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ABSTRACT 

Electrochemical treatment of wastewater using sacri- 
ficial iron electrodes has been demonstrated to be 
effective in the removal of heavy metals and organic com- 
pounds. This technique has also been reported to  be 
effective in the removal of acid dyes and stain blocking 
chemicals from carpet dye effluent. Our studies show 
that electrochemically treated disperse dye effluents have 
markedly reduced toxicity (as determined by the 
Daphnia magna test), suggesting that residual dyebath 
additives have been removed. In addition, the treated 
effluent can be recycled in subsequent dyeing operations 
to  produce level dyeings with reasonable colour reprodu- 
cibility. 

INTRODUCTION 

The economic significance of the more than 800 million litres 
of aqueous waste from Canadian mills each day stems from 
the loss of potentially reusable chemicals and the need to  neu- 
tralize such wastes to  protect the environment. Although dyes 
and pigments form a relatively small percentage of the total 
chemical effluent, their high cost (approximately 190 million 
dollars worth were used in Canada in 1989) makes the impor- 
tance of their reclamation paramount (5). From the standpoint 
of environmental contamination, waste dyes present not only 
the usual problem of potentially toxic or carcinogenic chemi- 
cals entering sewage treatment facilities not specifically 
designed for them; merely by virtue of their colour, dyes 
represent an aesthetic pollutant as a problem separate from their 
chemical toxicity 24, 32). 

Effluent from industrial dyebaths contains the dyestuffs them- 
selves as well as the various chemical assistants. A wide vari- 
ety of dyes, representing several different chemical groups, are 
toxic, carcinogenic, mutagenic, or teratogenic (2, 4, tj, 1, E, 
-- 12-1 5, -- 17-21, 2s. 30, 33) in various microbiologic, fish, or 
mammalian test systems. Each day a mixture of harmless dyes 
and chemicals enters the environment, separated from our lakes 
and streams only by whatever sewage treatment facilities are 
available locally. In a limited number of published studies of pure 
dyestuffs entering actual or simulated sewage treatment facil- 
ities (1 1, 22, 23) only a few dyes were shown to either damage 
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the microbial ecology of the treatment system or escape com- 
plete detoxification. Despite this reassuring data, the recogni- 
tion that the daily dyebath effluent contains a much more com- 
plex and variable mixture of dyes, dispersants, wetting and 
levelling agents, and trace metals (1, 9, 28, 29, 31 makes it 
clear that every effort should be made to minimize the volume 
of each effluent leaving the plant. That the threat is more than 
imaginary is evidenced by the strict regulations in some U.S. 
states requiring that textile plant effluent be pretreated prior 
to discharge, at great expense to the industries affected (6, E). 

In addition to these environmental concerns, the re-use of 
dyebath effluent seems to make good economic sense. In 
theory, most dyeing procedures result in an effluent that is only 
quantitatively different from the original formulation. All that 
must be done is determine the amount of dyestuff and chemi- 
cal assistant required to restore dyebath effluent to full formula 
strength, or reformulate it to another specified dyebath recipe. 
When exhaustion of only the dyestuff is of concern, experienced 
dyers may have learned to add more or less the right amount 
of dye to the effluent to restore it to acceptable potency. Unfor- 
tunately, the results are often unacceptable in situations requir- 
ing rigid colour matching. 

Alternatives include mathematical estimation or photomet- 
ric measurement of dyebath exhaustion - both too slow to  be 
of use in actual production - or careful scheduling of batch 
dyeings so the light fabric colours always precede darker 
colours. In this last method, the ideal is that the partially 
exhausted effluent from the lighter baths is so slightly coloured 
in comparison to the darker dyebath liquor for which it is des- 
tined that it may be considered as almost colourless in the for- 
mulation of the new dyebath. Unfortunately, the key word here 
is "almost", and resultant colour mismatches sti l l  present a 
quality control headache. 

Similar manipulations may be used to  partially overcome the 
variability in the exhaustion of other dyebath chemicals. A com- 
mon and important example is the attempt to control the 
amount of carrier chemical in effluents from disperse dyebaths 
by increasing the bath temperature in order to almost completely 
exhaust the carrier (29). Too much carrier in reformulated dye- 
bath liquors results in non-uniform dyeing. Too litt le results in 
too little adherence of the dye to the fabric (virtually always 
polyester). 

I f  these hit-and-miss approximations are a headache in batch 
or piece dyeing operations, they are complete disasters in con- 
tinuous dyeing operations in which the reclaimed effluent from 
even a single station along the production line may contain 
several different chemicals. The chance of the "eycball" 
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I NTRO D UCTlO N 

The economic significance of the more than 800 million litres 
of aqueous waste from Canadian mills each day stems from 
the loss of potentially reusable chemicals and the need to  neu- 
tralize such wastes to  protect the environment. Although dyes 
and pigments form a relatively small percentage of the total 
chemical effluent, their high cost (approximately 190 million 
dollars worth were used in Canada in 19891 makes the impor- 
tance of their reclamation paramount (2). From the standpoint 
of environmental contamination, waste dyes present not only 
the usual problem of potentially toxic or carcinogenic chemi- 
cals entering sewage treatment facilities not specifically 
designed for them; merely by virtue of their colour, dyes 
represent an aesthetic pollutant as a problem separate from their 
chemical toxicity 24. 321- 

Effluent from industrial dyebaths contains the dyestuffs them- 
selves as well as the various chemical assistants. A wide vari- 
ety of dyes, representing several different chemical groups, are 
toxic, carcinogenic, mutagenic, or teratogenic (2, 5,  tj, 1, 3, 
-- 12-15, -- 17-21, 2s. 33, 33) in various microbiologic, fish, or 
mammalian test systems. Each day a mixture of harmless dyes 
and chemicals enters the environment, separated from our lakes 
and streams only by whatever sewage treatment facilities are 
available locally. In a limited number of published studies of pure 
dyestuffs entering actual or simulated sewage treatment facil- 
ities (11, 22, 23) only a few dyes were shown to either damage 
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the microbial ecology of the treatment system or escape com- 
plete detoxification. Despite this reassuring data, the recogni- 
tion that the daily dyebath effluent contains a much more com- 
plex and variable mixture of dyes, dispersants, wetting and 
levelling agents, and trace metals (1, 9, 28, 29, 31 makes it 
clear that every effort should be made to minimize the volume 
of each effluent leaving the plant. That the threat is more than 
imaginary is evidenced by the strict regulations in some U.S. 
states requiring that textile plant effluent be pretreated prior 
to discharge, at great expense to the industries affected (8, Zl. 

In addition to these environmental concerns, the re-use of 
dyebath effluent seems to make good economic sense. In 
theory, most dyeing procedures result in an effluent that is only 
quantitatively different from the original formulation. All that 
must be done is determine the amount of dyestuff and chemi- 
cal assistant required to restore dyebath effluent to full formula 
strength, or reformulate it to another specified dyebath recipe. 
When exhaustion of only the dyestuff is of concern, experienced 
dyers may have learned to add more or less the right amount 
of dye to the effluent to restore it to acceptable potency. Unfor- 
tunately, the results are often unacceptable in situations requir- 
ing rigid colour matching. 

Alternatives include mathematical estimation or photomet- 
ric measurement of dyebath exhaustion - both too slow to be 
of use in actual production - or careful scheduling of batch 
dyeings so the light fabric colours always precede darker 
colours. In this last method, the ideal is that the partially 
exhausted effluent from the lighter baths is so slightly coloured 
in comparison to the darker dyebath liquor for which it is des- 
tined that it may be considered as almost colourless in the for- 
mulation of the new dyebath. Unfortunately, the key word here 
is "almost", and resultant colour mismatches still present a 
quality control headache. 

Similar manipulations may be used to partially overcome the 
variability in the exhaustion of other dyebath chemicals. A com- 
mon and important example is the attempt to control the 
amount of carrier chemical in effluents from disperse dyebaths 
by increasing the bath temperature in order to almost completely 
exhaust the carrier (29). Too much carrier in reformulated dye- 
bath liquors results in non-uniform dyeing. Too little results in 
too little adherence of the dye to the fabric (virtually always 
polyester). 

If these hit-and-miss approximations are a headache in batch 
or piece dyeing operations, they are complete disasters in con- 
tinuous dyeing operations in which the reclaimed effluent from 
even a single station along the production line may contain 
several different chemicals. The chance of the "eycball" 
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approach to  restitution of such effluents being successful is 
remote. In those instances in which recycling of these effluents 
is essential, membrane filtration (31 may result in a chemically 
defined end product that may then be reformulated to  a stan- 
dard dyebath recipe. This procedure is extremely expensive and 
cannot be justified on economic grounds alone. 

Despite the obvious savings in water and dyebath chemicals 
that a recycling program would create (3, 25, 2 9 ,  a), the 
actual initiation of these programs has been limited. Manufac- 
turers have been reluctant to  invest in the equipment and per- 
sonnel retraining when the results may not be instantly reward- 
ing. The colour computer system deals only with the dyes 
themselves, not with the variables in the exhaustion or build- 
up of other chemicals during the dyeing procedure. In simple 
batch or piece dyeing, one assumes that the few other dye- 
bath constituents consumed are inactivated to  the same extent 
as the dyestuff. In the more complex continuous dyeing proce- 
dure, only trial-ai Id-error will eventually correct the error caused 
by those few critical chemicals that are not consumed in direct 
proportion to dyestuff exhaustion. 

A recently developed method used for the separation of 
organic compounds and heavy metals in the electroplating, 
metal polishing, and circuit board manufacturing industries is 
an electrochemical system composed of sacrificial iron elec- 
trodes (E). Wastewater is circulated between the electrodes, 
allowing electrical current to flow between them and slowly 
dissolve the anode. The reaction releases ferrous ions which 
are converted into ferrous hydroxide upon contact with the 
water. The ferrous hydroxide is then precipitated from the soh- 
tion along with organic and/or heavy metal contaminants which 
were adsorbed to its surface. The precipitate is subsequently 
removed by flocculation and solid/liquid separation. 

When applied to textile dyeing, the electrochemically treated 
effluent should be able to be recycled as though it were water 
because the treatment removes any residual organic dyeing 
assistants. I f  recycling is not a consideration, electrochemical 
treatment may still be of interest because of its potential to  
reduce the environmental toxicity of the effluent (again, because 
of removal of the organic content). Ideally, the dyestuffs will 
be separable from the residue so that they may be reused in 
subsequent dyeing processes. 

It is the purpose of this project to: (a) demonstrate the 
environmental safety of the supernatant "water" following 
electrochemical separation; (b) test the efficiency of an elec- 
trochemical treatment system for dyebath effluent using a 
laboratory simulation of commercial disperse dyeing of poly- 
ester fabric, and (c) extend the laboratory model to actual indus- 
trial application. This paper is a report on the first phases of 
the research - the effects of the treatment on the toxicity of 
the effluent and on the ability to recycle used disperse dyebaths. 

MATERIALS AND METHODS 

Dyes and Carriers 
The sales managers of five large dye suppliers were contacted 

for data on the most commonly used disperse dyes in Ontario. 
The two most popular reds, blues, and yellows were screened 
for their environmental toxicity and the more toxic of each 
colour was used. Those three dyes were C.I. Disperse Blue 56, 
C.I. Disperse Red 177, and C.I. Disperse Yellow 34. Each of 
these dyes was used in combination with each of three car- 
riers which are commonly used in Canada (Table 1). 

TABLE 1: Characterization of dyes and carriers. 

Product C.I. Number Chemical Type 
(if applicable) 

C.I. Disperse Blue 56 63285 anthraquinone 
C.I. Disperse Red 177 60756 anthraquinone 
C.I. Disperse Yellow 34 not available not available 
Carrier A 
Carrier B not applicable biphenyl/ 

Carrier C 

not applicable methyl naphthalene 

chlorotoluene 
not applicable isopropyl alcohol 

Fabric 
One hundred percent Dacron polyester (Testfabrics style 

#777) was used as the substrate to which the dyes were 
applied. Each specimen weighed 1 0  * 0.2 grams. Four speci- 
mens were used in all cases to improve the accuracy of the 
results. 

Electrochemical Treatment 
The system used in this study was a laboratory-scale elec- 

trochemical cell obtained from Andco Environmental Processes, 
Amherst, New York. Wastewater was circulated around iron 
electrodes to which an electric current was applied. Iron was 
released from the anode, with the following reaction occurring: 

Anode (oxidation): 

Cathode Ireduction): 

Overall Reaction 

Fe -----> Fe++  + 2e- 

2H, 0 + 2e- - - - - ->  H, + 20H-  

Fe + 2H2 0 + Electrical Energy ---- > Fe(OH), + H, 

The freshly produced iron hydroxide facilitated adsorption of 
the dye from the effluent. 
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approach to restitution of such effluents being successful is 
remote. In those instances in which recycling of these effluents 
is essential, membrane filtration (2) may result in a chemically 
defined end product that may then be reformulated to  a stan- 
dard dyebath recipe. This procedure is extremely expensive and 
cannot be justified on economic grounds alone. 

Despite the obvious savings in water and dyebath chemicals 
that a recycling program would create (3, 25, 29, 21, the 
actual initiation of these programs has been limited. Manufac- 
turers have been reluctant to invest in the equipment and per- 
sonnel retraining when the results may not be instantly reward- 
ing. The colour computer system deals only with the dyes 
themselves, not with the variables in the exhaustion or build- 
up of other chemicals during the dyeing procedure. In simple 
batch or piece dyeing, one assumes that the few other dye- 
bath constituents consumed are inactivated to the same extent 
as the dyestuff. In the more complex continuous dyeing proce- 
dure, only trial-ai Id-error will eventually correct the error caused 
by those few critical chemicals that are not consumed in direct 
proportion to  dyestuff exhaustion. 

A recently developed method used for the separation of 
organic compounds and heavy metals in the electroplating, 
metal polishing, and circuit board manufacturing industries is 
an electrochemical system composed of sacrificial iron elec- 
trodes (SI. Wastewater is circulated between the electrodes, 
allowing electrical current to flow between them and slowly 
dissolve the anode. The reaction releases ferrous ions which 
are converted into ferrous hydroxide upon contact with the 
water. The ferrous hydroxide is then precipitated from the solu- 
tion along with organic and/or heavy metal contaminants which 
were adsorbed to its surface. The precipitate is subsequently 
removed by flocculation and solid/liquid separation. 

When applied to textile dyeing, the electrochemically treated 
effluent should be able to be recycled as though it were water 
because the treatment removes any residual organic dyeing 
assistants. I f  recycling is not a consideration, electrochemical 
treatment may still be of interest because of its potential to 
reduce the environmental toxicity of the effluent (again, because 
of removal of the organic content). Ideally, the dyestuffs will 
be separable from the residue so that they may be reused in 
subsequent dyeing processes. 

It is the purpose of this project to: (a) demonstrate the 
environmental safety of the supernatant "water" following 
electrochemical separation; (bl test the efficiency of an elec- 
trochemical treatment system for dyebath effluent using a 
laboratory simulation of commercial disperse dyeing of poly- 
ester fabric, and (c) extend the laboratory model to actual indus- 
trial application. This paper is a report on the first phases of 
the research - the effects of the treatment on the toxicity of 
the effluent and on the ability to recycle used disperse dyebaths. 

MATERIALS A N D  M E T H O D S  

Dyes and Carriers 
The sales managers of five large dye suppliers were contacted 

for data on the most commonly used disperse dyes in Ontario. 
The two most popular reds, blues, and yellows were screened 
for their environmental toxicity and the more toxic of each 
colour was used. Those three dyes were C.I. Disperse Blue 56, 
C.I. Disperse Red 177, and C.I. Disperse Yellow 34. Each of 
these dyes was used in combination with each of three car- 
riers which are commonly used in Canada (Table 1). 

TABLE 1: Characterization of dyes and carriers. 

Product C.I. Number Chemical Type 
(if applicable) 

anthraquinone C.I. Disperse Blue 56 63285 
C.I. Disperse Red 177 60756 anthraquinone 
C.I. Disperse Yellow 34 not available not available 
Carrier A 
Carrier B not applicable biphenyl/ 

Carrier C 

not applicable methyl naphthalene 

chlorotoluene 
not applicable isopropyl alcohol 

Fabric 
One hundred percent Dacron polyester (Testfabrics style 

# 7 7 7 )  was used as the substrate to which the dyes were 
applied. Each specimen weighed 10 * 0.2 grams. Four speci- 
mens were used in all cases to improve the accuracy of the 
results. 

Electrochemical Treatment 
The system used in this study was a laboratory-scale elec- 

trochemical cell obtained from Andco Environmental Processes, 
Amherst, New York. Wastewater was circulated around iron 
electrodes to which an electric current was applied. Iron was 
released from the anode, with the following reaction occurring: 

Anode (oxidation): 

Cathode [reduction): 

Overall Reaction 

+ 2e- Fe - - - -> Fe++  

2 H , O  + 2e- - - - - - -> H, + 20H-  

Fe + 2H, 0 + Electrical Energy ---- > Fe(OH), + H, 

The freshly produced iron hydroxide facilitated adsorption of 
the dye from the effluent. 
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The cell was operated at 0.4 amperes for eight minutes in 
order to release sufficient iron (approximately 280 mg/l) to  
optimize removal of the residual dyestuff from the effluent. 
After passage through the cell, the pH was raised to  8.5 using 
sodium hydroxide and a small amount of pofyacrylamide poly- 
mer added to stimulate flocculation and precipitation of the iron 
hydroxide and adsorbed dyestuff. The treated dyebath was then 
filtered (Whatman #21 twice with suction. Representative sam- 
ples of the treated effluent were analyzed for iron content using 
atomic absorption spectrophotometry. The colour of the treated 
samples was not measured because of the inability to deter- 
mine whether residual colour (if present) was due to the 
presence of disperse dyestuff or iron. 

Dyeing and Colour Measurement 
The dyebath formulation was as follows: 

Disperse dyestuff 1 % 
Carrier 6% owf 
Liquor-goods ratio 20: 1 
PH 5 

In accordance with the manufacturer's recommendations 
(and in contrast to the dyebath concentration of Carrier A and 
El, Carrier C was used at a concentration of 12% owf. 
Deionized water was used for the purpose of laboratory control. 

The fabric swatches were wet out with deionized water con- 
taining a few drops of Triton X-100 (Rohm & Haas, Philadel- 
phia, PA). Dyeing was done in a rotary laboratory dyeing 
machine (Atlas Launder-Ometerl, beginning at a temperature 
of approximately 22OC. The temperature was raised to 5OoC 
over 30 minutes. The appropriate amount of carrier was then 
added. The temperature was raised to the boil where it remained 
for 1 hour. The samples were removed from the dyebath, rinsed 
in hot (75OCI deionized water, and then dried at room temper- 
ature. The used dyebath and rinse water were combined and 
1 litre was passed through the electrochemical cell and filtered. 

The filtered effluent was used to formulate a new dyebath 
within 96 hours following filtration. This reconstituted dyebath 
had the same formulation as the initial dyebath except that the 
recycled effluent was used instead of deionized water. The pH 
was lowered to equal that of the initial dyebath (4.5-5.01 using 
acetic acid, and the dyeing was performed as before. 

Each dye solution was applied to fabric and the effluent elec- 
trochemically treated in ten consecutive dye-treatment cycles. 
The colour of the samples (composed of four replicate speci- 
mens1 which had been dyed using the recycled liquor was com- 
pared to that of the initial sample (of four replicate specimens] 
dyed with fresh dye liquor, using the formula AE = (ALz  + 
AaZ + AbZ]". Five colour measurements were obtained on 
each specimen using a ColorQUEST spectrocolorimeter. 

Toxicity Tests 
The toxicity of the samples to Daphnia magna was assessed 

following the protocol of the Ontario Ministry of the Environ- 
ment (27) for an LCs0 for 48 hours. The test consists of plac- 
ing three Daphnia magna organisms of less than 24  hours of 
age in 50 ml of test liquor in each of four glass test tubes. The 
temperature is maintained at 1 8-2OoC and the tubes are not 
aerated, nor the organisms fed, for the 48  hour duration of the 
test. Mortality is recorded at 0, 1, 2. 4, 24, and 48 hours. Each 
test is conducted on a series of five concentrations (and a water 
control), with the concentrations being selected on the basis 
of prescreening bioassays. 

The effluent from the initial dyeing of each of the nine dye- 
carrier combinations (3  dyes x 3 Carriers1 was tested imme- 
diately prior to, and following, electrochemical treatment. 
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RESULTS AND DISCUSSION 

The iron contents of selected samples of the electrochemi- 
cally treated disperse dye effluent are presented in Table 2. The 
data show that, in the majority of the cases, the electrochemi- 
cal treatment removed all but trace amounts of the iron added 
to the effluent by the electrodes. It was considered essential 
that the iron be eliminated prior to re-use of the effluent because 
of the possibility that it would cause a shade change in subse- 
quently dyed specimens. 

The specimens dyed sequentially with each of the dye-carrier 
combinations were level with no dyespots, and would be con- 
sidered commercially acceptable. The difference in colour 
between recycled and initial dyeings was virtually always some- 
what greater than that among replicate specimens. 

The colour of each of the samples dyed using recycled 
effluent was compared to the corresponding sample dyed using 
fresh effluent. The colour differences for each dye-carrier com- 
bination fluctuated throughout the nine times the effluent was 
recycled, but did not show a steady increase with the number 
of times it was reused (Table 31. This is consistent with the 
belief that no contaminants are accumulating in the effluent 
over time. 

In general, there were smaller colour differences among the 
samples dyed with either C.I. Disperse Blue 56 or C.I. Disperse 
Red 177 than with C.I. Disperse Yellow 34 (Table 3, Figures 
1-31. It appears that even trace amounts of iron in the dyebath 
can cause the large colour differences with C.I. Disperse Yel- 
low 34. Interestingly, however, these dyed samples were 
neither unlevel nor did they contain dyespots as might be 
expected to occur in the presence of iron. 

The carrier appeared to have an effect on how accurately the 
colour could be reproduced in samples dyed using the recycled 
effluent. Typically, the samples dyed with the assistance of 
Carrier C showed optimal colour reproducibility. When com- 
pared to the sample dyed using fresh liquor, only one of the 
samples dyed sequentially with C.I. Disperse Blue 56 had a 
colour difference greater than one. The same trend was appar- 
ent when Carrier C was used in baths with either C.I. Disperse 
Red 177 or C.I. Disperse Yellow 3 4  (Figures 1-31. 

TABLE 2: Iron content o f  representative samples o f  dye effluent 
after electrochemical treatment. 

Sample Description Number of Iron Content 
(DyeICarrier" " 1  Re-uses (mglll 

C.I. Disperse Blue 561Carrier A 2 0.33' 
C.I. Disperse Blue 56lCarrier A 4 <0.01 
C.I. Disperse Blue 56ICarrier A 6 <0.01 

C.I. Disperse Blue 56ICarrier B 2 <0.01 

C.I. Disperse Blue 56lCarrier B 6 <0.01. 
C.I. Disperse Blue 56ICarrier B 8 <0.01 

C.I. Disperse Blue 56ICarrier C 2 <0.01 
C.I. Disperse Blue 56/Carrier C 4 <0.01 
C.I. Disperse Blue 56Karrier C 6 <0.01 
C.I. Disperse Blue 56lCarrier C 8 <0.01 

C.I. Disperse Red 177ICarrier C 2 <0.01 
C.I. Disperse Red 177lCarrier C 4 <0.01 

C.I. Disperse Blue 56lCarrier B 4 0.03""" 

"As determined by atomic absorption spectrophotometry. 
"Carrier A = methyl naphthalene; Carrier B = biphenyllchlo- 

rotoluene; Carrier C = isopropyl alcohol. 
" "Cause of high iron content is unknown. Note relationship 
between high iron content and large colour difference in dyo- 
ing (Figure 1). 
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The cell was operated at 0.4 amperes for eight minutes in 
order to release sufficient iron (approximately 280 mg/lJ to  
optimize removal of the residual dyestuff from the effluent. 
After passage through the cell, the pH was raised to  8.5 using 
sodium hydroxide and a small amount of polyacrylamide poly- 
mer added to stimulate flocculation and precipitation of the iron 
hydroxide and adsorbed dyestuff. The treated dyebath was then 
filtered (Whatman #2) twice with suction. Representative sam- 
ples of the treated effluent were analyzed for iron content using 
atomic absorption spectrophotometry. The colour of the treated 
samples was not measured because of the inability to  deter- 
mine whether residual colour (if present) was due to the 
presence of disperse dyestuff or iron. 

Dyeing and Colour Measurement 
The dyebath formulation was as follows: 

Disperse dyestuff 1 % 
Carrier 6% owf 
Liquor-goods ratio 20: 1 
PH 5 

In accordance with the manufacturer's recommendations 
(and in contrast to the dyebath concentration of Carrier A and 
8). Carrier C was used at a concentration of 12% owf. 
Deionized water was used for the purpose of laboratory control. 

The fabric swatches were wet out with deionized water con- 
taining a few drops of Triton X-100 (Rohm & Haas, Philadel- 
phia, PA). Dyeing was done in a rotary laboratory dyeing 
machine (Atlas Launder-OmeterJ, beginning at a temperature 
of approximately 22OC. The temperature was raised to 5OoC 
over 30  minutes. The appropriate amount of carrier was then 
added. The temperature was raised to the boil where it remained 
for 1 hour. The samples were removed from the dyebath, rinsed 
in hot (75OCJ deionized water, and then dried at room temper- 
ature. The used dyebath and rinse water were combined and 
1 litre was passed through the electrochemical cell and filtered. 

The filtered effluent was used to formulate a new dyebath 
within 96 hours following filtration. This reconstituted dyebath 
had the same formulation as the initial dyebath except that the 
recycled effluent was used instead of deionized water. The pH 
was lowered to equal that of the initial dyebath (4.5-5.0) using 
acetic acid, and the dyeing was performed as before. 

Each dye solution was applied to fabric and the effluent elec- 
trochemically treated in ten consecutive dye-treatment cycles. 
The colour of the samples (composed of four replicate speci- 
mens) which had been dyed using the recycled liquor was com- 
pared to that of the initial sample (of four replicate specimens) 
dyed with fresh dye liquor, using the formula AE = IALZ + 
Aaz + AbZJ". Five colour measurements were obtained on 
each specimen using a ColorQUEST spectrocolorimeter. 

Toxicity Tests 
The toxicity of the samples to Daphnia magna was assessed 

following the protocol of the Ontario Ministry of the Environ- 
ment (EJ for an LCs0 for 48 hours. The test consists of plac- 
ing three Daphnia magna organisms of less than 24  hours of 
age in 50 ml of test liquor in each of four glass test tubes. The 
temperature is maintained at 18-20°C and the tubes are not 
aerated, nor the organisms fed, for the 48 hour duration of the 
test. Mortality is recorded at 0. 1, 2, 4, 24, and 48 hours. Each 
test is conducted on a series Of five Concentrations (and a water 
control), with the concentrations being selected on the basis 
of prescreening bioassays. 

The effluent from the initial dyeing of each of the nine dye- 
carrier combinations (3 dyes x 3 carriers) was tested imme- 
diately prior to, and following, electrochemical treatment. 
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RESULTS AND DISCUSSION 

The iron contents of selected samples of the electrochemi- 
cally treated disperse dye effluent are presented in Table 2. The 
data show that, in the majority of the cases, the electrochemi- 
cal treatment removed all but trace amounts of the iron added 
to  the effluent by the electrodes. It was considered essential 
that the iron be eliminated prior to re-use of the effluent because 
of the possibility that it would cause a shade change in subse- 
quently dyed specimens. 

The specimens dyed sequentially with each of the dye-carrier 
combinations were level with no dyespots, and would be con- 
sidered commercially acceptable. The difference in colour 
between recycled and initial dyeings was virtually always some- 
what greater than that among replicate specimens. 

The colour of each of the samples dyed using recycled 
effluent was compared to the corresponding sample dyed using 
fresh effluent. The colour differences for each dye-carrier com- 
bination fluctuated throughout the nine times the effluent was 
recycled, but did not show a steady increase with the number 
of times it was reused (Table 3). This is consistent with the 
belief that no contaminants are accumulating in the effluent 
over time. 

In general, there were smaller colour differences among the 
samples dyed with either C.I. Disperse Blue 56 or C.I. Disperse 
Red 177 than with C.I. Disperse Yellow 34 (Table 3, Figures 
1-31. It appears that even trace amounts of iron in the dyebath 
can cause the large colour differences with C.I. Disperse Yel- 
low 34. Interestingly, however, these dyed samples were 
neither unlevel nor did they contain dyespots as might be 
expected to occur in the presence of iron. 

The carrier appeared to have an effect on how accurately the 
colour could be reproduced in samples dyed using the recycled 
effluent. Typically, the samples dyed with the assistance of 
Carrier C showed optimal colour reproducibility. When com- 
pared to the sample dyed using fresh liquor, only one of the 
samples dyed sequentially with C.1. Disperse Blue 56 had a 
colour difference greater than one. The same trend was appar- 
ent when Carrier C was used in baths with either C.I. Disperse 
Red 177 or C.I. Disperse Yellow 34  (Figures 1-3). 

TABLE 2: Iron content o f  representative samples o f  dye effluent 
after electrochemical treatment. 

Sample Description Number of Iron Content 
(DyelCarrier" ") 

C.I. Disperse Blue 56lCarrier A 2 0.33""" 

Re-uses (mgllJ 

C.I. Disperse Blue 56lCarrier A 4 <0.01 
C.I. Disperse Blue 56lCarrier A 6 <0.01 

C.I. Disperse Blue 56ICarrier B 2 <0.01 

C.I. Disperse Blue 56lCarrier B 6 <0.01. 
C.I. Disperse Blue 56lCarrier B 8 <0.01 

C.I. Disperse Blue 56lCarrier C 2 <0.01 
C.I. Disperse Blue 56lCarrier C 4 <0.01 
C.I. Disperse Blue 56ICarrier C 6 <0.01 
C.I. Disperse Blue 56/Catrier C 8 <0.01 

C.I. Disperse Red 177lCarrier C 2 <0.01 
C.I. Disperse Red 177lCarrier C 4 <0.01 

C.I. Disperse Blue 56lCarrier B 4 0.03" " 

"As determined by atomic absorption spectrophotometry. 
" "Carrier A = methyl naphthalene; Carrier B = biphenyllchlo- 
rotoluene; Carrier C = isopropyl alcohol. 
'**Cause of high iron content is unknown. Note relationship 
between high iron content and large colour difference in dyo- 
ing (Figure 1). 
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5 2 :  3 
0 1  
0 

TABLE 3: Comparison of the variation among replicate dyeings 
to variation between recycled and initial dyeings. 

-.. .- ._..---. -...:-.:,'. -.. _._ y ----.. -...- 

I .. ... .........,. ,.. ,.... . "' '. .... .. .. 
- ......... - ..., 

~~ 

Sample Description Number of DE DE 
[DyelCarrier') Reuses Between Com- 

Replicates' pared 
to Initial 
Dyeing 

C.I. Disperse Blue 56/ 
Carrier A 

C.I. Disperse Blue 56/ 
Carrier B 

C.I. Disperse Blue 561 
Carrier C 

C.I. Disperse Red 177/ 
Carrier A 

2.1. Disperse Red 1771 
Zarrier B 

2.1. Disperse Red 177/ 
2arrier C 

2.1. Disperse Yellow 341 
2arrier A 

:.I. Disperse Yellow 34/ 
:arrier 8 

:.I. Disperse Yellow 34/ 
:arrier C 

0 
2 
4 
6 
8 

0 
2 
4 
6 
8 

0 
2 
4 
6 
8 

0 
2 
4 
6 
8 

0 
2 
4 
6 
8 

0 
2 
4 
6 
8 

0 
2 
4 
6 
8 

0 
2 
4 
6 
8 

0 
2 
4 
6 
8 

1 .oo 
0.70 
0.29 
1.40 
0.14 

1 .oo 
0.45 
0.53 
0.12 
0.60 

0.25 
0.27 
0.25 
0.17 
1.77 

0.88 
0.26 
0.72 
0.63 
0.59 

0.22 
0.61 
0.1 1 
0.41 
0.58 

0.50 
0.44 
0.86 
0.52 
0.90 

1.09 
2.36 
0.95 
0.08 
1.55 

1.52 
2.84 
0.58 
1.05 
0.27 

2.23 
2.83 
1.77 
0.53 
2.77 

-. 

0.49 
1.71 
0.61 
0.90 

- 
1.78 
2.21 
1.08 
1.15 

- 
0.93 
0.64 
0.72 
1.29 

- 
0.47 
2.09 
1.46 
3.57 

- 
0.97 
1.59 
1.68 
2.14 

- 
1.04 
2.29 
0.53 
2.44 

- 
3.37 
3.60 
3.94 
2.01 

- 
6.56 
4.16 
3.85 
0.50 

- 
2.14 
1.70 
2.45 
5.03 

'Carrier A = methyl naphthalene; Carrier B = biphenyl/chlo- 
otoluene; Carrier C = isopropyl alcohol. 
' *Colour difference among replicates was calculated by com- 
baring colour differences of pairs of specimens. 

I 
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FIGURE 1: Colour differences following repeated dyeings - C.I. 
Disperse Blue 56. 
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FIGURE 2: Colour differences following repeated dyeings - C.1. 
Disperse Red 177. 
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FIGURE 3: Colour differences following repeated dyeings - C.I. 
Disperse Yellow 34. 

The acute toxicities of the three dyes, when used in combi- 
nation with the three carriers, were determined following the 
initial dyeing, both before and after a single electrochemical 
treatment. The data show that the samples were consistently 
less toxic after electrochemical treatment than they were prior 
to it (Table 4). Following the treatment, there was an average 
increase in LC,, values of 158.4%. 

The effectiveness of the treatment varies with the dyestuff 
[Table 4). Increases in LC,, values after treatment ranged from 
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27.3% (C.I. Disperse Red 177) to  431 % (C.I. Disperse Yellow 
34) when used in combination with the same carrier. Unfor- 
tunately, it was not possible to separate the individual contri- 
butions by dye or by carrier to the overall toxicity since the tests 
were conducted on the formulated dyebath after use. 

SUMMARY 

The electrochemical treatment used in this study was highly 
effective in removing colour from the disperse dye effluents 
tested. Toxicity of the effluent was reduced substantially by 
the treatment. Re-use of the treated effluent resulted in first 
quality dyeings, although there were colour differences in speci- 
mens dyed using the fresh and recycled liquor. We believe that 
recycling of electrochemically purified, filtered disperse dyebath 
effluent can give commercially acceptable results provided that 
the dyes and carriers are properly selected. 
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TABLE 4: Acute toxicity to Daphnia Magna of first-use dyes before and after a single electrochemical treatment. 

LC5"* * % Decrease in 
Dvestuf f Carrier* Before Treatment - After Treatment Toxicity 

C.I. Disperse Blue 5 6  A 
C.I. Disperse Red 177 A 
C.I. Disperse Yellow 34  A 

C.I. Disperse Blue 5 6  B 
C.I. Disperse Red 177 B 
C.I. Disperse Yellow 34 B 

C.I. Disperse Blue 56 C 
C.I. Disperse Red 177 C 
C.I. Disperse Yellow 34  C 

52.6 
19.9 
18.0 

35.4 
2 7 . 8  
12.0 

13.7 
10 .3  
16 .2  

70.7 3 4 . 1  
35.4 77 .9  

2 0 7 . 8  55.4 
X = 106.7 
- -  

70.7 99.7 
35.4 27.3 

430.8 63.7 
X = 185.9 

21 .8  5 9 . 1  
31.8 208.7 

279.0 61.4 
X = 182.3 

- -  

- -  

'Carrier A = methyl naphthalene; Carrier B = biphenyllchlorotoluene; Carrier C = isopropyl alcohol. 
'"LC,, = concentration required to kill 50% of test organisms. The lower the number, the more toxic the effluent. 
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27.3% (C.I. Disperse Red 177) to  431 % (C.I. Disperse Yellow 
34) when used in combination with the same carrier. Unfor- 
tunately, it was not possible to separate the individual contri- 
butions by dye or by carrier to the overall toxicity since the tests 
were conducted on the formulated dyebath after use. 

SUMMARY 

The electrochemical treatment used in this study was highly 
effective in removing colour from the disperse dye effluents 
tested. Toxicity of the effluent was reduced substantially by 
the treatment. Re-use of the treated effluent resulted in first 
quality dyeings, although there were colour differences in speci- 
mens dyed using the fresh and recycled liquor. We believe that 
recycling of electrochemically purified, filtered disperse dyebath 
effluent can give commercially acceptable results provided that 
the dyes and carriers are properly selected. 

ACKNOWLEDGEMENTS 

The authors would like to  thank the Ontario Ministry of the 
Environment for its financial support of this project. We are also 
grateful to Andco Environmental Processes (Amherst, New 
York) for supplying the technology, CATCC (Ontario) for its 
financial contribution, and Malden Mills (Lawrence, Mas- 
sachusetts) for encouraging us in the application of the results. 

REFERENCES 

(1) Allen, W., E. Atthers, R.H. Horning, J.C. King, J.M. Mur- 
phy, W.E. Newby and M. Saltzman, "The contribution of dyes 
to the metal content of textile mill effluents", Text Chem Color, 
Vol. 4, December 1972, pp275-277. 

(21 Bonin, A.M., J.B. Farquharson and R.S.U. Baker, 
"Mutagenicity of arylmethane dyes in salmonella", Mutat Res, 

Brandon, C.A., J.S. Johnson, R.E. Miniturn and J.J. 
Porter, "Complete re-use of textile dyeing wastes processed 
with dynamic membrane hyperfiltration", Text Chem Color, Vol. 

(4) Burlington Industries Research Center, Toxicity and Pol- 
lution Aspects of Selected Textile Chemicals, Burlington Indus- 
tries, Greensboro, NC, 1975. 

Vol. 89, 1981, pp21-34. 
(3) 

5, July 1973, pp134-137. 

(5) 

(6) 

Canadian Textile Journal: 1989 Textile Manual, CTJ- 
INC. (Publishers), MontrBal, Qudbec, 1989. 

Case, R.A.M., M.E. Hosker, D.B. McDonald and J.T. 
Pearson, "Tumors of the urinary bladder in workmen engaged 
in the manufacture and use of certain dyestuff intermediates 
in the British chemical industry. I. The role of aniline, benzidine, 
alpha-napthylamine and beta-napthylamine", Brit J lnd Med. 

(7) Clarke, E.A., "Organic colorants - toxicological haz- 
ards and safe handling", lnt'l Dyer, Vol. 165, 1981, 

(8) Cook, F.L. and W.C. Tincher, "Dyebath re-use in batch 
dyeing", Text Chem Color, Vol. 10, January 1978, pp21-25. 

(91 Durig, G., J.P. Hausmann and 8.J. O'Hare, "A review 
of the possibilities for recycling aqueous dyehouse effluent", 
J SOC Dyers Colour. Vol. 94, 1978, pp331-338. 

Elliott, J. and A.R. Gregory, "Mutagenicity of a series 
of benzidine congener based dyes", Vet Hum Toxicol, Vol. 22, 

Etzel, J.E. and C.P.L. Grady Jr., "Effects of dyes on 
the anaerobic digestion of primary sewage sludge", Chapter 
VI1 in Dyes and the Environment, Vol. 1, American Dye 
Manufacturers Institute, 1973. 

(12) Friedman, M., M.J. Diamond and J.T. MacGregor, 
"Mutagenicity of textile dyes", Environ Sci Technol, Vol. 14, 

(1 31 Gardiner, D.K. and B.J. Borne, "Textile waste waters: 
treatment and environmental effects", JSoc Dyers and Colour 

(14) Gray, P.S. and R. Hunter Jr., "EM studies on effects 
of dispersion Yellow 3 on oocyte development in rana clami- 
tans larvae", Amer Zoolog, Vol. 17, 1977, p944. 

(1 5) Kay, K., "Carcinogenicity of dyes", Text Chem Color, 
Vol. 9, November 1977, pp274-275. 

(1 6) Kiener, L.V. and K.D. Uhrich, "Electrochemical removal 
of color from dye-laden wastewater", Water and Pollution Con- 
trol Association of South Carolina Fall Conference, November 

(1 7) Kousa, M. and M. Soini, "Contact allergy to a stock- 
ing dye", Contact Derm, Vol. 6, 1980, pp472-476. 

(18) Little, L.W. and J.C. Lamb 111, "Acute toxicity of 46 
selected dyes and the fathead minnow, Pimephales Promelas", 
Chapter V in Dyes and the Environment, Vol. I ,  American Dye 
Manufacturers Inst., 1973. 

Vol. 11, 1954, pp75-104. 

pp250-255. 

(101 

1980, ~ ~ 4 1 3 - 4 1 7 .  
(1 1 1 

1980, pp1145-1146. 

Vol. 94, 1978, ~ ~ 3 3 9 - 3 4 7 .  

2-4, 1987. 

TABLE 4: Acute toxicity to Daphnia Magna of first-use dyes before and after a single electrochemical treatment. 
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C.I. Disperse Yellow 34 A 

C.I. Disperse Blue 56 B 
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