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ABSTRACT 

The compound p-(2-hydroxyethylsulfone)aniline was isolated 

from a reduced solution of a fiber-reactive azo dye. The 

identity and purity of this product was assessed through 

elemental composition analysis, high performance liquid 

chromatography (HPLC), gas chromatography/mass spectroscopy 

(GC/MS), and nuclear magnetic resonance spectroscopy (NMR). 

The toxicity of this purified compound was measured with 

Microtox and Daphnia pulex tests. Microtox tests were also 

performed on compounds with similar structures to 

p- (2-hydroxyethylsulfone) aniline. 

Wastewater samples containing textile dye wastes from a 

Publicly Owned Treatment Works (POTW) that treated textile 

dye wastes were monitored for the presence of 

p-(2-hydroxyethylsulfone)aniline using HPLC. Microtox 

testing was performed on these samples.



Analytical tests confirmed the identity and purity of 

p-(2-hydroxyethylsulfone)aniline as the reduced product. 

Microtox tests revealed the concentration at which 50% of 

the light output was reduced (EC,,) after 5 minutes of 

exposure was 12.8 mg/L. Daphnia pulex testing yielded the 

concentration which was lethal to 50% of the tested 

organisms (LCyy) to be 113 mg/L. The 5 minute Microtox EC, 

values of aniline, sulfanilamide, 2-hydroxyethylsulfone, and 

4-ethylaniline were 106.7, 8.15, >80, and 2.05 mg/L, 

respectively. 

The reduction product, p-(2-hydroxyethylsulfone)aniline, was 

not detected in textile-containing wastewater from the 

Martinsville POTW. The Microtox EC, for this wastewater 

ranged from 6.05 to >75 mg/L.
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CHAPTER I. INTRODUCTION 

Reactive azo dyes are abundant in the textile industry due 

to their resiliency to degradation. This property can be a 

particular nuisance in that azo dye wastes can cause color 

to be present in wastewater treatment plants’ effluents. 

Fiber reactive azo dyes with vinyl sulfone reactive groups 

are widely used in the textile industry. 

This project concentrated on developing suitable methods for 

isolating and characterizing the reduced dye product 

p-(2-hydroxyethylsulfone) aniline (Figure 1). This compound 

is a common reduction product of fiber reactive azo dyes 

with vinyl sulfone reactive groups. Its presence has been 

detected in textile wastewater from a textile dyeing plant 

in Martinsville, VA and in undigested wastewater sludge from 

the POTW in Martinsville, VA (1,2). Therefore, the ; 

potential for this compound to enter the environment exists, 

and it is important to gain information regarding its 

toxicity, especially with regards to aquatic organisms. 

The compound was obtained through the conversion of Reactive 

Orange 16 and Reactive Black 5 to their 2-hydroxyethyl 

sulfone forms followed by reduction of the azo



NA 

HOCH,CH,SO, 

Figure 1 -- Structure of p-(2-hydroxyethylsulfone) aniline 
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bond. The product of interest was then extracted from the 

reduced solution, concentrated, and crystallized. The 

crystals were purified by dissolving in methylene chloride 

and eluting through an HPLC column. The fractions collected 

were again concentrated, and the product recrystallized. 

The identity of p-(2-hydroxyethylsulfone)aniline as the 

purified crystals was confirmed with HPLC, GC-MS, Elemental 

Composition Analysis, UV-Vis Spectrophotometry and NMR 

Spectroscopy. 

Microtox and Daphnia pulex toxicity tests were performed on 

the purified reduction product. Microtox testing involved 

the addition of potentially toxic solutions to a solution 

containing photoluminescent bacteria. The light output of 

the bacteria was decreased as a result of the toxicity of 

the sample. Aside from testing p-(2-hydroxyethylsulfone) 

aniline, Microtox analysis was performed on solutions of 

aniline, 2-hydroxyethyl sulfone, 4-ethyl aniline, and 

sulfanilamide. These compounds were tested to gain insight 

into which portion of p-(2-hydroxyethylsulfone) aniline 

molecule influences its toxicity. 

Daphnia pulex testing was performed at Biological Monitoring 

Institute in Blacksburg, VA. This involved the observation 
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of surviving organisms after 0, 24, and 48 hours of exposure 

to a solution of the toxicant. 

Samples taken from the Martinsville, VA POTW were monitored 

to detect the presence of p-(2-hydroxyethylsulfone) aniline. 

Samples were taken from the following areas: raw influent, 

thickener effluent, final effluent, and sediment from the 

discharge stream. The samples were extracted and the 

extracts analyzed by HPLC. Four sets of samples were taken 

during the summer of 1993. These samples were also tested 

for toxicity using Microtox. 

Wastewater samples were also collected from a textile dyeing 

plant located in Virginia. These samples had undergone 

various pretreatment schemes and were Microtox tested. HPLC 

analysis was also performed on these samples to detect the 

presence of p-(2-hydroxyethylsulfone) aniline. 

The objectives of this research were threefold: 

1.) Isolate and characterize the reduced dye product p-(2- 

hydroxyethylsulfone) aniline. 

2.) Determine the toxicity of p-(2- 

hydroxyethylsulfone) aniline through Microtox and Daphnia 

pulex testing. 

3.) Monitor textile-containing wastewater for the presence 
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of p-(2-hydroxyethylsulfone) aniline and to test its toxicity 

with Microtox.



CHAPTER II. LITERATURE REVIEW 

Introduction 

Natural pigments have been used in society as far back as 

prehistoric times. Ancient Egyptian hieroglyphics depict 

the extraction of dyes from natural sources (3). In 1856, 

William Perkins, a young English chemist, serendipitously 

synthesized a violet dye through the oxidation of a mixture 

of aniline bases (3). This event was the beginning of the 

synthetic dye industry. Since then, numerous experiments 

have been performed bearing the result of thousands of 

commercial dyes on the market today. 

At the time of this writing, dyes comprise a large portion 

of the synthetic organic chemicals produced in the world. 

Therefore, a rising concern over the disposal and fate of 

dye wastes and their byproducts is warranted. One estimate 

suggests that 12% of synthetic dyes are lost as wastes each 

year and that 20% of this waste eventually enters the 

environment (4). 

Dyes, which are perceived by the human eye, reflect light in 

the visible region of the electro-magnetic spectrum. The 

visible region is from 400 nanometers (nm) to 800 nn. 

"White light", which is all light which the human eye can 
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see, can be defined as the radiation comprised of all of the 

wavelengths from 400 nm to 800 nm. When white light is 

shone upon a substance, some of the light is absorbed by the 

molecule and some is reflected. The human eyes recognizes 

the light that is reflected. 

Classification of Dyes 

Two categories exist to classify dyes. One is based on the 

chemical structure of the dye molecule. Examples of this 

include azo, anthraquinone, nitro, and acridine dyes. The 

second category groups dyes according to their area of 

application. Examples of this include acid, direct, 

disperse, and reactive dyes. Often a dye will be described 

using more than one categorical term. Fiber reactive azo 

dye. is an example of such a description. 

Chemistry of Azo and Reactive Dyes 

Azo dyes are compounds that contain a nitrogen-nitrogen 

double bond (3). The double bond usually serves to connect 

aromatic systems. An azo dye can have one or more azo 

bonds. Thus the terms monoazo, disazo, trisazo, and polyazo 

are frequently encountered. Due to the large number of azo 

dyes and the vast amounts produced, azo dyes are the largest 

class of dyes in the world today (2).



The synthesis of azo dyes is a two-step process. The first 

step, diazotization, occurs when a primary aromatic amine is 

acted upon by an aqueous solution of nitrous acid. The 

reaction occurs as follows: 

H* + ArNH,+ HNO, --> ArN=N* + 2 H,O 

The basicity of the primary aromatic amine influences the 

ease of diazotization. Electron withdrawing substituents on 

the primary aromatic amine decrease the basicity of the 

molecule, thus the diazotization reaction is hindered. 

The second step in the synthesis of azo dyes is diazo 

coupling. In this reaction the weakly electrophilic 

diazotized compound is coupled to an aromatic nucleophile. 

The reaction occurs as follows: 

ArxX' + ArN=N* --3 X'ArN=NAr* 

where X' is a strong electron donating group such as -OH or 

~NR, . 

Reactive dyes are colored compounds which are capable of 

forming a covalent bond with a substrate (5). Fiber 

reactive dyes covalently bond with fibers. Many structural 

types of reactive dyes exist such as azo, acrylamido, 

chloropyridazinyl, bromoacetyl, and vinylsulphonyl. The 

focus of this research was on the properties of fiber



reactive azo dyes with vinylsulfone substituents. 

Hoechst Celanese markets a line of fiber reactive azo dyes 

under the commercial name of Remazol (1). The reactive 

group on Remazol dyes is stored as the sulfate ester of 

hydroxyethylsulfone. This substituent reacts under basic 

conditions to form a vinyl sulfone group. The vinyl sulfone 

group forms a covalent bond with hydroxyl groups on 

cellulose to dye cotton. A hydrolysis reaction competes 

with the dye reaction. During the dyeing of cotton, the 

vinyl sulfone group may react with water and convert toa 

hydroxyethylsulfone group. The process is represented in 

Figure 2 (1). 

Fate of Dyes in the Environment 

Due to the competing hydrolysis reaction for the azo dye, 

wastewater containing the hydroxyethylsulfone form of the 

dye is produced at textile dyeing plants. Textile 

wastewater also contains spent dye solution and surfactants, 

wetting oils, and inorganic salts which are used to improve 

fixation of dye to fabric. Textile wastewater is typically 

basic due to the addition of sodium hydroxide to ionize the 

hydroxyl groups on cellulose. Very few textile plants have 

on-site treatment, and most textile wastewater is pumped to 

municipal sewage treatment plants where it can cause 
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Ether linkage to eA 

R-SO,CH,CH,70-Celiulose 
OH” 

R-S0,CH,CH,0S0;-——>R-S0, CH=CH,   

Parent dye Vinyl! sulfone form : 
Hydrolyzed form 

  

Reactions of Remazol Group 

(from Bell, 1993) 

Figure 2 -- Reactions of the Remazol group. The 

sulfatoethylsulfone form reacts at high pH to form a 

vinylsulfone group, which can from an ether linkage 

with cotton or undergo hydrolysis (1). 
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problems such as color and toxicity. Due to the resistance 

of dyes to degradation of light, detergents, and solvents, 

they are typically difficult to treat using conventional 

sewage treatment methods. The fate of dye wastes have been 

studied with regards to treatment and ultimate discharge 

into the environment. In a study by Miyamoto and Tram (6), 

the sorption of a dispersed monoazo dye to sand and soil was 

evaluated. Dye solutions were eluted through columns of 

sand and soil. The influent and effluent solutions were 

monitored for color. They report "... at least two 

mechanisms are operating in removing dye from percolating 

solutions: sorption and filtration." (6). The results of 

that study indicate that sand beds are a viable option for 

color removal of dye wastewater. Weber and Wolfe (7) 

studied the reduction of several aromatic azo compounds in 

anaerobic sediment/water samples. In this experiment, 

anaerobic sediment samples were spiked with dyes and the 

rate of reduction of the azo compounds was monitored. The 

azo dyes were found to degrade easily. Weber and Wolfe (7) 

state, "The reduction process appears to be an abiotic 

‘surface-mediated reaction." The results of this study are 

encouraging in that the reduced dyes have less color than 

the parent dye, but it is not clear as to whether the 

reduction products are more or less toxic than the parent 

dyes. 
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Maguire et al. (8) monitored the occurrence of dyes in the 

Yamaska River during a three year interval. The sampling 

points were located downstream from an industrial area which 

included a few textile mills. The river had previously been 

anoxic on occasion. Three dyes were positively identified 

in the river and twelve more dyes were tentively identified 

during the first two years of the study. Also 2-bromo-4,6- 

dinitroaniline, a mutagenic degradation product of Disperse 

Blue 79 dye, was present in sediment samples from the river 

during the first two years of the study. Some sediment 

extracts contained pigments which are suspect to be reduced 

dye products. No evidence of dyes was found in extracts of 

fish from the river. After the first two years of this 

research, no evidence of dyes was found in water, sediment, 

or fish extracts. The authors felt that this was attributed 

to the installation of sewage treatment plants along the 

river (8). 

Another study by Weber et al. (4) monitored the vinyl 

sulfone and the hydrolyzed form of an azo dye in a textile 

mill effluent, and in the sewage treatment effluent after 

treating the textile wastewater. Only the vinyl sulfone 

form was found in the sewage treatment effluent. The 

hydrolyzed form was completely degraded in sewage treatment. 

However, there were compounds in the treated wastes that 
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were not present in the untreated wastes. These additional 

compounds could possibly be dye degradation products. 

One area of concern is the possibility of bioaccumulation of 

dyes in the aquatic environment if they are released through 

incomplete treatment of textile wastes. Michaels and Lewis 

(9) found that four of five tested dyes sorbed to microbial 

cells. However, other studies have shown that most dyes do 

not tend to bioaccumulate due to the tendency to aggregate 

in solution (6,10). 

Another area of research involves the biodegradation of 

dyes, especially with regards to activated sludge treatment. 

Many studies have shown that dyes tend to sorb onto sludges 

(11,12,13). A study by Hu (14) concluded that bacteria, 

especially aeromonas sp., can biodegrade dyes with as much 

as 60% removal of specific dyes. Gardner et al. (15) 

studied C.I. Disperse Blue 79 and select biodegradation 

products in activated sludge and anaerobic sludge digestion. 

They found that "No significant biodegradation of C.I. Blue 

79 occurred in the activated sludge system." However, up to 

97% removal occurred after anaerobic digestion (15). Ina 

paper by Dohanyos et al. (13), the following conclusions 

were made with regards to removal of dyes by activated 

sludge: 
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"1.) Sludge removal of dyes is a physico-chemical process 

which differs from treatment of municipal wastes. 

2.) Dye properties such as structure, substituents, and 

molecular weight affect removal. 

3.) Sludge properties such as surface area and 

electrokinetic potential affect dye removal. 

4.) The percent removal is directly proportional to the 

amount of sludge produced." 

It has been shown that dyes with sulfo groups are especially 

difficult to degrade (16). At the time of this writing, 

there is a proposal to the EPA suggesting that the 

concentration of sulfones in discharges be regulated due to 

their toxicity (18). 

Detection of Dyes and Their Degradation Products 

The analytical method of choice for detecting dyes and their 

degradation products appears to be high performance liquid 

chromatography (HPLC). Gas chromatography (GC) does not 

work well when monitoring for sulfonated dyes due to their 

high polarity and thermal lability (1). Liquid 

chromatography can efficiently separate highly polar 

compounds, and it is designed to detect nonvolatile 

compounds. Mass spectrometry (MS) coupled with HPLC has 

been used to confirm the identity of dyes and their 
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degradation products (1,2,15,17). 

Liquid chromatography has been used to monitor dye 

degradation and sorption onto sludge, identify dyes and 

their reduction products in water and wastewater samples, 

fractionate textile wastewater components to determine the 

toxic fractions, and to monitor the kinetics of reduction of 

aromatic azo compounds in anaerobic sediment/water systems 

(13,1,17,7). Weatherall (19) employed mixed mode HPLC to 

analyze some sulfonated azo dyes. Mixed mode HPLC utilizes 

anion exchange and reverse phase chromatography to deal with 

hydrophobic and ionic compounds. The premise of this study 

was that the resolution of highly polar dyes was poor and it 

would require acidic or ion pair solvents which could 

shorten the life of a column. It was found that all of the 

eight dyes in the test mixture could be resolved, but this 

required stringent pH adjustments. The retention times were 

still long, with tailing on the last peaks. 

Spectrometric methods have also been employed for detection 

of dyes (6,9,13,14). This method is suitable when 

information about the structure or presence or absence of 

specific dyes and their degradation products is not 

required. 
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Toxicity of Dye Wastes 

There is an increasing concern over the ecotoxicity of dye 

degradation products which may end up in the discharge from 

treatment plants. Studies have shown that azo dyes are 

relatively nontoxic to biological systems (21). However, 

little is known about the toxicity of specific dye 

degradation products. Ganesh (12) reports, "Since azo dyes 

are reported to be relatively nontoxic at the concentrations 

they are found in the environment, their impact on the 

environment depends on their degradation potential." 

In one study by Anliker (21), 4500 dyes were tested on rats. 

The LD,.’s from this study were relatively high, suggesting 

that the dyes were relatively nontoxic to rats. Another 

study by Anliker (21) leads to the conclusions that most azo 

dyes were only slightly toxic to fish, and that they did not 

tend to accumulate in fish. 

The concern over the toxicity of dye degradation products 

has been addressed in many papers (17,4,12,9). Michaels and 

Lewis (9) report: "Other industrial wastes, such as textile 

dyes, that are present in significant concentrations in many 

environmental waters have been neglected, to a large extent 

because the dyes are often composed of mixtures of compounds 
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that have unknown or unpublished chemical structures." A 

degradation product of Disperse Blue 79, 2-bromo-4,6- 

Ginitroaniline (BDNA) has been identified as a mutagen (8). 

This product was found in sediments of the Yamaska River 

(8). The production of aromatic amines from the reduction 

of azo dyes has "provided the impetus for the study of the 

metabolism of azo dyes", according to Weber et al. (4). 

Another study showed that a disperse fluorescent whitening 

agent tends to bioconcentrate in fish (10 quoting Jensen and 

Petterson). 

Studies have been conducted in order to determine the 

relative toxicity of untreated versus treated textile wastes 

(11,22,23). Scharf (23) concluded that untreated wastes 

were more toxic than treated wastes to a number of organisms 

including Daphnia magna and several bacterial strains. That 

study also showed that "surfactants were the major toxic 

substances in textile wastewaters" (23). Kolb et al. (22) 

studied the response of Microtox, Daphnia magna, and the 

Ames test to colored and decolorized textile wastewaters . 

The results were negative for toxicity and mutagenicity when 

the decolorized wastewater was tested. Loyd (11) had 

Ceriodaphnia dubia toxicity tests performed on textile 

wastes and municipal wastes containing textile wastes after 

anaerobic, aerobic, and a combination of anaerobic/aerobic 
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treatments. The combination anaerobic/aerobic treatment 

produced the least toxic effluent. The aerobic treatment 

alone produced a less toxic effluent than the anaerobic 

treatment alone. 

Microtox 

The Beckman Corporation (Carlsbad, CA) introduced the 

Microtox test in order to provide a quick, easy, and 

economical alternative bioassay in response to the growing 

concern about hazardous wastes in the environment. The 

Microtox test is based on the luminescent bacteria 

Photobacterium phosphoreum. The light output of the 

bacteria is generally decreased when contact with a toxicant 

occurs. The light output of the bacteria is measured before 

and after the addition of a potential toxicant. The 

Microtox test has the following advantages over other 

bioassays: ease of operation, uniform sampling population, 

rapid tests, and low cost. The bacteria are cultured at 

Microbics Corporation (formerly Beckman), and freeze-dried 

for storage until use. The procedure given by the Microtox 

Manual involves adjusting the osmolality of the sample to 

above 2% with NaCl, making 4 dilutions with a NaCl solution, 

and adding reconstituted bacterial reagent to the sample 

(24). Light readings are obtained at 0, 5, 15, and 30 

minutes after the addition of the bacteria. The results of 
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the Microtox test are reported as the effective 

concentration at which 50% of the light output of the 

bacteria is decreased (EC,)). Slightly toxic compounds are 

sometimes reported as EC, or EC, values. 

The conditions for the Microtox test have been widely 

studied (25-28). The results from these studies indicate 

that a standard protocol is needed in order to homogenize 

Microtox data for specific compounds. Ghosh and Doctor (25) 

experimented with the conditions for Microtox testing of 

phenol. The results were: 1.) the optimum pH is 6.7, 2.) 

an increase in temperature caused an increase in ECy, 3.) an 

increase in incubation time caused an increase in EC,, and 

4.) use of aged bacterial reagent caused an increase in EC,. 

These results were confirmed by Vasseur et al. (27) ina 

study which concluded that these factors (pH, temperature, 

incubation time) must be reported because they can change 

the results of a test. Tarkpea and Hanssen (26) suggested 

that for relatively nontoxic samples, a 100% method should 

be employed rather than the 2:1 serial dilution method given 

in the Microtox Manual (24). The 2:1 serial dilution method 

results in the first sample point to be at 45% of the 

original concentration. Having this point at 100% of the 

original concentration would allow the operator to report an 
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EC,, for dilute (nontoxic) samples. Another factor which has 

been studied is the adjustment of the sample with Nacl. 

Adjusting the sample with NaCl may influence the 

bioavailability of the metals in the sample, thus rendering 

a result which is not accurate. It has been suggested that 

sucrose replace the use of NaCl in the Microtox test 

(28,29). Hinwood and McCormick (28) suggested that since 

salt adjustment alters the matrix of the sample, dilutions 

with the receiving effluent for samples which will 

eventually be discharged is better. Another study looked at 

the addition of solvent to insoluble samples with regards to 

Microtox testing (26). The results suggested that the 

addition of small amounts of acetone, dimethylsulfoxide, or 

propylene glycol to aid in the solubilizing of a sample 

would not influence the results substantially. 

Microtox has seen uses in analyzing many types of samples. 

A compilation of the Microtox results for 17 compounds is 

shown in Table 1 (30). Kross et al. (32) tested the 

toxicity of pesticides and their degradation products. In 

some instances the products were more toxic than the parent 

compounds. Another study examined the toxicity of 

disinfection-by-products from ozone treatment of water (33). 

It was concluded that the toxicity to organics increased 
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with chain length. Microtox has also been used to monitor 

the success of degradation and remediation reactions in 

groundwater systems (34-36). The quality of natural waters 

has been tested using Microtox (39-41). 

Daphnia Testing 

The use of Daphnia testing for the determination of the 

toxicity of specific compounds and complex effluents is an 

EPA Standard Method (42). The U.S. Environmental Protection 

Agency requires that the results of Daphnia tests yield a 

zero percent mortality from 48 hours of exposure before a 

potential toxicant can be discharged into the environment. 

Daphnia testing is routinely performed to determine the 

toxicity of various types of industrial and municipal 

wastes, including textile wastes. A study by Canton (43) 

showed that Daphnia tests were reproducible, even between 

laboratories. Highly colored effluents can interfere with 

Daphnia tests due to limited visibility of organism 

response. The main drawback to Daphnia testing is that it 

requires several days to culture the organisms, and several 

more days to complete the toxicity test. 

Comparison of Microtox to Daphnia and Other Bioassays 

Microtox has been compared to a number of standard bioassays 

in terms of correlation, and as a comparison with 
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Table 1 
The Toxicity of 17 Chemicals (mg/L) as Determined by 

Microtox and Daphnia. 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

                  

Compound Microtox ECs, Daphnia LC, (48hr), 
mg/L ng/L 

“5 “15 “D. “D. “D. 
minute | minute | pulex | cucu- magna 

llata 

Mercuric chloride | 0.044 0.032 0.003 | 0.0032 | 0.0031 

Cadmium nitrate 1070 218 0.14 0.20 0.047 

n-Propanol 17700 18400 3025 5820 7080 

n-Heptanol 14.5 19.9 49 84 70 

Ethylacetate 5160 5870 262 164 717 

Ethylpropionate 612 811 70 45 168 

Acetone 22270 28940 8800 7635 12700 

Trichloroethylene | 156 115 45 57 65 

Allylamine 19.9 16.3 34 28 40 

Aniline 425 488 0.10 0.68 0.55 

Benzene 214 238 305 373 426 

Pyridine 2590 2120 575 2470 1350 

o-Cresol 20.7 15.4 9.6 16.4 15.7 

Salicylaldehyde 16.3 14.3 5.4 5.5 4.4 

Pentachlorophenol 0.94 0.76 2.0 1.5 0.48 

Ammonia (total) 3607) | ween | etc | moon 129 

Cyanide 13.30 | weer | wer nn | ----- 6.1 

* From Munkittrick and Power (46). 

** From Canton and Adema (43) 

22



sensitivity. A comparison of Microtox and Daphnia data are 

shown in Table 1. Some compounds, such as cadmium nitrate 

showed a markedly higher toxicity to Daphnia than to 

Microtox. Other compounds, such as acetone, reveal similar 

LC,, and EC, responses. One study compared the response of 

Microtox and Daphnia to linear alkyl benzene sulphonates 

(44). It was concluded that the strength of the response 

for both tests was directly proportional to chain length. 

Calleja et al. (45) compared Microtox to Daphnia magna for 

determining the toxicity of hazardous wastes and found that, 

"In general, a good agreement in toxicity assessment between 

Microtox and D. magna test has been found, but the latter is 

more sensitive than the Microtox, this difference greater 

with pesticides than metals." This was confirmed in another 

study which concluded that Ceriodaphnia dubia is more 

sensitive than Microtox to biologically-treated municipal 

wastewater (46 quoting Koopman). Another study suggested 

that although Microtox is not as sensitive to municipal 

wastes as Ceriodaphnia, it can be used for screening for 

toxicity problems (47). Logue et al. (48) found Microtox to 

be useful when used in conjunction with Daphnia pulex for 

screening industrial wastewaters. Santiago et al. (49) used 

Daphnia magna and Microtox to assess the toxicity of 

suspended sediments, concluding that a battery of tests is 
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required for an ecotoxicological assessment. Ina 

comparison of Microtox to Daphnia, rainbow trout, fathead 

minnows, the author concludes, "The results of this study 

suggest that despite considerable variability and 

differences in the relative sensitivity of Microtox and 

other acute lethality tests, the Microtox assay appears to 

be the best choice for rapid assessment (presence or 

absence) of toxicity of diverse environmental samples." 

(45). Another study compared Microtox to Nitocra spinipes 

and found good correlation for complex effluents (50). 

Chang et al. (51) compared Microtox EC, results to rat and 

fish acute toxicity data (LC,) and was able to report 

correlation coefficients as high as 0.9 for rats and 1.0 for 

fish. 

General Comments 

After a comprehensive search through OnLine Chemical 

Abstracts and Beilstein, it was determined that the only 

published reference to p-(2-hydroxyethylsulfone)aniline is 

in the Wiley Library of Mass Spectral Data. Thus the first 

objective of this research was to successfully isolate and 

purify this compound. 
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CHAPTER III. METHODS AND MATERIALS 

In this chapter details will be given of the methods 

employed to synthesize, isolate, and characterize the 

compound p-(2-hydroxyethylsulfone) aniline. Specific details 

regarding the sampling and monitoring of textile-containing 

wastewater with emphasis on detecting the presence of p-(2- 

hydroxyethylsulfone)aniline are also included. 

Experimental Design 

The isolation of p-(2-hydroxyethylsulfone) aniline was 

achieved through the reduction of a fiber-reactive azo dye. 

This was followed by a series of extractions which separated 

p-(2-hydroxyethylsulfone)aniline from the other reduction 

products. 

The purified compound was characterized using HPLC, GC/MS, 

NMR, and elemental composition analysis, melting point 

determination, and UV-Visible Spectrometry. 

Toxicity studies on the reduction product p-(2- 

hydroxyethylsulfone) aniline were performed in order to 

assess the concentration at which this compound would be 

hazardous to the health of aquatic organisms. Microtox 

testing was performed on a 100 mg/L solution of p-(2- 
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hydroxyethylsulfone)aniline in order to calculate an EC,. 

Aside from testing p-(2-hydroxyethylsulfone) aniline, 

Microtox analysis was performed on solutions of aniline, 2- 

hydroxyethyl sulfone, 4-ethyl aniline, and sulfanilamide. 

These compounds were tested to gain insight into which 

portion of p-(2-hydroxyethylsulfone) aniline molecule 

influences its toxicity. Daphnia pulex tests were performed 

on p-(2-hydroxyethylsulfone)aniline in order to generate an 

LCs, value. 

Wastewater samples from Martinsville, VA POTW were monitored 

via HPLC to determine the concentration of this compound 

present. Sediment from Martinsville, VA was also analyzed 

with HPLC in order to detect the presence of p-(2- 

hydroxyethylsulfone)aniline. A schematic of Martinsville 

POTW is shown in Figure 3. 

Microtox testing of Martinsville wastewater was performed in 

order to be able to correlate the toxicity of the wastes to 

the presence of p-(2-hydroxyethylsulfone) aniline. 

Wastewater samples of Navy 106 washwater were also collected 

from a textile dyeing plant located in Virginia. These 

samples had undergone various pretreatment schemes employing 
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biological reactors and were Microtox tested. HPLC analysis 

was also performed on these samples to detect the presence 

of p-(2-hydroxyethylsulfone) aniline. 

Sample Collection and Preparation 

Wastewater and sediment samples were collected from the 

Martinsville POTW on the following dates; May 27, July 20, 

August 19, and September 22, 1993. Figure 3 shows the 

schematic of Martinsville, VA POTW. The Martinsville POTW 

treats approximately 6.1 million gallons per day (MGD) of 

wastewater. Approximately 75% of the influent is 

industrial, with 50% of that from textile dyeing plants. 

Treatment consists of screening, primary clarification, 

extended aeration/activated sludge, polymer addition, 

secondary clarification, chlorination, and dechlorination. 

The sludge from the secondary clarifiers is either recycled 

to the aeration basin, or it is gravity thickened, digested, 

dewatered on a belt filter press, and finally disposed of in 

a municipal landfill. 

Sampling points were: 1.)untreated influent wastewater, 

2.)thickener effluent, 3.)final effluent, and 4.)sediment 

collected from the Smith River below the discharge pipe for 

the POTW. The sediment was collected from a depth of 

approximately ten inches on the shore at the water line 
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about ten feet from the discharge pipe. Samples were 

transported in amber glass bottles in a cooler. They were 

stored in a refrigerator at 4°C to await analysis. 

The samples were denoted in the following manner; 

M1-1 --~-- Raw influent collected on May 27, 1993 

M1-2 --- Thickener effluent collected on May 27, 1993 

M1-3 --~ Final effluent collected on May 27, 1993 

M1-4 --- Sediment collected on May 27, 1993 

The rest of the samples are named in the same fashion with 

the first number denoting the sampling trip, and the second 

number denoting the sampling point. 

Chemicals and Reagents 

The following chemicals and reagents were used in this 

project: 

Reactive Black 5 [17095-24-8]-- Aldrich Chemical Co., 

Inc. (Milwaukee, Wisconsin) 

Reactive Orange 16 [12225-83-1]-- Aldrich 

4-Ethyl aniline (C,H;NH,CH,CH,) [589-16-2]-- Aldrich 
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Aniline (C,H,NH,) [62-53-3]-- Aldrich 

2-Hydroxyethylsulfone (OHCH,CH,SO,) [2580-77-0]-- Chem 

Service (West Chester, PA) 

Sulfanilamide (63-74-1]-- ACS Certified from Fisher 

Scientific (Pittsburgh, PA) 

Anhydrous Sodium Sulfate (Na,SO,) [7757-82-6]--ACS 

Certified from Fisher Scientific 

Ammonium Acetate (CH,COONH,) [631-61-8]-- ACS Certified from 

Fisher Scientific 

Sodium hydrosulfite (Na,S,0,) [7775-14-6]-- Technical Grade 

from Fisher Scientific 

Sodium hydroxide (NaOH) [1310-73-2]-- ACS Certified from 

Fisher Scientific 

Ammonium hydroxide (NH,OH) [1336-21-6]-- ACS Certified from 

Fisher Scientific 

Methanol (CH,OH) [67-56-1]-- HPLC Grade from Fisher 

Scientific 

Methylene chloride (CH,Cl,) [1665-00-5]-- Optima Brand from 

Fisher Scientific 

Hydrochloric Acid (HCl) [7647-01-0]--ACS Certified from 

Fisher Scientific 

Glacial Acetic Acid (CH,COOH) [64-19-7]--ACS Certified from 

Fisher Scientific 

Microtox Reagent-- Microbics Corporation (Carlsbad, CA) 
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Microtox Diluent-- Microbics 

Microtox Osmotic Adjusting Solution-- Microbics 

General Laboratory Procedures 

All glassware was prepared by thoroughly washing with soap 

and water, rinsing three times with tap water, and rinsing 

three times with distilled water. All GC-MS and HPLC 

samples were stored in 2 mL amber glass vials with teflon 

lined crimp caps. All wastewater and sediment samples were 

stored in 1 liter (L) amber glass bottles with teflon lined 

caps. Crystals of p-(2-hydroxyethylsulfone)aniline were 

stored in small glass vials with teflon lined caps. Teflon 

tape was used around the caps to prevent contamination. The 

vials containing crystals were stored in a desiccator at 

room temperature. 

Synthesis and Isolation of p-(2-hydroxyethylsulfone) aniline 

Synthesis of p-(2-hydroxyethylsulfone) aniline 

The reaction is shown in Figure 4. Approximately 10 g of 

Reactive Black 5 or Reactive Orange 16 were dissolved in 100 

mL of distilled water in a 500 mL round-bottom flask. The 

pH of the solution was adjusted to 11 with 10N NaOH. The 

solution was then refluxed for three hours using a heating 

mantle and a distillation column with a water jacket. 

Porcelain boiling chips were added to avoid bumping. After 
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three hours of reflux at approximately 100° C, the solution 

was allowed to cool to room temperature. The pH was then 

adjusted to 7 with 1N HCl. At this point the solution was 

dark blue (or dark orange if Reactive Orange 16 was used) 

and contained the hydrolyzed vinyl sulfone form of the dye. 

Next the solution was transferred to a 1L bottle. The 

round-bottom flask was rinsed with distilled water until the 

rinsate came off clear. This was added to the 1 liter 

bottle. Solid sodium hydrosulfite (approximately 15 g) was 

added to the solution until a color change was noted. The 

Reactive Black 5 solution changed from dark blue to dark 

brown, and the Reactive Orange 16 solution changed from dark 

orange to amber. At this point the solution was reduced and 

contained p-(2-hydroxyethylsulfone) aniline. 

Isolation of p-(2-hydroxyethylsulfone) aniline 

The reduced dye solution pH was adjusted to 2 with 

concentrated HCl and was extracted with 2-100 mL portions of 

methylene chloride. The water portion from this extraction 

was raised to pH 11 with ammonium hydroxide (NH,OH) and 

extracted with 2-100 mL portions of methylene chloride. The 

organic portion of this basic extraction was concentrated to 

approximately 2 mL using a Bucchi R110 RotoVapor (Brinkmann 

Instruments, Westbury, NY) and refrigerated overnight. A 
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yield of approximately 50 mg of crystals formed. The 

crystals were filtered through a Whatman 7.0 cm #2 filter 

paper and washed with approximately 50 mL of cold methylene 

chloride. 

Purification of p-(2-hydroxyethylsulfone) aniline 

High performance liquid chromatography with diode array 

detection was used to separate and identify the reduction 

products based on their UV-Visible spectra. The analytical- 

scale liquid chromatography was performed on a Hewlett- 

Packard (Avondale, PA) 1090 Liquid Chromatograph with Diode 

Array Detection (DAD) set to generate a UV-Vis spectra 

between 200 nm and 600 nm for each peak. A reverse phase 

chromatography program developed by C. Bell (1) was employed 

using a methanol/ acetate buffer solution as the mobile 

phase. The acetate buffer was prepared by mixing a 20 mM 

ammonium acetate solution and a 20 mM acetic acid solution 

until pH 5.0 was achieved. The chromatography conditions 

were as follows: 

Column: Alltech Adsorbosphere C18 5ym 250 mm x 4.6 mm 

Guard Column: Alltech Adsorbosphere C18 5u Direct Connect 

Universal Guard 

Injection Volume: 2yuL 

Mobile Phase: Methanol/ Acetate buffer 
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Flow Rate: 1 mL per minute 

Detection: Spectrum range from 200 nm to 600 nm 

Program Time: 25.0 minutes 

Program: Time Acetate Buffer Methanol 

0.0 min 80 20 

1.0 min 80 20 

15.0 min 0 100 

20.0 min 80 20 

The column was rinsed with Milli-Q water for 30 minutes at a 

rate of 1 mL/min before analyzing samples. After sample 

analysis, it was again rinsed with Milli-Q water for 30 

minutes at a rate of 1 mL/min and then with methanol for 30 

minutes at a rate of 1 mL/min before turning the instrument 

off. 

Once the presence of p-(2-hydroxyethylsulfone) aniline was 

confirmed, this product was purified. Methylene chloride 

was added to the crystals at room temperature until they all 

dissolved. This solution was eluted through the Hewlett- 

Packard 1090 HPLC with a preparatory column. The following 

chromatographic conditions were employed to collect 

fractions: 
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Column: Alltech (Alltech Associates, Deerfield, IL) 

Econosphere C18 5U 250mm x 7mm 

Injection Volume: 250 uL 

Mobile Phase: Methanol 

Flow Rate: 2 mL per minute 

Detection: Spectrum range from 200 nm to 600 nm 

Collection Interval: 2.8 min to 3.5 min 

Program Time: 7 minutes. 

The fractions collected were concentrated by allowing the 

excess solvent to evaporate at room temperature overnight. 

The final product was approximately 50 mg of white, spikey 

crystals. 

Characterization of p-(2-hydroxyethylsulfone) aniline 

Liquid Chromatography 

High Performance Liquid Chromatography was performed on the 

reduced dye solution and the various extracted portions 

involved in the isolation of p-(2-hydroxyethylsulfone) 

aniline using the analytical-scale chromatography conditions 

previously described. The detection limit of the HPLC for 

p-(2-hydroxyethylsulfone)aniline was determined by diluting 

a 100 mg/L solution until the HPLC spectral peak was 

eliminated. The concentration of the minimal discernable 

peak was taken as the detection limit. 
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Gas Chromatography/Mass Spectroscopy 

The GC-MS analysis was performed on a Hewlett-Packard 5890 

Series II gas chromatograph equipped with a Hewlett-Packard 

5790 Mass Selective Detector controlled by a Hewlett-Packard 

9000 data system. The chromatographic conditions were as 

follows: 

Carrier Gas: Helium 

Column: DB5 MS 30 m 0.25 mm id 0.25 um film thickness 

Sample Volume: 2 BL 

Injector Temperature: 220° C 

Detector Temperature: 280° C 

Detector Pressure: 4 x 10° torr 

Temperature Program: Time Final Temperature Ramp 

Oo min 40° C -~ 

4 min 260° C 8° C\min 

Program Time: 48.5 minutes. 

The mass spectrum of p-(2-hydroxyethylsulfone) aniline was 

confirmed by spectral interpretation and by matching to a 

mass spectrum in the Wiley Library of Mass Spectral Data. 

UV-Visible Spectroscopy 

From the HPLC chromatogram of p-(2-hydroxyethylsulfone) 
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aniline, the UV spectrum from 200 nm to 600 nm was obtained 

using the diode array detector. This spectrum showed an 

absorbance peak at 265 nm. This was chosen as the 

wavelength at which the molar extinction coefficient was 

determined. 

The UV-Visible spectrum of this compound was obtained ona 

Beckman DU 640 UV-Vis Spectrophotometer. The 

spectrophotometer was zeroed at 265 nm with Milli-Q water. 

The absorbance of p-(2-hydroxyethylsulfone)aniline at 265 mm 

was then recorded for concentrations of 4.98 x 10° M and 

2.49 x 10° M. The experiment was repeated three times. The 

molar extinction coefficient was calculated from the Beer- 

Lambert Law: 

A=bec 

where A = Absorption units 

b = Path length, cm (1 cm for DU 640) 

Cc Concentration, moles/liter 

€ molar extinction coefficient, L mol" cm’. 

Elemental Composition Analysis 

A 20 mg sample of purified product was sent to Galbraith 

Labs in Knoxville, TN for an elemental composition analysis. 

The analysis tested for the concentrations of C, H, N, S, 
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and O present in a sample of HPLC purified p-(2- 

hydroxyethylsulfone)aniline. Combustion analysis was used 

to detect each element by employing the appropriate detector 

for the element to be determined. An analysis for C, H, and 

N consisted of combusting a sample in an O, atmosphere and 

detecting the combustion products with a thermal 

conductivity detector. An analysis for sulfur consisted of 

combusting a sample in an O, atmosphere and detecting the 

resulting SO, by infrared detector. An analysis for O 

consisted of pyrolysis of a sample in a stream of nitrogen 

and detecting the resulting products with an infrared 

detector. The results are reported as the percent of each 

element present in a sample plus or minus the standard error 

attributed to the instrument. 

Nuclear Magnetic Resonance Spectroscopy 

A 50 mg sample of purified product was sent to Virginia Tech 

Chemistry Department for Proton NMR analysis. The sample 

was analyzed on a Bauker 270 MHz proton magnetic resonance 

analyzer. The nucleus of a hydrogen atom spins on an axis. 

When exposed to a magnetic field, this atom can absorb 

electromagnetic radiation in the radio frequency region. 

The result of this energy absorption is a change in the 

alignment of the nuclear spin axis of the atom. This change 
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is measured with nuclear magnetic resonance as the change of 

the magnetic field generated by the spin of the nucleus. 

The unit of measurement is parts per million (ppm) units of 

the magnetic field strength. The compound tetramethylsilane 

(TMS) is usually added to an NMR sample to generate a 

reference peak of zero. The position of the hydrogen ina 

molecule determines the extent of the spin change. 

Hydrogens in the vicinity of electron withdrawing groups 

(oxygen, sulfur) tend to generate magnetic fields at higher 

ppm than protons in the vicinity of electron donating 

groups. Thus a hydrogen next to an oxygen will appear as a 

spectral peak further from the reference TMS peak than a 

hydrogen next to a carbon. 

Peaks are split into doublets, triplets, quartets, etc. when 

other hydrogens are present on an adjacent atom. The 

splitting corresponds to N + 1 peaks, where N is the number 

of hydrogens on the adjacent atom. As an example, an -OH 

next to a methyl group (-CH;) will appear as a quartet. 

Melting Point 

The melting point of the purified crystals was obtained ona 

microscale melting point apparatus in the Virginia Tech 

Chemistry Department. One crystal of p-(2-hydroxyethyl 
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sulfone) aniline was placed on a microscope slide where it 

was slowly heated to melting. A lens scope allowed the 

operator to view the crystal as it melted and simultaneously 

record the temperature. 

Toxicity Testing 

Microtox 

The Microtox testing was performed on a Beckman Microtox 

Model 2055 Toxicity Analyzer System (Carlsbad, CA). This 

instrument consists of fifteen refrigerated wells which hold 

the sample, a separate well kept at 3° C which holds the 

reconstituted bacteria, a spectrophotometer, and a digital 

panel meter (DPM) which displays the light output. The 

procedure used was that which is described in the Microtox 

Manual for 2:1 serial dilutions. 

The diluent, osmotic adjusting solution, and the reagent 

were stored in a refrigerator at 4° C. Samples were 

prepared by dissolution in Milli-Q water. The samples were 

osmotically adjusted to approximately 2 % by adding 0.5 mL 

of osmotic adjusting solution to 5 mL of sample. They were 

then serially diluted with Microtox diluent to 

concentrations of: 45.0, 22.5, 11.3, 5.62, and 0.00 % of 

their original concentration. 
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Following the instructions in the Microtox Manual, ten cells 

at 15° C were prepared by adding 0.5 mL of diluent and 10 uL 

of reconstituted reagent. A time zero light reading was 

obtained on these cells after fifteen minutes of thermal 

equilibration. Two replicates of each sample dilution were 

added to these ten cells. Light readings were taken at 5, 

15 and 30 minutes after sample addition. 

The results from Microtox testing are reported as EC, 

concentrations. This corresponds to the amount of material 

which causes a 50% dimunition in light output. These values 

are obtained from a plot of gamma value versus sample 

concentration. Gamma is determined from the following 

equation: 

rT = light lost/ light remaining 

A more detailed explanation for the calculation of this 

value is presented in Appendix A. The average gamma value 

for the two replicates was plotted against the concentration 

on a log-log scale. A regression analysis was run on the 

resulting plot and the EC values were calculated. 

Microtox testing was performed six times on p-(2- 
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hydroxyethylsulfone) aniline and two times on aniline, 

sulfanilamide, 2-hydroxyethylsulfone, and 4-ethylaniline. 

Daphnia Pulex 

Daphnia pulex tests were performed at Biological Monitoring 

Institute in Blacksburg, VA. A 1000 mg/L solution of p-(2- 

hydroxyethylsulfone)aniline was tested along with subsequent 

dilutions to determine an LC,. The test involved the 

addition of five Dapnia pulex organisms to 10 mL of the 

sample solution. An observer recorded the number of 

surviving organisms in the sample solution after 0, 24, and 

48 hours. The pH and the temperature of the sample solution 

is kept constant during the test. Two replicates of each 

concentration are tested. The results are analyzed with the 

Probit statistical method using 95% fiducial (confidence) 

limits. 

Monitoring of Martinsville Wastewater and Smith River 

Sediment 

Detection of p-(2-hydroxyethylsulfone)aniline by HPLC 

analysis 

Samples collected from the Martinsville POTW were analyzed 

on the HPLC in order to detect the presence of p-(2- 

hydroxyethylsulfone)aniline. A 500 mL portion of each 
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sample of wastewater was raised to pH 11 using 10 N NaOH. 

Then it was extracted with 100 mL of methylene chloride (3- 

30 mL portions and 1-10 mL portion). The extract was 

concentrated to approximately 2 mL using the Rotovapor. 

Both the water portion and the methylene chloride 

concentrate were analyzed on the HPLC using the reverse 

chromatography program previously described. The sediments 

were extracted overnight using the Soxhlet extraction 

procedure EPA Method 3540 with methylene chloride as the 

solvent. The Rotovapor was used to concentrate the final 

extract to approximately 2 mL (rather than the Kuderna- 

Danish apparatus called for in Method 3540). Three portions 

of sediment were extracted for each Martinsville sampling 

trip. The final extracts from the sediments were also 

analyzed on the HPLC using the reverse chromatography 

program previously described. 

4-Ethylaniline was added as an internal standard to each 

wastewater and sediment sample. An internal standard of 100 

ug/L of 4-ethylaniline was added to 500 mL of wastewater 

before extraction and to 10 g of sediment before the Soxhlet 

procedure. 

A sample of Martinsville untreated influent wastewater was 

reduced using a method similar to that used for reducing 
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Reactive Black 5. A 500 mL portion of raw influent for the 

third and fourth sampling trips (M3-1 and M4-1) was added to 

a round bottomed flask and the pH was adjusted to 11 with 10 

N NaOH. This was refluxed for 3 hours and the pH was then 

adjusted to 7 with concentrated HCl. Solid sodium 

hydrosulfite was added until a color change from purple to 

green was noted. Then, the pH of the wastewater was 

decreased to 2 with concentrated HCl and the solution was 

extracted with 2-100 mL portions of methylene chloride. The 

pH of the water portion was raised to 11 with 10 N NaOH and 

it was again extracted with 2-100 mL portions of methylene 

chloride. This extract was concentrated to approximately 2 

mL with the Rotovapor. Both the water portion and the 

organic portion of each extraction was analyzed on the HPLC 

using the previously described conditions. 

Microtox Testing of Martinsville Wastewater 

The pH of the wastewater was checked and adjusted to 7 if it 

Was not already between 6 and 7. Solutions of 1N NaOH and 1N 

HCl were used to make the adjustments. Then, 5 mL of each 

sample was osmotically adjusted and a Microtox analysis was 

performed on each using the same procedure employed for 

testing p-(2-hydroxyethylsulfone)aniline. The results were 

reported as EC, values. 
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Toxicity Testing and Monitoring of Textile Plant Wastewaters 

Textile wastes from a textile dyeing plant in Virginia were 

submitted to various pretreatment schemes in order to 

decrease the color (51). The treatment consisted of an 

anaerobic reactor, followed by an aerobic reactor. The 

influent consisted of 75% Navy 106 washwater from the plant 

and 25% domestic sewage from the primary clarifiers at the 

Blacksburg, VA POTW. The hydraulic retention time in the 

anaerobic reactor was six days. The hydraulic retention 

time was three days and sludge age was 35 days in the 

aerobic reactor. 

Samples of influent, anaerobic effluent, and aerobic 

effluent were obtained for determination of p-(2- 

hydroxyethylsulfone)aniline by HPLC and for Microtox 

analysis. The conditions for these tests were the same as 

those previously described. 
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CHAPTER IV. RESULTS AND DISCUSSION 

Synthesis and Isolation of p-(2-hydroxyethylsulfone) aniline 

One product from the reduction of hydrolyzed azo dyes with 

sodium hydrosulfite was identified from its HPLC retention 

time (approximately 4.3 minutes) and distinctive UV spectrum 

as p-(2-hydroxyethylsulfone)aniline. Many attempts were 

made to purify the product through recrystallization in 

different solvents such as methylene chloride, acetone, 

hexane, and ethyl acetate. A yellow impurity was 

persistently present throughout these attempts. The HPLC 

chromatogram of the final reduced solution revealed the 

contaminant to elute very close to p-(2- 

hydroxyethylsulfone)aniline, with a retention time of 3.9 

minutes. Preparatory scale HPLC was the method chosen to 

purify the crystals. 

The ideal conditions for crystal formation were observed to 

be when the fractions collected from the HPLC separation 

using methanol/water were left uncovered overnight at room 

temperature. The crystals formed under these conditions 

were approximately 0.5 mm long, white, and spikey. 

Characterization of p-(2-hydroxyethylsulfone) aniline 

High Performance Liquid Chromatography 
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The HPLC chromatogram of 100 mg/L of purified p-(2- 

hydroxyethylsulfone)aniline in methylene chloride is shown 

in Figure 5. This chromatogram and UV-Visible spectrum 

confirmed the product as p-(2-hydroxyethylsulfone) aniline 

through matching it to those obtained by Bell (1). The 

characteristic retention time for p-(2- 

hydroxyethylsulfone) aniline in methylene chloride is 4.3 

minutes. The HPLC chromatograms of reduced Reactive Black 5 

and Reactive Orange 16 are shown in Figures 6 and 7, 

respectively. The concentrations of p-(2- 

hydroxyethylsulfone)aniline in reduced aqueous solutions of 

Reactive Black 5 and reduced Reactive Orange 16 were 6000 

and 4500 mg/L, respectively. The standard curve used to 

quantify these amounts is shown in Figure 8. 

UvV-Visible Spectroscopy 

The average molar extinction coefficent calculated from 

solutions of 5.0 * 107°M and 2.5 *107-°M was 6.5 *107°L mol7+ 

cm7tat 265 nn. 

Gas Chromatography/Mass Spectroscopy 

The GC/MS analysis of a 100 mg/L p-(2 - 

hydroxyethylsulfone)aniline solution in methylene chloride 
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Figure 6 -- HPLC chromatograph of reduced Reactive Black 5 

in water (approximately 6000 mg/L). 
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Figure 7 -- HPLC chromatograph of reduced Reactive Orange 16 

in water (approximately 4500 mg/L). 
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is shown in Figure 9. The structure of p-(2- 

hydroxyethylsulfone) aniline was confirmed through a match in 

the Wiley Library of Mass Spectral Data. The purity of the 

compound was determined through dividing the area under the 

p-(2-hydroxyethylsulfone)aniline peak into the sum of the 

total areas under all of the peaks. The purity of the 

compound was determined to be 93.5%. 

Elemental Composition 

The results from Galbraith Laboratories are shown in Table 

2. The expected values calculated from the molecular 

formula agreed with the data obtained from the elemental 

composition analysis within the reported instrument margin 

of error provided by Galbraith Laboratories for their tests. 

Melting Point 

The melting point of p-(2-hydroxyethylsulfone) aniline was 

determined to be 106°C. The crystal melted evenly and 

quickly, thus adding credibility to the purity of the 

compound. 

Nuclear Magnetic Resonance Spectroscopy 

The NMR spectrum for p-(2-hydroxyethylsulfone)aniline is 

shown in Figure 10. The sensitivity of this spectrum is low 
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Table 2 

Elemental Composition Results of p-(2- 
hydroxyethylsulfone)aniline (C,H,,NO,S) 

  

  

  

  

  

      

Element % Present + € % Expected 

Carbon 47.51 + 0.19 48.0 

Hydrogen 5.53 + 0.044 6.00 

Nitrogen 7.02 + 0.014 7.00 

Sulfur 15.69 + 0.0024 16.0 

Oxygen 23.27 + 0.17 24.0       

€ = The reported instrumentation 
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due to the small amount of sample available for analysis 

(approximately 10 mg). The molecule p-(2-hydroxyethyl 

sulfone)aniline contains six distinct protons. The doublets 

at 6.8 and 7.8 ppm represent the two types of hydrogens on 

the aromatic ring. The peaks at 4.3 and 3.9 ppm are 

actually a quartet, although they appear as doublets due to 

the low sensitivity. These peaks correspond to the 

hydrogens on the carbon next to the hydroxyl group. They 

are split by the adjacent two hydrogens and the hydroxyl 

hydrogen. The triplet at 3.3 ppm corresponds to the 

hydrogens on the second carbon from the hydroxyl group. 

They are split by the adjacent two carbons. The singlet at 

2.8 is due to the hydrogens on the nitrogen. The peak at 

1.6 corresponds to the hydroxyl hydrogen. The integrated 

measurements of area under each peak confirm the number of 

hydrogens accounted for by each chemical shift. 

Toxicity Testing 

Microtox 

The results of the Microtox testing of p-(2- 

hydroxyethylsulfone)aniline, aniline, 2-hydroxyethylsulfone, 

sulfanilamide, and 4-ethylaniline are shown in Table 3. 

Figures 11-15 show the graphs of the Microtox data for these 

compounds. Except for aniline, the linearity of these data 
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Table 3 

Microtox Results for p-(2-hydroxyethylsulfone) aniline and 

related compounds 

  

  

  

  

  

  

        

Compound EC,,, mg/L 

5 min 15 min | 30 min 

p- (2-HES) aniline 12.8 12.4 12.6 

2~hydroxyethylsulfone >80* >80* 64.4 

sulfanilamide 8.39 9.05 8.39 

4-ethylaniline 2.03 1.75 <2* 

aniline 106.7 95.8 88.1       

*Actual EC, was outside the range of concetrations tested. 
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Figure 14 -- Microtox graph of Gamma value versus 
Concentration for sulfanilamide. 
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is excellent (r’>0.97). The correlation coefficient for 

aniline was approximately 0.70. The poor response for 

aniline to the Microtox test may be attributed to an impure 

sample. Munkittrick and Power (47) report the 5 minute 

Microtox response for aniline to be 425 mg/L. This is 

considerably higher than the data which was obtained for 

sulfanilamide, 4-ethylaniline, 2-hydroxyethylsulfone, and p- 

(2-hydroxyethylsulfone)aniline. It is reasonable to assume 

that the toxicity of p-(2-hydroxyethylsulfone) aniline to 

Microtox is not attributed to the aniline group. However, a 

substituent group in the para position does seem to increase 

the toxicity as shown with sulfanilamide and 4-ethylaniline. 

Generally, a compound is considered "highly toxic" if the 

Microtox test gives results that are below 1 mg/L. It 

should be noted that several ecotoxicity tests are required 

before a compound is deemed safe to discharge into the 

environment. For example, the 5 minute Microtox EC, values 

for ammonia and cyanide are 3607 and 13.3 mg/L, respectively 

(43). Both of these compounds are toxic to fish, ammonia 

having a discharge limit of 0.02 mg/L in mixed effluent and 

stream. 
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Daphnia Pulex 

Daphnia pulex testing revealed an LC, of 113 mg/L for p-(2- 

hydroxyethylsulfone)aniline. The 95% confidence limits give 

a range of 84.2 to 151.7 mg/L. Compared to the reference 

LC50 of NaCl, 2100 mg/L, p-(2-hydroxyethylsulfone) aniline 

does not appear to be very toxic to Daphnia pulex. Once 

again it is important to consider a battery of 

ecotoxicological tests to determine the concentration which 

a substance can be safely discharged into the environment. 

Monitoring of Martinsville Wastewater and Smith River 

Sediment 

Detection of p-(2-hydroxyethylsulfone) aniline by HPLC 

analysis 

Any p-(2-hydroxyethylsulfone)aniline present in the solvent 

extracts of Martinsville POTW wastewaters or Smith River 

sediment was below the detection limit of the HPLC, which 

was determined to be 11.3 mg/L (Figures 16 and 17). The 

retention of the surrogate 4-ethylaniline was at 14.1 

minutes, while the retention time of p-(2- 

hydroxyethylsulfone)aniline was 4.3 minutes. Although a 

small peak appeared in Figure 17 at approximately the same 

retention time of p-(2-hydroxyethylsulfone)aniline, the UV- 

Visible spectrum and GC/MS analysis confirmed that this peak 
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Figure 16 -- HPLC for M2-1 Martinsville influent wastewater 
extract. The reduction product p-(2- 
hydroxyethylsulfone)aniline was not detected. 

66



R
e
t
e
n
t
i
o
n
 

t
i
m
e
,
 

m
i
n
u
t
e
s
 

  

2b e 
‘| c 

oe | 

~t 
«4 

c 
6 
~ 

> 
£ 
ye) 

e 
i 

16-4 

  
    

  TTTTTT TTT ETT ET TTT PT Pet eee EE TEEPE I 

10 42 12 13 14 «18 16 17 18 19 20 21 22 23 2¢ 25 26 27 28 29 30 31 32 33 
TTT ITT rT 

1 5 6&6 FF 8 9 
PrP rp 
23 4 

Absorbance units 

Figure 17 -- HPLC for Smith River sediment extract.The 
reduction product p-(2-hydroxyethylsulfone) aniline 
was not detected. 

67



was not due to p-(2-hydroxyethylsulfone)aniline. Absence of 

p-(2-hydroxyethylsulfone)aniline in the Smith River sediment 

is reasonable considering that the extended aeration of the 

wastewater at the Martinsville POTW would degrade any p-(2- 

hydroxyethylsulfone)aniline that might form. 

Microtox Testing of Martinsville Wastewater 

The results of the Microtox tests for Martinsville POTW 

wastewater samples are shown in Table 4. Some of the values 

were outside the range of the dilutions tested. The 

variability of the wastewater toxicity for different sets of 

samples can be attributed to the fact that the Martinsville 

POTW’s influent characteristics vary from day to day. 

From routine chemical testing of wastewaters at the 

Martinsville POTW, it is known that treatment removes color 

and chemical oxygen demand (COD). The Microtox results 

indicate that treatment removes toxicity as well. Microtox 

has the potential to be utilized as a screening technique 

for assessing the toxicity of the wastewaters at the 

Martinsville POTW. 
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Table 4 
ECs, Values for Martinsville Wastewater 

  

  

  

  

  

  

  

  

  

  

  

  

  

    

Sample EC,,, tOriginal Concentration 

5 min 15 min 30 min 

Mi-1 >45% 36.8 34.9 

M1-2 >40* 43.6 31.4 

M1-3 >75* >50* >65* 

M2-1 14.3 11.1 12.1 

M2-2 27.9 18.9 18.2 

M2-3 >40%* >55% >50%* 

M3-1 29.5 28.2 29.0 

M3-2 42.3 31.3 30.0 

M3-3 13.9 8.06 6.05 

M4-1 8.30 7.95 8.38 

M4-2 13.7 10.3 9.88 

M4-3 >45% 41.6 40.2           

*Actual EC, was outside the range of dilutions tested. 
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Monitoring of Textile Plant Wastewaters from Bench Scale 

Reactors 

Detection of p-(2-hydroxyethylsulfone)aniline by HPLC 

analysis 

Wastewater was obtained from a textile facility which 

printed with azo dyes. In a related project by M. Weber 

(52), this wastewater was treated in bench scale reactors by 

anaerobic and aerobic wastewater treatment processes. The 

influent and effluent from the reactors were monitored by 

HPLC for detecting p-~(2-hydroxyethylsulfone)aniline and by 

Microtox to detect toxicity. 

The HPLC chromatogram for treated and untreated wastewater 

samples are shown in Figures 18-20. The compound (p-(2- 

hydroxyethylsulfone)aniline) was detected in the influent, 

and in the effluent from the anaerobic reactor, but not in 

the effluent from the aerobic reactor. It appears that the 

reducing environment in an anaerobic reactor does not 

degrade this compound, but aerobic treatment is capable of 

degrading this product. These results are in agreement with 

observations by Bell and Nelson (1,2). 

Microtox Testing of Reactor Samples 

The Microtox data for the Reactor samples are shown in Table 

5. 
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Figure 18 -- HPLC for untreated influent wastewater to bench 

scale biological reactors. 
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Figure 19 -- HPLC for effluent from bench scale 

anaerobically treated wastewater. 
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Table 5 

Microtox Results for Textile Dye Wastewater treated in Bench 
Scale Biological Reactors 

  

  

  

  

          

ECs), %* Original Concentration 
Sample 

5 minute 15 minute 30 minute 

Influent 10.04 9.93 10.56 

Anaerobic 17.89 15.93 15.19 

Effluent 

Aerobic 17.32 20.30 21.32 

Effluent 
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The EC, increased with treatment, thus, toxicity was 

decreased by biological treatment (Figure 21). Weber (52) 

concluded that color and COD were also reduced following 

treatment. In a similar study by Loyd (11), the same type 

of treatment (anaerobic followed by aerobic) was performed 

on Navy 106 washwater. The toxicity of the influent and the 

effluents from the anaerobic and aerobic reactors was tested 

with Ceriodaphnia dubia. The results showed that the 

toxicity of the aerobic effluent was the least toxic. It 

was concluded, "the reduction in toxicity by aerobic 

pretreatment was probably due to anaerobic pretreatment’s 

enhancement of aerobic biodegradation." (11). However, the 

toxicity of the effluent from Loyd’s study was still too 

high to discharge into the environment. 
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CHAPTER V. SUMMARY AND CONCLUSIONS 

The reduced dye product p-(2-hydroxyethylsulfone) aniline 

(C,H,,NO,S) can be isolated from reduced solutions of Reactive 

Black 5 and Reactive Orange 16. The product was purified 

using preparatory-scale HPLC. The result was white, spiky 

crystals with a melting point of 106°C. 

HPLC, GC-MS, NMR and elemental composition analyses 

confirmed the structure and purity of the product p-(2- 

hydroxyethylsulfone)aniline. 

UV-Visible spectroscopy of p-(2-hydroxyethylsulfone) aniline 

yielded a molar extinction coefficient of 6.5 *10-5 L mol-1 

cm-1 at 265 nm. 

Microtox testing gave an EC50 value of 12.6 mg/L for p-(2- 

hydroxyethylsulfone)aniline. Daphnia pulex testing of p-(2- 

hydroxyethylsulfone)aniline gave an LC 50 of 113 mg/L. 

These results indicate that p-(2-hydroxyethylsulfone) aniline 

is not very toxic. 

The presence of p-(2-hydroxyethylsulfone)aniline in 

Martinsville wastewaters and Smith River sediments was not 
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hydroxyethylsulfone) aniline into the environment is not 

likely if wastes are aerobically treated, since it appears 

from the HPLC analysis of textile reactor samples that 

aerobic treatment degrades p-(2-hydroxyethylsulfone) aniline. 

Microtox testing of samples from bench scale biological 

reactors showed that anaerobic/aerobic treatment reduces 

toxicity. 
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APPENDIX A -~ MICROTOX CALCULATIONS 

To correct for the blank, an approximate mean blank ratio, 

R(t), was calculated: 

R(t)= sum of all final blank readings at time (t) 

sum of all initial blank readings at time (t) 

To calculate the gamma value: 

Tr(t)= light lost/light remaining 

= {R(t)* I1(0)/ I(t)}-1 

where I(0)= initial light reading for any given test cuvette 

at "zero" time, just before challenging the 

organisms, 

I(t)= the final light reading for the corresponding 

test cuvette at time (t), 

R(t)= mean blank ratio for time (t). 

The [ values were calculated for times 5, 15 and 30 minutes 
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on QuattroPro. Then they were graphed against concentration 

on Freelance using a log-log scale (Figure 11). The EC50O 

value corresponds to the concentration at which the light 

loss/ light remaining is a 50:50 ratio (T=1). 
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