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These comments are submitted on behalf of th» Ecological and
Toxicological Association of the Dyestuffs Manufacturing Industry (ET4D), an
internstional organization formed in 974 to address health a~d
envirommentai matters relating to organic colorants. These comments ware
prepered by the U.S. Operating Committee of ETAD, which consists of
representati.es of the 10 U.S. memce.s of ETAD /see Appendix I).

We believe that the Information Review provides a useful overview of
th- relevant informztion regarding amino anthraquinone dyes. However, the
accuracy o the Information Review would be improved if revised to raflect the
followipg comux ats.

For coavenisner the comments are given in the order of the text of the
Inforaation Review.

age (111) Production and Use

Recent production data have been submitted to the EPA under the recent
-:porting requirements for partsal updating of TSCA Inventory Data Base.

It should be noted that on)v the Acid, Basic, and Disperse dyes included
in *se 1list are used for dyeing fibers. The Solvent dyes are used for the
coloration of plastics, smokes, and a variety of minor uses.

Envirommental Reles~se and Concentrations

There is negligible release of Solvent Green 3 and Solvent Viole: 13
to the enviromment in aqueous waste streams. In the case of the other listed
dyes the rimary release is in aqueous streams and solid waste.

Fucitive dust emissions from both manufacturing and processing piants are
a negligible source of environmental release for dyes, as emissiou scurces are
generally = .ubbed.

page (iv) Environmntal Fate

This secticn should be expanded to reflect the published studies on the
adsorption of Ayess on activated sludge (in *he cited reference Hirz, Huber and
Reed, 1973, and zlso several reports by G. Shaui et al, E:% Cincinnati). Of
particulsr note i3 the high degree to which Basic dyes ads~rb on siudge.

Aithough the report by Horning (1978) doe< not include any of the li-to?
secordai’y aminoanthraquinone dyes, it does provide da.a on the effectiveness
of various dye-bath effluent treatment process:s which arc relevant to the
evaluatisn of likely enviionmental fate of theas substoncas.

Solvent dvee are unlikely to reach aqueocus envi~cmments in s:gnificant
amounts whica could raise any concern about bicaccumvlatiun.
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ldduuul mfor-tion on tvo liltod dyu (Dupne Bluc T and Aeid
Blue 2%) and on a further secondary asinoanthraquinone dye (Acid Blue i0)
is m:um in & report by W.C. Tincher, "3urvey of the Coosa Basin for
Orgunic C:itaminants from Carpet Processing”, ‘October 1973 (Appeniix II).

page (1v) Enviromental Effects

It would be appropriate to provide some comparison here between observed
ersast levels and eb-ru;! or likely envirormental concentrations.

cage (1v) Sugmary ¢f Environmental Fazard Potential
line 2
As the selection of the 10 aminoanthraquinone dyves is somewhat arbilrary

it would be better to avoid such unspecific stat - mer*s as "fairly low®™, and to
relate specific effect levels to observed enviromental concentraiions.

page 1 Chemical and Physical Information
D Chemical Properties

Line 1 Anthraquinone dyes are probably the least :ensitive of commercial
dyes to U.V. radiation. In terms of chemical stability tiic amincanthraqui-
' nones are much sore stable to oxidizing agents than most aromatic amines.

Solvent Green 3 exemplifies the property >f high thermal znd oxidative
stability which is characteristic of anthraguinone dyes.

page 7 Exposure Data

para. 1 The U.S. Internatiocal Trade Commission report for 1985 includes
lpociric data for only Disperse Blue 3 of the ten se.ected dyes.

Disperse Blue 3 1985 sales 436,000 1b.

para. 5 The AATCC Guide designates suppliers not manufacturers cf specific
dyes.

para. 6 The manufacturing route irformation is outdated and is not relevant
to the review of the environmental effects of the derived products. This
section should be deleted.

)

page 11 Use Table 5

Acid Blue 25 is not used to dye acetate. icid Blue 25 is used to dye
anodized almminum but not aluminum. Its use for dyeing leather and soap is
stated twice by mistake. Acid Green 25 is not a paper dye. Basic Blue 21
use for dyeing polyester is limited to basic dycable polyester. Disperse
. Blue 3 and Disperse Blue 7 are not normally used to dye wool.

e [ T T WIN
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page 12 Envirommental Information

Kowadays dyes contained in the eff'uents from the dyeing process ar«
siiher treated in a site effluent trezatmexnt plant or are discharged to a
pubiically owned treatwent works (POTW;. There is no direct relezse io the
caviroment of aqueous effluenis froe the dyeing process. The releasz of dves
fron dyed textiles in landfills Los not been demonstrated and is unlikely.

The estimations of the amount ol variouz dyes reieaced [rom 4yeing
pie.-Sses need to be modified to tace into account the more recent changes in
dyeing technology which have effected a svbstantial reducticn ir the amcunis
relecscd. Examples c¢. these which largely eliminate envircmmental relesues
are:

~ontinuous dyeing of polyester

continuous dy~ing of curpets with Acid dyes
dyeing =f carpets

Kuester dyeing

page 13 para. 1

This paragraph should oe modified -0 clarify that the reported dye
vonrentrations relate to formuiated dye and not active dy2 ingredienta, ard
aiso tnat ..ue data do not relate specificec’'y to the substances under review.

page 13 k. Environment»' Fate

Relatively small amount: <f dyes are reieased to the open envirooment a:d
these tend Lo be removed from the watei budy through adsorption processes
{on to sediments _nd plants).

page 15 & Biodegradation

The nublication by Pagga and Brown (1986), attached as Appendix III,
proviles additional information on the aerobic biodegrzdation of several
anthraquinone dyes, iuaciuding Basic Blue 22.

page 1€ Supmar
The conclusion of high bicacummulation potenti:i for the listed
substances is speculative, and not supported by any of the cited references.

Bicaccumulation of the water-soluble Acid and Basic dyzs s most unlixely.

page 18 Envirommental Effects

The effects of two secondary aminoanthraquirones (Acid Bive 25 an<
Disperse Blue 26) on plant growth (Sorghun bicolor, Helianthus aanus ard
Glyeine max) have been studied 2t concenirations of 1, 10, 100 and 1050 mg
dye/kg dry soil. Under practical conditions the level of any on: dye reaching
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. agrioultural land through contuminzted siudge is unlikely to exceed 1 mg/kg

. _(based on conservative assumptions). There was no significant «ffeci on
gereinatior and emergence of any of the levels tested, and no sig:fficant
‘offect on plant growth at the lowsr three levels. At 1000 mg/kg significant
seduction of growth was obssrved in Sorghum and Helianthus, and mergin2?
reduction in Glycine wax. (See Appendix IV)

page 19
Table 6

Basic Blue 22 rainbow trout LC 50 (48 hour) > 500 mg/1

DPisperse Blue 7 raintew truut LC 50 (46 hour) 10-150 ag/l

Respectfully submitted,

s A Gty

Eric A. Clarke
Exocutive Sec
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Introduction

The carpet industry uses and discharges approximately 20 biliion gallons
of water annually [i]. Th's is of the order of 14 gallons of water per
pound of carpet produced [2]. Over 502 of th= total or 7 billior gallons
of water is discharged each year to the Cousa River basin [3,4]. Data on
the carpet industry in Georgia is shown in Table 1.

Most of the water used in carpet manafacturing is used in the dyeing
process. Carpet dyeing and rinse water eontains substantial quantities of
dissolved and suspended organic and inorganic compounds. Since the Coosa
River and its tributaries serve as a source of water for a number of cities
and towns, the presence of these compounds in carpet wastewater is of consider-
able concern to officials responsible for water quality in the states of
Georgia and Alabama.

A previous study [5,6] has indicated that caipet dveing and finishing
wastes may be classified in five major groups. These groups and the
approximate quantities of each type discharged annually by the carpet
industry are:

Inorganic compounds--13 million pounds

Vo}atile organic compounds-- 40 million pounds

Dyes ~-0.3 million pounds

Surfactants --16 million pounds

Other organic compounds --i2 million pounds
Although dyes constitute a small portion of the total amount of waste dis-
charged in car’e. processing, this group is very important for several

reasons. First, analytical procedures for the determination of individual

dyes in complex mixtures are not available. Procedures fer inorganic




Table 1

'Distributicn of the Georgia Carpet Industry
(SIC CODE 227)

\ : No. of Value of Shipments
Area Plants Million Dollars)

Uniced States (Total) - 2,937
State of Georgia 1,727
whitfield County 738
Gordon County 175
Bartow County 147
Murray County ' 36
Giimer County 21
Eight Northwest Georgia

Counties +*

+ Whitfield, Bartow, Catoosa, Chattocga, Floyd,
Gordon, Murray, Walker.

Data from Georgia Economic Model which may be on
slightly different basis tham other dacz .n the

cakla [£1
CEBPAT V).
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ca-pounéﬁ {71, for voiltilcrbrgﬁﬁicchlpéuﬁd. [8],and for surfactants [9] in
7 wastevater are gmn‘iiy nv:ﬁable. Extensive work on the analytical
chemistry of dyesrtibirﬁ;;wg§;§ rcﬁéf;ed i;rtﬁe literature but no analytical
system Las been deveioped for determination of dyes at the fractional parts-
B per-amillion level in the complex miztures typicaily encounted in waste
streass.

Second, dyes in textile waste streams are importa~t because they are
not readily removed by typical waste treatment proc Most textile
wastes receive some type of biological oxidation (lagoon, oxidation pond,
trickling filter, activated sludge) prior to discharge to streams andrivers.
Although biological treatment is effective in reduction of biochemical
oxygen demand, it is not effective in color reduction. For example, in
a joint Environmental Protection Agency - Amefican Dve Manufacturers
Institute study of 9 dyes [11], laboratory biological treatment removed from
42% to 972 of the color when the dyes were added to domestic waste and
treated. Only 1 acid and 1 disperse dye were used in this study and both
showed lees than 507 removal. Removal of color from 30% [12] to 68% [13]
has been reported for activated sludge treatment plants with substantial
textile dye wastewater in the influent. These data clearly demonstrate the
resistance of dyes to treatment techniques currently employed.

Third, the possible long termhealth effects of dyes and dye d;gradatiou
pccducts are becoming of increasing concern. The possible mutagenic,
carcinogenic, nnd/orteratﬁgenic effects of dyes are now under investigation
in a number of laboracories [14~16]. The preliminary results from this work
suggest that analysis for specific dyes may be important in identifying and

quantifying possible health hazards.




In addition to quantitative determination of dyes in wastewater and in

streams and rivers, an analysi:c system for dyes is important for evaluation

of the effienciey of dye removal by bothl current and new treatment systems.
Thus, the work was undertaken to develop an snalytical system to determine
the concentration uf i,es coumonly used in carpet processing.

The work is divided into four parts., Part I describes the analytical
procedures develoved i<r acly and Fjamerss Awss, W [ v troel ks . usge
of these procedu~es for ina.isi - of sump.ov siilccted in the Coosa River
basin, Part III details tiie :1se of the system for evaluatiag acvanced treat-

ment svstems for dye removal efficiencies, and Part IV describes the extensicn

of the analytical system to direct dyes.




Part 1

Development of Analytical Procedures

for Dyes in Wastewater




A. Objective and Approrch

e objective cf th I st phase ¢f zhe project wa3s ihe Ze.elip 2t of
an analytical system for determinatinn of th2 concentratjoins of acid a2nd
disperse dyes in wastewater at the naris-per-billzon level. Based on the
previous studies of chemical uc<= in the c.rpet indénstry 5], it was ~srimated
that dyes would be present 1n carpet procesiing wactes ar the 7 scriunal
parts-per-million level. Analytical techniques for dyes (vi-ible absorption
spectroscopy) can readily detect dyes at the parts-per-miil.on je-el, An
approximate 100-fold concentrationL procedure was necessary there fove, to
obtain dyes at a conceniration suitable for gquartitative salysi.. Sice
dyes always occur in mixtures in wastewater, a saparatioen proce-ure was
also required. The most distinctive characteristic of dves is their very
strong absorption of energsy in the visible region of the spectruvi. T..is

characteristic was selected for development of a method for quantitation

of the concentrated and separated dyes.

B. _Dyes Selected for Study

Two major classes of dyes - acid dyesand disperse dyes - and a few

and direct dves are used in carpet piece dyeing. Fifteen dyes from

-~

the acid and disperse classes were selected for study. These dyes are

shown in Table 2. These 15 dye: account for over 50%7 of all the dyes used

in carpet piece dyeing [5]. The dyes from this group-whose structures are

known are shown in Appendix A. .




Tﬁblc 2

Dyes Selected for Development
of Analytical Techniques

Acid Yellow 19
Acid Yellow 135
Acid Yellow 151
Acid Orsnge 128
Ac.Z Red 151
Acid Red 337
Acid Blue 25

Acid Blue &0

Disperse Blue 7
Disperse Blue 120
Disperse Yellow 3

Disperse Yellow 23

Disperse Yellow 5¢

Disperse Red 55

pisperse Red 60




C. Preparation of Dye Standards

Dyes as sold by dyestuff manufacturers contain many materials In
addition to the dye component. Zommercial dispersn dyes usually contain
from 15 to 307 dye and commercial acid dyes sre g=nerally of the order of
502 pure [5]. Materials present in commercial dyes in addition to the dye
include dispersing agents, salt, sugar, sodium ‘sulfate, and other additives
and diluents. For the purposes of this study it was necessary to prepare
samples of pure dye to use as analytical standards.

Disperse dyes were purified by Soxhlet extraction with benzene.
Approximately 50 grams of dye were placed in a glass extraction thimble
and extracted with tenzene for 12 hours. The dye is solubie irn benzene
but the more polar diluents and dispersing agents are insoluble. The dye
was recovered by removal of the benzene in a rotary evaporator. The
recovered dye was again evtracted with benzene anc the process repeated
untii the extinction coefficient of the dye reached a constant value.

This usually occurred after three extraction and recovery cycles.

Acid dyes were purified by recrystaliization from methanol. Approxi-
mately 50 grams of dye were dissolved in 500 milliliters of methanol. The
acid dyes are readily soluble in methanol but the inorganic salts present

ii. the cormercial dyc are insoluble. The solutlionvas filtered and the

dye re-rystallized from the fil+~ate. This procedure was also repéated

until the dye extinction coefficient reached a conscant value. This also
generally required about three cycles.
Standard colutions were prepared by weighing out 1.0000v grams of dye

on a Mettler Microanalytical Balamce (capshle of weighing to 0.000001 grams).




iyc vas :tmurrﬂto ii 1 liur vol@rctriéjfluk and sclvent .ﬁdad to
':e 1 liter of o@lhﬂﬁ\. B o , i '
3 i So.l difﬁcultymmmutcd u di--oiv:l.ag the pure disperse dyes
in benzene, the selected ga;iﬁc. Vith no dispersing 2geat present the dye
7 wn &ifﬁcult to dissolve cmiitcly. This problem wvas solved bty pasting
the dve with dimethylformamide and then adding the benzene. Thus the
standard disperse dye solution contained the dye digsolved in a 17 dimethyl-
forialid§ (DMF), 992 benzene solvent. Similarly, the staudard acid dye
solutions were prepared in 12 "MF, 992 methancl solvent.
Soluticns containing 5, 10, and 20 parts-per-million (ppm) of the pure
dyves in solution were prepared by d4{lution of the ctand.ard 1 gram per liter

solution with 12 DMF in either methano! or benzene.

D. Concentration Procedunres

The necessity for an approximately 100-fold incrcase in dye concentration
suggested that some type of adsorption procedure would be most convenient
for tha concentration scep. Frevious work [6,17-20] on a mumber of possible
adsoroants had shown that macroreticular resirs were promising for removal
of dves irom »&uticn. These resins are copolymers of styrene with divinyl-
benzene and have a high surface~to-volume ratio. Of the available resins
Anberlite XAD-2 (Robu and Haas Ccapany) was found to give the best removal
and recovery of dyes from wastewater. Further work, therefore, was concen-
trated on developrent of a recovery and concentration procedure based on
XAD-2 resin adsoxption.

One problem with adsorption of disperse dyes arises due to the fact

that these dyee are not molecularly dispersed in water. They are, therefore,




not efficiently removed by ade rption processes. During ihe ccurse of
this work it was discovered tnat the addition of 10 DMF t> water dispursion
of disperse dyes would greatlyviﬁarease the vecovery of tir2 dyc from tne
water.
1. Column Preparation

Lab-Crest 9 s by 500 a@ chromatogrzphy columns equipped with
demountable Teflon stopcocks were used for columm preparation.
Anberlite XAD-2 resin (30 ml) was slurred in approximately 60 mi of methanol
and run through the column as rapidly as possible (A5 minutes). A glass
wool plug was used in the bottom of the columr. to return the resin. The
column was then washed with 40 ml of benzene 2t approximately 2 bed volumes
per hour. The benzene wash was followed by a 40 ml methanol unflow wash
at 8 bed volumes per hour to reclassify the column and to remove air
bubbles resulting from the benzene wash. The coluun was thern washed with
40 m1 of each solvent usel in the extraction of dye from the resin to
ensure that any impuritie. likely to come 'f the cclumm with the dves would
be removed. The cclumn was given a final wash with 200 m! of distilled
water and stored under distilled water until used. Columr preparation and
uee proceduree
Bulletins [17,21].

2. Recovery Studies

In preliminary developmert of the recovery system, 200 ml of a

1 rpm dy» solution in 102 DMF and 90Z water were passed through the column

at 8 bed volumes per hour (approximately 350 wul/hour).




The :olumn vas then washed with 50 ml of 10Z DMF and 90X water, the column

inverted ard back washed vith selected solvents to remove the dyes. The
rmvd dyes were tasen up in a known volume of solvent and the dve

- consentration determined spectfophotoutriculy. The perceni recovery of
the dye could thus be Zetermined from the known quantity of dye in the
original solution and the swnunt recovered from the column by the back-
washing procedure.

A number of experimental parameters were studied to establish detaiis of
the concentration procedure. The effect of column dismeter was investigated
using 9 - and 15 mm columns. The results indicated that column diameter
did not influence the recovery. Subsequeni studies vu:e carried out on
the ~msller columns to reduce the volume of recovery solvents required.
Resin bed depths of 25 and 40 cm were studiec algo. Recoveries of dyes
weve alightly better at 40 cm so the larger bed depths were used in further
studies.

Solvents used in recovery had a major «ffect on recovery efficiencies.
Early studies showed that benzene readily removes disperse dyes from the

reain column. Recoveries were better than 702 for each of the seven

S

disperse dyes investigated. Recovery of acid dyes proved more difficult.

& number of solvents including, DMF, methanol, tetrahydrofurar, pyridine

and ammonia waere tried. The system that gave best results involved back-
-\;ashing with two solvent systems. The acid dyes were removed by first eluting
with 40 ml of wmethanol followed by 40 =1 of a pyridine, tetrahydrofuran, iZ
sumonium hydroxide (40:40:20) solvent mixture,both at a rate of 4 bed ‘volumes

per hour. This elution system gave better than 702 recovery of each of the
acid dyes.
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Coacent stion systen.

The final system deveicped for concentratiocn of ihe dyes regquired
the following steps. Columns were prcpared as descrived previously. A
1000 mi Kelly infusion jar was attached tc the top of the resin column with
a 1 inch piece o silicene tubing of 0.1925 inches I1.D. (Cole-Paimer).
Wastewater (900 ml) and dimethylformamide (100 ml) were placed in the Keliy
influsion jar and allowed to flow down the column at 4 sed welumes (120 ml)
per hsur. As indicated earlier, the diwethylformamide is added o increase
the solubiiity of disperse dyes so that they will be adsorbed by the resin.
If dye is present in the wastewater, colored bands will appear near the top
of the column. Afrer all the wasteri.er has passed th;ough the column, the
reservoir and column were washed witi: 50 ml oan 902 water- 107 dimethyl-
formamide mixture to insure that all of the wastewater sample had contacted
the column.

Since the dye is concentrated near tie top of the columm, the reservoir

and stopcocks were removed and the column inverted for the subsequent elution
steps. A 9 mm x 500 mm extension column was attached to the top to serve as

& sclvent reservoir. The column was first eluted with 40 ml benzene at

approximately 2 bad volumes per hour. The disperse dyes are removed by

benzene and the acid dyes remain on the column. The acid dyes were removed
by first eluting with 40 ml of wethanol followed by 40 ml of the pyridine,
tetrahydrofuran, 12 ammonium hydrocxide (40:40:20) mixture, both at a rate

of 4 bed volumes per hour.




‘l‘ha benzene eﬁuinia. the disperse dyes was collected in &8 SO ml
round bottow flack equipped with & 24/40 ground glass joint. The flask was
placed on s Buchi Retavap Kk snd benzene removed under aspirator vacuum at
tenperatures up to 100°C. The disperse dyes were taken up in a 1% dimethyl-
formamide - 992 benzene solvent and m-de up to 10, 25 or SO al in s volu-
setric flask depending on the desired increase in concentration.

The methanol and solvent mixture extracts were combined in a 250 ml round
bottom flask and rotavapped as described above for the benzene extracts.
The residual acid dyes were taken up in 12 dimethylformamide - 292 methanol
and made up to the desired volume.

The recovery efficiencies for 1 part-per-million sclutions of the 15
important carpet dyes using the above proceduze are shown in Table 3.

The concentration procedure was generally-used to concentrate the
dyes in 900 ml of wastewater in z volume of 10 m] for an overall concentration
factor of 90. In some cases? columns were used and 900 ml of wastewater run
through each column. Combining the =luents from the two columns gave a con-
centration factor of 180.

In addition to concentraticu of the dyes, the resin adsorption procedure
8180 provided a separation of the acid and disperse classes of dyes. This
szparation was quantitative and greatly siaplified the subsequent analytical
procedures. The separated and concentrated acid and disperse dyes ;ere

now ready for the separation and quantitation procedure.

E. Separation and Quantitation

Dye mixtures have traditionally been separated by thin-layer chroma-

tography. In previous work [6] on the ? disperse dyes a=d & acid dyes




Tabie 3

Recovery of Carpet Dyes Froc— ¥estewater
By Resin adsorntion

Acld Dyes Dirnerse Dyes

Yellow 151 752 Disperse Yellow 23

Red 337 75% Disperze Yellow 3

Yellow 19 70% Disperse Yellow 54
Yellow 135 1002 Disperse Red 60
Orange 128 Disperse Red 55
Red 151 Disperse Blue 7
Zlue 25 Disperse Blue 170

Blue 40




undcrrinvuettlntloaria this i:udy it had been demonstrated that thin-layer

chromatography could be uaoﬁ to separate both the acid and disperse dyes.
This technique however, ig difficult, does not lend itself to quantitative
analysis, and is not readily adaptable to analyses of large numbers of rovtine sampl:s.
Recent developments in technology have made rapid and quantitative
separation of complex mixtures possible by high pressure liquid chromatography
(HPLC). In this technique, components to be separated are dissolved in a
suitable solvent and pumped onrc a column containing a small purticle, .Ligh
surface area adsorbant. The differing partition of the various components
between the stationary phase and the moving solvent phase results ia a
separation of the components as they move down the colﬁmn. The instrumen?®
may be operated in a variety of modes depending on the nature of the stationary
phece. In the case of small particle silica cglumns, a type of adsorption
chromatography is responsible for the separation. In other cases a liquid-
like hydrocarbon (e.g., C3g chains) are adsorbed on or bonded to the column
and a type of liquid-liquid partition is achieved. Ionic species may also
be bonded to the column for separation of polar components. Columns con-
taining specific pore sizes are available to obtain separations based on
molecular sizeizexclusion chromatography). This range in operation mode
combined with the variety of solvents and solvent mixtures which may be
used as mobile phases provides an extremely versatile separation tool.
Detection of components exiting from the column is usually achieved by
adso.ption in the UV and/or visible spectrum. Thus, the detector systems

are especially sensitive to dye molecules and the aromatic portions of many
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sur;actant molecules. By operating in the visible region of the spectrum
dye: can be detected and quantitated in the presenca of the uanv other organic
compounds in dye wastewater which do not absorb strongly in the visible
region. Similarly, selection of absorbing wavelength makes possible deter-
mina-ion of, for example, yellow dyes even when blue dyes elute at the same
retention time. Thus wavelength selection can greatly simplify the separation
process.

5PLC has been applied to the separation of both azc and anthraquinone
dye: by a variety of techniques in a wumber of recent papers. An excellent

review of this work had beer presentec by Para [10]. HPLC was selected,

therefore, as the method for separation and quantitation of the dyes

selected for study ir this work.
1. Equipment
Two different liquid chromatographs were used during the ccurse
of the work. Early development work was carried out on a Micromeritics
Model 7000 HPLC. This instrument can be operated in either an isocratic
{fixed solvent compositiomn) or gradient (time variaut solvent composizion)

-—

P-3
WO .

Tt ie eguippgd with a variable wavelength UV-visible detzctor. The
oniy difficulty encountered with this instrument was in analyses for blue
dyes. The cutput of the detector light source was very low at vave;engths
above 600 am. It was not possible to detect blue dyes at low ccncentration.
Most of the later work employed a HPLC system assembled from components.
This system had a iahoratory Data Control Pumping System (Constametric I

and TI pumps with a Counstametric 1I G Control Module and Model 7120 Gradient




Master), & RXheodyne Model 7120 Syringe Loading Sample Injector, e Tracor

‘Model 970 Variable Wavalength Absorbance Detector, aad a Houston Instrument
Omnircribe Recorder Qifh & bulit-in integrator. This instrument system
performec very well in all dye snalyses.

2. Analysis for Disperse Dyes
a. Column and Solvent Selection

The structure and polarity of disperse dyes suggested that
absorption 1iquid chromatography would be the best technique for
separation. In this technique, compounds are adsorbed on a polar
surface and separations are achieved based cn differerces in
polarity of components. Initially, a small particle 10, silica
column was investigated for separation cf disperse dyes. The
disperse dyes were so strongly adsorbed on this column that they
were very difficult to remove with even the most polar solvents.

Best separation of the disperse dyes was obtained with
a column of intermediate polarity. The column employed was a 25 cm
Partisil-10 PAC column (Whatman) which has cyanoethyl groups bonded
to a 10u irvegular silica substrate.

*~ A solvent system consisting of a nonpolar component
(nonsolvent® and a polar component (solvent) is generally used in
adsorption chromatography as the mobile phase. Several polar .
compounds--tetrahydrofuran, dioxane, isopropyl alcohol, methyl
alcohol, diwmethylformamide—which are solvents for disperse dyes

were considered for the strong solvent. Isooctane, cyclohexane,




benzene, carbon tetrachloride and heptane were employed as weak
or nonpolar solvents. Disperse Blue 7 was the disperse dye most
strongly adsorbed by the PAC cclumn. 1t was useful for screening
candidate solvents since the mobile phase must be capable of
eluting the strongest held solute from the column in a reasonble
time. After study of a large number of solvent-nonsolvent pairs,
tetrahydrofuran (THF) and cyclohexane (CH) were selected for
separating the disperse dyes.

Elution volumes in ml for the disperse dyes on Partisil PAC

with a number of tetrahydrofuran-cyclohexane mixtures are shown

in Table 4. There is some scatter in the data due to failure

of the solvent mixing valve during a few of the runs. The results
suggest that a solvent-nonsolvent gradient beginning at a ratio
of 25/75 THF/CH and increasing to 100% THF should give good
separation of the 7 disperse dyes. This gradient system gave
excellent separation of the disperse yellow dyes as can be seen
in Figure 1.

Difficuities were encoun

system for the dispersered and disperse blue dyes. These dyes are

—— 2 ___ 2 . ot
I€ed 11 usiny tice

not single compounds and the gradient system separated each of
these dyes into a number of components. This problem is
illustrated in Figure 2 where at least 6 components are
observed for Disperse Blue 7. This separation greatly reduces
the signal-to-noise ratio and decreases the sensitivity of the

analytical method. Specific solvent ratios were therefore used

¥
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FI16, 2, LIOUID CHROMATOGRAM OF DISPERSE BLUE




to elute the red and blue dyes.

The specific systems used for the disperse dyes are detailed
below.

b. Disperse Yellﬁv Dyes

The column 1s first conditioned by pumping a 25/75 mixture
of tetrahydrofuran/cyclohexane through the column for at least 15
minutes. A 20 pl sample of the dye mixture is injected in the solvent
stream and the effluent of the column monitored at 420 nm. The
composition of the solvent varied linearly from 25/75 to 100/0

tetrahydrofuran/cyclohexane over a 15 minute period. The solvent

flow rate was 1 ml/minute. The resulting chromatograms of a

standard 5, 10 and 20 ppm mixture of Disgerse Yellow 3, 23, =nd
54 are shown in Figure 1. The disperse yellows are well separated
and excellent linear curves are obtained when the areas under the
peaks are plotted versus concentration.

It © interesting to note that Disperse Yellow 23 gives
cseveral peaks. This dye is undoubtedly a mixture of several compounds

parated br the chromatograph.
c. Bisperse Red Dyes

Two separate runs on the chromatograph were required .to
analyze for the disperse red dyes at very low concentrations. The
probable reason for this was that the red dyes are a mixture of

compounds and when long elution times were used the peaks split

into many components which reduce the sensitivity.




m fcltwhtm«c m uud with the red dyu. The column
vas. cquﬂlbntw for. 15 mutu with an 80/20 tetrahydrofuran/cyclo-
hexane solution. Tweoty ul of dye were injecied and the effluent

~ monitored at 520 nm. A flow rate of 1 ml/rinute vas used. Under

these conditions Disperse Red 55 elutes with the solvent front and

Disperse Red 60 approximately 1 to 2 minutes sfter the solvent front.
The column is then equilibrated with 2 35/65 mixture of tetrahydrofuran/
cyclohexane and 20 ulof the dye mixture again injected. Under these
conditians Disperse Red 55 elutes just aftar the solvent front and
Disperse Red 60 is retained oa the column. Typical chromatograms
for 5, 10 and 20 ppm Disperse Red 55 are shown in Figure 3. Very
similar results were obtained for Disperse Red 60. It should be noted
that the detector was not set at its high@st sensitivity in recording
Figure 3. At highest sensitivicty 1 ppm of the disperse red dyes can
be very readily detected and analyzed.
d. Disperse Blue Dyes

A system simiiar to the ome ¢
was used in analysis of disperse blue dyes. The column is equili-
brated viéﬁ 100% tetrahydrofuran at a flow rate of 1 ml/min. A
20 u1 sample of the dye mixture is injected and the effluent
monitored at 620 nm. The chromatogram shows a number of peaks
indicating that the dye contains several componeats but th
very distinct peaks are observed at about 2 and 4 minutes retention

time. Under these conditions Disperse Blue 120 elutes with the

solvent front.
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: Mnnrullue 120 udotcntud by equilibrating the column with

s 55/55 tigfghyigqfériulcy;lohcme aixture and eluting with this
‘mixture. ,Se’v’éal pesks are observed with the principal peak at about

2 minutes retention time. Under these conditions Disperse Blue 7

is tatiinid by the column thus providing a separation of the two

blue dyes. After elution of the Disperse Blue 120 the Disperse Blue 7

is stripped by pumping 100X THF through the column.

3. Analysis for Acid Dyes

Acid dyes usually contain one or more ionizable sulfonate groups
as part of the dye structure (see Appendix A). This class of dyes could
probably be separated by ion exhcange liquid chromatography. However,
separations are usually difficuli and reproducibility is poor with ion
excha;ge techniques.

After survey of the possible separation procedures, a technique
kaown as pairéd-ion chromatography (PIC) was selected for investigation [22].
In this technique the dyes are adsorped from soiution on a silica column
containing C3g hydrocarbon groups bonded to the silica particles. The
dyes are eluted with methanol-water mixtures containing tetrabutylsmmonium
phosphate. This technique has been used to separate food dyes very similar
in structure to the dyes of interest inthis work [23].

The column used in the acid dye studies was a 25 cm. Spherisorb
ODS (5 micron silica particles with a C-18 hydrocarbon bonded to the surface)
obtained from Laboratory Data Control. The elution solvents were prepared

by dissolving buffered tetrabutylammonium phosphate in methanol




and in water (the buffered tetrabutylammonium phosphate is scld
under the name PIC Reagent A by Waters Associates).

Preliminary experiments using the PIC technique were conducted on
known aixtures of acid vellow dyes. After several trials 1t was found
that an elution gradient beginning at a 60 to 40 ratio of eethanol to
watev and increasing linearly to 85/15 methanol/water over a 10 minuce
peiiod gave good sepsration of the yellow dyes. A flow rate of 1 ml per
minute was used and the detector was set at 420 nm. This same gradient
vas found to separate the acid red dyes and the acid blue dyes. The only
change necessary for the red and blue dyes was settiag the wavelength
of the detector at 520 and £15 am, Tespectively. Typical chromatograms

for the acid yellow, red and blue dyes are shown in Figures 4, S5, and 6.

4, Quantitation of Acid Dves
The concentrations of each of the 15 dyes was determined from
the areas under the liquid chromatograrhy peaks. The system was calibrated
hy running standard 5, 10 and 20 ppm zolutions of each dye and determining
the areas of the peaks. The areas under the peaks were obtained from
the recorder integrator. Since the baseliase was not always level, the

areas determiﬁéd from the integrator had to be corrzcted for the background.

This was done by running the solvent or solvent program with onlv a "blank"

(i.e., 1% DMF in benzene or methanol, the solvents used for the dyes) injected
under identical instrumental conditiocns as the dyes and subtracting the
background correction from the measured dye peak areas. Typical calibration

curves are shown in Figures 7 and 8.




FIG. 4. LIQUID CHROMATOGRAMS OF ACIL YELLOW LYES
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FIG, 6, LIQUID CHROMATOGRAM OF ACID BLUE DYES
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One other correction was required for Acid Yellow 151. Acid Orange
128 is the only color in the selected iist of dves that is not a primary
color. As a result Acid Orange 128 has strong absorption in both the red
and yellow regions of the visible spectrum. This situation creates no
problem in analysis of the red dyes since Acid Orange 128 is well separated
from Acid Red 337 and Acid Red 151 (see Figure 5). However, in the analysis
of the yellow dyes, Acid Orange 128 is not separated from Acid Yellow 151.
Two approaches were considered for solution of this problem. First, the
selected solvent program for the yellow dyes could have been changed. This
approach was not selected as it would make an otherwise very simple
analytical scheme for acid dyes more complex. The seecond approach and the
one selected was to correct the AY 151 absorption for the Acid Orange 128.
In this scheme the concentration of Acid Orange 128 is determined from the
adsorption at 520 nm. From the concentration and the known absorptivity
at 420 nm the contribution of Acid Orange 128 at 420 nm can be subtracted
to obtain the true absorption due to Acid Yellow 151.

All the other acid dyes have been examined spectrophotometrically

ny cther similar interferences are pregent. Acid Orance

woamdoan 4§ an
THAlIE axi <y H = Ac

-
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128 was the only problem found.

F. Discussion of the Analytical System
1. Sensitivity of the Analytical System

No tests of the absolute sensitivity of the analytical system for

disperse and acid dyes have been carried out. However, use of the

svstem for analysis of lirge numbers of wastewater and laboratory

samples suggest that with the exception of Disperse Blue 120 and




”btiﬁitai iiﬁi 7 Chtfi;§§?£‘it‘§7iéflﬂté‘ bj the llqhtd chromatograph

© (at highest sensitivity) at spproximately 0.1 ppm. Vith the concen-
tration of dyé!'in 1800 ml of wastewater in a volume of 10 ml by the
r;sin adiorbtionrproéliurd (giving a 180-fold increase), the system
can detect 13 pfﬁthc dyes at less than 1 part-per-billion (ppb) in

wastevater. Under similar conditions it is estimated that Disperse

Blue 7 can be detected at 10 ppb and Disperse Blue 120 at 25 ppb.

2. Performance of the Analytical System

The procedures for determining the concentration of disperse dyes
in complex mixtures have been employed on several typical carpet waste
samples containing known quantities of disperse dyes. This typical
waste sample was prepared by dissolving appropriate quantities of the
chemicals given in Table 20 of the report "Chemical Use and Discharge
in Carpet Piece Dyeing"” [5] in water. The sample contained not only
dyes but the auxiliarjes, finish components, pH control agents and
éther organic and inorganic compounds commonly present in dye wastewater.
The quantities of each of 6 disperse dyes present in the sample are
given in Table 5.

One liter of the synthetic waste sample was concentrated using
the column procedure described rreviously. The concentrate was
injected in the liquid chromatograph and the quantities of each of
the six dyes found in the known waste sample are given in Table 5
as vell as the percent of the.known that was found. Results indicate

that greater than 70% of most disperse dyes are detected. The results




Table S

Analysis of Known Mixture

Conc. in Waste Conc. in Waste
Known (mg/L) Found (mg/L) % Found

5.67 4.05 70

5.31 92

5.44 66

3.44 87

1.27 70

1.18 65




~ agree closely vith the previows studies on dye recovery (Table 3)

by the resin ad,lo_fpnén aitt— and iiiuut that i{sprovements in this

- _svstem should be investigated.




Part II

Analysis of Coosa River Basin Samples

For Acid and Disperse Dyes




B ﬁnmlyttcdmhuim ‘described Infhe puvim section have been

used to julyz@ 8 number of iaplu from the Coosa River basin. The Coosas
River and its tributaries carry over 50% of all carpet dyeing wastewater in
‘the United States. A map of the Coosa basin in Georgia 1s shown in Pigure 9.
) The e’it:rlu’:of Dalton, Cha:mrih, Culhm, Cartersville and Rome are all

major centers for carpet production. The city of Dalton is the principal
center with the Dalton River Bend Ws te Treatment plant receiving approxi-
mately 252 of all U.S. carpet dyeing wastewater.

Grab samples were collected in the Coosa basin at three different
times during 1976~1977. The first set of samples was . collected on
October 28, 1976, the second set on March 8 and 9, 1977, and the third
set on June 7 and 8, 1977. The samples collected March 8 and 9 were
collected at times selected to correspond with times at which dyes should
have been at pesk concentration at the collection site.

The peak period in dyeing of carpet in the Dalton area occurs during
the day shift on Mondays through Thursdays. This results in a peak flow
aT tThe Daiton waste treatment plant usually between 3 and 5 in the after~
noon of those days. Friday is generally a "clean-up" day and most plants
are closed on weekends except during peak periods of production. An attempt
was made to collect samples in the Cooss basin at times such that the samples
would reflect the peak flows at the Dalton waste treatment plant and contain
maximum dye concentrations.

Mr. Gary Ellis of the Enviromnt;al Protection Division provided flow
times in the Coosa basin based on & conputer simuiation of stream flow.

Volumes and flow times based on this model for the week of March 7 are shown

in Table 6.7
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FIGURE 9. -- The Coosa River Basin with location of centers of carpet manufscturing .




Table 6

- Flow Times in Coosa Basin- March 7, 1978

S_.e Flow Time

—————

7 Dalton Water Intake — 0
Tibbs Bridge $2 cfs 13-15% hours

‘Dalton Waste Treatment -— 1.2-1615 hours
Outfall

‘Looper's Bridge 789 cfs 1 hour (from DWIP)
Tilton Bridge 884 cfs 15-18% hours (from DWIP)
Calhoun Water Intake 2550 cfs 22-26% hours (from DWTP)

Rome Water Intake 2640 cfs 30-35 hours (from DWIP)




During the week selected for sampling the cavpet industTy in Dalton
was operating at 80 - 902 of normal production capacity based on totsl flow
at the Dalton waste treatment plant. Residence time in the Dalton waste
treatment plant is approximately 24 hours. The eiflueat on any given day
is therefore representative of the influent received the previcus day.

The day and hour of collection at the various sites is shown in Table 7.
The table also gives the estimated time that the sample was leaving the
Dalten waste treatment plant. The sample collected at the Georgia Highway
40 bridge over the Oostanula River was collected at a time such that the
sample was entering the Calhoun Waste Treatment plant Tuesday, March 8§ at
approximately 2:00 P.M,

All samples were refrigerated at the collection site and were kept at
0°C until the concentration step.

A third sampling trip was (onducted on June 7 and 8. This time wasg
selected to take advantage of the low flows experienced in earlv June.
Samples were collected in the Rome area on June 7 and in the Dalton and
Calhoun area on June 8. These samples were numbered 129-30-1 to 129-32-5.
All samples were refigerated immediately after collection and remained
refriger .ted until concentrated except finish water samples. Finish water

samples were refrigerated within 8 hours of collection. Three mud samples

were collected to determine the quantity of dyestuffs that may be adscorbed

on mud in the Coosa basin. These samples required a different extraction

procedure as outlined below.
A complete 1ist of all samples collected is given in Table 8. As

reflected in the sample collection special emphasis was placed on analysis




 Table 7

s.qlor' Collection Times

Tioe Tine Left
Site Collected Dalton Waste Treatment Plant

129-22-1 Dalton Waste Treatment Wed., Mar. 9, 4:00 PM Thur., Mar. 10, 4:00PM
Plant Influent

129-22-2 Dalton Waste Treatment Wed., Mar. 9. 4:20 PM Yed., Mar. 9,
Plant Effluent

129-22-3 Looper's Bridge Wed., Mar. 9, 5:00 PM Wed., Mar, 4:00PM

129-22-4 Tilton Bridge Thurs., Mar. 10, 9:00 AM Wéd., Mar. 4:00PM

129-23-5 Calhoun Raw Water Thurs., Mar. 10:00 AM Tues., Mar. 4:COPM

..29-23-6 Calhoun Finish Water Thurs., Mar. 10:30 AM Tues., Mar, 4 :00PM

129-23-7 Calhoun Filter Backwash Thurs., Mar. 11:00 AM Tues., Mar. 4:00PM
Plant Influent

129-23-8 Calhoun Waste Treatment TNurs., u
Plant Influent

129-23-9 Calhcun Waste Treatment Thurs.,
Plant Effluent

129-23-10 Georgia Highway 40 Thurs.,
Bridge
(Oostanaula)




sample
129-10~-2
129-11-5
126-11-8
129-12-9
129-22-1
129-22-2
129~-22-3
129-23-4
129-23-5
129-23-6
129-23-7
129-22-8
129-23-9
129-23-10
129-30-1
129-30-2
129-30-3
129-30-4

129-30-5

Table 8

Coosa Basin Samples Collected

Collection Site
Dalton Raw Water Intake
Dalton Waste Treatment Plant Influent
Dalton Waste Treatment Plant Effluent
Looper's Bridge
Dalton Waste Treatmwent Piant Influent
Dalton Waste Treatment Plant Effluent
Looper's Bridge
Tilton Bridge
Calkoun Raw Water Intake
Calhoun Finish Water
Calhoun Filter Backwash
Calhoun Waste Treatment Plant Influent
Ca{?oun Waste Treatment Plant Effluent
Oostananla Bridge at Ga. Highway 140
Rome Raw Water Intake
Rome Finish Water
Rome Waste Treatment Plant Influent
Rome Waste Treatmen:z Plant Effluent

Looper's Bridge

Time of Collection

10/28/76 11:45
10/28/76 3:15
10/28/76 4:15

10/28/76 5:15
3/9/77 4:00
379/77 4:20
3/9/77 4:45
3/10/77

3/10/77

3/10/77

3/10/77

3/10/77 12:30
3/106/77 12:50
3/10/77 1:45

A
s e s

6/7/77 9:35

6/7/77 3:35

AM.

AM.

A.M.

P.M.

P.M.

P.M

.
P

AM.

P.M.

6/71/77 4:00 P.M.

6/7/71 5:45

P.M.




Sample
129-31-1
129-31-2
129-31-3
129-32-1
129-32-2
129-32-3
129-32-4

129-32-5

Table 8 (cont'd.)

Collection Site
Looper's Bridge Mud Sample
Tilton Bridge
Tilton Bridge Mud Sample
Calhoun Water Intake
Calhoun Water Intake Mud Sample
Calhoun Finish Water
Calhoun Waste Treatment Plant Influent

Calhoun VWaste Treatment Plant Effluent

6/8/77
6/8/77
6/8/77
6/8/77

6/8/77

6/8/77
6/8/77

6/8/177

Time of Collection

6:00 MM
10:30 A.M.
10:55 A.M.
11:37 AM.
11:30 A.M.
11:45 A.M,

1:15 P.M.

1:30 P.M.




of city water supplies in the Coosa basin.

B. Analysis of Collected Water and Wastewater Samples

The collected stream,finish water, and filter backwash water samples
were concentrated using the XAD-2 resin system. These samples were concen~
trated 180-fold (1800 ml ~—» 10 mi). The influent and effluent waste
treatment plant samples were generzally concentratedonly 36-fold (1800 ml —»
50 ml1) due to the higher dye concentrations in these samples.

Twenty microlirer samples of the extracts were injected into the liquid

chromatograph and analyzed by the procedure previously described. Resul:rs

of the analysis for disperse dyes are given in Table 9 and for acid dves in

Table 10. It should be noted that, due to a loss of part of the concentrate,

data on disperse dyes were not obtained for samples 129-i1-8 and 129-12-9.

C. Analysis of Mud Samples

During the June 7 and 8 sampling trip, mud samples were collected at

3 - £
L

UG T j
ILaERT U 1

the Looper‘s Bend Bridge, at the Tilton Eridge and near tie the
Calhoun water treatment plant. The dry mud samples were concentrated by placing
100 gram samples in a Soxhlet extractor and extracting with benzene followed

by methanol and then by the pyridine, ammonium hydroxide and tetrahydrufuran
mixture for 246 hours. The same extracting solvent was used for subsequent

100 gram samples until a total of 1000 grams of mud had been extractéd.

The extracts were rctavapped to dryness and taken up in either 50 or 25 ml

of solvents for liquid chromatographic analysis. The concentration factor

for samples 129-31-2 and 129-32-1 was 40 and for sample 129-31-1 the factor

was 20.




.. -Concentration of Disperse Dyes (parts-per-billion) in
Snplu ‘l‘akcn fm the Coosa River Basin

Ssmple DY 3 DY 23 DY 54 DR S5 DR 60

© 0 129-10-2 0 = - - - -
129-11-5 32 458 27 187 78

129-22-1 77 36 z 67 16
129-22-2 + 17 24 14
129-22-3 <1 |
129-23-4 <1
129-23-5 -

- 12¢ 23-6 <1
129-23-7 <l
129-23-8
129-23-9
129-23-10

129-32-2
129-32-3
129-32-4

_. 129-32-5

- dye not detected

+ dye detected but below minimum concentration for
Tquantitation s o
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lnyulgi qfrﬁhg lpéijgiy of thfrtud'sljples for d(spersé dyes is

_given in Table 11. Results of the analysis for acid dyes is siven in

Table 12.

-D. ~Discussion of Results

The immediate conclusion yhich the results suggest is that acid dyes
are ﬁielent in higher concentration than disperse dyes in the Coosa River
basin. There are probably 2 factors accounting for this difference.
First, the carpet industry is tending more toward use of acid dyes for
dveing nvlon carpet. This is due in part to the increasing use of
continuous dve ranges which require acid dyes. Also, acid dyes are being
used with increasing frequency in beck dveing to meet more stringent light
and ozone stability requirements. Second, later studies (see Part IILI)
suggest that disperse dyes are more readily removed by biological waste
treatment systems than acid dyes. Similarly, since disperse dyes are not
in solution but are dispersed as small particles in water, they are orobably
more readily removed by stream sediments than acid dyes. This is

suggested by comparison of the results of the analysis for acid and disperse
dyes om the mua samples (1abl nd

The influents and effluents of the Dalton, Calhoun and Rome waste treat-
ment plants show appreciable concentrations of all 15 dyes with the exception
of Acid Yellow 135. This dye is quite easily detected in the analytical

system so its ab?ence suggests that it is not being used as extensively in

carpet dyeing as was the case previously. It is interesting to note that
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disperse dyes sre in relatively higher concentration st Rome and Calhoun
and acid dyes in higher concentrstions st Dalton. This probably reflscts
differences in dyeing processes ({.e., more continuous dveing at Dalton)

in the three cities.

In several cases the waste treatment plant effluents show higher dye

concentrations than the influents. Since all samples were 'grab” samples

this is undoubtly due to dafly and time of day variation in concentration
of the various dyes. Wide fluctuation in acid dye concentrations can result
from discharge of unused dye paste at the end of continuous runs.

Downstream below the outfall of the Dalton waste treatment plant, river
samples collected at Looper's Bridge and Tilton Bridge s@ow low concentrations
of a few acid and disverse dyes. No disperse dyes were present in the raw
water intake at the Calhoun water treatment plant. Small quantities of Acid
Yellow 19 and traces of Acid Red 337 and Acid Red 151 were present in the
Calhoun raw water. Calhoun finish water was free of dye except for one
sample which contained 4 ppb of Acid Red 151. The Rome raw water contained
10 ppb of Acid Yellow 19 and a trace of Disperse Yellow 3 but no dyes were
detected in the Rome finish water.

rud samples~?oilected at Looper’s Bridge, Tilton Bridge and at the
Calhoun raw water intake all show appreciable quantities of both acid and
disperse dyes.

The results suggest that the developed analytical system can be readily
applied to dye analysis for both waste treatment plant and stream samples.
Analysis of composite samples will probably be necessary to obtain the

best data on dye concentrations.




Part III

Iuorvalrtof Dyes from Carpet Dyeing
Wast.ewater by Biological and Advanced
Treatment Systems




A. Samples
The system of analyses for acid and disperse dyes has been applied

to several carpet dyeing vastewater samples that have been subjected to
various waste treatment procedures,
Initial studies were carried out on synthetic carpet waste samples

treated in a bench scale model of an activated sludge system [Z4]. The

synthetic waste sample was prepared by mixing appropriate quantities of

the dyes and chemicals listed in Table 20 of Reference 5. The synthetic
carpet dyeing wastewater was fed continuously to a llorizon Bio-Oxidation
System [25]. The system was seeded with a sample of acclimated sludge from
the Dalton waste treatment plant. After allowing the bio-oxidation
system to achieve equilibrium, samples of effluent were collected over a
10 day period and analyzed for 6 disperse dyes. The influent and 10 samples
of the effluent were analyzed. The results are shown ir Table 13 (the data
for Disperse Blue 7 are for the major component which elutes first in the
liquid chromatogram). The results suggest that L.ological oxidation can
remove better than 602 of most disperse dyes from dyeing wastewater. The
mechanism of removal is probably adsorption on the sludge rather than true
biological oxidatdion.

Dye analysis was also used to evaluate, in part, the effectiveness
of various advanced treatment systems in removal of disperse and acid- dyes
from carpet dyeing wastewater. The treatment systems were set-up at the
Dalton River Bend Waste Treatment Plant as part of a research proiect con-

ducted under the direction of Wiedeman and Singleton Consulting Engineers.
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flozrulation followed by sedimentation (19189 and 19237) and to dual media
filtration followed by carbon adsorption (19188 and 19240). Al1l samples
were 48 hour composites collected in 1 gallon glass containers. They

were refrigerated at 0°C until subjected to the resin concentration orocedure.

B. Results of Analysis for Acid and Disperse Dyes
The wastewater samples from the Dalton waste treatment plant and samples
' of effluents from the various advanced treatment processes were concentrated
' bv macroreticular resin adsorption and the concentrates (dye in 1800 mil
wastewater concentrated in 10 ml) separated and quantitated by liquid
chromatography as detailed in Part 1. Results 1-f the analysis for

disperse dyes are given in Table 15. Results of acid dve analysis are shown

S
The ssmples snalyzed as part of this pProject were collected as indicated in
. Figure 10. The ssmples are identified in Table 14. The Reactor Effluent
samples were collected at the clarifer effluent of the Dalton wvaste treatment
‘ plant (extended aeration activated sludge system). This effluent was then
subjected to dual media filtration (24518 and 24705) folilowed by ozone
treatment (24519 and 24706). The reactor effluent was also subjected to

in Tabie 16,

C. Discussion of Results

As indicated in Table 15, the concentration of disperse dyes in the

effluent ~f the Dalton waste treatment plant are very low. This probably

again reflects the effectiveness of an activated sludge treatment system

R for removal of disperse dyes.

The levels of disperse dyes in these reactor
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Table 14

Samples for Dye Analysis

Location

Reactor Effluent
Dual Media Filter Effluent
Ozone Treatment Effluent

Reactor Effluent
Dual Media Filter Effluent
Ozone Treatment Effluent

Reactor Effluent

Mixed Liquor Before P Removal
Dual Media Filter Effluent
Activated Carbon Effluent

Reactor Effluent

Mixed Liquor Before P Removal
Duai Media Filter Effluent
Activated Carbon Effluent




" Disperse Dyes in Samples Collected in Dalton
" _Maste Treatment Plant Study
' © (epd)

19106 . - 3.0

19187 | 3.0

19188 *
19189
19237
19238
19239

19240

.25517

24518
24519
24704
24705
24706

dye detected but concentration less than 1 ppb
dye not detected

dye may be present in very low concentration but interference
by an impurity prevents quantitation.




Table 16

Acid Dyes in Samples Ccllected in Dalton
Waste Treatment Plant Study

(ppb)
Sample AY19 AY151 AY135 A0228 AR337 AR151 AB4O AB25

24517 + + 263 + 33 116

24518 ¥ 268 47 107

24519 104 15 46

dye detected but concentiation less than 1 ppb

dye not detected




?fflueﬁt"iiiblciTiierléiitriﬁhn those observed previously for Dalton waste

_treatment plant effluents (see Part II). This difference is probably due to

i the fact that gaﬁyle%rqnﬁlyzéd'in Part 11 were grab samples taken at the time
of peak carpet dycinj waste flov and should reflect maximum dye concentrations.
The samples collected for this study were composites taken over a 48 hour
period and more nearly reflect average concentrations:

Although the disperse dye concentrations are all quite low, analysis
of the advanced treatment system effluents sugeest that with the exception
of flocculation and sedimentation these treatment techniques are not oarti-
cularly effective in removing disperse dyes from wastewater.

The results of the analysis for acid dves (Table 16} confirm previous
results (Part II) that acid dye concentrations are higher in the Dalton waste
treatment plant effluents than disperse dye concentrations. The acid dve concen~
trations show wide fluctuations among the various waste treatment plant

'efflueni samples. These fluctuations may result from dischargerof concen-
trated dye solutions used in continuous dyeing of carpet.

Analysis of the advanced treatment systems effluents suggest that dual

media filtration is virtually useless in removing acid dves (compare Samples

e

24517 with 24518 and Samples 24704 with 24705). Ozone treatment is effective
as can be seen from comparison of Samples 24518 and 24519 and Samples 24705
and 24706. Carbon adsorption £s also very effective for removal of acid
dyes (compare 19187 with 19188 and 19239 with 19240).

One of the more interesting conclusions from this work is that either
ozone or carbon adsorption treatment following biological oxidation should

provide a good system for removal of dyes from carpet dyeing wastewater.

% It was learned later that these samples had been chemically coagulated
and clarified prior to submission for analysis [29]

. 59 -




Biological treatment should effectively remove disperse dyes and the ozone

or carbon adsorption remove acid dves. Carbon adsorption in conjunction

d

with bioiogical treatment appears to be particularly effective as indicate

by the very low dye concentrations in sampies 19188 and 19240.




PART IV

Improvement and Extenticn of

the Dye Analysis System




A. Introduction

As noted in Part I, the rzcovery of dyes from the macroreticular resin
column is one aspect of the analytical system which could be improved.
Although recoveries of all dyes were greater than 70%, it was felt that this
could be improved by modifications in the recovery procedure. This aspect
of the dye analysis system was investigated for mor efficient dye recovery.

Extension of the dye analysis system to a second major class of dyes,
direct dyes, ha: been investigated also. Direct dyes are used extensively
in dyeing of cotton textiles and are the major dyes used in coloration of
paper products. The similarity of structure between acid dyes and direct
dyes suggested that the analytical system might also be applicable to this

important dye class.

Improved Dye Recovery System

Spectrophotometric analysis of the column effluents from the XAD-2 resin

adsorption of dye from water-DMF sclvent mixtures showed that acid and disperse

dyes are quantitatively removed by the resin. However, recovery of the dye
from the resin column by backwashing with selected solvents did leave some
dye remaining on the column. This was evident from the slight color change
in the resin that\Eould be observed after backwashing. Alternative methods
for removal of the tightly bound dye from the resin were, therefore, investi-
gated.

In previous work the resin column was inverted and backwashed with

selected solvents to remove the disperse and acid dyes.




g 'ied rtsin cﬁlhctod iil he extncﬁou thiuble was phccd in a soxhlet

,,mit and extuctcd using ulccted solvcnts.;

The resin was first extracted

four ‘hours using btnzm t0- remove disporse dyes. The resin was removed,
dried, lml returned to the soxhlet unit again. The acid dyes were removed
| by extuction with sethanol and then with pyridine-‘l‘HF-l% NH4OH (40:40:20).
In this separation system, the recovery efficiency was excellent for disperse
dyes but was poor for acid dyes. Other techniques were studied therefore,
for removal of acid dyes. Extractions using pure pyridine and immersion of
resins in solvent mixtures of THF-1% NH,0H and MeOH-1% NH40H prior to
‘extraction were tried. None of these procedures gave good removal of acid
dyes. Finally, an improved téchnique for the analysis of acid dyes was
. developed. After removal of the disperse dyes with benzene, a mixed solvent
| containing 90-ml of pyridine - 2% NH40H (50:50) was added to the extraction
thimble. This system was allowed to stand for one hour. The acid dyes were
then removed froi the resin by extraction with boiling pyridine. The dyes
removed by benzene (disperse dyes) and pyridine (acid dyes) were further
concentrated by evaporation of soivent in a rotary evaporator. The solid
dyes obtained from vaporization were prepared for analysis by taking them
up in a DMF 1% - benzene 99% solution for disperse dves, and in a DMF 1% -

methanol 99% solution for acid dyes. Twenty five mls of solution were

prepared for standard samples giving a concentration factor of 40. The dyes




were separated and quantitated using the high pressure liquid chromsiogxraph

describhed previously.

To determine recovery efficiency 1 liter (water 900-ml - DMF 100 ml)

__
of 1 ppm concentrations of each of fifteen dyes was analyzed as described
above. The results are shown in Table 17. These data show that the recoveries
are 100% for Disperse Yellow 3, Disperse Red 55, Disperse Red 60, Acid Red 337,

and Acid Orange 128; above 95% for Disperse Blue 7, Acid Yellow 135, Acid
Yellow 151, Acid Red 151, and Acid Blue 25; between 90% to 95% for Disperse
Yellow 23, Disperse Yellow 54, and Acid Blue 40; and about 82% for Disperse
Blue 120 and Acid Yellow 19. The recoveries are considerably better than
those achieved in previous work as can be seen by comparing Table 17 and

Table 18. Further details on this work are available in reference 26.

C. Extension of the Analytical System to Direct Dyves
. Direct dyes are used extensively in dyeing both textiles and paper
products. Discussions with manufacturers of direct dyes suggested that the
following direct dyes are used in very large voiume:
Direct Yellow 105
Direct Yelliow 106

Red 80

Direct

Direct Red 81

Direct Blue 98

Direct Blue 218

These six dyes were selected for initial studies to develop an analytical

system for direct dyes. Structures of four of these dyes have been published




"Table 17. Recovery for Disperse ard Acid Dyes
: Analyzed by the Improved Analytical
System*

Dispefse Dyes Recovery Acid Dyes Recovery
(%) (%)

Disperse Yellow 3 100 Acid Yellow 19
" Disperse Yellow 23 90 Acid Yellow 135
Disperse Yellow 54 91 Acid Yellow 151
Disperse Red 13 Acid Red 151
Disperse Red 60 Acid Red 337

Disperse Blue 7 Acid Orange 128

Disperse Blue 120 Acid Blue 25
Acid Blue 40

* Disperse dyes were extracted with benzene, and acid dyes were immersed
in pyridine - 2% NH40H (50:50) for one hour and then extracted with
pure pyridine.

- 65 -
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Table 18. Recovery Data of Previous Work*

Disperse Dyes Recovery Acid Dyes Recovery

%) (%)

Disperse Yellow 3 Yellow 19
Disperve Yellow 23 Yellow 135
Disperse Yellow 54 Yellow 151
Disperse Red 55 Red

Disperse Red 60 Red

Disperse Blue 7 Orahge

Disperse Blue 120 Blue
Blue

* Disperse dyes were eluted with henzene and ac
methanol and then with pyridine - THF




5 of Direct Yellow 105 and Direct

\ hthey are listed as stilbene

c’iﬂq’iiﬁi. i e

Direct dyes contain large mtitiu of salts in addition to the dye.
Apnr;fication proced‘urens requirod,thmforo. to obtain si-ples for
s::ﬁudnrd,,mlntiq. The technique used for purification (28] involved,
fiﬂt. dissolving the dye in DMF and filtering. The dye is soluble in DMF
but the various inorganic salts present are not soluble. The dye is then
recovered from DMF by addition of acetone to precipitate the dye. The
B Vprecipitarted dye is filtered, washed with acetone, and dried. This procedure
was carried out twice to obtain purified dyes for preparation of standards.

Adsorption spectra of the six direct dyes selected for study are shown
in Figures 11 and 12. A wavelength of 420 nm was selected for analysis for
thé yellowrd}es. §20 nm for red dyes and 600 nm for blue dyes. It is clear
from the spectra in Figures 11 and 12 that some absorbance from the red dyes
will occ;ir at 420 nm. Therefore, possible interference of the red dyes
with snalysis of the yellow dyes was expected. Similar problems should not
be encountered in analysis for the direct red and direct blue dyes.

The structures of acid and direct dyes are similar in that both classes
of dyes contain one or more ionic sodium sulphonate groups. It was expected,
therefore, that the pairedion chromatograph (PIC) technique used to separate
acid dyes could also be used for direct dyes. Initial experiments conducted
by iujecting solution; of direct dyes in 99% methanol-17% DMF in the liquid

chromatograph (equipped with a C-18 bonded column) and eluting with a
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mcthanol water solvent mixture containing tetrabuiylasmonium phosphate
confirmed this expectation. A thromatogram of a dye mixture containing

5 ppm each of Direct Yellow 106, Direct Yellow 105, Direct Red 80 and

D. * Red 81 is shown in Figure 13. This chromatogram was obtained by

a linear gradient elution beginning at 50/50 methunol/water and concluding
at 85/15 methanol/water. The gradient time was 30 minutes at a total flow
rate of 1 ml per minute. The detector was set at 420 nm. Both the direct
yellow dyes are clearly separated and could be readily quantitated. It is
interesting to note that Direct Yellow 105 gives two very distinct peaks in
the chromatogram. Similar multiple peaks were found for most of the direct
dyes.

A similar chromatogram of Direct Red 80 and Direct Red 81 is shown in
Figure 14. The same gradient as above was run over 3 10 minute period with
the detector set at 520 nm. The two peaks from Direct Red 80 are clearly
separated from Direct Ked 81 under these conditions. It should be noted that
the two peaks marked with X's in the chromatogram are artjifacts due to a
malfunction of the injector during this run.

Studies on Direct Blue 98 and Direct Blue 218'have shewn that peaks from
the dyes are separated very well with a 10 minute gradient from 50/50, methanol/

water, to 85/15, methanol/water.

Thus, results of the liquid chromatography studies show that paifed ion

chromatography is a very effective technique for separating and quantitating

direct dyes.
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Preliminary experi-ents were also cafried out to investgiate the removal

7;?; and concentration of direct dyes from wastewater. These experiments indicate

that direct dyes can be removed from water by XAD-2 macroreticular resins.
‘They are also removed from the resin sy Sohxlet extraction with methanol,
Tﬁus, concentration procedures similar to those uses for acid dyes should be
applicable to direct dyes. Limitations in time and funds did not permit a
complete study of the concentration phase.

Since acid dyes and direct dyes will be removed from the XAD resin
columns by the same solvents, some experiments were carried out to determine
if the acid and direct dyes could be separated and quantitated on the liquid
chromatograph. A mixture of Direct Yellow 105, Direct Yeilow 106, Pirect
Red 80, Direct Red 81, Acid Yellow 19, Acid Yellow 151 and Acid Yellow 135
were injected into the Chromatograph and a gradient rum beginning at 55/45,
and concluding at 85/15, methanol/water over a 30 minute period gave the
chromatograph shown in Figure 15. Under these conditions Direct Yellow 106
begins to split into two components. The only overlap is the Acid Yellow 19
peak with one of the Direct Yellow 105 peaks. By determining the concentration
of the Direct Yellow 105 from the second peak and correcting the area of the
overlap peak for the Direct Yellow 105 peak I, all 5 acid and direct yellow
dyes can be quantitated.

In conclusion, the preliminary results suggest that the resin coﬂcentration—
liquid chromatography system can be readily applied to analysis for direct dyes
in wastewater. Further development of the system should make quantitative
analysis of dyes in cotton and cotton polyester blend dyeing and in paper

coloration wastewater a reality.
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Appendix B.  Structures of Direct Dves
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Analytical Procedure for Analysis of Dves in Wastewzter
" Scope: This method is applicable to the determination of 15 acid and dis-
© 7 perse dyes (Acid Yellow 19, Acid Yellow 135, Acid Yellow 151, Acid
-~ Orange 128, Acid Red 151, Acid Red 337, Acid Blue 25, Acid Blue 40,
Disperse Yellow 3, Disperse Yellow 23, Disperse Yellow 54, Disperse
Red $5, Disperse Red 60, Disperse Blue 7, Disperse Blue 120) in waste-
water.

Apparatus: ‘Chromatography Columns (9 mm x 500 mm) equipped with demountable
stopcocks and reservoirs. Rotary vacuum evaporator. High-pressure
liquid chromatograph equipped with variable waveiength UV-visible
detector and solvent gradient capability. Soxhlet extractor (large).

Chemicals: Liquid Chromatography Grade Dimethylformamide
Liquid Chromatography Grade Cyclohexane
Liquid Chromatography Grade Tetrahyvdrofuran
Liquid Chromatography Grade Methanol
Liquid Chromatography Grade Benzene
High Purity Distilled Water
PIC Reagent A (Tetrabutyl ammonium phosphate)--Katers Associates
Dye Samples for s :ndard preparation

Purified Dye Samples: Disperse Dyves--Place 50 grams of disperse dye in a
glass extraction thimble (course fritted disk). Extract in : Sexhlet
extraction unit until extract is clear. Evaporate extract in & rotary
vacuum evaporator until dry. Repeat the extraction on the recuvered
dve. Place the reserved pure dve from the second extraction in a tightly
closed container and place in a dessicator.

Acid Dyes--Dissolve 30 grams of acid dye in 320 ml of
dimethylformamide.” Filter and retain the filtrate. Precipitate tne
dye from the diemethyiformamide by the additiecn of 300 ml of acetone.
Recover the dye by filtration. Repeat the purification. Place the pure
dye recovered from the last filtration in a tightly closed container and

place in a dessicator.

Standard Solutions: Weigh 1.0000C gram of purified disperse dye and transfer
To a 1 liter volumetric flask. Add 10 ml of dimethvlformamide (LC grade)
and fill to calibration mark with benzene (LC grade) for a i gram per
liter standard stock solution. For standard acid dye solutions, weigh
1.00000 gram of purified acid dye and transfer to a 1 liter volumetric
flask. Add 10 ml of dimethylformamide (LC grade) and £ill to calibration
mark with methanol (LC grade). Prepare S, 10 and 20 ppm solutions of
dyes by pipetting the appropriate quantity of stock solution into a
100 m1 volumetric flask and diluting to the calibration mark with 1%
DMF/99% benzene (LC grade) for disperse dyes or 1% DMF/99% methanol (LC
grade) for acid dyes.




Wastcwater Samples: Wastewater samples should be collected in clean glass
hottles and kept at 00C until concentrated.

Resin Column Preparation: FPlace approximately 50 cc of Amberlite XAD-2

~ 7 macroreticular r-sin (Rohm and Haas Company) in a glass Soxhlet extraction
thimble. Extract with 250 ml of methanol for I hours. Discard the
methanol and extract with benzene for 2 hours. Discard the benzene and
fill the extraction thimble with a2 50:50 pyridine:2% ammonium hydroxide
solvent mixture. Allow to stand for one hour then extract for 2 hours
with pyridine. Discard the pyridine/ammonium hydroxide solution and
dry the purified resin in a warm (75°C) oven. Slurry the purified resin
in i00 m1 of methanol. Pour the slurry into a prepared chromatography
column allowing the methanol to drain through the stopcock. Collect
approximately 30 ml of resin in the column. Downflow wash the resin with
200 m1 of water followed by an upflow wash of 40 ml of water to reclassify
the column. Store the column under distilled water until ready for use.

Dve Concentration: Take 1800 ml of the wastewater sample and add 200 ml of
DMF. Divide the sample in two approximately equal portions and pass the
solution through two prepared XAD-I resin columns at 4 bed volumes (120 ml)
per hour. Rinse the column with 40 ml of distillec water. Drain as
much water from the column as possible then transfer the resin from both
columns into a single large extraction thimble. Dryv the resin-containing
dve in a warm (750C) oven overnight. Place the extraction thimble in a
soxhlet ex:ractor and extract with benzene until the extract is clear
{approximately 4 hours). Place the extract in a rotary evaporator and
evaporate to dryness. Take the extracted dve up in 10 ml of a 1% DMF/
99% benzere solvent mixture. After extraction of the resin with benzene

place the resin and thimble in the drying oven to remove residuai benzene.
Return the dry resin to the Soxhlet extractor and fill the thimble with

a 50:50, pyridine:2% ammonium hydroxide solvent mixture. Allow to stand
for 1 hour and then extract with pyvridine until the extract is clear
(approximately 4 hours). Place the extract in the rotary evaporator

and evaporate to dryvness. Take the residue up in 10 ml of a 1% DMF/99%
methanol solvent mixture.

Anzlvsis for Disperse Dves: ?Place a 25 cm column with cyvanoethyl grcups
bonded to a silica substrate (Partisil 10-PAC from Whatman or equivalent]
in the liquid chromatograph. All analyses are run with z { ml/minute
solvent flow rate and with a 20 microliter sample size.

Red 55--Equilibrate the column by flowing 33/65
mixture of tetrahvdrofuran/cyvclohexane through the column for 15 minutes.
Monitor the effluent at 520 nm. Inject sampies of the 5, 10 and 20 ppm
standard solutions of Disperse Red 55 sequentially into the chromatograph.
The dye peak appears just after the solvent front (see Figure 3). Pre-
pare a plot of area under the curve versus concentration. Inject a sample
of the concentrated disperse dye mixture. Determine the area of the peak
from Disperse Red 55. Determine the conceutration of Disperse Red S5 from
the calibration curve. Strip other dyes from the column by passing 100%
tetrahvdrofuran through the column for 15 minutes.




, 60--£quilibrate the column by flowing a
801’0 totrahydrcfnran/cv EF; xane solution through the coluwmn for 1§
minutes. Monitor the effluent at 520 nm. Inject samples of the 5, 10
and 20 ppm standard solution of Disperse Red 69 sequentially into the
chromatograph.  The dye peak will appear just after the solvent front.
Prepare a plot of area under the peak versus concentration. Inject a
sample of the concentrated disperse dye mixture. Determine the area
under the peak from Disperse Red 60. Determine the concentration of
Disperse Red 60 from the calibration curve. Strip other dyes from the
column by passing 100% THF through the column for 15 minutes.

Blue 120--Equilibrate the column by flowing a
45/55 tetrahydrofuran/cyclohexane mixture through the column for 15
minutes. Monitor the effluent at 620 nm. Inject sampies of the 5, 10
and 20 ppm standard solution of Disperse Blue 120 sequentially into the
chromatograph. The dye peak will appear just after the solvent front.
Prepare a plot of area under the peak versus concentration. Inject a
sample of the concentrated disperse dye mixture. Determine the area
under the peak from Disperse Blue 120. Determine the concentration of
Disperse Blue 120 from the calibration curve. Strip other dyes from
the column by passing i00% THF through the columm for 15 minutes.

Blue 7--Equilbrate the column by passing 100%
THF through the column for 15 minutes. Monitor the effluent at 620 nm.
Inject samples of the 5, 10 and 20 ppm standard solutions of Disperse
Blue 7 sequentially into the chromatograph. Several peaks will appear
with two principal peaks at approximately 7 and 4 minutes retention time
(see Figure 2). Determine the area of either of the two major peaks
and plot area under the peak versus concentration. Inject a sample of
the concentrated disperse dye mixture. Determine the area under the

selected peak and obtain the concentration of Disperse Blue 7 from the
calibration curve.

Yellow Dves--The three yellow disperse dyves can
be determined from 2 single sample injection. The column is equilibrated
by pumping a 25/7S mixture of tetrahydrofuran/cyclchexane through the
column for 15 minutes. The effluent is monitored at 420 nm. A 20 micro-
liter sample of 20 ppm of each of the vellou dyes is injected and a
solvent gradtent varying linear'y from 25/75 to 100/0 tetrahydrofuran/
cyclohexane is run over 15 minutes. D1sperse Yellow 34 elutes first
followed by Disperse Yellow 23 with Disperse Yellow 3 eluting last (see
Figure 1). Reset the gradient controller to 25/75 tetrahydrofuran/
cyvclohexane. Repeat the calibration procedure by injecting standard
solution containing 10 ppm of each disperse yellow dye and S ppm of each
disperse yellow dye. Plot areas under the peaks versus concentration
for each of the yellow disperse dyes. Inject a 20 microliter sample of
the concentrated disperse dye mixture and elute with the solvent gradient.
Determine the areas under the peaks eluting at the same times as the
santdards and calculate the concentration from the areas using the

calibration curves.




Analysis for Acid Dyes: Place a 25 cm Smicronsilica with c¥1a hydrocarbon
bonded to the surface column (e.g., Spherisorb ODS, Laboratory Data

Control) in the liquid chromatograph. Prepare the elution solvents by
dissolving 1 vial of buffered tetrabutylammonium phosphate (PIC Reagent
A, Waters Associates) in methanol (LC grade) and 1 vial in Righ purity
distilled water. Filter the solvents to remove any particulaies from
the PIC A reagent. Prepare a 69/40, methanol/water, solvent mixture and
an 85/15, methanol/water, mixture. The 60/40 mixture is used as solvent
A in the gradient system and the 85/15 mixture as sclvent B. Filter both
solvents A and B and heat the filtrate for 1 minute at the boil under
reflux to degress the solvents. A flowrate of 1 m] per minute, 2 solvent
gradient of 0% A to 100% B over a 10 minute period is employed in all
acid dye analyses. A flowrate of 1 ml per minute is used.

Acid Blue Dyes--Set the detector at 615 nm. Inject
a solvent blank (20 microliters of a 1% DMF/99% methanol solvent mixture)
and run the elution gradient. This run will serve for background cali-
bration. Reset the gradient programmer to 0% A. Inject a 20 microliter
sample of a 20 ppm mixiure of Acid Blue 40 and Acid Blue 25. Two major
peaks will be observed with the Acid Blue 40 peak appearing first (see
Figure 6). Run a 10 ppm mixture and a 5 ppm mixture of each of the Acid
Blue dyes in a similar manner. Prepare a plot of peak area versus con-
centration for each of the Acid Blue dyes. Inject a 20 microliter sample
of the dye concentrate from the wastewater and elute in the same manner
as the standards. Determine the area under the peaks eluting at the
same time as Acid Blue 40 and Acid Blue 25 and determine their concentra-
tion from the calibration curves.

Acid Red and Orange Dyes--Set the detector at 520 nm.
Inject a solvent blank (20 microliters of a 1% DMF/99% methanol solvent
mixture) and run the elution gradient for background calibration. Reset
the gradient programmer to 0% A. Run a 20 ppm, 10 ppm and 5 ppm standard
mixture of Acid Red 337, Acid Orange 128 and Acid Red 151, sequentially.
The Acid Red 337 peak appears first, the Ac:id Orange 128 second and
the Acid Red 151 last (see Figure S). Prepare calibration curves with
peak area plotted against concentration for each of these dyes. Inject

a 20 microliter s.mple of the dye concentrate from the wastewater and
Determine the areas under

elute in the-same manner as the standards.
the peaks eluting at the same time as peaks in the chromatograms of the
standards and determine the concentrations from rthe calibration curves.

Acid Yellow Dyes--Set the detector at 420 nm: Inject
a solvent blank (20 microliters of a 1% DMF/99% methanol solvent mixture)
and run the elution gradient for background calibration. Reset the
gradient program to 0% A. Run a 20 ppm, 10 ppm and S ppm standard mix-
ture of Acid Yellow 19, Acid Yellow 151 and Acid Yellow 135, sequentially.
If Acid Orange 128 was present in the wastewater sample (see above) rum
20 ppm, 10 ppm and 5 ppm standard samples of Acid Orange 128. The Acid
Yellow 19 peak appears first, the Acid Yellow 151 peak next and th:
Acid Yellow 135 peak appears last (see Figure 4). The Acid Orange 128
peak elutes at the same retention time as Acid Yellow 151. Prepare cali-
bration curves of peak area versus concentration for the Acid Yellow
and Acid Orange dyes. Inject a 20 microliter sample of t*: dye con-
centrate from the wastewater and elute in the same manner a. the stan-
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~ dard dye soihtiﬁngi; Determine the areas under the peaks eluting at

~ the same retention time as peaks in the chromatograms of the standards.

Calculate the concentrations of Acid Yellow 19 and Acid Yellow 135 from
the calibratinn curves. Using the Acid Orange 128 calibration curve
calculate the area of tne peak expscted a: 420 am from the concentration
of Acid Orange 128 found pPrevicusly. Subtract this area from the second
peak (combined Acid Orange 128 and Acid Yellow 158). Determine the
concentration of Acid Yellow 151 from the rezainder using the aporopriate
calibration curve.

Sensitivity: All dyes except Disperse Blue 7 and Disperse Blue 120 can be
detected at 1 part-per-tillion in wastewater. Acid Blue 7 can be detected
at 10 parts-per-billion and Acid Blue 120 at 25 parts-per-billion.

Other Applications: The analytical system can be used for solid {mud) samples
by extracting the dry mud in exactly the manner described for the soxhlet
extraction of the resin in the dye concentration phase. A total of
1,000 grams of dry mud should be axtracted for subsequent analysis.
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THE DEGRADATION OF DYESTUFFS: PART I!
BEHAVIOUR OF DYESTUFFS IN AEROBIC BIODEGRADATICN TESTS

U. Pagga and D. Brown*

ABSTRACT

Eighty--even dyestuffs have been tested in short-term aerobic biodegradation tests. The results
corfirmed that dyestuffs are most unlikely to show any significant bicdegradation in such tests.
With many dyestuffs 2 substantiai co’our removal was observed which may be attributed to the

elimination of the dyes by adsorption. In some cases 04 (Dissolved Organic Carbon) removal did
not correlate with colour removal and this is attributed to the presence of non-coloured organic

components in the dyestuff.

INTRODUCTION

Commercial dyestuffs «11 derive their colour from the relatively complex chromophore system
4hich they contain. A necessary criterion for their successful use is that they shall be dyv
stable in light and washing processes, and also stable against microbial attack. For these rea-
sons it cannot be expected that dyestuffs, in general, will give positive results in short-
term tests for aerobic biodegradability. Notwithstanding this, there are few reports of dye-
stuffs being detected in the environment at large (1,2) and thus it seems probable that some

physico-chemical or biodegradative removal processes are operating.

The aim of this present work, as part of the ETAD** continuing programme of investications into
the environmental fate of dyestuffs (3,4), was to investigate whether some dyestuffs migni be
susceptible to aerobic biological degradation andg, if so, to what extent this occurs. Previous
studies on the aerobic degradation of dyestuffs have used relatively simple dyestuff model com-
pounds (5,6) and highly adapted bacteria, but in this present work the dyestuffs chcsen were
typical commercial products and the bacterial inocula were from wastewmater treatment plants.

Any correspondence should be addressed to: ETAD, Ecological znd Toxicolegical Asscciation
of the Dyestuffs Manufacturing Industry, P.0. Box, CH-4005 Fasle 5, Switzerland.

Members of the ETAD Ecological Subcommittee who contributed to the work are 2s follows:
Dr. D. Brown (1C1), Dr. H. Hiberling (Sandoz), Dr. B. Hamburger (Bayer), Or. U. Pagga
(BASF), Dr. H.F, Reust (CIBA-GEIGY), Dr. L. Schaefer {Hoechst).
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" MATERTAL AND METHODS

; Readily water-soluble dyestuffs were selected for this test programme on the basis that they
were less likely to be adsorbed to o significant extent onto activated sludge. Some materfals
were tested as the technically pure substence, the so-cailed "press-cake”, and others were
tested as sales products which My contain other organic substances such as wetting agents,
de-dusting agents, etc.

In the first stage of the investigation, 87 different dyestuffs were investigated using a sta-
tic test with activated sludge as ihe inoculum. From this first stage 5 of the dyesiuffs which
had given results tndicating that they were Possidbly biodegradable were selected for further
tests. These further tests were designed to show wheth.r Oor not they were genuinely biodegra-
dable or simply being removed by adsorption on¢e the activated sludge.

Static test with activated sludge

A modifi
the conditions of an adapted activated sludge
and is generally considered to provide an indication of th. in-
In common with most Sewage works simulation

biodegraded,

The modifications of the method used in this present work were:

- concentration of dyestuff 100 mg/)
- concentration of activated sludge 0.5 g/1 dry material

- feeding of the inoculum each week 100 mg/) yeast extract
(in most caces)

test duration up to 42 days

analytical methods extinction at absorption maximum and DoC
{(dissolved organic carbon)

initial DOC concentration calculated from stock solution measurement

The main variations from the 0ECD method were the extension of the test period from 28 to ¢~
days and, because the test time was relatively long, the weekly feeding of the sludge by most
of the participating laboratories.
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The sources of the activated siudge were treatment plants conveniently lgcates to the labora-
tories carrying out the test. These treatment rlants received communal and/or industrial waste-

water,

Modified OECD screening test

This test was performed essentially according to the OECD Guideline 301f (8). The DOC concen-
tration of the test substances was between 20 and 40 mg/1 and the t2st duraticn was between
21 and 49 days. As in the static test the criteria for biodegradation were both decoicurisa-
tion at the absorption maximum and DOC elimination. The inoculum source was treated effluent
from municipal sewage treatment plants receiving predominantly domestic wastewater.

Some additional experiments were 81so carried out using an inoculum which has had the oppor-
tunity to become adapted to the dyestuff. The adaptation procedure was to incubate the dy=-
stuff with activated sludge in a static test {as mentioned above) and in gne case in 4 mod~
fied SCAS {Semi-Continuous Activated Sludge} test {9). The supernatant from these tests was then

used to inoculate the OELD screening test,

Respirometric test

The method used was bi.ed on ihe OECD Guideline 301C (10} using as inoculum activated slucge
from the same wastewater treatment planis as used for the static test, This type of proce-
dure and its development as a method for the assessment of "ready" biodegradability has been
described Ly Painter and Kinj (13).

In this present work the concentratior of the dyestuff was in most cases 100 mg/] and the
test duration was 28 days. The main criterion for biodegradation was the Eiological Oxygen
Uemand (80D) as measued during the test, expressed as a percentage of the Chemical Oxygen
Pemind (COU)}. Colour and DOC removal were also in some cases measured at the end of the *est

period.

RESULTS AND DISCUSSICH

Th2 ceiteria for the classification of the static test results are shown in Table 1. These
-ritrria have been nsed to classify the results of this test (Tabie 3), both in term- of
Yoo asd of dissclved organic carbon (DOC) removed. For those dyestuffs (44) where (here
‘e acreeme.. betwerr colour and DOC removel, an overall classification using the Tabie !
ritz s was 2750 mace. These results are summarised in Table 2 and in Figure 1 (El:mination

of To.cur, e T.gur- z (£Yimination of Doc).




Isble 1 Limit values for classification of static test results

Percentage of el imination
{colour ang/or DoC)
Category Classification after 3 nours Test end
(%) (%)
A Possidly biodegradadble < 25 > 70
’ fartial elimination - biodegradation < 25 25-70
processes possible
[ Probably elimination mainly py > 25 > 25
adsorption onto the sludge
0 No elimination in the static test < 25 < 25

Table 2 Summary of results of the static test

only decolours- only DOC Decolourisation and
Category sation elimination DOC elimination
Number % Number | % |Number %
Possidbly biodegradable 1 13 19 13 7 8
8 Partial elimfnation 23 26 16 18 4 5
C Adsorption 20 23 13 15 11 13
9 No elimination 33 38 47 54 22 25
Not classifiable . . . . 43 49
{Colour and DOC differ)
Total number of dyestuffs 87 100 87 hoo 87 100

As indicated above, only about half (44 out of &7) of the dyestuffs tested gave results for
DOC and colour removal which were in broac agreement. The main reason
maly is likely to have been a difference in the removal levels of the
the dyestuff, and the non-coloured organic material which may be presel
tities in commercial dyestuffs.

for this apparent ano-
coloured component of
nt in significant quan-

Of the dyestuffs placed in category D (elimination less than 25% 3t the end of test), Figure
1 Shows that 38% were placed there using colour as the criterion, though using DOC (Fig. 2)
slightly over half of the dyes tested did not give any appreciable removai.




For the dyustuffs placed in category C {immediate elimination by sdsorptisn) 23% were placed
there on *he colcur criterion and 15 on DOC. Since the dyes for this study were selected on
the basis that they were less likely to be removed by adsorption onto the sludge, it may be
expected that in a random selection of dyestuffs, the number in this group would have been
higher. It shoulG also be noted that adsorbed dyestuffs may subsequentiy be biodegraded, but
the static test does not give sufficient information to distinquish the process.

Of the dyestuffs in the partial elimination category B (< 25% ismcu.ate elimination, 25-76%
by the end of the test), 263 of the dyes tested were placed there on the colour criterion
and 18% on DOC, but for only 5% of the 87 dyes were colour and DOC in agreement.

In the possibly biodegradable category A (< 25% immediate eliminaticn, > 70% by the end of
test), 13% of the dyes were placed in this category using colour or DGC as the criterion,

and seven dyes (8% of the total) were placed in this category on the basis of both colour

and DOC. Of these seven dyes, five were selected for further testing by the mcdified GECD

screening test and also by a respirometric test.

The results of the mod’“ied OECD screening test (Table 4} generally show reasonable correla-
tion between the removal of colour and of DOC, and that even with an adapted inoculum, no dye-

stuff showed any convincing evidence of genuine biodegradation.

The results of the respirometric tests are given in Table 5, and show some distinct ancmalies,
bec:h between the same parameter as measured by di“ferent 12boratories and between different
parameters measured by a s.ngle laboratory on an .ndividual dyestuff. The main parameier mea-

sured in this test was the biological oxygen demand (BOD) at the end of the test (usually 28 days;

and this is expressed in the table either as mg 0p/g substance or as % 8CD/COD, ATl of znre

dyes tested showe¢ a positive BOD in at least one laboratory, though equally all of the dyes
tested showed zero, or effectively zero, BOD in two or more other lahoratories. Scme labora-
tories also measured DOC and/or colour removal at the end of the respircmetric test. In the
case of colour (measured in 2 laboratories) no dyestuff showed 2 colour removal in excess of
20%. This could easily be due to adscrpiion of the dye over the test pericd. OOC removal was
also measured in 2 laboratories (3 laboratories investigated Dire-- vellow 44) but for this
parameter the results were more variable, both for individual dyes and across the five dyestuffs,

The tentative conclusion from the above and from the results of the modified OECD screening
test is that the five dyes tested in this second phase of the work probably contain some bio-
degradable compunent but *hat this is npt the chromophore. Such <ecolourisation as was obser-
ved is probably due to sorption mechanisms.

finally, as was noted under section ‘Modified OFCD screening test', one laboratory used the

SCAS test in an atiempt to produce an &dapted inoculum “or the modified GELD test, This SLAS




test was corried out for & period of ¢ mONths vsing S dyestuffs selected for the OECD and
respirometric studies. No colour removsl wes observed for any of these dyes and since the
SCAS test iz sccepted as being 8 “forcing” test for inmerent biodegradadility, it indicates
that the positive result found for these 5 dyes in the static test wes slmost certainly not
genuine biodegradation.

CONCLUS IONS

The results of this work confirm that, as expected from their structures and function, dye-
stuffs are most unlike'y to showas biodegragu:le in short-term derobic tests for ready bio-
degradability, and there seems littls point in carrying out such test procedures.

In & test such as the OECD Guideline 3028 (static test) which my be regarded both as an in-
vestigati:n of inherent biodegradadility and as a relatively simple screening test to assess
Tikely removal during the biological treatment, a large numoer of dyestuffs (625 of those
tested n this present work) are likely to show a significant removal of colour, indicating
that such dyestuffs will be removed at lTeast to some extent during biologica) trestment. This
test is also Tikely to show elimination of DOC in a significant number of dyestuffs (46% of
those tested in this work).

On ba'ince, 1t seems 1ikely that the prime mechanism for the removal of the coloured compo-
nent of dyestuffs s by adsorption of :he intact dye molecules. However, it has not been pos-
sible to demonstrate undquivocally that serobic biodegradation processes either have, or have
fot, occurred in the chromophoric components of the dyes tested and for some dyestuffs it is
poscihle that selasivels nioon bivdegradative changes occur to render the dye «ore amenable
to removal. Previous and current work by ETAD shows that under anaercbic sludge digestion
conditions adsorbed dyestuffs are in genera} susceptible to deqgradation.
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Tabie 3 Results of the 3t3tic test with activsted ziludge
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Toble 3 continued
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Table 2 continued
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Table ¢ Rezits of the modified OECD screening test
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Table S Results of the respirometric test
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abbrevistion:z 1 table 3-S

start = DOC concentration at the start of the test (ma )

In the static test calculated from the stock 3clution,
in_th2 screening test measurea value,

1982 value to calculate sdsoretion and elimination

DOC =2limincition after 3 hours = adsorption (%’

DOC elimination at the end of the tast ()

category of DOC eliminatior. sccording to table 1
solour 2limination after 3 hours = adsorption 1)

colour elimiration at the =nd of the <est (%)
Sategory of colour 2limination accardind L¢ table ¢

cateanr of DOC and colour eliminatiorn. if both

parameters show th? sare behaviour .

li1ght absorption maximum of the duestuf¥

in the photomater (nm)

duration of the test (days)

uze of adapted inoculum 1n the test

concentration of tect substance at the stert of the test,
calculsted from stock solution (masl)

Teasu;ed biochemical oxugen demand at the end of test
m3/9

chemical oxugend demand of the test substance (mg/g)
biodearadation of the test substance (%), calculited from
EOD#108/COD

ag-
EaiT
cat
ads
elim
=at

elim cst

lambda

time
adaptation
subst start

BOD end

subst CCD
EQOD/COD

N
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A reccnmendaticn mada in the atiacned summary of Project £ 1316, page
4, section 3.1, is that an irvestigation of thz possible ~ffec: of a
pasic dyestuff on plant growtr -nauld be carried out. This wurx has
ow .2er. completed using a ~a:ic dysstuff C.i. Basic Blue 28. This dye
had no ef “ect on the growth of three plant species up ‘o and inct ting
the maximy do3e of 16/, mg dyestuff per kg of dry soi!.

If the necessity ar.ses tc continue this work there is no »ay 0 get-
ting around the usc o7 recio-labellea dyastuffs. Only 5y this «2ans

a quantitative bal nrce ¢ the fate of tha lest compounds ard -ne'r
metabolizes wiil b~ poss:sle.
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1. Preface

The work reported was carried out in the context of the ETAD Project
€ 3016. The objective of this project has been formulated as follows:

Sludge recovered from biological effluent
treatment plants is widely used for agri-
cultural purposes. The objective of this
project is to evaluate the persistence of
the colorants in the sofl and the possible
uptake by the crop.

In a first phase the uptake from contaminated soil of two anthraguinone
dyes, C.I. Acid Blue 25, C.I. No. 62055 and C.I. Disperse Blue 26, C.i.
No. 63305, were studied. The reason for this selection was to include 2
water-soluble and a water-insoluble dye with best possible resistance to
metatolic transformation. £.9. with azo dyes one would expect conside-
rable losses of the parent cumpound by biological reductive cleavage of
the azo group during the experiment. The study also included plant growth
inhibition tests with three plant species.

In the case of azo dyes which are known to be metabolized in soil under .
anaerobic conditions forming aromatic amines, the question arises whether

the metabolites formed are taken up by the plants. There is no doubt that

the ideal way for such a study would be the use of radio-labelled materials.
However, for cost reasons this pilot study was done with cold material.

The model compound selected was the acid dye C.I. 13155. Upon reduction

thés compound generates 3,5-dichicro-aniline which was expected to De

easily detected with a reasonable sensitivity in plant materials. This

phase 2 study was carriad out under similar conditions as the phase 1

tests.

Calculations based on rather conservative assumptions indicated that the
level of any one dyestuff reaching agricultural land through contamina-
ted sludge be of the order uf | mg dyestuff per kg of surface soil (20 cm
depth). The concentrations tested were i, 10, 100 and 1000 mg of dyestuffs
per kg of dry soil.

In the following a summary of the work is given. The experimental details
are described in separate reports on the individual studies.

This pilot study indicates that the three dyestuffs investigated are not
taken up from the soil in any significant amourt. None of the dyestuf’s

had any observable effect on plant growth at the dose level likely to ‘
occur under practical conditions.




INTRODUCTION

During the treataent of squecus effluents in sevage trestasnt
plants sany dyestuffs are removed by sorption processas onts
sludge. Such sludge may in turn be used as a feztiliser for
agricuitursi land and calculations tased on "reasovnable worst
cas2” assuaptions indicate that the level of aay oue dyesculf
reaching sgricultural land through this route zay -z of The order
of 1 ag dyeszuff/kg of land.

The vork carried out by ICI ia support of ETAD project £3016

wvas to grow 3 different species of plant {n soils to which

2 anthraquinone and 1 azo dyestuff were separately aZied a:
levels up to 1 g/kg, both to assess any effeczzs on growch, and
to measure any uptake by the plants. 1Ia addition, with the azo
dyestuff additional analysis for presence of 2,5-dizhlorsaniline,
the probable anaerobic cleavage metabolite of the 4y= ff, was
also undertaken.

STMMARY

Dyestuffs tested

Anthraquinone type: Acid Blue 25 and Disperse Biues 25
(vork carried out Jan/Feb 1983)

Azo type: Acid Dye CI No 13155
Azxo type
(vork carried cut Oct/tov 1983)

Plant growth studies

The plants used vere Sorghum vheat (Sorghum bicoler), Sunflcwer
(Bel{anthus annuus) and Soya (Glycine zax). The selectien of

the plant species aad the general procedure used vere based on
the UK Health and Safety Comzission Approved Code of Practice for
the Determination of Ecotoxicity.

The test species were exposed to four concentrations of each dye,
1, 10, 100 and 1000 mg dyestuff/kg dry soil, and the t{est was
started by scwiang the plant s=eds inte the dosed soils and a
control.

The test was carried out over a total period of 25 days, of -~hich
approximately 4 days wvas for germinarion/emergence and 21 days
for growth. At the end of the test the plants veie cropped at
so0il level and the foliage weighsd and analysed.

Effects on germination and emergence

None of the dyestuffs zested had any significant effecr cn
gerzination and emergence at any of the levels tested.




2.6

3
3.1

Lffect o0 .r_gg_"h
Neme of the dyestuffs had sny significan. =ffect on plant grovth
up to, snd including, the 100 ug/kg test level.

ALl three dysstuffs had & sarked effect on the grovth of the
Sorghua snd the Sunflower sz the 1000 ag/kg test levii, But ounly
a sargiasl effec: om the Soya.

Apart from the growth teduction, the plasts exposed to the
dysstuffs showed no other physical effect vhen cospared vith the
controls.

Anslysis for dyestuff

Plants
No dyestuff could be detected 1n the follsge of any of the plants
groun in soil with levels cf dyestuff up to 100 mg/kg.

At the 100C ag/kg soil level the dyestuffs could just be detected
in the foliage of all three plants, but levels vere lov (saximua
2 ng dyestuff/kg folisge). -

$oil

Analysis of the soil for dyestuff after the growth test gave a
varisble tecovery from 25 to 85%, with the higher recoveries at
the higher exposure lavels.

Anslysis for 2,5-dichlorocaniline (anaerobic cleavage product of
€T No 13133)

Anslysis of the dyestuff CI No 13155 shoved that it contained
spproximately 1I of 2,5-dichlorcaniline as an {iopurity. Analysis
of the plants showed only trace amounts of the aaine (asx

0.2 ug/kg) at the 1000 ag dyestuff/kg soil exposure. Analysis of
the sail as the 1000 oofis 2ysstuff lacal shoued 2 asfig of 2.5~
dichlorosnilice or 20T of the level vhich would have been
expected on the dasis of its presence in the dyestuff as a 12

ispuricy.

CONCLUSIONS AND KECOMMENDATIONS

Effects on plant growth

rthc level at vhich all three dyestuffs shov an effect on plant

grovth i{s three orders of magaitude higher than the caleculacion
of s "ressonsble vorst case” level for contsaination of
sgricultural land by a dyestuff in sevage sludge. For these
particular dyestuffs this appesrs to be a satisfactory safety
margin. Although 1t sight be challenged on the basis of the
possible asdditive effects of many dyastuffs over several years,
this argusent can be countered by our knovledge of the snaerobic
degradation of dyestuffs. Also, if dyestuffs vere actually
pressnt 1a soil st levels anyvhere near those vhich might be
corsidered critical, their preseace would probadly be visible and
certainly amescable to snalytical detectica.




In regstd to possils adverse effacts of other dyes at such lover
levels, since dyez ~ave i vacisty of structures it is not
jestifiable to =ska sny general statoment based on the tesults
with three satarials. However, in the cosplete absence of say
indication of a problem due to dyes in sevage sludge, and the
spparent sbsence of any pressure from regulatory suthorities,
there seeas to be no urgeat csse for further work im this ares.

A possible excepticn would be & study on 2 basic dye, wvhich as a
class are known to absord strongly onto sevage sludge, asd which
also exhidit tox’c properties to a number of other orgaaisas.

Uptake by plants

Without using radio-~labelled nmaterials it is fapossidble to state
with complete cectainty that a substance or setabolite {s not
taken up. However, the work carried cut provides a reasonable
demonstration that with the chree dyestuffs investigated, the
{ntact dyestuff is not taken up into plant follage in any
significant amount. As above, {r is 2ot Juszifiadle to
extrapolate this to dyestuffs Iin general, but again there seexzs
to be no urgent case for further work in this area.

With regard to the uptake of dye metabolites from souil, or the
possible metabolisa of dyes 1in plants following uprake, this work
has not addressed these questions except for the possible
metabolite, 2,5-dichloroaniline from the azo dyestuff CI 13135.
4s indicated above, for such vork to be carrfed out with

ccrtainty, radio~labellied oaterials are necessary. The cost of
such radio-label synthesis and the subsequent work does ool seex

ju .fied at this present time.

TECHNICAL EEZPORTS ON THE WORK CARRIED O0UT

IC1 Brixhazm Laboratory:

BLS/A/0193 ~.The toxicity of tvo dyes Acid Blue 25 and Disperse
Blue 26 to Sorghum (Scrghum bicolor), Sunflower (Helianthus
annuus) and Soys (Glycine Max), March 1983

BL/A/2407 - The toxicity of dyestuff CI 13155 to Serghuz
(Sorghum bicolor), Sunflower (Aelianthus annuus) and Soya

(Glycine Max), December 1983

1CI Organics Divisionm, Research Department

NBW 5949/12 - ETAD Project 3016 (Analytical Repert correspornding
to BLS/A/01%92)..4 March 1983 i

NBW 5949 - ETAD Project 3016 (Analytical Repert correspounding to
BL/L/2407) 24 November 1983
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INTRODUCTION

Saaples of two dycs, ¢ gil Blue 25 and "biiyzu.é Rz 26
(Brixham test substance ausmbers J656 and J657 respectively), vere
subaitied by Organics Divicion, Izmperial Chemical Industries PLC,
foer a Crowth Inhitition Test _with Terrsstrial Plsnts. The test

method uscd (s based on the HSC Ap-roved Code of Practice for the
determination of ecotoxicity. -

SUMMARY

Re C‘\_ G)\u.(. Zi

Sorghum blroloe = EC,,* between 100 and 1000 mg/kg dry
scil (estimated at aéouc 520 mg/kg-).

-

Helianthus annuus - EC value between 100 and 1000
=g/kg dry soil (escimated at about 290 amg/kg).

) Clycine sax - ECqq value >1000 mg/kg dry soil.
~blsc=t§& RNue 206 !

Sorghua bicolor - EC¢, value between 100 and 1600 =2g/kg
dry soil (estimated at about 470 =g/kg).

Helfanthus annuus - EC¢y value between 100 and 1000
og/ikg dry soil (estimated at about 870 mg/kg).

Glycine =ax - ECgq >1000 mg/kg dry soil.

* ECSO thet concentration of chemical that will reduce
the net weight growth of the plant by 50Z.

1 Estimated scso ralues have been determined by
applying cozputer PROBIT analysis to the avallabdle data.

Nelzher of the two dyes had any significant effect on the czer-
gence of any of the three specias at the tesced concentrations.

Apart from the sctual growth reduction the plants exposed zo tha
dyes showed no other physical effect when compared with the
controls.

-




-MATERIALS AND METROD B R

Theae plant species wore iested: Sorghum bicolor (sorghum),
Helianthus annuus (sunflower), and Glycine max (soya). The test
Spusies wure uxpcsed to four concentrations of cach dye, 1, 10, 100
828 1000 zg/kg dry soil for three veeks. Clean soil Tontrols wvere
also run for each species in each study. The dye vas introduced
into the soil by aixing the dye with silver sand and then aixing
this sand wicth the s0fl {n the ratio 1 sand : 9 sotl. The sotl
used wis & commercially aviiiadle potting compost with & low
organic content, called “Special Mix~. .

For esch tested concentration there vece four replicate pots. Into
cack pot eight secvds very sowr which were thinned to four plants
pet pot by removing the weakest plants one wveek after emergence.

At the end of the threv~wcoek test period the follage from esch pot
vas cropped st sofl level and wetlpghed (sce Table 1).

In addition co deternining any growch tnhibition, the cropped
foliage was sent to Orgsnics Division, Blackley, to deteraine
vhethee there had been any dye uptake (cthese data sre not presented
in :chias rzeport).

The test was carried out during che period 24.Jan.83 to 18,Fedb.83.
1

The study nuabers were J656/A (sz.ﬁﬁ&; AS ) and J657/A
(v.ogaesa Slucde ). All records and original data relevant to
the growth tnhibition studies are stored in the Brixhaa
Archive.

RESULTS
Table 1 shows a summary of the resulets derived from the weights
48 the end of the tast perisd. The resulis have bosa preseaied

tn the folloving way: the control veights for cach species for
¢ach study have bevn summcc and the average follage weight per
Pl detertained, the treaccd foliage weights are cthen shown ss a
perceatage of the average control weighe.

/‘70 A*lt';;?'__tr.s.vs

R D STANLEY (PRINCIPAL INVESTICATOR)

»
/ J J TAPP (TUDY rl ECTOR) .

/

“.3-¢3,

L F REYNOLDS ~




TASLE |

Sheot weights (oar pot) shown as a percentage
of the average cor rol weight (per pot)

Aeid Blue 29 (J656/A) Mean
Treataent Concentracf{on (ag/kg} Control
Specics Replicace 1 10 100 1000 wWelghts
SCRGLUM 1 96 88 81 49
WICOLOR 2 83 36 87 26
TUSIRLGHUM) 3 93 91 78 ~ 16
4 95 101 70 46
MEAN FOLIAGE WT/POT 3.7 3.9 3.3 g 1.4 g 4.1 g —
HELIANTHUS 1 110 82 96 19
ASNUUS 2 89 113 9% ‘ 17
(SUNFLOWER) 3 93 81 64 15
4 72 102 - 108 i3
MEAN FOLIAGE WI/POT 7.0 7.2% 6.5 g 1.3 g 7.7 g
-
CLYCINE 1 80 103 . 99 T o9
MAX 2 94 126 117 163
(SOYA) 3 82 105 130 78
4 88 118 85 89
MEAN FTOLIAGE WI/POT 8.0g 10.3 g 10.0 g 8.4 g 5.3 g
\m%_g-a_ts.; R 26 (1657/4)
Species Replizate
SORGHUM 1 96 97 88 26
8ICOLOR 2 100 105 93 18 .
(SORCHUYM) 3 92 81 102 24 .
4 85 92 93 13
MZAN FOLIAGE WT/POT 2.5g.-2.5¢g" 2.5 g 0.6 g 2.73g
HILIANTHUS 1 36 116 108 i8
ANNLUS 2 98 136 . 136 27
{SUNFLOWER) 3 132 130 138 - 25
s 132 127 114 42
MEAN FOLIACE WT/POT 5.5g 6.2g 6.1 g 1.4 g 5.0 g
GLYCINE 1 117 108 127 8%
MAX 2 99 105 101 63
{SCYA) 3 101 %4 1i0 75
4 89 94 36 73

MEAN FOLIACE WI/POT 9.6 g $.63g 10.5g 7.23 9.7
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1. INTRODUCTION Plant growth inhibition tests for two antiaraguinose dyes,

Acid Blue 25 and Disperse Blue 26 have been carried ocut on three
different types of plant at varying dye/soil concentrations. After
the 21 day test period hsd expired, an assessment of grow.: reduction
was made by cropping the plants at soil level and analysing botl plants
and soil for dye content, using the extraction procedures descrided
belov. -

The-plant species used were Sorghum bicolor (grain sorghurm),
Helianthus annuus (sunflower) and Glycins max (soyz), grown in soils
containing 0,7,10,100 and 1000ms dye/xg s0il on a dry weight basis.

2. DXPERIMEITAL I ®
2.1 ACID BLUE 25.Extraction vrocedures.

211 ﬁlants

The plants were cut up into small pieces and dlended for 2 minutes with

Susnended solids were filtered off. washed
with acetone, the combined filtrates rotary evaporated down %o low vclume
and diluted to 2Smls with water. Tais solution contained sone suscpenced
green material which vas filtered off and the filtraies were then exacined
for dye content by HPIC. -

2.1.2. Soil

Samples of the soil were Soxhlet extracted overnight with water and the
extracts examined by HPLC for dye content using the following conditions:-

Column ¢ 10cm Spherisorbs 5 ODS

Solvent: 70:30 acetonitrile/H_0 ccataining 9.2% cetyl
trimethyl ammoniusS brozide

Flow: 2als/min.

Injection: 50 ml

Wavelength: 5‘8 ns

2.2 DISPERSE BLUE 26.Extraction Procedures

2.2.%. 2Plants -

The planzs were procenled_ln the same way as those for Acid 3lue 25 above,
except that they were blended with acetone alone and evaporated dewn %o




about b4 ale and thamadjusted to z firal v lume of JiOm’s wvith acetone, -
Analysis of dye osatent was then carried wut by HPILC using the
following conditions.

Column: 25cm Hypersil GDS

Solvent: 59:40:1 H.O/THF/Acetic acid.
Flow: 2mls/min

Iajection: 1007 _al

Wavelength:580 nm

2.2.2. Seoil .

Samples of the so0il were soaked in aceione and placed iz a sonic
oath for 15 minutes to fully extract the dye. The supernatant liguid was
filtered off a~d the dye content measured by visidle spectroscopy. A Ferkin
Eizer 330 UV/visible spectrophotometer was used, e dye vavelength acnitored
”~ s =z . Y
vas 020nm and experimental extracts were assessed against dyestuf? c:iandards

of appropriate concentration.

3." RESULTS i

3+7ACID BLUE 25

DY:/SOIL PLANT SPECIES
CORCENTRATION

e/ - £ con
Ary weight basis SORGH U e c°h§g¥z s

WHEAT

CONTROL (0) N.D.< 0.2

1
1C
100

1000




3.2 :’M

DYI/SOIL o PLANT SPICIES DYE CONTSNT
CONCENTRATION . OF DRIED SOIL -
og/kg. AFTER GROWTH
DYE CONTENT PPM 737
. K,
SORGHUM SOYA s } ag/kg.
EAT ) UNFLOWER

COrTROL (0) N.D. &3 N.D.L0.6 *N.D.£L0.6 N.DZ 2
1 ” NOT SAMPLZD

1 , " 2.7
100 " 28
1000 ' TL5

h. CONCLISIONS

(a) 25-50% of the added dye is recovered from the mil after the growth
test at lower dye concentrations, but this rises to 75-85% at higher dye .
coencentrations. - . e

(b) The dye up-take by the plants is very low, (usually none detected)
with detections only upto 2ppm even from 1000ppm dosed soils.

(c) Typical detection levels of dye in plants and soil were O. 1-1ppm

(¢) The apparent discrepancy bDetween the detections limits for the different

2lant species is due to thers baing only 2 lizited weight of plant available

ia some cases. .

(e) 1If larger amounts of plant ‘were available, it may be possible to
achieve even lower detection limits than those quoted.

—— ="' D.G.WILLIAMS.

NBW S5949/12. -

Subnitted to ETAD ASC Subcommittes meeting, $-10th March, 1983
Basle. by A.Xathias.




APPENDIY.

£3016 Initial ICT Results. Presented at ASC, Bamel, 11th ﬁéé&ab!;,zggz.

1. ACID BLUE 26, - ( A vates soluble dje). .

1.1 "Soil" - specially prepared higher plant growth wedium e¢x Brixhaz

186 ppm addition 92% recovery
24 »pm addition 60-70X recovery

1.2 Chinese Cabbaze Leaves,
17 ppm addition. 100% recovery

1.3 Detection Limits

1.3.%. Soil Assuming a 20g sample with #7LC analysis, ~ 7 ppam
1.3.2. Chinese Cabbage Leaves 20g sample with EP.C and analysis ~ 2pp3

2. DISPIRSE BLUE 26 (A Water insoluble dye).

2.7 So0il:- as above~

19ppa additien 89% recovery

2.2 Chinese Cabbage Leaves -

19ppm addition 80% recovery

2.3 Detection Limits

2.3.1. Soil 2Cg sacple, , HPLC analysis, ~ 2ppm

2.3.2. Chinese Cabt::ge Leaves 20g sample, EPLC analysis,
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INTRODUCTION

A sample of & dyestuff, CI 13155 (Brixhem Test Substance Number
K391), vas subaitted by laperial Chemical Industries PLC,
Organics Divisiom, for s growth inhibition test om terrestrial
plants. The test method used vas the Guideline for Growth
Inhibition in Terrestrisl Plants from the HSE Approved Code of
Practice.

Upon completion of the test the cropped foliage was despatched
to Organics Division, Blackley for determinaction of dye uptake.
These results will be reported separately by Blackley.

The study number was K39i/A and the test wvas cacrried ocui. betwreen
10 October and & November 1983. All records and originsl dsts
tolovant to this atudy are stored ian the Brixham Laboratory
Archivs.




The EC30* velues for the 3 species of plant tested were all
grester than 1,000 ag of dyestuff/hkg of soil (dry weight).

"~ All three species shoved some growth reduction st the highest
concentration (1,000 ag/kg), the plants grown in the lower
concentrations vere unaffected. There vas insufficient growth
reduction to calculate ECS50 values.

Apart from the actual growth reduction the plants showed no
other physical effect from exposure to the dyestuff.

The dyestuff had no significant effect on the esergence of any
of the three species st the tested concentrations.

® ECSO0 - that concentration of chmcnl‘ that vill reduce the
folisge veight of the plant by 50%




3 TEST SPECIES, GROWIE MEDIUM, AND TEST CHEMICALS

3.1 Test species

The three species uased vers:

(a) Sorghum (Sorghum bicolor)
(b) Sunflower (Relianthus annuus)

(e) €Coya (Elyeine max)

The seeds vere supplied by the Plant Production Dept, Jealott's
Hi{l)l Res2arch Statiom.

3.2 Growth sediua

The growth mediua used was & commercially available potting
compost ~ Special Mix. For details of physical and chemical
cozposition gsee Tadle i.

Test chemical .

The test chemical vas a dyestuff supplied by Iamperial Chomical
Indusccies PLC, Organics Divistion, Blackley. The dycstuil was
designated CI 13152 and the Brixhaa Test Substancs Nuabar was
X391.




4 METEOD AND CONDITIONS

4.1 The HSE Method for Growth Inhibicion in Terrestrial Plants
that vas used for this test is described i{n detail in the
appendix to cthis report. The following changes or additions,
wvhich are included {n SOP TX7, were mads to the test.

4.1.1 Mo solvents vere used to dissolve tha dyestuff, instesd the
dyestuff vas sixed vith a sssll smount of sand in & mortar and
pestle. This ground-up sixture vas then shaken vith cthe rest of
the sand in s polythene bag befors being incorporated into the
soil by shaking in a polythcne sack.

The four tested concentrations were i, 10, 100 end 1,000 mg of
dyescuff/hg of soil (solil woight quoted on & dry weight basis).

4.1.2 The plant pots used were 10 cm diameter.

4.1.3 The seeds vere sown in the treated soil on day ainus 4 of che
test. This meant that 501 emergence would ocecur during day O for
all three species (Stanley and Tapp, 1982, Brixham Laboratory
;cpor: BL/A/2197). Assessments of growth were sade on days 0,

and 21.

The plants vere kept vatered by a capillary matting sub-irrigation
system. In sddition the pots were examined twice daily and
sdditionsl wvater supplied if necessary.

4.1.5 Eight seeds vere sovn in each pot snd the resultant plants vere
thinned to four per pot on day 7.

A _
s

1 £ Tha racar wes sanduscrtad (a a slacsshansa mainrainad at a2 Aaominal
e sw ST WaS qoncustac LN 2 gLasEniouss mainialines 2% 2 nominal

20°C. A record vas kept of teaperature and huaidity by means of
sax/min thermometer (see Table 2) and a thermohygrograph trace.
Additional 1light was supplied during periods of poor natural
daylight by zesns of mercury vapour lamps to provide & minicum

day length of 14 hours.

No additional nutrients vere supplicd to the plants.




RESULTS

On day 21 cthe foliage vae cropped at 90il level and veighed
(all & shoots from each pot wers veighed together). These
results can be found in Table 3.

When compared with the controls, plants of ail species grown in
concentrations 1, 10 and 100 ng/kg showed no significant growth
reduction. All three spacies haéd significant growth reduction
at 1,000 ag/kg; however this growth reduction wvas n.t
sufficient to czlculate an EC50 value.

None of the rtested concentrations had a significant effezt on
emergence. On day 7, vhen the plants were thinned, sll the jots
were left with four healthy plants.




This vork vas carried out ia the glasshouses of che Plant
Production Departtnent, Weed Scisnce Sectios, Jealott's Hill

~ Rasearch Statiom, Plant Protection Division. The suthors
wvould like to thenk the staff of that sectiomn for their help
aad co-oparation during the execution of this test.




TABLE 1

PHYSICAL AND CHMEMICAL COMPOSITION OF SPECIAL MIX

Particle size analysis

»

Pebbles

Granules

Very coarse sand

Coarse sand

Medium sand

Fine sand

Very fine sand 0.125 - 0.0625
Silt 0.0625 - 0.02
Clay £0.02 na
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Organic matter

az
(deterninea by weight loss om ignitiom of dry soil)

.75
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1.1:1




TARE 2
AZCORD OF MINDMA( AND KAXIMUM GREENBOUSE TEMPSRATURES (°C)

. ’0” aa ‘-” b
‘ain aax

12 24
17 23
16 22
18 22
15 r3}

16 30
17 29
16 25
16 28
15 28

15 3o
17 kL
15 23
16 24
13 26

13 29
16 22
16 23
16 25
16 23

22.4%

* Temperaturcs not recorded at weckends




12
TABLE )

RECORD OF TOTAL FRESH WEICHT OF PLANT SHOOTS
PER POT AFTER 21 DAYS

(RZach figure represents total vaight per pot)

TREATMENT REPLICATE
SPECIES CONCENTRATION 2 3 4

(ag/kg)

Glycine Control
zax 1
(Soya) 10
100
1069

Sorghun Control
bicolor 1
(Sorghum) 10
100
1000

gs;iunthu. Control

annuus 1

{Sunflover) 10
100
1000
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The sethod descridbed is intended to assess the influence of s
contaminated soil on seed germination and early growth of higher
plants. The test contains considerstls procedural lstitude vhich

should sske it relatively easy to operate.

Three epecies are used:

(a) Avena eative (oats) or Sorghum bicolor (grain sorghum)
(d) Brassica nap.. (rape) or Helianthus annuus (sunflower)
(c) Fedicapo srtava (lucern, S1lInIfa) of Ciyeine max (29ys)

Testing requiremerits

The following test pattern should be used:

(a8) ‘A videly available agricultural soil sieved (0.5 ca) to remove
coerse debris and with a total carbon content of not more than
12 and 10-20% clay sincrale (veraiculite and peat bascd composts
are not acceptable because of their high absorptive capacity).

{(b) The chesical to be tested should be dissolved in wacter or in
a volatile organic solvent and mixed with quartz sand at
four different concentrations and a dlank.

(¢) The solvent is evaporated and the sand mixed into soil in the
ratio 1 mand:9 moil. .

(d) Ungerminated scedns should be wown fn treated sand-soll mixture
in 7-9 vm plastic pots within 24 h of adding the chemical to
the sand, and the vater content adjusted te suit Lhe specles.

(s) Temperature, humidity and light conditions should be suitable
for msintaining "norsal” growth of each species for a period
of at least six veeks after energence.

(£) Addicional nutrients, where rejuired, msy only be added after
the twvo veek post emergence assessuent.

Observing and reporting of results for terrestrial plants

The following should be recorded:

(a) Dates of emargence throughout the test.

(b) Main assessments are made at veekly intervals starting from
the day in which 50X of the control seedlings have emerged.

(e) At 1 wook after emergence plants are assceysed and then
thinned by removing rhe weakoent scedlings.

Asaessment of terrestrial phytotoxicit
Measurement of phytotoxicity is based on a visual assessment of
the plants on s 0-3 scale:

0 - no damage,

1 = up to 20 damsge,

2 - 20-502 damage,

3 - grester than 50X damage.

(s) Damage is any respect of plant growth which distinguishzs it
from the control, eg stunting, chlorosis, necrosis.

(b) Plants scoring O or 3 require no further analysis, but some
quantitative messurcmcnts such as height or fresh weight
should support the final visual assesspents of 1 and 2.

(MSE Approved Code of Practice: Methods for the Determination of
Zeotoxicity = Notification of New Substances Regulations 1982)




A TEST PROCEDURE TO DETERMINE THEL CROWTR INNIBITION OF A CEEZMICAL 10
TERRESTRIAL PLANTS

This procedure has been designed to seet the requirements of the HSE
Notification of New Substances Regulations 1982 - Crowth Iahibition ia
Terrestrial Plants.

1 OBJECTIVE

To assess the influence of a contaminated soil sn seed germination and
early growth of higher plants.

TEST MATERIAL

A sufficient quantity of the test material will be supplied by the
aponsar, Information ragarding handling procedures, hazardous
properties and storage conditions will aleo bs supplied by the
apansar,

TEST SPECIES

Species/Supplier

orghum bicolor (grain/crop sorghua), Helianthus annuus (sunflewver),
Glycine max (soya). The seed will be obtained from & reputadble
supplier. -

3.2 Specification

The seed viability should be in excess of 90X.

Justification

PThe Saas
Tue test

specs
in the HSE gui

PLANT POTS

The plant pots will be new 10 cm diameter plastic pots and will be
disposed of at the end of the test.

IDENTIFICATION OF TEST SYSTEM

Each pot will be labelled in waterproof ink with the following
infermation :

(1) Test species (initials of latin name {e 5B, HA or CM)
(ii) Study number

(iii) Concentratiocn in mg/kg

(iv) Replicate number




" The growch medius used vill be commercislly availadle soil based
poteing compost = ‘Special Mix' - specifically designed for greenhouse
- use. e

“TEST CONCINTRATIONS

The concentretions tested will-be 1, 10, 100 and 1000 mg of cest
material por kg of seil (dry veight besis) unless otherwise sapecified
by the sponsor. There will be cless soil controls for esch species
for each test. Pour replicsctes of esch concentration will be set up.

PREPARATION OF GROWIR MEDIUM

The test material vill be mixed wich sand and this mixture vill de
jacorporated into the Specisl Mix in the ratio 1:9.

The sand will be silver sand that has been vashed, sieved chrough 0.5
mm, and oven dried,

The sand/test material mixture vill be prepared by adding the test
msturisl to a small amount of the sand in & morrar and pestle and
srinding the two together until finely and evenly dispersed. This
will Chea be added co the remaining sand in & polycthene bag and shaken
for at lesst half a minute.

The final sand/test ssterial mixture will then be sdded to an
sppropriate amount of Special Mix and shaken in a polythene sack for
at least half s minute. Controls will be prepered with clean sand.
(Note: for calculating amounts of soil needed one plant pot holds
approximately 750 g of Special Mix as supplied).

N3. The test coacentrations are quoted in kg of dry scil, therefore
vhen veighing out the soil sccount must be tsken of its moisture
content. On the basis of previous work the wet/dry ratio of Special
Mix as supplied will be taken as 1.1 : 1 for the purposes of this test
"thm‘ .

TEST CUNDLITIONS

Temperature

The test will be conducted in a glasshouse at a nominal 20°C, however,
due to the nature of glasshouses wide variations froa the nominal
temperature vill sometimes be experienced during periods of extreme
veather conditions.

A dasily record of maximum/minimum temperatures will be maintsined from
Mondays to Fridays and a thersohygrograph vwill be employed throughout
the test, i




Vater

Water will be supplied by & system of capillary matting
sub-irrigetion, 1n addition the pots will be examined twice daily end
further water supplied if necassary by 'top~down' watering.

Light

During periods of poor natural dsylighe, sdditional light will be
supplied by sercury vapour lamps to provide s minimum day length of 14
hours.

Growth Medium

A representative sample of Special Mix will be taken and snalysed for
the following :

(i) Particle size (dry sieving mothod)
(1i) Organlc matter (loss on ignicion)
(444) pn

(iv) wet/dry ratio

ANALYSIS

There will be no chemical analysis of the treated soil or the plant
foliage unless otherwise requested by the sponsor,

PROCEDURE

Day minus &4

The trested soil will be prepared and put into the pots, Eight secds
will bo sown into cach pot of soil aend the prepsred pots will le
placed on & bench in & suitable glass house,

Day 0

An sssesspent of emergence will be made,

Day 7

AD assessment will be made of emergence and any growth effeczs sees
will be noted. The plants will then be thinmed to four per pot by
removing the weakest plants.

Day 21

The phytotuxicity of tha test matorial will bo assensed. Any testC
whare & visnual assessment reveals no significant growth reduction of

the plants grown in the treated soil requires no quanticative
measurenent of growth.

Any test where there is visual evidence of significant growth
y
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DOCUYENT FOR USE W1TL.5 TxuE 232788 €Y

~-£3AD PROJECT E3016: AGRICULTURAL USE OF SLUDCE Cosv:NATIN SITM COLOUReNT

aith Novesder 1933

NZW 3949

1. INIRODUCTION

6 - As agreed at the 27ch ASC moeting, Acid ¢ye C.1. Ko. 13185,
_synthesised by Sandez, was used in a plant grow:h imhiditicn study with three
plant species at varying dyc/soil cencentracticens.

- anthrepus nent
Pravious vork carried out on two D-h?egc éres (see teport dated
4ch Mazeh 1983) involvad the analysis of doch plazr and soil for dye ozly.

this study analyses for both Acid dye C.1. 13155 and the possible metabolite
2,5 dichlorosniline vere undertaken.

in

ACID DYE C.i. 13155

A prelininary exacinatioa of the dye, as received, by both gas
chrezatogriphy and liquid chrosatography shoved it to contain.1.02 2,5
dichlorcaniline. ’

. The plant specics used in the study vere Sorghum oicclor (grain
‘sorghun), Helianthus sanuus (sunflower) and Clycine max (Soya), grown in soils
containing O, 1, i0, 100 and 1000 og dye/kg soil on a dry weight basis.
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2.1 Recovervy Exncrirents

therever jossilt:le recevery coxpericents wure carricd out vith the
individunl plant sprecics and soil (for results rnee Table 1).

2.2 Estraetion Trocecdures

2.2.1 Plants

The plants (20 g/test) wvere cut up - ez cus and blended with
80 uls of i:]1 azetone:N/10 hydrochluric acic f £ , filtered through
zlass fidbre paper and the filtrate diluted co ! ERRYS 1:1 acetone:2/10
hydrochlioric acid. This soclution vas then uxszin 5y 1. using the conditions
described below.

2.2.2 Soil

Sarmples of the s0il (20 g/test) were soaueZ in 50 wls of 1:1
acetone: /10 hydrochloric acid and placed i=m 3 scmic dzth for 15 sminutes.
_ After being alloved to starnd for 30 minutes the sujernzzant liguor was exinined

by LC (for resulrs sce Table 2) using the following csnZizions.

Column : 25 em Hypersil ODS

Eluent 50/49/1 Acetonicrile/0.2 M A==oniu= acerate/Aceric a

Flow 2 sls/min

Injection 200 pl

Vavelength : 450 nn dye, 245 nm (using 295 == as a reference
wavelength) for the axine

3. RESULTS
Table 1

Recoveries {rcz Soil and Piznts

ppr dye added prs acine added 7 Recovery

0.1, 0.15 82, 84
0.14 87

Seil 101, 108 70, 69

105

Sunflower
100

68
110




(o) o“l’“"”“ "““""""“ﬁ"fﬁ trom the sofl after the
I groweh tui;i."‘ SR : ’

2 (B) Only very Jew lcvels of the dye and 2,5 dichloroaniline, vere detccrad
7. in plants exposed to thie higher dye concentrations. The asine
Cetectod 1 soil con be artriduted to the residusl 1.02
2,5 dichloroaniline present in the dye.

DUl

D.C.Willians
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A sssple of the dyestuff Basic Blue 26 (Brixhsm Laboratory
- Test Substance Number N055) was exsained in a Groweh luhibition Tes:
- with Terrastrisl Plants. The test method used is based on che HSC
Approved Code of Practice for the decersination of ecotoxicity.

$arghus bicolor - No effect on growth up to the saximuam test level
of !m sg/ks

~ Helianthus anouus - No effect on growth up to the saximua test
level of 1000 wg/kg

Glycine max -~ No effect on growth up to the maximum test lavel of
I# ng/ks

The dye also had no significant effect on the mergence of any of the
three species at the tested concentrations.

None of the plants exposed to the dye shoved aay physical effect vhern
cospared with the controls.

Three plant species vere tested: Sorghus bicelor (sorghum)

Agiiantius anmuus (sunilowver) and Giycine max (soyaj. The test species
vere exposed to four concentrations of the dye, 1, 10, 100 and 1000
ug/kg dry soil for three weeks. Clean soil controls vere also run

for esch species 1n ezch study. The dye wvas introduced into the soil
by aixing the dye with silver sand and then mixing this sand with the
soil in che ratio 1l sand : 9 soii. The soil used was a commercially
available potting compost with a low organic content, called "Special

Mix".

For each tested concentrition there vere four replicate pots. Into
esch pot eight seeds were sown which vere thinned to four plants per
pot by removing the wveskest plants one veek after emergence.

At the end of the three-veek test period the foliage from each pot
uas cropped at soil level and veighed (se. Table 1l).

The test was carried out during the pericd 14 February - 11 March 198S5.

The study number wvas NO33/A. All records and original datz relevant
to the study are stcred in the Brixhas Laboratory Archiva. I




RESULTS

Table 1 shows a sumsary of the cesults derived from the weights
at the end of the test period.
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& W -

MEAN FOLIAGE WT/POT

HELIANTHUS
(Sunflover)

S WN -

MEAN POLIAGE NT/POT

GLYCINE MAX

”" LN

MEAN FOLIAGE WI/POT

STUDY NO NO33/A SHOOT WEICHTS (g) (PER POT)

Control

3.93

4.43
4.13

Treatmsent concenctration (mg/kg)

100

4.95
4.31




7. Dyestuffs tested in Project E 3016

1. C.I. Acid Blue 25, C.I. No. 62055

Purity Specifications:

0,N
e Active : 824

3 xx<c:> Dispersing Agent: 124
Irorganics F A

Kater 5%

2. C.l. Disperse Blue 26, C.I. No. 63305

Purity Specifications:

Active : 26%
Dispersing Agent: 68%

Y 4 A OH .
CHAEN 3 Wetting Agent : 2%
Water [ 4

3. Acid Dye C.I. No. 13155

Purity Specifications:

a
AsH,
N N » s .
E;;>’“ “<;:>Ng354£:> HPLC pur> cnz single peak
5050 Active: Su3
NaCi : 3%

4. (.I. Basic Blue 26, C.1. No. 44045 Purity Specifications:
Active : 83%
Dispersing Agent: 6%
O @N«mo Dedusting Agent : 1%

<f) M



