-5 Mechanical imported Germany
. . . . . Germany, east
Egyptian Industries Co.(Sougic) 0.1-9 Mechanical imported Assian countries
Nouno Textile Factory and Dye- House ~ 85-95 Mechanica Local NA
. Local Asma dye Co.
Cairo El Mukatem Dyehouse 0-55 None imported Chaina, Coria, India.
Shams Company 0.01-3 None Local imported  Cibia Co., Japan
: ! Mechanica . German, Tewon,
el El-Nasr Textile and Dyeing Co. 0.1-6 and chemical imported Chaina, India
Kubra El Salam Textile and Dyeing Co. 0.5-9 Chemical Imported All countries
. Local Asma dye Co.
El Belkiny Dyshouse 0.5-3 None imported Chaina, India
. S . Germany,
El-Salam Dyeing and Finishing Co. NA None imported Coria, India
Shurba The Egyptian Co. for Dyeing,
Khima Printing and Finishing (Misrtex) NA None Local NA
El Fanneyg D_ye_l ng, Printing and NA* None ND NA
Finishing Co.
Mechanica
Ixmadye company 50 and chemical Local Asmadye Co.
Kafr , . Mechanical Local
El-Dawar Misr El BeidaDyers SA.E NA  d chemical imported NA
Societe Misr Pour La Rayonne NA Mechanical Local NA
S.S. Akafrel and chemical imported
*NA: Data not available
Characteristicsof thetextilewastewater s
Physical & Physical i
Chemical 26.7 Main parameters data for the tested wastewater
26.7 aregivenin TABLE 3. Thechemica oxygen demand
(COD) isameasure of the organic matter inindustria
and municipal wastesthat contain compoundsthat are
Chemical toxictobiologicd life; employingastrong chemicd oxi-
6.9 No treatment dizing agent such aspotassium dichromate®®. Themaxi-

39.6%

Figure1: Treatment techniquesapplied for remediation of
effluentsamong all sitesexamined inthetested sites

textile wastewater. The dyeing machinery used are
mainly of the Jogers and Jet type, and in some cases
are of the Haspol and overflow types. Figure 1 and
TABLE 2 dso showsthat around 27% of the surveyed
plantsempl oy mechanical treatment, another 27% em-
ploy both mechanica and chemicd treatment, and only
one plant employschemical treatment. Theremaining
40% of the visited textile plants did not employ any
treatment process.

mum COD va ue obtained was 3918mg/| for sample
36 of shubraElkhimawhereno treatment was applied
(TABLE 2). Most of the COD vduesarerdatively high,
and only few arebelow 100mg/l. Thebiochemicd oxy-
gen demand (BOD) isthemost widdly used parameter
of organic pollution, asitinvolvesmeasuringthedis-
solved oxygen used by microorganisms. Presence of
toxic compoundssuchasdyesarelikely tohaveadev-
astating effect on satisfactory operation of thebiol ogi-
cal degradation process. The BOD vauesreportedin
TABLE 3aregenerdly low and did not exceed 350mg/
I, which can be attributed to the dyestoxic effect. For
many types of wastewater it is possibleto correlate
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TABLE 3: Biological and chemical constituentsin wastewa-
ter obtained fromdifferent textileplants

Par ameter
Sample Total
Area number (r:nO;ID quﬁ solids  pH (dlélcm)
9t MIT (Tmg)l

1 2280 150 6152 1158 4.65

2 1380 50 4408 11.71 4.01

3 450 100 1568 7.01 1.3

4 370 15 872 6.61 0.71

New 5 780 250 6574 9.27 812
Borg 6 190 50 488 582 0.73
ElArab 7 170 35 3552 941 4.86
8 100 40 988 881 0.96

9 200 NA* 1092 839 1.18

10 60 36 844 88 087

11 90 180 1308 722 132

12 470 15 56 85 071

13 80 15 388 855 04

14 160 45 1500 9.18 197

15 3130 350 5255 10 8.35

16 NA* 20 968 915 23

Cairo 17 1260 40 2828 10.66 2.34
18 3130 250 4944 1167 471

19 156 90 756 877 035

20 268 35 2080 973 224

21 NA* 55 2016 9.77 3.18

22 688 45 580 946 054

23 2938 60 11836 10.8 19.55

Mehdla 24 664 120 1968 7.26 2.93
El- 25 862 20 2196 9 29
Kubra 26 134 15 1388 7.79 236
27 1274 60 2624 951 3.03

28 834 60 912 369 12

29 1384 100 1084 6.05 14

30 778 60 2244 365 0.2

Shubra 31 52 4 576 7.55 1
EIKhima 32 1750 200 2088 426 091
33 1088 40 1440 935 16

34 110 20 860 7 15

35 3455 300 71888 7.84 70

36 3918 50 1588 481 09

37 228 50 980 38 156

38 771 - 1328 366 1.65

K afr 39 872 50 1980 248 344
ElDawar 40 400 750 5910 1185 7.84
41 92 4 888 75 104

42 70 4 925 6.76 122

43 NA 10 576 7.08 0.82

*Data not available

COD with BOD. Thiscan bevery useful becausethe
COD can bedetermined in 3h, compared with 5 days
for BOD. Oncethe correl ation has been established,
COD measurement can be used to good advantagefor
treatment-plant control and operation. However, check-
ingthe COD/BOD datain TABLE 3 suggeststhat such
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TABLE 4: Heavy metalscontent of textilewastewater

Area Sample Heavy metals Values (mg/l)
no. Fe Mn Zn Cu Cr Co Ni
1 051 0.154 0.198 0.189 - 0.304 0.029
0.408 0.098 0.138 0.054 - 0.114 -
3 0051 0.084 0018 - - 0038 -
New 4 0.042 0.048 0.324 - 0.076 - -
Borg El 5 2142 0.098 0.312 - - 0076 -
Arab 6 0.102 0.042 0.03 - - 0.038 -
factory 7 - 0112 0.216 - - 0.038 -
sites 8 - 0.042 0.024 - - - -
9 0.051 0.056 0.036 - - - -
10 - 0014 - - - - -
11  0.255 0.042 0.06 - - - 0.029
12 - 0.056 0.048 0.027 0544 - 0.029
13 - 0.014 0.018 0.027 - - -
14 - 0.084 0.048 4.077 - - -
15 0.255 0.084 0.06 76.28 - 0.304 0.406
16 - 0.07 0.036 - - - -
Cairo 17 - 0.042 0.048 0.162 - 0.038 -
18 0.408 0.056 0.039 - - - -
19 - 0.028 0.09 0.027 - - -
20 - 0.042 0.03 0.027 - - -
21 - 0042 024 027 - - -
22 - 007 0222 - - - -
23 - - - 0999 - 0.076 -
24 0.102 0.098 0.018 - - 0038 -
Mehala 25 - 0.028 0.018 - - - -
26 0.051 0.028 - - - - -
27 0.051 0.07 0.102 - - - -
28 0.816 0.546 1.53 0.0270 - - -
29 0.918 0.574 0.024 - - - -
30 0.663 0.63 0.192 - - - -
Shubra 31 - 0042 - - - - -
El-Khima 32 0.612 2198 0.66 081 - - -
33 - 0462 0.108 - - - -
34 0.098

35 0.459 0.084 0.048 8.397 0.408 0.304 0.348
36 0459 2212 0.168 - - - -

correlation may not exist for textilewastewater, pre-
sumably dueto the confounding effect of dyetoxicity
onmicrobid activity.

Total solids(TS) content of wastewater isdefined
asall thematter that remainsasresidue upon evapora
tionat 103-105°C. Itisusualy classified into dissolved,
total (TDS) and suspended solids (SS). Asshownin
TABLE 3, theTSvauesaregeneraly high and reached
asmuch as11836 mg/l for sampleNo 23from Mehdla
Kubra. ThepH intested wastewatersranged from 3.8
(highly acidic) for sasmple 37 to ashigh as 11.85 for
sample40, both from Kafr El-Dawar (TABLE 3) The
electrica conductivity (EC) asoranged considerably
from 0.4 dS/m (sample 13) to 19.55 dS/m (Sample
23). Suchwiderangein pH and EC may be attributed
tothe use of sodium hydroxideand sodium chloridein
thetextile bleaching and sizing process.
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Heavy metalscontent of textilewastewater isgiven
inTABLE 4; because of their potential toxicity inthe
treatment and disposal of wastewaters. For instance
copper (Cu) and chromium (Cr) aretoxicinvarying
degreesto microorganismsand thereforemust betaken
into consideration inthe design of abiological treat-
ment plant; asthe microorganismsmay bekilled and
treatment ceases. Copper istoxicindudgedigestersat
concentration of 100mg/l whereaschromiumistoxic
at concentrationsof 500mgy/11*!, Such high concentra-
tionsarenot notedinthetextilewastewater TABLE 4).

Complianceof textilewastewater swith law 48/82

TABLE5givesthemaximumlimitsalowedfor dis-
chargingindustrial and municipa wastewatersinto non-
freshwater bodies (Law 48/82, article61). ThisTABLE
showsthat the permissible pH rangeisbetween 6t0 8,
TABLE5: Law No. 48/1982 regulatory limitsfor municipal
and industrial wastewater dischargeinto non-fresh water
Maximum limits, allowed, mg/L
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whereas severd wastewater samplesin TABLE 3were
outsidethisrange. Most of the COD vauesfor thetex-
tilewastewater samples(TABLE 3) exceeded the stan-
dard 100mg/l (TABLE 5). Ontheother hand, severa
BOD vauesare bel ow the 60mg/| standard (TABLE
5); but undoubtedly thisisdueto the dyetoxicity effect
onmicrobial activity stated earlier. The TDSIimitis
2000mg/l (TABLES), whichisequivdent to EC around
3; and was exceeded in many wastewater samples
(TABLE 3). With respect to heavy metals, their sum
should not exceed 1mg/l, and asshownin TABLE 4,
few of the tested wastewater samples exceeded this
limit. It may be concluded that thetested textilewaste-
water samplesdid not comply withtheregulations; while
for protecting public health and the environment we
shoulding st on strict compliancewith regulations.

Assessing quality of soilsadjacent totextileplants

Eighteen soil sampleswere collected from soils
adjacent tothetextileplants(TABLE 6). Asexpected,

Parameter M unicipal Industrial textureof MehallaK ubra, ShubraEl Khima, and Kar

Temperature 35°C 35°C El-Dawar soilsisclay (TABLE 7); and their calcium

B%'D %’3 %’3 carbonate (CaCO,) content ranged from 1.3t0 5.8%

OD (dichromate) 80 100 (TABLE 8). Only soil No. 47 from Borg El-Arab

DO(dissolved oxygen) not less than 4 - tended to besandy (TABLE 7), withrelatively higher

Dissolved solids 2000 2000 CaCO, content of 9.3% (TABLE 8). Soil sdlinity var-

Suqoe”dgd solids(SS) S0 60 ied considerably asthe EC ranged from 1.09 dS/m to
olor Free of colored materid .

Heavy metals (Sum) 1 (mg/l) 22.4dSYmt022.4dSYm (TABLE 8). Soil No. 47 had

Fecal coliform (MPN) 5000/100m ahigh EC of 21.7 dS/m accompanied by ardatively

TABLE 6: Soil sampling adjacent to thetextile plants

ISampl% Company/factory  Soil sample Sampling site
ocation name number
NEelv_v AEr’grbg Egygg.a(nsi)tzf)” s 47 Soil exposed to the dye residues ins de the company premises.
MKTSI La El SaIIDz;n; ngége and 48 Soil sample adjacent to drainage canal.
53, Fallow soil sample, 50 meter away from the factory drainage.
Asco factory 2 54, Fallow soil sample, 100 meter away from the factory drainage
ShubraEl ' 55, Fallow soil sampl e 200 meter away from tr_]e factory drainage
Khima Asco drain 56, 57, 58 Soil sample adjucant to drain.
59, Agric. Soil sample, 50 meter away from the factory drainage.
Asco factory 1. 60, Agric. Soil sample, 100 meter away from the factory drainage
61, Agric. Soil sample, 200 meter away from the factory drainage.
44, Fallow soil sample, 50 meter away from the factory drainage
Imadye factory 45, Fallow soil sample, 100 meter away from the factory drainage
K afr El- 46 Fallow soil mpl e 200 meter away from the factpry dre_\i nage
Dawar Small Dafshu 51, Fa!lowson sample beside small Dafshu El Badadra_n. '
El Beidadrain 49, Fallow soil sample, 50 meter away from small Dafshu El Beida drain.
50 Fallow soil sample, 100 meter away from small Dafshu El Beida drain.
Big Dafshu drain 52 Soil sample adjacent to big Dafshu drain.
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high pH of 8.35. (TABLE 8). It may be noted from
TABLE 6 that this Borg El-Arab sample was taken
from soil exposed to the dyeresiduesinside the com-
pany premises.

Thehedthy Deltasoilsnormally givesatotal mi-
crobial count around 10°-10% CFU per gram soil. In
comparison, CFU of soilsadjacent to thetextile plants
weremuch lower; with CFU around 107 for 7 samples
(TABLE9) and around 102 for only 2 samples. (Nos.
48 and 53, TABLEY9). Suchreductioninmicrobid CFU
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of studiesasit provesrdiabletest. Theresults showed
that the dehydrogenase activity was different from soil
to another being very highin soil from near Asco fac-
tory I, Ascodrain, Asco factory | at ShubraEl Khima
and Ixmadyefactory and Smal Dafshu El Beidadrain
at Kafr El-Dawar as compared to another soils. Effect
of adding 600 ppm dyeto 8 soils (adjacent to textile

TABLE 9: Microbial countsin soilsaffected by continuous
dischar geof textileindustrial effluence

Enzyme activity

-1
suggestsadetrimental effect of textileplantsonadja  Company name S27Ple  Total wl/g~/24hrs
. . .. number counts Natural Soil
cent soils. The soil enzymeectivity isrecommended an wil  recaiving
indicator to soil fertility. Among theseenzymes, dehy-  "E|-Salam Texttile
drogenaseenzymeisasuccessful candidatefor thistype  and Dyeing Co. &t 48 1.6x 10° - -
TABLE 7: Mechanical analysis of sampled soils El-Menalla Kubra
5 D Ascofadtoryll & ooy 1 98 18377 128.64
No—>and % Silt % Clay  revturedass Shubra El Khima ' ' '
Coarse Fine Coarse Fine Coarse Fine Asco drain at .
44 80 72 85 190 7.0 503 Clay Shubra El Khima 56 4.0x10° 67.25 41.69
45 104 20 110 259 82 424 Clay Asco factory | af
46 39 09 106 298 100 449 Clayloam . 59 6.0x10° 25.18 30.87
47 180 198 280 247 43 53 Sandy If&“:;;eiggg'r’;‘;
48 02 - 146 264 142 446 cl 7
49 08 01 134 396 84 376 cg Kafr El-Dawar 44 19x100 5872 114.43
50 20 04 276 253 70 378 Clay Small Dafashu El
51 27 04 237 271 94 368 Clay Beidadrain at 51 3.8x10" 30.29 66.68
52 201 211 27 04 124 433 Sandyclayloam K afr El-Dawar
53 12 01 216 256 157 358 Clay Small Dafshu El
54 13 04 207 265 48 463 cl - - 7
55 14 05 213 279 67 422 cg E;?Eﬁg‘;/gr 49 59x10° 5133 b4l
56 46 13 164 241 7.7 460 Clay
57 21 06 203 284 113 374 Clay Small Dafshu El ,
58 25 0.7 207 343 9.3 32.6 Clay Beidadrain at 50 1.7 x 10 75.77 98.51
59 33 05 96 282 122 462 Clay BKaf[r)eltEf;Daéva_r
60 36 07 120 284 89 466 cl i udrain ;
61 34 07 110 184 128 536 Clgyy at %afr E-Dawar 22 ©60x10° 1836 26.32
TABLE 8: Chemical analysis of sampled soils
No. ECe pH CaCO% Gypsum% OM.% Ca™ Mg™ Na' K* HCO;+CO;~ CI” SO,”
44 29 641 1.3 10.4 87 85 53 140 12 0.7 18.8 9.5
45 143 661 2.8 0.0 75 41 29 68 05 0.6 8.8 4.9
46 122 6.65 1.3 0.0 14 38 25 59 03 0.3 8.2 3.7
47 217 835 9.3 0.0 4.9 - - - - - - -
48 54  6.79 33 14.6 145 143 100 256 4.1 15 382 143
49 46  6.68 0.8 12.8 77 138 91 202 39 10 31.8 132
50 318 6.76 1.5 4.9 58 95 71 137 15 1.1 176 131
51 500 6.10 1.3 16.4 188 135 95 245 25 1.3 268 219
52 224 644 5.8 14.5 147 555 398 1141 7.3 1.3 158.0 64.7
53 488 6.83 4.0 0.0 89 151 94 225 18 15 3.2 161
54 245 681 48 0.0 57 76 42 115 12 0.8 15.3 8.4
55 1059 6.74 43 6.6 6.7 232 182 600 39 2.4 69.3 342
56 17.35 6.45 5.3 16.7 166 51.3 328 834 6.0 15 111.3  60.7
57 199 6.86 2.5 4.8 37 48 28 109 14 1.0 11.6 7.3
58 482 7.72 2.8 6.7 74 149 93 221 19 1.4 307 161
50 1.09 6.92 1.0 0.0 37 33 21 45 10 0.6 6.8 35
60 141 6.95 2.3 0.0 64 40 28 67 06 0.5 8.6 5.0
61 126 6.9 43 0.0 25 34 25 63 04 0.3 8.3 4.0
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TABLE 10: Effect of threetextiledyeson thegrowth of four
soil microor ganisms

Spe0|_f|c Disazo Acid red Reactive  Mix of
Microoraa media brown (Conc blue dyes
nismsg without (Conc. opm) (Conc. (Conc.
dye ppm) ppm) ppm)
300 600 300 600 300 600 300 600
ReliEC3 +++ - - + - - - + -
Azotobacter .t ) L4y
Sp
Y east +H++ o+ -+ - - - +
Fungal +H+ A

Relative growth: +++=heavy growth, ++=growth, +=slight growth,
- =no growth

plants) on soil dehydrogenase activity isshowninthe
last two columns of TABLE 9. Enzyme activity was
183.8ul/gfor soil No. 53 (CFU 108) and was reduced
t0 128.6pl/g onadding 600 ppm dye (TABLE9). The
direct effect of the dye on dehydrogenase activity did
not show specific pattern. With the addition of thedye,
theactivity either increased or decreased. Thisshows
thedirect effect of dyeson enzymefunction. Dehydro-
genase activity did not decreasewhichindicatethat the
soil anditsmicrobia inhabitants are healthy and con-
tinueto handlethe poll utants by oxidation. In compari-
son, enzyme activity of the other 7 soils having only
CFU 107 ranged from 18.4 to 75.8l/g; and theresponse
to dyeadditionwaserratic (TABLE 9). Undoubtedly,
reductionin CFU reflectschangesin soil microbial di-
versity induced by dye poisoning; resultingin negative
effectsonmicrobid function and soil enzymaticactivity.

Effect of threedyesand their mixtureon rhizobium,
azotobacter, yeast and fungi isshownin TABLE 10.
Resultsaregiven asrel ative growth obtained by enu-
meration on the appropriate mediafor each microor-
ganism. Dyes were added at 300 ppm and 600 ppm
concentrations, and practically fungi growth was not
affected; indicating its strong resi stance to dye poison-
ing. Ontheother hand, rhizobium, azotobacter and yeast
did not grow at the 600 ppm concentration; and their
growthwasdight and rather erratic at the 300 ppm dye
concentration. Such resultsdramatizethe devastating
effect of dyeson these soil microorganisms.

CONCLUSION
Wastewater of several textile plantswereinvesti-

gated aswell asthe soil s adjacent to thesetextile plants.
Themainfindingsareasfollows:
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e TheCOD which may contain organic compounds
that aretoxictobiological lifewasgenerdly high;
with vauesranging up to 3918 mg/l. Onthe other
hand, the BOD which involvesmeasuring thedis-
solved oxygen used by microorganism to biode-
grade organic compoundswas generally low and
did not exceed 350mg/I. Such low BOD values
relativeto COD can be attributed to the dyestoxic
effect onmicrobid activity.

e The pH of tested wastewaters ranged from 3.8
(highly acidic) toashighas11.9. Also, wastewater
EC ranged considerably from 0.4 dS/mto 19.6/m.
Suchwiderangein pH and EC may beattributed
to the use of sodium hydroxide and sodium chlo-
rideinthetextile bleaching and Szing process.

e Thetextileplantshad adetrimental effect onthe
qudity of adjacent soilsexpressed by chemo-physi-
cal properties such as pH and EC or biological
properties such assoil enzymatic activity or micro-
organisms,

e Thedyeshasadevastating effect on beneficia ol
microorganismssuch asrhizobium, azotobacter and
yeast. Among soil microorganisms, fungi showed a
strong resistanceto dyetoxicity.

e Most of thetested textile wastewaters exceeded
theregulatory limitsstated by law 48/82. For pro-
tecting public hedlth and the environment weshould
ins st on strict compliancewith regulations.

Inview of our financial congtraints, dyepollution
control requiresdevel oping acost-effective trestment
technology. Resultsgiveninthiswork show thestrong
resstanceof soil fungi to dyetoxidty. Severd fungi srains
have beenisolated, and their dyeremoval capacity is
currently investigated. Asstated earlier, main objective
of thefuturework isto develop abioremediation tech-
nology for cost-effectiveremova of dyesfromtextile
wastewaters.
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