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FOREWORD 

When energy and mater i  al resources are extracted, processed, converted, 
and used, the re l a ted  po l l u t i ona l  impacts on our environment and even on 
our hea l th  o f ten  requ i re  t h a t  new and increas ing ly  more e f f i c i e n t  p o l l u t i o n  
con t ro l  methods be used. The I ndus t r i a l  Environmental Research Laboratory- 
Cincinnat i  (IERL-Ci) ass is ts  i n  developing and demonstrating new and 
improved methodologies t h a t  w i l l  meet these needs e f f i c i e n t l y  and 
economically. 

the various sources o f  emissions. An attempt was made t o  assess the 
seriousness o f  the po ten t ia l  f o r  t o x i c  p o l l u t a n t  releases from the dyeing 
o f  leather.  For f u r t he r  informat ion on t h i s  p ro j ec t  contact  the Food and 
Wood Products Branch, I ndus t r i a l  Po l l u t i on  Control D iv is ion,  I ndus t r i a l  
Environmental Research Laboratory-Cincinnati  . 

The repor t  b r i e f l y  describes the leather  tanning indus t ry  inc lud ing 

David G. Stephan 
D i r ec to r  

I ndus t r i a l  Environmental Research La bora t o r y  
Cinc innat i  
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ABSTRACT 

This study focused on the organic dyes released to the environment 
in the wastewaters from leather dyeing operations. Basically, three types 
of dyes--acid, basic, and direct--are used, although the number of dif- 
ferent dyes are well over 50, and the number of formulations used at a 
single tannery over the period of several years can be greater than 100. 
Tannery wastewaters are complex mixtures which for the most part are 
discharged directly into municipal sewers. The character of this dis- 
charge will differ hourly depending on the operation performed since 
tanning operations are batch mode. Estimates based on information from 
suppliers and tanners were made of the probable discharge of dyes in 
wastewater. The literature search revealed little or no data on the 
fate of these dyes in the environment. From consideration of the physical 
and chemical properties of the dyes, biosorption (complexing with pro- 
teinaceous material) appears to be the most likely mechanism for removal 
of dyes in biological wastewater treatment systems. 

This report was submitted in fulfillment of Grant No. R 804642-01-2 
by SRI International under the sponsorship of the U.S. Environmental 
Protection Agency. This report covers the period 1 June 1977 to 
28 April 1978 and was completed as of 28 April 1978. 
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SECTION 1 

INTRODUCTION 

This report describes a study undertaken to assess the seriousness 
of the potential for toxic pollutant releases from the dyeing of leather. 
Heretofore, most studies of pollution problems of this industry have 
focused on the problems associated with the high BOD suspended material, 
and chrome chemicals in the effluent. This work focuses only on organic 
dyes. 

As background, the report briefly describes the industry structure; 
the processing operations; the types of raw materials required; the po- 
tential process sources of emissions to air, water, and the land; and 
the environmental control practices. 
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SECTION 2 

SUMMARY AND CONCLUSIONS 

This study focused on the organic dyes released to the environment 
in the wastewaters from leather dyeing operations. These dyes have been 
of concern as a health hazard to workers. A report just released by the 
National Institutes of Occupational Safety and Health (NIOSH, 1977) 
reports a striking increase in bladder cancer among both male and female 
leather workers, and previous studies indicate that the disease may be 
dye-related. 

The dye types used by the leather industry include acid, basic, 
direct, and metallized dyes. The predominant dyes, however, are the 
acid and direct dyes. As many as 100 different dye formulations can be 
used in one plant. 
suppliers and from inventory lists of tanneries as used by the leather 
industry. Of these, 49 are listed in this report with structural formulas 
which indicate the wide range of materials involved. 

More than 50 dyes have been identified by eight major 

Tannery wastewaters are complex mixtures of relatively unknown com- 
position. Until recently, there had been no scientific assessment of the 
effluents, and even today, little work is being done to characterize the 
waste streams. 

Most tanneries (90% of the tanners and 80% of the industry's waste- 
water) discharge their effluent streams directly into municipal sewers. 
The character of the waste stream depends on the particular operation 
being performed at that time, since tannery operations are batch mode and 
vary from day to day. 

The chrome chemicals used in dyeing are a well-documented source of 
toxic materials. However, the industry has made an effort to recover or 
remove the chrome chemicals and many effluent streams are now low in 
chromium. 

An extensive literature search and contacts with trade associations, 
tanners (4 site visits), and dye producers revealed that very little infor- 
mation is available (or known) on the amount of specific leather dyes 
released and the biodegradation of such dyes. 

Even without the dyeing operation, the waste streams are highly 
colored, and since combinations of dyes are often used, analysis of waste 
streams is extremely difficult and costly. 
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SECTION 4 

CHARACTERISTICS OF THE INDUSTRY 

SIZE AND STRUCTURE 

Of the 517 establishments in the industry in 1972, 223 had 20 or 
more employees, and the industry had a total of 25,700 employees. 
Table 1 shows several categories of statistics on the industry. Data 
for the 1976 production of leather by U.S. tanneries have been compiled 
by states. Where fewer than three units existed in any one state, the 
production rates of several states are then combined (Tables 2 and 3). 
The production in equivalent hides of chrome grain leather of all types 
and vegetable tanned leather all utilize cattle raw material. Table 4 
shows the production of equivalent sheep hides by state. 

A number of plants do not process the raw hides, but do split, 
chrome tan, retan, and/or finish the hides. 
Tables 5, 6, 7, and 8. These operations should not be counted in the 
total production, since this would result in double counting. 

Data on these are given in 

Environmental Impacts 

Processing Operations 

There are four steps in processing hides: beamhouse; tanhouse; 
retan, color, and fatliquor; and finishing. The beamhouse process is 
not used in sheepskins or pigskin tanning and finishing, and the other 
processes will vary somewhat. For example, the fleshing step, which is 
performed in the beamhouse process for cattlehides, is carried out in 
the tanhouse process for sheepskins. Sheepskins are not always dehaired, 
but they are degreased. Essentially the processing follows the steps 
outlined below. 

Beamhouse Process 

(1) Receiving - Nearly all cattlehides received at tanneries are 
either cured green salted or brined hides, with brined hides 
predominating. In a few isolated cases where transit time is 

* Source: "Development Document for Effluent Limitations Guidelines and 
New Source Performance Standards for Leather Tanning and Finishing," 
EPA-440/1-74-016a, March 1974. 
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short, green hides without prior curing have been sent di- 
rectly from a packer to a tannery and processed. Green hides, 
after trimming and grading, are cured at the packing house by 
spreading the hides, flesh side up, and covering them with salt. 
This process continues until a pack of hides about 5 to 6 feet 
high is obtained. A heavy layer of salt is placed over the top 
layer of hides. 
portion of the salt to form a brine. In this process, salt is 
absorbed and, by diffusion and osmosis, causes a reduction of 
the moisture content in the hide. After 10 to 30 days from the 
date the pack is closed, the hides are considered adequately 
cured. Each hide is shaken to get rid of excess salt and is 
folded individually; the hides are shipped in packs, either to 
tanneries or to warehouses for storage. The size of the pack 
depends on a number of variables, such as size of the packing 
house, size of shipments, and the method of shipment. Brined 
hides are prepared at the packing house or at a separate hide 
processing facility by agitating fresh hides in a saturated 
brine solution until the salt has replaced the desired amount 
of moisture within the hide. In this process, hides are also 
cleaned by removal of manure and other attached foreign matter. 
Hides are then removed, drained, and bundled in a manner simi- 
lar to that used for green salted hides. Hides may be fleshed 
before or after brining. "Safety salt" is usually sprinkled 
on each hide before shipment. The brining process takes two 
to three days, which makes it attractive to the packer or hide 
curing establishment, since there is no need to hold a large 
inventory of hides. The brining process is preferred by most 
tanners and packers since it tends to produce cleaner hides. 

The natural liquid of the hides dissolve a 

(2) Storage - Hides are normally stored at the tannery in the pack 
as received. No special storage conditions are maintained in 
most tanneries other than that required to keep hides at the 
moisture content as received. 

(3) Siding and Trimming - The usual first step in the processing 
of hides from storage at the tanner is to open a folded hide 
and trim it. The hides then may be cut in half along the back- 
bone, which is referred to as halving or siding. 
hides are halved after unhairing or tanning. 

Sometimes 

Sides are usually palletized for transporting to the next step 
in the process. Trimmings are collected for shipment to glue 
or other by-product manufacturers. 
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(4) Washing and Soaking - Sides (or in some cases whole hides) 
from the siding and trimming operation are placed in vats 
(with or without paddles), drums, or hide processors (con- 
crete mixers with special linings) for washing and soaking 
to restore moisture. Water usage is generally less with 
hide processors, although some tannery people have expressed 
the opinion that equivalent reduction in water use can be 
achieved with drums. This process removes dirt, salt, blood, 
manure, and nonfibrous proteins from the hides. The quan- 
tity of such waste material varies, depending on the time 
of year and the source of the hides. Depending on the type 
of leather produced, additional washes (rinses) may also 
occur at several other points in the tanning process, in- 
cluding after liming and dehairing, after bating, after tan- 
ning, and prior to and following coloring. 

(5) Fleshing - Fleshing is the removal of attached adipose fatty 
tissue and meat that have been left on the hide at the pack- 
ing house. It is done on a fleshing machine, in which the 
hide is carried through rolls and across rotating spiral 
blades that remove the flesh from the hide. Cold water is 
necessary to keep the fat congealed, but the fat represents 
an additional waste disposal load. Most hides are fleshed 
at the packing house or at a separate hide processing fa- 
cility, particularly in the case of brined hides. When flesh 
is removed prior to liming it is referred to as green flesh- 
ing; when it is performed after liming it is referred to as 
lime fleshing. In any case, fleshings are normally recovered 
and sold to plants for rendering or conversion to glue. If 
fleshings are properly handled, there is very little liquid 
or solid waste contribution from this operation. 

(6) Unhairing - Hair is removed by chemical loosening followed 
by either machine pulling or chemical dissolution of the 
hair. Machine removal is practiced when the processor de- 
sires to recover the hair. The dissolving process is referred 
to as "pulping" or "burning." 

For either type of unhairing, the hides are placed in vats 
(with or without paddles), drums, or hide processors with a 
lime slurry to which sharpeners such as sodium sulfide and 
sodium sulfhydrate are added. 
the strength of the solution and the time in contact with 
the hide is limited to that necessary to loosen the hair 
sufficiently for mechanical pulling. If the hair is to be 

When the hair is to be saved, 
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pulped, stronger solutions and/or longer time cycles are 
used and the hair may be totally dissolved. 

Sometimes hides are relimed to make the hide swell for easier 
splitting. In a save-hair operation, flesh and hair removal 
is sometimes followed by a "scudding" step to ensure removal 
of hair roots and fine hairs. 

The liming and unhairing process is one of the principal 
contributors to the waste effluent. In a save-hair operation 
with good recovery of hair, the contribution to the effluent 
is substantially lower than in the pulp hair operation. 

Tanhouse Process 

(1) Bating - Bating is the first step in preparing the stock for 
the tanning process. It may be done in either vats (with or 
without paddles), drums, or hide processors. The hides are 
placed in the processing equipment, which contains a solution 
of ammonium salts and enzymes. The purpose of this operation 
is to: 

a. De-lime skins. 

b. Reduce swelling. 

c. Peptize fibers. 

d. Remove protein degradation products. 

(2) Pickling - The pickling subprocess follows the bating step 
and is normally done in the same equipment. A brine and an 
acid solution is used to bring the hides to an acid condition 
in preparation for subsequent tanning subprocesses. In addi- 
tion to conditioning the hide for receiving the tanning agent, 
this step prevents precipitation of chromium salts. Pickling 
is always done before the chrome tanning process and may be 
done before vegetable tanning. 

(3) Tanning - Nearly all cattlehides in this country are either 
chrome or vegetable tanned; very little is tanned with alum 
or other tanning materials. 

Vegetable tanning is the older process, and is performed in 
a solution containing plant extracts such as vegetable tan- 
nings. This method is usually used for the heavy leathers 
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such as sole leather, mechanical leathers, and saddle leathers. 
Shoe upper leathers and other lighter leathers are usually 
chrome tanned by immersion in a bath containing proprietary 
mixtures of basic chromium sulfate. 

Vegetable tanning is usually done in vats, principally because 
it requires longer process times, while chrome tanning takes 
place in drums or hide processors. 

In some cases, depending on the type of leather being produced, 
hides are tanned in the tanhouse and later retanned as a part 
of the retan, color, fatliquor process. Where different tan- 
ning agents are used in the initial and retan steps, it is re- 
ferred to as combination tanning. 

Waste effluents from the tanning process are substantial. 
Recycle of vegetable tan solutions is becoming more common 
in the industry; that which cannot be recycled may be used 
for retanning or may be evaporated and recovered. 
recovery of chrome tanning solutions is also practiced at a 
few locations. 

Recycle and 

(4) Splitting - The tanned hide is split to produce a grainside 
piece of essentially constant thickness and a flesh-side layer. 
The flesh-side layer or split can be processed separately or 
sold to split tanners. 

Retan, Color, Fatliquor Process 

Retan - Retanning is done principally to impart different 
characteristics in the finished leather that would be lacking 
if tanning were carried out in one step. 
chrome, vegetable, or synthetic tanning agents, and it is 
usually done in drums immediately preceding coloring and fat- 
liquoring. 

Retanning may use 

Bleaching - Bleaching hides with sodium bicarbonate and sul- 
furic acid after tanning is commonly practiced in the sole 
leather industry. Bleaching is done in vats or drums. 

Coloring - Coloring is done in the same drums as retanning, 
and may be done either before or after fatliquoring. Natural 
dyes may be used, but many synthetic products are now avail- 
able for this purpose. 
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(4) Fatliquoring is the operation in which oils are added to 
replace the natural oils lost in the beamhouse and tanhouse 
processes and to make the leather pliable. 
added depends on the end use of the leather. 

The amount of oil 

Liquid wastes from the retan, color, and fatliquor process 
may be high volume-low strength compared with the other proc- 
esses. 

Finishing Process 

Finishing operations such as drying, wet-in coating, staking or 
tacking, and plating, which follow the wet processes, provide only 
minor contributions to the liquid waste. These result primarily 
from cleanup of the paster drying plates and from paint spray booth 
water baths. 
lected may be disposed in either wet or dry form. 

Trimmings are disposed as solid waste, and dust col- 

Raw Materials 

The production of synthetic tanning materials alone in 1974 was 
estimated by the U.S. International Trade Commission at 60,570,000 
pounds (27,531, 818 kg) for a total value of $16,031,000. 
some of the manufacturers of these materials. 

Table 9 lists 

Many of the products used in tanning and dyeing are proprietary 
formulations and a complete breakdown as to product composition is not 
possible. 
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A flow diagram for the tanning processes is given in Figure 1. 
The chemicals used in the processing techniques are outlined in Table 11. 
A new process had been proposed (Chem. and Eng. News, 1974) by USDA to 
replace the controversial salt curing of the hides. USDA claims this 
process not only reduces pollution but also produces quality leather at 
a lower cost. Cyanides have also been eliminated according to industry 
sources, and the use of trichloroethylene is decreasing. The chemicals 
used in tanning listed on the EPA toxic substances list are enclosed in 
boxes in Table 11 wherever they can be identified. In each step of tan- 
ning, the potential exists for both water and solid wastes. Materials 
that can appear in tannery wastes are listed below: 

Hair 
Hide scraps 
Flesh 
Blood 
Manure 
Dirt 
Salt 
Lime 
Soluble proteins 
Sulfides 
Amines 
Chromium 

Salts 
Tanning 
Soda ash 
Sugars and starches 
Oils 
Fats 
Grease 
Surfactants 
Mineral acids 
Dyes 
Solvents 

Because of the nature of the industry, breakdown of figures for 
total sales of tanning materials and dyes cannot be obtained without 
revealing information on individual companies. Estimates of chrome 
chemical and dyes usage have been made and are shown in Table 12. 
timates of dye consumption by the leather tanning industry differ greatly 
depending on the source. Dye manufacturers estimate the market at from 
3 to 7 x 106 lb dye/yr (1.36 to 3.18 x 106 kg/yr); the calculation 
based on data from tanning industry representatives indicates use could 
be as high as 30 x 106 lb dye/yr (13.6 x 106 kg) . However, it is felt 
that an estimate of 7 x 106 lb (3.18 x 106 kg) annually is more realistic 
based on the number of hides dyed and the average dye loading to the 
dyeing operation. 

Es- 

Pollutant Sources 

The operating parameters (e.g., concentration,temperature) will 
vary from tanner to tanner, and since much of the information on formu- 
lations is proprietary, the potential loading and composition of waste 
streams is difficult to assess. 
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q u a n t i t y  of such was tes ,  and a d d i t i o n a l  r i n s e s  may be  necessary  a t  sev- 
e r a l  p o i n t s  i n  t h e  beamhouse p rocess ,  depending on t h e  type  of  l e a t h e r  
produced. F l e s h i n g s ,  i f  p r o p e r l y  handled,  produce l i t t l e  s o l i d  o r  l i q u i d  
wastes. However, t h e  l iming and unha i r ing  s t e p s  are p r i n c i p a l  sources  
of waste e f f l u e n t .  A save- ha i r  o p e r a t i o n  s u b s t a n t i a l l y  lowers t h e  waste 
e f f l u e n t .  The t ann ing  p rocess  g e n e r a t e s  s u b s t a n t i a l  wastes.  While re- 
c y c l i n g  of t ann ing  s o l u t i o n s  i s  becoming more common, t h e r e  i s  s t i l l  con- 
s i d e r a b l e  waste. Evaporation and recovery  i s  p o s s i b l e ,  and t h e  waste 
s o l u t i o n s  can be used i n  re tann ing .  Liquid wastes from t h e  r e t a n ,  c o l o r ,  
and f a t l i q u o r  p rocess  may be  h igh  volume-low s t r e n g t h  i n  comparison t o  t h e  
o t h e r  processes .  
and d u s t  i n  e i t h e r  w e t  o r  d r y  form. The o t h e r  s t e p s  i n  f i n i s h i n g  c o n t r i b-  
u t e  only  minor amounts t o  t h e  l i q u i d  waste streams. 

The f i n i s h i n g  p rocess  g e n e r a t e s  trimmings as s o l i d  wastes, 
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SECTION 5 

LEATHER DYEING 

THE DYEING PROCESS 

Leather dyeing is carried out on chrome or blue hides. These are 
hides that have been through dehairing, washing, soaking, fleshing, 
bating, and either a chrome,alum, or vegetable tanning. Generally, dye- 
ing is performed in a batch mode and retan, coloring and fatliquoring 
operations are all performed in sequence in the same drum without inter- 
mediate steps of washing and drying. 

Hides at the blue stage are placed in drums and retan formulations 
are added; at the appropriate time, a designated dye formulation is added 
and mixing (by rotation) is continued. Fatliquoring chemicals are added 
at the prescribed time. Cycle times for this sequence can be as high as 
8 hours . 

Three major types of dyes are used: acid, basic, and direct. Acid 
dyes are usually azo, triarylmethane, or anthraquinone dyes with acid 
substituents such as nitro-, carboxy-, or sulfonic acid. Basic dyes con- 
tain free amino groups. Direct dyes are principally water-soluble salts 
of sulfonic acids of azo dyes. All the dyes used by the tanning industry 
are sufficiently water-soluble and have an affinity for leather; they are 
protein-binding dyes. Both acid and basic dyes at the proper pH values 
penetrate deeper into the hide; direct dyes are not penetrating when used 
on the blue or vegetable tanned leather. Acid dyes are fixed more readily 
at low pH, but penetrate deeper as the pH increases. Basic dyes, as the 
name implies, are fixed at high pH values. However, basic dyes have to 
be used with a vegetable tanning material or an anionic syntan to dye 
chrome leather. Thus, the uptake of dye in the leather is a function of 
the dye used, pH, syntans present, and the float. High float levels 
(ratio of liquor to hides) may be necessary to maintain even coloring. 
The end use of the leather also determines how deep the color needs to 
be. For upholstery leather, for example, surface dyeing is suitable be- 
cause of the light use. For shoe or garment leather, deeper penetration 
of the dye is required. Blends of dyes are used in order to obtain the 
exact shade desired. 
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The relationship between pH and uptake of dye is shown in Figure 2. 
Thus, in practice, pH adjustments may be made to assure penetration and 
fixing of an acid dye, while a basic dye may be added at a later point 
in the dyeing process to coprecipitate with the acid dye. 

After the dyeing process, the liquid is drained off, the leather is 
pressed, and all the effluent is disposed of at one time. 

DATA ACQUISITION 

An extensive literature search was made to collect information on 
dyeing of leather, but this resulted in little data. Therefore, on-site 
visits were deemed necessary. Visits were made to four tanneries, which 
were chosen from a list recommended by the National Tanners' Council. 
Topics for discussion were as follows: 

The results of the survey are given in Table 13. Suppliers were 
also contacted to determine which dyes are used by the leather industry. 
From all sources, it is apparent that dye formulations are trade secrets 
or handed down in family-owned businesses. In many cases, suppliers 
prepare the formulation to meet a specific color demand for one of the 
tannery's clients, and the tannery has no knowledge of the exact nature 
of this formulation. All colors are made up on demand and several dif- 
ferent colors may be used in any one day. 

The quantity of dye used depends on the color, the type of leather 
(split, or grain, cattle, sheep, or other), and even the mix of dyes. 

Mixtures of dyes are often used to obtain a specific color. The uptake 
of dye by the leather also depends on the color desired. Cycle times 
are from 4 to 8 hours and only estimates are available on actual dye 
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wastewater; however, if these organics are not removed in treatment, they 
could represent a significant portion of the soluble COD or TOC in the 
effluent. 

From a review of the literature on biodegradability of dyes included 
in Appendix B to this report, it appears that biodegradation of the dyes 
is unlikely to be a mechanism for removal. Because of the high concentra- 
tions of other degradable organic compounds, however, it is possible to 
maintain a large population of viable microorganisms. Removal of dyes 
by biosorption (perhaps by reaction with proteinaceous cellular material) 
may be the major mechanism for removal of the dyes in the activated sludge 
unit. A similar mechanism may be responsible for any removal that occurs 
in the primary treatment unit where a portion of the suspended matter is 
composed of proteinaceous material (hair and hide scapes). 

A large percentage of the dyes may be removed from the tannery in 
combination with waste primary and secondary sludge solids. 

I 
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SECTION 6 

TOXICITY AND ENVIRONMENTAL FATE OF DYES 

TOXICITY OF DYES 

Because no data are available on the actual extent of removal of 
dyes in treatment plants (industrial or combined municipal/industrial) 
from tannery wastewaters, the next logical step in the analysis is to 
consider the toxicity of the dyes and the possible fate of the dyes 
in the environment. 

Toxicity to Acquatic Organisms 

In a study sponsored by the American Dye Manufacturers Institute, 
Inc (ADMI 1974), more than 50 dyes were screened for toxicity to the 
single-celled green algae, Selenastrum capricornutum, and the fathead 
minnow (Pimephales promelas). This is probably the most comprehensive 
study yet performed in the United States to assess the potential haz- 
ards of dyes to aquatic life. We understand that a considerable data 
base on the environmental effects of dyes has been developed in Japan; 
however, we were unable to obtain the data in time for this report, 

The ADMI study showed that the basic dyes are generally more toxic 
than the acid or direct dyes. Table 16 shows that of 15 basic dyes 
tested, 13 inhibited the growth of 2. capricornutum by at least 80% at 
1 mg/liter in 7 days. All 5 of the basic dyes screened with minnows 
had 96-hour LC50 concentrations of less than 6 mg/liter, as shown in 
Table 17. Basic Green 4 and Basic Violet 1 had 96-hour LC5Os of less 
than 1 mg/liter. 

Some of the acid dyes exhibited relatively high toxicity to minnows. 
Most toxic of all 11 dyes tested were Acid Blue 113, Acid Green 25, 
Acid Black 7, and Acid Yellows 38 and 151. The 96-hour LC5Os for these 
dyes ranged from 4 to 29 mg/liter. 

Of the three kinds of dyes, direct dyes were the least toxic to 
minnows. Of 14 direct dyes tested, none had a 96-hour LC50 less than 
125 mg/liter, and most had LC5Os greater than 180 mg/liter. 
Blacks 3% and 80 inhibited algal growth by at least 80% at 10 mg/liter. 

Direct 
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The toxicity of dyes could berelated to chemical structure; how- 
ever, preliminary inspection of the structures did not reveal any obvious 
relationships. A more comprehensive evaluation is beyond the scope of 
this project. 

Effluent from the leather industry contains, among other substances, 
a mixture of dyes. We estimate that prior to treatment, the effluent 
contains about 22 to 56 mg/liter of total dyestuffs. 
determine how toxic this concentration range will be to aquatic organ- 
isms if it remains unchanged after treatment. The toxicity will depend 
on the kinds of dyes in the mixture and the interaction among the dyes 
and with other compounds in the effluent. We would expect the effluent 
to be acutely toxic to aquatic organisms if the mixture contained pri- 
marily basic dyes. 

It is difficult to 

Before a meaningful hazard evaluation of the effluent can be made, 
information would have to be obtained regarding the interactive effects 
of the various dyes in the mixture. Furthermore, only acute toxicity 
data have been generated to date; chronic toxicity data are also needed. 

We found only a limited amount of information on the bioaccumulation 
potential of dyes. We understand that this kind of information has been 
developed extensively in Japan. We do not anticipate high bioaccumulation 
potentials for the more polar dyes; however, since these dyes are used 
in the leather industry, and leather is composed primarily of proteins, 
some bioaccumulation is expected in aquatic animals. 

The log P (octanol-water partition coefficient values) for some azo 
dyes are relatively high, indicating high lipophilicity and therefore a 
tendency to bioaccumulate. For azobenzene, 4-aminoazobenzene, 4-dimethyl- 
aminoazobenzene, and 2-methyl-4-[(2-methylpheny1)azol benzenamide, the 
log P values are 3.82, 3.50, 4.58, and 4.24, respectively. Other non- 
polar dyes may have a high bioaccumulation potential also. 

Potential Human Health Effects 

Few toxicological studies with laboratory mammals have been per- 
formed on dyes specific to the leather industry; hence, no positive 
conclusions can be made concerning the impact of these dyes on human 
health. However, many of the dyes are aromatic amines, a class of com- 
pounds comprising a large number of suspected carcinogens. Other dyes 
possess diazo groups, which, if cleaved, could be converted to aromatic 
amines, Still others contain aromatic nitro groups that are character- 
istic of compounds with carcinogenic potential. 
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Dyes that have been shown to be carcinogenic in rodents include 
Basic Orange 2 and Direct Blue 14 (IARC, 1975). Information reported 
in the IARC Monograph indicates that Direct Blue 53 may be carcinogenic 
and teratogenic. 
Orange 20, but the data are inadequate for judging the potential of 
these dyes to produce cancer. 

Studies have been performed on Acid Red 2 and Acid 

ENVIRONMENTAL FATE 

There are few data on which to base an environmental fate assess- 
ment for dyes introduced into waters by the leather industry. This is 
due in part to the large number of dyes used, which may be complexed by 
any of several metal ion species either in the dyeing plant or later in 
the aquatic environment. The mixtures of dyes also contain impurities, 
which adds to the complexity of the assessment. Additionally, the in- 
dustry itself has had no facilities for determining the composition of 
the effluent streams. Most of the dyes used in the leather industry 
are protein-binding dyes and the waste streams in a tannery containing 
hair, flesh, trimmings, and other materials are high in protein and 
could be expected to bind many of the dyes and thus remove them from 
the stream. This process, however, would probably depend on the pH and 
chemical composition of the effluent stream. 

* 

Physical Properties 

No physical properties were available, in part probably because 
the impurities in dyes themselves make measurements of data question- 
able. From the general structure of various dyes, some of which contain 
phenolic, amine, sulfonic acid, and other ionic groups, these dyes 
should be moderately soluble in water; no quantitative information was 
found. 

Chemical Transformation 

Hydrolysis 

Dyes contain no common group that is subject to hydrolytic reactions. 
Some dyes do contain acetylated amine groups on aromatic rings, and such 
can be hydrolyzed at pH 7 at 2OoC with half-lives of a year or more 

* Ecological and Toxicological Association of the Dyestuff Manufactur- 
ing Industry (ETAD), based in Switzerland, apparently has data on 
the environmental fate of some dyes which may provide information. 
This information is being sought. 

47 



(Mabey and Mill, 1978). Since such reactions are slow, and only affect 
a minor part of the dye structure, hydrolysis should not be considered 
an important fate. 

Oxidation 

No information on the environmental oxidation of any dye was avail- 
able. 

Photolysis 

Porter (1973) has conducted photolyses of dyes in neutral water 
solutions. Most photolyses were performed using a carbon-arc light 
source, which partially simulates the wavelengths and distribution of 
the solar spectrum. The photolyses were followed by decreases in ab- 
sorbance at wavelengths in the visible region. The data were plotted 
by Porter as (concentration) versus (time); a straight-line plotted in 
this manner indicates a zero-order kinetic law behavior. Most of the 
plots were not linear, however, and showed curved lines, a few of which 

Photolyses were also conducted with the dyes Basic Green 4 and Direct 
Blue 76 in sunlight. The photolysis data for the sunlight and carbon- 
arc light experiements are summarized in Table 18. 

Meaningful half-life data cannot be obtained from this data since 
no coherent kinetic law behavior was found; this could have been due to 
a number of reasons, including the impurity of the dyes themselves with 
the compounds present reacting at different rates and possibly also with 
each other and/or products. The analytical method must also be respon- 
sible for the failure to get good kinetic plots for some dyes since 
only the total absorbance at a wavelength was measured, which included 
absorbances of the dye, impurities, and products. Moreover, since the 
leather dye process often uses metal ions other than those used in the 
textile processes, some photochemical rates may be different due to dif- 
ferent metal ions present; Porter's work used the textile dyes. Porter 
states that the carbon arc light gives photolysis rates that are at 
least 10 times faster than those in sunlight. Using this rough rule of 
thumb, and assuming that the photolysis rate varies linearly with light 
intensity, the amount of reaction indicated in Table 18 with the car- 
bon arc lamp corresponds to about 6 months of sunlight (at 12 hours of 
sunlight per day). As seen in Table 18, most dyes will be resistant 
to photodegradation with half-lives of at least a few months or more. 
It appears that the basic dyes are most photodegradable, the acid dyes 
are of varying reactivity, and the direct dyes are the least photoreact- 
ive. 
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Physical Transport 

Volatilization 

Volatilization should not be an important fate for dyes since they 
should be quite soluble in water and have low vapor pressures. 

Sorption by Particulate Matter and Biota 

Since dyes seem to have long half-lives in relation to other en- 
vironmental processes, sorption may be an important fate in spite of 
the expected moderate water solubility of the general class of dyes. 

Biodegradation in the Environment 

The amine and phenolic groups in many of the dyes suggest a poten- 
tial for facile aerobic biodegradation. However, our discussions with 
Dr. Samuel Boyd of Du Pont and Dr. J. J. Porter of Clemson University 
have led us to conclude that biodegradation is not rapid. One factor 
influencing the biodegradation may be metal ions that complex the vari- 
ous functional groups. In any event biodegradation rates are difficult 
to predict for any chemical in the aquatic environment since the season 
and characteristics of the discharge-receiving water will vary consider- 
ably and affect its biodegrading capability. 

The probable fate for dyes introduced into aquatic environments is 
to remain in solution in the water system, with sorption onto sediments 
and biota eventually occurring. Chemical processes or volatilization 
of dyes do not appear to be important fate processes for most dyes. 
Long-term biodegradation in sediment probably does eventually transform 
most dyes, but the absence of relevant data prevents quantitative evalu- 
ation of such -processes. 
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Very little information on biodegradation is available; hence, this 
appendix is primarily a discussion of the potential for dyes to biodegrade 
in biological treatment systems. 

Most of the dyes used in the leather industry contain sulfonic acid, 
sulfonamide, phenolic, and azo and/or nitro functions. 
attributed to the characteristics of the conjugated unsaturated struc- 
tures, and the dyeing characteristics are attributed to the binding ca- 
pacities of these compounds to the protein in the leather, particularly 
with the sulfonic acid functions. Proprietary mixtures are frequently 
used to obtain the desired colors. The preparation of these dyes fre- 
quently requires the use of chemicals that are considered toxic and some 
of the dyes must themselves be regarded as potential toxic substances. 
All living cells contain proteins in their wall membranes, and if stain- 
ing takes place, it indicates combination of the pigmented product with 
the protein. This may interfere with the physiological processes of the 
cell. Fortunately, not all products used in coloring are toxic and some 
are actually essential for physiological functions; such products include 
riboflavin, vitamin A and the carotenoids, the cytochromes, the heme pig- 
ments, chlorophyll, vitamin B analogues, and many other compounds. 
Other dyes are useful indicators of oxidation-reduction or pH and are not 
in themselves toxic. Sulfonates such as di-sodium-phenol-tetrabromophthalein 
disulfonate (Bromsulfalein) have been used in protein analysis because, 
under acid conditions, they readily precipitate proteins. 

Their colors are 

12 

There are biological counterparts to the above chemicals that contain 
enzymes that can reduce such chromophoric structures as azo, quinone, and 
nitro compounds; however, these enzymatic reactions are highly specific 
to the structures of susceptible substrates. If novel substrates are ex- 
amined for biodegradability or persistence, by aerobic or anaerobic proc- 
esses, periods of acclimation of a large microbial population are required, 
These are complex processes that are not adequately understood, but with 
some relatively simple compounds co-metabolism or diauvic growth phenomena 
have been observed. 
processes such as the transformations of R-NO 
can take place. 
reduced coenzymes from other oxidative processes. If the dyes used 

Even under seemingly oxidative conditions, reductive 
to R-NH 2 2 or R’Cl to R’H 

These reductions occur because of the availability of 
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in the leather tanning industry are decomposed, the nitro and azo functions 
are reduced to finally yield amino compounds. These amino compounds are 
then deaminated to form ammonium ions and the nitrogen is finally oxidized 
to nitrate. Aromatic nuclei are oxidized to catechols and the ring struc- 
tures are subsequently ruptured to yield products that are generally more 
readily metabolized. 

It is also possible that residual dyes in the wastewaters from dyeing 
processes may stain or combine to some extent with the organisms in an ac- 
tivated sludge plant, trickle filter plant, or anaerobic digestors, at con- 
centrations that do not seriously affect waste treatment organisms, and by 
this means dyes can be removed from the plant effluents. 

Fung and Miller (1973) studied the effects of 42 dyes on the growth 
of 30 bacteria in solid media, and it is apparent that the gram-negative 
bacteria they used were more resistant that the gram-positive bacteria. 
Biodegradation studies conducted in other laboratories and in SRI labora- 
tories have resulted in the development of enrichment cultures that con- 
tain mostly gram-negative bacteria, but gram-positive bacteria and fungi 
have also been found to be excellent degraders or transformers of some 
compounds. One of the problems the tanneries have to cope with is the 
sporadic use of some dyes, and if extensive acclimation periods are nec- 
essary to develop biodegrading flora to degrade the dyes, the degrading 
organisms are lost by microbial interaction and a fresh charge of a dye 
may not be decomposed. If the dye concentration is initially too high to 
facilitate the development of the necessary flora, the dye might even des- 
troy some of the existing organisms. 
material (e.g., proteins, particles, fats and oils) is present in the in- 
fluent to the treatment plant after the customary pretreatments, the resi- 
dence time of the dye in the treatment plant may not be sufficiently long 
if a diauxic phenomenon exists, or the dye may be recalcitrant by custom- 
ary parameters. 

If too much readily metabolizable 

The shortcomings of the 5-day BOD test are clearly discussed in pub- 
lications by Porter and Snider (1975, 1976). However, other factors may 
be involved because of the presence of fats, oils, surfactants, proteins 
and peptides that are present in larger amounts and are more rapidly me- 
tabolized than the dyes. 

J. V. Hunter (1973) studied the effect of dyes on aerobic waste treat- 
ment systems and concluded that 17 out of 46 dyes inhibited action of ac- 
tivated sludge in aerobic processes conducted in Warburg flasks with ac- 
tivated sludge, river water organic matter, and the dyes. This report 
did not imply that the processes had ceased, but it indicated that some 
activity continued at a reduced rate. Small samples and relatively high 
levels of dyes (25 mg/liter) were used in this work. With some dyes, 
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inhibition of digestion was observed only with sewage-dye-activated- 
sludge. In the same publication, Etzel and Grady (1973) reported that two 
anthraquinone dyes had strong enough activity to cause failures in labora- 
tory scale anaerobic digesters. 
liter . The dispersing agent Tamo-SN also had a similar acute effect. 
Other dyes showed some effects, but these were not sufficiently serious 
to cause disruption of the anaerobic processes. Decolorization was ob- 
served with all but two dyes. 

The concentration of dye added was 150 mg/ 

In an EPA report on leather tanning and finishing and numerous other 
publications, reference is made to the use of activated carbon to remove 
residual dyes and the problems of the application of such adsorption 
processes to tannery-plant effluents containing other products that inter- 
fere with color removal. If tannery effluents with dye are highly diluted 
with municipal wastewaters, it is possible that they are eliminated by 
adsorption on activated sludge and may escape attention because of this 
high dilution. 

The current literature reviewed in this brief survey is too indefinite 
to form a basis for a conclusion on the best procedures to handle dyes 
present in tannery wastes. Longer biological treatment periods, or re- 
cycling trickling filter units for specific dyes may improve some of the 
current biological treatment facilities. It may also be necessary to 
treat effluents more extensively or to change some processes or chemicals 
before activated carbon can be economically and efficiently used. A more 
extensive literature and field analysis is necessary and experimental 
verification of control technology will undoubtedly be required. 
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