ABSTRACT
JULIA F. STORM Tentative lIldentification of Organi c Conpounds
in the I nfluent and Effl uent of the Hi gh Poi nt West si de
Wast ewat er Treatnent Plant and I nplications for Aquatic

Toxicity (Under the direction of DR FRANCIS A D d ANO).

After identifying an acute toxicity problem the North
Carolina D vision of Environnental Managenent required the
Hi gh Poi nt West si de Wast ewat er Treatnent Plant (VWMP) to
institute periodic bionpnitoring and reduce the toxicity.

Her e» West si de WWMP sanpl es are anal yzed usi ng the chem cal -
speci fic approach to toxicity reduction in which potentia
toxi cants are identified.

WMP sanpl es determ ned as "toxic" or "nontoxic" by
Daphni a pul ex bi oassay, effluents from si x categori es of
i ndustrial dischargers, and a donestic wastewater sanple are
anal yzed for organic chemnmi cals using conti nuous sol vent
extracti on of wastewater sanples and broad spectrum GO MsS
anal ysis. An extensi ve database is devel oped whi ch i ncl udes
aquatic toxicity data and tentatively identified conpounds in
WAMP sanpl es and i ndustrial effluents ranked according to
their potential for contribution to toxicity.

The study suggests that many conpounds found i n West si de
WMP i nfluent and effluent are of industrial origin since

t hey occur in both industrial sanples and Wstside WWP
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sampl es. Treat nent does not renpbve sone organi c conpounds
exhibiting significant toxicity to aquatic organi sns and
shown to be present in "toxic" effluents and industri al
sanp 1les.

Toxicity of Westside yWP influent and effluent may be
caused by a variety of industrial organic conpounds in
concentrations that al one would not be sufficient to produce
a toxic effect but, because they nmay all produce toxicity by
t he sane nechani sm (narcosis) and thus may exhibit
concentration addition, together produce a toxic effect.
Recommendati ons for further anal yses include confirmation of
identifications using additional mass spectral techniques and

determ nation of estinated or enpirical aquatic toxicities.
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1. | NTRQDUCTI UN

On February 3, 1987 the Water Quality Act of 1987
amendi ng the C ean Water Act of 1972 becane | aw ( Feder al
Regi ster , 1987). This act requires states to devel op by
February 1989 water-quality based permt limtations for
toxic pollutants to neet water quality standards beyond what
can be acconplished by C ean Water Act technol ogy-based
requirenments. Effluent bionmonitoring is a cornerstone of this
policy. EPA advocates its use as a problemidentification
tool and the use of toxicity as a control paraneter in
setting permt limts, where appropriate. EPA suggests that
particular attention should be focused on POTW havi ng
significant industrial input since studies have shown PQTW s
to be significant sources of toxic naterials (Federa
Regi ster, 198").

ERA' S Conpl ex EFfluent Toxicity Testing Program was
carried out in support of the devel opnment and i npl enentation
of this policy ("Vvalidity . . . ," 1986). The Techni cal
Support Docunent for Water Quali ty-based Tox ics Control
(Septenber, 1985) and a draft report, "Methods For Toxicity
Reduction Evaluations,” (January, 1987) were published to
aid states and nunicipalities in inplenmenting bionmonitoring
prograns. There has been nuch di scussion concerning the

i mpl enentation of the policy of water-quality based
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permtti ng (Roop and Hunsaker, 1985; Wall and Hanner, 1987;

Dunbar, 1987), sone of it controversial (Carter, 19S6;
Gines, 1987). For PQIW in particular, EPA s tinme frane for
i mpl enentation is thought by sone to be inpractical, and its
support docunents have been attacked as i nadequate (Gi nes,
1987) .

The state of North Caroli na has been a | eader i n the
i mpl enentati on of a biononitoring programfor the control of
toxics fromindustrial and munici pal dischargers. During the
| ast several years, "0'/, of over 00 toxicity tests perforned
by North Carolina' s D vision of Environnmental Managenent
(DEM on industrial and munici pal di schargers reveal ed
effluent toxicity (Wall and Hanner, 1987). Di schargers who
have been identified as having toxic effluent are required to
institute their own biononitoring program and are responsi bl e
for reducing the toxicity.

Ildentifying toxicity problens has proved nmuch easi er than
effecting toxicity reduction. This is especially true when
dealing with the situation of a nunicipal wastewater
treat nent plant receiving a variety of industrial discharges.

1 he PQTWthat is the focus of this research, the Wstside
Wast ewat er Treatnent Plant (WMP) in Hi gh Point, North
Carolina is an activated sl udge treatnent system havi ng
consi derabl e i ndustrial input. The Wstside WMP has had an
intermttent problemwi th effluent toxicity over a period of
several years. Although the NC DEM studi ed the situation and

identified sone sources of toxicity, toxic episodes have
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continued, and a toxicity reduction strategy i s needed.

there are two approaches to toxicity reduction: (1) the
chem cal - speci fic approach in which potential toxicants are
identified and (2) the whole effluent toxicity approach in
whi ch treatnent or control procedures ars I nvesti gated
w t hout uncovering the specific chem cal nature of the
toxi cants. The forner approach is the one applied in this
r esear ch.

I he specific objectives of this research are:
(1) to create a database of organic chemcals identified
frequently in Westside WMP influent and effluent determ ned
to be acutely toxic in aquatic bioassays and in Westside WMP
i nfluent and effl uent consi dered nont oxi c,
(2) to analyze the inplications regarding toxicity of the
West side WMP influent and effluent by relating data fromthe
toxicological literature to the findings of organic chem cal
anal yses,
(3) to investigate possible sources of agents thought to be
contributing to toxicity by analyzing industrial and donestic

wast ewat er sanpl es, and

C") to make recommendations for further work in determ ning

the source of toxicity at the Wstside WMP.


NEATPAGEINFO:id=6BD14469-167F-48F5-80EB-4D5C0904EF57


-d. LI Tt RATURE REVI EW

Approaches to the Study of Toxicants in Wastewater

Approaches to the study of toxicants in wastewater nmay be
divided into three categories:
1) mutagenicity testing of selected fractions of wastewaters
with various |evels of chem cal characterization of the
wast ewat er «
' d) i dentification of organic conpounds in wastewater with
eval uation of environmental significance using the
toxi cological literature, and
3) toxicity reduction evaluations of wastewater treatnent
pl ant ef fluent.

Neal , et al. (1980) evaluated the perfornmance of selected
advanced wastewater treatment plants for renoving (or
i ntroduci ng) nutagenic chem cals and determ ned the
distribution of detected nutagenic activity among various
cl asses of chem cal conpounds. Sal monella, yeast, and
mammal i an cells were used to determ ne nutagenic activity.
Sorption on pol yurethane foam plugs, sorption on XAD resin,
and sol vent extraction techni ques were used to recover
organics fromwastewater. Solvent extraction exhibited the
best recovery of the three methods: XTOC recovered from

secondary effluent equal ed 24.6. Aromatic and oxygenat ed

neutrals fractions of the solvent extraction of
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pre-chlorination secondary effluent from an activated sl udge
treatnent plant exhibited the greatest mutagenicity. The

presence of many non-extracted pol ar nutagens was

denonstr at ed.

Mei er and Bi shop (1985) eval uated conventi onal treatnent
processes for renoval of nutagenic activity from nunicipa
wast ewat ers. Their study investigated nmutagen renoval at
vari ous stages of treatnent at several treatnent plants: one
receiving a heavily industrialized municipal waste, one
receiving primarily domestic waste» and the EPA Test and
bvaluation Facility in Cncinnati, OChio, which receives an
i ndustrialized nmunicipal waste. Miutagenicity tests were
perforned using Sal nonel 1 a; wastewater was sol vent extracted
at |l ow and high pH values. ©Meier and Bi shop concl uded t hat
the mutagenic activity (both direct-acting and that requiring
met abolic activation) was primarily industrial in origin
because the donestic wastewater effl uent exhi bited a
substantially | ower nutagenicity. Renpval of nutagenic
activity by conventional treatnent varied fromnone to two
thirds of that initially present in the untreated wastewater,
|l eading to the conclusion that "an appreciable portion of the
responsi bl e nutagens are relatively refractory to renoval by
conventional prinmary and activated sludge treatnent." In
contrast to findings of studies of drinking water,
chlorination of secondary effluent did not substantially
i nfl uence the nutagenicity of wastewater effluent. Mitagenic

activity in the primary effluent was found in the
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aci d/ neutral fraction. The base fracti on of unchl ori nat ed
secondary effluent had the greatest specific nutagenic
activity? although the acid fraction had the greatest overall
mut ageni ¢ activity.lt was recomrended that identification of
conmpounds responsi bl e for mutagenic activity be undertaken to
hel p deternm ne the source and effective treatnent nethods for
thei r renoval.

Saxena and Schwartz (1979) investigated nutagens in
wast ewat ers at various treatnent stages of three advanced
wast ewat er treatnent plants representing three categories of
advanced treat nent processes: bi ol ogi cal » physi cal - chem cal >
and | and application. Influent to each of the three plants
was secondary effluent from a conventi onal wastewater
treatnent plant. Mutagenicity assays on Sal nonell a were
perforned with and w t hout nmanmmal i an netabolic activati on.
Bot h t he bi ol ogi cal and physi cal -cheni cal treatnent processes
failed to renpbve and in sone cases i ntroduced mutagenic
subst ances.

Happaport, et al. (1979) determ ned the nutagenicity (Ames
bi oassay) of five advanced wastewater treatnment plants in
urban areas. The sources of these wastewaters ranged from
conpletely donestic to m xed donestic-i ndustrial wastes.

Wast ewat er sanpl es of primary, secondary (pre-chlorination)»
and post-secondary (dechl orination enpl oyed at sonme pl ants)
were coll ected. Organi c conpounds in the wastewater sanpl es
were concentrated by XAD resins. Mitageni c concentrates were

separated into acid, base, and neutral fractions by sol vent
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extraction. Mitagenic sanples were obtained only fromplants
havi ng m xed donestic and industrial influent. Basic and
neutral fractions appeared to contain nost of the nutagenic
activity. N trogenous bases, many of which are known to be
nmut agens, were probably anong the conpounds in the basic
fractions. It was suggested that the activated sludge process
may have converted inactive substances into nutagens since
activity was observed in secondary and post-secondary
effluents when none had been observed in primary effluent,
even Wl en tested at higher doses. They recomrended conpound
identification in nutagenic fractions as a goal of future
wor k .

Jungcl aus, Lopez-Avila, and Hites (1978) analyzed the
wast ewat er, receiving water, and receiving water sedinents
froma specialty chem cals manufacturing plant producing a
wi de range of conpounds including pharmaceutical s,
her bi ci des, antioxidants, thermal stabilizers, WV |ight
absorbers, optical brighteners, and surfactants. The
wast ewat er was treated by neutralization, biodegradation (in
trickling filters), and clarification, achieving about S5'/.
total BOD renoval. Solvent extraction of water sanples at |ow
and high pH val ues and vapor stripping techni ques were
enpl oyed. Analysis was by GC FI DY ECD and 6C/ Ms.
Concentrations of the anthropogenic conpounds ranged up to 15
ppmin the wastewater, 0.2 ppmin the river water, and
several hundred ppmin the sedinents. Mammalian toxicity data

was quoted for several conpounds. Aquatic toxicity
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i nffornmati on i nvol vi ng Daphnia for s-triazi ne herbicides found
in both the wastewater and river water were di scussed.
Jungcl aus, Lopez-Avia, and Hites concluded that "a human
health hazard is difficult to assess, but the |long-term
Il ow 1 evel exposure to this wide variety of chenicals nay have
contri buted to the |l ack of biota in the area.."”

fJanes and Hites ( 1977) ident i f ied organic conpounds
extracted from a dye manufacturing plant wastewater.
Treat nent of the wastewater involved neutralizati on, aeration
| agoon bi ol ogi cal degradati on, and settling, resulting in 707.
LOU and 85*/. BOD renpbval. Sone conpounds were not renpved at
all by the treatnment process; others were degraded or altered
to produce conpounds not present initially. Toxicity of
conpounds in both these categories were discussed in a
limted manner. One conpound found in the effluent is
patented as a nematoci de but was present as an inpurity in a
raw materi al used in dye manufacture. Ganes and Hites
enphasi zed the benefit of broad spectrum anal ysis, as target
conpound anal ysis woul d not have di scovered the potentially
t oxi ¢ nemat oci de. They reconnended that a rapid screening
test be developed to estimate the risk fromchronic | ow | evel

exposure to conpounds such as those fromthe dye pl ant

st udi ed.

Br andes, Mount, and Wall (1986) used POTW effl uent and
anbi ent (Cuyahoga River) toxicity testing to determne if the
PCIfWin question was causing an adverse inpact on the quality

of water in the Cuyahoga R ver. No observed effect |evels of
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t he wastewater effluent ranged from 30 to 100 percent

effluent, val ues Brandes, et al. considered characteristic of
a noderately toxic effluent. To determ ne the cause of the
toxicity, effluents were fractionated using solid phase
extraction colums and fractions were tested for toxicity.
Br andes, et al. concluded that toxicity was caused by
di fferent toxicants on different occasions. A noderately
pol ar fraction containing 15 organi c conpounds, phenolic ones
in particular, was responsi ble for causing toxicity.

Uotts, et al. (1987) conducted a toxicity reduction
eval uati on of the Patapsco wastewater treatnent plant in
Bal ti nore, Maryl and, an activated sl udge bi ol ogi cal treatnent
pl ant receiving approxi mately 60*/. domestic and 30*/. industria
influent. Periodic acute toxicity bioassays were conduct ed
wi th Cer iodaphnia dub ia and Mysidapsis bah | a and chronic
bi oassays with C. dub ia. They denpbnstrated that secondary
treatnment significantly reduces effluent toxicity. Toxicity
tests of solid phase colum fractions of the effl uent
i ndi cated that non-pol ar conpounds were responsi ble for the
toxicity. Prelimnary data from GO M5 anal ysis of non-pol ar
organic fractions indicated that the conplexity of
chromatograms will nake identification of specific conpounds
difficult, Botts, et al. found that the specific substrate
utilization rate (at high COD | evel s) decreased for a "toxic"
wast ewat er conpared to a "typical" donmestic wastewater,
i ndi cating that toxic conpounds inhibit biodegradation at

hi gher COD | evels. Batch treatnent tests of two industry
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ef fluents indicated no pass-through toxicity. Further batch
tests will determ ne the biodegradabl e conponent of
industrial effluents. Toxicity treatability tests of other

i ndustrial effluents are pl anned.

Gary and Barrows (1981) conducted acute toxicity testing
usi ng fathead m nnows and Daphni a magna of untreated and
treated effluents fromfive pesticide manufacturers, one
organi c chem cal manufacturer? and a bl eached- kraft paper
mll. Results indicated that the average toxicity reduction
of the wastewater treatnent plants was 98' /., although

significant nortality of test organisns still existed in

treated effluents. No characterization of the treated or
untreated effluents was nade.

Hor ni ng, Robi nson, and Petrasek (198 4-) used fathead
m nnow, Uaphn ia magna, and rai nbow trout acute toxicity
testing to evaluate the effectiveness of conventiona
wast ewater treatnment. Influent to the pilot-scale treatnent
system consi sted of raw nuni ci pal wastewater mxed with a
known concentration of SS priority pollutants (nomnally 50
ug/ L of each). Concentrations of priority pollutants were
reduced by BOV. to greater than 99'/.. Toxicity reduction ranged
frome65 /. to 83 /.; however significant toxicity was stil
present in the effluent. They concluded that renoval
efficiency is not necessarily a good indicator of the toxic
properties of a conventionally treated wastewater effluent.
They al so subnmitted that "organi smresponses shoul d be

considered, in addition to physical and chemi cal
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characterization, in determning the suitability of an

effluent for discharge into the aquatic environnent."

Agquat ic | ox icolog ical Stud ies

Research involving the toxicity of conplex effluents to
aquatic organi sms has benefited fromstudies of quantitative
structure-activity relationships (QSAR). In order to
acconpl i sh quick, effective hazard assessment of the

tremendous nunber of industrial chemcals in use and being
devel oped for use and to focus efforts on the nore
potential ly hazardous chem cals, quantitative
structure-activity relationships have been devel oped to
predict toxicity.

Veith, et al. (19B3) mention reviews showi ng narcosis to
be a non-specific reversible physiological effect (central
nervous system depression probably due to nmenbrane
perturbation, (Hernens, et al. 195"a)) caused by a w de
variety of organic chem cal s- Because this comon node of
action of toxicity to aquatic organi sns exists,
structure-activity relationships may be determ ned.
Conversely, chemcals for which QSARs exist are assumed to
bring about acute toxicity by the same node of action
(Hernmens 198'"a). Veith, et al (1983) reported Konemann's
findings obtaining a |inear relationship between the
n-octanol/water partition coefficient (log P) and acute
toxicity to guppies of 50 anaesthetizing industria
pol lutants. The relationship deviated fromlinearity for
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chemcals with log P greater than 6 due to a deviation from

linearity for bioaccunulat ion with such compounds. Veith et
al . (1983) concluded that the 96 hour LC50 to fathead m nnows

ot bOindustrial alcohols, ketones, ethers, alkyl halides,

and substituted benzenes selected fromthe Toxic Substances
Control Act industrial inventory can be estinmated by a
structure (n-octanol/water partition coefficlent)-toxicity
relat i onsh ip.

Bobra, et al. (1983b) concluded froma study of 33
hydr ocarbons and chl orinated hydrocarbons and their acute
toxicities to O magna in a closed systemthat different
al kanes, eyel oal kanes, nonoaromatic, polynuclear aronatic,
and cl-) lor mated hydrocarbon solutions exhibit simlar
toxicity at simlar fractions of their saturation
concentration. She developed a fornula fromthe relationship
she observed for estimting the LC505 of conpounds |ike those

she st udi ed:

O'd X subcooled liquid solubility xS for Iinear conpounds
or x0O. 33 for small cyclics

or xI for l|arge nol ecul es.

The advantage of this model to those using |ogP values is
that bioconcentration is taken into account, so that biotic
concentration is being reflected in the ratio of the
chemcal's solubility in the organismto its subcooled |iquid
solubility. Bobra submtted that the limts of this
predictive nodel for other conmpounds should be investigated.
In anot her study (19a3a), she showed that the nodel can be

used to estimate toxicity of crude oils.
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In an exam nation of QSAR nodels, Bobra, et al. (1985)
suggested that when presenting QSAR data |ogarithmc plots of
toxic concentration versus both solubility and o/w partition
coefficient be prepared. In the case of the acute toxicity of

cfi lorobenzenes to D " magna, 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 organismwater partitioning. Call, et al.
(1985) devel oped a nodel based on partition coefficient for
predicting subchronic toxicities to fathead mnnows of ten
narcotizing chemcals (ketones, benzenes, ethers, and al kyl
hal i des). The nodel estimated maxi num acceptabl e toxi cant
concentrati on ( MATC)

Studies of the toxicity of mxtures of organic chemcals
to LK magna using both experinmental and QSAR-estimated
toxicities utilize Konemann's mxture toxicity scale
(Hernmens, et al., 198"a) to describe the type of joint action
exhibited by the mxture of chemcals, in which concentration
addition is indicated by a mxture toxicity index of 1.
Studies of chemcal mxtures including industrial chemcals

occurring in wastewater and of particular industria
wast ewat ers have been conducted (Broderius and Kahl, 1985;

Hermens, et al . , 1985; Hernens, et al . , 198'"a and 19a' "b;
Bobra, et al., 1983a).

Various mxtures of up to 50 different chemcals from
different classes thought to produce toxicity by the sanme
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node of action (narcosis) and tested in equal fractions of
their LCSO s were investigated by Broderius and Kahl <1985)
and Hernens, et al. (1985). Al the m xtures displayed a
concentration additive acute joint action. The sane
concl usi on was reached by both studies: even at no-effect
| evel s of individual toxicants conbi nati ons of chemi cals can
produce a toxic effect. EPA's Technical Support Docunent for
U ater Uual i ty-based Toxics Control presents data collected by
Al abaster and Lloyd indicating that m xtures of toxicants
found in sewage and industrial effluents exhibit acute
toxicity additivity to aquatic organisms (p. 6). Al abast er
and Lloyd's data deviating fromadditivity involved m xtures
of pesticides which generally act according to a variety of
speci fic nmechani sns and not by narcosis.

Hernmens, et al. (19a'"b) determ ned both the acute toxicity
to and the inhibition of reproduction of D” nagna of a
m xture of | A- chem cals having varying chem cal structures
and probabl e nodes of action. Results of the study showed
that the potential for addition is reduced when nore specific
subl ethal criteria? such as inhibition of reproduction in
this study) are exam ned as opposed to nortality. However)
even though chem cals were considered to have different nodes
of action, concentration addition was observed in the
mortality study. It was concluded that this phenomenon of
concentration addition of chem cals having different nodes of
toxic action is probably rare. Even though reduced joint

toxicity was observed in the studies of inhibition of


NEATPAGEINFO:id=14C88C87-337A-4574-B3E7-544001C9E259


15

reproduction (sublethal effect), the toxicity of the mxture
was nuch higher than that of the individual chem cals and was
near concentration addition. In a subsequent study, Hernens,
et al. (1985) investigated the joint toxicity on inhibition
of growth of D. magna of a m xture of al cohols and

chl orohydrocarbons. Concentration-additivity was observed,

even at the no observable effect |evels with subl et hal

toxicity criteria.
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3. TOXI CI TY BACKGROUND AND DESCRI PTI ON OF SI TE
| AJest si de WUITP Descri ption

| he Hi gh Point Westside WMP includes treatnent by
trickling filters and activated sludge in series. The
effluent is filtered. A flow diagramof the plant is given in
Figure 3.1. Prior to Septenber of 19S6, when operation of the
expansi on of the plant began, the plant operated with only
one aer ati on basin.

fctf-luent fromthe plant is discharged into the Rich Fork
of Abbotts Creek which enpties into the Yadkin River at High
Rock Lake (a source of drinking water for the town of Denton,
NO. Rich Fork Creek has a 7QL0 (7 day, 10 year |low flow) of
0.3 cubic feet per second; during periods of Iow flow the
effluent conprises 95*/. of the creek's flow. (NC Division of
tnvironnental Managenent, Jan. 23, 198*") Table 3.1 summari zes
operational and influent characteristics of the plant.
Ef fl uent BODS and suspended solids are nornmally |l ess than EO
ng/ L. Values for suspended solids, BQ@5, and COD renoval
efficiencies are given for March 1986 and March 1987 because
sanpling for this study was perfornmed during these two nonths
and because one nonth was prior to and the other follow ng
pl ant expansi on and upgrading of treatment. It appears that
i nprovenent in these renoval efficiencies has occurred since

t he upgrading of the plant. Infiltration occurs during
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Tabl e 3. 1. OPERATI ONAL AND | NFLUENT CHARACTERI STI CS

H GH PO NT WESTSI DE WASTEWATER TREATNMENT PLANT

Chhar act er i st [ = Nal ue

Desi gm fl owvw & . E= mgd

18

Aver age daily fl ow 3. 5 ngd

I Nndust ri al fl ow 12" 7/ . of t ot al
Aver age daily influent BCOD 178 ng/ L

I nNdustri al BOD contri buti on 78" /. of t ot al
Typi cal i Nfl uent TOC 150- 300 ng/

Weekday maxi mum TOC 1000 ng/ L

Wweekend m Ni mMum TOoOC 50 g’/ L

MARCH 1986 NMARCH 1987

Average '/. total suspended solids renoval 95 98

Aver age */. BODS renoval 92 96

Average '/. COD renoval 80 90

vpi cal V. TOC renmnowval sS2

L
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peri ods of heavy rain. Wile flows of IS |- ngd may be
reached, these periods are of such short duration as not to
be reflected in the average daily fl ow.

| ndustrial contributions to the Westside plant are shown
in Table 3.2 to be a small percentage of the flow (I E*/.) but a
| arge percentage of the BOD (78*/.). Industrial users of the
H gh Poi nt Westside WMP nay be divided into the foll ow ng
categories: organic chem cal manufacturers, textile (dyeing
and finishing, mlling), metal platers and forners, drum
cl eaning, paints and coatings, and dairy operations. Table
3.B lists each of these industrial categories and its
correspondi ng percentage of industrial flow to the wastewater
treatnent plant. While dairy operations are responsible for
ci9/, of the industrial flow, the effluent contributes mainly
BOD to the plant and makes no contribution to the toxicity of
the treatnent plant influent. Disregarding the dairy
operations, the organic chem cal manufacturers and netal

platers and forners are the |argest contributors based on

fl ow

D vision of Environnmental Managenent Assessnent of Toxicity
The North Carolina Division of Environmental Mnagenent
<DEM conducted a study in 1983 of the Westside WMP and its
i mpact on Rich Fork Creek (NC DEM 198" 7). Sanpl es of effluent
collected prior to chlorination on three dates were submtted

to "B hour static Daphnia pul ex bi oassays. These acute

toxicity tests resulted in LC50 val ues of |ess than 45*/.
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Tabl e 3. 2. I NDUSTRI AL USER PROFI LE

H GH PO NT WESTSI DE WASTEWATER TREATMENT PLANT

Il Ndustry type Contri buti on to fl ow

Or gani ¢ Chem cal NManuf act uri ng 37%o

fextile (dyeing, finishing, mlling) 5%/.

Net al Pl at er s anmnd For mer s E3* /

CDOr wuauarmm <O eea=anmi M g LS Y 4

FPai Nt s and Coati Nngs aAa>xs .
E———=a n g ~_ - > <=——<>
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effluent. In addition, a flowthrough 96 hour LC50 using
fathead m nnows was determ ned to be 64'/. effluent (prior to
chlorination). The study found that the nunbers and diversity

of fish and benthic invertebrate popul ations were greatly

reduced downstream fromthe WMP and concl uded that the
effluent was greatly stressing downstream bi ot a.

Results of chem cal anal yses of the effluent conducted at
the tinme of the benthic survey showed there to be high Ievels
of phenols and of formal dehyde) a tributyl tin conpound at
ppb | evel s? and 10 unidentified peaks detected by GCT M5
Vi ghi and Cal amari <1985) found tributyltin chloride to have
a 'd* hour LCISO of 0.013 ng/L (13 ppb) using Daphnia nagna
The Dt M report concludes that while forml dehyde and tri butyl
tin were conponents of the whole effluent toxicity,
additional toxic constituents probably exist. It also
suggests that if nonyl phenol ethoxylates were a major
conmponent of the phenols, that the nunicipality investigate
the possibility of having the textile industry substitute the
nor e bi odegradabl e al cohol ethoxylates for them The tributyl
tin conmpound used by the textile industry as a biocide was

substituted for with a |l ess potently toxic conpound.

H gh Poi nt Toxicity Assessnent Program

The Central Laboratory of the H gh Point Water and Sewer
Depart nent has conducted acute Daphnia pulex toxicity tests
for several years on the recommendation of the state Division

of tnvironnmental Managenent. Biononitoring of wastewater
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treatnent plant effluent has sonetines been as frequent as
two tines per week. DEM defined acceptable | evels of acute
toxicity of the Westside WMP effluent as and LC50 of greater
than or equal to 95*/. effluent. From February 1986 to

Sept enber 1986, prior to inprovenent in treatnent facilities,
the | aboratory biononitoring program found 8 of 13 infl uent
and 13 of "3 effluent sanpl es bioassayed as having LC50

val ues less than 90+ /.. Foll owi ng upgradi ng of treatnent
processes, between Septenber 1986 and April 1987, 5 of 5
influent and 9 of ~1 effluent sanples showed LC50 val ues of

| ess than 90+ /., show ng sone inprovenent in reduction of
toxicity. Chronic toxicity of the treatnment plant effluent
has been docunented al so.

In the sumrer of 1987 the Hi gh Point Central Laboratory
contracted with a private |aboratory to conduct acute
toxicity tests of industrial effluents discharged to the
West si de plant and of an untreated donestic wast ewater
sanple. O the industrial effluents tested, 80'/. had LC50
val ues less than 10'/.. The LC50 val ues of the industri al
effluents ranged fromless than 0.1'/. to 71'/.. The industria
categories having at | east one significant contributor (based

on flow) having an LC50 of less than 1'/. are listed bel ow

textile (M NimMmum LC50 = O. 1"/ .
drum cl eani ng (m ni mum LC50 = 0. 1'/.
netal plating (m ni nrum LC50 = 0.1'/.
metal form ng

organi ¢ chem cal nanufacturi ng.

The industrial effluent having the least toxicity (LC50=71*/.)

was from an organi c chem cal manufacturer that pretreats by
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an aerobi ¢ biol ogical process. The | east toxic untreated
i ndustrial effluent froman organi ¢c chem cal nanufacturer had
an LC50 of 68*/.. An untreated donestic wastewater sanple had
an LL' bO of 90% These findings inply that the source of the
toxicity of influent to the Westside plant is primarily
i ndustr i al.

Attenpts have been nade by a private | aboratory contracted
by the H gh Point Central Laboratory to cultivate and
nmai ntai n stock Cer iodaphnia in Wstside donestic wast ewat er
treated in a batch reactor using activated sludge fromthe
West si de plant. Although the daphnia live in this medi um
they do not exhibit as high a reproductive rate as is
required by EPA quality assurance guidelines for use in
chroni c bioassays. This suggests either that |evels of toxic
conpounds present in the untreated donestic wastewater itself
Are hi gh enough to depress reproductive rate or nore probably
that toxic conmpounds associated with the sludge are adversely
affecting the reproductive rate. That sludge is a sink for
heavy netals and pol ynucl ear aromati c hydrocarbons has been
wel | docunented. O her compounds have been shown to be
concentrated in sludge? as well- G ger> Brunnerj and
Schaf fner (1984) reported that 4-nonyl phenols, degradation
products of nonyl phenol pol yethoxyl ates, are present in
activated sludge (although anaerobically di gested sludge has
nearly 10 tines the concentration of the activated sludge)

and have toxicity to Daphnia nmagna greater than that of

cadm um
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4. MATERI ALS AND METHODS
Sanpl e Col l ecti on, Storage? and Handl i ng

Sanpl es of influent and effluent fromthe H gh Point
West si de WMP were collected on a weekly basis for a two
nmonth period in the spring of 1986 and as toxicity was
di scovered by periodic biononitoring until April of 1987. An
aeration basin grab sanple was collected April 30, 19B6 due
to concern over a dramatic increase in the consunption of
oxygen in thie aeration basin. Table "~.1 lists the sanples
coll ected and corresponding results of acute toxicity tests.
Wast ewat er sanpl es exhibiting an LC50 of 90*/. or less in the
AB hour static Daphnia pul ex bioassay are defined as "toxic."
An LC50 of 90*/. means that in a solution conposed of 90*/. by
vol unme wast ewater and 10% by vol une pure dilution water
nortality of 50*/. of the test organi sns was observed.

"Nont oxi ¢c" sanples are defined as those having an LC50 of
90+y. .

Wast ewat er sanpl es were conposited over B hours at a rate
of one liter every six hours. WAstewater treatnent plant
effluent was collected prior to chlorination.

A 24 hour conposite sanple of donestic wastewater
collected froma point in the sewer system having no
i ndustrial input was collected in the fall of 1987. In

addition, sanples of industrial wastewater from six
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Table ™. 1.

H GH PO NT WESTSI DE WMP SAMPLES

AND CORRESPONDI NG Bl QVONI TQRI NG RESULTS

SAMPLE

DATE TYPE

2/ 3/ 86 EFF
3/ 3/ 86 I NF
3/ 3/ 86 EFF
3/ 11/ 86 I NF
3/ 11/ 86 EFF
3/ 26/ 86 I NF
3/ 26/ 86 EFF
3/ 31/ 86 I NF
4/ 1/ 86 I NF
4/ 1/ 86 EFF
4/ 8/ 86 I NF
4/ 8/ 86 EFF
4/ 30/ 86 AB
11/ 17/ 86 EFF
11/ 18/ 86 EFF
3/ 16/ 87 I NF
3/ 16/ 87 EFF
3/ 17/ 87 EFF

abbr evi ati ons:

COLLECTI ON

COVPCsI TE
COVPGCsI TE
COVPGCSsI TE
COVPCsIl TE
COVPCsI TE
COVPCSI TE
COvPCsI TE
COVPGCSI TE
COVPCsI TE
COVPCsI TE
COVPGCSsI TE
COVPCsI TE

GRAB
COVPCSsI TE
COVPCsI TE
COVPCSI TE
COVPCSsI TE
COVPCSI TE

= influent;
= aerati on basin;
assuned nont oxi c

48 hour LC50

Daphni a pul ex

56%/ .
AN
90++/
15%
90+ /.
AN
90+ /.
AN
33/,
90+ /.
AT
66' /.
49' /.
h%
6/,
AT
10'/.
6.1/.

EFF = effl uent;

TOXIA TY
DESI GNATI ON

TOXI
NONTOXI
NONTOXI

TOXI
NONTOXI
NONTOXI
NONTOXI
NONTOXI

TOXI
NONTOXI

TOXI

TOXI

TOXI

TOXI

TOXI

TOXI

TOXI

TOXI

AT = assuned toxic;

O00000O0N0D0O000O000000

25


NEATPAGEINFO:id=D755B921-F765-463D-8B72-54E4DBAB84B4


26

categories: (1) organic chem cal manufacturing, (2) textile,
<3) metal finishing, < ”e) diecasting, (5) paints and coatings,
and (6) drumcleaning were collected during this time period.
| ndustrial wastewater sanples in each category consisted of a

m xture of 2A- hour conposites of two or nore of the
significant (based on flow) industrial contributors to the
wast ewat er treat nent pI ant .

Sanmpl es were stored in capped, two gallon acid-washed
glass bottles with a mnimum of headspace at » C, except
during overni ght shipping when sanples were stored on ice in
coolers. The majority of sanples were extracted within one
week of collection, except for some industrial conposites

whi ch were stored for a maxi mum of one nonth prior to

extract ion.

G eneral Characteristics of Westside Wastewater Sanples

Table "4-.2 provides characteristics of sanples collected
tor this study. These data were obtained fromthe Central
Laboratory of High Point's Departnent of Water and Sewer.
Acute toxicity bioassay results (reported as percent effluent
or influent causing nortality of 50*/. of Daphnia pul ex test
organi sns), average daily flow, pH BODS, COD, and netals
concentrations are given. In addition, nonthly averages for
each paraneter except pH are provided. No value for any
characteristic was also a maximumfor the nonth a sanple was
col l ected. Most values for pH, BOD5, and COD are close to the

nmont hl y averages and appear nornmal.
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48 hour LC50
Daphni a pul ex

AN
isy.
AN
AN
33JE
AT
AT

sey.
30+y.
90+y.
3Qty.
30*y.
SE,y.
67.
sy.
107.
s.iy.

Tabl e 4.2. GENERAL CHARACTERI STICS OF WASTEWATER TREATMENT PLANT SAMPLES

METALS CONCENTRATI ONS

DATE

3/ 3/ 86
3/ 11/ 86
3/ 26/ 86
3/ 31/ 86

4/ 1/ 86

4/ 8/ 86
3/ 16/ 87

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

3/ 86
4/ 86
3/ 87

2/ 86
3/ 86
4/ 86
il/86
3/ 87

SAMPLE
TYPE

I NF
I NF
I NF
I NF
I NF
I NF
I NF

EFF
EFF
EFF
EFF
EFF
EFF
EFF
EFF
EFF
EFF

I NF
I NF
I NF

EFF
EFF
EFF
EFF
EFF

FLOW
RATE

rngd

.02
97
49
06
21
98
82

WNNNNNW

. 89
02
97
49
21
98
43
78
82
53

WOABNNNNGN

N

. 89
.16
.72

AW

77
89
16
11
.72

BAONN

©020000
©h WO O u~N

NNNNOO0OOOO
OO0 O0OFrPR O NN OO

O
T

8005
ng/ L

240
140

96
340
270
220
280

24
21
35
18

12

172
214
174

13
14
22

COO

cd O Cu

nmg/L 1ng/L my/L nmo/L

620
320
150
650
780
410
940

100
170
90
130
190
140
30
50
35
22

MONTHLY

444
651
500

107
90
160
43
48

.01 06 .21
.00 .01 .00
. 00 .09 .10

NR .10 .23

.00 .04 .15
.00 .00 .07
. 00 . 09 .22

.00 . 00 .10
.01 .01 . 08
.00 .01 .00

NR NA NA

.00 .00 . 09
. 00 . 00 .04
. 00 .00 .04
.00 .00 .03
.00 .01 . 05
. 00 .01 .03

AVERACES

.00 .112 .149
.01 .189 .13
.00 .03 .10

.00 . 00 . 06
.00 .01 .04
. 00 .01 .03
.00 .01 .02
. 00 . 00 .04

Fe Pb
ng/L ng/L
6,27 .01
2.25 .0
4.74 .00

NR  NA

3.3 .00
2.86 .00
9.4 .00

.83 .00

. 30 .0
1.27 .0

NA  MA
1.03 .0
1.12 .0

.21 .0

.24 .0

.15 .0

. 26 .0

4.5 .00
4.5 .0
4.25 .0

.47 .0

. 54 .0
1.25 .0

.54 .0

. 40 .0

Ni zZn
rog/L ng/L
.16 .28
.12 .06
.08 .16
.10 .40
.27 .17
.07 .14
.39 .38
.09 .15
.06 .05
.35 .11
NR  NR
.00 .11
.07 .08
.10 .10
.10 .11
.03 .04
.05 .07
.20 .2B8
.16 .26
.20 .16
.07 .13
.17 .09
.10 .06
.09 .10
.07 .09

K Na
ng/L ng/L
10.5 53
4.7 29
4.4 26
NA  NR
9.1 49
9.4 47
7.9 45
1.7 50
7.1 40
10.5 58
NR  NR
4.0 22
13.6 52
8.4 60
9.3 65
6.8 39
7.4 48
8.7 47
10.2 60
6.4 43
a. 6 76
9.8 53
12.7 56
9.9 67
5.9 40
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Preparati on and Anal ysis of WAstewater Sanples

| he preparation of sanples for analysis is depicted in
Figure ™. 1. A procedural blank consisting of deionized
distilled water was treated according to the same procedure
as each set of three wastewater sanples in order to detect
any contam nation entering the process fromthe extraction
t hrough the anal ysis stages. Wastewater sanples (2 L) were
continuously extracted for at least 16 hours with 250 nL of B
and J residue anal ysis grade dichl oronmet hane. Those col | ected
before May 1986 were extracted at anbient pH, generally about
pH 6.5. Wastewater sanples collected after May 1986 were
extracted first at a pH greater than 11 and then at a pH | ess
than two in order to insure maximumrecovery of organic bases
and acids and to sinplify chromatographic anal yses. Sodi um
hydroxide (0.1 M was used to adjust the wastewater sanples
to pH 11 or greater; adjustnent to pH 2 or |ower was
acconpl i shed by the addition of concentrated hydrochloric
acid. Primary internal standards were added to wastewater
sanples prior to extraction as a neans of determning the
recovery of the extraction process. Wastewater sanples
extracted at anbient pH and acidified sanples were spiked
with 2,5-dinet hyl phenol ; sanpl es nade basic were spiked with
dS-ant hracene. The continuous extraction apparatus was
cl eaned after each use with detergent and acid di chromate

solution and rinsed thoroughly with deionized distilled

wat er .

The di chl or onet hane extract was concentrated to a vol une
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REDUCED PRECaURE FU f1' HER Cdi CENTRATI OF )
21) HOLTi Cai TDJUOUS EXTRACTI W -0 ROTARY EVAPORAT| ai - « BY M CRO ai YDErt — -» GUM ki ALYSIS
OF EXCESS SOLVEJT EVA'Q ;.24 o
(from250ir.1 vc Uud) (to .5m, effliioiit only)

wat er - cool ed

vat er - cool ed condenser
condenser mot or provi di ng .er.lcro-Snyder 30_i n DB-5 capillary col um
/rotation col um teiiiper-ature uroeramed
/ 60" C(Unir.) - 310"03 67ma
70 eV el ectron ionization
evaporat or positive ion isode
Jiter wantewster tip Hewl ett Packard 5987
sanpl e sooral flatik . o S cot's/bs
. ) ol vent tenperature addi tion of
beating control I.;d Eecondai y

addi tion of mant | e wHt er bat h I nternal
prlmai-y internal extraction standard
standard prior _sol vent
to extraction (di chl or onet hane)

FIGURE H.J . FLOW DI AGRAM OF ANALYTI CAL METHOD
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less than t5 nl using rotary evaporation at a tenperature of
approximately 32 C. Further concentration of the extract, if
needed, was acconplished in m cro-Snyder equipped
concentrator tubes to which the extract had been
quantitatively transferred. Extracts expected to be of
greater 10C content, i.e. wastewater treatnent plant influent
and industrial effluents, were concentrated to approximately
b nl, Wastewater treatment plant effluent and donestic
wast ewat er extracts were concentrated to approximately 0.5
niL. Extracts were spiked with the secondary internal standard
(1,”-dichl orobenzene or 1-chlorooctadecane) for the purposes
of quantitation and transferred to 10 nL teflon-Iined,
screw capped vials for storage in the freezer until analysis.
Extracts were anal yzed by both GJFID and GC/ MS. The gas
chromat ogr aphi ¢ col utm enpl oyed for the analysis of the
sanpl es collected prior to May 1986 was a J & W30m wide
bure (0.32mm ID), thin film (O ESum DB-5 fused-silica
capillary colum. To achieve maxi mum colum life and
performance, two separate, identical colums were used for
the anal ysis of acid and base/neutral extracts (sanples
collected after May 1986). These colums were J S< W30m
narrow bore (0.25mm I D), thick film(lum DB-5 fused silica
capi | lary colums. Gas chromatographic conditions for GO/ FID
and GO/ M5 anal yses are given in Table -*.3. GO M anal yses
were performed by Carol Haney of the North Carolina State

Uni versity GO MS |aboratory. Performance of chromatographic
col ums used for base/neutral and acid extracts was nonitored
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Table '7. 3. CONDI TI ONS FDR CHROVATOGRAPHI C ANALYSI S

< Fl D &/ VB DS

i nst rument Varian 3700 Hew ett-Packard 5987
tenperature program60° (*')-a80"'3 67mn 60" <4'J-SIO'S AMmin
carrier gas Hel i um Hel i um
carrier flow rate 1 nb/mn 1 nmb/mn

I nj ector tenperature SSOCC sOOrC
detector tenmperature 300 C

ioni zati on techni que ElIjJ 70 eV

mode pPoOosiI ti ve i OnNn

I on separation techni que quadropole mass filter

I Oon source tenperature £00"C

transfer |line tenperature SOONC

mass spectral |i brary NBS- NI H
(78,000 spectra)
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by injection of the Gob mx prior to analysis of sanple
extracts by GC/FID. No significant degradation in colum

perfornmance was observed.

Certai nty Measur es

Al t hough primary internal standards were enpl oyed, no
quantitative nmeasure of recovery of the primary interna
standard was determ ned. Because 1 ,''t-d ich | orobenzene was
present in sanples? it was a poor choice for an interna
standard and could not be used as a basis for quantitation of
recovery of the extraction process. The other secondary
internal standard used, 1-chlorooctadecane, was either added
to sanples in too small a quantity to be detected or was not
amenabl e to chromat ography under the conditions used. In
either case, because none was detected, quantitation of
recovery of the primary internal standard coul d not be
achi eved. Despite these problens, S, 5-dinethylphenol was
observed in a najority of sanples. Thus, recovery of a
conmpound spiked into the sanple matrix prior to extraction
was denonstrated. The fact that no conpounds were identified
in procedural blanks indicates that no contam nation was

I ntroduced to sanples by the anal ytical procedure itself.

Identificati on Process

The process of assigning identifications to conmpounds
detected in sanples included: 1) conputer library search of

the NBS-NIH mass spectral reference library, S) nmanua
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conparison of library identifications to reference spectra»
and 3) inspection of spectra for reasonable fragnentation
given the identification. Because spectra of standards were
nut generated on the nass spectrometer used for sanple

anal ysis for conparison with sanple spectra? identifications
may only be termed "tentative," as opposed to confirmed.

Acute Foxicity Tests

Bi oassays of wastewater sanples were performed by the
Central Laboratory of the H gh Point Departnent of Sewer and
Water . The bioassay method used was that devel oped by EPA
(Peltier and Weber, 1985) and nodified by the NC Division of
Envi ronment al Managenent to use Daphnia pulex > a waterflea
which lives in soft water, as opposed to Daphnia magna, a
hard water organi sm

"the met hod can be summari zed as foll ows. WAst ewat er

sanples were diluted with well water to five concentrations

ranging fromO to 90%influent or effluent. Test organi sns

(10 Daphnia pulex individuals Iess than S.»  hours old) were
added to wastewater sanples in 10 nL of dilution water; tota
volume of test mediumwas 100 nL. Mortality of the test

organi sms was recorded after "8 hours. Dissolved oxygen,
tenperature, and pH of the test mediumwere nmeasured at the
begi nning and end of the test. Plots of log percent nortality

ver sus wastewat er concentrati on were constructed. The

concentration at which 50*/. nortality occurred was obtained

fromthis plot.
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5. RESULTS
An Eval uation of Metals as Contributors to Toxicity

The focus of this research is on identification of organic
conpounds and their possible contribution to toxicity.
However, it is first necessary to discuss the possible role
of netals with the hope of elimnating them as a possible
maj or contri butor.

Table 5.1 provides informati on hel pful in determ ning the
contribution of Cu, Ni, and Zn to the toxicity of the
West si de U WIP sanpl es. Concentrations of netals expressed in
terns of both ng/L and the percentage of their respective
LCbO values fromthe literature (LC50 of Ni = 0.510 ng/L;
LC50 of Zn = 0.66 ng/L; LC50 of Cu = 0.057 ng/L) as well as
t he conbi ned values for Cu, Ni, and Zn are gi ven (Nebeker, et
al., 1985; MIller, et al., 1985; Ingersoll and Wnner, 1982).

If the metals data for sanples considered "toxic", i.e.,
LC50 < 90'/., show concentrations that are |l ess than their
respective LC50s, it is possible to state that netals were
not contributing to the toxicity of the sanples. For all of
the sanples, Ni and Zn concentrations were |l ess than their
respective LC50 val ues. However, alnpbst all of the samples,
except one "toxic" influent and one "nontoxic' effluent, had
Cu concentrations greater than 100*/. of the LC50 val ue for

Daphni a, reachi ng a naxi nrum of 85E*/.. Five out of six
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Table 5. 1.

48 hour LC50
Daphni a pul ex

HN
157
RN
AN
33Z
HT
HT

58y.
3Qy.
saty.
SQy.
2 90+X
90+Z

66J:

6Z

& .

| Oz
Ny

abbrevi ati ons:

Df I Tf I USEFUL

DATE

3/ 3/ 86
3/ 11/ 86
3/ 26/ 86
3/ 31/ 86

4/ 1/ 86

4/ 8/ 86
3/ 16/ 87

2/ 3/ 86
3/ 3/ 86
3/ 11/ 86
3/ 26/ 86
3/ 31/ 86
4/ 1/ 86
4/ 8/ 86
\\n7/\»
11/ 18/ 86
3/ 16/ 87
3/ 17/ 87

SAMPLE
TYM

NF
NF
NF
NF
NF
NF
NF

EFF
EFF
EFF
EFF
EFF
EFF
EFF
EFF
EFF
EFF
EFF

mg/ L

.21
. 00
.10
. 23
.15
.07
.22

.10
.08
. 00

NH
. 09
.04
.04
.03
. 05
. 03

RN = assuned nont oxi c;

y.

HT

I ndi vi dual Met al

Cu Ni

of LC50 ng/L Y-

778 .16
(0] .12

370 .08
852 .10
556 .27
259 . 07
815 . 39
370 . 09
300 . 06
(0] . 35

NA

NH

333 .00
148 .07
148 .10
111 .10
185 . 03
111 . 05

= assuned toxic;

Concentrati on

Ni zZn
of Lcsn ng/ L

31. 4 . 28
23.5 . 06
15. 7 .16
19. 6 .40
52.9 .17
13.7 .14
76. 5 . 38
17.6 .15
11.8 . 05
68. 6 .11
NA

NA

(0] .11

13.7 .08
19. 6 .10
19. 6 .11
5.9 .04
9.8 .07

INF = influent;

uonNoi Nnea ou B

of LC50

42. 4
9.1
24.
60.
25.
21.
57.

oON®ON

22.
7.6
16. 7

~

16.
12.
15.
16.
6.1
10. 6

NN RN

EFF = effl uent;

ng/ L

65
18
34
73
. 59
28
99

coooooo0

o

. 34
.19
0. 46

o

20
19
24
24
12
. 15

cooooo

I'N DETERM NI NG CONTRI BUTI ON OF METfI LS TO THE TOXI CI TY OF WESTSI DE WHSTEMRTER SHWVPLES

nil, en vdlueS

Xages of LC5Gs

852.

32.
409.
932.
634.
293.
949.

P ONNOO®

410.
319.
85.

N AW

349.
173.
182.
147.

197
131. 4

w o 0N

NH = not avail abl e
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36
"nont oxi c" sanpl es (al though 3 out 5 were assuned "nontoxic")
had Cu concentrations greater than the no observabl e eff ect
concentrati on (NOEC) of 0.020ng/L (lngersoll and W nner,
198S)j the highest being 0.09 ng/L. This apparent increase in
the concentration required to effect acute toxicity is
probably due to the phenonenon of conpl exation of netals by
hi gh nol ecul ar wei ght organi cs or other conpounds havi ng
conpl exati on capability (Wnner, 1985; Flickinger, 1985).
Buckl ey (1983) showed wastewater treatnent plant effluent to
have this kind of conpl exation capability. He found that
conpl exati on of Cu by ~0'/. sewage treatnent plant effl uent
di m ni shes the toxicity fromtotal Cu to juvenile coho sal non

(LC50 = 0.286 ng/L as opposed to 0.022 ng/L). If the sane

i ncrease in the nedi an | et han concentrati on of Cu (LC50) is
seen in wastewater with Daphnia > this would account for
sanpl es havi ng hi gh concentrati ons of Cu exhibiting no
toxicity to Daphni a and would i ndicate that the toxicity of
"toxic" sanples is due to sonething other than Cu.

Upon exam nation of Cu» Ni, and Zn concentrati on val ues,
t he concl usi on can be drawn that netals probably played no
role in the toxicity of the 3/11/86 influent sanpl e having an
LC50 of 157.. However, because copper concentrati ons were
greater than | OOV. of the Cu LC50 for the other "toxic"
sanpl es, other criteria for determ ning the toxic
contri bution of netals was devel oped. Using the conbi ned
concentrations of Cu, N, and Zn of the "nontoxic" effl uent

sanpl e as a basis for conparison (0.76 ng/L), and assum ng
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all other affects equal, "toxic" sanples having a conbi ned
concentration of Cu, N, and Zn of |less than O "”~6 ng/L and

whose toxicity thus appears not to be caused by netals are:
'd/ 3/ &h effluent, -~/S/S" influent and effluent, 11/17/86
effluent, 11/18/ 86 effluent, 3/16/87 effluent and 3/17/ 87
ef fl uent.

Usi ng the conbi ned percentages of LC50 values for Cu, N,
and Zn as given in Table 5.1, it appears that netals were not
the maj or cause of toxicity in any of the "toxic" effl uent
sanpl es, except perhaps the one collected 2/3/86. In all
ef fl uent sanpl es except 2/3/86, the conbi ned percent ages of
LC50s for the three netals were below 3" 79.7'/,, the val ue
reported for the 4/1/86 "nontoxic" effluent and used for
conpari son purposes. The 3/11/86 influent sanple (LC50 =
Ib'/.) and the '~/ a/86 influent sanple (assuned "toxic") both
had conbi ned percentages of LCSGs for Cu, N, and Zn bel ow
the 3'79.7*/. conparison value, indicating that toxicity in

t hose i nfl uent sanples thought to be toxic nmay not be due to

me tal 5.

Or gani ¢ Conpounds F-ound i n WAst ewat er Sanpl es

Organi ¢ conpounds tentatively identified in seven Hi gh
Poi nt Westside WWMP influent sanpl es and one aeration basin
sanple are listed in Table 5,S. Five out of the ei ght saml es
wer e defined as "toxic," three as "nontoxic." A "toxic"
sanple is one exhibiting an LC50 of 90V. or less in the 3

hour static Daphni a pul ex bi cassay. A sanmple | abell ed
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Tabl e 5.2. COMPOUNDS TENTHTI UELY | DENTI FI ED I N HI GH PO NT WESTSI DE WMIP | NFLUENT

LC50:

TOXI CI TY DESI GNATI ON:
SAMPLE DATE:

CCB1POUNO

1- (2-net hoxypropox?/) 2- propanol
ben20|c acid ester

-C2-iiiethoxy- |-|nethylethoxy) 2-propanol  (early RT)
—22 met hoxy-| - met hyl et hoxy) - 2- propanol  (late RT)

4-trichl orobenzene

1,1" -bi p>heny 1

i rrdecane
' napht hal ene
» 2-ethy 1-1 -hexano 1

" di net hyl benzene  (early RT)
J2- but oxyet hanol

"1- or 2-nethylnaphthalene (early RT)
.1 -(2-but oxyet hoxy) et hano

tT-chloro-2-, 3-, or A4-riiethylbenzene (early

al4,8, 12- trlmethyl 3,7,11- trldecatrlenmc acid,
e

OI' trldecatrlenenltrl
+"| - hept acosano
(1,2- or 1,3-dinethyl naphthal ene
4- nethylnaphthalene (late RT)

caf f ei ne
«1,2,3- or 1,3,5-trichl orobenzene
'2-methyl -2, 4-pentaned i ol

5- (phenyl met nyl )~2-thi oxo-4-iniida2d@ inone
«et hylbenzene
joctadecanoi ¢ acid, butyl ester (early RT)

RT)

met hyl

ester

AN
nont oxi c
3/ 3/ 86

10. 5
42

34.5
16

31.5

o w

WU NNON

QUHNTI TFI TI VE Df I TH, SI GNAL TO NO SE RRTI O

I S>> AN AN 3B3X

toxi ¢ nontoxic nontoxic toxic

3/ U 86

32
38
20
22
20

15.5

N
.
ANO OO G

BoR
~N R

N A~ O

[
NaON®NOO

3/ 26/ 86

88

50
33
48
72
20
65
100
268
80

52

20

140

3/ 31/ 86

25

180

AT 49Z

t oxi c toKic
4/ 1/ 86 4/ 8/ B6

4/ 30/ 86 3/ 16/ 87

AT
toxic
B/ N( A>
61
28
23
70 24(28)
10 5<8>
40 17
100 9
14
38 7<6>
8 5
13 C3.5)
30 4<4)
2
20 4
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T~ e 5.2. Cai HPOUHDS TENTHTI WELY | DENTI FI ED I N Hl GH PO NT HESTSI DE WAP | NFLUENT -

LC50

TOXI CI TY DESI GNfi TI ON:
COMPUUND Sf | MPLE DHTE:
cis- or trans-et,«, 4,5-tetranethyl-I-cycl opentene-I-methano
al kane at kRT 9.8

2-ethyl -N, N-diiiiethyl-I-hexanani ne

oct adecanoi ¢ acid, butyl ester (late RT)
dodecane

i sot hi ocyani ¢ acid, phenyl ester

N, N- di net hyl cycl ohexanam ne

3-inethyl-1-butanol benzoate (isoanyl benzoate)
t ol uene

di net hyl benzene (late RT)

*-terpineo

benzeneoi et hanol

d-1i nbnene

1,2-benzenedicarbo&¥Iic acid, bis(2-ethylhexyl) ester
al kane at xRT 36. 2

| -ethyl-2-, 3-, or 4-methyl benzene
1,2,3-, 1,3,5-, or 1,2,4-triinethyl benzene
4- et hyl pheno

hexahydr o- 2H azepi n- 2- one

2- et hyl qui nol i ne

dodecanoi c acid

tetradecanoi c acid

hexadecanoi c acid

1- hexadecene

docosane

al kane at »RT 33. 42

15z
nont oxi ¢ toxic

QUf I NTI Tf i TI VE DHTf i

nont oxi ¢ nontoxic toxic
3/3/86 3/11/86 3/26/86 3/31/86 4/1/ 86

33

163

68
80
75

«|

conti nued

SIGNAL TO NO SE Rfi TI O

HT 497 HT
toxic toxic t oxi c
4/ 8/ 86 4/ 30/ 86 3/ 16/ 87
B/ H(fl)
22
6
6 88
17 17 360(27)
2 2
12 7 a7
9 17 34(7)
(4)
2
40 16 140 2
4.5(4)
8 9 (17)
6 4 40 (22)
96 (.27>
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Tabl e 5.2. COVPOUNDS TENTHTI UELY | DENTI FIED IN H GH PO NT HESTSI DE MATP | NFLUENT - conti nued

QUF I NTI TOTI VE Dfi TfI, SIGNAL TO NO SE RATI O

LC50: RN 15X HN HN 33y. HT
TOXI CI TY DESI GNHTI ON: nont oxi ¢ toxic nont oxi ¢ nontoxic toxic t oxi c
COVPOUND SAMPLE DATE: 3/3/86 3/11/86 3/26/86 3/31/85 4/ 1/ 86 4asise
&2l kKkame At < T == S G 1 s
&2l kKame F= 0 o < /1 0. O a =
a, Il - di cLTC | ohexLjl hé)t ane”? 15
] —i— 1 mMmdo = A= O a O
PpPhemol e B _ =2 7 3 7
decanraoi [ an- F= W o | d S O (=3
nmnmol ecul ar sul f ur = =20 =1
|, 2- benzen di carboxL)Ilic' aci d, | hentj | net hyl ester 20
:'l_, - =1 — t) (e % g - li,_‘y p ltJ rxne =
z . 66— €Tt et r at hl pahe =
non Ipﬂﬁeno soner
N, N,N N -tetraethyl -1, 2-et hanedi am ne?
31’||2ett)ey zened| carboxyl|c acid, diisoctyl or dioctyl ester 12 14. S
di r‘r‘et hyltrlsul Fi de 1. 5
1,1'-oxyb i sbhenzene
1,3-d i hy dr 0-2Hi ndo 1-2-one
1, 8-di i net hyl napht hal ene
2,6,10, 15,19, 23- hexanet hyl - 2, 6, 10, i e, 22- t et racosahexaene
2" et hyl hexanoi ¢ aci d
4-<2,2,3,3- or 1[1133tetranethy|buty|gqhenol ~d |
- e >
S(?, 12- ogt aXecedZen0| C ac}/é © ei8 MW 207 =2
14- n’et X chol est ane 11 11. 4
unmnknm T A& . = v
hexacosahol = . =

i

© N NN

~

49X
toxic
4/ 30/ 86

116
70

29
103
61
a7
39
22
20
16
12

AT
toxic
3/ 16/ 87
B/ N(H)

2(22)
(19)

<4)
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Table 5.2. CO'i POUNDS TENTRTI VELY | DENTIFIED I N H GH PO NT MESTSI DE MHTP | NFLUENT - conti nued
QUF I NTI THTi yE OHTH, SI GNAL TO NO SE RATIO

LC50: AN | SJC AN AN 33y. HT 49X HT
TOXI CI TY DESI GNATI ON: nont oxi ¢ toxic nont oxi ¢ nontoxic toxic toxic toxi c toxic
COVPOUND SAVPLE DATE: 3/3/86 3/11/86 3/26/86 3/31/86 4/1/86 4/6/86 4/30/86 3/16/87
8/ N(n)
aJ|<anee at kKkRT 54. 9, 54. 6 3

XRT 10.4, 1-nethyl-2-, 3-, 4-(l-nethylethyl), or 3 propyl 6
benzene or |-ethyl-2, 4- or'3,5- di met hyl benzene or 4-ethyl -
—4, 2-di met hyl benzene or 2- ethyI-I 4—d|nethy|benzene

N (4- h drox henyl aceta i de or Fwy 5.3
R{ éy YE X ) S(Eetranathy enzene or nethyl 7
i sopropylbenzene i soner

xXRT 11. 4, i sonmer of «<RT'" 11. 2 7

wuuaunrnmii< rmaouwuanm &= T > FI10 -4L23 5344- a = = O

— OC Tt Ei(ﬂ(E!C:éBI”ICDI (== F= X &~ fs | o = B CS =B =
NnNkNnoun at F?T 45, hﬁVl2213j7 365

un knoun at RTF%]" 30 é»RT 24.0, 22. 722 M\/I 203 3 11 2 5 18 16 6 42

, CMR

2- quproggﬂ|dgped|hydggpgggofuran 3- one or 4 nEthyI 5 phenyl 2 5.2 6

[ one

unknoun at kRT 20. 9, 20. 8 2 2

| o | = aaadcd e cC &= e - == <1 <O _ EE;;?

oct adecane 2 (11)

unknoun at XFTF 26. 8, N¢A zcxl?’ 2

XRT 11.9, 2,3-dihydro-4-_or 5-nethylindene or (2-

Nnknoun at «RT 12.°0, NNI147

< . i soner of =>«RT 11.

RT 12. 2, isonmer of xRT 1
net hyl benzene or d|nethyl-|sopr P¥|b n

250

3
\E

i soner
i sonmer of )dQT
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Tabl e 5.2. COVPOUNDS TENTHTI VELY | DENTI FI ED I N H GH PO NT VESTSI DE WMIP | NFLUENT - conti nued

QUHNTI THTi yE DRTfl, SIGNHL TO NO SE RHTI O

LC50: HN 15z FwW HN 33z HT 49% AT
TOXI CI TY DESI GNATI ON: nont oxi ¢ toxic nont oxi ¢ nontoxi c toxic toxic toxic toxic
COr WIUND SAMPLE DATE: 3/ 3/ 86 3/11/ 86 3/ 26/ 86 3/31/ 86 4/ 1/ 86 4/ 8/ B6 4/ 30/ 86 3/ 16/ 87
B/ N(R)
=1 <Kamne 2t << T a=s. O =
3-<| —+iiethyl-2- pyrrolldln I )pyridine (nicotine) 1.5
| (2—Ppropenyl oxy§ 2- pr opanol 1. 5
azi docycl ohex<xane™?? 1. 5
2-cycl ohexen-1 - ol a1a. 5
2-cycl ohex<xen-1 - onmne .5
« ll «—— « — ——//—m B m = ———
1-nmet hyl -2- or 4-propyl benzene or (l—neth ropyl benz»ne 2
I<F2‘I'y o. 7, pl psyorrer ( IZZ'Ei' py) 2 3
unknmnoun at ><<R‘I‘ 31 8, S1L. 7 3 122
Frrco>ra—acdec— =—=mara<c— 1 - p—_d
unmnkrmounm =0 >< =T =S8 & = N
unmnkrmouwunm =t < =T =a. 16
unknoun at x<xRT 50. O, MWV 296 3
unknoun at >RT 54. O, MWV 296 3
unmnkkrmouwunm &= T < =T =1 . 7= =1
unkmoun at < RT 21 86 NNV 1.883 7 a
wuaunmniikrmouwunrm &= T > =1 ==_ == ==
unmnkrmouwunm =0 > =T =66 =1
unkrmounm at >< =T =221 A9 NNINVT 22977 S3s
1, 2 benzenedi carboxylic acid, dinethyl ester 17
F > = F an <> i «— F— B e | [ e | i = < 1 i >

u

—
—  ==a <= Il <> > ——

A
oI
EN

0

1

0

4>
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Table 5.2. COVPOUNDS TENTHTIWELY | DENTI FI ED I N H GH PO NT MESTSI DE MATP | NFLUENT - conti nued

QUHNTI THTI VE Df I Tfi, SIGNAL TO NO SE RRTI O

LC50: HN 15z HN FI N 33X HT 49y. HT
TOXI CI TY DESI GNATI ON: nont oxi c toxic nont oxi ¢ nontoxic toxic toxic toxic toxic
COVPOUND SHMPLE DHTE: 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(R)

- or 3-«et hyl -1 - (phenyliii et hyl > azeti di ne 46( 12>
T =SS . =S, =S|, O, NN\ = 1 2 =

—— > K> —ua < = «— =a «— § A

= I

m
> 1 o r <oOoOfEpoaSarzcoi — = 1 = — =
k> u_ = & == " m <> = L c—— [ L e |

=2, &, 10O, 1. 909- t et r aamst hyl
k< oA =0« =1 =1 . =%
=2, &, 10, N €t et rvr me=t hhyli

Pent adecans =)
= ., NAARANY O D C S D
hescadecanmnns (g)

T m e B W e « ll «ee——— «— —=——wm m m —=——— <

F— W | < —a r a = = T — T - = _ - [ &
> « = © aa—m «ll €& « = ==—a " m <> i — = «— § L e | [ & — - = >
abbrevi ati ons:

| fl T=assuned toxic; RNT*assunmed nontoxic; B/ N=base/neutral extract; (fl)=acid extract; RT=retention time; M”"=itiolecular
wei ght
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"nontoxic" is one having an LC50 of 90+7., Ildentification of
146 di fferent conpounds at a detection |[imt of approxi mtely
10 ppb was attenpted in the influent/aerati on basin sanpl es.
Tentati ve identification of 120 conpounds was nuade.

I nsufficient infornmati on precluded the tentative
identificati on of 24 detected conpounds referred to as
"unknown.

[abl e b.3 contains a list of conpounds identified in ten
Hi gh Poi nt U estside effluent sanples, six of which were
defi ned as "toxic" and four as "nontoxic."” At a detection
limt of approximately 1 ppb, the identification of 123
di fferent conpounds was attenpted in these sanples. Tentative
identification of B2 conpounds was nmade. Conpounds referred
to as "unknown" (41) were detected; however, information
necessary to nmake tentative identification of these was
lack i ng.

Al t hough t he approach enployed in this work was that of
broad spectrum anal ysi s, sone quantitative informati on can be
extracted fromthe data. I n addition to conpound
identification, Tables 5.2 and 5.3 present seni-quantitative
data for each conpound. This senm -quantitative data is

expressed as the ratio of the height of a chronmatographic

peak in the total ion chromatogram (corresponding to a
parti cul ar conpound) to the noise |level in the chromat ogram
A value of 1.5 represents the detection |Iimt of the nass

spectroneter. Expressing the quantitative data in this way

all ows for conparisons of concentrations within a given
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Tabl e 5.3. aSMPOUNDS TENTf I Ti gELY | DENTI FI ED I N HI GH PO NT MESTSI DE HWIP EFFLI ENT

QUHNTI THTI UE DfI TR, SIGNAL TO NO SE BfI TI O

LC50: 56Z so+y. 90+Z so+y. s&x. O sx loz e.iz
TOXI CI TY DESI GNHTI OH: toxi ¢ nontoxic nontoxic nontoxic nontoxic toxic toxi c toxic toxic toxic
COVPOUND SAMPLE DHTE: 2/3/86 3/3/86 3/11/~ 3/26/86 4/1/86 4/8/86 11/17/86 11/18/86 3/16/87 3/ 17/ 87
B/ N B/ NCH) B/ N<fl) B/ NCR)
benzoCh] napht hoC2, 1-d3 or O, 2-d]thiophene 6
H (4- hydr oxyphenyl )acetaiiii de or MW 169? 81 50 S 2.5 36 34 1.5
phosphoric acid, triethyl ester 92 36 2
tetrachl oroet hene (tetrachl oroethyl ene, per chl or oet hyl ene) 12 4(2) 2(3)
t et rahydr o- 2- f ur anmet hanol 32
1- <2- propenyloxy) - 2- pr opanol 6
4- hydr oxy- 4- net hyl - 2- pent anone <di acet one al cohol ) e 8(5) (e0)
t ol uene 3(3) 2(3)
unknown at RT 9.54. "(RT 4.3), MW97 60 3.5(2)
2 v cl ohex~xenrnmn- 1- ol =2 2(7) 2(8) (19
unknown at RT 11.21, 11.23, 11.35 2.5 2(16)
2H pyr - an- 2-one or 2-cycl ohexen-1-one 48 2018 1.5(3) (9
3,3,3-trichl oro-1-propene 17
unknown at RT 18.66. t|W 168 v
2- phenyl -1, 3, 2- di oxabor ol ane7 MV 148
1,3—i sobenzofurand i one 126
2-i sopropyl i di nedi hydr oben2of uran-3-one or 4-iiiethyl-5—phenyl 40 22 4 10
-4-imdazolin-2-one or MW 189
1, 2- benzenedi car boxyl i ¢ aci d, diethyl ester 20 6 2(5) 4 <3
(di ethyl phthal ate)
unknown at RT 31.30. 31.50, >«(RT 24.02,22.73,22.68), MJ 203 10 46 30 180(101)
2-acety | -2,8-d ihydro-7-nethy 1 ~8-nethy 1 enepyr azo 1 o— 4 10(21)
C5, I-cKl,2,4]triazine
unknown at RT 26.75, MW 207 5
unknown at RT 40. i4, kCRT 32.7, 32.3, 32.4, 31.03), M 204 60 10 2(10)
(2,2,5,7-tetranmethyl -1 -tetral ol ?)
chl orof orm 220
d i bronochiloronet hane i.5 5
unknown at RT 16.22 (spectrumsimlar to RT 10.46) 2.5
unknown at RT 17.37 (contains 2 chlorine?) 1.5
unknown at RT 10. 46 7
2-i soxazol i di necarboxylic acid, ethyl ester? or MV 161? 2 3
M 4-di met hyl Denzenesui fonairii de or (phenoxynet hyDbenzene? 4 18
4- net hyl - 3- pent en- 2- one or 2, 5-di hydr o- 2, 5-di net nyl f ur an 2 (18
4-et.iyioiperidine or 1-piperioinecart]oxai denjde 33 5 12(8)  40(32)

4>
LTl


NEATPAGEINFO:id=B7367794-70AC-44E8-BE6F-9D00A3EA1FEB


Tabl e 5.3. COVPOUNDS TENTHTI MELY | DENTI FIED I N H GH PO NT WE5T5I DE WATP EFFLUENT - caDnti nued

LC50:
TOXI CI TY DESI GNHTI ON:

COVPt aJNO SAMPLE TOTE:

N-acety 1 -N—< 2-«ethy 1 propy 1) acetami de or S-methy 1 -S-nonanaoi i ne

cycl ohexene or trans-2-nethyl- or 4-(iiethyl-I,3-pentadiene

7-oxabicyclo [4.1.0] heptane

MM 105 or di net hoxynet hane CRT 10.03)

unknown at RT 10.74, 10.99, MWV91?

benzenenet hanol

2,3,6-tri«iethyl-4-octene or |-butyl-2-ethyl-cyclopentane or
< - ) -Lavandu 1 o |

unknown at RT 24.01, 24.31, MW 159

| -ben2yl -2—or S-nethyl -azetidi ne

unknown at RT 26.64, 26.94, MM 203

unknown at RT 29.86, 30.21, MV 175 KCRT 23.65, 23.3, 23.42.
23.73, 22.12)

2- (1-met hyl hept y1) cycl opent anone

unknown at RT 34.05, 34.40, MW 232?

3, 4—di hydro- 5, 7- di net hyl - | <2H) - napht hal enone or 7-nethyl - 4-
Pt eridi necarboxyl ic acid, ethyl ester

3,4-dihydro-6, 7-di me thy 1 -1C 2H) -naphtha | enone

I, 2-ben2enedi car bQxyl i ¢ acid, bisC2-ethyl hexyl)
(bi s<2- et hyl hexyl ) pht hal at e)

1, 4- di oxane

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

fluoronet hylbenzene?

unknown at RT 14.7, MW 134

(3-ch 1 oropropy 1) benzene?

br omonet hyl benzene? or (et hyl sul f onyl

5—Tiethy | -2-hexanone

unknown at RT 9.61, MN 1847

3—or 1-chl orocycl ohexene?

benzal dehyae

3,7-diinethyl-I-octene?

di chl orocycl ohexane CMNV 152) or 1-methyl-IHpyrrole (MN81)

unknown at RT 16.26, 16.25, MW 81 or 97 (brom nated?)

1-ni trosopi peri di ne

unknown at RT 19.36, 19.32, MW 127,

)met hyl benzene?

(simiar to 3T IS. 28)

56Z
toxic
2/ 3/ 86

3D

30

QUHNTI TRTi yE DHTf I,

SIGNAL TO NO SE RFITIO

SO*-/. 90+2 90+Z 90+Z 66Z ex 62 102 6. 12
nont oxi ¢ nont oxi ¢ nontoxi ¢ nontoxi c toxic toxic toxic toxi c toxic
3/3/86 3/11/86 3/26/86 4/1/86 4/8/86 11/17/86 n/1 B/ 86 3/16/87 3/17/87
B/ N B/ HCA) B/ NCfl) B/ N(A
10 a 3 8 340(29) 19
560 210 80
3.5(39) 45(60)
3.3
6 2
2.8(5.5) 2(10)
3.5
8.5(1.5) 1.5
8 12(6)
10( 2. 5) 1.5(2)
35 6.5 9 6 4 10
30 2 11.5(2.5) 90( 63)
3 1.5
22 5
6
10(13. 5) 1.5(10)
2.5(5)
1.5
1.5
5.5 10
7(2)
2
4
3
2.5
2.5
3
16 4 5
4 5
7 13
22 10
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COVPOUND

Tabl e 5.3. ODMPOUNDS TENTATI VELY | DENTI FIED I N H GH PO NT WE5TSI DE MMIP EFFLUENT - conti nued

LC50:
TOXICITY | ESI GNfI Tl ON:
SRVMPLE DHTE:

56X
toxic
273/ 86 3/3/86

90+5i

unknown at RT 20.74, 20.30, MN226 or 127 (simlar to CT 16.28)

3-ethy | -4-iiiet

unknown
unknown

@14|+wnoleljdi one?
at RT 20.95
at RT 21.49, MN 246 or 244

3-br oiiiocyc 1 ohexene

a pht hal
a phthal
nkKnown
di hydro-
unknown
unknown
3—Aonyn-
unknown
a pht hal

01X 4-tr i nethy 1 -3-cyc | ohexene-1 -nethano

di net hyl
hexahydr

ate at RT 45.48
ate at RT 47.18

at RT 5.82

5, 5- di met hy1- C3H>- f ur anone )

at RT 13.48, isomer of dihydro-dinethyl-furanone?
at RT 15.89

2—017

at RT 19.97, MN 145, 1 chlorine

ate at RT 36.32 )
Co(-terpi neo 1>
benzene (late RT>

(xyl ene)
0- 2H azepi n- 2- on©

MN-d i nethylbenzenemethanami ne

M N-di net hyleyelohexanan ne 400
octadecanoi ¢ acid, butyl ester (late RT) .
phenyl carbanic acid, nmethyl ester or |Hbenzotriazole
pht hal ate RT 45.2 . . . . 20
1, 2- benzenedi carboxyli ¢ acid, diisooctyl or dioctyl ester 30

%di i sooctyl or dioctyl phthalate )
1, 2-benzenedi carboxylic acid, dinethyl ester (dinmethylphthalate
1, 2-beri zenedi carboxylic aicd, dipentyl ester (dipentylphthalate
I“chloro-2— 3-, or 4-nethyl benzene ~ (chlcrotol uene)~ or

chl or omet hyl ) benzene

4- (| -methyl ethyl )benzoic acid, nethyl ester
caf f ei ne
1,2,3- or 1,3,5-trichl orobenzene (late RT; 350 30
1, 2, 4-tri chl orobenzene 7O 300
1, 2-di chl or obenzene (1 S) 60 60
| - (et hoxy- net hyl et hoxy) - 2- pr opanol fearl|1 RT) 30
i - (Bt hoxy- et hyi et hoxy) - 2-propa.-iol (late 25

90+Z

nont oxi ¢ nont oxi ¢ nont oxi ¢ nont oxi ¢

52.

QURNTI THTi yE DfI TH, SIGNHL TO NOI SE RHTI O

66Z
t oxi c

90+Z 90+5: : 62

6X lay. 6. IX
toxic

toxic toxic toxic

3/ 11/ 86 3/ 26/ 86 4/ 1/ 86 4/8/86 11/17/86 11/18/86 3/16/87 3/ 17/ B7
B/ N B/ NCH) B/ N<H) B/ HCf1)
50 47
3 3
6 6
3 12
2
1.5 1.5
3.5
13
5
5
3
2
6.5
1.5
4
4
6
4 10
144
a
3
2
9
5
3
2
3 7 6
4 5 3 65 4.5 7(47)
15 18 8 202 4 16.5(11)
12 6 22 52
6 54 25 36 2 10( 16)
a 36 19 20 4(8)
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Tabl e 5.3. COTff QUNDS TENTHTI VELY | DENTIFIED IN H GH PO NT MESTSI DE WATP EFFLUENT -

QUHNTI TRTi yE DHTR, SIGNHL TO NO SE RHTI G
LC50 say. 30*7.

TOXI CI TY DESI GNnTI QN toxic
COMPOUND SRMPLE DATE

|- C2- |||ethoxypropoxy) 2-propanol  (dipropyl ene glycol nethyl %0

et her)

2, 5- di net hyl phenol (IS) s
2-et hyl- 1- hexanol
unknown at xRT 12.05, MN 897
hexanal ?
H N N,N-tetraethyl-1, 2-ethanedi ani ne? 100
unknoun at XxRT 24.7, 24.43, MWV 199
unknown at kRT 34.9, MV251 20
unknoun at xRT 36.7, 36.2, 36.33, 36.77, 35.03, MWN2997 70
unknown at xRT 35.4, 35.02, 33.6, MM 204 or 276 (isoner of S0
RT 40.14?)
unknown at kRT 35.55, MN 2797 30
unknoun at kRT 23.3, MN 227 or 269 20
unknoun at xRT 27.97, MA'219 or 176 s
I 4-bis( |- (nethyl ethenyl )benzene
4-(1,1-d i methylpropyl)phenol
1- et hyl- 6- met hyl- 3- pi peri di non
unknoun at xRT 26.7, 26.8, 27. 13 W 2017
unknoun at xRT 8.9
unknoun at xRT 30.0, MV 134?
1,2,4-, 1,3,5-, or 1,2, 3-trinethyl benzene
2—(| et hyl et hyl i dene)c cl ohexanone?
ﬁr opyl-1, 3-cyclohexaned i one?
unknoun at «RT 11.07, MM 157?
unknoun at xRT 37.4
unknoun at xRT 27.8
unknoun at »RT 16.95, MN 1417
1,2,3,4,6, 7 12 le octahydrm ndol o 2, 3-a cuinolizine?

unknown ' at
unknoun at «RT 34. 0, M 22672

abbreviations: 3/ N=base/neutr=l ext-act; (fl)=acid extract; Hl=retenticn time; Mt=»])iecular weiynt

10

10

35

35

16
15
10
10

90+/ :
nont oxi ¢ nont oxi ¢ nont oxi ¢ nontoxic
2/3/86 3/3/86 3/11/86 3/26/86

22.

13

78

[

whANOO®

90+z

4/ 1/ 86

a7

66x

72

112

67.

t oxic
4/ 8/ g6 11/17/86 11/18/86

B/ N

continued

67.
toxic

B/ N(R)

1oz 6. 17.
toxi c toxic
3/ 16/ 87 3/17/87
B/ NCf 1) B/ N(H)

5(6)

IS
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ang

sanpl e. However, because response factors were not determ ned
and quantitative internal standards were not enployed, strict
conmparisons within a given sanple and conparisons from sanple
to sanple cannot be made. Rigorous quantitation would have
required deuterated anal ogs as internal standards and thus
knowl edge of what conpounds were to be expected, and was not

within the scope of this work.

Avai | abl e Data Concerning Toxico |ogical Significance of
Urgani ¢ Compounds ldentified in Wast ewat er Sanpl es

The toxicological literature was searched for studies
dealing with toxicity of organic conmpounds individually or as
m xtures to Daphnia pul ex, Daphnia magna, Ceriodaphnia, and
fathead m nnows. Results of toxicity studies of these test
organisns for particular conpounds tentatively identified in
this research and their sources ars listed in Appendix I.
Literature sources are referenced by a letter fallow ng the
nuneric test value listed in Appendix |; sources are |isted
ort the |ast page of the table. Aquatic tox ico log ical data for
60 individual conpounds fromS6 literature sources and for 5

conplex mxtures fromb5 literature sources were conpiled.

Urgani ¢ Conpounds Found in Industrial Effluent and Domestic

WAst ewat er Sanpl es

A listing of the industrial effluents for which conposites
were col | ected and analyzed is given in Table 5.4. The table
al so includes the code letters used to identify these sanples
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Table 5.'~. CATEGORI ES OF | NDUSTRI AL DI SCHARGERS

SAMPLED

I NDUSTRI AL CATEGORY

Organi ¢ Chem cal Manufacturing
Text ile

Drum d eani ng
Met al Fi ni shi ng
Di ecasti ng
Pai nt s and Coati ngs

CODE
oc
T
DC
V=

DI
PC

50
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51
i n subsequent tables. The conpounds tentatively identified in
each industrial effluent a.re listed in Appendices Il - VII.
Al t hough many conpounds tentatively identified in industrial
effluents are also found on the list provided by the Gty of
H gh Point of process chemcals in use by industrial
di schargers, a significant nunber are not found on the |ist.
(Jn the average, approximately 50 conpounds were tentatively
identified in each categorical industrial effluent.
Subsequent tables will analyze further the influent and
ef fluent sanples of the H gh Point Wstside plant with the
aimof determning if specific conpounds found in the
categorical listing of industrial effluents also appear in
t he nmuni ci pal pl ant.

In addition, a wastewater sanple froma point in the
coll ection systemwhere industrial effluents were not
di scharged represents the category of domestic wastewater
(DW. The results of organic conpound tentative
identification for this sanple a.re given in Appendix VIII.
Anal ysis of the H gh Point Westside plant data appearing in
tabl es presented subsequently will also seek to identify

t hose conpounds which may not be of industrial origin.

Organi ¢ Conpounds in Toxic, Nontoxic, and Both Toxic and
Nont oxi ¢ WAst ewat er Sanpl es

Tables 5.5 - 5.7 subdivide the data provided in Table 5.S
and |ist conpounds found only in toxic influent sanples,

compounds found only in nontoxic influent sanples, and
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Table 5.5. COVPOUNDS TENTATI VELY | DENTI FI ED ONLY I N TOXI C | NFLUENT

AND THEI R SOURCES

COVPOUND BEREQUENCY

1- or 2-nethyl napht hal ene (early RT)

i sot hi ocyani c aci d, phenyl ester

1, 2- benzenedi car boxyli ¢ acid, butyl phenyl -
met hyl ester (butyl benzyl phthal ate)

1, 8-di met hyl napht hal ene

9—ect adecenoi c aci d

(chl oronet hyl) benzene (benzyl chloride)

al kane at *RT 9.8

al kane at RT 35. 73

benzeneaceti c acid

benzenepr opanoi ¢ aci d

benzoi c acid

benzoi c acid, butyl ester
but anoi ¢ aci d

ci5-/trans-o0<,0<,'t,5-tetranethy |-I-cycl opent ene-
| -nmet hano 1

hexadecane

N, NN , N -tetraethyl-I, E-et hanedi am ne?

nonadecane

nonyl phenol i soner

oct adecanoi c aci d

oct adecanoi c acid, butyl ester (early RT)

pent adecane

pent anoi ¢ aci d

propanoi c acid

tetrachl or oet hene (perchl oroethyl ene)

1, 1 '-oxyb isbenzene

1, 2 benzenedi car boxyli c acid, dinethyl ester
(di et hyl pht hal at e)

1 ,E '*,6-tetrathi epane

1,2,'t-trithio | ane

1, 3-d i hydro-2H-i ndol - 2- one

| - (2- but oxyet hoxy) et hanol

| -benzyl -2- or -3-nethyl azeti di ne

2,6,10, |'t-tetraraethyl pentadecane

2,6,10, |I't-tetranethyl hexadecane

2, 6,10, 15, 19, 23- hexanet hyl - 2, 6, 10, 18, H2-t et r a-
cosahexaene

2- (2- mret hoxyet hoxy) et hanol

2-ethyl - N, N-di net hyl- 1- hexanam ne

2- et hyl hexanoi c aci d

2- met hyl propanoi ¢ aci d?

3-nethyl-1 H i ndol e

N"-(2,2,3,3- or 1 ,1,3,3-tetranethyl butyl) phenol

~- hydr oxy-~-net hyl- 2- pent anone

5- (phenyl net hy1l) - 2-t hi oxo-”~-i m dazol i none

6- net hyl - 2- phenyl i ndol e? MW 207

unknown at «RT 21.86, MW I BS?

unknown at RT 26.8, MV 2017

unknown at RT 31.18, MW 2297?

unknown at «RT 31.72

unknown at RT 32. 3

unknown at RT 10. 15, MW 98?

unknown at RT 13.0, MW 139

unknown at RT 17.23, MW 116

unknown at RT 31."~2, MW 199

unknown at RT 35.73, 36.01, MWV 212

unknown at RT 9.6, MWV 1047?

SOURCE( S)

ocC

TX. DCPCDW

CC, TX, M~, DI

TX, DC, MF, DI

g
2293 g3 § §

44
X X
53

PROCESS
CHEM CAL

< <

< << <

[ORetention Tinme on colum having 1 as opposed to .25 umfilmthickness

@Gut of 5 sanples

52
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Table 5.6. COMPOUNDS TENTATI VELY | DENTI FI ED ONLY | N NONTOXI C

I NFLUENT AND THEI R SOURCES
COVPOUND #* FREQUENCY

al kane at #RT 13.9

al kane at *RT 33. 42

al kane at #RT 34. 86

al kane at *RT 36. 21

al kane at *RT 40. 04

azi docycl ohexane?

d-1i nonene

decane

docosane

ethyl -tri met hyl benzene or
di net hyl -i sopropyl benzene i somer

nonadecanol ?

1, 1- di cycl ohexyl hept ane?

| - (2- propenyl oxy) - 2- pr opanol

| -ethyl-2-, 3-, or 4-nethyl benzene

1- hexadecene

| -nmet hyl -2- or 4-propyl benzene or
(1- et hyl propyl ) benzene

2-cycl ohexen-1I -0

2-cycl ohexen-1-one

2- et hyl qui nol i ne

3-(lI-methyl -2-pyrrolidinyl)pyridine (nicotine)

*RT 10.2, isoner of *RT 10.4

*RT 10.4, 1-nethyl-E-, 3-, 4-(1l-nethylethyl) ,
or 3-prapyl-benzene or |-ethyl-2,4- or 3,5-
di net hyl benzene or 4-ethyl -1, 2-di nmethyl -
benzene or 2-ethyl -1, 4-di nmet hyl benzene

*RT 10.9, isomer of #RT 11.2

*RT 11.2, 1,2,4,5- or 1,2,3,5-tetranethyl -
benzene or nethyl -i sopropyl benzene i soner

*RT 11. 4, isoner of #RT 11.2

*RT 11.9, 2,3-di hydro-4- or 5-nethylindene or
(2-net hyl - | - propenyl ) benzene

*RT 12.1, isoner of *RT 11.9

*RT 12.2, isoner of #RT 10.4

*RT 9.7, isomer of #RT 11.2

unknown at «RT 12.0, MN 1777
unknown at *RT 31.8, 31.7
unknown at #RT 32.75, MN en?
unknown at *RT 33.6

unknown at *RT 34.1

unknown at *RT 36

unknown at *RT -76.2

unknown at *RT 50.0, MV 296
unknown at *RT 54.0, MN 296

SOURCE( S)

M. PC

8 &

3 8 2

anRetention Time on colum having 1 as opposed to .25 umfilm

t hi ckness

**out of 3 sanples

53
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Table 5.7. COVPOUNDS TENTATI VELY | DENTIFIED I N BOTH TOXI C AND NONTOXI C | NFLUENT

AND THEI R SOURCES

COMPOUND

1- met hyl napht hal ene (I ate RT)

1,2,4-trichl orobenzene

napht hal ene

pheno

1,1" -bi phenyl

2- et hyl- 1- hexanol

| -t met hoxy—net hyl et hoxy>- 2- propanol (early RT)
1-gnEthoxy-nethylethoxy)-Z-propanol late RT)
1,2,3- or 1,3,5-tr i chlorobenzene

| - (met hoxy—net hyl et hoxy) - 2- propanol (early RT)
1- ( met hoxy—fet hylet hoxy)- 2- propanol (late >
1- < 2-met hoxypr opoxy) - 2—pr opanol

| -chloro-2-, 3-, or 4-nethyl benzene

unknown at RT 31.30, <kRT 24.0, 22.72), MN 203

tetradecanoi c acid

I Hi ndol e

4- met hylphenol

o-terpineol

1,2- or 1, 3-dinethyl napht hal ene

tol uene (nethyl benzne)

decanoi c acid

3-nethyl -1-butanol benzoate

di met hyl benzene (early RT) (xylene)

dodecanoi c acid
benzenenet hanol
caf f ei ne
et hylbenzene
2-1 sopropyli dened i hydrobenzof uran- 3-one or
4-met hyl-5-phenyl-4-i" mi dazoli n-2-one or KW69
1, 2-benzenedi carboxylie acid, diisooctyl or di-
octKI ester (diisSooctyl or dioctyl phthalate)
di met hyl benzene (Il ate RT{ (xyl ene)

2- but oxyet hanol
nexadecanoi c acid

nol ecul ar sul fur

* »«FREQUENCY
TOXI G- NONTOXI C

NN WWR WKW WWAMMMRAAMMMAMMDMRMOOOOOO

NNNN

PROCESS

SOURCE('S) CHEM CAL

1 oC
2 DC
2 OC, TX, DC
2 DwW
3 oC
3 OC, TX, MF, PC
OC. DC
2
2 OC, DC
2 oC
2 OC, TX, DC, DW
2 OH
3 PC, DM
3 DM
1 oC
1 OC. DC
1 DC, DI
1
2 QC, DC, PC
2 TX, DC, DI
2 CC, bW
2 PC, DW
1 CC, DC
1 oC
1
2 OC. DC, PC
2 OC, TX, DC. M-, DW
2 QC, TX, DC, PC, DW
2

<
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Tabl e 5.7. COVPOUNDS TENTRTI VELY | DENTI FI ED I N BOTH TOXI C HNO NONTOXI C | NFLUENT
HND THElI R SOURCES - conti nued

COVPOUND ** | FREQUENCY PROCESS
TOXI G- NONTOXI C SOURCECS) CHEM CHL

dodecane DC, MF, ?’Ix

hexahydr o- 2H-azep i n-2-one be

9, 12- oct adecedi enoi ¢ acid

N-&4-hydrox%gpengl%acet.anl|de or MV 169 X, DG, PC

unknown at 29.86, <xRT 23.4), MN175

hept adecane TX, DG, M, DI

oct adecane OC, TX, MF, DI

hexanoi c aci d bC

1, 2- benzenedi car boxyl i ¢ acid, bist2-ethyl hexyl) DC. MF. DW

(2-ethyl hexyl phthal ate) . _ .
4,8,12-trinethyl-3,7, 11-tridecatrienoic acid,
methyl ester or tridecatrienenitrile
1- hept acosanol
2- et hyl - 2, 4- pent anedi ol _
1,2,3-, 1,3,5-, or 1,2, 4-trinethyl benzene
di methyltrisul fide

14- met hylcholest ane
hexacosanol

al kane at weRT 54.9, 54.6
unknoun at 5€RT 43. 84

unknown at *RT 20.9, 20.8

undecane 2 OC, 01
octadecanoic acid, butyl ester (late RT> i
N,N-d i nethyleyelohexanami ne

»«Retention Time on col um having 1 as opposed to -2° ufii filmthickness
»«*<out of 5 toxic and 3 nontoxic sanples

u1l
LTi
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conmpounds found in both toxic and nontoxic influent sanples,
respectively. Tables 5.8 - 5.10 subdivide the data concerning
ef fluent sanples provided in Table 5.2 in a simlar fashion.
These tables also include: (1) frequency of occurrence of
each conpound; (S) which, if any, industrial effluent
category (OC TX, DC, M, DI, PC) and/or donestic wastewater
(DW sanple al so contained the specific conpound; and (3)
whet her the conpound appears <Y for yes) on the |ist provided
by the Gty of H gh Point of process chemcals in use by

i ndustrial dischargers.

Ur gani ¢ Conpounds Escapi hg Wast ewat er Tr eat nent

A list of conpounds escaping renoval during the wastewater
treatnent process was generated by conparing organic
conmpounds tentatively identified in Wstside WMP infl uent
and effluent sanples collected on the sane date. These
conmpounds are listed in Table 5.11. Al though these conpounds
were not conpletely renoved by the treatnment process, they
were attenuated by a factor of approximately one order of
magni tude. The majority of the conpounds escapi ng treat nment

a.re of industrial origin.
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labie 5.a. c;onpaulNDS tentatively identified only
AND THEI R SOURCES

COVPOUND FIFREQUENCY
eyel ohexene or 2- or ~-nethyl-1»3-pentad iene 3
phosphoric acid) triethyl ester 3
t etrachl or oet hene (perchl or oet hyi ene) 3
toluene (nethy 1 benzene) 3
"A-hydroxy-”~-nethy 1-2-pentanone 3
a phthal ate at RT 75,78 5
benzal dehyde a
di br onochl or onet hane a
1»2- benzenedi car boxyli ¢ aci d» bi s(2-ethyl hexyl> s
ester O et hyl hexyl phthal ate)
| -benzyl -2- or -3-nethyl azeti di ne E
| ~ni trosopi peridine
2-acetyl -~, B-di hyd®o- 7- net hyl - a- net hyl ene- 8
py~azol oC5. 1-C3Clx»e. 43tri azi ne
2-isoxazoli di necar boxylic acid» ethyl ester? or s
MWV 1617
3,A-d ihydro-5,7-d inmethyl-1< 2H)-napht hal enone or 2
7-met hyl-4-Pteri di necarboxylic acidi ethyl ester
3-et hyl -~-net hyi -1 H pyrrol e-a, 5-di one? 2
A- net hyl - 3- pent en- 2-one or 2i 5-di hydr G a»5- 2

di met hyl f ur an
7- Dxab i cycloC™r. 1. O Bhept ane 2
<3-chloropropyl) benzen©?
a phthal ate at RT 36. 35
a phthalate at RT "T. IS
benzoCbl napht hoCS, 1-d] or Ci1, 2-d]t hi ophene
chl orof orm
di hydr o-5i 5-d i nmet hyl - (3H) - f uranone
fl uor onet hyl benzene?
nw 105 or di net hoxynet hane (RT 10. 03)
N, ~-d inmethy itaenzenesul fonam de or
(phenoxynet hyl) benzene?
t etrahydr o- H f ur annet hanol
1,3-, 1,2-, or 1 ,~-dichlorobenzene
1, 3-i sobenzDf ur andi one
1, M- bi s <1-nethyl et henyl) benzene
1, ~-di oxane
| - (<i-propenyl oxy) -2-propano 1
2,3,6-trinethy |I-"t-octene or 1-buty 1-2-ethy 1-
cycl opentane or (-)-Lavandul ol
2-phenyl -1 , 3, 2-di oxabor ol ane? MV It B
3,3,3-tr ichloro-1-propene
3, M- di hydr o- 6»7-di met hyl -1 (2H) - napht hal enone
3, 7-di net hy1l- 1- oct ene?
3- or 1-chiorocycl ohexene?
3- bronocycl ohexene
3-nonyn-2-017?
5- mret hy1- 2- hexanone

unknown at »RT 12. 05, MW a9?

unknown at »RT 23.3, MWV 227 or 269

unknown at »RT 27.97, MW 219 or 176

unknown at »RT 35. 55, MW 2797

unknown at RT 10.<"b

unknown at Hi 13.' 8, isomer of dihydro-dinethy 1-
fur anone?

unknown at RT 15. 89

unknown at RT 16.22 (RT 10.”7,6 spectrumsimlar)

unknown at RT 17.37 (contains 2 chlorine?)

unknown at RT 18. 66, MV 168

unknown at RT 19.97, MW 17)5, 1 chlorine

unknown at RT S6. 7S, MWV 207

unknown at RT 5.82

unknown at RT 9.61, MWV I Bt ?

unknown at RT 11.21, 11.23, 11.35 2
unknown at RT lit.7, MNVN13't a
unknown at RT 16.28, 16.S5, MW 81 or 97 2

(bromi nat ed?)

unknown at RT 19.36, 19.32, MW 127 (RT 16.28
spec t rum simlar)

unknown at RT 20. 95

unknown at RT 21.'(9, MW2' «6 or ShuU

unknown at RT 2'».01, 2't.31, MW 159

unknown at RT 26.6'», 26.9", MWV 203

unknown at RT 3't.05, 3'».70, MW 2327

unknown at RT 20.7'*, 20.30, MW 226 or 127
(spec truro simlar to RT 16.28)

WNNNDN

in

toxic effluent

SOURCE<S)

MF. DI

8 8 % 3 38RBE

T
0

PROCESS
CHEM CAL

Retention Time on colum having 1 as opposed to .25 urn filmthickness

*«out of 6 sanples

57
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Tabl e 5.9. COVPOUNDS TENTATI VELY | DENTI FI ED ONLY | N NONTOXI C EFFLUENT

AND THEI R SOURCES

COVPOUND EREQUENCY

N, N- di net hyl cycl ohexanani ne

di met hyl benzene (late RT) (xylene)

hexahydr o- 2H a2epi n- 2- one

N-(1,1-di et hyl propyl ) phenQ

o» ,-trinethyl-3-cycl ohexene-| -nmet hano
(o-terpineol)

oct adecanoi ¢ acid, butyl ester (late RT)

phenyl carbam c acid, nmethyl ester or
| H benzotri azol e

phthal ate RT -75.2

1, 2- benzenedi carboxylic acid, dinethyl ester
(di met hyl phthal at e)

1, 2-benzenedi carboxylic aicd, dipentyl ester
(di pentyl phthal ate)

4- (1-net hyl et hyl ) ben2oi ¢ acid, methyl ester

| - et hyl - 6- net hyl - 3- pi peri di none

1,2,~, 1,3,5-, or 1,2,3-trinmethyl benzene

2- (1 - et hyl et hyl i dene) cycl ohexanone?

2-propy 1-1, 3-cycl ohexanedi one?

1,2,3,4,6,7,12, 12b- oct ahydr oi ndol 0C2, 3-a] -
qui nol i zi ne?

unknown at BT 26.7, 26.8, 27.13, MN201?
unknown at RT 30.0, MW 137?

unknown at RT 8.9

unknown at RT 11.07, MW 1572

unknown at RT 37.4

unknown at RT 27.8

unknown at RT 16.95, MWV 141?

unknown at RT 17.08

unknown at RT 34.0, MW 2267?

Retention Time on colum having 1 as opposed to

out of 4 sanples

= N NN W

PROCESS

SOQURCE(S) CHEM CAL

QCDCPC
™

,25 um filmthickness
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Tabl e 5.10. CO'B>QUNDS TEHTfi TI VELY | DENTI FI ED | N BOTH TOXI C HVD NONTOXI C EFFLUENT

AND THEI R SOURCES

COVPOUND

' FREQUENCY

TOXI C- NONTOXI C

N-C4- hydr oxyphenyl ) acet a<iiide or MN169?
1,2,4-tr i chlorobenzene
1, 2-benzenedi carboxylic acid, diethyl ester
Cdi et hyl phthal ate)
4—et hyl pi peridi ne or 1-piperidinecarboxal dehyde
N-acetyl - N-C2-iiiethyl propyl Jacetam de or
3-iiiethy 1 -3-nonana« i ne
1,2,3- or |,3,5-trichloroben2ene (late RT)
1—{«>et hoxy-iiiethyl et hoxy)-2-propanol Cearly RT)
2-cycl ohexen- | -
2H pyran-2-one or 2-cycl ohexen-1-one
2-C - net hyl heptyl ) cycl opent anone
| - (i Det hoxy- |||ethy|eth0Ky) 2—propano| (late RT)
unknown at BT 29.86, 30.21, 175 »(RT 23.65
23.3, 23.42, 23.73, 22. 12)
I-( 2-iiiethoxypropoKy )-2-propano
(di propyl ene glycol methyl ether)
benzenenet hanol
di chl orocycl ohexane or |-methyl-IHpyrrole
2-isopropyl idinedihydroben2ofuran-3-one or

4- et hyl - 5- phenyl -4-iiiiida2olin-2-one or MN 189
unknown at RT 31,30, 31.50,x(Rt 24.02,22.73,22.68)
m 203

unknown at RT 40.14, "(RT 32.7, 32.3, 32.4,.31.03)
MN 204 (2,2,5,7-tetrnethyl-1-tetral ol ?)

1, 2-di chl or obenzene (1Y9)

2, 5-di net hyl phenol (1S)

broi nonethy | benzene? or
(et hyl sul fonyl ) met hyl benzene

1—ehl oro- 2-,3— or 4-nethyl benzene (chl orot ol uene)
or (chloronethyDbenzene (benzyl chloride)

2-ethyl- 1- hexanol

N, NN ,N -tetraethyl -1, 2-ethanedi am ne?

N, N-d i methy 1 benzenenethanami ne

caf f ei ne

1, 2- benzenedi carboxylic acid, diisooctyl or
dioctyl ester (d||soocty| or dioctyl phthal ate)

unknown at "RT 35.4, 35.02, 33.6, MN 204 or 276
(i sonmer of RT 40.147?)

unknown at "RT 36.7,36. 2, 36. 33, 36. 77, 35. 03, M\ 259?

unknown at "RT 34.9, MW 251

unknown at "ST 24.7, 24.43, MN 199

unknown at RT 9.54, "(RT 4.3), MwW37

unknown at RT 10.74, 10.95, MN91?

6
6
4

INEN

Wwwwws s

PROCESS
SOURCEC5) CHEM CHL

3 TX, DC, PC
4 oC
1 DH
1
3
4 CC, CC
4
1
1 DM
2
3
a DC
CC, DC, PC, DW
oC
ocC
oC
N [ a—— a—
1 CC, TX, DC, MF, PC
1
2
2 PC. DW
4

"Retention Time on colum having i as opposed to .25 umfilmthickness

""out of 5 toxic sanples and 4 nontoxic sarTiples

Ln
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Table 5.11. COff»OUNDS TENTATI VELY | DENTI FIED I'N BOTH | NFLUENT RND EFFLUENT SAMPLES ON THE SRJIC COLLECTI ON DATE,
Y 1 MPLYI'NG | NCOVPLETE REMOVAL BY TREATMENT

OCCURRENCE ON SAMPLE DATE

3/3/86 3/11/86 3/26/86 4/1/86 4/8/86 3/16,17/87
toxicity status: influent ANT TOX, 15y. ANT X, 33y. AT AT
effluent NT NT NT NT TOX, 66Z TOX, 10-/:,6. I1Z

COVPOUND

N (4~hydr oxyphenyl ) acet ao«i de or MWV 169

tetrachlorethene (perchloroethylene) *
4-hydroxy-4-n<ethy 1 -2-pentanone *
toluene (methyl benzene) *

2-cyclohexen-1-01
2-cycl ohexen-1-one or 2H pyran-2-one
2-i sopropyli dened ihydrobenzofuran-3-one or
4-fnethy 1 -5-pheny 1 -4- i mi dazo 1 i n-2-one or M4189
2-et hyl- 1- hexanol x
ben2: enenet hano 1 =
1-benzyl -2- or 3-nethyl azetidine
1, 2-benznedi carboxylic acid, bis<2-ethylhexyl)
ester (C2-ethyl hexyl phthalate)
di met hyl benzene (late RT) (xyl ene)
hexahydr o- 2H azep i n-2-one
N, Nd i nethyleyelohexanami ne
octadecona0|e acid, butyl ester (late RT)
benzened|earboxyl|c aci d, d||sooctyl or
dloctyl ester (diisooctyl or dioctyl phthalate)
(chl oromet hyl ) benzene (benzyl chloride)
1, 2-benzenedi carboxylie acid, dinmethyl ester
(di met hyl phthal at e)

af f ei ne

X X X X

X X X X

c < x
1,2,3- or 1,3,5-trichl orobenzene x x >
1,2,4-tr i chlorobenzene x x x x > >
1- (2- met hoxypr cpoxy) - 2- propanol (d i prcpylene x x . x x

gl ycol nmethyl ether)
_énEthoxy nEthﬁIethoxy -2-propanol (early RT

et hyoxy- net erthoxy -2-propanol (late R%
unknoui n at RT 31.

unknown at RT 29. 86 NMV175 x

X
X X X X
X

abbreviations: ANT = assumed nontoxic; NT = nontoxic; T3X = toxic; AT = assumed tcxic

?
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h. DI SCUSSI ON
Consi derations for and Limtations to Data Interpretation

The relative nature of the termtoxic cannot be enphasized
too greatly in the discussion of results. A "toxic" sanple is
operationally defined in this study as exhibiting an LC50 of
90% or less in the "8 hour static Daphnia pul ex bioassay. An
LC50 of 90% nmeans that in a solution composed of 90% by
vol une wastewater and 10% by vol ume pure dilution water 50%
of the test organisnms died. However, this also inplies that
sanpl es | abelled "nontoxic" (LC50 = 90+% may very well be
toxic to Daphnia pulex to sone degree? as nortality of fewer
than half the test organisms nmay have occurred.

The conmplexity of wastewater as a m xture of chemcals is
one of the mgjor limting factors in the interpretation of
the data. Although the Westside plant was selected for study
because organic chem cals were considered by the Division of
Envi ronmental Managenent to be a mgjor contributor to the
toxicity of the effluents it is still possible that nmetals
pl ayed some role in producing the toxic effect. The possible
role of nmetals was discussed in the Results section.
Concl usi ons regarding the contribution of metals to toxicity
of the wastewater sanples were limted by the avail able

information. It is also difficult, if not inpossible, to
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determ ne any synergistic or antagonistic effects of
particul ar chem cals wi thout further study. The authors of

EPA' 5 fechnical Support Docunent for Water Quality-Based
Toxics Control submt that antagoni sm anong effluents of
nmul ti pl e sources has been ovserved, but that synergismis
extrenely rare and "may not be an inportant factor in the
t oxi col ogi cal assessnent of effluents.”

Thi e extraction and anal ytical nethods used in this study,
al though fairly conprehensive, were not exhaustively so, and
thus nay be regarded as an additional limtation to data
interpretation. Using simlar techniques, Neal, et al (1980)
recovered 25'/. of the TOC from secondary effluent of an
activated sludge treatnment plant. Vol atile conpounds and
pol ar conpounds coul d be better recovered using other
met hods,

For sem -volatile and non-vol atile conpounds, the nethod
used in this research is successful. Using wastewater spiked
wi th various industrial conpounds. Bishop (1980) denonstrated
recoveries of 76% + 19/. for acids and 68% + Sl % f or
base/neutrals. Due to a poor choice of internal standards,
recoveries were not calculated for anal yses perforned in the
study of Hi gh Point WMP sanples. However, 2,5-

di met hyl phenol, used as a prinmary internal standard for
sanpl es extracted at anmbient pH and at acid pH, was observed

ina mjority of sanples, denonstrating recovery of this

conpound.
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It should be enphasized that identifications made in this
research are tentative. Confirmation of these tentative
I dentifications would require conparison of sanple spectra to
spectra of standard conpounds generated on the sane
i nstrument used to anal yze the WMP sanpl es. Additional mass
spectral techniques such as chem cal ionization and accurate
mass determnation would aid in |lending more confidence to
some identifications and in the identification of some as yet
uni dentified conpounds. Fractionation of the extracts would
result in |less conplex chromatograns and subsequently in
i nproved conpound identification.

| dentification of sources of conpounds is not conplete.
Not all conpounds found in the Westside WMP influent and
effluent sanples were found in industrial wastewater sanples”
in the domestic wastewater sanplej or on the survey of
process chemcals. Industrial sanples were not collected on
the same day as the treatment plant sanples, and since
i ndustrial processes and thus chem cals used nay change
periodically? they are not necessarily representative of the
entire range of chemcals entering the treatnent plant. In
addition, the survey of process chem cals may be inconplete:
chem cals in use may not have been divulged and inpurities
and degradation products of these chemcals are not included.

Yet another limtation pertains to the toxicological
literature. The database for toxicity of individual conmpounds

to Daphnia pulex and particularly for aquatic toxicity of
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conpl ex chem cal m xtures is sparse. The toxicol ogical data
for non-aquatic organisns, although nore extensive, is
difficult torelate to the situation being studied, although
attenpts have been nmade to correlate aquatic and manmal i an
toxicity data (Hodson, 1985).

Not all of the results of toxicological studies reported
inthe literature a.re in agreement. Test conditions for
toxicity studies reported in this research sonetines vary.
The effect of test variables such as diet, chem stry of test
wat er, species, age of species, test duration, and organi sm
| oadi ng rates have been studied (Lew s, 1983) A study of
| oadi ng density, or the nunber of test organisns per vol une
of test nmedium showed that the "biol ogical response
(nortality) did not vary nore than three tinmes in tests
conducted at density that ranged from 1l daphnid per Hm to 1
daphnid per 50 ml of test water" (Lews, 1983) and that this
was acceptabl e variation. Wen volatile conpounds a.re being
studi ed, the use of a closed or open test systeminfluences
the accuracy of toxicity values particularly if nomnal, as
opposed to neasured, chemical concentrations are used. The
results of nost of the toxicity test results reported in
Appendi x | were obtained either using closed systens which
mnimzed | osses due to volatilization or using analytically
nmeasured test chem cal concentrations. The exception to this
set of conditions is found in Le Blanc's study, whose val ues,
obtained in an open system and based on nom nal test conpound

concentrations, appear high in conparison to nmany ot her
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researchers' findings. In general» however, when clearly
defined test protocols are enployed, Daphnia nagna effl uent
toxicity data has been shown to be obtained with good

reproduci bility both within and between | aboratories (G othe

and Kinerle, 1985).

Conpounds identified in this research that are also on the
priorty pollutant |ist have been designated as such (Tables
6.1 - h.™). It shoul d be enphasi zed, however, that
non-inclusion on the list of priority pollutants does not
necessarily indicate that a conpound has no toxic effect on
Daphni a.

Toxicity in this study also refers to the effect on a
particul ar organi sm Daphnia pulex. The “"8 hour static D
pul ex bioassay is anong a battery of tests devel oped by EPA
to determne in-streamtoxicity effects of effluents from
WMP and industrial waste streans. EPA' s Conpl ex Effl uent
Toxicity Testing Programestablished tht effluent toxicity is
directly correlated to inpact in receiving waters (U S. EPA,
1985, p. 2). As the Daphnia pulex is an invertebrate
I ndi genous to the eastern U S. and a source of food for fish,
it does serve as both an indirect and direct indicator of
streamlife quality. Thurston, et al (1985) concluded froma
study of conparative susceptibility of ten common aquatic
species to ten organic species causing lethality by four
nmodes of toxic action that "non-specific toxicants [which
constitute a majority of industrial chemcals] showlittle

variation in acutely |lethal concentrations anong aquatic
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organi sns." The possibility exists, however, that there are
more or |ess sensitive organi snms than the Daphnia pulex to
the effluent fromthe Westside WMP. Investigations of the
conmparative toxicity (both acute and subacute) of a variety
of compounds to various species have shown Daphnia to
frequently, but not always, be the nost sensitive organismto
a particular chemcal (Slooff, et al, 1983; Sl ooff and
Canton, 1983; and Bl ayl ock, et al, 1985).

All these Iimtations nmake the determ nation of a
cause/ effect relationship inpossible. The best use of the
data fromthis study is therefore in pointing out directions
for further study, which will be discussed in a later

section. However, taking into account the limtations

enunerated, some discussion regarding the inplications of the

results i s warranted.

Framework for Data Interpretation

The presentation of the results reflects one approach for
their interpretation. Figure 6.1 depicts in graphic formthe
approach enpl oyed and can be used as a key to the tables
containing compound |ists. Minicipal wastewater sanples were
treated collectively as influent or effluent. Chemcals were
divided into three categories: (1) chemcals found only in
"toxic" samples, <H) chemcals found only in "nontoxic"
sanpl es, and (3) chemcals found in both "toxic" and
"nontoxi ¢c" sanples. These categories represent various

degrees of suspicion for contribution to toxicity. Those


NEATPAGEINFO:id=5639C457-D074-4520-829A-B62A262DA1B7


67

Figure 6.1. Approach for Interpretation of Results

DAOVESTI C
WPAEWATAR
Appen( Xx VI
DR6ANI CE | N [/ \ OCRQANICS I N
NON- TOXI C WMF? SAMPLEBI 1 TOXICZ WMP SAMPLES

Tables 5.6X5.9 J L\ ~Tables 5.5, 5.B

Tables S. TS 5. 10
| NDUSTRI AL

WASTEWATER

Appendi ces |1 -ViI
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conpounds found only in "toxic" sanples are nbst suspect;
those found only in "nontoxic" sanples are | east suspect.
Conpounds found in both "toxic" and "nontoxic" sanples may be
in conbinati on with other conpounds or in sufficient
concentration to contribute to toxicity at sone tines and not
at others. In addition, a greater frequency of occurrence of
a conpound in a particular category | ends nore credence to
the inplication for that conpound regarding toxicity of that
cat egory.

"fhe approach will indicate if the sane conpound or group
of conpounds is usually associated with toxicity. It wll
best elucidate the situation in which a particular chem cal
or group of chemcals is acting according to a specific
mechani smof toxicity. If toxicity is resulting froma
non-speci fic toxic nechanism this approach will indicate
what compounds occur npbst frequently, and in conjunction wth
toxicity, concentration, and treatability information, nay be
substituted for, disallowed from being discharged to the
treatment plant, or treated in a nore effective way.

The shaded area in Figure 6.2 depicts the conpounds upon
whi ch di scussion of results will focus, i.e., compounds
tentatively identified in "toxic" WMP sanples and in
i ndustrial effluents but not in donestic wastewater. A cl ose
exam nation of chem cals of industrial orgin found in "toxic"
sanples at the Westside plant is warranted for two reasons.
First, acute toxicity tests have shown nost industri al

effluents to be nuch nore toxic than untreated donestic
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Figure 6. S. Focus of Di scussion of Results

DAOVESTI C

NON- TOXI C TOXI C

I NDUSTRI AL

organics in "toxic"
WMP sanpl es and
i ndustri al but not

donest ic

(Tables 6.1 - 6. h)
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wast ewat er (LC50 of 80*/. of industrial effluents are | ess than
10*/. while LC50 of untreated donestic wastewater is 90*/.).
Rel at ed research has shown nutagenicity of wastewater
treatnment plant effluent to be primarily of industrial origin
(Mei er and Bi shop, 1985). Secondly, strategies for the
control or treatnent of conpounds found in industrial
effluents (in the event they are ultimately identified as
toxi c agents) can be nore easily devel oped since their source
has been identified. While this provides sonme justification,
it in no way allows for drawi ng firm concl usi ons about a
cause and effect relationship between specific industri al

chenmicals and toxicity to Daphni a pul ex?@

Possi bl e Organi ¢ Conpounds Contributing to Influent Toxicity

O eight H gh Point Westside influent sanples (including
one aeration basin sanple), five were "toxic," three
"nontoxic." (See Table 4.1.) Table 6,1 lists those conpounds
that a.re nost suspect of contributing to toxicity, according
to the schene descri bed above.

The conpound found with the greatest frequency in "toxic"
influents is 1- or 2-nethyl naphthal ene. The isomers of
met hyl napht hal ene have nedi an | ethal concentrations ('”"8 hour
LC50) to Daphnia nmagna of |."R ng/L and 1.85 ng/L for the 1-
and 2-methyl isonmers respectively.

Di phenyl ether (or 1,1'-oxybi sbenzene) has a nedi an | et hal
toxicity of "~.0 ng/L to fathead m nnows over a 96 hour period

under t'low through test conditions. Wile not found in the
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Table 6.1. COMPOUNDS TENTfi TI MELY | DENTI FI ED ONLY IN TOXI C | NFLUENT

RND THEI R | NDUSTRI AL SOURCES

COVPOUND J<J<5<FREQUENCY

1- or 2—wethyl napht hal ene (early RT>

1, 2-benzenedi carboxylie acid, butyl benzyl ester
1,8-d i oiethy 1 naphtha 1 ene

C chloronet hyl > benzene

benzoi c acid, butyl ester
but anoi ¢ aci d

hexadecane
nonadecane

nonyl phenol i soner

octadecanoi ¢ acid, butyl ester (early RT>
pent adecane

propanoi ¢ acid

tetrachlor oet hene

1,1'—exyb i shenzene

1,2 benzenedi carboxylic acid, dinmethyl ester
benzyl -2- or -3-nethylazetidine

, 10, 14-t et ramet hyl pent adecane

, 10, 14-t et ramet hylhexadecane

2- met hoxyet hoxy) et hanol

t hyl hexanoi ¢ aci d

gylpropan0|c aci d?

r

6
6
(

e

- or 1,1, 3,3-tetramet hyl butyl ) pheno

1-
2
2,
2-
2-
2-
4-
4- oxy- 4- nEthyl ?- pentanone (d i acetone alcohol>

1
h
net
(2,

hyd

Agquatic toxicity data available
Aquatic toxicity (LC50) less than 4 ng/L
out of 5 sanples

5
2
2

| NDUSTRI AL PROCESS
SOURCE(S) CHEM CAL

<< <<

44
XX

5% 8 7%
S
< <

nj
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i ndustrial effluents analyzed in this studyj diphenylether is

on the survey list of process chemcals used by H gh Point

WMP i ndustri al users.

Toxicity data obtained in |aboratory studies from severa
sources for tetrachloroethylene, a priority pollutant, shows
it to have a nedian lethal toxicity to Daphnia nmagna of IS
mg/L. In a field study carried out by Lay? et al. (198"),
tetrachl oroethylene in a pond was found to be toxic to al
Daphnia magna individuals in the conpartnent (about 100
daphnids) after 3 to * days of exposure to O"-" ng/L of the
cMemcal and after 3 hours to 2 days of exposure to 1.2 ng/L.
This finding suggests that |aboratory studies may have
underestimated the toxicity of tetrachl oroethylene in the
envi fonnent.

O the conmpounds on this list for which aquatic toxicity
information is available (see Appendix |)j nonyl phenol, with
an EC50 for Daphnia nmagna of CIS ng/L and simlar toxicities
to shrinmp and salnon, is the nost toxic (MLeese, 1981). The
conpound p-tert-octylphenol is toxic (96hour LC50) to shrinp
at 1.1 ng/L (MLeese, 1981).

Al kyl phenol s and al kyl phenol pol yet hoxyl at es have been the
subj ect of extensive study. Nonyl phenol and octyl phenol
Isomers are starting materials and netabolites of alkyl phenol
pol yet hoxyl ates, surfactants used primarily in the U S. Dby
industry and in Europe by both industry and househol ds.

Nonyl phenol is also a major ingredient in a pesticide

formul ati on. The presence of nonyl phenols, nonyl phenol
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et hoxyl ates with one and two oxyet hyl ene groups,

(nunyl phenoxy) acetic aci d, C(nonyl phenoxy) et hoxyDacetic acid,
and octyl phenol netabolites in sewage treatnent plant
effluent, river water, and textile dyeing plant wastewater
has been reported in both Europe and the United States
(Stepfianou and G ger, 19S2; Ahel , Conrad, and G ger, 1987;
Ahel and G ger, 1985). Metabolites of nonyl phenol

pol yet hoxylat es, nonyl phenol in particular, are much nore
toxic (up to 5 orders of magnitude, depending on the nunber
of oxyl hiyl ene groups) than the parent conpounds (Stephanou
and G ger, 1982).

G ger, Brunner > and Schaffner (198*") and Ahel and G ger
(1985) reported nonyl phenol concentrations (0.89 g/kg; 1.000
g/ kg) of up to H orders of magnitude higher than usua
concentrations of heavy netals in anaerobically treated
sewage sludge. They found activated sludge to contain
A™-nonyl phenol concentrations of 0.09 to 0.15 g/ kg dry matter
and nono- and di ethoxylates in simlar concentrations.
Concentrations of 767 ug/L of ~-nonyl phenol were found in
ef fluent fromthe anaerobic sludge digester (Ahel and G ger,
1985). Digester effluent is normally returned to the
treatment plant (as it is in Hgh Point) and contributes to
nonyl phenol |evels detected in treatnent plant effluent and
in receiving waters.

Al kyl phenol carboxylic acids and nono- and di et hoxyl at es
were not identified in this study. However cl oser exam nation

of the mass spectra of conpounds not identified as yet in
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sanpl es fromthe Westside WMP and conparison to spectra in
b' t ephi anou and G ger (1982) and in Ahelj Conrad? and G ger
(19S7) is warranted. Nonyl and octyl phenols were found in
effluents of both the netal finishers and paints and coati ngs
i ndustries in H gh Point and in the Westside wast ewat er
treatfnent plant influent. Dinonylpheno 1 ethoxyl ate?
octyl phenoxypol yet hoxy et hanol » octyl phenoxypol yeht oxy et hyl
benzyl ether, trioctylphenol ethoxylate, and nonyl phenyl
ethoxylate a.re all on the survey of process chenicals used by
i ndustr ies discharging waste to the Hi gh Point mnunicipa
wast ewater treatment facilities. Thus the potential for the
presence of al kyl phenol and al kyl phenol pol yet hoxyl ate
met abolites in Westside WMP influent and effluent exists.

An HPLC net hod devel oped by Ahel and G ger (1985) exhibits
detection specificity of al kyl phenols and al kyphenol
pol yet hoxyl ate netabolites. Their method allows quantitative
determ nati on of these conpounds in wastewater heavily | oaded
with other organic materials not possible by the nethod
enpl oyed in the study of Hi gh Point sanples wthout
addi tional cleaning of extracts. This HPLC met hod m ght be
enpl oyed in future anal yses of H gh Point Wstside WMP
sanples in order to accurately characterize the presence of
al kyl phenol s and al kyl phenol pol yet hoxyl ate netabolites in
WAMP sanpl es.

It has been shown that biodegradation of al kyl phenol
pol yet hoxyl ates (APEO) is slower than for al cohol

po | yethioxy lates (AEQ (Turner, et al . , 1985). In influent
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concentrations of up to 30 ng AEQ L> acute toxicity to
fathiead m nnows was elimnated by secondary wastewater
treatment. APEO concentration and acute toxicity to fish
remai ned unchanged in | aboratory di e-away bi odegradati on
tests reviewed by Truner» et al., while AEO acute toxicity

di sappeared nore qui ckly than woul d be expected based on
resi dual AEO concentrations. AEGCs woul d thus be | ess toxic

alternati ves to APEGs.

D net hyl and butyl benzyl phthalate? both priority
pol lutants? are the |east toxic of the chem cals discussed
thus far. D met hyl phthal ate? found in the organic chem ca
manufacturing effluent analyzed in this study? has a "B  hour
LC, 50 to D" magna of 33 ng/L; the 48 hour LC50 of butyl benzyl
phthalate to D™ magna is 92 ng/L. Both chemcals ars used in
processes by industrial users of H gh Point's WMPs, Except
for information regardi ng 4-hydoxy-4-net hyl-2-pent anone
toxicity <24 hour LC50 greater than 5000 ng/L for goldfish)?
no aquatic toxicological data could be found for the
remai ni ng chenmicals in Table 6. 1.

In addition to conmpounds found only in "toxic" sanpl es?
conpounds found in both "toxic" and "nontoxic" influent
sanples and in industrial effluents but not in donestic
wast ewat er are suspect of contributing to toxicity. These
compounds are listed in Table 6.2. O particular interest are
t hose conpounds which occur nore frequently in "toxic" than

in "nontoxic" sanples; these conpounds are denoted by an

asteri sk.
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Tabl e 6.2. COVPOUNDS TENTATI VELY | DENTI FI ED I N BOTH TOXI C AND NONTOXI C | NFLUENT
AND THEI R | NDUSTRI AL SOURCES

COMPOUND »i <* EFREQUENCY I NDUSTRI AL PROCESS
TOXI C- NONTOXI C SOURCE(S) CHEM CAL

a*x 1-net hyl napht hal ene Cl ate RT) 5 — — <—

aJoe 1, 2,4—<%*richl orobenzene 5 — ————

an > Na ht hal ene = 2 OoC TX, bC

K Sy — | " bi F)l’IEBI’I)/l = === | G —— Y

> 2 et hyl - 1- hexanol 5 3 OC, TX, M-, PC Y

a | - (niethoxy-iBethyl et hoxy)-2-propanol (early RT) 4 —m— =

a I-<|nethoxy nmet hyl et hoxy>- 2- propanol Clate RT) 4 —u —

a»«* 1,2,3—or 1,3,5-tr i ch 1 orobenzene 4 A M

a | - <2- nethoxypropoxy) 2- propanol 4 2 N

asz« | -chl oro-2-, 3-, or 4-(iiethyl benzene 4 =2 o Do Y

a unknown at RT 31, 30, <*RT 24.0, 22.72), MW 203 4 = i —

= 1,2- or 1, 3-di net hyl napht hal ene 3 —A ———

a» &= > 1 | S I —— N e W — 3 A O, DO
Addeaca=arhoi L an- F= W e | e | = a DcC. ol
dlwethylbenzene (early RT) 3 2 oOC, DC, PC M

dodecanmnoi o = 2 TX, DC, DI A

- =Tt hyl ben=—eme = A oo D Y

2-i sopr opyl i denedi hydr obenzof ur an- 3-one or 2 - <
4- et hyl - 5- phenyl - 4-i m dazol i n-2-one or MJ189

= di net hyl benzene (|l ate RT) 2 2 OC, DC, PC
dodecane 1 DC. M-, DI
hexahydr o- 2H a2ep i n—2-one A =
9, 12- oct adecedi enoi ¢ aci d e roc —

N- (4- hydr oxyphenyl )acetanitte or MV 169 1 TX, DG PC
unknown at RT 29.86, (*RT 23.4), MM 175 —_ o> —
hept adecane 1 TX, DC, MF, DI
oct adecane 1 CC, TX, MF, DI
hexanoi c aci d I < o —
undecane =2 D, Dl

2

oct adecanoi ¢ acid, butyl ester (late RT)

a Cccur nore frequently in toxic than nontoxic
A Aquatic toxicity data avail able
i** Aquatic toxicity (LC50) less than 4 ng/L
Ann out of 5 toxic and 3 nontoxic
b rcbabl e contam nants of |- (2-methoxypropoxy)-2-propano
i “etention Time on colum having | as opposed to .25 umfilmthickness
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Most of the toxicological data for conpounds present in
both "toxic" and "nontoxic" influents indicates that all of
t he conpounds for which data is avail abl e have nedi an | et ha
toxicities of 20 ng/L or less to Daphnia. O the conpounds
that occur nore frequently in "toxic" than in "nontoxic"

i nfluents* all have 4B hour nedian lethal toxicities to
Daphnia of |l ess than 3 ng/L, except for naphthal ene, 3- and
~-chl orot ol uene, and toluene; <if LeBlanc's 1980 data which
is consistently high when conpared to all other sources is
not i ncl uded) .

The conpound occurring nost frequently in "toxic" sanples
and nost infrequently in "nontoxic" sanples is
1- met hyl napht hal ene. Its toxicol ogical data has already been
di scussed. ("”S hour LC50, D™ magna, = 1 . “E ng/L) The
tri chl orobenzene i soners have nedi an i nmobili zati on
concentrations to Daphnia of 1.29 - 2.66 ng/ L and nedi an
| ethal concentrations to Daphnia of 1,8 - 2.7 ng/L for the
1,2,3- isoner and 2.1 ng/L for the 1,2, isoner. Only the
1,2,”- isoner is a priority pollutant. The 4—and
3-chl orot ol uene i sonmers imobilize 507. of test Daphnia
popul ati on over a ~+8 hour tine period in concentrations of
3.55 and 6.46 ng/L, respectively.

Tol uene, another priority pollutant, has a 48 hour | C50
(imobilization) of 14.9 ng/L and a 48 hour LC50 of 11.5 ng/L
for Di_ magna, while 48 hour D ™ magna LC50 |iterature val ues
for naphthal ene, also a priority pollutant, range from8.6 to

16.64 ng/L and the 96 hour LC50 for D™ pulex is 1 ng/L. The
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| arge decrease in |lethal concentrations of naphthal ene from
N8 to 96 hour exposure is probably due to the bioaccunul at ion
of napht hal ene by daphni ds. Results of a study of the
accunul ati on and elim nati on of napht hal ene and ot her
pol ynul cear aromati c hydrocarbons (PAH) by Daphni a pul ex
i ndicate that 24 hour accunul ation factors in water, in
al gae, and in nmedium contai ni ng both napht hal ene dosed wat er
and al gae are 677, 1984'~, and E337 respectively (Trucco, et
al ., 1983). Napht hal ene showed the greatest uptake of 5 PAH s
eval uated. I n addition, naphthal ene had the | owest rate of
cl earance of the 5 PAH s: 17 - 30% cl eared after 7E hours
conpared to 72 - 92*/. cleared by the other PAHs during the
sane tine period.

No aquatic toxicological data are avail able for other
conpounds occurring nore frequently in "toxic" than in
"nontoxi c" influents: dipropylene glycol nethyl ether and its
i somers; 1,2- or 1, 3-dinethylnaphthal ene; 3-nethyl-butanol
benzoat e; and decanoi c aci d.

Conpounds occurring equally as frequently or nore
frequently in "nontoxic" than "toxic" sanples for which
aquatic toxicity data were found, include 1,1'-biphenyl,
et hyl benzene (a priority pollutant), two xylene isoners, and
a-et hyl -1 - hexanol. Medi an i mmobilization concentrations (48
hour ) for D " nmagna for the xylenes range form8.6 to 14.3
ng/ L. Medi an | ethal concentrations (4S hour) for D" magna
range from3.18 ng/L (o-xylene) to 9.54 ng/1l. The 48 hour

LC50 of ethyl benzene for D naona is 2.12 ng/L; that of
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bi phenyl is 3.08 - 4.7 ng/L. In a static 96 hour test

cf-ethyl hexano 1 was found to have a nedian | etha
concentration to bluegill of 10 ng/L. Dinethylbenzene (late
RT ) ; tiexahydro-2Hazep in-2-one ; N, N-d inethy Icyc | ohexanam ne
terpineol; and trimethyl benzene were found only in "nontoxic"

ef fl uent sanpl es.

Aquati c Toxi col ogi cal Data for Conpounds of Non-Industri al
Oigin Tentatively Identified in Influent Sanples
Aquatic toxicological data are available for several

conpounds found in both "toxic" and "nontoxic" influents for

whi ch industrial sources were not identified or which were
identified in donestic wastewater. (See Tables 5.7 and
Appendi x 1.) Two of these conpounds, 2-butoxyethanol and
2-nmet hyl- 2, 4-pentanedi 01 J have toxicities of greater than
1000 ng/L. The trinmethyl benzenes have nedi an | et hal
concentrations to D ™ magna of 3.6 to 6 ng/L. For phenol? "8
hour LCSGs for D" magna range from 12.9 - 23 ng/Lj while the
no effect |evel concentration of diisooctyl or
dioc ty Iph thalate for D™ nagna reproduction is 0.32 ng/L.

Toxi col ogi cal data for benzoic acid> found only in "toxic"
influents and in donestic wastewater, is avail able. The
Handbook of Environmental Data on Organic Chem cals gives a
val ue of 255 ng/L for the "4-8 hour nedian tolerance |imt of
benzoic acid for the nosquito fish.

Many isoners of methyl and ethyl substituted benzene were

found only in "nontoxic" influent. A toxicological study of
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1,254, 5-tetranet hyl benzene found that the "~8 hour LC50 for P
magna of this conmpound is 0.1769 ng/L> indicating that
appearance in a "nontoxic" sanple does not necessarily show
that a conpound is not a potent toxicant. The *8 hour LC50 of
decane to Oj™ magna, also found only in a "non-toxic" sanple,

is O oae ng/L.

Possi bl e Organi ¢ Conpounds Contributing to Effluent Toxicity
Table 6.3 lists conpounds nost suspect of contributing to
effluent toxicity. These are the conpounds found only in
"toxic" sanples and also found in industrial effluents. Table
k.| i ndi cates that out of ten sanples of effluent fromthe

Hi gh Point Westside plant, six were "toxic" and four

"nontoxic." Alnost all of the conpounds found in industrial
effluents in Table 6.3 occur in nore than one "toxic" sanple.
Conpounds found only in "toxic" effluents occur with
greater freguency than do those found only in "toxic"
infltjents, suggesting that the toxicity of effluents may be
| ess variable than that of influents. However, fewer
I ndustr ial sources of compounds found in effluent sanples
have been identified. This is probably because conpounds
under go net abol i sm and degradati on during the treatnent
process. Thus, the search for an industrial source of
toxicity by effluent sanples is made all the nmore difficult.
Conmpounds that are in "toxic" effluent sanples that appear to

be related to ones identified in WMP influent and i ndustri al

effluents include: 1-(2-propenyloxy)-S-propanol;
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Tabl e 6. 3. COMPOUNDS TENTRTI VELY | DENTI FI ED ONLY I N TOXI C EFFLUENT
RND THEI R | NDUSTRI AL SOURCES

I NDUSTRI AL PROCESS
CONVPOUND ™Mex<x FREQUENCY SOURCE<S5S) CHEM CRL

phosphoric acid, triethyl ester 3 oc
n t etrachl or oet hene 3 oC Y
n t ol uene 3 CC, DC Y
A 4- hydr oxy- 4- met hyl - 2- pent anone 3 M
X benzal dehyde 2 M-

1- benzyl -2- or -3-methyl azetidi ne 2 cC

2-acety | -2,8-d i hydro-7-inethy | -8-methy 1 enepyr azo | 0 C5,1 -¢c ] 2 oc

-Cd, 2,43tri azi ne

2-i soxazol i di necarboxylic acid, ethyl ester? or MV 161? 2 PC

4- et hyl - 3- pent en-2-one or 2, 5-di hydro-2, 5-di net hyl furan 2 PC

1, 3-i sobenzof ur andi one 1 OC, DC, MF
A Aquatic toxicity data available

xs* out of 6 sanples
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Sj-~-d ihydra-5)7- and 6 , 7-d inmethy 1-1 (2H )-napht hal enonej
1,4-b is(1l-nethyl ethenyl) benzene; tetrahydro-S-furannethanol;
di hydro-5, 5-di net hyl- (3H) - furanone i soners; and
1-rii tr osop iper id ine .

(Jne of the conpounds occurring frequently in "toxic"
effluent sanples is triethyl phospate» but no aquatic toxicity
data for it was found. However> a rel ated conpound»
tri-butyl phosphate has a static 96 hour nedian |etal
concentration to fathead m nnows of greater than 10 ng/L.

Tri et hyl phosphate is probably I ess toxic than
t r 3but yl phosphat e» probably because of its less |ipophilic
nat ur e.

Tetrachl or oet hyl ene» t ol uene, and
N- hydr oxy- - nmet hy- E- pent anone were all found in "toxic"
effluent sanmples with the sane frequency as trietyl phosphate
The toxicol ogical data pertaining to these conpounds have
been di scussed. (See Appendix |.) Tetrachl oroet hyl ene and
t ol uene Are much nore toxic to Daphni a than
4- hydr oxy-"' ~- et hy- S- pent anone.

Among conpounds occurring sonewhat | ess frequently is
benzal dehyde. The Handbook of Envi ronnental Data on Organic
Conpounds provides the only aquatic toxicol ogical data found
concerni ng benzal dehyde: m nnows stop eating when exposed to
17.] mg/L of an 85*/. solution. The conpound 1-benzyl-H or
3-net hyl azetidine was also found only in "toxic" influent
sanpl es, al though no toxicol ogical data exists for it.

Conpounds found in both "toxic" and "nontoxic" Wstside
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effluents and also in industrial effluents but not in
donestic wastewater are al so suspect of contributing to
effluent toxicity. Table 6. A |ists these conpounds. Only N
( ~-hiydroxypheny 1 ) acetani de occurred nore frequently in
"toxic" than in "nontoxic" sanplesi however) no aquatic
boxi col ogi cal data for this conpound was found. The only
priority pollutant listed in Table 6.7 is
1, 2,4 - tr ich lorobezene . The tox ico log ical literature indicates
that the two trichl orobenzene i soners, chl orotol uene, and
benzyl chl ori de are all toxic to aquatic organisns in
concentrations of 10 ng/L or | ess.

tven t hough sanples to be bi oassayed were coll ected prior
to chlorination, normal procedure is to dechlorinate the
wast ewat er sanple with sodiumthiosulfate prior to initiation
of the toxicity test. Effluent sanples collected 3/16/87 and
3/ 17/ 87 were not dechlorinated prior to bei ng bi oassayed and
cont ai ned conpounds not present in any other sanples and
possibly arising fromchlorination reacti ons. Conpounds of
this type include two unknowns suspected of contai ning
chl ori ne and bromnm ne, 3-bronocycl ohexene, chl orocycl ohexene,
(3-chl oropropyl) benzene, and fl uoronet hyl benzene. (See Tabl e
5.8.)

Al t hough not identified in industrial effluents,
3, 3,3~trichl oropropene; chloroform dibronobchl oronet hane;
1, ~-tji oxane ; dichlorobenzene ; and 5-nethy 1-2-hexanone were
all present only in "toxic" WMP effluent sanples (see Table

5.8) and are possi bly of industrial origin, present as


NEATPAGEINFO:id=8EF99485-B9BA-424E-B782-3CD4FAC13CCF


Tabl e 6.4. COMPOL»«3S TENTHTI MELY | DENTI FI ED | N BOTH TOXI C HNO NONTOXI C EFFLUENT

AND THEI R | NDUSTRI HL SOURCES

COMPOUND *»3* FREQUENCY
TOXI C- NONTOXI C

a N (4-hydroxyphenyl)acet an«i de or MWV 169? 6 3
1,2,4-tr ichlorobenzene 6 4
1,2,3- or 1,3,5-trichlorobenzene (late RT) 4 4
1—2—net hoxy- 1-net hyl et hoxy) —2- propanol (early RT) 4 4
1- <2—net hoxy- 1—et hylet hoxy) - 2- propanol (late RT) 3 3
unknown at RT 29.86, 30.21, MWV 175 nCRT 23. 65, 3 4
23.3, 23.42, 23.73, 22.12)

1- (2- met hoxypr opoxy) - 2- pr opanol 3 4

2-isopropyl i di nedi hydr obenzof ur an- 3- one or 2 3
4- net hyl - 5- phenyl - 4-i mi dazol i n-2-one or MN 189

unknown at RT 31,30, 31.50, MRt 24.02,22.73,22.68) 2 3
MW 203

unknown at RT 40.14, m(RT 32.7, 32.3, 32.4, 31.03) 2 3
MV 204 (2,2,5,7-tetrmethyl -1 -tetral ol 7)

v 1—hloro-2-, 3-, or 4-nethyl benzene or 1 !

(chl oronet hyl ) benzene

2-et hyl- 1- hexanol ! !

Aquatic toxicity data avail able

Aguatic toxicity (LC50) less than 4 ng/L
a GCccurs nore frequently in toxic than nontoxic
xjoe cjut of 5 toxic and 4 nontoxic sanples

I NDUSTRI AL PROCESS
SOURCE<S) CHEM CAL

TX DC. PC
oc Y
oc, DC Y
DC
¥
oc
oc
oc
oc Y
oC, TX. DC, MF, PC Y

IS
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contam nants in the drinking water supply, or arise (in sone
cases) fromchlorination reactions. Toxicity data for al
t hese conpounds may be found i n Appendi x |.

Aquati ¢ toxicol ogi cal studi es of benzoCb3napht hoL2, 1-d3 or
Cl1, 2-dJt hi ophene (BNT), found only in a "toxic" effluent
sanmple, indicate that the 2,1-d isomer is non-toxic, while
the 1,2-d isomer has a "B hour LC50 for D_.i_ nmgna of
0.220ng/ L. The structurally simlar PAH chrysene is not
acutely toxic to Daphnia. In addition, Eastnond, et al.
predi cted a nmaxi mum bi oconcentrati on factor of 8000 for BNT,
greater than that of chrysene (5200), and an elinination half
life of 23 hours conpared to 18 hours for chrysene. Results

i ndi cated t hat daphni ds net aboli ze BNT.

Conpounds Escapi ng Renoval

Conpounds escapi ng renoval (regardl ess of whet her sanpl es
were "toxic" or "nontoxic") at the Westside U WIP have been
presented in Table 5.11 and the avail abl e aquati c
t oxi col ogi cal data for each in Appendix |I. Many of these
chem cals were also found in the industrial sanples from H gh
Point. The fact that some of these conpounds, nbst notably
t et rachl or oet hene, toluene, 2-ethyl-I|-hexanol,

di et hyl benzene, and the tri chl orobenzenes, exhibit
considerable toxicity to aquatic organisns is inpetus for

i nproving treatnment or seeking substitute conpounds of | ower
toxicity and better renoval efficiency.

| nconpl ete renoval of sone of the conpounds listed in
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Tabl e 5. 11 has been reported in the literature. In a pil ot
pl ant study? renoval efficiencies of
bi s(2-et hyl hexyl) pht hal ate and di - n-octyl pht hal ate were found
to be 79*/. and 83*/., respectively (Petrasek, et al, 1983). The
pri mary renoval nmechani sm for both these conpounds was found
to be association with sludge. | nconplete renoval of
1,2,~-trichl orobenzene was observed in | aboratory studi es of
acti vated sl udge treatnent systens (Wber and Jones, 1986).
Losses of the nonbi odegradabl e conpound were attri buted to
vol atili zati on.

Weber and Jones C1986) found tol uene and o-xyl ene to be
bi odegraded in the activated sl udge process. Because only
sem -quantitative results were obtained in the study of Hi gh
Poi nt Westside sanples, it is difficult to determ ne the

effecti veness of treatnment of these two conpounds.

Toxicity of Conplex M xtures

The inmplication fromthe literature i nvolving m xture
toxicity studies is that conbi nati ons of potent toxicants
acting simlarly (usually by narcosis) to produce toxicity
can produce a toxic effect even at concentrati ons near or
bel ow their no effect |l evels. I n addition conbi nati ons of a
great nunber of toxicants that nmnay not be consi dered potent
toxi cants nmay be sufficient to produce acute toxicity to
aquati ¢ organi sns.

Tabl e 6.5 was prepared assumi ng that the additive effect

of sub-lethal concentration in a mxture could apply to the
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Tabl e 6. 5. EXAMPLE OF CONCENTRATI ONS NECESSARY TO PRODUCE TOXI C

I NFLUENT G VEN CONCENTRATI ON ADDI TI ON

COVPOUND

1- met hyl napht hal ene
nonyl phenol

octyl pheno
t etrachl or oet hene

1,1 '-oxybi sbenzne
bi phenyl
2- et hyl hexano
1, 3,5-trichl oroben2ene
~-chl or ot ol uene
(chl or o- met hyl benzene)
1,2)"-trichl orobenzene
napht hal ene
t ol uene
et hyl benzene
2- but oxyet hanol

FRACTI ON OF

LC50 LC50 (1/17)

mg/ L

I.""E
.18
1.1

18
h
3. 08
10
1.43
3.5

2.1
16. 64
11.5
2.12
1051

nmg/ L

. 013
.08

.28
.22
.71
. 25
.15
.82

.15
75

87
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chem cals found at the U estdie WMP. The | A- chemicals in
Table 6.5 were chosen because they were all present in at
| east one influent sanpl e bioassayed as "toxic" and acute
toxicity data were avail able. According to the principle of
concentration addition, each chem cal present at 1/1'" of it
LC50 val ue shoul d produce acute toxicity in the m xture. The
resulting concentrations given in Table 6.5 a.re in the range
of those found in Westside WWMP influent sanpl es: 100 ppb to
1 ppm

Based on the avail abl e aquati c toxi col ogi cal data,
p- nonyl phenol was the only conpound found whi ch may act
according to a specific node of action as pesticides, for
i nstance, usually do. However, because the toxicol ogical
dat abase is so snall in conparison to the nunber of chem cals
identified in this study, the possibility of the presence of

other specifically acting chenicals exists.
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7- CONCLUSI ONS AND RECOMMENDATI ONS
The approach taken in this research was to attenpt to
relate identification of chem cal conmpounds to toxicity of
West si de WWMP sanples. At the outset, the definition of

toxicity given by the North Carolina regul atory authority

depends on the mnimal dilution capability of the receiving
stream That is, at the Hi gh Point Westside WMP a sanple is
"toxic" if it exhibits an LC50 of |l ess than 95 /. to Daphni a

pul ex because Rich Fork Creek has a 7QL0 of only 0.3 cfs.

This is a very rigid definition of toxicity because 507. of
the test organi sns nmust survive with very little dilution
(5*/.) of the wastewater. G ven this definition a nunber of
sanples (Table "~. 1 ) were classified as being toxic (including
both i nfluent and effl uent sanpl es).

An ext ensi ve dat abase of extractabl e organic constituents
tentatively identified in both "toxic" and "nontoxic"
West si de WWMP i nfluent and effluent, industrial wastewater,
and donesti c wastewater and of avail able aquatic toxicity
data was conpil ed. Many conpounds found in Westsi de WMP
influent and effluent are of industrial origin as
denponstrated by their occurrence in both industrial sanples
and West si de WIWMP sanpl es. Treat nent does not renobve sone
organi ¢ conpounds exhi biting significant toxicity to aquatic

organi sns and shown to be present in "toxic" effluents and
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i ndustrial sanples. Wth the possible exception of

nonyl phenol isoners, no conpound known to act according to a
speci fic nechani sm of acute toxicity (such as pestici des
normal ly do) was identified* although because of the sparsity
of the aquati c database this conclusion should be regarded
with caution. Many conpounds known to or thought to act
according to the general toxic nechanism of narcosis were
tentatively identified. Toxicity of Westside WMP infl uent
and effluent nmay be caused by a variety of industrial organic
conpounds in concentrations that al one would not be
sufficient to produce a toxic effect but, because they may
all produce toxicity by the sane nechani sm (narcosi s) and

t hus may exhi bit concentration addition, together produce a
toxic effect. Metals appear to have had only a m nor
contribution, if any, to toxicity of nbst "toxic" effluent
sanpl es and sone i nfluent sanples, while the extent of the
contribution to toxicity of other of the influent sanples is
unknown wi t hout further investigation.

The success of the toxicity reduction eval uati on program
based on identification of specific toxic organic chem cals
at the Hi gh Point Westside WMP renmai ns open to question. EPA
has devel oped alternati ve procedures that rely on broader and
si mpl er screening of causes of toxicity, but eventually may
l ead to renpval of specific chemicals by industrial
contributors (U S. EPA, 1985; Ander son-Carnahan and Mbunt,

1987). That is not, however, to say the approach used in this

research is of no val ue.
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Because t he conpounds contributing to the toxicity of the
West si de UWP effluent nmay be different fromtoxic episode to
toxi ¢ episode) a systemof prioritization could be
establ i shed based on toxicity to aquatic organi sns>
persi stence in the environnent? bi oaccurul ati on,
mut ageni city, effectiveness of avail able treatnent or
pretreatment nethods, and concentration and frequency of
occurrence in "toxic" sanples. An exanple of a hazard rating
systemincorporating sone of these paraneters is discussed by
L'alamari, et al. (1983). Using a systemof this type,
conmpounds tentatively identified thus far as the nbst suspect
of contributing to toxicity could be targeted for the
appropriate treatnent or pretreatnent action. For exanple,
if the highly toxic nonyl and octyl phenol isonmers tentatively
identified in "toxic" influent and in industrial sanples are
present as a result of the use of al kyphenol polyethoxyl ate
surfactants as seens to be the case, the nore biodegradabl e
and | ess toxic al cohol polyethoxylate surfactants should be
substituted for the isoners currently used by industries
di scharging waste to the Westside U WP.

Because the database still has |arge gaps, a nore accurate
target list could be generated once the m ssing information
has been gathered. Priority in obtaining additional
i nformati on should be given to those conpounds shown to be
escapi ng renoval by the treatnent process. (See Table 5.11.)

Recommendations for filling in these data gaps incl ude:

1) confirnmation of identification of tentative
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identifications made in this research by obtai ning a spectrum
on the nass spectroneter used in this research of a standard
for each conpound tentatively identified and subsequent
conpari son of these reference spectra to the spectra of
conpounds tentatively identified in sampl es;

i d) conti nued nmonitoring of compounds identified thus far
as bei ng suspect of contributing to toxicity;

3) determ nation of estinmated aquatic toxicities by use of
quantitative structure-activity rel ationshi ps such as those
determ ned by Veith, Hernens, Broderius? Bobra, Schultz, or
Calamari; this approach is limted by availability and
accuracy of structural descriptors (e.g.» octanol/ water
partition coefficients or subcooled liquid solubility) used
by the nodel s;

4) enpirical deternination of aquatic toxicities;

5) fractionation of existing sanple extracts and
subsequent toxicity tests of fractions and identification of
conmpounds in the nbost toxic fractions;

6) quantitation of target conpounds in existing extracts;

7) application of further mass spectral identification
t echni ques (using existing extracts) such as exact nass
determ nation (all ow ng assignnent of possible nol ecul ar
formul a) and chemi cal ionization techniques (all ow ng greater
chance of nol ecul ar ion identificati on and thus nol ecul ar
wei ght determ nation); and

8) neasurenment of acute toxicity of wastewater at various

points in the treatnent process (e.g. prinmary clarifier
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effluentj trickling filter effluent? sludge digester aqueous
effluent) to determne the processes responsible for

reduction or introduction of toxicants.
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AQUATI C TOXI COLOG CAL DATA FOR SELECTED CHEM CALS
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f at head m nnow
nmg/ L

704 a

£- met hoxvet hano
48 hour |1 C50

i mobi lity
Daphni a nmagna

| og unol /L

5.39 e

5- met hyl - S»4- pent aned i ol

f 1 owt hr ough 48 hour LGS0
96 hour LC50 Daphni a nmagna
f at head mi nnow -log nol /L
nmg/ L

10700 a 1.854

g- but oxyet hanol
48 hour | C50

i mobi lity
Daphni a magna

| og umol /L

3.95 e

APPENDI X |

48 hour LC50
Daphni a nmagna
-log nol /L

1.854 j
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S- net hyl - g- hexanone

f1 ow hr ough
96 hour LC50

f at head m nnow
ng/ L

159 a

an- net hyl - S- pent anone

fl owt hr ough
9b hour LC50

fathead m nnow

nmg/ L

505 a
537 b

esti mated MATC
fat head m nnow

ng/ L

77." m

£- (5- et hoxyet hoxy) et hano

f I owt hr ough
96 hour LC50

fat head m nnow

ng/ L

£7700 a

p- xyl ene

~8 hour | C50
i mobi lity
Daphni a magna

unol / L
1.91 e
di phenyl et her

f 1 owt hrough
96 hour LC50
f at head m nnow

ng/ L

-+.0 a

~8 hour LC50

Daphni a nmagna
nmol / n8

80 r

(1 >1"-Qxybisbenzene)

24 hour LC50 *”~8 hour LC50
Daphni a magna Daphni a magna
ny/ L ny/ L

1.4 w 0.67 w

NCEC
nortality
ng/ L

0.41 w
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0- xyl ene

-8 hour 1C50
i mobility
Daphni a nmagna
| og unol /L

1. 91 e 30

t et rahydr of ur an

fl owt hrough
96 hour LC50

f at head m nnow

nmg/ L

H160 a

S hour LC50

Daphni a magna
mol / nB

r

1i S-di chl or obenzene

NOEC

growt h
Daphni a magna
log unol /L

0.60 c

48 hour LC50
Daphni a magna

16 mol / nB8 n
<A Mol /nB

2.4 ng/L w

24 hour LGC50
Daphni a magna
ng/ L

2.4 w

~8 hour | C50
imobility
Daphni a nagna
| og umol /L

I."tl e

24 hour |1GC50
innDbiIity
Daphni a magna
nmg/ L

0.78 q

NCEC
nDrtaI!ty

my/ L

0.36 w

16 day EC50
reproducti on
Daphni a nagna

l og unol /L
0.51 e
14 day EC50

reproduction
Daphni a magna
ng/ L

0.55 ¢

16 day LC50
Daphni a magnha
| og unol /L

1.01 e

14 day EC16
reproduction
Daphni a nmagna
nmg/ L

0.37 g

io0n
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1>3-di chl or obenzene

f1 owt hr ough ~B hour LGC50
96 hour LC50 Daphni a nmagna
f at head mi nnow ng/ L

nmg/ L

7.a a 1.7 - 5.6 d

9.12 b 7.4 V
28 w

MATC 28 day LCEC

f at head ni nnow

log mol /L Daphni a magna
nmg/ L

-4.99 1 1.5V

NOEC

nor tality

Daphni a magna

nmg/ L

6.0 w

1 ;2>3-trichlgrobenzene

48 hour 1C50 48 hour LC50

i mobility Daphni a magna
Daphni a magna mol / n8
| og unol /L
0.90 e 10 n
15 r
14 day EC16

reproducti on
Daphni a magnha
nmg/ L

0.0e g

EC50

reproducti on
Daphni a nmagna
nmg/ L

1.4 - 1.8 d

reproduction or growth

24 hour | C50
i Mmobility
Daphni a nagna
nmg/ L

0.35 ¢

48 hour | C50
i mobi 1i ty
Daphni a nmagna

1.51 unol/L e
4.2 ng/L v

24 hour LC50
Daphni a nagna
mg/ L

48 w

14 day EC50
reproduction
Daphni a nagna
ng/ L

0.20 q
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1, M- di chl or obenzene

f1 owt hr ough
96 hour LC50

fat head m nnow

mg/ L

-~.0 a

16 day EC50
reproducti on
Daphni a magnha
| og unol /L

0.51 e

1-~ day EC16
reproducti on
Daphni a magna
nmg/ L

0.64 q

NOEC

growt h
Daphni a magna
| og unol /L

0.60 c

MATC
f at head m nnow

log nmol /L
-5.29 1
Rh  hour LC50

Daphni a magna
nmg/ L

42 w

1 »3;5-trichl orobenzene

NOEC

growt h

Daphni a nmagna
| og unol /L

-0.04 c

48 hour | C50
imobility
Daphni a magna
|l og unmol /L

0.90 e

48 hour |1 C50
i mmobility
Daphni a magna
| og unol /L

1.51 e

E4 hour 1 C50
i mobi lity
Daphni a nmagna
mg/ L

1.6 q

-78 hour LC50
Daphni a magna
nmg/ L

11 w

16 day LC50
Daphni a nmagna
| og unol /L

0.58 e

16 day LC50
Daphni a nmagna
l og unol /L

1.01 e

1-~ day EC50
reproducti on
Daphni a nagna
mg/ L

0.93 q

NOEC
nortality
Daphni a nagna
nmg/ L

0. 68 w

16 day EC50
reproduction
Daphni a nmagna
| og unmol /L

0.03 e
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1»2»"-trichl or Qbenzene

fl owt hr ough NOEC

96 hour

LC50 growt h

fat head m nnow Daphni a magna

ng/ L

a.9 a
E. 76 b

16 day EC50
reproducti on
Daphni a nmagna

0.17 log umol /L e

0.E7 ng/L e

84 hour | C50
i mobility
Daphni a magna
ng/ L

i.aq

28 day LQEC
reproduction or

gr owt h
Daphni a nmagna
ng/ L

0,69 V
m xyl ene

NCEC

gr owt h
Daphni a nagna
log unol /L

1.02 c

48 hour LC50
Daphni a magna

90 mmol /nB r

|l og unol / L

0.00 c

16 day NCEC
reproducti on
my/ L

0.10 e

14 day :©CS0
reproducti on
Daphni a magna
nmg/ L

0.45 g

24 hour LC50
Daphni a rmagna
my/ L

110 w

48 hour 1C50
imobility
Daphni a nagna
| og unol /L

E. 13 e

~a hour 1C50

i rmobi lity
Daphni a magna
| og unol /L
1.17 e

16 day NCEC
nmortality
nmg/ L

0.32 e

14 day EC16

reproducti on
Daphni a magna
ng/ L

0.32 ¢
NCEC
nortality

Daphni a nagna
ng/ L

<E. 4 w

16 day LC50
Daphni a magna
| og unol /L

1.89 e

16 day LC50
Daphni a nmagna

0.'""9 log unol/L e

0.56 ng/L e

MATC
f at head m nnow

log nmol /L

-5.41 1

48 hour LC50
Daphni a magna
mg/ L

E.l V
50 w

16 day EC50
reproduction
Daphni a nagna
| og unol /L

0.83 e
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tetrachl oroet hyl ene

fl owt hrough
96 hour LC50

fat head mi nnow
ng/ L

23.8 b

48 hour LC50
Daphni a nmagna
ng/ L

18 V
18 w

t ol uene

NOEC

grow h
Daphni a nmagna
lug unol /L

1.49 c

static

96 hour LC50
bl uegi 11
ng/ L

74 - 840 h

phenol

48 hour LC50
Daphni a magna
mg/ L

23 d

12.9 3 20 dg.C
12.8 3 24 dg.C
3.9 Mol /nB r

48 hour | C50
i mobi lity
Daphni a magna

2.04 log unol/L e
8.

5 ng/L v

28 day LCEC
reproduction or

gr owt h
Daphni a nagna
nmg/ L

1.1V

48 hour 1C50
i mobi lity
Daphni a nmagna
l og unol /L

2.21 e

48 hour LC50
Daphni a nmagna

125 mmol /nB r
310 ng/L w

EC50
reproduc:tion
Daphni a nagna
ng/ L

10 d

16 day LC50
Daphni a nmagna
l og unol /L

1.38 e

NOEC
nmortality
Daphni a magna
ng/ L

10 w

16 day LC50
Daphni a nagna
| og unol /L

1.61 e
24 hour LGC50

Daphni a magna
ng/ L

310 w

48 hour LC50
Ceri odaphni a

dubi a/affinis

ng/ L

108

16 day EC50
reproduction
Daphni a nmagna
| og unol /L

0.93 e

LTD

Daphni a magna

field study in
pond

days

1/8 - 2 31.2 my/L x
3-4a0.44 ng/L x

16 day EC50
reproduction
Daphni a nagna

l og unol /L
1.19 e
NOEC
nortality

Daphni a nagna
nmg/ L

28 w

48 hour LC50

Daphni a pulicaria

nmg/ L

12.1 3 20 dg.C k >109.0t

(473)3 24 dg.C k
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96 hour LC50
f at head m nnow

my/ L

67.5 3 1-~ dg.C
27.9 3 25 dg. C

3-chl or ot ol uene

48 hour | C50
i mobi 1i ty
Daphni a magna
l og unol /L

1.71 e

'~-chl pro tol uene

NDEC

grow h
Daphni a magnha
| og unol /L

Oo'”"Oc

16 day NCEC
reproduct ion
Daphni a magnha
nmg/ L

0.32 e
chl orof orm

NOEC

grow h
Daphiriia magna
log wumol/L

S.10c

NOEC
nmortality
Daphni a nmagna
nmg/ L

<7.a w

—

2*”~ haur LC50
Daphni a magna
nmg/ L

29 w

16 day LC50
Daphni a magnha
| og unol /L

1.15 e

-~a hour |1C50
i mmobi lity
Daphni a magna
l og unol /L

1.45 e

16 day NOEC
nmortality
Daphni a magna
mg/ L

1.0 e

48 hour | C50
i mobi lity
Daphni a magna
l og unol /L

2.88 e

NOEC
nortality
Daphni a magna
nmg/ L

2.2 w

16 day EC50
reproduction
Daphni a magna

|l og unol /L
0.67 e
16 day LC50

Daphni a nagna

10 log unol/L e 0.66 log unol/L e

1.
1.6 ng/L e

24 hour LC50
Daphni a magna
ng/ L

29 w

16 day EC50
reproducti on
Daphni a magna

0.58 ng/L e

48 hour LC50
Daphni a magna
nmg/ L

29 w
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O cr esol

it8 liour LC50 76 hour LC50 "8 hour NQLC -8 hour LC50
Daphnia pulicaria fathead minnow  Daphnia magna  Daphnia magna
Nng/ L nmg/ . ng/ . ng/ L

>9it.Ot 18.2 t 2.9 g 9.5 g

~8 hour NOLC k8 hour LC50
Daphni a pul ex Daphni a pul ex
Nng/ L g/ L

5. 2 g 9.6 g

m cr esol

'"AB hour LC50 96 hour LC50
Daphni a pulicaria fathead m nnow
Nng/ L g/ L

=909. 5 t 55. 9 t
p- cr esol

-~8 hour LC50 96 hour LC50
Daphni a pulicaria fathead m nnow
Nng/ L ng/ L

22. 7 t 28. 6 t
tri-n-butyl phosphat e

static
Zh hour LC50
fat head m nnow

nmg/ L

>10 h

2- et hvl hexanol

static
96 hour LC50

bl uegil |
nmg/ L

10 h
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et hyl benzene

static ~8 hour LC50
96 hour LC50 Daphni a nagna
bl uegi 11

ng/ L

3 various pH and

20 mmol /nB r
75 ng/L w

56 - &85 h

bi s- g- et hyl hexyl phthal ate

static f | owt hrough

96 hour LC50 96 hour LC50

bl uegi 11 f at head mni nnow
ng/ L nmg/ L

>100 h >10 h

Bk hour LC50 ~8 hour LC50
Daphni a magna Daphni a magna
ng/ L ny/ L

=6Ga wvw 1.1 ww

S) 3) 5-tri net hvl napht hal ene

static
96 fiour LC50
f at head m nnow

nmg/ L

6.7 h
cj) 3 »6-tri nmethyl naphthal ene

static
96 hour LC50
f at head mi nnow

mg/ L

>6.7 h

trans- 1, 2-di chl or QCYcl ohexane

esti mated MATC
f at head m nnow

my/ L

0.77 1

Z™ hour LC50
Daphni a magna
my/ L

77 w

~8 hour EC50
i mobi lity
Daphni a magna
nmg/ L

NOEC
nortality
Daphni a nagna
my/ L

21 day NCEC
reproduction
Daphni a nmagna
nmg/ L

0.169 - 0.30% p >0.100 p

NOEC
nortality
Daphni a magna
nmg/ L

1.1 w
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di et hyl phthal ate

24 hour LC50 48 hour LC50 NOEC

Daphni a magna Daphni a magna mortality

nmg/ L my/ L Daphni a magna
nmg/ L

52 w 52 ww 10 w

di -n-butyl phthal ate

esti mat ed NOEC NCEC LCS0 .

48 hour LC50 reproduct i on hat chi ng success fathead m nnow
Daphni a magna Daphni a nmagna fat head m nnow ng/L

mg/ L ng/ L mg/ L

5.2 m 0.56 m 0.56 m 2.02 m

butyl benzyl phthal ate

24 hour LC50 48 hour LC50 NOEC
Daphni a magna Daphni a magna nortality
my/ L mg/ L mg/ L
=160 wWw 92 ww <36 w

di -n-Qtyl phthal ate

NOEC NOEC
reproduction hat chi ng success
Daphni a magna f at head m nnow
my/ L mg/ L

0.32 m 3.2 m

di met hyl phthal ate

24 hour LC50 48 hour LC50 NCEC

Daphni a magna Daphni a nmagna nor t a[ ity

ng/ L nmg/ L Daphni a magna
ng/ L

150 w 33 w <1.7 w

nmor phol i ne

24 hour 1C50
i mobi ity
Daphni a magna
mg/ L

119 o
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cycl ohexyl am ne

2~ hour 1C50

i mobi | ity
Daphni a magna
ng/ L

58 0

oct ane

48 hour LC50
Daphni a magna
mol / nB

3.3 r

decane

ang8 hour LC50 24 hour LCk0 NOEC

Daphni a magna Daphnia magna.  portality
ng/ L Daphni a magna
ng/ L
0.2 mol/nB r 23 w 1.3 w

18 ng/L w
cycl ohexane
48 huur LC50
Daphni a magna

nfiial/fn3

45 r

1) £>4-tri net hyl benzene
48 hour LC50

Daphni a nagna

mQy / nB

30 r
1>3>5-tri net hyl benzene
48 hour LC50

Daphni a nmagna

nmol / n8

50 r

113


NEATPAGEINFO:id=E37B0850-5612-4491-9E0B-A8DEC2D24686


cunmnene

~8 hour LC50

Daphni a magna
mol/ nB8

1, S;N)5-tetranmet hYl benzene
B hour LC50

Daphni a ni agha
mol / nB

napht hal ene

96 hour LC50
Daphni a pul ex

A8 hour LC50
Daphni a nmagna

nmg/ L
130 nmol /N8B r 1. 000 s
E2.6 nmg/L u
8.6 ng/L w

1- net hyl napht hal ene
48 hour LC50
Daphni a magna
nmol / n8

10 r

S-net hy 1napht hal ene
48 hour LC50

Daphni a nmagna
nmol / n8

13 r
bi phenyl

24 hour LC50
Daphni a magna
nmg/ L

48hour LC50
Daphni a magna

80 mmol/nB r E7 w
4.7 mg/L w

24 hour LC50
Daphni a magna
mg/ L

17 w

NOEC
mortality
Daphni a magna
ng/ L

<2.2 w

NOEC
nmortality
Daphni a magna
nmg/ L

0. 60 w
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benzoCb] napht hoC5>| - dJt hi ophene
Daphni a nmagna

nont oxi ¢ u

benzd b3napht ho[ 1. £- d] t hi ophene

A8 hour LC50
Daphni a magna
my/ L

0.220 u

phenant hr ene

ang8 hour LC50 96 hour LC50
Daphni a magna Daphni a pul ex
nmg/ L
6.5 mol /nB r 0. 100 s
0.843 ng/L u

nonyl phenol pol yet hoxyl at es
(by average # of oxyethyl ene groups)

NOEC
nortali ty
Daphni a
nmg/ L

30 oxyet hyl ene >10, 000 y
20 " ' 1000 vy
10 " 10 vy

z 10 v

(S " 5 v

4 " ' 5 vy

nonyl pheno

t C50 96 hour LC50 96 hour
Daphnia magna  fingerling brook fingerling rai nbow
nmg/ L trout trout

ng/ . ng/ L

O0.18 z 0. 145 aa 0. 230 aa
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116
p- nonyl pl “enu 1

96 hour LL50 96 hour LC50
shri np sal non
NnNg/ b g/ L

0. 30 aa 0.19, 0.16 (fl owt hrough) aa
(East man and ( East man)

Rohm and Haas) 0.13 (fl owt hrough) aa
(Rohm and Haas)

p-tert-CQctyl ghenol

96 hour LC50

shri np
my/ L

1.1 aa -

SOURCES OF AQUATI C TOXI CQLOGI CAL DATA

Bobra, Shiu, and Mackay, 1985.

Bobra, Shiu, and Mackay, 1983b.

Br oderi us and Kahl, 1985.

Brown and Thonpson, 1982.

Cal amari, Da Gasso, Setti, and Vighi, 19B3.

Cal amari, Da Gasso, Galassi, Provini and Vighi, 1980.
Call, Brooke, Knuth, Poirier, and Hoglund, 1985.
Cowgi I I, Takahashi, and Appl egath, 1985.

DeGraeve, GCeiger, Meyer, and Bergman, 1980.

East nond, Booth, and Lee, 198".

G ger, Brunner, and Schaffner, 195"

Her nens, Canton, Steyger, and Wegman, 198*.

Her mens, Broekhuyzen, Canton, and Wegman, 1985.

Her mens, Canton, Janssen, and De Jong, 1984.

X Lay, Schauerte, Klein, and Korte, 1984.

w LeBl anc, 1980.

m McCart hy and Whitnore, 1985.

aa McLeese, Zitko, Sergeant, Burridge, and Metcal fe, 1981
V Richter, Peterson, and Kl einer, 1983.

g Slooff, Canton, and Hernens, 1983.

y Stephanou and G ger, 1982.

; Thurston, Glfoil, Meyn, Zujdel, Aoki, and Veith, 1985.
5 Trucco, Engel hardt, and Stacey, 1983.

AU S, Departnent of the Interior, 1986.

a Veith, Call, and Brooke, 1983.

f Westl ake, Sprague, and Rowe, 1983.
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b.15
6. 13

10.
10.
13.
15.
15.
SO.

A DN oo

21
S3. a
S5..3
S6.
S7. 1
S7.,3
27. A
S7..6
27.,6
27. 8
28.0
28. 2
28.-4
30, .2
31 .8
32.0
32.1
3S. a
33..0
34..0
35. 1

4.11
4.84
5.3
6. 07
6.4
6. 81

7.72
9. 49

10.
10.
11.
11.
12.
13.
15.

aPoOoNPRPON

APPENDI X 11

COMPOUND, PAI NTS AND COATI NGS, ACI D EXTRACT

117

AMOUNT

('Sl GNAL/ NO SE)

but anoi c aci d

unknown

unknown

unknown

unknown

2- et hyl -I - hexano

2- et hyl hexanoi ¢ aci d?
benzoi c acid

1- or 2-dodecene

2-150xazol i di necarboxylic acid, ethyl ester? MN 145?
N (4- hydroxyphenyl ) acetam de (MW 151) or MN 1697?
al kane MAP

octyl phenol i soner

nonyl phenol i soner?

MV 199? or MV 177? (nonyl phenol isoner?)
MWV 220? nonyl phenol isomner?

nonyl phenol isoner

nonyl phenol i soner

nonyl phenol i soner

nonyl phenol i soner

nonyl phenol i somer?

nonyl phenol i somer

2-methyl -4-(1,1, 3, 3-tetranet hyl but yl) phenol
signal too weak

hexadecanoi c acid

simlar to RT 30.22, MW 1797

MN 264? similar to RT 30.22

unknown sinmilar to RT 30.22

MW 2427

al kane?

MV 28472

COVPOUND, PAINTS AND COATI NGS, BASE/ NEUTRAL EXTRACT

4- et hyl - 3- pent en- 2- one

N- et hyl acet ami de?

4- hydr oxy- 4- net hy1- 2- pent anone

xyl ene (early RT)

1, 1' - oxybi sbut ane

2- or 3-pentanone? and xylene (late RT)

unknown

unknown

si gnal too weak
2-et hyl -1 - hexanol

benzenenet hano
2- et hyl phenol
met hyl phenol and MW 124

2- met hoxy- N- (2- met hoxyet hyl ) acet am de ( MV 147)
MN 128? and MW 1167

I IR N N

12

o

21

30

30

13

15
12

N

12

w W

15

a o g » N a

INEEN

28

NNADN MDA

118

NN

102
13
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a & . = s < ra <o/ a == A
16.6 1,3,5,7-tetraa2atricycl oC3. 3. 1. 13, 7] decane ( MV 140) 3
Il S. 2 tri decane and unkmowvwm

19.6 (S)-3-(l-niethyl-2-pyrrolidinyl)pyridine (MNVN162) 18
20. 6 unknown at RT 24. 71, 24.69, MWV 161 155
21.2 N (4- hydroxyphenyl acetam de? or MW 169? 165
21. 3 unknmnowvwm 158 or o7 28
24. 1 unknown MW 1617? simlar to RT 20.55 12
25. 3 oct Il phenol I sonmer 48
26 . 7 unm mM o \wvw MYV 1. 6772 9
27. 1 nonyl phenol I sonear 3
27. 3 octyl or nonyl phenol i soner 16
27. 4 nonyl phenol I sSonmer 16
27. 5 nmnonyl phenol I soner 10
27. 6 nonyl or octyl phenol i soner 10
27. 7 nonyl phenol I sonear 8
27. 8 nonyl phenol I soner S
28. O nonyl phenol i soner and unknown 6
28. 2 octyl phenol isomer (4-(1,1,3,3-tetranethylbutylJphenol) 11
28. 4 =1 e h hal at e~ =
= O _ = =2 fFT F e i e == ==
=SAL. 7 si1i gmal e a lkk =
==2_. A si1 gnmnal N alkk S
= = _ | == INAA NS =2 =1 = ==
34. 0 henei cosane or | O net hyl ei cosane 4
3S5. 6 docosane™?”? NV 310272 4
= &= _ == e s ra i< raco o A 1
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APPENDI X 11

RT COVPOUND, DI ECASTI NB, ACI D EXTRACT AMOUNT

('Sl GNAL/ NOI SE)

4. 58 2-net hyl -1 -propanol or S-butanol 4
S. 10O but amolr aaxCi 9
12. 71 MW 997 a
15 a2 2-nmet hyl decanmne 5
15. 63 3- nmnet hyl decane™”>? 5
16. SE 6- decen- 5- one, MWV 154 3
A6, S50 uUurndeacans L=
16. 73 MW 1547 si gnal we ak 3
16. 99 3B, 6-di nmnet hyl decane~ 3
17. 27 decahydro- 2- net hyl napht hal ene  (2-net hyl decalin) 6
A T - P = = 1 < &= r» =

17.45 1,2,4,5- or 1,2,3,4-tetramethyl benzene or die[szbenzene 2
A - . =V NRARN\Y 1 =1 9 “-  —_
17. 78 MW 152, puI?%sne? S
18. 25 6- dodecene, 168 6
I B. 68 5- net hyl - 5- undecene™? 12
18.89 3-net hyl - 3-undecene? or 3-nethyl -4-undecene?, MN 168 10
19. 17 1-, 5-, or 4-dodecene 104
19. 29 1-dodecene or cycl odocecane, MN 168 108
19. 35 dodecane, MWV 170 8O0
19. 53 5-, 2-, or 4-dodecene 156
19. 78 2-, q- , or 1- dodecene 76
20. 69 ben=ot hi a=ol e 10
2. O2 decamnoi c aci d 102
25. 25 two conpounds: MWV 156 and MW 185 6
25.88 2,4-, 2,5-, or 2,6-bis(1,1-dinmethylethyl)phenol 23
28. 23 trinethyl napht hal ene or nethyl - et hyl napht hal ene, MV 170 22
28. 38 dodecanoi c aci d a4 4
28 92 he<adeacamnmnese a1
= 9 _ - A NNANN\Ys 21 == =
BSA1AL. O hept adecane a3
31.12 2,6, 10, 14-tetr anet hyl pent adecane 10
32. 97 oct adecane, MYV 2549 1.3
33.19 2,6,10, 14-tetranet hyl hexadecane, MN 282 24
34. 85 nmnonadecane, MWV 268 1.8
RT COVPOUND, DI ECASTI NG BASE/ NEUTRAL EXTRACT

4.10 2- or 3- or 4-nethyl-I, 3-pentadi ene
5. 68 2-net hyl - 2- but enal
6. 78 di hydro- 2, 5-furandi one?

7. 38 nor phol i ne
9. 35 MW 103

10. 18 MW 115

10. 46 2-(di et hyl am na) et hanol
10. 78 2, 4- hexadi enal or 3, 4-heptadi ene
11.19 I -( 1, 1-dinethylethyl)-3-azetidinol?

12. 68 MW 99

13.65 MN 143, spectrumsimlar to RT 11.19, N, N-dipropyl-I-prQanam ne?
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13. 86 MW 172

mA"7 2- or 5-ethyl-5- or 2-methyl pyridine

[-~.gO MN 137, E-ethyl-'”-pentenal?

16. 30 5- et hyl decane or 2, 6-di net hyl nonane

16. 33 4-net hyl - 2-t hi azQ am ne

17.15 ~-(1-but enyl ) - nmorphol i ne? or 2-nethyl - 4- (1- net hyl et hyl )t hi azol e?

17.53 |- (I -methyl et hyl ) - 3-azetidi nol ?

17. 89 MW 1175

17. 92 MW 155

18. 10 MW 1717

18. 40 MW 171, isoner of RT 18.10

18. 89 cycl ododecane

18. 99 MW 168, 1-dodecene?

19. 08 MW 170, al kane?

19.24 MWV 168, simlar spectrumto RT 18.89

19,70 4-(1, 3-butadi enyl ) nor phol i ne

20. 28 3, 4-di hydro- 3,5, 8-trinethyl-I(2H)-mapht hal enone

50. 11 MWV 147

80. 46 benzot hi azol e or 1, S-benzi sot hi azol e

23. 11 3-(3, 3-di et hyl butyl)cycl ohexanne?, MN 182

23.39 MW 1657

23.85 MW 2017?

24.91 N-nethyl - phenyl -urethane or 2-nethyl-N, N-di net hyl t hi obenzam de or
et hyl- N- net hyl - N- phenyl car bamat e?

25.52 2,6-bis(l,|dinethylethyl)phenol (2,6-di-tert-butyl phenol)

26. 23 MW 207

26. 67 MW 207

26. 95 MW 206

27.36 signal too weak

27.84 MWV 191, isoner of RT 29.317

28. 11 MW 205

29.31 MW 191, |- hydroxy-2, 2-di met hyl - 5- phenyl pyrrolidine

30. 04 unknown

32.70 4-ethyl tetradecane?

33.41 MW 215

34. 36 nonadecane

34.72 3- or 4-nethyldi benzot hi ophene

36. 10 ei cosane

36. 20 poor spectrum

36.76 MV 212, 4, 9-di met hyl napht ho[ 2, 3-b] t hi ophene

36.93 isoner of RT 36.76

37.39 isoner of RT 36.76

37.56 MW 2S0, 2-<4-norpholinyl)benzothiazole
37.93 2,3- or E, 5-dinethyl phenanthrene
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APPENDI X | V

RT COVPOUND, METAL FI NI SH NG ACI D EXTRACT AMOUNT
('Sl GNAL/ NO SE)

8.57 i hydroxy-~-fnethyl -S-pentanone 10
11. 7~ carboni ¢ _acid, di nethyl ester 13
I S. 83 1, 2-dil oxepane™? 9
a ==_. — T decanrnrns =3
13. 88 2-(S-et hoxyet hyoxy) et hanol 12
U 55 - et hyl -1 - hexanol 21
14. 72 3, 4- di hydr o-2H pyran? 20
15. 67 S %?r1eil we ak O
16. 54 2- nmnet hyl decane 52
17. O1L 3, 6-di ni et hyl decane 7
17. 76 MW 154, pentyl cycl ohexane? 11
17. 80 signal weak ) )

18. 34 2, 5-di met hyl phenol (primary internal standard) 26
a1asoo. =BS5S dodeacanmns O
20. O si ganl . weak 38
20. 75 ben=ot hi a=zol e 22
=22=2_. 00 Tt ri1 decanmnne S S
23.28 |, 3-i1 5o0benzof ur andi one, MV 148 68
249 449 tetradecane 7~ A
25. 94 4, 6- di net hyl dodecane? 32
26, 83 pent adecane 104
290, O3 he<adecane 103
30.02 2,6, 10-tri net hyl pent adecane 34
SAL. 1.2 hept adecane 1138
31. 22 2,6, 10, 14-tetr anet hyl pent adecane 64
=S OO oOoOcCct adecannes S 6
33.27 2,6, 10, 14-tetr anet hyl hexadecane 40
3a. o= Nomnadecane 7 O
=D . 6 9O el CcCoOoOoOs annse =1 =1
38.36 2,6, 10, 15-tetranet hyl hept adecane or henei cosane 25
=S| . 9O AdocCcCc os arnss a =1

47. 48 bi s(2-et hyl hexyl ) pht hal ate? 12

e

COVPQUND, METAL FI NI SHI NG, BASE/ NEUTRAL EXTRACT

4.12 2- or 4-nmethyl -1, 3-pentadi ene

7.24 3-hexen-2-one or 2,5-dihydro-2,5-dinethylfuran
8. 63 4- hydr Qxy- 4- et hyl - 2- pent anone

10. 47 |, 4-di oxan-2-ol ?

10. 63 2- but oxyet hanol

11. 61 benzaol dehyde

13. 70 2-(2-et hoxyet hoxy) et hanol

14.28 N, N-di net hyl met hanet hi aam de?, MWV 89

14. 39 2-ethyl -1 - hexanoi

14.55 3, 4-di hydr o- 2H pyran?

14.83 1,1' - Cmet hyl enebi sCoxy) | bi s- et hane? or isomer of RT 14.95
14.95 bi s(I-nethyl -2-hydroxyet hyl ) et her

19.10 1- or E-(2-butoxyethoxy)ethano
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19.
21.
26.

26.
26.

28.
28.
31.
31.
31.
31.
31.
31.
32.
32.
32.
46.

90
59
06

75
96

11

64
13
33
46
61
74
92
15

35
83
73

122

1, 2, 3-tri net hoxypropane

unknown

2- but oxypent ane?

2-[ 2- (2- met hoxyet hoxy) et hoxy] et hano

unknown
unknown

2,5-di met hyl t et radecane

nonyl phenol i soner

octyl phenol i sormer

nonyl phenol i soner

4-nonl yphenol or other isoner
nonyl phenol i somer

nonyl phenol i soner

nonyl phenol i soner

octyl phenol isoner, possibly 4-(1,1,3,3-tetranethylbutyl)phenol
nonyl phenol i somer

signal too weak

bi 5(2- et hyl hexyl ) pht hal at e
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APPENDI X V

RT COVPOUND, DRUM CLEANI NG ACI D EXTRACT AMOUNT

1 _ T OO NAANS 7 & T - —
— _ A «© — 1 (W B — W a W — —
T A =% Fre>< &= r» =1 A O
9. O5 2- nmet hyl propanoi ¢ acid 54
S, =B3= hbut armoT aci d =1
9. 40 2- net hyl - S- propanoi c acid 18
A O . == = e I a3 o T— T an I — W
11. 38 2, 6-di net hyl oct ane™”? 2
12. 28 4- net hyl nonane, MYV 142 5
1r=. 386 al kamne, NN/ 1.0 A4
12. 57 3-nmet hyl none, MWV 142 S5
13. 36 2-pentyl furan, MWV 138 a b
1. 49 decane, NN/ 1. a2 2388

14. 20 2, 6-di nmet hy|l mnonmnane 12
14. 31 hexanoi ¢ aci d??, MWV 116 1.8
14. 56 2,5, 6-tri net hyl oct ane 6
14.70 MN 140, (I-methylpropyl)- or butylcycl ohexane and MV 156 7
15. 24 5- nmnet hyl decane??, MYV 156 6
15. 3B4a4 4a4a- met hyl decanme 5

15 a6 2- mnmet hyl decanme™ 1 S
15. 65 3- met hyl decanmne i =
16. 24 6-decen-5- one, MYV 15494 6
16. 52 undecane, NMWV/ 156 58
17. 31 4- ( net hyl undecane, MWV 170 ©O
A 7. 79 si1 gnal Tt oo wnweak S
17. 95 2-ni trophenol , MYV 139 8

18. O6 net hyl undecane™?, MWV 1707 B
18. 34 2-, 3-, 0or 5-net hyl undecane, MW 170 12

18. 43 2-et hyl hexanQ c¢c acid, MV 144 24
A <SS . = =1 dAdodec aarn =3

20. 25 oct anoi c aci d, MYV 1.4 40
21 . OO0 ben=oi aci d 1A=
= 1 _ s = INANNY 1 YS &= = 1 =1

22. OO0 MoNMNanoi aacit d 233
23. 13 1, 3-1 sobenzof ur andi one 148
=2a4. O 7 dec amoi aci d 266

2494, 45 tetr adecane, MYV 198 7
26. 76 pent adecane, MYV 212 8
27 . e si1 gmal wWwe alk S
28. 42 dodecanoi ¢ aci d, MvwWw 200 138
== 9 _ O 1 NARNY 16 &= =~ =1 =
= O _ S N"RANNNYs =1 O = a o
= O _ D = NN 1 Y5 ==~ A =
31. OO0 hept adecane, MYV 2440 38

32.45 tetr adecanoi c aci d, MWV 228 84
32.97 7, 9-di (net hyl hexadecane?, MV 254 9
|4a. 83 NnNonNnadecane, MYV 2638 S
36. 18 hexadecanoi c¢c aci d, MWV 256 152
36.89 1,1 ,1"-ethylidynetri sbenzne, MV £58 6
39.41 9, 12-oct adecadi enoi ¢ acid and 9, 17-oct adecadi enal 220
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39. 76 Qct adecanoi c aci d, MV 284 115
43.53 1,2,3,4,44,9. 10, 10a oct ah- ( 1, 4 ., 10 . )1-phenantrene-

car 5?/ aci d 10
47.40 1, 2- benzendlcarboxy Cc aC|d bIS(2 et hyl hexyl) ester 10

RT COVPOUND, DRUM CLEANI NG, BASE/ NEUTRAL EXTRACT

3.84 1-but anol

4. 07 | -nmet hQxy- 2- propano

4. 93 2- et hoxyet hanol

5.58 4-net hyl - 2- pent anone

6. 36 net hyl benzene (tol uene)

7.46 ci5-1,3- or 1,4-dinethylcyclohexane or 8, 2-dinmethyl-3-hexene
MWV 112 and MV 06

9. 27 et hyl benzene

9.52 xylene (dinethyibenzene isoner)

10. 30 xylene (dinethyibenzene isoner)

10. 12 2- hept anQe

10. 86 2- but oxyet hanol

11. 45 propyl cycl ohexane

12. 24 | - chl or o- 2- net hyl benzene

12. 60 | - hept anol

13. 43 decane

13.86 2-(2-et hQxyet hoxy) et hano

14. 14 4- et hyl decane

14. 63 butyl cycl ohexane and MWV 154

14. 79 benzenenet hano

15.25 4- or 5-nmethyl decane

15.36 4- or 2-nethyl decane and MN 154

15. 56 3-net hyl decane

16. O5 unknown

16. 27 4- et hyl - 2- decBne?

16.41 3, 7-di net hyl nonane
17.18 MW 152

17. 35 MW 134
17. 40 MW 164
17. 46 unknown
18. 49 1-decano

19. 20 I -(2- met hoxyet hoxy) but ane? and MW 170

19. 38 napht hal ene

19.69 2- or 3-(1,1-di methyl ethyl)thiophene
20.15 1,2,3- or 1,3,5-trichlorobenzene

21. 82 MW 150, an al cohol ?

21.95 4-( 1, 1-dimethyl ethyl)phenol  <p-tertbutyl phenol)
22.28 MW 1307

22.38 MW 1307 isoner of 22.28?

24.73 N-(4-hydroxyphenyl)acetam de or MN 1697?
28. 12 dodecanoic acid

29.93 MW 175

31. 32 unknown

31.72 MW 175, isonmer of RT 29.93?

31.86 1, 6-dinethyl-4-(1-nethylethyl)naphthal ene
32.08 tetradecanoic acid

33.47 isonmer of RT 31.86
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35.76 hexadecanoic acid
39.07 9, 12-oct adecadi enoic acid

ans s 1,2,3,4,ita,9 10, 10a-octah- (1 ,h ,10 )-1-phenant hrenecar boxyl ic

aci d

"N6. 76 bis(2-ethylhexyl) ester of 1,2-benzenedicarbQxylic acid
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APPENDI X VI
RT COVMPOUND, TEXTI LE, ACI D EXTRACT

11. 67 2- hydroxypropanoi c acid, nethyl ester or 1, 2-propanediol?
13.91 m 89

14. 93 2-et hyl - 4- pentena

19. 61 Qctanoi c aci d?

19. 89 benzoic acid

22. 13 hexahydr o- 5H azepi n- 2- one
27. 16 pent adecane

29. 35 hexadecane

30.37 6- or 7-propyltridecane
31. "3 hept adecane

31.5-~ 2,6,10,1' ~t-tetranet hyl pent adecane
32. 68 tetradecanoi c acid

33. 38 oct adecane

33.58 signal too weak

35. 25 nonadecane

36. 53 hexadecanoi c aci d

39. 71 cycl opent aneundecanoi ¢ aci d?
39. 98 oct adecanoi c aci d

RT COVMPOUND, TEXTILE, BASE/ NEUTRAL EXTRACT

7.17 net hyl guani di ne or N, N-di net hyl f or mam de

10. 9-~ 2- but oxyet hanol

14,80 2-ethyl-1-hexanol

19. 78 napht hal ene

22.11 hexahydr o- 2H azepi ne- 2- one

25. 27 N-(4-hydroxyphenyl ) acet am de

25.63 1, 3di hydro-U3, 3-tri net hyl - 2H i ndol - 2-one or 1, 3, 3-
tri met hoxyi ndol e or 3-met hoxy- 2, 3-di et hyl - 3Hi ndol e

26. 55 1-dodecanol

26. 99 pent adecane

27.16 N, N-di net hyl -| - dodecanani ne, MN 213
28. 49 dodecanoi c aci d?

29. 18 hexadecane

30.20 2,6,10-tri et hyltetradecane?, MWV 240
30. 66 signal too weak

30. 89 | - oct adecanol

31. 26 hept adecane, MW 240

31.37 2,6, 10, 14-tetranet hyl pent adecane

31.54 signal too weak
31.79

32. 10

32.63 tetradecanoic acid

33. 21 oct adecane

33.4E 2,6, 10, 14-tetraai et hyl hexadecane
35. 08 nonadecane

36. 37 hexadecanoi c aci d

36. 85 signal too weak

39. 61

40. 74
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APPENDI X VI |
ORGANI C CHEM CAL NMANUFACTURI NG, ACI D EXTRACT

67 | -chloro-2-, 3-, or "~-nethyl benzene (chlorotol uene)

- 90 2-et hyl -~- pent ena

82 1- or 2- or "ethyl-1,2-, 1,3- 1,7, or 2,”-dinmethyl benzene or
| -nmethyl-2-, 3-, or "-(1-nmethylethyl)benzene

76 MN 134 or 1,2,''t,5-tetranet hyl benzene or |-ethyl-3,5-dimethy 1-
benzene and MW 116

91 1,2,4,5- or 1,2, 3,5-tetramethyl benzene or |-niethyl-4-(1-methyl -
et hyl) benzene or 1-ethyl-3, 5-dinethyl benzene or 2-ethyl-I, 4-
di et hyl benzene

.89 2,3-di hydro-4-nethyl-I1Hindene or (2-nethyl-2- or |-propenyl)-

benzene and isoners as in RT 17.91

.73 benzoic acid and 1, 2,4-trichl oroben2ene

.01 napht hal ene

.78 1,2,3- or 1,3,5-trichl orobenzene

.98 1- or 2-nethyl napht hal ene

.46 1- or 2-nethyl napht hal ene

.13 1, 3-i 5o0benzof ur andi one

.84 3-nmethyltridecane

.05 1, 1' - bi phenyl

.44 1- or 2-ethyl napht hal ene

.72 1, 7-, 2,7-, 1,5-, 2,6-, 1,8-, 1,3- 2,3- 1,6-dimethynapht hal ene
.10 1,8, 1,3-, 1,4-, 1,7, 2,3-, 12,-, 1,5-, 2,7-, or 2,6-dinmethyl-

napht hal ene

. 20 di net hyl napht hal ene i somer

.59 di net hyl napht hal ene i soner

.71 di met hyl napht hal ene i soner

.15 2,6,11-tri nmet hyl dodecane

.03 MW 189?, 2-i5opropylidenedi hydrobenzofuran-3-one or 4-nmethyl-5-

pheny1-4-im dazol i none

.34 hexadecane
.74 MW 203
.14 benzoic acid, phenyl ester?, MNVN 198

.38 octadecane

.57 signal too weak

. 24 nonadecane

.46 hexadecanoi c aci d

.34 2-acetyl -2, 8-di hydro- 7- met hyl - 8nmet hyl enepyrazol oC5, 1 -¢c]d, 2, 4]

triazi ne?

.89 poor spectrum
. 20

. 99

ORGANI C CHEM CAL MANUFACTURI NG, BASE/ NEUTRAL EXTRACT

87 cycl oyexane
00 pyridi ne

43 t ol uene

75 t et rachl or oet hene
51 MW HE or 8472

95 MW 7572
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9. 44 et hyl benzene

9.71 xyl ene

10. 51 xyl ene

10. 76 3-net hyl - 2-cycl ohexen-1| - one?

11. 28 2- but oxyet hanol

11. 63 N butylidene-I-butananm ne (MN 127)

12.51 | -chloro-2-, 3-, ro 4-nethyl benzene

13. 41 unknown

13.61 2,2,5,5-tetranet hyl - 3- hexene?

14.48 | -chloro-2-, 3-, or 4-nethyl benzene or (choronethyl)benzene

15. 09 2-ethyl -1 -hexanol

15. 32 benzenenet hanol

15.60 | -nethy-2- or 4-propyl benzene or (1-nethyl propyl)benzene

15.80 I -ethyl-2,3-, 2,4-, or 3,5-dinethyl benzene or |-nmethyl-3- or 4-
(1- et hyl et hyl Jbenzene or 4-ethyl -1, S-di nmet hyl benzene

16. 39 isonmer as in RT 15.80 or 3-ethenyl-I|,2-dinethyl-1,4-cycl ohexadi ene

16. 45 isoners as in Rt 15. 80

16. 63

17.57 1,2,3,5- or 1,2,4,5-tetranethyl benzene or isonmers as in RT 15.80

17.70 1,2,3,5- or 1,2,4,5-tetranet hyl ben2ene? or isoners as in RT 16. 39

17. 95 phosphoric triethyl ester, MV 182

18. 67 | -ethenyl -3-ethyl or |-ethenyl-4-ethyl benznene or (l-nmethyl-I-
propenyl ) benzene or 2, 3-di hydro-2-net hyl - aHi ndene

19.52 1, 2,4-trichl orobenzene

19. 80 napht hal ene

20. 54 trchl orobenzene

22.76 2- or 1-nethynaphthal ene

23.07 MW 160? and MW 127, hexahydr a- 4- net hyl - 2H azepi n- 2- one?

23.22 2- or 1-nethyl napht hal ene

24.83 |,1"'-bi phenyl, MN 154

25.22 1- or 2-ethyl napht hal ene

25.49 1,7-, 1,5-, 2,6-, or 1, 6-dinethyl napht hal ene

25.80 N-(2-(I-nethyl ethenyl)phenyl)acet ani de?

25.98 | -benzyl -2- or 3-nethyl azetidi ne

26.41 1, 2-benzenedi carboxylic acid, dinmethyl ester

26. 49 | - dodecanol

26.79 1,2-,1,4-, or 1,8-dinethyl naphthal ene

26. 95 pent adecane

27.28 3- or 4-nmethyl-I1,1" -biphenyl or 1,1 -nethyl enebi sbenzene?

27.45 MW 2077

27.78 MN 189 or 2-i5opropylidenedi hydr obenzof urna- 3-one or 4-nethyl -
5- phenyl - 4-i m dazol i n- 2- one

28.09 d,I|"'-biphenyl]-2-0

28.42 1,4,6-, 1,4,5-, or 2,3,6-trinethyl napht hal ene

29. 14 fi exadecane

30. 08 unknown

30. 18 N butyl benzani de

30. 87 1-tetradecanol

31. S7 MW 203

31. 88 bezoic acid, 2-nethyl-propyl ester ?, MNVN178

32. 54 tetradecanoic acid

36. 3E hexadecanoi c aci d
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37.38 E-acetyl -2, 8-di hydro-7-net hyl - 8- met hyl enepyrazol eC5,1-c][I,2,"]-
triazi ne? MW 190

40.29 MN 2047?, simlar spectrumto RT 37.38
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APPENDI X VI 11

RT COVPOUND, DAOVESTI C WASTEWATER, ACI D EXTRACT AMOUNT

> _ | == =1 F— W el — 1 ol | — = i A = = _ —
9.6"' + signal too weak

A = _ - F—> F 2= r a <> 1 p—
1. O S Yt hyy! pPphemol =
16. 6 net hyl - E- Epr openyl di sul fi de? MW 1207 2
16.9 i,2,n-trithiol ane 3.3
18.2 2,5-cl i methyl pheno 1 (primary internal standard) £
a = _ = EFDe=r»= <> 1i — = i [ e | ==
El . E benzeneaceti c aci d 12
30.9 1,2, 3,5, 6- pent at hi epane MWV 188 3
===_. = T et m adecannoili o aci1 d =
3*". 6 1- hexadecene 19
=6 . hescadecarnnoil &=z i1l d ([S¥ =1
37.2 signal too weak

=|s. = = — oOorr 5  oct adecens ==
39. 2 9O9- oct adecenoi c aci d MYV 282 1=
=S| .. S OcCct adecarnoi o =i d 5=
N"N7.4 1, 2- benzenedi carboxylic acid, bi5(2-ethyl hexyl) 4

est er

COVPOUND, DOMESTI C WASTEWATER, BASE/ NEUTRAL EXTRACT

*N. 09 4-nrethyl -1 , 3-pentadi ene or cycl ohexene?
5.71 di nmet hyl di sul fi de
7.76 1, 2- et hanedi t hi ol

9. 2 unknown

10. 2 unknown, MW 115

10. 6 2- but oxyet hanol

11. O sul fonyl bi smet hane

11. 6 2-cycl ohexen-1-one

12. 0 MW 109? 2 chl orine present

13. 0 phenol
13. 7 2-(E-ethoxyet haxy) ehanol

1"~. ! isoci neole MW 15*”" and
di chl or obenzene MWV 176
1A-.4 N, N-di net hyl met hanet hi oani de

17,5 linonene (p-nentha-1, 8-di ene)
1~.7 MW 1570? and benzenenet hanol

15.9 i ~-net hyl phenol
16.8 1, 2,4-trithiol ane
17. 2 benzeneet hanol
17. 7 m nent ha- 1, 8-di ene
18.0 1-nmet hyl -4- (1-net hyl et henyl ) cycl ohexanol
18.6 |,7,7-trinmethyl -exo_bicycl oC2. 2. 1] hept an-2-0l (i soborneol)
18. 8 5-net hyl -2- (I - met hyl et hyl ) cycl ohexanol (nenthol)
19 1-4-terpineol or p-nenth-I-en-'"-ol
19.1 1- or E-(E-butoxyethoxy)ethanol

19. "~ o-terpineol
19.5 (-)-ci5-caran-tran5- 3-ol
22.2 I Hindol e
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23
26

26.
27.
28.
28.
30.
30,

31.

32

32.
33.
33.
33.
3N,
37
35.
37.
38.

.6
.0
5
6
0]
9
3
6
2

. 0
8
2
3
6
2
k
-
8
1

3-(1-nethyl -S-pyrrolidinyl)pyridine (nicotine)
1- dodecanol ?

2,3-d i hydro-'~-nethyl-1Hindole
[1,1"-Dbiphenyl]-2-ol

I, E ", 6-tetrathi epane

1, 2-benzenedi car boxylic acid, diethyl ester

si gnal too weak

unknown, MW 188

signal too weak

t etr adecanoi c aci d

signal too weak

siganl too weak

signal too weak

| - <1-cycl ohexen-1-yl)-~-net hoxybenzene?
cycl ohexadecane

caf f ei ne

hexadecanoi ¢ aci d
hydr ocarbon or |ong chain al cohol ?
N, N- di net hyl - | - oct adecanam ne
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