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Electrochemical Treatment and HPLC Analysis of 
Wastewater Containing Acid Dyes 

BY Suzanne M. McClung and Ann T. Lemley, Department of Textiles and Apparel, Cornell University, Ithaca, N.Y. 

lie treatment of wastewater has 
i long been a concern of the textile 

industry. The industry produces large 
quantities of aqueous waste and dye 
effluent.' The production of a textile 
product involves a multitude of pro- 
cesses. many of which use water and a 
number of chemicals. This widt? vari- 
ety of chemicals and processes leads 

AESTRACT 

Acid dye removal in aqueous solu- 
tions by electrochemical treatment 
was evaluated for possible use as a 
method for wastewater treatment. 
Specifically, the mechanisms by 
which acid dyes are removed were 
elucidated. The electrochemical pro- 
cess studied uses a sacrificial iron 
ei?x:ode which produces Fe(OH), 
w: :a  direct current is passed through 
the cell. Analysis of products was 
performed by high performance liquid 
chromatography (HPLC) with a diode 
array detector. Because it separates 
all components in a mixture, HPLC 
allows quantitative determination of 
the dye in solution and monitoring of 
the formation of degradation prod- 
uc:~. The results of this study indicate 
t k '  the mechanism for color removal 
by eiectrochemical treatment is more 
complex than first hypothesized; it is 
most likely a combination of adsorp- 
tion and dye degradation. Two of the 
three dyes used in this study formed 
degradation products in solution 
which were not removed by further 
treatment. in particular, aniline was 
identified as one of the breakdown 
FXiucts formed in electrochemical 
trtxment of C.I. Acid Red 1, implying 
reduction of the azo bond. Iron, in the 
amount of 200 mglL, was added to 
50 mglL Acid Red 1 and produced 
6-05 mglL aniline. 

KEY TERMS 
Acid Dyes 
Degradation 
EiX3:ochemical Treatment 
hI.,S Analysis 
Vl'ZXnwater Treatment 

to wastewater which is highly variant 
in pollutant content. Dye effluent is 
highly colored and is thus an aesthetic 
pollutant.' While removal of color has 
been the focus of many studies on dye 
wastewater treatment, dye wastewater 
also poses a problem because of its po- 
tential carcinogenicity and toxicity.' 

In particular. treatment technologies 
for carpet wastewater need more inves- 
tigation. Recently. publicly owned treat- 
mcnt works (POTW's) in some areas of 
tht! southcastt!m U.S. have had diffi- 
culty mttcttinf: thttir dischaygc limits 
liocauso of c:arpet wastewater, and thus 
tlic possiliility of'strongcr rcstrictions on 
mill effluent is likcly.'Carpet mills may 
liavc! to install prctrcatmcnt fiicilitios 
prior to dischargt! to a POTW. Thc ma- 
jority 01 dycs prcscnt in carpct waste- 
water arc acid dyes: thcrcforc?. this 
projctct focuscts on acid dyes that could 
s(:rv(! as modcls for the behavior of car- 
pet dyes in the eltxtrochemical treat- 
ment process. 

Useful dyes are ones which will not 
change color and are fast to cleaning. 
This means that dyes in aqueous solu- 
tions do not degrade spontaneously 
since they are designed specifically not 
to degrade. Dye wastewater therefore 
requires treatment before disposal. 
Many treatment methods have been 
investigated and used, but no  one 
method is successful in every case.3 
The most extensively used methods in 
the industry are biological  system^.^ 
These systems are not efficient in 
breaking down very stable dyes or in 
removing color from most dye effluent. 
In addition, the micro-organisms used 
are often killed by any heavy metals 
(used as mordants) which may be 
present in dye e f f l ~ e n t . ~  

Andco Environmental Processes 
Inc. (Amherst, N.Y.) has investigated 
the use of elec,trochemical technology 
for wastewater treatment. The process 
involves the use of a sacrificial iron 
electrode. When a direct current is 
passed through the cell, Fe(OH), is 
produced. It is hypothesized that the 
large surface area of Fe(OH1, can ad- 

sorb organic compounds and that this 
adsorption is the pathway for dye re- 
mova1.1p5-8 Previous studies of this 
electrochemical process have shown 
that it is an effective method for dye 
wastewater treatment. Researchers 
have found that the process removes 
color efficiently; color reductions of 
75 to 100% have been achieved with 
a wide variety of dyes.',"-" The pro- 
cess also effectively reduces organic 
load and toxicity. Decreases in chemi- 
cal oxygen demand (COD), biological 
oxygen demand (BOD), total organic 
carbon (TOC) and toxicity to Daphnia 
Magna have been Dye 
and other dyebath constituent removal 
has also been established with elec- 
trochemical treatment by an alumi- 
num electrode." 

Little is known about how electro- 
chemical treatment affects color re- 
moval. Adsorption has generally been 
accepted as the main mechanism of 
dye removal by the Andco process. 
Weinberg investigated other possible 
mechanisms, such as complexation 
and dye degradation." By using azo- 
benzene as a model compound in the 
Andco electrochemical system, it was 
shown that identical ultraviolet ab- 
sorption spectra could be measured 
under  three circumstances-the 
treated solution of azobenzene, a so- 
lution of azobenzene that had been re- 
duced by sodium hydrosulfite and a 
dilute solution of aniline. These re- 
sults strongly suggest the reduction of 
the azo bond in acid dyes when the 
Andco system is used. 

These studies with absorption spec- 
trophotometry can be enhanced by the 
use of high performance liquid chro- 
matography (HPLC) with a diode array 
detector, which can provide more spe- 
cific information about and confirma- 
tion of the mechanism of color 
removal. Each species in a mixture has 
a characteristic retention time in a 
given solvent and column system. The 
diode array detector provides an ultra- 
violethisible absorption spectrum of 
each component. With the use of the 
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HPLC system for analysis of solutions 
treated by the Andco process, the ap- 
pearance and disappearance of peaks 
with characteristic absorption spectra 
should give more information about 
the formation of degradation products. 

The overall goal of the study re- 
ported here was to use HPLC with di- 
ode array detection to provide a better 
evaluation of the electrochemical 
treatment's effectiveness for removal of 
color from acid dye solutions and to 
begin to understand the mechanism by 
which color is removed. The main ob- 
jectives of the study were to refine ex- 
isting HPLC methods for the analysis 
of acid dye solutions before and after 
treatment, to use HPLC to monitor 
color removal in electrochemically- 
treated acid dye solutions of varying 
concentration and to characterize any 
major degradation products which re- 
main in solution after the electro- 
chemical treatment. 

Experimental 

Reagents 

The dyes used in this study were C.I. 
Acid Red 1, C.I. Acid Blue 127 and C.I. 
Acid Red 183. All were obtained in "as 
sold" powdered form. The structures 
of the three dyes are shown in Fig. I. 
Laboratory grade NaCl and a 0.2% so- 
lution of the anionic acrylamide coagu- 
lant polymer, Andco 2600 were used 
in the electrochemical treatments. Re- 
agent grade HCl and analytical grade 
NaOH were used for pH adjustment in 
the electrochemical treatments. In the 
HPLC analyses, HPLC grade methanol 
and a 1M aqueous solution of the 
ion-pairing reagent, tetrabutylam- 
monium dihydrogen phosphate were 
used. Aqueous solutions were made 
with ultra-pure water prepared using 
deionized water passed through a 

S03Na 

Acid Red I 

H H 

Acid Blue 127 

CI 
Acld Red 183 (chromium complex of above structure) 

Fig. 1. Structures of dyes studied. 

Barnstead NANOpure I1 4-Module Sys- 
tem and subsequently distilled in a 
Corning MEGAPURE Model MP-1 
Still. Reagent grade aniline was used 
for the quantitative determination of 
aniline in Acid Red 1 solutions. 

All solutions were prepared using 
the chemicals described above. For 
each group of electrochemical experi- 
ments, a dye stock solution of approxi- 
mately 1000 mg/L in ultra-pure water 
was made. For each HPLC analysis, 
four analytical calibration standards of 
the given dye were prepared at concen- 
trations spanning the expected concen- 
tration ranges of the treated samples. 

Electrochemical Treatments 

Solutions of each of three dyes, Acid 
Red 1, Acid Blue 127 and Acid Red 
183, were treated with the Andco labo- 
ratory scale iron electrode (L-cell). The 
L-cell is made up of three plates of 
cold-rolled carbon steel separated by 
a gap of 1/8-inch. The reactions which 
take place when current is passed 
through the electrodes may be summa- 
rized as follows: 
Anode (Oxidation) 

Fe ----> Fez+ + 2e' 

Cathode (Reduction) 

Eq. 1 

2 H,O + 2e' ----> H, + ZOH- Eq. 2 

Overall 
Fe + 2H,O ----> Fe(OH), + H, Eq. 3 

The amount of iron addition to a 
given solution is determined by the 
amount of time that current is allowed 
to flow through the cell. A schematic 
diagram of the electrochemical process 
is shown in Fig. 2. 

Solutions of 0 ,  15, 25 and 50 mg/L 
concentration of each of the three dyes 
were prepared by diluting an aliquot 

Untreated Acid Red 1 

Ready for LiquidlSolid 

U 
Influent 

Water Containing Dye or Pigments 

Fig. 2. Schematic of electrochemical process. 

of the 1000 mg/L stock solution. 400 
mL of solution were placed in a 600 
mL beaker for treatment. To provide a 
conductive environment for the L-cell, 
0.4 g of NnCl were added to cadi  solu- 
tion, since solutions wcm mad(? with 
deionized, distillt?d wntw. Pro1 im innrv 
experiments with iicitl d y s  in tho d c i  - 
troc:homicnl systom indic:atc!d Iliiit t h o  
procoss cloc~s no t  rcmovc tlyc!s cl'li- 
cicntly unloss salt is :id(I(xt.  'rho lor- 
mation of iron hytlroxido sl~itlgc i i n d  
the increase! in pt-1 during olcxtro- 
chemical treatment supp(irts the: hy- 
pothesis that the ttorninant h i i l l '  r(uc- 
tions arc the ones shown in Bqs. I-:], 
rather than ones involving chloricl(!. 

Five so I u t io ns o t' oach co noon tra t i o I I 

were treated with the L-cell. A dilfw- 
ent amount of iron was atldctl to oach 
solution. The amount of' iron atltlcd 
ranged from 0 mg/L to that required for 

10 20 30 
Time 

lr-- 
' ' ' ' ~ ' ' ' " ' ' ' ' ~ " ' ' ' ' ' ' "  

Treated Acid Red 1 1 
I 

I " " " " ' ~ " " " " " ' ~ " ' " " ~  
0 10 20 30 

Time 

Fig. 3. Typical chromatograms of 50 mg/L Acid Red 1 solutions, untreated (505 nm) and treated 
with 100 mg/L iron (253 nm). 
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Fig. 4. Acid Red 1 dye remaining after electrochemical treatment as 
a function of iron addition; initial concentrations of dye: 15, 25, 50 
mg/L. 

(4 

SOJVa 

Aniline 

Fig. 5. Reduction of azo linkage in Acid Red 1 

ter. The filtrate was collected for HPLC 
analysis. Each of these batches (four 
concentrations x five iron addition 
lovds = 20 samples) were repeated 
threci times. 

HPLC Methods 

Tlic quantity ofdyc prosent in solution 
aftcr nloc!rot:hc:mical treatmcnt was 
dn~(:rnminctrl tly high pttrformanco liq- 
uid c : l i r o m a ~ o g r ~ ~ ~ ~ I ~ ~  (HPLC) using a 
1-I~:wlct~ I'ockard 1 O!)OA liquid chro- 
niatograpli with ii R h t o d y n ~  7030 in- 
jttction valvc: and a 20(1 niL sample 
loop. 1 ' 1 1 ~  c:olumn usttd was a 4.0 mm 
I.D. X 15 cni Supcl~:osil LC-8-DB col- 
uniii wit11 3 11ni particlo size; t h c t  guard 

Fig. 6. Comparison of UVNisible spectra of degradation product (5.1 
minute) from Acid Red 1 and aniline. 
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column was a 2 cm Supelguard LC-8- 
DB. 

An HPLC method was developed 
for each dye by adapting a method 
from the literature.'"The mobile phase 
used was 0.005M tetrabutylammonium 
phosphate (TBAP) in methanol/water 
at a flow rate of 1.0 mL/min. The ra- 
tios of methano1:water depended on 
the dye being analyzed (60:40 for Acid 
Rcd 1 and Acid Red 183 and 8020 for 
Acid Blue 127).  Retention times were 
approximatcly 3.7 minutes for Acid 
Rod 1, 4.7 minutes for Acid Blue 127 
and 4.0 minutes for Acid Red 183. The 
diodo array detector was set to moni- 
tor absorbance at the wavelengths of 
maximum absorption for a given dye. 
Multiple wavelengths were monitored 
for each dye: 253, 505 and 535 nm for 
Acid Red 1; 253 and 590 nm for Acid 
Blue 127; and 257, 321, 357 and 492 
for Acid Red 183. The wavelengths 
chosen for integration and calibration 
of the parent dye were 505 nm for Acid 
Red 1, 253 nm for Acid Blue 127 and 
257 nm for Acid Red 183. 

15mgL 
25m@ 1 

- 
25m@ 1 

100 200 
Iron Addition (mg/L) 

Fig. 7. Aniline (proposed) concentration as a function of iron addition 
in treated Acid Red 1; initial concentrations of dye: 15, 25, 50 mg/L. 
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Untreated Acid Blue 127 

60 
O 15mgL 
A 2 5 m g L  

5 0 m g L  

I '  ' ' ' ' " ' - ' " ' ' I ' ' ' " ' ' . ' ! .  ' ' ' ' .  ' ' ' ' ' ' ' " " ' .- '.. ' ' ' ' ' ' ' ' ' ' ' " 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 
Time 

Treated Acid Blue 127 

I ' ' ' , . . .  , , 1 .  ....., . .  . . . .  , .  . . . . .  , .-. ' " " ' " ' " ' ' " 

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 

Time 

Fig. 8. Typical chromatograms of 50 mg/L Acid Blue 127 solutions, 
untreated and treated with 100 mg/L iron (253 nm). 

Chromatograms of some treated 
samples (monitored at two of the wave- 
lengths, 253 nm for Acid Red 1 and 257 
nm for Acid Red 183) showed peaks 
that were not present in chromato- 
grams of untreated samples. These 
peaks were assumed to be degradation 
products, and HPLC methods were 
developed to separate them effectively 
from each other and the dyes. Peaks 
were noted on the 253 nm monitored 
chromatogram for treated Acid Red 1. 
To achieve satisfactory separation of 
the breakdown products from the par- 
ent compound, the following gradient 
elution was used. The first part of the 
gradient was from 35:65 to 50:50 
methano1:water in six minutes. Over 
this period of six minutes, the flow rate 
was decreased from 1.0 mL/min. to 
0.75 mL/min. These conditions (0.75 
mL/min. and 50:50) were then held for 
10 minutes. Following this, a second 
set of conditions were run, using a gra- 
dient from 50:50 to 60:40 methanol: 
water in four minutes. 

Peaks were noted on the 257 nm 
monitored chromatogram for treated 
Acid Red 183. To achieve separation 
of the breakdown products from the 
parent compound, the following gra- 
dient elution was used. The gradient 
went from 50:50 to 60:40 methanol: 
water in  four minutes. The mobile 
phase was then held at 60:40 metha- 
nol: water until all compounds were 
eluted (approximately six minutes). 

Results and Discussion 

Acid Red 1 
Typical chromatograms of 50 mg/L so- 
lutions of untreated (monitored at 505 
nm) and treated (with 100 mg/L iron, 
monitored at 253 nm) Acid Red 1 are 
shown in Fig. 3. The treated dye chro- 

20 

8 

0 20 40 60 80 IO0 
Iran Added (mg/L) 

Fig. 9. Acid Blue 127 remaining after electrochemical treatment as a 
function of iron addition; initial concentrations of dye: 15, 25, 50 mc. L. 

matogram shows a number of break- 
down products. The retention time for 
Acid Red 1 in these separations was 
20.8 minutes, and the major break- 
down products had retention times of 
5.1, 10.5 and 12.0 minutes. The peak 
at 10.5 minutes had the greatest area. 
but without standards to calibrate. rela- 
tive concentrations could not be datcr- 
mined. 

The area of the 20.8-minute peak 
was plotted against iron addition for 
all treatments of Acid Red 1. The rc- 
sults are shown in Fig. 4. One hundred 
percent removal was achieved for all 
concentrations of dye at 150 mg/L iron 
addition. At low levels of iron addi- 
tion, very little dye is removed (as fol- 
lowed quantitatively by the area of the 
parent dye peak monitored at 505 nml 
and no breakdown products appear in 
the chromatograms. At higher levels of 
iron addition, dye removal is much 
greater and breakdown products ap- 
pear in the chromatograms. It seems 
that at low levels of iron addition. dye 
removal is solely by adsorption. At 
higher levels of iron addition, the dye 
removal mechanism is a combination 
of adsorption and degradation. 

It is known that the azo linkage in 
dyes such as Acid Red 1 is highly sus- 
ceptible to reduction.'' It is therefore 
possible that the breakdown products 
present in the chromatograms are the 
result of a reduction reaction induced 
by the electrochemical treatment pro- 
cess. This hypothesized reduction is 
shown in Fig. 5, and one of the prod- 
ucts is aniline.5 A sample of aniline 
was analyzed using the HPLC separa- 
tion method developed for Acid Red 1 
and its breakdown products: i.e., by 
monitoring at 253 nm. The retention 
time of aniline is 5.1 minutes, which 
corresponds exactly to the retention 

time of one of the major breakdown 
products observed in the chromato- 
grams of treated solutions. Tho diode 
array detector was usc-:tl to take an ul- 
t ravi o le t / vi s i ti I e s p H(: t r I I in o f a ti i I i ne 
and the I)rt?;ik(lown product ;it 5.1 min- 
utes. Tho two spc!r:trii x(: shown in 
Fig. 6. Sinw tlit: spoc:trii iiro i ( l ( : t i t i [ : : i l .  
the? 1irc:;ikclowii pro(lu(:t  W;IS ~ I S S I I I I ~ : ' I  i 
to tic iinilinc!. 

Coric:r?iit rnl ious o f  i i t i i l i  no i n  sol ti- 
tions of Irc:atc:tl Acicl I ic t l  wcrc c:al- 
culatt!ti from thc ilr(:il of tlic 5:I iniiiute 
peak moriitorc!tl ;it 25:1 tim ;itid plotted 
as ii function of ircin ~ttltli~ion. 'Tlit? re- 
suits are shown in Fig. 7. 200 mg/L of 
iron addition to 5 0  nig/L Acid l ic:tl  1 
producctl 6.05 mg/L of miline. 'l'!:k 
may be a catis(: kir coiiccr~i sincx i!ie 
suggested ambicnt limit of onilinc in 
water is 0.2(i mg/L. and i t  docs not ap- 
pear to be removed by elcctrochemi- 
cal treatment. I Y  I t  has been shown, 
however, that aniline is readily oxi- 
dized by biological treatment, so it may 
not pose a toxicity problem if the ef- 
fluent is treated at a POTW." 

The ultraviolet/visible spectra of ;!le 
other two major breakdown prodi:Js 
of Acid Red 1 were not as revealing as 
the spectrum for the breakdown prod- 
uct at 5.1 minutes. Examination of the 
spectra indicates that the structures of 
the breakdown products are less con- 
jugated than the structure of the dye 
since the spectra show no absorption 
in the visible region. The reductive 
cleavage of the azo bond in Acid Red 
1 would produce a substituted naph- 
thalene, in addition to aniline. When 
the spectra of the peaks at 10.5 and 12.0 
minutes are compared to the spectrum 
of naphthalene, it appears likely that 
the two breakdown products are sub- 
stituted naphthalenes. Determination 
of the exact functional groups is not 
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I\, Untreated Acid Red 183 
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Time 0” 
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Fig. 10. Typical chromatograms of 50 mg/L Acid Red 183 solutions, 
untreated and treated with 100 mg/L iron (257 nm). 

possible from an ultraviolet/visible 
spctctrum. When thc area under the 
~x:aks at 10.5 and 12.0 niinutcs arc plot- 
ted against iron acltlition (not sliown], 
i t  apjmirs that thcsc~ breakdown prod- 
ucts arc: reniovc?d Iiy c~loctroc1ic:mical 
t rca t 1nr:ii t . 
Acid Blue 127 

Typi(:iIl clironialogrmis of 50 nig/L so- 
lutions ot itiitrc?iitotl und trctutctd (with 
100 nig/L iron) Acid Blue 1 2 7  are 
shown in Fig. 8. TIN: cliromatogrilni of 
untreated Acid Bluc 127, rnonitorcd at 
253 nm, shows one niiijor peak at 4.8 
minutes and a number of smaller peaks 
between three and four minutes, as- 
sumed to be impurities, as well as 
some noise below three minutes. The 
chromatogram of treated Acid Blue 
127, monitored at 253 nm, shows none 
of these peaks, only noise, indicating 
complete removal of the dye and its 
impurities from solution. 

Areas of the 4.8 minute parent dye 
peak in all treatments of Acid Blue 127 
were plotted against iron addition, and 
the results are shown in Fig. 9. One 
hundred percent color removal was 
achieved on most (seven out of nine) 
samples with 100 mg/L iron addition. 
The data for this dye are extremely 
scattered; this could be due to compe- 
tition between the dye and its impuri- 
ties or breakdown products for adsorp- 
tion onto the Fe(OH)*. 

It does not appear that any break- 
down products are formed in the treat- 
ment of Acid Blue 127 since no addi- 
tional peaks appear in chromatograms 
of treated solutions. This is not surpris- 
ing since the anthraquinone structure 
of Acid Blue 127 is much less suscep- 
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Fig. 11. Acid Red 183 remaining after electrochemical treatment as a 
function of iron addition; initial concentrations of dye: 15,25,50 mg/L. 

tiblc to oxidation and reduction than 
tho azo structures of the two red dyes. 
Removal of Acid Bluc: 127  therefore 
appcars to be sololy by adsorption. If 
brcakdown products arc formed, they 
iiro ramovcd by thr: eloctrochcmical 
p”s s .  Examination of tho chromato- 
grams indicates that tho impurity con- 
ccntration, as a function of iron addi- 
tion. follows the siinic trend as the dye 
concentration. 

Acid Red 183 

Typical Chromatograms of 50 mg/L so- 
lutions of untreated and treated (with 
100 mg/L iron) solutions of Acid Red 
183, monitored at 257 nm are shown 
in Fig. 10. The retention time for the 
parent peak of Acid Red 183 is 7.8 min- 
utes. The chromatogram of treated 
Acid Red 183 shows a number of 
breakdown products. The major deg- 
radation products had retention times 
of 3.4 and 3.5 minutes. 

The results of all treatments of Acid 
Red 183 solutions, as followed quanti- 
tatively by the area of the 7.8 minute 
peak monitored at 257 nm are shown 
in Fig. 11. One hundred percent color 
removal was achieved on three of the 
nine samples treated with 100 mg/L 
iron and two of the nine samples 
treated with 75 mg/L iron. The data for 
this dye are extremely scattered so it 
is difficult to make generalizations 
about the treatment’s effectiveness. 
One possible explanation for the scat- 
ter in this data is that since Acid Red 
183 is a chromium complex azo dye, 
some complexation may be taking 
place dtlring the electrochemical treat- 
ments. 

The ultraviolet/visible spectra of the 

major breakdown products give little 
information about their structures. The 
structures of the breakdown products 
are less conjugated than that of the 
original dye since no absorption in the 
visible region is observed in their spec- 
tra. The spectra of the two breakdown 
products are almost identical, which 
suggests that they are isomers of the 
same compound. This is also sup- 
ported by the fact that their retention 
times are very similar. When the area 
under the peaks at 3.4 and 3.5 minutes 
are plotted against iron addition 
(Fig. 1 2  and Fig. 13), it appears that 
these breakdown products are not re- 
moved by electrochemical treatment. 

Con c I u s i o n s 
Electrochemical treatment experi- 
ments show that the Andco iron elec- 
trode can be very effective in color 
removal from acid dye solutions. For 
solutions in the 15 to 50 mg/L range, 
100% color removal was affected by 
150 mg/L iron addition to solutions of 
Acid Red 1, by 100 mg/L iron addition 
to most solutions of Acid Blue 127 and 
by 75 to 100 mg/L iron addition to 
some solutions of Acid Red 183. 

The use of HPLC for analysis of 
treated solutions proved to be superior 
to spectrophotometry. Because HPLC 
affects separation of the dye from any 
other compounds in the treatment 
bath, quantitative analysis of dye re- 
moval is possible. Obtaining good 
quantitative data with spectrophotom- 
etry was not possible, since other com- 
pounds.present in the treatment bath 
interfered with spectral measurements. 

In addition to quantitative analysis, 
HPLC provides qualitative information 
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Fig. 12. Area of 3.4 minute peak in treated Acid Red 183 as a func- 
tion of iron addition; initial concentrations of dye: 15, 25, 50 mg/L. 

Fig. 13. Area of 3.5 minute peak in treated Acid Red 183 as a func- 
tion of iron addition; initial concentrations of dye: 15. 25, 50 mg/L. 

about the formation of breakdown 
products in the electrochemical pro- 
cess. Chromatograms of treated Acid 
Red 1 and Acid Red 183 show peaks 
which were not present in chromato- 
grams of the untreated dye. The pres- 
ence of these peaks indicates that dye 
breakdown is occurring in the electro- 
chemical process. Chromatograms of 
treated Acid Blue 127 show no pcaks, 
suggesting that no degradation prod- 
ucts absorbing at any of the wave- 
lengths monitored remain in solution. 
Color removal of Acid Blue 127 could 
be due to simple ntlsorption, or if deg- 
radation occurs, degradation products 
could also be adsorbed. 

Characterization of the breakdown 
products found in chromatograms was 
attempted. The ultraviolet spectrum of 
the peak at 5.1 minutes in chromato- 
grams of treated Acid Red 1 suggests 
that the product might be aniline. This 
suggestion was partly confirmed by 
analysis of an aniline sample which 
had an identical retention time and 
ultraviolet spectrum. The other ultra- 
violet data suggest that breakdown 
products formed by reduction of the 

azo bond are present in treated solu- 
tions of Acid Red 1. The ultraviolet 
data for the breakdown products of 
Acid Red 183 are inconc:lusivci. Futiirct 
work should include mass spectropho- 
tome try of those brei1 k<!own produc: ts 
to confirm tho 1iypotht:sos tioni tho 111- 

traviolot data ;in(! to tiot!uc:c? thc  oxiic:t 
struct w(?s of tho prod uc:t s. 
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