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ABSTRACT 

After identifying an acute toxicity problem, the North Caro- 
lina Division of Environmental Management required the High 
Point Westside Wastewater Treatment Plant (Westside WWTP) to 
institute periodic biomonitoring and reduce whole effluent tox-  
icity. This research was undertaken to provide additional in- 
formation through a broad spectrum, chemical-specific approach 
to toxicity reduction in which potential toxicants are identi- 
fied. wesEsi.de WWTP samples deEermined as acutely "toxictf or 
%on-toxicfv by Daphnia pulex bioassay, effluents from six cate- 
gories of industrial dischargers, and a domestic wastewater 
sample were analyzed for organic chemicals using continuous 
solvent extraction of wastewater samples and broad spectrum 
GC/MS analysis. An extensive data base was developed which 
includes aquatic toxicity data for 60 compounds and tentatively 
identified compounds in WWTP samples (82 out of 123 peaks were 
identified) and industrial effluents (about 50 for each) ranked 
according to their potential for contribution to toxicity. 

The study suggests that many compounds found in Westside 
WWTP influent and effluent are of industrial origin because they 
occur in both industrial samples and Westside WWTP samples. 
Treatment does not remove some organic compounds exhibiting 
significant toxicity to aquatic organisms and shown to be pres- 
ent in tttoxicvv effluents and industrial samples. Toxicity of 
Westside WWTP influent and effluent may be caused by a variety 
of industrial organic compounds in concentrations that alone 
would not be sufficient to produce a t o x i c  effect but, because 
they may all produce toxicity by a non-specific mode of action 
(narcosis), together they may produce a toxic effect. Reconmen- 
dations for further analyses include confirmation of identifica- 
tions using additional mass spectral techniques, determination 
of estimated or empirical aquatic toxicities and further 
toxicity characterization procedures that can remove groups of 
suspect toxicants selectively. 
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toxic episode, a system of prioritization could be established 
based on toxicity to aquatic organisms, persistence in the envi- 
ronment, bioaccumulation, mutagenicity, effectiveness of avail- 
able treatment or pretreatment methods, and concentration and 
frequency of occurrence in Voxicw samples. An example of a 
hazard rating system incorporating some of these parameters is 
discussed by Calamari et ale (1983). 

Using a hazard rating system, compounds tentatively identi- 
fied thus far as the most suspect of contributing to toxicity 
could be targeted for the appropriate treatment or pretreatment 
action. For example, if the highly toxic nonyl- and octylphenol 
isomers tentatively identified in Ntoxic" influent and in 
industrial samples are present as a result of the use of alky- 
phenol polyethoxylate surfactants as seems to be the case, the 
more biodegradable and less toxic alcohol polyethoxylate sur- 
factants should be substituted for the isomers currently used by 
industries discharging waste to the Westside WWTP. However, 
more research is needed to confirm that such a strategy is 
enough to reduce the toxicity of the whole effluent 
substantially. 



RECOMMENDATIONS 

The data base of organic chemicals generated in this 
research is still incomplete. With more information, the list of 
those chemicals possibly contributing to toxicity could be 
refined. Priority in obtaining additional information should be 
given to those compounds shown to be escaping removal by the 
treatment process. Recommendations for filling in these data 
gaps include: 

confirmation of identification of tentative identifica- 
tions made in this research by obtaining a spectrum on 
the mass spectrometer used in this research of a 
standard for each compound tentatively identified and 
subsequent comparison of these reference spectra to the 
spectra of compounds tentatively identified in samples; 

continued monitoring of compounds identified thus far 
as being suspect of contributing to toxicity; 

determination of estimated aquatic toxicities by u 
quantitative structure-activity relationships such 
those discussed in this research; this approach is 
limited by availability and accuracy of structural 
descriptors (e.g., octanol/water partition coeffic 
or subcooled liquid solubility) used by the models 

ients 
0 

I 

empirical determination of aquatic toxicities; 

fractionation of existing sample extracts and subse- 
quent toxicity tests of fractions and identification of 
compounds in the most toxic fractions; 

quantitation of target compounds in existing extracts; 

application of further mass spectral identification 
techniques (using existing extracts) such as exact  mass 
determination (allowing assignment of possible molecu- 
lar formula) and chemical ionization techniques (allow- 
ing greater chance of molecular ion identification and 
thus molecular weight determination); and 

measurement of acute toxicity of wastewater at various 
points in the treatment prociss ( e m  g., primary clari- 
fier effluent, trickling filter effluent, sludge 
digester aqueous effluent) to determine the processes 
responsible for reduction or introduction of toxicants. 





The  Kater  Quality Act of 1987 (FeEeral Register, 1987) requires 
states to develop water-quality based permit limitations for 
toxic pollutants to ~ e e t  water qality standarzs beyond what can 
be accozplished by the technolo~y-bzssd req~irezents of the 
Clean G a t e r  Act of 1972. Effluent biczonitoring, which inclu2es 
both acute and chronic toxicity testing, is a cornersto~e of 
this policy. EPA a2vocates its use a s  a problen identification 
tool aad the use of tcxicity as a co2trol p a r a z e t e r  in setting 
pernit liaits, vhere appropriate. EFA sqiests that Farticul& 
attention should Ce focused on publicly c w x d  treatrent works 
(POTd) having significant in2~strial i E p u t  became studies hzve 
s h c m  P 0 f k " s  to be significant sources of toxic caterials (Fed- 
eral Kegister, 1984). 

E F A r s  Conplex Effluent Toxicity Testing Frofrcz (U.S. Fnviron- 
rental Frotection Agency, July 19E6) gas carried out in support 
of the 2eveloyzent and izplexntation of this policy ( s e e  Valid- 
ity of Efflcent and k-ibient Toxicity T e s t s  for Fredictfng 5io- 
losical Inpact. Kancrha River, Charleston, hV, 1986). The Tech- 
nical Support Docuoent for Kater Qcality-based Tcxics Control 
(U.S. ~nvhonrental Frotection ~ ~ e n c y ,  kept .  1965) and a draft 
report, W e t h o d s  For Tcxicity Reduction E~aluations,~ (An2erson- 
Carnahan and Hount, 1987) vere published to aid stctes and 
~unicipalities in inplcenting bioronitoring prograas. There has 
keen ruch discussion concerning the izple=entation of the policy 
of vater-qdality based pemitting (Zoop and Xunscker, 1935; Wall 
and X a x U e r ,  1987; Dunbar, lS87), soze. of it contrcversial (Car- 
ter, 1966; Grhes, 1987). For P O T W S * ~  particular, E F A 1 s  t h e  
fraze for inplerentation is thoqht by soze to be i~~practical, 
and its support docuzents have tee2 attacked a s  ina2eqdate 
(~rizes, 1987). 

The state of Xorth Carolina has teen a l e a Z ~ r  in the icplerenta- 
tion of a bio~onitoring progras for the control of toxics from 
industrial and municipal discharsers. During the last several 
years, 40% of ever  400 toxicity tests perfonzed by Xorth Caro- 
lina's ~ivfsion of Pnviron~ental Kanagenent (CEH) on industrial 
and ~unicipal dischargers revealed effluent toxicity (Kall and 
h'amer, 1987). ~ischarqers vho have teen isentiffed a s  having 
toxic effluent are required to institute their c*m biononitoring 
program and are responsible for reducing the toxicity. k % i l e  
acute toxicit was the beginning point for biononitoring, there 
h a s  been a sh r ft in e~phasfs since 1987 toward chronic toxicity, 
espec ia l l y  for s i t u a t i o n s  where the in-streas  w s t e  concentra- 
tion is very !ow and likelihood of acute effects are minimized. 
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n for this study. 

Prior to initiation of this r e sea rch  in 1986, the NC DEM had 
studied the acute toxicity problem at the k'estside h W P  and 
identified soae sources. Hcvever, acute tcxicity episodes ccn- 
tinued, and a toxicity reduction strategy vas derzed necessary. 
Eecause t h e  r e sea rch  b e ~ a n  and ended before a shift tcward 
chronic toxicity monito;ing, the approcch is restricted to 
investigation of acute toxicity. 

A chemical-specific approach to toxicity reduction Gas taken in 
this research. Khile this has usually ~ e a n t  a targeted analysis 
of the 126 "priority pollutants," a broader s ~ e c t n n  apprcach 
vas taken in which an a t t e ~ p t  was ~ a d e  to iCentify all cozpo~nds 
by L a s s  spectro~etry that could be separated by gas chro ra to -  
g raphy .  This is an alternative to the v b o l e  efflcent toxicity 
approach, the so-called Fhase I Toxicity Characterization 
Frocedure propcsed the U.S. EPA, 1988), in which treatzent or 
control procedures are investigated without uacoverin the 
s ~ e c i f i c  chezical cature of the toxicants. mile  it 9 s pcssible 
to o further with Fhase I testing (Phase I1 and III), in orCer 
to 9 dentify specific causative agents, the procedures are only 
available in draft form and hcve not been wiCely tested outside 
of EPA. 

specific objectives of this research are: 

to create a data base of orqanic cheaicals identified fre- 
qently in Kestside kXTP lnflcent and  e f f l u e n t  d e t e m h e d  t o  
be acutely t o x i c  in a p a t i c  bioassays and in westside h7*'IP 
inficent and  e f f l u e n t  considered non-tcxic; 

to analyze the implications regarding toxicity of the U e s t -  
side k W P  inflxent and e f f l u e n t  by r e l c t i n g  data f r o 3  the 
toxicological literature to the findinps of orsanic chemical 
analyses; 

to i n v e s t i g a t e  possible sources of agents t h o u g h t  to be 
contributing to toxicity by analyzing industrial and do~es- 
tic wastewater samples; and . 

to ~ a k e  recornendations for further work in detemining the 
source of toxicity at the k'ests ide  h i p .  



APPROACHES TO 8TUDY OF TOXICANTS IN WASTEWATER 

various approaches have been used to assess the toxicity of 
effluents from POTWfs. These include mutagenicity testing of 
selected fractions of wastewaters; identification of organic 
compounds in wastewater with evaluation of environmental signif- 
icance using the toxicological literature; toxicity reduction 
evaluations (TREfs) using simple, bench-scale treatment process- 
es and bioassays: and structure-activity relationships (SARs) to 
provide general guidance on toxicity of a wide range of organic 
chemicals. These are reviewed in order to gain a better appre- 
ciation for the fact that more research will be needed before 
one approach is deemed superior to the others. 

Salmonella (the Ames Test), yeast, and mammalian cells have been 
used to determine mutagenic activity of wastewater after various 
stages of treatment (Neal et al., 1980; Meier and Bishop, 1985; 
Saxena and Schwartz, 1979; and Rappaport et al., 1979). Meier 
and  ish hop as well as Rapport et al. concluded that the mutagen- 
ic activity (both direct-acting and that requiring metabolic 
activation) was primarily industrial in origin because effluent 
from plants treating only domestic wastewater exhibited a sub- 
stantially lower mutagenicity than those that also received 
significant amounts of industrial wastes. Moreover, Meier and 
Bishop found that an appreciable portion of the responsible 
mutagens are relatively resistent to removal by conventional 
primary and activated sludge treatment. This supported an earl- 
ier, but more extensive comparison of biological and physical- 
chemical treatment processes (including land treatment) done by 
Saxena and Schwartz; in fact, Saxena and Schwartz found an 
increase in mutagenic activity after treatment in some cases. 

Some work has been done to find the source of mutagenic 
activity. For example, Neal et al. (1980) found that aromatic 
and oxygenated neutrals fractions of the solvent extraction of 
pre-chlorination secondary effluent from an activated sludge 
treatment plant exhibited the greatest mutagenicity and that 
many non-extracted polar mutagens were also present. Others have 
examined the acid, neutral and base fractions of solvent 
extracts. Meier and Bishop (1985) reported that mutagenic ac- 
tivity in the primary effluent was in the acid/neutral fraction. 
The base fraction of unchlorinated secondary effluent had the 
greatest specific mutagenic activity, although the acid fraction 
had the greatest overall mutagenic activit . The base fraction 
as well as the neutral fraction were ident r f i e d  by Rappaport et 



al. (1979) to contain most of the mutagenic activity. Nitrogen- 
ous bases, many of which are known to be mutagens, were probably 
among the compounds in the basic fractions. It was suggested 
that the activated sludge process may have converted inactive 
substances into mutagens since activity was obsened in secon- 
dary and post-secondary effluents when none had been observed in 
primary effluent, even when tested at higher doses. 

An issue of great concern in drinking water treatment is 
enhanced mutagenicity due to chlorination. However, chlorina- 
tion of secondary effluent did not substantially increase the 
mutagenicity of wastewater effluent (Meier and Bishop, 1985). It 
was recommended that identification of compounds responsible for 
mutagenic activity be undertaken to help determine the source 
and effective treatment methods for their removal. 

~dentification of Orsanic Compounds 

Attempts to identify organic chemicals of industrial origin and 
relate these to toxicological data have been reported over the 
last ten years. Jungclaus, Lopez-Avila, and Hites (1978) ana- 
lyzed an industrial wastewater from a specialty chemicals manu- 
facturing plant producing a wide range of compounds including 
pharmaceuticals, herbicides, antioxidants, thermal stabilizers, 
W light absorbers, optical brighteners, and surfactants. They 
also analyzed the receiving water, and receiving-water sedi- 
ments. The wastewater was treated by neutralization, biodegrada- 
tion (in trickling filters), and clarification, achievin about 
25% total BOD removal. Concentrations of the anthropogen 9 c com- 
pounds ranged up to 15 ppm in the wastewater, 0.2 ppm in the 
river water, and several hundred ppm in the sediments. Mammalian 
toxicity data was quoted for several compounds. A atic toxicity 
information involving Daphnia for s-triazine herb P" cides found in 
both the wastewater and river water was discussed. These 
researchers concluded that "a human health hazard is difficult 
to assess, but the long-term, low-level exposure to this wide 
variety of chemicals may have contributed to the lack of biota 
in the area." 

Games and Hites (1977) identified organic compounds extracted 
from a dye manufacturing plant wastewater. Treatment of the 
wastewater involved neutralization, aeration lagoon biological 
degradation, and settling, resulting in 70% COD and 85% BOD 
removal. Some compounds were not removed at all by the treatment 
process; others were degraded or altered to produce compounds 
not present initially. One compound found in the effluent is 
patented as a nematocide but was present as an impurity in a raw 
material used in dye manufacture. Games and Hites emphasized the 
benefit of broad spectrum analysis, as target compound analysis 
would not have discovered the potentially toxic nematocide. They 
recommended that a rapid screening test be developed to estimate 
the risk from chronic low level exposure to compounds such as 
those from the dye plant studied. 



Regardless of the sophistication of the analytical techniques, 
it is widely accepted that not all organic compounds present in 
an effluent can be identified. Other methods that are not 
dependent on specific chemical identification have been tried. 
For example, EPA is using a C18 solid-phase extraction column to 
isolate non-polar compounds. Elution of the column with 
methanol/water mixtures of varying ratios allows separation of 
retained compounds by polarity. The toxicity of the resulting 
fractions is measured by bioassay. Brandes, Mount, and Wall 
(1986) fractionated an effluent from a POW discharging to the 
Cayahoga River. They concluded that toxicity was caused by dif- 
ferent toxicants on different occasions. A moderately polar 
fraction containing 15 organic compounds, phenolic ones in par- 
ticular, was responsible for causing toxicity. 

The TRE Approach 

The EPA Wa 
TRE (toxic 
Baltimore, 
consists o 

stewater E 
ity reduct 
Maryland 
f studying 

ngin 
ion 
( Bot 
the 

eering Research Laboratory sponsored 
evaluation) at the Patapsco WWTP in 
ts et al., 1987). The TRE approach 
effectiveness of various treatment 

processes using Ehe-bioassay as the principle measurement tool. 
The influent to the Patapsco facility is approximately 60% do- 
mestic and 30% industrial. Periodic acute toxicity bioassays 
were conducted with Ceriodaphnia dubia and Mysidapsis bahia and 
chronic bioassays with C. dubia. It was demonstrated that acti- 
vated sludge treatment significantly reduces effluent toxicity. 
Toxicity tests of solid phase column fractions of the effluent 
indicated that non-polar compounds were responsible for the 
toxicity. Preliminary data from GC/MS analysis of non-polar 
organic-fractions indicated that the complexity of chromatograms 
will make identification of specific compounds difficult. A 
final report from EPA is forthcoming. 

- 

The toxicity of industrial wastes has also been examined using 
the TRE approach. As part of the Patapsco WWTP study, batch 
activated sludge treatment of individual industrial waste con- 
tributors was undertaken. Botts et al. (1987) reported that some 
inhibition of substrate utilization rate was observed at high 
percent contributions of specific industrial waste. However, 
pass through toxicity was not found in at least two of the 
industrial waste tested (additional testing was lanned). Cary 
and Barrows (1981) conducted acute toxicity test 7 ng using fat- 
head minnows and Daphnia magna of untreated and treated efflu- 
ents from five pesticide manufacturers, one organic chemical 
manufacturer, and a bleached-kraft paper mill. Results indicated 
that the average toxicity reduction of the wastewater treatment 
plants was 988, although-significant mortality of test organisms 
still existed in treated effluents. No characterization of the 
treated or untreated effluents was made. 

A combination of toxicity testing and chemical identification 
was achieved in studies where known concentrations (50 ug/l) of 



2 2  priority pollutants were added to domestic wastewater 
(Horning, ~obinson, and Petrasek, 1984). Toxicity was evaluated 
using the fathead minnow, Da~hnia magna and rainbow trout. Con- 
centrations of priority pollutants were reduced by 80% to great- 
er than 99%. Toxicity reduction ranged from 65% to 83%; however 
significant toxicity was still present in the effluent. It was 
concluded that removal efficiency is not necessarily a good 
indicator of the toxic properties of a conventionally treated 
wastewater effluent. Moreover, ftorganism responses should be 
considered, in addition to physical and chemical characteriza- 
tion, in determining the suitability of an effluent for dis- 
charge into the aquatic envir~nment.~~ 

guantitative Structure-Activity Relationships (QSARL 

Research involving the toxicity of complex effluents to aquatic 
organisms has benefited from studies of quantitative structure- 
activity relationships (QSAR). The concept is to find some cor- 
relation between chemical structure and toxicity so as to 
accomplish quick, effective hazard assessment of the tremendous 
number of industrial chemicals in use and being developed for 
use. 

Narcosis is a non-specific, reversible physiological effect that 
involves depression of the central nervous system, probably due 
to membrane perturbation (Hemens et al., 1984a) and is caused 
by a wide variety of organic chemicals. The potency of the nar- 
cotic effect is controlled b the organism-water partitioning 
properties of the chemical, . e , the partitioning between 
organic and aqueous phases. QSAR, therefore, can be a useful 
concept to relate partitioning coefficient to toxicity. Veith 
et al. (1983) reported Konemannfs findings obtaining a linear 
relationship between the n-octanol/water partition coefficient 
(log P) and acute toxicity to guppies of 50 anaesthetizing 
industrial pollutants. The relationship deviated from linearity 
for chemicals with log P greater than 6 due to a deviation from 
linearity for bioaccumulation with such compounds. Veith et al. 
(1983) concluded that the 96 hour LC50 to fathead minnows of 50 
industrial alcohols, ketones, ethers, alkyl halides, and substi- 
tuted benzenes selected from the Toxic Substances Control Act 
industrial inventory can be estimated by a structure (n- 
octanol/water partition coefficient)-toxicity relationship. 

Bobra et al. (1983b) concluded from a study of 33 hydrocarbons 
and chlorinated hydrocarbons and their acute toxicities to D, 
magna in a closed system that different alkanes, cycloalkanes, 
monoaromatic,,polynuclear aromatic, and chlorinated hydrocarbon 
solutions exhibit similar toxicity at similar fractions of their 
saturation concentration. The following relationship was devel- 
oped for estimating the LC50ts of compounds like those studied: 

0.2 x subcooled liquid solubility x 2 for linear compounds; 
or x 0.33~for small cyclics; or x 1 for large molecules. 



The advantage of this model to those using log P values is that 
bioconcentration is taken into account, so that biotic concen- 
tration is being reflected in the ratio of the chemical's solu- 
bility in the organism to its subcooled liquid solubility. Bobra 
submitted that the limits of this predictive model for other 
compounds should be investigated. In another study (1983a), she 
showed that the model can be used to estimate toxicity of crude 
oils. 

In an examination of QSAR models, Bobra et al. (1985) suggested 
that, when presenting QSAR data, logarithmic plots of toxic 
concentration versus both solubility and octanol/water partition 
coefficient be prepared. In the case of the acute toxicity of 
chlorobenzenes to D. mama, the results showed that the nature 
of the toxic effect is nonspecific and that the toxic effect 
occurs when a critical concentration of toxicant is reached 
within the organism, i.e:, the EC50 is controlled primarily by 
organism/water partitioning. Call et al. (1985) developed a 
model based on partition coefficient for predicting subchronic 
toxicities to fathead minnows of ten narcotizing chemicals (ke- 
tones, benzenes, ethers, and alkyl halides). The model estimated 
maximum acceptable toxicant concentration (MATC). 

mplication of QSAR to Mixtures 

prediction of the toxicity of mixtures of organic chemicals from 
QSAR is of obvious practical interest in examining wastewater. 
A mixture toxicity scale has been developed by Konemann and 
reported by Hermens et al. (1984a). Various mlxtures of up to 50 
different chemicals from different classes thought to produce 
toxicity by a non-specific mode of action (narcosis) and tested 
in equal fractions of their LC50fs were investigated by 
Broderius and Kahl (1985) and Hemens et al. (1985). All the 
mixtures displayed a concentration additive acute joint action. 
The same conclusion was reached by both studies: even at no- 
effect levels of individual toxicants combinations of chemicals 
can produce a toxic effect. EPAts Technical Support Document 
for Water Ouality-based Toxics Control (U.S. Environmental Pro- 
tection Agency, 1985) presents data collected by Alabaster and 
Lloyd indicating that mixtures of toxicants found in sewage and 
industrial effluents exhibit acute toxicity additivity to aquat- 
ic organisms (p. 6). Alabaster and Lloyd's data deviating from 
additivity involved mixtures of pesticides which generally act 
according to a variet of specific mechanisms rather than X resulting in a narcos s effect. 

Hermens et al. (1984b) determined both the acute toxicity to and 
the inhibition of reproduction of D. masna of a mixture of 14 
chemicals having varying chemical structures and probable modes 
of action. ~esults of the study showed that the potential for 
addition is reduced when more specific sublethal criteria, such 
as inhibition of reproduction in this study, are examined as 
opposed to mortality. However, even though chemicals were con- 



sidered to have different modes of action. concentration addi- 
tion was observed in the mortality study. It was concluded that 
this phenomenon of concentration addition of chemicals having 
different modes of toxic action is probably rare. Even though 
reduced joint toxicity was observed in the studies of inhibition 
of reproduction (sublethal effect), the toxicity of the mixture 
was much higher than that of the individual chemicals and was 
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SITE DESCRIPTION AND AVAILABLE TOXICITY DATA 

~escription of westside WWTP 

A flow diagram of the High Point Westside WWTP is given in Fig- 
ure 1. After primary clarification, the wastewater is treated 
by a trickling filter; activated sludge (14 hour detention 
time); secondary clarification; filtration; and chlorination. A 
major plant expansion took place in September of 1986, during 
which more aeration capacity and effluent filtration were added. 

Effluent from the plant is discharged into the ~ i c h  Fork of 
Abbotts Creek which empties into the Yadkin River at High Rock 
Lake (a source of drinking water for the town of Denton, NC). 
~ i c h  Fork Creek has a 7410 (7 day, 10 year low flow) of 0.3 
cubic feet per second; during periods of low flow the effluent 
comprises 95% of the creek's flow (NC Division of Environmental 
Management, Jan. 23, 1984). Table 1 sumsarizes operational and 
influent characteristics of the plant. Effluent BODS and sus- 
pended solids are normally less than 20 mg/L. Values for sus- 
pended solids, BOD5, and COD removal efficiencies are given for 
March 1986 and March 1987 because sampling for this study was 
performed during these two months and because one month was 
prior to and the other following plant expansion and upgrading 
of treatment. It appears that improvement in these removal effi- 
ciencies has occurred since the upgrading of the plant. Infil- 
tration occurs during periods of heavy rain. While flows of 
12-14 mgd may be reached, these periods are of such short 
duration as not to be reflected in the average daily flow. 

Industrial contributions to the Westside WWTP are shown in Table 
1 to be a small percentage of the flow (12%) but a large per- 
centage of the BOD (78%). Industrial dischargers are divided 
into the following categories: organic chemical manufacturers, 
textile (dyeing and finishing, milling), metal platers and f o m -  
ers, drum cleaning, paints and coatings, and dairy operations. 
Table 2 lists each of these industrial categories and its cor- 
responding percenta e of industrial flow to the wastewater S treatment plant. W h  le dairy operations are responsible for 29% 
of the industrial flow, the effluent contributes mainly BOD to 
the plant and probably makes no contribution to the toxicity of 
the treatment plant influent. Disregarding the dairy operations, 
the organic chemical manufacturers and metal platers and formers 
are the largest contributors based on flow. 





Table 1. GENERAL TREATMENT CKARACTERISTICS AT THE 
HIGH POINT WWTP 

Characteristic 

Design flow 

Average daily flow 

Industrial flow 

Average daily influent BOD 

Industrial BOD contribution 

Typical influent TOC 

Weekday maximum TOC 

Weekend minimum TOC 

Value 

6 . 2  mgd 

3 . 5  mgd 

1 2 %  of total 

178 mg/L 

78% of total 

150-300 mg/L 

1000 mg/L 

5 0  mg/L 

Performance during this study: 

MARCH MARCH 

Average % total suspended solids removal 

Average % BOD5 removal 

Average % COD removal 

Typical % TOC removal 



Table 2. PERCENT CONTRIBUTION TO INDUSTRIAL WASTEWATER FLOW AT 
HIGH POINT WWTP 

Industry type 

Organic Chemical Manufacturing 
Textile (dyeing, finishing, milling) 
Metal Platers and Formers 
Drum Cleaning 
Paints and Coatings 
Dairy 

Contribution to 
Flow 

~ivision of Environmental Manaqement Assessment of Toxicity 

The North Carolina Division of Environmental Management (DEM) 
conducted a study in 1983 of the Westside WWTP and its impact on 
Rich Fork Creek (NC DEM, 1984). Samples of effluent collected 
prior to chlorination on three dates were submitted to 48 hour 
static Da~hnia ~ u l e x  bioassays. These acute toxicity tests re- 
sulted in LC50 values of less than 45% effluent. In addition, a 
flow-through 96 hour LC50 using fathead minnows was determined 
to be 64% effluent (prior to chlorination). The study found that 
the numbers and diversity of fish and benthic invertebrate popu- 
lations were greatly reduced downstream from the WWTP and con- 
cluded that the effluent was greatly stressing downstream biota. 
Results of chemical analyses of the effluent conducted at the 
time of the benthic survey showed there to be high levels of 
phenols and of formaldehyde, a tributyl tin compound at ppb 
levels, and 10 unidentified peaks detected by GC/MS. Vighi and 
calamari (1985) found tributyl tin chloride to have a 24 hour 
LC50 of 0.013 mg/L (13 ppb) using Daphnia masna. The DEM report 
concludes that while formaldehyde and tributyl tin were compo- 
nents of the whole effluent toxicity, additional toxic constitu- 
ents probably exist. It also suggests that if nonylphenol eth- 
oxylates were a major component of the phenols, that the munici- 
pality investigate the possibility of having the textile indus- 
try substitute the more biodegradable alcohol ethoxylates for 
them. A less potently toxic compound was substituted for the 
tributyl tin compound to serve as biocide in the textile 
industry. 

Hish point Toxicity Assessment Proqram 

The Central Laboratory of the High Point Water and Sewer Depart- 
ment has conducted acute Daphnia pulex toxicity tests for 
several years on the recommendation of the state Division of 
Environmental Management. Biomonitoring of wastewater treatment 
plant effluent has sometimes been as frequent as two times per 
week. DEM defined acceptable levels of acute toxicity of the 
Westside WWTP effluent as an LC50 of greater than or equal to 



95% effluent. From February 1986 to September 1986, prior to 
improvement in treatment facilities, the laboratow biomonitor- 
ing program found 8 of 13 influent and 13 of 43 efhuent samples 
bioassayed as having LC50 values less than go+%. Following up- 
grading of treatment processes, between September 1986 and April 
1987, 5 of 5 influent and 9 of 41 effluent samples showed LC50 
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In the summer of 1987 the High Point Central Laboratory con- 
tracted with a private laboratory to conduct acute toxicity 
tests of industrial effluents discharged to the Westside plant 
and of an untreated domestic wastewater sample. Of the inhus- 
trial effluents tested, 80% had LC50 values less than 10%. The 
LC50 values of the industrial effluents ranqed from less than 
0.1% to 71%. The following industrial categories, which are 
considered significant contributors (based on flow), had indi- 
vidual dischargers with LC50 values of less than 

textile (minimum LC50 = 0.1%) 
drum cleaning (minimum LC50 = 0.1%) 
metal plating (minimum LC50 = 0.1%) 
metal formin 
organic chem 7 cal manufacturing 
The industrial effluent having the least toxicity (LC50=71%) was 
from an organic chemical manufacturer that pretreats by an aero- 
bic biological process. The least toxic untreated industrial 
effluent from an organic chemical manufacturer had an LC50 of 
68%. An untreated domestic wastewater sample had an LC50 of 90%. 
These findings imply that the source of the toxicity of influent 
to the Westside plant is primarily industrial. 

Attempts have been made by a private laboratory contracted by 
the ~ i g h  point Central Laboratory to cultivate and maintain 
stock Ceriodaphnia in Westside domestic wastewater after treat- 
ment in a batch reactor using activated slud e from the Westside 
plant. Although the daphnia live in this med 7 um, they do not 
exhibit as high a reproductive rate as is required by EPA quali- 
ty assurance guidelines for use in chronic bioassays. This sug- 
gests either that levels of toxic compounds (including ammonia) 
present in the domestic wastewater before treatment are high 
enough to depress reproductive rate or that toxic compounds 
associated with the sludge and leached into the wastewater dur- 
ing treatment are adversely affecting the reproductive rate. 
That sludge is a sink for heavy metals and polynuclear aromatic 
hydrocarbons has been well documented. Other compounds have been 
shown to be concentrated in sludge, as well. Gfger, Brunner, and 
Schaffner (1984) reported that 4-nonylphenols, degradation pro- 
ducts of nonylphenol polyethoxylates, are present in activated 



sludge (although anaerobically digested sludge has nearly 10 
times the concentration of the activated sludge) and have toxic- 
ity to Da~hnia mama greater than that of cadmium. 



MATERIALS AND METHODS 

Sample Collection, Storaqe, and Handlinq 

Samples of influent and effluent from the High Point Westside 
WWTP were 
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composed of 90% by volume wastewater and 10% by volume pure 
dilution water mortality of 50% of the test orqanisns was ob- 
served. tlNon-toxiclt samples are defined as thoge having an LC50 
of go+%; these are not necessarily non-toxic, however, in the 
sense that they still may be chronically toxic. ~hese-defini- 
tions of toxic and non-toxic are also not fixed because the NC 
DEM determines the allowable numerical value of LC50 based on 
available dilution in the receivinq stream. In the case of the 
High Point Westside discharge, the-receiving stream affords very 
little dilution and thus, a toxic effluent is considered as one 
that causes greater than 50% mortality with practically no dilu- 
tion. Of the seven influent samples, four were considered toxic 
(lowest LC50 = 15%). Of the ten effluent samples, six were 
considered toxic (LC50 ranging from 6 to 56%). Five samples 
listed in Table 3 are designated as "Assumed toxic (AT)" or 
ttAssuned non-toxic (AN)." These designations are based on the 
judgement of the High Point Municipal Laboratory and the West- 
side WWTP personnel and not on actual bioassays; either bio-  
assays had been conducted on the previous day or the values of 
specific treatment parameters indicated a plant upset. 

Wastewater samples were composited over 24 hours at a rate of 
one liter every six hours. Wastewater treatment plant effluent 
was collected prior to chlorination. The collection of effluent 
samples was not delayed by the approximate residence time to the 
WWTP (about 18 hours) so strictly speaking it is not possible to 
compare these samples on a given sampling date. A 24 hour com- 
posite sample of domestic wastewater collected from a point in 
the sewer system having no industrial input was collected in the 
fall of 1987. In addition, samples of wastewater from six indus- 
trial categories were also collected: (1) organic chemical 



Table 3. HIGH POINT WESTSIDE WWTP SAMPLES 
AND CORRESPONDING BIOMONITORING RESULTS 

SAMPLE COLLECTION 48 hour LC50 TOXICITY 
DATE TYPE METHOD Daphnia pulex DESIGNATION ............................................................. 

2/3/86 EFF COMPOSITE 56% 
3/3/86 

TOXIC 
INF COMPOSITE AN NONTOXIC 

3/3/86 EFF COMPOSITE 90+% NONTOXIC 
3/11/86 INF COMPOSITE 15% TOXIC 
3/11/86 EFF COMPOSITE 90+% NONTOXIC 
3/26/86 INF COMPOSITE AN NONTOXIC 
3/26/86 EFF COMPOSITE 90+% NONTOXIC 
3/31/86 INF COMPOSITE AN NONTOXIC 
4/1/86 INF COMPOSITE 33% TOXIC 
4/1/86 EFF COMPOSITE 90+% NONTOXIC 
4/8/86 INF COMPOSITE AT TOXIC 
4/8/86 EFF COMPOSITE 66% TOXIC 

4/30/86 AB GRAB 49% TOXIC 
11/17/86 EFF COMPOSITE 6% TOXIC 
11/18/86 EFF COMPOSITE 6% TOXIC 
3/16/87 INF COMPOSITE AT TOXIC 
3/16/87 EFF COMPOSITE 10% TOXIC 
3/17/87 EFF COMPOSITE 6.1% TOXIC 

abbreviations: INF = influent; EFF = effluent; 
AB = aeration basin: AT = assumed toxic; 
AN = assumed nontoxic 
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Samples were stored in capped, two gall00 acid-washed glass 
bottles with a minimum of headspace at 4 C, except during over 
night shipping when samples were stored on ice in coolers. The 
majority of samples was extracted within one week of collectio 
except for some industrial composites which were stored for a 
maximum of one month prior to extraction. 

General characteristics of Westside WWTP Effluent 

Table 4 provides characteristics of samples collected for this 
study. ~hese data were obtained from the Central Laboratory of 
High Point's Department of Water and Sewer. Acute toxicity bio- 
assay 
mortal 
flow, 

results (kepo 
ity of 50% of 
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nia pulex test organisms), 
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uent causing 
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additibn, monthly averages for each parameter excepf pH are 
provided. None of these parameters was at its monthly maximum 
when a sample was collected. In fact, most values for pH, BODS, 
and COD are close to the monthly averages and appear normal. 

Preparation and Analysis of Wastewater Samples 

The preparation of samples for analysis is depicted in Figure 2. 
A procedural blank consisting of deionized distilled water was 
treated according to the same procedure as each set of three 
wastewater samples in order to detect any contamination entering 
the process from the extraction through the analysis stages. 
Wastewater samples (2 L) were continuously extracted for at 
least 16 hours with 250 mL of analytical-grade dichloromethane. 
Those collected before May 1986 were extracted at ambient pH, 
generally about pH 6.5. Wastewater samples collected after May 
1986 were extracted first at a pH greater than 11 and then at a 
pH less than two in order to insure maximum recovery of organic 
bases and acids and to simplify chromatographic analyses. Sodium 
hydroxide (0.1 M) was used to adjust the wastewater samples to 
pH 11 or greater; adjustment to pH 2 or lower was accomplished 
by the addition of concentrated hydrochloric acid. Primary in- 
ternal standards were added to wastewater samples prior to ex- 
traction as a means of determining the recovery of the extrac- 
tion process. Wastewater samples extracted at ambient pH and 
acidified samples were spiked with 2,5-dimethylphenol; samples 
made basic were spiked with d8-anthracene. The continuous 
extraction apparatus was cleaned after each use with detergent 
and acid dichromate solution and rinsed thoroughly with 
deionized distilled water.  
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Figure 2. Analytical Methods for Identification of Organic Compounds 



The dichloromethane extract was concentrated to a volume less 
than 5 mLousing rotary evaporation at a temperature of approxi- 
mately 32 C. Further concentration of the extract, if needed, 
was accomplished in micro-Snyder equipped concentrator tubes to 
which the extract had been quantitatively transferred. Extracts 
expected to have a fairly high TOC, L e . ,  influent to the West- 
side WWTP and industrial waste samples, were concentrated to 
approximately 5 mL. Those with relatively low ToC, i.e., efflu- 
ent of the Westside WWTP and domestic wastewater collected from 
the sewer system, were concentrated to approximately 0.5 mL. 
Extracts were spiked with the secondary internal standard 
(1,4-dichlorobenzene or 1-chlorooctadecane) for the purposes of 
quantitation and transferred to 10 mL teflon-lined, screw-capped 
vials for storage in the freezer until analysis. 

Extracts were analyzed by both GC/FID and GC/MS. The gas chro- 
matographic column employed for the analysis of the samples 
collected prior to May 1986 was a J & W 30m, wide bore (0.32 mm 
ID), thin film (0.25 um) DB-5 fused-silica capillary column. To 
achieve maximum column life and performance, two separate, iden- 
tical columns were used for the analysis of acid and base/ 
neutral extracts (samples collected after May 1986). These 
columns were J & W 30m, narrow bore (0.25 mm ID), thick film (1 
um) DB-5 fused silica capillary columns. Gas chromatographic 
conditions for GC/FID and GC/MS analyses are given in Table 5. 
GC/MS analyses were performed by Carol Haney of the North Caro- 
lina State University GC/MS laboratory. Performance of chromato- 
graphic columns used for baselneutral and acid extracts was 
monitored by injection of the Grob mix prior to analysis of 
sample extracts by GC/FID. No significant degradation in column 
performance was observed. 

Table 5 .  CONDITIONS FOR CHROMATOGRAPHIC ANALYSIS 

Instrument Varian 3700 Hewlett-Packard 5987 
Temperature 

program 60(4')-280 @ 6O/min 60(4')-310 @ 6O/min 
Carrier gas Helium Helium 
Carrier flow rate 1 mL/min 1 mL/min 
Injector 

temperature 2 8 OOC 300°c 
Detector 

tern erature P 3 OOOC 
Ionitat on technique 
Mode 
Ion separation technique 
Ion source temperature 
Transfer line temperature 
Mass spectral library 

EI, 70 eV 
Positive ion 
Quasropole mass filter 
200,C 
300 C 
NBS-NIH 
(78,000 spectra) 



Certainty Keasures 

Although primary internal standards were employed, no quantita- 
tive measure of recovery of the primary internal standard was 
determined. Because 1,4-dichlorobenzene was present in samples, 
it was a poor choice for an internal standard and could not be 
used as a basis for quantitation of recovery of the extraction 
process. The other secondary internal standard used, l-chloro- 
octadecane, was either added to samples in too small a quantity 
to be detected or was not amenable to chromatography under the 
conditions used. In either case, because none was detected, 
quantitation of recovery of the primary internal standard could 
not be achieved. Despite these problems, 2,5-dimethylphenol was 
observed in a majority of samples. Thus, recovery of a compound 
spiked into the sample matrix prior to extraction was demon- 
strated. The fact that no compounds were identified in procedur- 
al blanks indicates that no contamination was introduced to 
samples by the analytical procedure itself. 

Chemical Identification Process 

The process of assigning identifications to compounds detected 
in samples included: (1) computer library search of the NBS-NIH 
mass spectral reference library; (2) manual comparison of 
library identifications to reference spectra; and (3) inspection 
of spectra for reasonable fragmentation given the identifica- 
tion. Because spectra of standards were not generated on the 
mass spectrometer used for sample analysis for comparison with 
sample spectra, identifications may only be termed 
as opposed to confirmed. 

Acute Toxicity Tests 

Bioassays of wastewater samples were performed by the Central 
Laboratory of the High Point Department of Sewer and Water. The 
bioassay method used was that developed by EPA (Peltier and 
Weber, 1985) and modified by the NC Division of Environmental 
Management to use Daphnia pulex, a waterflea which lives in soft 
water, as opposed to Da~hnia masna, a hard water organism. 

The method can be summarized as follows. Wastewater samples were 
diluted with well water to five concentrations ranging from 0 to 
90% influent or effluent. Test organisms (10 Daphnla pulex indi- 
viduals less than 24 hours old) were added to wastewater samples 
in 10 mL of dilution water; total volume of test medium was 100 
mL. Mortality of the test organisms was recorded after 48 hours. 
Dissolved oxygen, temperature, and pH of the test medium were 
measured at the-beginning and end of the test. Plots of log 
percent mortality versus wastewater concentration were con- 
structed. The concentration at which 50% mortality occurred was 
obtained from this plot. 



RESULTS 

An Evaluation of Metals as Contributors to Toxicity - 

The focus of this research is on identification of organic com- 
pounds and their possible contribution to toxicity. However, it 
is first necessary to discuss the possible role of metals. 

Table 6 provides information helpful in determining the contri- 
bution of Cu, Ni, and Zn to the toxicity of the Westside WWTP 
samples. It will also be used to discuss ammonia toxicity in 
the next section. Concentrations of metals expressed in terms of 
both mg/L and the percentage of their respective LC50 values 
from the literature (LC50 of Ni = 0.510 mg/L; LC50 of Zn = 0.66 
mg/L; LC50 of Cu = 0.027 mg/L) as well as the combined values 
for Cu, N i t  and Zn are given (Nebeker et al., 1985; Miller et 
al., 1985; Ingersoll and Winner, 1982). 

While Ni and Zn concentrations in all of the samples were less 
than their respective LC50 values, almost all of the samples, 
except one Voxictt influent (3/11/86 LC50=50%) and one %on 
toxicw effluent (3/11/86 LC50=40+%) had Cu concentrations qreat- 
er than 100% of the LC50 value for Daphnia, reaching a maxlmum 
of 852%; two of the %on-toxicvt effluent samples (4/1/86 and 
3/3/86) had Cu concentrations greater than the no observable 
effect concentration (NOEC) of 0.020 mg/L (Ingersoll and Winner, 
1982), the highest being 0.09 mg/L. This apparent increase in 
the concentration required to affect acute toxicity may be due 
to the phenomenon of complexation of metals by high molecular 
weight organics or other compounds having complexation capabili- 
ty (Winner, 1985; Flickinger, 1985) . Buckley (1983) showed 
wastewater treatment plant effluent to have this kind of com- 
plexation capability. He found that complexation of Cu by 40% 
sewage treatment plant effluent diminishes the toxicity from 
total Cu to juvenile coho salmon (LC50 = 0.286 mg/L as opposed 
to 0.022 mg/L). If the same increase in the median lethal con- 
centration of Cu (LC50) is seen in wastewater with Da~hnia, this 
would account for samples having high concentrations of Cu ex- 
hibiting no toxicity to Da~hnia and would indicate that the 
toxicity of VoxicW samples is due to something other than Cu. 

The combined concentrations of Cu, Nf, and Zn in the influent 
sample of 3/11/86 only add up to 32.6% of the combined LCSOs yet 
this was a very toxic sample (LC50 = 15%). Thus, the contribu- 
tion of metals to toxicity is uncertain; most likely, other 
chemicals were contributing more. The only way to determine the 
importance of metals would be to perform a chelation test on the 





sample and measure the extent of toxicity reduction. This was 
not included in the research. 

An  valuation of Ammonia as a Contributor to Toxicity 

~mmonia may play a role in the toxicity of wastewater, especial- 
ly of wastewater before biological treatment that includes 
nitrification. The values of ammonia as NH3-N for influent and 
effluent samples was given in Table 6. Influent concentrations 
ranged from 5.6 to 60.5 mg/l, averaging 16.5 m g / l .  Those in the 
effluent ranged from 0.14 to 38.5 mg/l (data after September 
1986 reflect an increase in aeration capacity which produced 
consistent nitrification). 

Acute toxicity data for ammonia to various daphnia species are 
available (U.S. EPA, Jan. 1985). While pH and temperature vary 
from study to study, the mean LC500for the pH range of 7.06-8.58 
and temperature range of 19.6 - 25 C is 1.49 mgl/L when 
expressed as unionized amnonia-N or 36.3 mg/L as total ammonia- 
N. The LC50 values to Da~hnia magna on the basis of NH3-N and 
total ammonia-N (calculated from NH3-N and the ionization con- 
stant at specified pH and temperature) for data reported at a pH 
and temperature similar to those of the Westside WWTP samples 
are listed below: 

Inspection of the ammonia data (both influent and effluent) from 
the Westside WWTP (Table 6) reveals that only one sample 
(2/3/86) exceeded the average LC50 value (37.4 mg/L) from the 
studies listed above; the LC50 of this sample was 56%. Yet 
other samples, with ammonia significantly less than the LC50, 
also had low LC50 values (influent 3/11/86 and effluents of 
11/17/86 and 11/18/86). As important, LC50>90% was found for 
several effluent samples (3/3/86; 3/11/86; 3/26/86) even though 
the ammonia concentration was in the range of the LC50; this 
suggests that ammonia was not a major contributor to toxicity. 
Enough evidence is provided to show at least on some occasions, 
especially on 11/17 and 11/18/86, that other factors were 
responsible. 



Orqanic Compounds Found in Wastewater Samples 

Orga 
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nic compounds tentatively identified in seven High Point 
side WWTP influent samples and one aeration basin sample are 
ed in Table 7. Five out of the eight samples were defined as 

frtoxic,It three as %on-t~xic.~I A Voxicw sample is one exhibit- 
ing an LC50 of 90% or less in the 48 hour static Da~hnia pulex 
bioassay. A sample labelled %on toxiclI is one having an LC50 of 
go+%. Identification of 146 different compounds at a detection 
limit of approximately 10 ppb was attempted in the influent/ 
aeration basin samples. Tentative identification of 120 com- 
pounds was made. Insufficient information precluded the tenta- 
tive identification of 24 detected compounds referred to as 

Table 8 contains a list of compounds identified in ten High 
Point Westside effluent samples, six of which were defined as 
lltoxicI1 and four as %on-to~ic.~ At a detection limit of approx- 
imately 1 ppb, the identifi 
attempted in these samples. 
pounds was made. Compounds 

cation of 123 di 
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7 and 8 present semi-quantitative data for each compound. This 
semi-quantitative data is expressed as the ratio of the height 
of a 
respo 
chrom 

6hromatographi.c peak 
nding to a particular 
atoqram. A value of 1 

in-the total 
compound) to 
.5 represents 

ion chromatogram 
the noise level 
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(cor- 
in the 
mit of 

the mass-spectrometer. ~x~ressihg the quantitative data in this 
way allows for comparisons of concentrations within a given 
sample. However, because response factors were not determined 
and quantitative internal standards were not employed, strict 
comparisons within a given sample and comparisons from sample to 
sample cannot be made. Rigorous pantitation would have required 
deuterated analogs as internal standards and thus knowledge of 
what compounds were to be expected, and was not within the scope 
of this work. 

Available Data Concerning Toxicoloqical Sisnificance of Orqanic 
Compounds Identified in Wastewater Samples 

The toxicological literature was searched for studies dealing 
with toxicity of organic compounds individually or as mixtures 
to Daphnia pulex, Daphnia masna, Ceriodaphnia, and fathead min- 
nows. Results of toxicity studies of these test organisms for 
particular compounds tentatively identified in this research and 
their sources are listed in Appendix I. ~iterature sources are 
referenced by a letter following the numeric test value listed 
in Appendix I; sources are listed on the last page of the table. 



Table 7. COMPOUNDS TENTATIVELY I D E N T I F I E D  I N  H I G H  POINT UESTSIDE UUTP INFLUENT 

1-(2-methoxypropoxy)-2-propanol 

benzoic acid, butyl ester 

1-(2-methoxy-1-methy1ethoxy)-2-propanol (early R T )  

1-(2-methoxy-1-methy1ethoxy)-2-propanol (late RT)  

1,2,4-trichlorobenzene 
1,11-biphenyl 
undecane 

naphtha 1 ene 

2-ethyl - 1 -hexan01 
dimethylbenzene (early R T )  

2-butoxyethanol 

1 -  or 2-methylnaphthalene (early R T )  

1-(2-krtoxyethoxy)ethanol 
1-chloro-2-, 3 - ,  or 4-methylbenzene (early R T )  

4,8,12-trimethyl-3,7,ll-tridecatrienoic acid, methyl ester 

or tridecatrienenitrile 

1-heptacosanol 

1,2- or 1,3-dimethylnaphthalene 

1 -1ttethy1naphthalenc (latc R T )  

caf  f cine 
1,2,3- or 1,3,5-trichlorobcnzene 

2-nethyl-2,4-pcntancdiol 

nonane 

5- (phenylmthyl ) -2- th ioxo-4- in1idnzol inonc 

cthyibenzcnc 

vctadccanoic acid, butyl cstcr (early R T )  





Table 7. COMPOUNDS TENTATIVELY IDENTIFIED IN HIGH POINT UESTSIDE UWTP INFLUENT (continued) 

LC50: 
TOXICITY DESIGNATION: 

SAMPLE DATE: 

alkane at *RT 34.86 

alkane at *RT 40.04 

1,l-dicyclohexylheptane? 

1H- indole 
pheno 1 
decano i c ac id 
molecular sulfur 

h, 1,2-benzenedicarboxylic acid, butyl phenylmethyl ester 
00 

1,2,4-trithiolane 

1,2,4,6-tetrathiepane 

nonylphenol isomer 

N,N,N1,N1-tetraethyl-1,2-ethanediamine? 

1,2-benzcnedicarboxylic acid, diisoctyl or dioctyl ester 
3-methyl - 1H- indole 
dimethyltrisulfide 

1,11-oxybisbenzene 

1,3-dihydro-2H-indol-2-one 

1,8-dimethylnaphthalene 

2,6,10,15,19,23-hexamtnyl-Z,5,10,18,22-tctracosaht?xrlc?nc 

2-cthylhcxanoic a c i d  

4-(2,2,3,3- or 1,1,3,3.tctramtthyltKltyl)phcnol 

b-~wthyt -2-phcnyl indolc'  MW 231 

9, 12-oiti~dccc.d~cnoic ;li ~ c l  

14-~~ethylcholestnnc 

unknuun a t  *R1 46.2 

QUANTITATIVE DATA, SIGNAL TO NOISE RATIO 
*-.--.-...--..-..---..-.----.*--..-.--..--....--*.--...-.---.-.--------- 

AN 15% AN AN 33% AT 4% AT 
nontoxic toxic nontoxic nontoxic toxic toxic toxic toxic 
3/3/86 )/I 1 /86 3/26/06 3/37 /86 4/ 1 /86 4/8/86 4/30/86 3/ 16/87 

B/N(A) 
---..---...--.-.-....--..-.--..--.-.--.-.-.--.-----.-----*.-.-.----*.-.- 



Table 7. COMPOUNDS TENTATIVELY IOENTlFlEO IN HIGH POINT WESTSIDE W T P  INFLUENT (continued) 

QUANTITATIVE DATA, SIGNAL TO NOISE RATIO 
-.-..-.-..-----.-....-....~-.-..---..*.-.-.--...--...--*---.--.--.-- - . * -  

LC50: AN 15% AN AN 33% AT 49% AT 

TOXlClTY DESIGNATION: nontoxic toxic nontoxic nontoxic toxic toxic toxic toxic 

COHPOUND SAMPLE DATE: 3/3/86 3/11/86 3/26/86 3/31/86 4/1/86 4/8/86 4/30/86 3/16/87 

B/N(A) 
.................................................................................................................................... 
alkane at *RT 54.9, 54.6 

*RT 10.4, 1-methyl-2-, 3-, 4-(1-methylethyl), or 3-propyl- 
benzene or 1-ethyl-2,4- or 3,s-dimethylbenzene or 4-ethyl- 

-1,2-dimethylbenzene or 2-ethyl-1,4-dimethylbenzene 

N-(4-hydroxypheny1)acetamide or MU 169 
*RT 11.2, 1,2,4,5- or 1,2,3,5-tetramethylbenzene or methyl 

isopropylbenzene isomer 

2 *RT11.4, isomerof*RT11.2 
unknown at *RT 43.84 

9-octadecenoic acid 
unknown at *RT 32.45, MU 211? 
unknown at RT 31.30, (*RT 24.0, 22.72), MU 203 
unknown at RT 29.86, (*RT 23.4), MU 175 
2~isopropylidcncdihydrobenzofuran-3-one or 4-methyl-5-phenyl 
4-imidazolin-2-one or MU 189 

unknown at *RT 20.9, 20.8 

heptadccanc 
oc t  edcc onc 
unknown at + R T  26.0, MU ?01? 

* R T  11 .9 ,  2 ,3 -d ihydro -4 -  or 5-nwthylindcnc or ( 2 - ~ ~ c t h y l - 1 - p r .  

unknown at * R T  12.0,  MU 147? 

'R1 12 .1 ,  isomer of * R l  11.9 

*HI 12.2 ,  i ~ o m t ~ r  of  * R I  10.4 

e thy l - t r~n lc thy lbenzenc  or dimethyl-isopropylbcnzcnc isvnlcr 

* R T  10 .2 ,  lsonler of ' R T  10.4 

" W 1  10.9, I S O I I W ~  of  + R I  11.2 



Table 7. COMPOUNDS TENTATIVELY I D E N T I F I E D  I N  H I G H  P O I N T  U E S T S I D E  W T P  INFLUENT (continued) 

COMPOUND 

LCSO: 
T O X I C I T Y  DESIGNATION:  

SAMPLE DATE: 

-.--....-.-..-.*-.---...-----.--.---...-----.....-~..~.~- 
alkane a t  +RT 13.9 

3-(1-methyl-2-pyrrolidiny1)pyridine (n icot ine)  

1-(2-propeny1oxy)-2-propanol 
az i docyc l ohexane? 

2-cyclohexen-1-01 

2-cyclohexen-1-one 

decane 

w 1-methyl-2- or  4-propylbenzene or (1-methylpropy1)benzene 

O * R T ~ . T ,  i r n r r o f * ~ ~  11.2 
unknown a t  *RT 31.8, 31.7 
nonadecanol? 

unknown at  *RT 33.6 
unknown a t  *RT 34.1 
unknown at  *RT 50.0, MU 296 

unknown a t  *RT 54.0, MU 296 

unknown a t  *RT 31.72 
unknoun a t  *RT 21.86, MU 188? 

unknown at * R T  32.3 

unknown at * R T  36 

unknown a t  * R T  31.18, MU 229? 

1,2 bcnzcncdicarboxylic acld, dimcthyk ester 
hcxano i c ac i d  

tctrachlorocthcnc 

4-hydr-oxy-4-mcthyl-2-pentanone 

2- (2 -nethoxycthoxy)cthnnol  

(chloromcthyl)benzcne 

Q U A N T I T A T I V E  DATA, S I G N A L  TO N O I S E  R A T I O  
- . - . . - - . - . - . - - . . - . - ~ ~ - . . - . - . ~ . - . . ~ ~ . ~ . ~ . ~ ~ . ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ . . . ~ ~ ~ ~ - . ~ * ~ ~  

AN 15% AN AN 33% AT 40"X AT 
nontoxic tox ic  nontoxic nontoxic tox ic  tox ic  tox ic  tox ic  
3/3/86 3/11/86 3/26/86 3/31/86 4/1/86 4/8/06 4/30/06 3/16/87 

B/N (A) 
. - . - . . . . - . - . - - . . . . . - - . . - . . . . * - - - . - . - . . - - . . *~ . - - - - .~~~~--~~--~~. . - . - .~ . . .~  

2 

1.5 

1.5 

1.5 

1.5 
3.5 

3 

2 

3 

3 
2 

4 

6 

3 

3 



Table 7. COMPOUNDS TENTATIVELY I D E N T I F I E D  I N  H I G H  P O I N T  WESTSIDE WWTP INFLUENT (continued) 

Q U A N T I T A T I V E  DATA, S I G N A L  TO N O I S E  R A T I O  
------.-...-.--.--....---..-.--..----.-.-- -..-.-----.-------.--..-.-...- 

LCSO: AN 15% AN AN 33% AT 49% AT 

T O X I C I T Y  D E S I G N A T I O N :  nontoxic toxic nontoxic nontoxic toxic toxic toxic toxic 
C O H P W N D  SAMPLE DATE: 3/3/06 3/11/86 3/26/86 3/31/06 4/1/86 4/8/06 4/30/06 3/16/87 

B / N ( A )  
..---..-..--..--.----.--.--..-.--.-.-...-...---.---.-...-..--.-----------.-.-.--.--*-...--.-..--------.--.-.--------------...------- 
1-benzyl-2-methyl- or 3-methyl-1-(phenylmethy1)-azetidine 

unknown at RT 35.73, 36.01, MU 212 
propanoic acid 

2-methylpropanoic acid? 

butanoic acid 

unknown at RT 9.6, MW 104? 

unknown at RT 10.15, MW 98? 

pentanoic acid w 
unknown at RT 13.0, MU 139 

unknown at R T  17.23, MU 116 

benzoic acid 

benzeneacetic acid 

benzenepropanoic acid 

pentodecane 

hexadecane 

2,6,10,14-tetramethylpentadecane 

unknown at RT 31.42, MU 199 

2,6,10,14-tetrmethylhexadecanc 

nonadccane 

alkane at RT 35.73 

oc t udccano i c ac id 

a b o r c v i a t i o n s :  AT=assuned t o x l c ;  .4NT=assu11cd nontoxic; B / N = b , ~ s t . / n w r r a \  e x t r x t ;  ( A ) = a c i d  eAtrdit; 2 l = r c t e n t 1 o n  t ime;  MW=~~olcculsr 

w e i g h t  



Table 8. COMPOUNDS TENTATIVELY IDENTIFIED IN HIGH POINT UESTSIDE W T P  EFFLUENT 

QUANTITATIVE DATA, SIGNAL TO NOISE RATIO - - . . - - . . . - - - . - - - . - - - - - - - - . . * . . - - . - - . - - - . - . . - - - . - . . - - . . -~~. -~~.~. .~-~~.~. . . . . - .~ . . .~ .~ .~~. .  
LC50: 56% 90+X 90+% 90+% 90+% 66% 6X 6% 10% 6.1% 

TOXICITY DESIGNATION: toxic nontoxic nontoxic nontoxic nontoxic toxic toxic toxic toxic toxic 
COHPOUND SAMPLE DATE : 2/3/86 3/3/86 3/11/86 3/26/86 4/1/86 4/8/86 11/17/86 11/18/86 3/16/87 3/17/87 

B/N B/N(A) 8/N(A) B/N(A) ..-*....--...---.-.-.--.-..--.-.--..--.-...-.--.-.--.--.--..-.-...............-.-..-......-.--.-.--.-*-.--.-.--.-...-...--.---.-.----*..--.-..--..---- 

benzolblnaphtho[2,1-dl or [1,2-dl thiophene 
N-(4-hydroxypheny1)acetamide or MU 169? 8 1 5 0 2 8 
phosphoric acid, triethyl ester 
tetrachloroethene (tetrach\oroethylene,perchloroethylene) 
tetrahydro-2-furarmethanol 
1-(2-propeny1oxy)-2-propanol 
4-hydroxy-4-methyl-2-pentanone (diacetone alcohol) 
toluene 
unknown at RT 9.54, *(RT 4.3), MU 97 
2-cyclohexen-1-01 
unknown at R T  11.21, 11.23, 11.35 
2H-pyran-2-one or 2-cyclohexen-1-one 
3,3,3-trichloro-1-propene 
unknoun at RT 18.66, MU 168 
2-phenyl- 1,3,2-dioxaborolane? MU 148 
1,3-isobenzofurandione 
2-isopropylidinedihydrobenzofuran-3-one or 4-methyl.5-phenyl 

-4-imidazolin-2-one or MU 189 
1.2-benzenedicarboxylic acid, diethyl ester 
(diethyl phthalate) 

unknoun a t  RT 31.30, 31.50, *(RT 24.02,22.73,22.68), MU 203 
2-acetyl-2,8-dihydro-7-methyl-8-methylenepyrazolo- 

[5,1 -cl [I ,2,4l triazine 
unknown at RT 26.75, MU 207 
unknown at RT 40.14, *(RT 32.7, 32.3, 32.4, 31 .O3), MU 204 

(2,2,5,7-tetramethyl-1-tetralol?) 
chloroform 
dibr~~~lo~hl~r~n~cthane 
unknr~wn at R T  16.22 (spectrum similar to R T  10.46) 
urbknoun at R T  17.37 (contains 2 chlorine?) 
unknown at K T  10.46 
2 -  l S*JX;1? 1 1  ~d~ncc,~rl.mxyl ic Kid, ethyl c : , ~ I ? I ' ~  MU 161 ' 
N,4-d111~:thyIbenrcnesutfona1arde 01- (phcnorytnethyl )knzcnc? 
4-l lcthyl-3.pcnten-2-one or 2 ,5 -d ihydro -2 ,5 -d l r~~c thy l fu ran  
4-ethylplpcrldrnc or 1-pipcridinccarboxaldchydc 
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Table 8. COMPOUNDS TENTATIVELY IDENTIFIED IN HIGH POINT WESTSIDE WTP EFFLUENT (continued) 

QUANTITATIVE DATA, SIGNAL TO NOISE RATIO . ~ . . . . . . . - . * - - - . . ~ - - . - . - ~ . ~ - . - - - - . - . * - - . . - - . - . - . - - . . ~ . ~ . ~ ~ . ~ ~ . ~ ~ . . ~ - ~ ~ ~ ~ . ~ ~ . ~ ~ ~ . ~ ~ . . ~ - ~ ~ ~ .  
LC50: 56% 90+X 90+% 90+% 90+% 66% 6% 6% 10% 6.1% 

TOXICITY DESIGNATION: t o x i c  nontoxic nontox ic  nontox ic  nontox ic  t o x i c  t o x i c  t o x i c  t o x i c  t o x i c  
CWPWND SAMPLE DATE: 2/3/86 3/3/86 3/11/86 3/26/86 4/1/86 4/8/86 11/17/86 11/18/86 3/16/87 3/17/87 

B/N B/N(A) B/N(A) B/N(A) .--.....---.....-*--..-.-.--.----*-..---.--..-....-.-...-.-.--.-..-.-.-.-.--.-.-.--.--.-..-...-...-.--...-.-....-.--.--..*-....-.--*--.----....-.*.-.. 

unknown a t  RT 20.74, 20.30, MU 226 o r  127 ( s i m i l a r  t o  R T  16.28) 
3 - e t h y 1 - 4 - n r e t h y l - l H - ~ l e - 2 , 5 - d i o n e 7  
unknown a t  R T  20.95 
unknown a t  RT 21.49, MU 246 o r  244 
3-bromocyclohexene 
a ph tha la te  a t  RT 45.48 
a ph tha la te  a t  RT 47.18 
unknown a t  RT 5.82 
dihydro-5,s-dimethyl-(3H)-furanone 
unknown a t  RT 13.48, isomer o f  dihydro-dimethyl-furanone? 
unknown a t  RT 15.89 
3-nonyn-2-01? 
unknown a t  RT 19.97, MU 145, 1 c h l o r i n e  
a ph tha la te  a t  R T  36.32 
o, ,4-trimethyl-3-cyclohexene-1-methanol (0 - te rp ineo l )  
dimethylbenzene ( l a t e  R T )  (xylene) 
hexahydro -2H-azep in -2 -m 
N,N-dimethylbenzenemethanamine 
N,N-dimethylcyclohexanamine 400 
octadecanoic acid, b u t y l  es te r  ( l a t e  R T )  
phenyl carbamic acid, methyl es te r  o r  1H-benzotr iazole 
ph tha la te  RT 45.2 
1,2-benzenedicarboxylic acid, d i i s o o c t y l  o r  d i o c t y l  ester  30 20 

( d i i s o o c t y l  o r  d i o c t y l  ph tha la te )  
1,2-bcnzenedicarboxylic acid, d imethy l  ester  (dimethylphthalate) 
1,2-benzenedicarboxyl i c  aicd, d i p e n t y l  ester  (d ipenty lphtha la te)  
1 -ch lo ro -2 - ,  3 - ,  o r  4-methylbenzene (chlorotoluene) o r  

(chloromethyl)benzcne 
4-(1-mcthylethyl)benzo~c acid, mcthyl ester  
c a f f e i n e  
1,2 ,3 -  o r  1 ,3 ,5- t r~ch lorobenzcnc (Late R T )  
1,2,4-tr ichlorobcnzene 
1,2-dichlorobenzene ( I S )  
1-(n1cthoxy-methylcrhoxy)-2~propanoL ( e a r l y  R T )  
I - (nrthoxy-rnethyLethoxy)-2-propdnol (Lntc  R T )  



Table 8. COMPOUNDS TENTATIVELY IDENTIFIED IN HIGH POINT UESTSIDE WUTP EFFLUENT (continued) 

COMPWND 

QUANTITATIVE DATA, SIGNAL TO NOISE RATIO 
....-.-........-..---*..-....-.-.-....---.---*..-----.....---.--..-.---..-.------*.--.-.*- 

LC50: 56% 90+% 90+% 90+% PO+% 66% 6% 6% 10% 6.1% 
TOXICITY DESIGNATION: toxic nontoxic nontoxic nontoxic nontoxic toxic toxic toxic toxic toxic 

SAMPLE DATE: 2/3/86 3/3/86 3/11/86 3/26/86 4/1/86 4/8/86 11/17/86 11/18/86 3/16/87 3/17/87 

1-(2-methoxypropoxy)-2-propanol (dipropylene glycol methyl 
ether) 

2,5-dimethylphenol (IS) 
2-ethyl-1-hexanol 
unknown at *RT 12.05, MU 89? 
hexanal? 
N,N,No,N8-tetraethyl-1,2-ethanediamine? 
unknoun at *RT 24.7, 24.43, HU 199 
unknown at *RT 34.9, HU 251 
unknoun at *RT 36.7, 36.2, 36.33, 36.77, 35.03, MU 299? 
unknown at *RT 35.4, 35.02, 33.6, HU 204 or 276 (isomer of  

R T  40.14?) 
unknown at *RT 35.55, MU 2797 

C" unknoun at *RT 23.3, MU 227 or 269 
unknown at *RT 27.97, MU 219 or 176 
1,4-bis(1-methyletheny1)benzene 
4-(1,l-dimethylpropy1)phenol 
1-ethyl-6-methyl-3-piperidinone 
unknoun at *RT 26.7, 26.8, 27.13, MU 201? 
unknown at *RT 8.9 
unknown at *RT 30.0, MU 1341 
1,2,4-, 1,3,5-, or 1,2,3-trimethylbenzene 
2-(1-methylethylidene)cyclohexenone? 
2-propyl-1,3-cyclohexanedione? 
unknoun at *RT 11.07, MU 1571 
unknoun at *RT 37.4 
unknoun at *RT 27.8 
unknown at *RT 16.95, HW 141? 
1,2,3,4,6,7,12,12b-octahydroindolo 2,3-a quinolizinc? 
unknown at 'RT 17.08 
unknown at *RT 34.0, MU 2267 

aSbrcvlatlons: B/N=basc/ncutral extract; (A)=dcid extract; Hl=rctt\ntlon tillbe; ~~rn~oleculsr wclght 



 quat tic toxicological data for 60 individual compounds from 26 
literature sources and for five complex mixtures from five lit- 
erature sources were compiled. 

0rqanic Compounds Found in Industrial Effluent and Domestic 
Wastewater Samples 

A listing of the industrial effluents for which composites were 
collected and analyzed is given in Table 9. The table also 
includes the code letters used to identify these samples in 
subsequent tables. The compounds tentatively identified in each 
categorical composite of effluent are listed in Appendices I1 - 
VII. Many of the compounds that were tentatively identified are 
also found on the list provided by the City of High Point of 
process chemicals in use by industrial dischargers. However, a 
significant number are not found on the list. On the average, 
approximately 50 compounds were tentatively identified in each 
categorical industrial effluent. Subsequent tables will analyze 
further the influent and effluent samples of the High Point 
Westside plant with the aim of detemining if specific compounds 
found in the categorical listing of industrial effluents also 
appear at the Westside WWTP plant. 

Table 9. CATEGORIES OF INDUSTRIAL DISCHARGERS FOR WHICH ORGANIC 
COMPOUNDS WERE IDENTIFIED BY GC/MS 

Organic chemical Manufacturing 
Textile 
Drum Cleaning 
Metal Finishing 
Diecasting 
Paints and Coatings 

Code 

In addition, a wastewater sample from a point in the collection 
system where industrial effluents were not discharged represents 
the category of domestic wastewater (DW). The results of organic 
compound tentative identification for this sample are given in 
~ppendix VIII. Analysis of the High Point Westside plant data 
appearing in tables presented subsequently will also seek to 
identify those compounds which may not be of industrial origin. 

Orqanic Compounds in Toxic, Non-toxic, and Both Toxic and Non- 
toxic Wastewater Sam~les 

Tables 10-12 subdivide the data provided in Table 7 and list 
compounds found only in toxic influent samples, compounds found 
only in non-toxic influent samples, and compounds found in both 



Table 10. CCHPCUNDS TENTATIVELY IDENTIFIED ONLY IN TCXIC HIGH POINT 
UESTSIDE WWTP INFLUENT AND THEIR SWRCES 

COMPOUND 
PROCESS 

**FREQUENCY SWRCE(S) CHEMICAL 

1- or 2-methylnaphthalene (early RT) 
isothiocyanic acid, phenyl ester 
1,2-benzenedicarboxylic acid, butyl phenyl- 

1 phthalate) methyl ester (butyl b e m y  
1,8-dimethylnaphthalene 
9-octadecenoic acid 
(chloromethy1)benzene (benzy 
alkane at *RT 9.8 
alkane at RT 35.73 
benzeneacetic acid 
benzenepropanoic acid 
benzoic acid 
benzoic acid, butyl ester 
butanoic acid 

1 chloride) 

cis-/trans- , ,4,5-tetramethyl-1-cyclopentene- 
1 -methanol 

hexadecane 
N,N,N1,Nt-tetraethy-2-ethanediamine? 
nonadecane ' 

nonane 
nonylphenol i s m r  
octadecanoic acid 
octadecanoic acid, butyl ester (ear(y RT) 
pentadecane 
pentanoic acid 
propanoic acid 
tetrachloroethene (perchloroethylene) 
1,11-oxybisbenzene 
1,2 benzenedicarbcxylic acid, dirnethyl ester 

(dimethyl phthalate) 
1,2,4,6-tetrathiepane 
1,2,4-trithiolane 
1,3-dihydro-2H-idol-2-one 
1 - (2-butoxyethoxy)ethanol 
1-benzyl-2- or -3-methylazetidine 
2,6,10,14-tetranethylpentadecsne 
2,6,lO,l4-tetramethylhexadecane 
2,6,10,15,19,23-hexanethyl-2,6,10,18,22-tetra- 

cosahexaene 
2- (2-methoxyethoxy)ethanol 
2-ethyl-N,N-dimethyl-1-hexanamine 
2-ethylhexanoic acid 
2-methytpropanoic acid? 
3-methyl-1H-indole 
4-(2,2,3,3- or l,l,3,3- tetranethy1htyl)pkenol 
4-hydroxy-4-methyl-2-pentanone 
5-(phenylmethyl)-2-thioxo-4-imidazolinone 
6-methyl -2 -phenyl indote? MU 207 
unknoun at *RT 21.86. MU 188? 
unknown at +RT 26.8,-~U 201? 
unknoun at *RT 31.18, MU 229? 
unkncun at *RT 31.72 
unknoun at *RT 32.3 
unknoun at RT 10.15, MU 98? 
unknoun at RT 13.0, MU 139 
unknoun at RT 17.23, MU 116 
unknoun at RT 31.42, MU 199 
unknoun at RT 35.73, 36.01, MU 
unknom at RT 9.6, MU 104? 

1 DC, PC 
1 

MF, PC 
TX,DC,DU 

NF, PC 
MF, PC 

Retention Time on column hav 
**out o f  5 samples 

ing 1 as apposed to .25 un film thickness 



Table 11. COMPOUNDS TENTATIVELY IDENTIFIED ONLY IN NONTOXIC HIGH 

POINT UESTSIDE LUTP INFLUENT AND THEIR SOURCES 

alkane at *RT 13.9 

alkane at *RT 33.42 

alkane at *RT 34.86 

alkane at *RT 36.21 

alkane at *RT 40.04 
azidccyclohexane? 

d-limonene 

decane 

docosane 

ethyl-trimethylbenzene or 

dimethyl- iscpropylbenzene isomer 

nonsdecanol? 

1,l-dicyclohexy(heptane? 

1-(2-prapenyloxy)-2-propanol 

1-ethyl-2-, 3-, or 4-methylbenzene 

1-hexadecene 

1 -7ethyl-2- or 4-propylbenzene or 

(1-mer3ylpropyl)benzene 

2-cyclchexen- 1-01 

2-cyclohexen-1-one 

2-metbylquinoline 

3-(1-methyl-2-pyrr0lidinyl)pyridine (nicotine) 

*RT 10.2, isomer of *RT 10.4 

*RT 10.4, 1-methyl-2-, 3-, 4-(1-mezhylethyl), 

or 3-propyl-benzene or 1-ethyl-2,4- or 3,5- 

dimethylbenzene or 4-ethyl-1,2-dinethyl- 

benzene or 2-ethyl-l,4-dimethylbenzene 

'RT 10.9, isomer of *RT 11.2 

*2T 11.2, 1,2,4,5- o r  1,2,3,5-tetramthyl- 

benzene or methyl-isopropylbenzene isomer 

*RT 11.4, isomer of *RT 11.2 

*RT 11.9, 2,3-dihydro-4- or 5-methylindene or 

(2-methyl-1-propenyl)benzene 

'RT 12.1, i s m r  of *RT 11.9 

*RT 12.2, isomer of *RT 10.4 

*RT 9.7, isomer of *RT 11.2 

unknown at *RT 12.0, MU 147? 

unknokn at +RT 31.8, 31.7 
unknown at *RT 32.45, MU 211? 

unknown at *RT 33.6 

unknoun at *RT 34.1 

unknown at *RT 3 6  

unknown at *RT 46.2 

unknokn at *RT 50'.0, MU 296 

unknoun a t  *RT 54.0, MU 296 

1 

1 
1 

1 

1 

1 

1 DU 

1 DC,MF 

1 MF, PC 

1 

1 OC, D I 

1 

*Retention T i m e  on column having 1 as oppased to 

thickness 

**out of 3 samoles 

.25 u n  film 



Table 12. COMPOMDS TENTATIVELY IDENTIFIED IN  BOTH TOXIC AND NONTOXIC HIGH POINT 
WESTSIDE W T P  INFLUENT AND THEIR S W R C E S  

1-methylnaphthalene (late RT) 

1,2,4-trichlorobenzene 

naphthaiene 

phenol 
l,lt-biphenyl 

2-erhyl - 1 - hexanol 
1-(methoxy-,methylethoxy)-2-propanol (early RT) 

1-(7ethoxy-methylethoxy)-2-propanol (tate RT) 

1,2,3- or 1,3,5-trichlorobenzene 

1-(nethoxy-methylethaxy)-2-propanol (early RT) 

1-(inet5oxy-methylethoxy)-2-propanol (late RT) 

1 - (2-ne:5cxypropoxy) - 2-propanol 
1-chloro-2-, 3-, or 4-methylbenzene 

u r k ~ o ~ n  at RT 31.30, (*ST 24.0, 22.72), MU 203 

tetrsdecanoic acid 

1 H -  i d o l s  

4-ne:?ylphenol 

o-terpineol 

1 , 2 -  or 1,3-dimethylnaphthalene 
toluene (mthyiknzne) 

decanoic acid 

3-methyl-1-Sutanol benzoate 

di3ethylbenzene (early RT) (xylene) 

dodecanoic acid 

benzenemethanol 

caffeine 

ethy lbe~zene 

2-iso~rcpylidenedihydrobenzofuran-3-one or 

C-~e:hyl-S-~enyl-4-irnidazolin-2-one or MU189 

1,2-benzenedicarboxylic acid, diisooctyl or di- 

octyl ester (di isooctyl or  dioctyl phthaiate) 
di3ethylben:ene (tate RT) (xylene) 

2-butoxyethanol 

hexadecanoic acid 

molecular sulfur 

dodecane 

hexahydro-2H-azepin-2-one 

9,12-octadecedienoic acid 

N-(4-hydroxypheny1)acetarnide or MU 169 

unknoun at RT 29.86, (*RT 23.4), HU 175 

heptadecane 

oc t adecane 

hexanoic acid 

1,2-benzenedicarboxylic acid, bis(2-ethylhexyl) 

(2-ethylhexyl phthalate) 

4,8,12-trimethyl-3,7,1l-tridecatrienoic acid, 

methyl ester or tridecatrieneni tri l e  
1 - heptacosanol 

OC,DC 

OC 

OC, TX,DC,DU 

DU 

PC, DU 

OW 

OC 

OC,DC 

DC,DI 

OC,DC,PC 

TX,DC,DI 

OC, DU 

PC,DU 

OC,DC 

OC 



Table 12. COMPOUNDS TENTATIVELY IDENTIFIED I N  BOTH TOXIC AND NONTOXIC HIGH POINT 

UESTSIDE UUTP INFLUENT A H 0  THEIR SWRCES (continued) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2-methyl-2,4-pentanediol 

1,2,3-, 1,3,5-, o r  1,2,4-trimethylbenzene 

dimethyttrisulfide 

14-methylcholestane 

hexacosanol 

alkane at *RT 54.9, 54.6 

urbokn at *RT 43.84 

upknow at *RT 20.9 ,  20.8 

undec ane 

octadecanoic acid,  butyl ester (Late RT) 

N,N-dinethylcyclohexanamine 

**FREQUENCY 

TOXIC-NONTOXIC 
PROCESS 

SOURCE(S) CHEMICAL 
..-........-..-.-.. 

'Retention 1i.w on c o l m  having 1 as opposed to .25 un film thickness 

**out of 5 toxic and 3 nontcxic samples 



toxic and non-toxic influent samples, respectively. Tables 13-15 
subdivide the data for effluent samples provided in Table 8 in a 
similar fashion, These tables also include: (1) frequency of 
occurrence of each compound; (2) which, if any, industrial ef- 
fluent category (OC TX, DC, MF, DI, PC) and/or domestic waste- 
water (DW) sample also contained the specific compound; and (3) 
whether the compound appears (Y for yes) on the list provided by 
the City of High Point of process chemicals in use by industrial 
dischargers. 

organic Compounds Escaping Wastewater Treatment 

Because the influent and effluent samples were not paired by the 
detention time in the plant but rather cornposited on the same 
day, it is not possible to state absolutely that compounds found 
in the effluent originated from those in the influent. Never- 
theless, this is their most likely source. The compounds found 
in both influent and effluent samples are listed in Table 16; a 
qualitative analysis of peak heights from chromatographic analy- 
sis showed that the effluent concentrations were lower by about 
an order of magnitude. The majority of the compounds escaping 
treatment are of industrial origin, which strengthens the justi- 
fication for comparing these tfnon-pairedtt influent and effluent 
samples. 



Table 13. COHPOUNDS TENTATIVELY IDENTIFIED ONLY IN TOXIC HIGH POINT 

WESTSIDE LAJTP EFFLUENT AND THEIR SOURCES 

PROCESS 
COMPOUND **FREQUENCY SOURCE(S) C H E M I C A L  
........................................................................... 
cyclohexene or 2- or 4-methyl-1,3-pentadiene 

phosphoric acid, triethyl ester 

tetrachloroethene (perchloroethylene) 

toluene (methylbenzene) 

4-hydroxy-4-methyl-2-pentanone 

a phthalate at RT 45.48 

bentaldehyde 

dibromochlormthane 

1,2-benzenedicarboxylic acid, bis(2-ethylhexyl) 

ester (2-ethylhexyl phthalate) 

1-benzyl-2- or -3-methylazetidine 

1-nitrosopiperidine 

2-acetyl-2,8-dihydro-7-nethyl-8-rnethylene- 

pyrazolo[5,1-cl [1,2,41 triazine 

2 - i s o x a z o l i d i n e c a r b c ~ x y l i c  acid, ethyl ester? or 

MU 161? 

3,4-dihydro-S,7-dimethyl-l(2H)-naphtha\? or 

7-methy l -4-Pter id inecarboxy l ic  acid, ethyl ester 

3-e thy l -4 -me thy l -1H-py r ro le -2 ,s -d ione?  

4-methyl-3-penten-2-one or 2,s-dihydro-2,s- 

dimethylfuran 

7-oxabicyclo [ L .  1 .Ol heptane 

(3-chloropropyl )benzene? 

a phthalate at RT 36.32 

a phthalate at RT 47.18 

benzo[blnaphtho[2,1-dl or [1,2-dlthiophene 

chloroform 

dihydro-5,s-dimethyl- (3H)-furanone 
fluoromethylbenzene? 

MU 105 or dimthoxymethane (RT 10.03) 

N,4-dimethylbentenesulfonamide or 

(phenoxymethyl)benzene? 

tetrahydro-2-furarmethanol 

1,3-, 1,2-, or 1,4-dichlorobenzene 

1,3-isobenzofurandione 

1,4-bis(1-methylethenyt)benzene 

1.4-dioxane 

1-(2-propenyloxy)-2-propanol 

2,3,6-trimethyl-4-octene or 1-butyl-2-ethyl- 

cyc l opentane or ( ) - Lavandulol 
2-phenyl-1,3,2-dioxaborolane? MU 148 

3,3,3-trichloro-1-propene 

3,4-dihydro-6,7-dimethyl- l(2H)-naphthalenone 

3,7-dimethyl-1-octene? 

3-"or 1-chlorocyclohexene? 

3-bromocyclohexene 

3-nonyn-2-01? 

5-methyl-2-hexanone 

4 2  



Table 13. COMPOUNDS T E N T A T I V E L Y  I D E N T I F I E D  ONLY I N  T O X I C  H I G H  P O I N T  

WESTSIDE WUTP EFFLUENT AND T H E I R  SOURCES (continued) 

COMPOUND 
...-.----..----.----..----.--.- 

PROCESS 

**FREQUENCY S W R C E ( S )  C H E M I C A L  
---.--.-...-.----.-.--..-.--*......-.----.-- 

unkncun at *RT 12.05, MU 89? 1 

unknoun at * R T  23.3, MU 227 or 269 1 
unknoun at *RT 27.97, MU 219 or 176 1 

unknoun at *RT 35.55, MU 2797 1 

unkncun at R T  10.46 1 
unknckn at RT 13.48, isomer of dihydro-dimethyl- 1 

f uranone? 
unkncm at RT 15.89 1 

unkncrn at RT 16.22 (RT 10.46 spectrum similar) 1 

unknown at RT 17.37 (contains 2 chlorine?) 1 

unknown at RT 18.66, MU 168 1 
unknown at R T  19.97, MU 145, 1 chtorine 1 
unkncwn at RT 26.75, MU 207 1 
unknown at RT 5.82 1 

u~knoun at RT 9.61, MU 181? 1 

unkncm at R T  11.21, 11.23, 11.35 2 

uckmun at R T  14.7, MU 134 2 

urknckn at RT 16.28, 16.25, MU 81 or 97 2 

(brminated?) 

unkncun at RT 19.36, 19.32, MU 127 ( R T  16.28 2 

spectrum similar) 

unknoun at RT 20.95 2 
unknown at RT 21.49, MU 2L6 or 244 2 

unknown at RT 24.01, 24.31, MU 159 2 

unknown at RT 26.64, 26.94, MU 203 2 
unkncrn at RT 34.05, 34.40, MU 232? 2 

unkncwn at RT 20.74, 20.30, PU 225 or 127 3 

(spectrm similar to RT 16.28) 

*Retention T i m e  on column having 1 as opposed to .25 in film thickness 

**out of 6 samples 



Table 14. COMPOUNDS TENTATIVELY IDENTIFIED ONLY I N  NONTOXIC H I G H  POINT 

WESTSIDE UUTP EFFLUENT AND THEIR SOURCES 

COMPOUND 
....----.----..--.-.-...-.-.--.--.-...-.. 
N,N-dimethylcyclohexanamine 

dimethylbenzene (late RT) (xylene) 

hexahydro-2H-azepin-2-one 

4- (1.1 -dirnethy[propyl )phenol 

o, ,4 - t r imethy l -3 -cyc lohexene-1-methano l  

(0-terpineol) 

octadecanoic acid, butyl ester (late RT) 

phenyl carbarnic acid, metby1 ester or 

1H-benzotriazote 

phthalate RT 45.2 
l,2-benzenedicarboxylic acid, dimethyl ester 

(dimethyl phthalate) 

1,2-benzenedicarbcxylic aicd, dipentyl ester 

(dipentyl phthalate) 

PROCESS 
**FREQUENCY SWRCE(S) CHEMICAL 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 
2 OC,DC,PC Y 

2 TX 

2 
1 DW 

4-(1-mthylethy1)benzoic acid, methyl ester 1 

1 -ethyl-6-methyl-3-piperidinone 1 

1,2,4-, 1,3,5-, or 1,2,3-trimethylbenzene 1 

2-(1-methylethylidene)cyclohexanone? 1 

2-propyl-1,3-cyclohexanedione? 1 

1 ,2 ,3 ,4 ,6 ,7 ,12 ,12b-octahydro indolo[2 ,3 -a ]  - 1 

quinol izine? 

unknoun at *RT 26.7, 26.8, 27.13, MU 201? 

unknown at *RT 30.0, t!U 1347 

unkncun a t  *RT 8.9 

unkncun at +RT 11.07, MU 157? 

unknoun at *RT 37.4 

unknoun at ^RT 27.8 

unkncun a t  +RT 16.95, HW 14l? 

unkncun a t  *RT 17.08 

unknown a t  *RT 34.0, MU 226? 

+Retention Time on colum having 1 as opposed to .25 um film thickness 
++out of 4 sarples 



Table 15. COMPOUNDS TENTATIVELY IDENTIFIED IN BOTH TOXIC AND NONTOXIC HIGH POINT 
WESTSIDE WWTP EFFLUENT AND THEIR SOURCES 

COMPOUND **FREQUENCY PROCESS 
TOXIC-NONTOXIC SOURCE(S) CHEMICAL .-.--..--.--.-...-.....--..-..-...~.*.-.~----.-.--.-.---.......-.--*......-----.--..*--- 

N-(4-hydroxypheny1)acetamide or MU 1693 
1,2,4-trichlorobenzene 
1,2-benzenedicarboxylic acid, diethyl ester 

(diethyl phthalate) 
4-ethylpiperidine or 1-piperidinecarboxaldehyde 
N-acetyl-N-(2-methylpropy1)acetamide or 

3-methyl.3-nonanamine 
1,2,3- or 1,3,5-trichlorobenzene (late RT) 
1- (methoxy-methy le thoxy l -2 -prowl  (early RT) 
2-cyclohexen-1-01 
2H-pyran-2-one or 2-cyclohexen-1-one 
2- (1 -methylheptyl )cyclopentanonc 
1-(methoxy-methylethoxyl-2-propanol (late RT) 
unknown at RT 29.86, 30.21, MU 175 *(RT 23.65, 

23.3, 23.42, 23.73, 22.12) 
1-(2-methoxypropoxy)-2-propanol 

(dipropylene glycol methyl ether) 
benzenemethanol 
dichlorocyclohexane or 1-methyl-1H-pyrrole 
2-isopropylidincdihydrobenzofurnn-3-one or 

4-methyl-5-phenyl-4-imidazolin-2-one or MU 189 
unknown at RT 31,30, 31.50,*(Rt 24.02,22.73,22.68) 

MU 203 
unknown at RT 40.14, *(RT 32.7, 32.3, 32.4, 31.03) 

MU 204 (2,2,5,7-tetrmethyl-1-tetrelol?) 
1,2-dichlorobenzenc (IS) 
2,s-dimethylphenol (IS) 
bromomethylbcnzene? or 

(methy1sulfonyl)methyl benzene 
1-chloro-2-,3-, or 4-methylbenzene (chlorotoluene) 

or (ch1oromethyl)benzene (bcnzyl chloride) 
2-ethyl-1-hexanol 
N,N,N',N1-tetraethyl-1,2-ethanediamine? 
N,N-dimethylbenzenerncthanamine 
caffeine 
1,2-bcnzcnedicarboxylic acid, diisooctyl or 

dioctyl ester (di isooctyl or. d~octyl phthalatc.) 
unknown at * R T  35.4, 55-02, 3 3 . b ,  MU 204 or 276 

(isomer of R T  40.14?) 
unknown at * W T  36.7,36.2,36.33,36.77,35.03,MU 299? 
urrknown a t  * K T  3 L . 9 ,  MU 251 
unknown at * R T  24.7, 24.43, MU 199 
unknown at H1 9 . 5 4 ,  * ( K T  4 - 3 1 ,  MU (97 
urlknoun s t  R T  10.74, 10.99, MU 91? 

'Rctcnt  on T intc on colurrm hav ing  1 i ~ ,  oppo:;cd to .25 UIII f I Lrn t h i c k n c b s  
"out of 6 [ U R I C  s;~~plcs and 6 rwntunic sswpler; 
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DISCUSSION 

considerations for and Limitations to Data Interpretation 

A "toxicN sample is operationally defined in this study as ex- 
hibiting an LC50 of 90% or less in the 48 hour static Daphnia 
pulex bioassay. An LC50 of 90% means that in a solution composed 
of 90% by volume wastewater and 10% by volume pure dilution 
water 50% of the test organisms died. However, this also implies 
that samples labelled %on-toxicH (LC50 = 90+%) may very well be 
toxic to ~aphnia pulex to some degree, as mortality of fewer 
than half the test organisms may have occurred. 

Wastewater is a complex mixture of metals and organic chemicals. 
Therefore, it is still possible that metals played some role in 
producing toxicity even though the Westside plant was selected 
for study because organic chemicals were thought by NC DEM to be 
a major contributor. It is also difficult, if not impossible, to 
determine any synergistic or antagonistic effects of particular 
chemicals without further study. The authors of EPAts Technical 
Support Document for Water Qualitv-Based Toxics Control (U.S. 
Environmental Protection Agency, 1985) submit that antagonism 
among effluents of multiple sources has been observed, but that 
synergism is extremely rare and "may not be an important factor 
in the toxicological assessment of effluents.It 

The extraction and analytical methods used in this study, 
although fairly comprehensive, were not exhaustively so, and 
thus may be regarded as an additional limitation to data inter- 
pretation. using similar techniques, Neal et al. (1980) 
recovered 25% of the TOC from secondary effluent of an activated 
sludge treatment plant. Volatile compounds and polar compounds 
could be better recovered using other methods. 

For semi-volatile and non-volatile compounds, the method used in 
this research is successful. Using wastewater spiked with var- 
ious industrial compounds, Bishop (1980) demonstrated recoveries 
of 76% +/- 19% for acids and 68% +/- 21% for base/neutrals. Due 
to a poor choice of internal standards, recoveries were not 
calculated for analyses performed in the study of High Point 
WWTP samples. However, 2 , 5 -  dimethylphenol, used as a primary 
internal standard for samples extracted at ambient pH and at 
acid pH, was observed in a majority of samples, demonstrating 
recovery of this com ound. It should be em hasized that identi- 
fications made in th ? s research-are tentat ! ve. Confirmation of 
these tentative identifications would require comparison of 
sample,.spectra to spectra of standard compounds generated on the 
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~dentification of sources of compounds is not complete. Not all 
compounds found in the Westside WWTP influent and effluent sam- 
ples were found in industrial wastewater samples, in the domes- 
tic wastewater sample, or on the survey of process chemicals. 
~ndustrial samples were not collected on the same day as the 
treatment plant samples, and since industrial processes and thus 
chemicals used may change periodically, they are not necessarily 
representative of the entire range of chemicals entering the 
treatment plant. In addition, the survey of process chemicals 
may be incomplete: chemicals in use may not have been divulged 
and impurities and degradation products of these chemicals are 
not included. 

Yet another limitation pertains to the toxicological literature. 
The data base for toxicity of individual compounds to Da~hnia 
pulex and particularly for aquatic toxicity of complex chemical 
mixtures is sparse. The toxicological data for non-aquatic orga- 
nisms, although more extensive, are difficult to relate to the 
situation being studied, although attempts have been made to 
correlate aquatic and mammalian toxicity data (Hodson, 1985). 

Not all of the results of toxicological studies reported in the 
literature are in agreement. Test conditions for toxicity stud- 
ies reported in this research sometimes vary. The effect of test 
variables such as diet, chemistry of test water, species, age of 
species, test duration, and organism loading rates have been 
studied (Lewis, 1983). A study of loading density, or the number 
of test organisms per volume of test medium, showed that the 
gfbiological response (mortality) did not vary more than three 
times in tests conducted at density that ranged from 1 daphnid 
per 2 ml to 1 daphnid per 50 ml of test waterwf (Lewis, 1983) and 
that this was acceptable variation. 

The type of test vessel (open or closed to the atmosphere) can 
be important if volatile organic compounds are concern. Losses 
of volatiles can occur in an open system during the 48 hour 
period of the acute test (LeBlanc, 1980). The results of most of 
the toxicity test results-reported in ~ppendix I were obtained 
either using closed systems which minimized losses due to vola- 
tilization or using analytically measured test chemical concen- 
trations. 

In general, however, when clearly defined test protocols are 
employed, Daphnia magna effluent toxicity data have been shown 



to be obtained with good reproducibility both within and between 
laboratories (Grothe and Kimerle, 1985) . 
Toxicity in this study also refers to the effect on a particular 
organism: ~aphnia tmlex. The 48 hour static Dm pulex bioassay is 
among a battery of tests developed by EPA to determine in-stream 
toxicity effects of effluents from WWTP and industrial waste 
streams. EPAts Complex Effluent Toxicity Testing Program estab- 
lished that effluent toxicity is directly correlated to impact 
in receiving waters (U.S. EPA, 1985, p. 2). Because the Da~hnia 
pulex is an invertebrate indigenous to the eastern U.S. and a 
source of food for fish, it does serve as both an indirect and 
direct indicator of stream life quality. Thurston et al. (1985) 
concluded from a study of comparative susceptibility of ten 
common aquatic species to ten organic species causing lethality 
by four modes of toxic action that %on-specific toxicants 
[which constitute a majority of industrial chemicals] show lit- 
tle variation in acutely lethal concentrations among aquatic 
 organism^.^^ The possibility exists, however, that there are more 
or less sensitive organisms than the Da~hnia ~ulex to the efflu- 
ent from the Westside WWTP. Investigations of the comparative 
toxicity (both acute and subacute) of a variety of compounds to 
various species have shown Daphnia to frequently, but not 
always, be the most sensitive organism to a particular chemical 
(Slooff et al., 1983; Slooff and Canton, 1983; and Blaylock et 
al., 1985). 
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Framework for Data Interpretation 

chemicals found in both influent and effluent samples at the 
Westside WWTP were divided into three categories: (1) chemicals 
found only in Ittoxictt samples (see Tables 10 and 13); (2) chem- 
icals found only in ttnon-toxictt samples (see Tables 11 and 14); 
and (3) chemicals found in both lltoxiclt and trnon-toxicN samples 
(see Tables 12 and 15). These categories are admittedly subjec- 
tive owing to the nature of the definition of toxicity being 
used. Nevetheless, it should be noted that samples defined as 
utoxicw in Table 3 had much lower LC50 values (between 6 and 
66%, with most being less than 50%) than the %on-toxict1 samples 
(all with LC50 values recorded as go+%). Therefore, it is logi- 
cal to focus on compounds found only in "toxictt samples as pos- 
sibly being a causitive factor; those found only in %on-toxic" 
samples a 
occurrent 
ly is the 
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however, a definite cause and effect relationship will be diffi- 
cult to establish. 

The identification of chemicals from the various types of indus- 
trial discharges (but not from specific industrial discharges) 
is provided in Appendix 11-VII. A cross-check was conducted to 
determine which of these also appeared at the Westside WWTP in 
those sample defined as tttoxic.tg Some industrial chemicals were 
also found in the domestic wastewater sample (Appendix VIII) and 
had to be excluded from the analysis because their source is 
unknown. Examination of chemicals of industrial origin found in 
Voxicft samples at the Westside WWTP is warranted for two rea- 
sons. First, acute toxicity tests at High Point have shown most 
industrial effluents to be much more toxic than untreated domes- 
tic wastewater (LC50 of 80% of industrial effluents are less 
than 10% while LC50 of untreated domestic wastewater is 90%). 
Related research has shown mutagenicity of wastewater treatment 
plant effluent to be primarily of industrial origin (Meier and 
Bishop, 1985). Secondly, strategies for the control or treatment 
of compounds found in industrial effluents (in the event they 
are ultimately identified as toxic agents) can be more easily 
developed since their source has been identified. While this 
provides some justification, it in no way allows for drawing 
firm conclusions about a cause and effect relationship between 
specific industrial chemicals and toxicity to Daphnia pulex. 

Possible Orsanic Com~ounds Contributins to Influent Toxicity 

Of eight High Point Westside influent samples (including one 
aeration basin sample), five were VoxictN and three %on-t~xic~~ 
(See Table 3). Table 17 lists those compounds that are most 
suspect of contributing to influent toxicity, according to the 
scheme described above. This table includes a code (see Table 7 
for explanation of code) for the source of the industrial chemi- 
cal if it was identified in Appendix 11-VII and an affirmation 
( Y  for Yes) if it has been listed as a process chemical by the 
industries in their reporting to High Point. Each of these chem- 
icals will be discussed below, noting the literature values of 
toxicity. In this regard, the literature does provide a means a 
ranking the relative toxicity of chemicals on the basis of LC50 
values. However, toxicity can still be caused by a relatively 
non-toxic chemical if present in concentrations exceeding its 
LC5O. 

The compound found with the greatest frequency in "toxicvt influ- 
e n t ~  is 1- or 2-methylnaphthalene. The isomers of methylnaphtha- 
lene have median lethal concentrations (48 hour LC50) Eo ~aphnia 
m a m a  of 1.42 mg/L and 1.85 mg/L for the 1- and 2-methyl isomers 
respectively. 

Diphenylether (or l,lt-oxybisbenzene) has a median lethal toxi- 
city of 4.0 mg/L to fathead minnows over a 96 hour period under 
flow through test conditions. While not found in the industrial 



Table 17. COMPOUNDS TENTATIVELY IDENTIFIED ONLY IN TOXIC HIGH POINT 
WESTSIDE WWTP INFLUENT AND THEIR INDUSTRIAL SOURCES 

**  1- or 2-methylnaphthalene (early RT) 
* 1'2-benzenedlcarboxylic acid, butyl benzyl ester 

1,8-dimethylnaphthalene 
(chloromethy1)benzene 
benzoic acid, butyl ester 
butanoic acid 
hexadecane 
nonadecane 

** nonylphenol isomer 
octadecanoic acid, butyl ester (early RT) 
pentadecane 
propanoic acid 

* tetrachloroethene 
** 1,l'-oxybisbenzene 
* 1,2 benzenedicarboxylic acid, dimethyl ester 

1-benzyl-2- or -3-methylazetidine 
2,6,10,14-tetramethylpentadecane 
2,6,10,14-tetramethylhexadecane 
2-(2-methoxyethoxy)ethanol 
2-ethylhexanoic acid 
2-methylpropanoic acid? 

** 4-(2,2,3,3- or 1,1,3,3-tetramethylbuty1)phenol 
* 4-hydroxy-4-methyl-2-pentanone (diacetone alcohol) 

OC,TX,DC,MF,DI 
MF, DI 

* Aquatic toxicity data available 
** Aquatic toxicity (LC50) less than 4 mg/L 
***out of 5 samples 



effluents analyzed in this study, diphenylether is on the survey 
list of process chemicals used by High Point WWTP industrial 
users. 

Toxicity data obtained in laboratory studies from several sour- 
ces for tetrachloroethylene, a priority pollutant, show it to 
have a median lethal toxicity to Da~hnia masna of 18 mg/L. In a 
field study carried out by Lay et al. (1984), tetrachloroethy- 
lene in a pond was found to be toxic to all Da~hnia maqna indi- 
viduals in the compartment (about 100 daphnids) after 3 to 4 
days of exposure to 0.44 mg/L of the chemical and after 3 hours 
to 2 days of exposure to 1.2 mg/L. This finding suggests that 
laboratory studies may have underestimated the toxicity of 
tetrachloroethylene in the environment. 

Of the compounds on this list for which aquatic toxicity infor- 
mation is available (see Appendix I), nonylphenol, with an EC50 
for Da~hnia mama of 0.18 mg/L and similar toxicities to shrimp 
and salmon, is the most toxic (McLeese, 1981). The compound p- 
tert-octylphenol is toxic (96 hour LC50) to shrimp at 1.1 mg/L 
(McLeese, 1981) . 
Alkylphenols and alkylphenol polyethoxylates have been the sub- 
ject of extensive study. Nonylphenol and octylphenol isomers are 
starting materials and metabolites of alkylphenol polyethoxy- 
lates, surfactants used primarily in the U.S. by industry and in 
Europe by both industry and households. Nonylphenol is also a 
major ingredient in a pesticide formulation. The presence of 
nonylphenols, nonylphenol ethoxylates with one and two oxyethy- 
lene groups, (nony1phenoxy)acetic acid, [(nonylphenoxy)ethoxy]- 
acetic acid, and octylphenol metabolites in sewage treatment 
plant effluent, river water, and textile dyeing plant wastewater 
has been reported in both Europe and the United States 
(Stephanou and Giger, 1982; Ahel, Conrad, and Giger, 1987; Ahel 
and ~iger, 1985). Metabolites of nonylphenol polyethoxylates, 
nonylphenol in particular, are much more toxic (up to five 
orders of magnitude, depending on the number of oxythylene 
groups) than the parent compounds (Stephanou and Giger, 1982). 

Giger, Brunner, and Schaffner (1984) and Ahel and Giger (1985) 
reported nonylphenol concentrations (0.89 g/kg; 1.000 g/kg) of 
up to two orders of magnitude higher than usual concentrations 
of heavy metals in anaerobically treated sewage sludge. They 
found activated sludge to contain 4-nonylphenol concentrations 
of 0.09 to 0.15 g/kg dry matter and mono- and diethoxylates in 
similar concentrations. concentrations of 467 ug/L of 4-nonyl- 
phenol were found in effluent from the anaerobic sludge digester 
(Ahel and Giger, 1985). Digester effluent is normally returned 
to the treatment plant (as it is in High Point) and contributes 
to nonylphenol levels detected in treatment plant effluent and 
in receiving waters. 



Alkylphenol carboxylic acids and mono- and diethoxylates were 
not identified in this study. However closer examination of the 
mass spectra of compounds that are listed as unidentified in 
samples from the Westside WWTP and comparison to spectra in 
Stephanou and Giger (1982) and in Ahel, Conrad, and Giger (1987) 
is warranted. Nonyl and octylphenols were found in effluents of 
both the metal finishers and paints and coatings industries in 
High Point and in the Westside wastewater treatment plant influ- 
ent. Dinonylphenol ethoxylate, octylphenoxypolyethoxy ethanol, 
octylphenoxypolyethoxy ethyl benzyl ether, trioctylphenol 
ethoxylate, and nonylphenyl ethoxylate are all on the survey of 
process chemicals used by industries discharginq waste to the 
High Point municipal wastewater treatment facilities. Thus the 
potential for the presence of alkylphenol and alkylphenol poly- 
ethoxylate metabolites in Westside WWTP influent and effluent 
exists. 

An HPLC method developed by Ahel and Giger (1985) exhibits 
detection specificity of alkylphenols and alkyphenol polyethoxy- 
late metabolites. Their method allows quantitative determination 
of these compounds in wastewater heavily loaded with other 
organic materials not possible by the method employed in the 
study of High Point samples without additional cleaning of 
extracts. This HPLC method might be employed in future analyses 
of High Point Westside WWTP samples in order to characterize the 
presence of alkylphenols and alkylphenol polyethoxylate metabo- 
lites accurately in WWTP samples. 

~iodegradation of alkylphenol polyethoxylates (APEO) is slower 
than for alcohol polyethoxylates (AEO) (Turner et al., 1985). Up 
to 30 mg AEO/L present in a wastewater did not produce acute 
toxicity to fathead minnows after secondary wastewater treat- 
ment. However, APEO concentration and acute toxicity to fish 
remained unchanged in laboratory die-away biodegradation tests. 
AEOs would thus appear to be less toxic alternatives to APEOs. 

Dimethyl and butyl benzyl phthalate, both priority pollutants, 
are the least toxic of the chemicals discussed thus far, 
Dimethyl phthalate, found in the organic chemical manufacturing 
effluent analyzed in this study, has a 48 hour LC50 to Daphnia 
mama of 33 mg/L; the 48 hour LC50 of butyl benzyl phthalate to 
Daphnia mama is 92 mg/L. Both chemicals are used by industries 
discharging to the Westside WWTP. Except for information regard- 
ing 4-hydoxy-4-methyl-2-pentanone toxicity (24 hour LC50 greater 
than 5000 mg/L for goldfish), no aquatic toxicological data 
could be found for the remaining chemicals in Table 17. 

In addition to compounds found only in "toxict1 samples, com- 
pounds found in both VoxicN and %on-toxicw influent samples 
and in industrial effluents but not in domestic wastewater are 
suspect of contributing to toxicity. These compounds are listed 
in Table 18. Of particular interest are those compounds which 
occur more frequently in Voxic" than in %on-t~xic~~ samples; 



Table 18. COMPOUNDS TENTATIVELY IDENTIFIED IN BOTH TOXIC AND NONTOXIC HIGH POINT 
WESTSIDE WWTP INFLUENT AND THEIR INDUSTRIAL SOURCES 

COMPOUND ***FREQUENCY INDUSTRIAL PROCESS 
TOXIC-NONTOXIC SOURCE (S) CHEMICAL ----------------------------------------------------------------------.---.------------ 

a** 1-methylnaphthalene (late RT) 5 1 OC 
a** 1,2,4-trichlorobenzene 5 2 OC Y 
a** naphthalene 5 2 OC,TX, DC 
**  l,l8-biphenyl 5 3 OC Y 
* 2-ethyl-1-hexanol 5 3 OC,TX,MF, PC Y 
a& 1-(methoxy-methy1ethoxy)-2-propanol (early RT) 4 1 b 

~n a,b 1-(methoxy-methy1ethoxy)-2-propanol (late RT) 4 1 b 
a** 1,2,3- or 1,3,5-trichlorobenzene 4 1 OC, DC Y 
a 1-(2-methoxypropoxy)-2-propanol 4 2 Y 
a** 1-chloro-20, 3-, or 4-methylbenzene 4 2 OC, DC Y 
a unknown at RT 31.30, (*RT 24.0, 22.72), MW 203 4 2 OC 
a 1,2- or 1,3-dimethylnaphthalene 3 1 OC 
a* toluene 3 1 OC, DC Y 
a decanoic acid 3 1 DC, DI 
* dimethylbenzene (early RT) 3 2 OC, DC, PC Y 

dodecanoic acid 3 2 TX, DC, DI Y 
** ethylbenzene 2 1 OC, DC Y 

2-isopropylidenedihydrobenzofuran-3-one or 2 1 OC 
4-methyl-5-phcnyl-4-.imidazolin-2-one or MW189 

* *  dimethylbenzene (late RT) 2 2 OC, DC, PC 



- Table 18. COMPOUNDS TENTATIVELY IDENTIFIED IN BOTH TOXIC AND NONTOXIC HIGH POINT 
WESTSIDE WWTP INFLUENT AND THEIR INDUSTRIAL SOURCES (continued) 

COMPOUND ***FREQUENCY INDUSTRIAL PROCESS 
TOXIC-NONTOXIC SOURCE (S) CHEMICAL ....................................................................................... 

dodecane 1 1 DC,MF, DI 
hexahydro-2H-azepin-2-one 1 1 TX 
9,12-octadecedienoic acid 1 1 DC 
N-(4-hydroxypheny1)acetamide or MW 169 1 1 TX,DC,PC 
unknown at RT 29.86, (*RT 23.4), MW 175 1 1 DC 
heptadecane 
octadecane 
hexanoic acid 
undecane 
octadecanoic acid, butyl ester 

Occur more frequently in toxic 

(late RT) 

than nontoxic 

1 1 TX,DC,MF,DI 
1 1 OC,TX,MF,DI 
1 1 DC 
1 2 DC, DI 
1 2 

Aquatic toxicity data available 
Aquatic toxicity (LC50) less than 4 mg/L 
out of 5 toxic and 3 nontoxic 
probable contaminants of 1-(2-methoxypropoxy)-2-propanol 
Retention Time on column having 1 as opposed to .25 urn film thi ckness 



these compounds are denoted by an asterisk. Most of the toxico- 
logical data for compounds present in both tttoxiclf and %on- 
toxicI1 influents indicate that all of the compounds for which 
data are available have median lethal toxicities of 20 mg/L or 
less to Daphnia. Of the compounds that occur more frequently in 
VoxicW than in ffnon-toxicw influents, all have 48 hour median 
lethal toxicities to Daphnia of less than 3 mg/L, except for 
naphthalene, 3- and 4-chlorotoluene, and toluene: (if the LC50 
values reported by LeBlanc (1980), which are consistently higher 
than all others, are not included). 

The compound occurring most frequently in tttoxicll samples and 
most infrequently in %on-t~xic~~ samples is 1-methylnaphthalene. 
Its toxicological data have already been discussed (48 hour 
LC50, Da~hnia masna, = 1.42 rng/L). The trichlorobenzene isomers 
have median immobilization concentrations to Daphnia of 1.29 - 
2.66 mg/L and median lethal concentrations to Daphnia of 1.8 - 
2.7 mg/L for the 1,2,3- isomer and 2.1 mg/L for the 1,2,4- 
isomer. Only the 1,2,4- isomer is a priority pollutant. The 4- 
and 3-chlorotoluene isomers immobilize 50% of test Daphnia popu- 
lation over a 48 hour time period in concentrations of 3.55 and 
6.46 mg/L, respectively. 

Toluene, another priority pollutant, has a 48 hour IC50 (immobi- 
lization) of 14.9 mg/L and a 48 hour LC50 of 11.5 mg/L for D o  
magna, while 48 hour Daphnia maqna LC50 literature values for 
naphthalene, also a priority pollutant, range from 8.6 to 16.64 
mg/L and the 96 hour LC50 for Da~hnia pulex is 1 mg/L. The large 
decrease in lethal concentrations of naphthalene from 48 to 96 
hour exposure is probably due to the bioaccumulation of naph- 
thalene by daphnids. Results of a study of the accumulation and 
elimination of naphthalene and other polynulcear aromatic hydro- 
carbons (PAH) by Da~hnia ~ulex indicate that 24 hour accumula- 
tion factors in water, in algae, and in medium containing both 
naphthalene dosed water and algae are 677, 19844, and 2337 
respectively (Trucco et al., 1983). Naphthalene showed the 
greatest uptake of five PAH1s evaluated. In addition, naphtha- 
lene had the lowest rate of clearance of the five PAWS: 17 - 
30% cleared after 72 hours compared to 72 - 92% cleared by the 
other PAHs during the same time period. 

No aquatic toxicological data are available for other compounds 
occurring more frequently in fltoxiclf than in %on-toxicff influ- 
ents: dipropylene glycol methyl ether and its isomers; 1,2- or 
1,3-dimethylnaphthalene; 3-methyl-butanol benzoate; and decanoic 
acid. 

Compounds occurring equally as frequently or more frequently in 
pfnon-toxiclf than fftoxiclf samples for which aquatic toxicity data 
were found, include l,lv-biphenyl, ethylbenzene (a priority 
pollutant), two xylene isomers, and 2-ethyl-1-hexanol. Medlan 
immobilization concentrations (48 hour) for Daphnia maqna for 
the xylenes range from 8.6 to 14.3 mg/L. Median lethal concen- 



trations (48 hour) for D. magna range from 3.18 mg/L (0-xylene) 
to 9.54 mg/l. The 48 hour LC50 of ethylbenzene for Daphnia mama 
is 2.12 mg/L; that of biphenyl is 3.08 - 4.7 mg/L. In a static 
96 hour test 2-ethylhexanol was found to have a median lethal 
concentration to bluegill of 10 mg/L. Dimethylbenzene (late RT); 
hexahydro-2~-azepin-2-one; N,N-dimethylcyclohexanamine; 
terpineol; and trimethylbenzene were found only in %on-toxictf 
effluent samples. 

 quat tic Toxicoloqical Data for Other Compounds Tentativel~ 
Identified in Influent Samples 

Aquatic toxicological data are available for several compounds 
found in both tt toxictt and tfnon-toxiclf inf luents for which indus- 
trial sources were not identified or which were identified in 
domestic wastewater. (See Tables 12 and Appendix I.) These may 
still be of industrial origin. Two of these compounds, 
2-butoxyethanol and 2-methyl-2,4-pentanediol, have toxicities of 
greater than 1000 mg/L. The trimethylbenzenes have median lethal 
concentrations to Da~hnia mama of 3.6 to 6 mg/L. For phenol, 48 
hour LCSOs for Daphnia mama range from 12.9 - 23 mg/L, while 
the no effect level concentration of diisooctyl or dioctylphtha- 
late for Da~nia magna reproduction is 0.32 mg/L. Toxicological 
data for benzoic acid, found only in "toxicw influents and in 
domestic wastewater, are avai 
a1 Data on Orqanic Chemicals 
of 255 mg/L for the 48 hour m 

labie. The Handbook of Environment- 
(Verschueren, 1983) gives a value 
edian tolerance limit of benzoic 

acid for-the mosquito fish. 

Many isomers of methyl and ethyl substituted benzene were found 
only in vnon-toxic~ influent. A toxicological study of 
1,2,4,5-tetramethylbenzene found that the 48 hour LC50 for 
Daphnia maqna of this compound is 0.469 mg/L, indicating that 
appearance in a %on-toxictt sample does not necessarily show 
that a compound is not a potent toxicant. The 48 hour LC50 of 
decane to Da~hnia magna, also found only in a %on-toxicw 
sample, is 0.028 mg/L. 

Possible Orqanic Compounds Contributinq to Effluent Toxicity 

Table 19 lists compounds most suspect of contributing to efflu- 
ent toxicity. These are the compounds found only in VoxicW 
samples and also found in industrial effluents. Table 3 indi- 
cates that out of ten samples of effluent from the High Point 
Westside plant, six were VoxicM and four %on-toxic." Almost 
all of the compounds found in industrial effluents in Table 19 
occur in more than one "toxictt sample. 

Compounds found only in lttoxicW effluents occur with greater 
frequency than do those found only in tttoxicN influents, sug- 
gesting that the toxicity of effluents may be less variable than 
that of influents. However, fewer industrial sources of com- 
pounds found in effluent samples have been identified. This is 
probably because compounds undergo metabolism and degradation 



Table 19. COMPOUNDS TENTATIVELY IDENTIFIED ONLY IN TOXIC HIGH POINT 
WESTSIDE WWTP EFFLUENT AND THEIR INDUSTRIAL SOURCES 

phosphoric acid, triethyl ester 3 OC 
tetrachloroethene 3 OC 
toluene 3 OC, DC 
4-hydroxy-4-methyl-2-pentanone 3 MF 
benzaldehyde 2 MF 
1-benzyl-2- or -3-methylazetidine 2 OC 
2-acety1-2,8-dih~dro-7-methy1-8-methy1enepyrazo1o[5,1-c] 2 OC 

-[1,2,47triazlne 
2-isoxazol~dinecarboxylic acid, ethyl ester? or MW 161? 2 PC 
4-methyl-3-penten-2-one or 2,5-dihydro-2,5-dimethylfuran 2 PC 
1,3-isobenzofurandione 1 OCIDCIMF 

Aquatic toxicity data available 
out of 6 samples 
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Tetrachloroethylene, toluene, and 4-hydroxy-4-inethy-2-pentanone 
were all found in tttoxicN effluent samples with the same fre- 
quency as triethylphosphate. The toxicological data pertaining 
to these compounds have been discussed. (See Appendix I.) Tetra- 
chloroethylene and toluene are much more toxic to Daphnia than 
4-hydroxy-4-methy-2-pentanone. Among compounds occurring 
somewhat less frequently is benzaldehyde. The Handbook of Envi- 
ronmental Data on Organic Compounds (Verschueren, 1983) provides 
the only aquatic toxicological data found concerning benzalde- 
hyde: minnows stop eating when exposed to 17.1 mg/L of an 85% 
solution. 

The compound 1-benzyl-20, or 3-methylazetidine was also found 
only in tftoxicN influent samples, although no toxicological data 
exist, 

Table 20 lists those compounds found in both Voxictt and %on- 
toxictt Westside effluents and also in industrial effluents but 
not in domestic wastewater; these are also suspect of contribut- 
ing to effluent toxicity. Only N-(4-hydroxypheny1)-acetamide 
occurred more frequently in "toxictt than in ttnon-toxictt samples; 
however, no aquatic tox~cological data for this compound was 
found. The only priority pollutant listed in Table 20 is 
1,2,4-trichlorobenzene. The toxicological literature indicates 
that the two trichlorobenzene isomers, chlorotoluene, and 
benzylchloride are all toxic to aquatic.organisms in 
concentrations of 10 mg/L or less. 

Although not identified in industrial effluents, the following 
compounds were present only in VoxicW effluent samples (see 
Table 13): 3,3,3-trichloropropene; chloroform; dibromochloro- 
methane; 1,4-dioxane; dichlorobenzene; and 5-methyl-2-hexanone, 
These are possibly of industrial origin, present as contaminants 
in the drinking water supply, or arise (in some cases) from 
chlorination reactions. Toxicity data for all these compounds 
may be found in Appendix I. 



Table 20. COMPOUNDS TENTATIVELY IDENTIFIED IN BOTH TOXIC AND NONTOXIC HIGH POINT 
WESTSIDE WWTP EFFLUENT AND THEIR INDUSTRIAL SOURCES 

a N-(4-hydroxypheny1)acetamide or MW 169? 
** 1,2,4-trichlorobenzene 
** 1,2,3- or 1,3,5-trichlorobenzene (late RT) 

1-(2-methoxy-1-methy1ethoxy)-2-propanol (early RT) 
1-(2-methoxy-1-methy1ethoxy)-2-propanol (late RT) 

m 
0 

unknown at RT 29.86, 30.21, MW 175 *(RT 23.65, 
23.3, 23.42, 23.73, 22.12) 

1-(2-methoxypropoxy)~2-propanol 
2-isopropylidinedihydrobenzofuran-3-one or 

4-methyl-5-phenyl-4-imidazolin-2-one or MW 189 
unknown at RT 31,30, 31.50,*(Rt 24.02,22.73,22.68) 

MW 203 
unknown at RT 40.14, *(RT 32.7, 32.3, 32.4, 31.03) 

MW 204 (2,2,5,7-tetrmethyl-1-tetralol?) 
** 1-chloro-2-, 3-, or 4-methylbenzene or 
~k (chloromethy1)benzene 

2-ethyl-1-hexanol 

* Aquatic toxicity dtata ~ v a  ilable 
* *  Aquatic toxicity (LCSU)  less than 4 mg/L 
a Occurs more frequently i n  toxic t h a n  nontoxic 
* * *  out of G toxic and 4 n o n t o x i c  s a m p l e s '  

3 TX, DC, PC 
4 OC Y 
4 OC, DC Y 
4 
3 
4 DC 



Aquatic toxicological studies of benzo[b]naphtho[2,1-d] or 
[1,2-dlthiophene (BNT), found only in a vtoxiclf effluent sample, 
indicate that the 2,l-d isomer is non-toxic, while the 1,2-d 
isomer has a 48 hour LC50 for Dapnia mama of 0.220 mg/L. The 
structurally similar PAH chrysene is not acutely toxic to 
Daphnia. In addition, Eastmond et al. (1984) predicted a maximum 
bioconcentration factor of 8000 for BNT, which is greater than 
that of chrysene (5200). The elimination half-life of BNT is 23 
hours compared to 18 hours for chrysene. Results indicated that 
daphnids metabolize BNTw 

Selected Com~ounds Found Only in "Toxicw Effluents and Relative 
Concentrations 

The percent of total ion current (%TIC) for four compounds found 
only in tftoxiclv effluents are shown in Figure 3. This provides 
another way of viewing the variability in mixture composition to 
be expected in wastewater effluents when industrial wastes may 
contribute. For all four compounds, their concentrations are 
quite variable from sample to sample, and in fact, no one com- 
pound was detectable in all "toxicH samples. 

Com~ounds Escaping Removal 

Compounds escaping removal (regardless of whether samples were 
fftoxicft or %on-toxicfv) at the Westside W P  have been presented 
in Table 16 and the available aquatic toxicological data for 
each in Appendix I. Many of these chemicals were also found in 
the industrial samples from High Point. The fact that some of 
these compounds, most notably tetrachloroethene, toluene, 
2-ethyl-1-hexanol, dimethylbenzene, and the trichlorobenzenes, 
exhibit considerable toxicity to aquatic organisms is impetus- 
for improving treatment or seeking substitute compounds of lower 
toxicity and better removal efficiency. 

Incomplete removal of some of the compounds listed in Table 16 
has been reported in the literature. In a pilot plant study, 
removal efficiencies of bis(2-ethylhexy1)phthalate and di-n- 
octylphthalate were found to be 79% and 83%, respectively 
(Petrasek et al. 1983). The primary renoval mechanism for both 
these compounds was found to be association with sludge. Incom- 
plete removal of 1,2,4-trichlorobenzene was observed in labora- 
tory studies of activated sludge treatment systems (Weber and 
Jones, 1986). Losses of the non-biodegradable compound were 
attributed to volatilization. 

Weber and Jones (1986) found toluene and o-xylene to be biode- 
graded in 
quantitati 
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F i g u r e  3 .  S e l e c t e d  Compounds Found Only  i n  T o x i c  E f f l u e n t s  

4-Hydroxy-4-methyl-2-pentanone 
Fathead minnow estimated MATC (4-methyl-2-pentanone) = 77.4 mg/L 
Industrial source: metal finishing 

O/OTIC 5r NONTOXIC TOXIC 
4.6 

90+ 90+ 90+ 90+ 5 6 6 0  6 6 10 6 
Sample LC50 (010) 

NOTES: 
TIC = Total Ion Current 
NO = None Detected 

Toluene 
Daphnia magna 48 h LC50 = 310 mg/L 
Industrial source: organic chemical manufacturing, drum cleaning 

NONTOXIC TOXIC 



Figure 3. Selected Compounds Found O n l y  in Toxic Effluents 
(continued) 

Phosphoric Acid, Triethyl Ester 
Fathead minnow 24 h LC50 (tri-n-butylphosphate) > 10 mglL 
Industrial source: organic chemical manufacturing 

NONTOXIC TOXIC 
12.6 

Tetrachloroethene 
Daphnia magna 48 h LC50 = 18 mg/L 
Industrial source: organic chemical manufacturing 

010 TIC 2.0 r NONTOXIC TOXIC 



~llustrative Example of Toxicity of Com~lex ~ixtures 

The implication from the litera 
studies is that combinations of 
a non-specific mode of action ( 
toxic effect even at concentrat 

ture involving mixture toxicity 
potent toxicants acting through 
i.e., by narcosis) can produce a 
ions near or below their no 

effect levels. In addition, combinations of a great number of 
toxicants that may not be considered potent toxicants may be 
sufficient to produce acute toxicity to aquatic organisms. 

ble 21 wa 
on concep 
emicals s 

prepared on1 
It is not 

ected are th 

y to il 
intende 
e causi 

lustrate th 
d to imply, 
tive agents 

e additi 
in fact 
of toxi 

.ve 
# ,  t 
cit 

concen 
.hat th 
. y .  The 

tra- 
e 
14 

chemicals in Table 21 were chosen because they were all present 
in at least one influent sample bioassayed as t%oxictt and acute 
toxicity data were available: ~ccording-to the principle of 
concentration addition, each chemical present at 1/14 of it 
concen 
result 
those 

tration should produce acute toxicity in 
ing concentrations given in Table 21 are 
found in Westside WWTP influent samples: 

the- mixture. 
in the range 
100 ppb to 

Table 21. HYPOTHETICAL EXAMPLE OF CONCENTRATIONS NECESSARY 
PRODUCE TOXIC INFLUENT AT HIGH POINT WESTSIDE WWTP GIVEN 
NARCOSIS AS MECHANISM 

Compound 

~onylphenoi 
Octylphenol 
Tetrachloroethene 
l,lt-oxybisbenzene 
Biphenyl 
2-ethylhexanol 
1,3,5-trichlorobenzene 
4-chlorotoluene 

(chloro-methylbenzene) 
1,2,4-trichlorobenzene 
Naphthalene 
Toluene 
Ethylbenzene 
2-butoxyethanol 

Fraction of 
LC50 (1/14) 

ms/L 

LC50 
The 
of 
1 

TO 

Based on the available aquatic toxicological data, p-nonylphenol 
was the only compound found which may act according to a spe- 
cific mode of action as pesticides, for instance, usually do. 
However, because the tox~cological data base is so small in 



coinparison to the number of chemicals identified in this study, 
the possibility of the presence of other specifically acting 
chemicals exists. 
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APPENDIX I 

AQUATIC TOXICOLOGICAL DATA FOR SELECTED CHEMICALS 

flowthrough NOEC 48 hour LC50 
96 hour LC50 growth Daphnia magna 
f a thead  minnow Daphnia magna - l o g  mol/L 
mg/L l o g  umol/L 

cyclohexanol 

f  lowthrough 
96 hour LC50 
f a thead  minnow 
mg/L 

48 hour IC50 
irnmob i 1 i t y  
Daphnia magna 
l o g  umol/L 

f lowthrough 48 hour LC50 
96 hour LC50 Daphnia magna 
f a thead  minnow - l o g  mol/L 
mg/L 

48 hour IC50 
immobility 
Daphnia magna 
log umol/L 



f lowthrough 
96 hour  LC50 
f a t h e a d  minnow 
mg/L 

f lowthrough e s t ima ted  lYhTC 
96 hour  LC50 f a t h e a d  minnow 
f a t h e a d  minnow mg/L 
mg/L 

f lowthrough 
96 hour  LC50 
f a t h e a d  minnow 
mg/L 

p-xvlene 

48 hour  IC50 48 hour LC50 
i m n o b i l i t y  Daphnia magna 
Daphnia magna mmol/m3 
umol/L 

d iphenvl  e t h e r  (1 .1 ' -oxybisbenzene)  

f  lowthrough 24 hour LC50 48 hour LC50 SOEC 
96 hour  LC50 Daphnia magna Daphnia magna m o r t a l i t y  
f a t h e a d  minnow mg/L mg/L mg/L 
mg/L 



48 hour IC50 48 hour LC50 
irnrnobi 1 i ty Daphnia magna 
Daphnia magna mrnol/m3 
log umol/L 

tetrahvdrofuran 

f lowthrough 
96 hour LC50 
fathead minnow 
mg/L 

NOEC 48 hour IC50 
growth immob i l i ty 
Daphnia magna Daphnia magna 
log umol/L log umol/L 

48 hour LC50 24 hour IC50 
Daphnia magna immobility 

Daphnia magna 
mg/L 

24 hour LC50 NOEC 
Daphnia magna mortality 
mg/L mg/L 

16 day EC50 
reproduction 
Daphnia magna 
log ulTlol/L 

14 day EC50 
reproduction 
Daphnia magna 
mg/L 

1 6  day LC50 
Daphnia magna 
log umol/L 

14 day EC16 
reproduction 
Daphnia magna 
mg/L 



flowthrough 
96 hour L C 5 0  
fathead minnow 
mg/L 

KATC 
fathead minnow 
log mol/L 

48 hour L C 5 0  E C 5 0  
Daphnia magna reproduction 
W/L Daphnia magna 

mg/L 

28 day LOEC 
reproduction or growth 
Daphnia magna 
W/L 

NOEC 
mortality 
Daphnia magna 
mg/L 

48 hour I C 5 0  48 hour L C 5 0  24 hour I C 5 0  
irnrnobi 1 i ty Daphnia magna immobility 
Daphnia magna mmol/m3 Daphnia magna 
log umol/L W/L 

14 day E C 1 6  
reproduction 
Daphnia magna 
mg/L 

48 hour I C 5 0  
immobility 
Daphnia magna 

24 hour L C 5 0  
Daphnia magna 
"g/L 

14 day E C 5 0  
reproduction 
Daphnia magna 
mg/L 



f lowthrough NOEC 
96 hour LC50 growth 
fathead minnow Daphnia magna 
mg/L log umol/L 

16 day EC50 MATC 
reproduction fathead minnow 
Daphnia magna log rnol/L 
log mol/L 

14 day EC16 24 hour LC50 
reproduction Daphnia magna 
Daphnia magna mg/L 
mg/L 

NOEC 48 hour IC50 
growth immobility 
Daphnia magna Daphnia magna 
log urnol/L log umol/L 

48 hour IC50 
immobility 
Daphnia magna 
log umol/L 

24 hour IC50 
immobility 
Daphnia magna 
mg/L 

48 hour LC50 
Daphnia magna 
mg/L 

16 day LC50 
Daphnia magna 
log umol/L 

16 day LC50 
Daphnia magna 
log umol/L 

14 day EC50 
reproduction 
Daphnia rnagna 
mg/L 

NOEC 
mortality 
Daphnia rnagna 
mg/L 

16 day EC50 
reproduction 
Daphnia magna 
log umol/L 



flowthrough NOEC 
96 hour LC50 growth 
fathead minnow Daphnia magna 
mg/L log umol/L 

48 hour IC50 
immobility 
Daphnia magna 
log umol/L 

16 day LC50 
Daphnia magna 

0.49 log umol/L e 
0.56  mg/L e 

16 day EC50 16 day NOEC 
reproduction reproduction 
Daphnia magna mg/L 

16 day NOEC 
mortality 
mg/L 

MATC 
fathead minnow 
log mol/L 

0.10 e 
0.17 log u;nol/L e 
0.27 mg/L e 

24 hour IC50 14 day EC50 
immobility reproduction 
Daphnia magna Daphnia magna 
mg/L mg/L 

14 day EC16 
reproduction 
Daphnia magna 
mg/L 

48 hour LC50 
Daphnia rnagna 
mg/L 

28 day LOEC 24 hour LC50 
reproduction or Daphnia magna 
growth mg/L 

Daphnia magna 
mg/L 

NOEC 
mortality 
Daphnia magna 1 

mg/L 

m-xvlene 
.-. . 

16 day LCSO 16 day EC50 
reproduction 
Daphnia magna 
log umol/L 

NOEC 48 hour IC50 
growth immobility 
Daphnia magna Daphnia magna 
log urnol/L log umol/L 

Daphnia magna 
log umol/L 

48 hour LC50 
Daphnia magna 



tetrachloroethylene 

f lowthrough 
96 hour LC50 
fathead minnow 
mg/L 

48 hour IC50 16 day LC50 
immobility Daphnia magna 
Daphnia magna log umol/L 

16 day EC50 
reproduction 
Daphnia magna 
log umol/L 

2.04 log umol/L e 1.38 e 
8.5 mg/L v 

48 hour LC50 
Daphnia magna 
mg/L 

28 day LOEC NOEC 
reproduction or mortality 

LTO 
Daphnia magna 
field study in growth 

Daphnia magna 
mg/L 

Daphnia &agna 
mg/L 

10 w 

pond 
days 

toluene 

NOEC 
growth 
Daphnia magna 
log umol/L 

48 hour IC50 
immob i 1 i ty 
Daphnia magna 
log umol/L 

16 day LC50 
Daphnia magna 
log umol/L 

16 day EC50 
reproduction 
Daphnia rnagna 
log umol/L 

static 
96 hour LC50 
bluegill 
mg/L 

48 hour LC50 
Daphnia magna 

24 hour L C S ~  
Daphnia magna 
mg/L 

NOEC 
mortality 
Daphnia magna 
mg/L 

phenol 

48 hour LC50 
Daphnia magna 
mg/L 

EC50 
reproduction 
Daphnia magna 
mg/L 

48 hour LC50 
Ceriodaphnia 
dubia/affinis 

mg/L 

48 hour LC50 
Daphnia pulicaria 
mg/L 



96 hour LC50 24 hour LC50 
fathead minnow Daphnia magna 
mg/L W/L 

48 hour IC50 
immobility 
Daphnia magna 
log umol/L 

NOEC 
growth 
Daphnia magna 
log urnol/L 

16 day NOEC 
reproduction 
Daphnia magna 
mg/L 

16 day LC50 
Daphnia magna 
log umol/L 

48 hour IC50 
immobility 
Daphnia magna 
log umol/L 

16 day NOEC 
mortality 
Daphnia magna 
mg/L 

NOEC 
mortality 
Daphnia magna 
W / L  

16 day EC50 
reproduction 
Daphnia magna 
log umol/L 

16 day LC50 16 day EC50 
Daphnia magna reproduction 

Daphnia magna 

1.10 log umol/L e 0.66 log umol/L e 
1.6 mg/L e 0.58 mg/L e 

chloroform 

NOEC 
growth 
Daphnia magna 
log umol/L 

48 hour IC50 
immobility 
Daphnia magna 
log umol/L 

c' .  - 
24 hour ~ ~ 5 0  48 hour LC50 
Daphnia magna Daphnia magna 
mg/L mg/L 

NOEC 
mortality 
Daphnia magna 
mg/L 



o - c r e s o l  

48 hour  LC50 96 hour LC50 48 hour  NOLC 48 hour  LC50 
Daphnia p u l i c a r i a  f a thead  minnow Daphnia magna Daphnia magna 
mg/L W L  mg/L mg/L 

48 hour  NOLC 48 hour  LC50 
Daphnia pu l ex  Daphnia pu l ex  
mg/L mg/L 

m-creso l  

48 hour  LC50 96 hour LC50 
Daphnia p u l i c a r i a  f a thead  minnow 
mg/L mg/L 

p - c r e s o l  

48 hour  LC50 96 hour LC50 
Daphnia p u l i c a r i a  f a thead  minnow 
mg/L mg/L 

s t a t i c  
24 hour  LC50 
f a t h e a d  minnow 
mg/L 

s t a t i c  
96 hour  LC50 
b l u e g i l l  
mg/L 



ethylbenzene 

static 48 hour LC50 
96 hour LC50 Daphnia magna 
bluegill 
mg/L 
@ various pH and T 

bis-2-ethvlhesvl phthalate 

static flowthrough 
96 hour LC50 96 hour LC50 
bluegill fathead minnow 
mg/L mg/L 

24 hour LC50 48 hour LC50 
Daphnia magna Daphnia magna 
W/L mg/L 

static 
96 hour LC50 
fathead minnow 
mg/L 

static 
96 hour LC50 
fathead minnow 
mg/L 

24 hour LC50 
Daphnia magna 
mg/L 

48 hour EC50 
immobility 
Daphnia magna 
mg/L 

SOEC 
mortality 
Daphnia magna 
mg/L 

NOEC 
mortality 
Daphnia magna 
mg/L 

6.8 w 

21 day NOEC 
reproduction 
Daphnia magna 
mg/L 

estimated MATC 
fathead minnow 
mg/L 



diethvl phthalate 

24 hour LC50 48 hour LC50 
Daphnia magna Daphnia magna 
mg/L mg/L 

di-n-butvl ~hthalate 

estimated NOEC 
48 hour LC50 reproduction 
Daphnia magna Daphnia magna 
mg/L mg/L 

butvl benzyl ~hthalate 

24 hour LC50 48 hour LC50 
Daphnia magna Daphnia magna 
mg/L mg/L 

NOEC 
mortality 
Daphnia magna 
mg/L 

NOEC LC50 
hatching success fathead minnow 
fathead minnow mg/L 
mg/L 

NOEC 
mortality 
mg/L 

di-n-octvl vhthalate 

NOEC NOEC 
reproduction hatching success 
Daphnia magna fathead minnow 
mg/L mg/L 

dimethvl phthalate 

24 hour LC50 48 hour LC50 
Daphnia magna Daphnia magna 
mg/L mg/L 

morpholine 

NOEC 
mortality 
Daphnia magna 
mg/L 

24 hour IC5O 
immobility 
Daphnia magna 
mg/L 



cyclohexylamine 

24 hour ICSO 
immobility 
Daphnia magna 
mg/L 

octane 

48 hour LC50 
Daphnia magna 
rmol/m3 

decane 

48 hour LC50 24 hour LC50 NOEC 
Daphnia magna Daphnia magna mortality 

mg/L Daphnia magna 
w / L  

cvclohexane 

48 hour LC50 
Daphnia magna 
1nmol/m3 

48 hour LC50 
Daphnia magna 
mmol/m3 

48 hour LC50 
Daphnia magna 
mmol/m3 



cumene 

48 hour LC50 
Daphnia magna 
mmol/m3 

48 hour LC50 
Daphnia magna 
mmol/m3 

naphthalene 

48 hour LC50 96 hour LC50 24 hour LC50 NOEC 
Daphnia magna Daphnia pulex Daphnia magna mortality 

mg/L W/L Daphnia magna 
mg/L 

l-methvlnaphthalene 

48 hour LC50 
Daphnia magna 
mmol/m3 

2 -me thvlnavhthalene 

48 hour LC50 
Daphnia magna 
mol/m3 

48hour LC50 24 hour LC50 NOEC 
Daphnia magna Daphnia magna mortality 

mg/L Daphnia magna 
mg/L 



Daphnia nagna 

nontoxic u 

48 hour LC50 
Daphnia magna 
mg/L 

phenanthrene 

48 hour LC50 96 hour LC50 
Daphnia magna Daphnia pulex 

mg/L 

nonvlphenol polyethoxvlates 
(by average # of oxyethylene groups) 

NOEC 
mortality 
Daphnia 
mg/L 

30 oxyethylene >10,000 y 
20 " 1000 y 
10 " 
7 "  

10 Y 

6 "  
10 Y 
5 Y 

4 "  5 Y 

nonylphenol 

EC50 
Daphnia magna 
mg/L 

96 hour LC50 96 hour LC50 
fingerling brook fingerling rainbow 

trout trout 
mg/L mg/L 



p-nonylphenol 

96 hour LC50 96 hour LC50 
shrimp salmon 
mg/L mg/L 

0.30 a a  0 .19 ,  0 .16 (flowthrough) aa  
(Eastman and (Eas tman) 
Rohm and Haas) 0 .13  (flowthrough) a a  

( R o b  and Haas) 

p - t e r t - o c t y l p h e n o l  

96 hour LC50 
shrimp 
mg/L 
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Appendix I1 

List of Compounds Found in Paints and Coatings Industrial Composite 

ACID EXTRACT 
RT 

butanoic acid 
unknown 
unknown 
unknown 
unknown 
2-ethyl-l-hexanol 
2-ethylhexanoic acid? 
benzoic acid 
1- or 2-dodecene 
2-isoxazolidin~carboxylic acid, ethyl ester? MW 145? 
N-(4-hydroxypheny1)acetamide (MW 151) or MW 169? 
alkane MW? 
octylphenol isomer 
nonylphenol isomer? 
LW 199? or MW 177? (nonylphenol isomer?) 
MW 220? nonylphenol isomer? 
nonylphenol isomer 
nonylphenol isomer 
nonylphenol isomer # 

nonylphenol isomer 
nonylphenol isomer? 
nonylphenol isomer 
2-methyl-4-(1,1,3,3-tetramethylbuty1)phenol 
signal too weak - 4. 

hexadecanoic acid 
similar to RT 30.22, MW 179? ,.. 
,W264? similar toRT30.22 . '  
unknown similar to RT 30.22 
MW 242? 
alkane? 
LW 284? 

BASE/NEUTRAL EXTRACT 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
4.11 4-methyl-3-penten-2-one 4 
4.84 N-methylacetamide? 4 
5.3 4-hydroxy-4-methyl-2-pentanone 28 
6.07 xylene (early RT) 4 
6.4 1,l'-oxybisbutane 4 
6.81 2 -  or 3-pentanone? and xylene (late RT) 2 
7.72 unknown 4 
9.49 unknown 2 
10.2 signal too weak 2 
10.9 2-ethyl-l-hexanol 118 



benzenemethanol 
2-methylphenol 
methylphenol and MW 124 
2-methoxy-3-(2-methoxyethy1)acetamide (MIJ 147) 
MW 128? and MW 116? 
unknown 
1,3,5,7-tetraazatricyclo[3.3.1.13,7]decane (MW 140) 
tridecane and unknown 
(S)-3-(1-methyl-2-pyrrolidiny1)pyridine (MW 162) 
unknown a t  RT 24.71, 24.69, MW 161 
N-(4-hydroxyphenyl)acetamide? or MW 1691 
unknown MW 158 or 9? 
unknown MW 161? similar to RT 20.55 
octylphenol isomer 
unknown MW 167? 
nonylphenol isomer 
octyl or nonylphenol isomer 
nonylphenol isomer 
nonylphenol isomer 
nonyl or octylphenol isomer 
nonylphenol isomer 
nonylphenol isomer 
nonylphenol isomer and unknown 
octylphenol isomer (4-(1,1,3,3-tetramethylbuty1)phenol) 
a phthalate? 
caffeine? 
signal weak 
signal weak 
MW 221? I 

heneicosane or 10-methyleicosane 
docosane? MW 310? 
unknown 



APPENDIX I11 

Listing of Compounds Found in Diescasting Industrial Composite 

ACID EXTRACT 
RT 

2-methyl-1-propanol or 2-butanol 
butanoic acid 
MW 99? 
2-methyldecane 
3-methyldecane? 
6-decen-5-one, MW 154 
undecane 
MW 154? (signal weak) 
3,6-dimethyldecane? 
decahydro-2-methylnaphthalene (2-methyldecalin) 
alkane 
1,2,4,5- or 1,2,3,4-tetramethylbenzene or diethylbenzene 
MW 149? 
KW 152, pulegone? 
6-dodecene, MW 168 
5-methyl-5-undecene? 
3-methyl-3-undecene? or 3-methyl-4-undecene?, MW 168 
1-, 5-, or 4-dodecene 
1-dodecene or cyclodocecane, MW 168 
dodecane, MW 170 t 

5-, 2-, or 4-dodecene 
2-, 4-, or 1-dodecene 
benzothiazole , 
decanoic acid 
two compounds: LW 156 and MW 185 -4 

2,4-, 2,s-, or 2,6-bis(l.1-dimethylefhy1)phenol 
trimethylnaphthalene or methyl-ethylnaphthalene, MW 170 
dodecanoic acid 
hexadecane 
L Y W  213? 
heptadecane 
2,6,10,14-tetramethylpentadscane 
octadecane, MW 254 
2,6,10,14-tetramethylhexadecane, MW 282 
nonadecane, MW 268 

BASE/NEUTRAL EXTRACT 

RT 



MU 143, spectrum similar to RT 11.19, N,N-dipropyl-1-propanarnine? 
MW 142 
2- or 5-ethyl-5- or 2-methylpyridine 
KW 137, 2-ethyl-4-pentenal? 
5-methyldecane or 2,6-dimethylnonane 
4-methyl-2-thiazolamine 
4-(1-buteny1)-morpholine? or 2-methyl-4-(1-methylethyl)thiazole? 
1-(1-methylethyl)-3-azetidinol? 
MW 145 
MW 155 
MW 171? 
MW 171, isomer of RT 18.10 
cyclododecane 
,W 168, 1-dodecene? 
MW 170, alkane? 
MW 168, similar spectrum to RT 18.89 
4-(1,3-butadieny1)morpholine 
3,4-dihydro-3,5,8-trimethyl-l(2H)-maphthalenone 
MW 147 
benzothiazole or 1,2-benzisothiazole 
3-(3,3-dimethylbutyl)cyclohexanone?, MW 182 
MW 165? 
MW 2011 

9 

signal too weak 
MW 191, isomer of RT 29.31? .ad 

MW 205 
MW 191, I-hydroxy-2, 2-dimethyl-5-ph~~ylpyrrolidine 
unknown 
4-ethyltetradecane? 
MW 215 
nonadecane 
3- or 4-methyldibenzothiophene 
eicosane 
poor spectrum 
HW 212, 4,9-dfmethylnaphtho[2,3-bjthiophene 
isomer of RT 36.76 
isomer of RT 36.76 



APPENDIX IV 

Listing of Compounds Found in Metal Finishing Industrial Composite 

ACID EXTRACT 
RT 

(SIGNAL/NOISE) 

8.57 4-hydroxy-4-methyl-2-pentanone 10 
11.74 carbonic acid, dimethyl ester 13 
12.83 1,2-dioxepane? 9 
13.47 decane 28 
13.88 2-(2-ethoxyethyoxy)ethanol 12 
14.55 2-ethyl-1-hexanol 2 1 
14.72 3,4-dihydro-2H-pyran? 20 
15.67 signal weak 9 
16.54 2-methyldecane 52 
17.01 3,6-dimethyldecane 7 
17.76 MU 154, pentylcyclohexane? 11 
17.80 signal weak 
18.34 2,s-dimethylphenol (primary internal standard) 26 
19.35 dodecane 60 
20.09 siganlweak 38 
20.75 benzothiazole 22 
22.00 tridecane 68 
23.28 1,3-isobenzofurandione, MW 148 68 
24.49 te tradecane 74 
25.94 4,6-dimethyldodecane? 32 
26.83 pentadecane 104 
29.03 hexadecane 108 
30.02 2,6,10-trimethylpentadecane , 34 
31.12 heptadecane a. 118 
31.22 2,6,10,14-tetramethylpentadecane 64 
33.09 octadecane ,.. 66 
33.27 2,6,10,14-tetramethylhexadecane-' . 40 
34.93 nonadecane 70 
36.69 eicosane 44 
38.36 2,6,10,15-tetrmethylheptahne or heneicosane 25 
39.96 docosane 14 
47.48 bis(2-ethylhexyl)phthalate? 12 

BASE/NEUTRAL EXTRACT 
RT 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
4.12 2- or 4-methyl-1,3-pentadiene 
7.24 3-hexen-2-one or 2,s-dihydro-2,5-dimethylfuran 
8.63 4-hydroxy-4-methyl-2-pentanone 
10.47 1,4-dioxan-2-01? 
10.63 2-butoxyethanol 
11.61 benzaoldehyde 
13.70 2-(2-ethoxyethoxy)ethanol 
14.28 N,N-dimethylmethanethioamide?, MW 89 
14.39 2-ethyl-1-hexanol 



3,4-dihydro-2H-pyran? 
1,l'-[methylenebis(oxy)]bis-ethane? or isomer of RT 14.95 
bis(1-methyl-2-hydroxyethy1)ether 
1- or 2-(2-butoxyethoxy)ethanol 
1,2,3-trimethoxypropane 
unknown 
2-butoxypentane? 
2-(2-(2-methoxyethoxy)ethoxy]ethanol 
unknown 
unknown 
2,S-dimethyltetradecane 
nonylphenol isomer 
octylphenol isomer 
nonylphenol isomer 
4-nonlyphenol or other isomer 
nonylphenol isomer 
nonylphenol isomer 
nonylphenol isomer 
octylphenol isomer, possibly 4-(1,1,3,3-tetramethylbutyl)phenol 
nonylphenol isomer 
signal too weak 
bis(2-ethylhexy1)phthalate 



APPESDIX V 

Listing of Compounds Found in Drum Cleaning Industrial Composite 

ACID EXTRACT 
RT 

MW 72 
toluene 
hexanal 
2-methylpropanoic acid 
butanoic acid 
2-methyl-2-propanoic acid 
nonane 
2,6-dimethyloctane? 
4-methylnonane, MV 142 
alkane, MW 140 
3-methylnone, MW 142 
2-pentylfuran, MW 138 
decane, MW 142 
2,6-dimethylnonane 
hexanoic acid?, MW 116 
2,5,6-trimethyloctane 
MW 140, (1-methylpropy1)- or butylcyclohexane and MW 156 
5-methyldecane?, MW 156 
4-me thyldecane 
2-methyldecane? , 

3-methyldecane 
6-decen-5-one, MW 154 
undecane, MW 156 
4-methylundecane, MW 170 
signal too weak .a. 

2-nitrophenol, MW 139 
methylundecane?, MW 170? ,.. 

2-, 3- ,or 5-methylundecane, MW 170' . .  

2-ethylhexanoic acid, MW 144 
dodecane 
octanoic acid, MW 144 
benzoic acid 
MW 158? 
nonanoic acid 
1,3-isobenzofurandione 
decanoic acid 
tetradecane, MW 198 
pentadecane, MW 212 
signal weak 
dodecanoic acid, MW 200 
MSJ 168? 
MW 210? 
MW 152? 
heptadecane, MW 240 
tetradecanoic acid, MW 228 
7,9-dfmethylhexadecane?, MV 254 



34.83 nonadecane, MW 268 6 
36.18 hexadecanoic acid, MW 256 152 
36.89 1,1',11'-ethylidynetrisbenzne, MW 258 6 
39.41 9,12-octadecadienoic acid and 9,17-octadecadienal 220 
39.76 octadecanoic acid, MW 284 115 
43.53 1,2,3,4,4a,9.10,10a-octah-(1. , 4 . , 10 . )1-phenantrene- 

carboxylic acid 10 
47.40 1,2-benzendicarboxylic acid, bis(2-ethylhexyl) ester 10 

BASE/NEUTRAL EXTRACT 
RT 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3.84 1-butanol 
4.07 1-methoxy-2-propanol 
4.93 2 - e thoxye than01 
5.58 4-methyl-2-pentanone 
6.36 methylbenzene (toluene) 
7.46 cis-1,3- or 1,4-dimethylcyclohexane or 2.2-dimethyl-3-hexene, 

KW 112 and MW 86 
9.27 ethylbenzene 
9.52 xylene (dimethylbenzene isomer) 
10.30 xylene (dimethylbenzene isomer) 
10.12 2-heptanone 
10.86 2-butoxyethanol 
11.45 propylcyclohexane 
12.24 1-chloro-2-methylbenzene 
12.60 1-heptanol 
13.43 decane 
13.86 2-(2-ethoxyethoxy)ethanol 
14.14 4-methyldecane 
14.63 butylcyclohexane and MW 154 
14.79 benzenemethanol .& 

15.25 4- or 5-methyldecane 
15.36 4- or 2-methyldecane and MW 154 .--- 

* 
15.56 3-methyldecane 
16 .05 unknown 
16.27 4-methyl-2-decene? 
16.41 3,7-dimethylnonane 
17.18 MW 152 
17.35 MW 134 
17.40 MW 164 
17.46 unknown 
18.49 1-decanol 
19.20 1-(2-methoxyethoxy)butane? and MW 170 
19.38 naphthalene 
19.69 2- or 3-(1.1-dimethylethy1)thiophene 
20.15 1,2,3- or-1,3,5-trichlorobenzene 
21.82 MW 150, an alcohol? 
21.95 4-(1,l-dimethylethy1)phenol (p-tertbutylphenol) 
22.28 MW 1301 
22.38 MW 130? isomer of 22.28? 
24.73 N-(4-hydroxypheny1)acetmide or MW 169? 
28.12 dodecanoic acid 
29.93 MW 175 



unknown 
MW 175, isomer of RT 29.93? 
1,6-dimethyl-4-(1-methylethwnaphthalene 
tetradecanoic acid 
isomer of RT 31.86 
hexadecanoic acid 
9,12-octadecadienoic acid 
1,2,3,4,4a,9,10,10a-octah-(1 ,4 ,10 )-1-phenanthrenecarboxylic 
acid 
bis(2-ethylhexyl) ester of 1,2-benzenedicarboxylic acid 



APPENDIX VI 

Listing of Compounds found in Textile Industrial Composite 

ACID EXTRACT 
RT 

2-hydroxypropanoic acid, methyl ester or 1,2-propanediol? 
MW 89 
2-ethyl-4-pentenal 
octanoic acid? 
benzoic acid 
hexahydro-sH-azepin-2-one 
pentadecane 
hexadecane 
6- or 7-propyltridecane 
heptadecane 
2,6,10,14- tetramethylpentadecane 
tetradecanoic acid 
oc tadecane 
signal too weak 
nonadecane 
hexadecanoic acid 
cyclopentaneundecanoic acid? 
octadecanoic acid 

BASE/EEUTRAL EXTRACT 
RT 

methylguanidine or N,N-dimethylformamide 
2-butoxyethanol .. 
2-ethyl-l-hexanol 
naphthalene /. 

s - 
hexahydro-2H-azepine-2-one 
N-(4-hydroxypheny1)acetamide 
1,3dihydro-1,3,3-trimethyl-2H-indol-2-one or 1,3,3- 
trimethoxyindole or 3-methoxy-2,3-diroethyl-3H-indole 
l-dodecanol 
pentadecane 
N,N-dimethyl-l-dodecanamine, MW 213 
dodecanoic acid? 
hexadecane 
2,6,10-trimethyltetradecane?, MW 240 
signal too weak 
1 - oc tadecanol 
heptadecane, MW 240 
2,6,10,14-tetramethylpentadecane 
signal too weak 

n 

n 

tetradecanoic acid 
octadecane 
2,6,10,14-tetramethylhexadecane 
nonadecane 
hexadecanoic acid 
signal too weak 98 

n 

n 



APPENDIX VII 

Listing of Compounds Found in Organic Chemical Manufacturing 
Industrial Composite 

ACID EXTRACT 
RT 

1-chloro-2-, 3-, or 4-methylbenzene (chlorotoluene) 
2-ethyl-4-pentenal 
1- or 2- or 4-ethyl-1,2-, 1,3- 1,4-, or 2,4-dimethylbenzene or 
1-methyl-2-, 3-, or 4-(1-methylethy1)benzene 
MW 134 or 1,2,4,5-tetramethylbenzene or 1-ethyl-3,5-dimethyl- 
benzene and *HW 116 
1,2,4,5- or 1,2,3,5-tetramethylbenzene or 1-methyl-4-(1-methyl- 
ethy1)benzene or 1-ethyl-3,5-dimethylbenzsne or 2-ethyl-1,4- 
dimethylbenzene 
2,3-dihydro-4-methyl-1H-indene or (2-methyl-2- or 1-propeny1)- 
benzene and isomers as in RT 17.91 
benzoic acid and 1,2,4-trichlorobenzene 
naphthalene 
1,2,3- or 1,3,5-trichlorobenzene 
1- or 2-methylnaphthalene 
1- or 2-methylnaphthalene 
1,3-isobenzofurandione 
3-methyltridecane 
l,lf-biphenyl I 

1- or 2-ethylnaphthalene 

naphthalene * 

dimethylnaphthalene isomer 
dimethylnaphthalene isomer 
dimethylnaphthalene isomer _.. 

. *  - 

2,6,11-trimethyldodecane . . 

LHW 189?, 2-isopropylidenedihydrobenzofuran-3-one or 4-methyl-5- 
phenyl-4-imidazolinone 
hexadecane 
MW 203 
benzoic acid, phenyl ester?, MW 198 
octadecane 
signal too weak 
nonadecane 
hexadecanoic acid 
2-acetyl-2,8-dihydro-7-methyl-8methylenepyrazolo[5,l-c][1,2,4] 
triazine? 
poor spectrum 

n 



BASE/NEUTRAL EXTRACT 
RT 

cycloyexane 
pyridine 
toluene 
tetrachloroethene 
MW 112 or 84? 
MW 75? 
ethylbenzene 
xylene 
xylene 
3-methyl-2-cyclohexen-1-one? 
2 -butoxyethano1 
N-butylidene-1-butanamine (MW 127) 
1-chloro-2-, 3-, ro 4-methylbenzene 
unknown 
2,2,5,5-tetramethyl-3-hexene? 
1-chloro-2-, 3-, or 4-methylbenzene or (choromethy1)benzene 
2-ethyl-1-hexanol 
benzenemethanol 
1-methy-2- or 4-propylbenzene or (1-methylpropy1)benzene 
1-ethyl-2,3-, 2,4-, or 3,s-dimethylbenzene or 1-methyl-3- or 4- 
(1-methylethy1)benzene or 4-ethyl-1,2-dimethylbenrene 
isomer as in RT 15.80 or 3-ethenyl-1,2-dimethyl-1,4-cyclohexadiene 
isomers as in Rt 15.80 

n 

1,2,3,5- or 1,2,4,5-tetramethylbenzene or isomers as in RT 15.80 
1,2,3,5- or 1,2,4,5-tetramethylbenzene? or isomers as in RT 16.39 
phosphoric triethyl ester, MW 182 
1-ethenyl-3-ethyl or 1-ethenyl-4-ethylbenznene or (1-methyl-1- 
propeny1)benzene or 2,3-dihydro-2-methyl-aH-indene 
1,2,4-trichlorobenzene 'A. 

naphthalene 
trchlorobenzene .... I - .  - 
2- or 1-methynaphthalene . . 

MW 1601 and MW 127, hexahydro-4-methyl-2H-azepin-2-one? 
2- or 1-methylnaphthalene 
1,l'-biphenyl, MU 154 
1- or 2-ethylnaphthalene ' 

1,7-, 1,5-, 2,6-, or 1,6-dimethylnaphthalene 
N-(2-(1-methylethenyl)phenyl)acetamide? 
1-benzyl-2- or 3-methylazetidine 
1,2-benzenedicarboxylic acid, dimethyl ester 
1-dodecanol 
1,2-,1,4-, or 1.8-dimethylnaphthalene 
pentadecane 
3- or 4-methyl-1,l'-biphenyl or l,lt-methylenebisbenzene? 
MW 2071 
MW 189 or 2-isopropylidenedihydrobenzofurna-3-one or 4-methyl- 
5-phenyl-4-imidazolin-2-one 
(1,l'-biphenyl]-2-01 
1,4,6-, 1,4,5-, or 2,3,6-trimethylnaphthalene 
hexadecane 



unknown 
N-butylbenzamide 
1-tetradecanol 
MW 203 
bezoic acid, 2-methyl-propyl 
tetradecanoic acid 
hexadecanoic acid 
2-acetyl-2,8-dihydro-7-methyl 
triazine? MW 190 
MW 204?, similar spectrum to 

ester ? ,  MW 178 



APPENDIX VIII 

Listing of Compounds Found in Domestic Wastewater 
Sample from Sewer System 

acetic acid? 
signal too weak 
phenol 
4-methylphenol 
methyl-2-Zpropenyldisulfide? MW 120? 
1,2,4-trithiolane 
2,s-dimethylphenol (primary internal standard) 
benzoic acid 
benzeneacetic acid 
1,2,3,5,6-pentathiepane MW 188 
tetradecanoic acid 
1-hexadecene 
hexadecanoic acid 
signal too weak 
3- or 5-octadecene 
9-octadecenoic acid MW 282 
octadecanoic acid 
1,2-benzenedicarboxylic acid, bis(2-ethylhexyl) 
ester 

BASE/EEUTRAL EXTRACT 
RT 

4-methyl-1,3-pentadiene or cyclohexene? 
dimethyldisulfide *.. 

e 

1,2-ethanedithiol 
unknown 
unknown, MW 115 
2-butoxyethanol 
sulfonylbismethane 
2-cyclohexen-1-one 
MW 1091 2 chlorine present 
phenol 
2-(2-ethoxyethoxy)ehanol 
isocineole MW 154 and 
dichlorobenzene MW 146 
N,N-dimethylmethanethioamide 
limonene (p-mentha-1.8-diene) 
MW 154? and benzenemethanol 
4-methylphenol 
1,2,4-trithiolane 
benzenee than01 
m-mentha-1,8-diene 
1-methyl-4-(1-methylethenyl)cyclohexanol 
1.7.7-trimethyl-exo-bicyclo[2.2.1]heptan-2-01 (isoborneol) 
5-methyl-2-(1-methylethyl)cyclohexanol (menthol) 
1-4-terpineol or p-menth-1-en-4-01 






