ABSTRACT

TORY L. CHAMPLIN. Use of the Cl18 (Cctadecyl) Solid Phase
Extraction Coltim for \Wastewater TOXICIty I'dentification and

Characterization (Under the direction of 'DR. FRANCI S A
DI G ANO) .

Bi ononi toring requirements are continually being added
to NPDES permts. As a result, many nunicipal wastewater
treatment facilities have been identified as having effluent
acute toxicity. To solve this problem the Environnental
Protection Agency (EPA) has devel oped a Toxicity
| dentification Evaluation (TIE) protocol. This protoco
lists a set of sinple procedures which are used to separate
whol e effluent sanples into different fractions containing
different classes of simlar conpounds. Toxic fractions are
further separated and concentrated using various techniques
to assist in the possible identification of certain classes
of suspected toxic compounds. Once sanple fractionation and
toxicity testing have been thoroughly investigated,
chem cal -specific anal yses are conducted to tentatively
identify toxic constituents.

The C18 (Cctadecyl) Solid Phase Extraction (SPE) Col um
s used inthe TIE protocol to separate and concentrate
noderately polar to nonpol ar organic conpounds fromtoxic
effluent sanples. An increasing gradient of methanol (MOH)
inwater is used to elute the colum; the objective is to
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separate retained conmpounds into eight different fractions
based on their polarity. The objective of conducting this

research is to deternmine if the C18 SPE Col um el ution

procedure is a viable technique for the identification and
characterization of toxic effluents.
This study showed that the C18 colum was able to

renove conpounds causing acute toxicity from sanples

collected at the Cross Creek Wastewater Treatnent Pl ant

(WAMP) in Fayetteville, NC. The 80 to 85 percent MeCH H20
fractions contained the nost toxicity. However, |aboratory

tests of the procedure using known target conpounds
indicated that several different MeOH H20 fractions
cont ai ned each individual conmpound thus show ng deficiencies
in resolution. Moreover, the target conpounds that were
selected differed wdely in polarity (as indicated by the
conpounds octanol /water partitioning coefficient), yet this
did not cause a w de separation of these conpounds into
specific MOH H O fractions. This research showed the CI18
SPE colum is capable of retaining relatively non-polar
conpounds as indicated by the target conpound eval uation.
These conpounds were effectively eluted fromthe C'S SPE
colum with MeOH H20, but separation was not well defined.
In the situation of toxic wastewaters, where nunmerous non-
pol ar organi ¢ conpounds may possibly be present in WMP' s
di scharge, the C18 SPE colum provides little information
regarding the identity of the non-polar organics causing
toxicity in a toxic MOH H0 fraction.
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. I NTRODUCTI ON

A. Backgr ound

The Water Quality Act of 1987 established water
quality-based permt |imtations on all toxic pollutants.
The intent of this lawis to go beyond technol ogy-based
approaches that sinply require installation of wastewater
treatnment facilities in order to protect water quality.
| nstead, the water quality based approach uses the
conbi nati on of both whole effluent toxicity testing and
chem cal -specific analyses for controlling toxic pollutants.
As a result, states are adding biononitoring to their permt
regul ations. Toxicological data gathered in the early to
m d 1980s indicated that approximately 79% of the runi ci pal
wastewater treatnent facilities in the United States had
effluents that were acutely lethal to aquatic life (1).

To assist permttees violating NPDES bi ononitoring

toxicity requirenents, EPA has devel oped Methods for Aquatic

Toxicity lIdentification Evaluation (TIE) protocol. This
protocol lists a network of procedures which integrate
analytical chemstry with acute toxicity testing. It

supersedes an earlier EPA approach to toxicity elimnation
whi ch focused only on identification of the 126 Priority
Pol lutants. The TIE protocol, on the other hand, makes no

attenpt initially to use a chem cal specific approach to


NEATPAGEINFO:id=2067E88A-6135-4C36-8D53-ED36F9EB4725


toxicity identification. Effluent sanples are separated

into different fractions (based on general chem cal
properties), each containing different classes of simlar
conpounds.

Many sources contribute toxicity to publicly owned
treatnent works (POTW), including industrial, commerci al
and donestic wastes. The toxic constituents are broadly
categorized into five groups by the TIE protocol based on
chem cal characteri stics. These i nclude oxi dants, netals,
vol atiles, solids and organi c conpounds. The Cl18 SPE (Solid
Phase Extraction) Columm is used to extract and concentrate
noderately polar to non-polar organi c conpounds from
wast ewat er sanples. A reduction in acute toxicity measured
before and after sanpl e passage indi cates non-pol ar organics
as a possible source of toxicity. Once this determ nation
has been made, the C18 columm can be used to el ute and
concentrate the retained organi c conpounds for further

refined testing.

B. Research and Objectives

The main focus of this research is to investigate the
use of the C18 COctadecyl Solid Phase Extraction Colum in
Phase Il Toxicity ldentification Procedures of the TIE
protocol. The objectives of conducting this research are:

1. to showthe differences in sensitivity between the

Ceri odaphnia and M crotox as aquatic toxicity
i ndi cators,
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to evaluate the C18 SPE Col umm el uti on procedure by
usi ng sel ected target conpounds of known toxicity and
polarity and exanm ne a possible correl ati on bet ween

t he nmet hanol /water fraction that el utes

toxicity and the | og octanol/water partitioning
coefficient of these target compounds

to test the 018 SPE Col um procedure with actual

effluent sanples collected from POTWs in Hi ghpoint
and Fayetteville, North Carolina.
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1. LI TERATURE REVI EW

A. Cl18 SPE Col umm

Solid Phase Extraction (SPE) was introduced in the md
1970"s as a organics analysis preparation technique (2).
Prior to this time, the traditional liquid-liquid extraction
conducted in separatory funnel's was the popul ar approach.
The objective of either technique is to prepare a sanple for
instrumental anal yses. Sanple cleanup and concentration are
i nportant for gas chromatography (GC) and high pressured
liquid chromatography (HPLC). The removal of inpurities
froma sanple matrix is required when they interfere with
anal yte nmeasurements or possibly shorten the life of GC or
LC capillary colums. Sample concentration is essential
when the measured anal ytes are too dilute for direct
nmeasur enent .

In terms of the TIE the SPE process was adapted to
extract suspected non-polar organics fromwastewater
sanpl es. Toxic organic constituents found | eaving
wastewater treatment facilities are typically at
concentrations too lowto be effectively identified by
current analytical techniques. Using SPE allows for the
separation as wel | as the concentration of these conpounds
so that further toxicity testing and chemcal analyses may
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be conduct ed.

The concept of the SPE test recommended by EPA in its
TIE protocol is simlar to |ow pressure liquid
chromat ography. A small, disposable SPE colum can contain
a variety of possible sorbents. Figure 2.1a shows the
schematic diagramof a typical colum (3). The
pol ypropyl ene reservoir can vary in size ranging froml to 6
m in capacity. The colums are prepacked by the
manuf acturer (J.T. Baker) wth 100, 200, 500 or 1000 ng of
sorbent sandw ched between two, 20-mcron polyethyl ene
frits.

Figure 2.1b illustrates the process of solid phase
extraction (3). The first step is to condition the colum
with an appropriate solvent (e.g., nethanol, hexane or
chlorofoirm . This activates the functional groups of the
sorbent. In addition, a small volume of sample is applied
and wasted to renove any portion of remaining solvent. The
sanple is forced through the colum either by aspiration or
positive pressure. Sanple application is followed by col um
washing. Inpurities or possible interferences retained by
the colum can be selectively removed by an appropriate
solvent leaving the analytes remaining. The last step in
the process is to elute the purified analytes fromthe
colum. This can be acconplished by the selection of a
sol vent strong enough to displace the analytes fromthe

sor bent .

Two of the major SPE categories are normal and reversed
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SOLI D PHASE EXTRACTI ON
DI SPOSABLE COLUWN

aSAMPLE RESERVA R

( POLYPROPYLENE)
-FRI TTED DI SC

(20pm POLYETHYENE)
- SORBENT | ED
(40pnn60Aor 275A)
Figure 2.1a FRI TTED DI SC
LUER TI P

SOLlI D PHASE EXTRACTI ON STEPS

N ]_ t/

CONDI TI ONI NG SANMPLE WASHI NG ELUTI ON
APPLI CATI ON

Figure 2.1b

Figure 2.1 The C18 Solid Phase Extraction Colum (a) A

Schematic Diagramlllustrating the SP
Di sposable Colum and (b)  Solid Phase

Extracti on Process.
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phase chromat ography. Normal phase chromat ography (NPC)
refers to a systemwhere the sorbent is nore polar than the

mobi | e phase or sanple sol ution whereas reversed phase
chromat ography (RPC) refers to the opposite. Silica,
ki esel guhr, alum na and Florisil (activated magnesi um
silicate) are commonl y-used, normal phase adsorbents in the
separation of polar conmpounds fromrelatively nonpol ar
solvents (4). Reversed phase chromatography cane about from
the synthesis of bonded sorbents in the late 1960's. The
free silanol groups of silica were treated with mono-, di-,
tri-halo or alkoxy silyl derivatives to formsiloxanes. The
original intent of bonded silica was to create a non-pol ar
adsor bent; however pol ar bonded phases were al so devel oped.
The eluotropic strength of a solvent used in SPE
procedures is represented by E°. The eluotropic series
shown in Table 2.1 is an arrangenment of a group of solvents
in order of decreasing strength for elution of analytes from
pure silica and was determ ned experinentally. O her
el uotropi c series have been devel oped and are available in
the literature for other sorbents.
Table 2.1 lists sonme comonly used chronat ographic
sol vents according to their E° and p' (polarity index) for
silica. Both of these indices are inportant to consider
when designing an extraction process (2). The polarity
I ndex ranks chromat ographi ¢ sol vents according to their
solvating ability for a variety of test solutes. This index

was devel oped to assist analysts using liquid-liquid
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S - 0\N_ >0 SI(0M)3
S - 0-M MG2>1M3

Figure 2.2 Chemcal Structure of COctadecyl Sorbent
with Trinmethyl chl orosil ane Endcappi ng.

Table 2.1
Sol vent Eluotropic Strength and Polarity (2)

Sol vent E=E<* '® 2R lhes
Acetic Acid, d acial >0. 73 6.2
Wat er >0. 73 10. 2
Met hanol 0.73 6. 6
Z- Pr opanol 0. 63 4.3
Pyri di ne 0. 55 5.3
| sobutyl Al cohol 0. 54 3.0
Acetonitrile 0. 50 6.2
Et hyl Acetate 0. 45 4.3
Acet one 0. 43 5.4
Met hyl Et hyl Ketone 0. 39 4.5
Tet r ahydr of ur an 0. 35 4.2
Met hyl ene Chl ori de 0. 32 3.4
Chl or of or m 0. 31 4. 4
Tert-Butyl Methyl Ether 0. 29
Et her, Anhydrous 0. 29 2.9
Benzene 0. 27 3.0
Tol uene 0. 22 2.4
Car bon Tetrachl ori de 0. 14 1.6
Cycl ohexane 0. 03 0.0
Pent ane 0. 00 0.0
n- Hexane 0. 00 0. 06
n- Hept ane 0. 0O 0.2
Hexanes 0. 00 0. 06

* E° = eluotropic strength, eluting solvent strength on
silica.
** P = polarity index, neasure of solvent's ability to

interact as a proton donor, proton acceptor or
di pol e.
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extraction (conducted typically in separatory funnels).
The el uotropic series was developed to aid in Iiquid-

solid chromatography (SPE). For the series listed in Table
2.1, the sorbent is pure silica and the chromatographic
phase is normal (NPC). As can be seen, the eluotropic
strength and the polarity index do not always correspond.
This is why it is inportant to include both indices when
designing an extraction process. For exanple, isobutyl
al cohol (E° = 0.54) has a higher eluotropic strength than
acetonitrile (E° = 0.50), indicating a higher degree of
solvating strength on pure silica. However, the
corresponding polarity index shows isobutyl alcohol (p'=
3.00) having a | ower degree of polarity than acetonitrile
(p'=6.20). In the case of NPC/SPE, acetonitrile would be
considered to have a higher degree of solvating strength for
elution of analytes frompure silica even though isobutyl
al cohol has a higher polarity.

The C18 SPE Col um used in the TIE protocol is conposed
of a porous silica sorbent which has been treated with a
single layer of octadecyl groups (5). This non-polar,
bonded- phase attracts non-polar conpounds and netal chelates
(which are soluble in hexane and chloroform strongly from
an aqueous sanple. The stationary phase (sorbent) is |ess
pol ar than the nobile phase (sanple); this is RPC

Figure 2.2 shows the structure of the octadecyl sorbent
with the addition of the trinmethylchlorosilane endcapping.
Cctadecyl substituted siloxanes are capable of extracting
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nonpol ar to slightly polar analytes from sol vents having E°

(eluotropic strength of adsorption on pure silica) val ues

greater than approximately 0.6 (Table 2.1). The anal ytes

are eluted fromthe colum with solvents having | ower E°
val ues (2).

The columm el ution procedure as outlined in Phase 1|1
Toxicity lIdentification Procedures of the TIE protocol
desi gnates nethanol (E° = 0.73) as the eluting solvent (5).
However, methanol (MeOH) is one of the weaker solvents to
use in reversed phase chronat ography (RPC) where wastewater
(E° > 0.73) is the nobile phase and the sorbant (Iess polar)
is the stationary phase. The objective would be to choose
an eluting solvent that has an E° much | ess than that of
wast ewater. Therefore, a far better solvent than MeOH woul d
be hexane (E° = 0.0); this would also facilitate GO M5
anal yses. Unfortunately, hexane is not mscible in water
nor is it nontoxic to the test organisns. Mscibility and a
non-toxi c response are essential to verification of toxicity
in the colum elution procedure. MOH (E° = 0.73), on the
ot her hand, neets these two inportant criteria. However,
MeOH is not a very good solvent to use to GC/ M5 anal ysi s,
because it wll shorten the life of capillary colums (5).
Neverthel ess MeOH is used because of its lowtoxicity and
ability to elute conmpounds froma C18 col um.

The internol ecul ar interactions between the anal yte
nmol ecul es and the octadecyl functional groups on the sorbent

create the separation nechani sns which allow for the
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extraction process to work. The internol ecular forces which

play a key role in the separation process are: ionic

i nteractions, hydrogen bondi ng, dipole-dipole, dipole-

i nduced di pol e and di spersion forces (induced di pol e-induced

dipole) (2). Figure 2.3 illustrates the diester dibutyl

phthalate as it is partitioned onto the Cl8 bonded phase.
The octadecyl bonded phase is considered the nost

versatile in terns of retaining a wi de range of different

conpounds as conpared with the other RPC sorbents that are

avai l able. Various applications are listed in Table 2.2.

It is also considered to have the hi ghest degree of

retention for non-polar analytes. Under certain

circunstances the interactions between sone anal ytes and the

sorbent nmay be too significant to be disrupted by the

eluting solvent. A |ess polar solvent or a change in the

bonded phase to a shorter al kyl chain (octyl, butyl or

met hyl) could solve this problem However, changing the

sol vent or sorbent nust not cause toxicity or other

interferences.

B. Cl18 SPE Col um Procedure (TIE Protocol)

A detail ed description of the C18 SPE Col um procedure
is given in the EPA Gui dance Docunents descri bi ng Phase |
(6) and Phase Il (5). Figure 2.4 is an overview of the
Phase | Toxicity Characterization Procedures (6). The
reference to Day 1 and Day 2 identifies the tine at which

toxicity testing is conducted on the specified aliquots.
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s 0 -Si(CH3)3

Si

S (CH2)ATCHB. . .. .. H3C(CH2)3 - O -

Figure 2.3 Chem cal Structure of Reversed Phase
Partitioning Using Solid Phase Extraction.
(Sorbent: COctadecyl, Analyte: Dibutyl Phthalate)

Table 2.2
Applications for Reversed Phase Extraction Colums (2)

Sor bent Appl i cation

Cctadecyl (C'g) Abused Drugs, Acetam nophen, Am nes,
Anal gesi cs, Ant hraqui nones, Antiarrthmcs,
Anti convul sants, Antiepileptics,
Antibiotics, Aromatics, Barbiturates,
Benzodi azepi nes, Caffeine, Cannabis,
Car bohydrat e Carboxylic Acid, Carotenoids,
Chol esterol Esters, Dye I|nternediates,
Essential G ls, Ethchlorvynol
Et hosuxi m de, Fatty Acids, Food
Preservatives, Fungicides, Hydrocarbons,
Hypnotics, Lidocaine, Lipids, G| Soluble
Vi tam nes, Phenols, Phthal ate Esters,
Priority Pollutants, (Pesticides, PNA's,
RAH, PCB' s), Sedatives, Steroids,
Sul fonam des, Surfactants, Tetracyclines,
Theophyl I'ine, Tricyclic Antidepressants,
Triglycerides, Val proic Acid.

Cetyl (Cg) Priority Pollutants (Pesticides, PNA' s,
PAH s, PCB' s) and ot her conpounds adsorbed
too tightly to Cctadecyl (C18).

Phenyl (CgHg) Ofers less retention of hydrophobic
compounds.
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Toxic Effluent Saiifsle

Basel i ne ! Oxi dant

Toxicity Initial EDI A Reducti on
Test Chel ati on Test
(Day 2) Test (Day 2)

(Day 1) (Day 2)

C'\g Solid Phase

Aer ati on Ei ctracti on Test
Test (Day 2) (Day 2)

Aci d PH Base Aci d PH Base
Filtration pH Adj ust snent G aduat ed pH Test
Test (Day 2) Test (Day 2) (Day 2)

\
i i fTTi
Aci d PHI Base Aci d

Figure 2.4 oyerview of Phase | Effluent Characterization
Igsttfsle(SGQW&Ne%te. pH(I) stands for the initial pH
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Day 1 is considered the day when the effluent sanple arrives
in the |laboratory. On this day the nanipul ative procedures
are conducted and the different aliquots are generated. Day
2is theinitiation of toxicity testing on the fractions
generated fromthe previous day. Initial and baseline
toxicity tests are conducted to identify and to insure the
continual presence of toxicity. The baseline test is
considered the normfor the toxicity neasurenents taken of
the aliquots.

As shown in Figure 2.4, the bioassays for the C18 Solid
Phase Extraction Test are conducted on Day 2. Three
different aliquots are passed through three conditioned
colums. Two of the aliquots are adjusted to pH 3 (to
renove uncharged organic acids) and 9 (to renove uncharged
organi ¢ bases); the uncharged form of organic acids and
bases is |l ess polar and thus able to be retained by the C18
colum. The pH of all of the aliquots generated by Phase |
testing are readjusted back to the initial pH (pH) of the
sanpl e before toxicity tests are conducted. Bioassays are
performed on aliquots taken before and after the colum. |[f
a noticeable reduction in toxicity is indicated by the test,
t hen Phase |l efforts will focus on the C18 colum el ution
procedure. However, if the test indicates no reduction in
toxicity, no elution is needed.

The identification of the nonpolar organic toxicants is
acconplished in Phase Il Toxicity ldentification Procedures

of the TIE protocol. Figure 2.5 shows the general process
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used to identify the toxic analytes. In this phase, the CI18
colum is used to extract, concentrate and elute the toxic

analytes fromthe effluent sanple. A large portion of
sample (about 1 liter) is passed through the colum. The
sanpl e pH may be adjusted depending on the results from
Phase I. (Qoviously, the pH that caused the |argest decrease
intoxicity would be used in this procedure. As with Phase
| C18 colum tests, the toxicity of the aliquots before and
after passage through the colum verify the retention of
t oxi ¢ conmpounds and insure the capacity of the colum to
renove toxicants has not been reached.

A colum that contains toxicity causing conmpounds is
el uted sequentially with small volunmes of 25, 50, 75, 80,
85, 90, 95 and 100 percent MeOH H20 m xtures. The
I ncreasing solvent gradient is used to separate and renove
the retained analytes in terms of their decreasing polarity
and solubility. These MeOH H20 fractions are then tested
for toxicity. Those which show significant toxicity are
conmbi ned together, diluted one to ten with high purity water
and passed through a smaller Cl8 colum. Another elution is
perforned, in this instance using a small volume of 100
percent MeOH  The purpose of this step is to concentrate
the anal ytes even further and elimnate water fromthe
mxture. The eluted fraction is tested for toxicity to
Insure that the toxic analytes are still present. It also
allows for recovery estimations to be determ ned of the

toxi c anal ytes by comparing toxicity values of the el uent
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and the whole effluent sanple. A recovery of 100%is not
crucial at this point, but significant toxicity should be
present for the analysis to continue.

The concentrated eluent is injected into a reversed
phase, HPLC colum. In the initial stages of testing, the
C18 packing used in the SPE colum is also used in the HPLC
colum; these differ only in particle size with that used in
HPLC bei ng nuch snaller. As nore is known about the toxic
anal ytes, other HPLC packed colums may be utilized to
achi eve better resol ution

As with the SPE colum, the HPLC colum is eluted with
a concentration gradient of MeOH and water. The el ution
gradi ent begins at 30 percent MeOH H20 and continues to 100
percent MeOH  Twenty-five fractions are collected and
tested for toxicity. The toxic fractions are concentrated
again through a small C18 SPE colum. This step, as before,
concentrates the analytes and elim nates the presence of
water. Judgnent is required to determine if the toxic
fractions shoul d be concentrated separately or conbined.
This is crucial when considering the cost of GO M5 anal yses.
For exanmple, if three successive fractions are determned to
be toxic, the probability that the same toxicant is present
inall three is fairly reasonable (5). These three
fractions could be conbined reducing the work |load. The
concentrated fractions are tested for toxicity. This

verifies the presence of toxicity and allows for recovery

estimati ons to be made.
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The final step in the identification of the toxic
conpounds is GC/Ms anal yses. The concentrated fractions
generated fromthe HPLC stage of the procedure are injected
onto a capillary colum. MOH as nentioned before, is not
a typical solvent used for GC analysis. However, MeQOH is

required for toxicity verification. The life of a capillary

colum will be shortened by the injection of MeOH, and
routi ne GC/ M5 QA/ QC procedures are necessary to nonitor
colum perfornance. Once the nmass spectral data have been
generated, peak detection and integrated algorithns can be
used to reduce the data (5). A library search is conducted
to identify all detectable peaks. A list of identified
conpounds i s assenbl ed and confirnmed using various

techni ques outlined in Phase Il and Phase 111 of the TIE
protocol. |If the spectral analysis is cluttered by the
presence of nunerous conpounds, then the HPLC fractionation

techni que may be nodified to attain higher resol ution.

C. Toxicity ldentification Evaluation Studies Using the SPE
Pr ocedur e
As of this witing, no TIE result oriented studi es have
been published in the Journal of the Water Pollution Contro
Federati on (JWPCF) or in Environnental Toxicol ogy and
Chem stry (SETAC). Many papers have been presented on the
TIE topic at annual professional neetings (WPCF and SETAC),
but as of yet non of these have been published in their

respective journals. The only source of information found
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I's published by EPA (7, 8, 9). However, nmany of these
docunents are still in draft formand are not for public

rel ease. Additionally, EPA has not published any data to
show t he devel opnent of the C18 SPE Col umm procedure. This
| ack of supportive information has made it difficult to
understand EPA's rationale for the procedures devel oped.

The EPA sponsored studies using the C18 col um
procedure were conducted at the Largo WMP in Largo, Florida
(7), the Akron POTWin Akron, Chio (8) and the Patapsco WMP
in Baltinmore, Maryland (9). Al three indicated a
significant reduction in toxicity when the effluent sanples
were passed through a C'S SPE colum. Non-pol ar organic

conmpounds woul d therefore appear to have been the ngjor
toxic constituents in the effluent streans of all three

treatnent facilities.

The limted results received fromthe study conducted
at the Largo WMP (7) are summarized in Table 2. 3.
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Table 2.3

Solid Phase Extraction Toxicity Test Results,
Largo WMP, Largo, Florida (1985)

Percent MeOH H O
Dat e/ Type 25 50 75 80 85 90 95 100

Oct . 24, 1985/ C - - . _ T
Cct. 24, 1985/ C - - *
Dec.| 6, 1985/ C t * T T

-

denotes toxic peak

denot es not tested

conposite sanple _
toxicity found in that fraction

—HO ' o*

Sanpl es coll ected on October 24 were used to establish if
the CL18 col unm was capabl e of extracting and eluting toxic
anal ytes fromthe effluent stream A toxicity peak was
found at 80 percent MeOH H20 (see second entry in Table
2.3). The third sanple, collected approximately on Decenber
16, 1985, showed that the toxicity peak had shifted to the
85 percent MeCH fraction. The 85 and 90 percent MCHH O
fractions of this sanple were then taken to dryness and
reconstituted with dilution water to check for toxicity;
both showed conmplete nortality of Ceriodaphnia within 24 hr.
The results fromthe Largo WMP suggested that the
toxicants, in addition to being relatively non-polar, are
also relatively non-volatile (7). The shift in toxicity
peak suggested by the data in Table 2.3 may indicate
variability in the sources of toxicity. However, these data

are too limted to nake firm concl usi ons.

Table 2.4 is a summary of the colum elution results
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obtained fromtesting the effluent fromthe Akron POTWin
Akron, Chio (8).

Tabl e 2.4

Solid Phase Extraction Toxicity Test Results,
Akron POTW Akron, Chio (1986

Percent MeOH HoO
Dat e/ Type 25 50 75 80 85 90 95 100

Jan 13,1986/ C I
Jan 14,1986/ C
Jan 15, 1986/ C
Feb 8, 1986/ C
Feb 9, 1986/ C
Mar 28, 1986/ C
Mar 29, 1986/ C
Mar 30, 1986/ C
Apr 22,1986/1G
/2G
/ 3G
/ 4G
Jul 10, 1986/ 2G
Aug 6, 1986/ G
Aug 14,1986/ C
Aug 18,1986/ C
Aug 26, 1986/ C

4444

444 A

4444444444

- denotes not tested

C = conposite, G = grab sanple
T toQPcity found Pn that Traction

The 85 percent MeOH H20 fraction contained most of the
toxicity. However, toxicity was also found in the 100

percent MeCH fraction. Because the toxicity was found in

the higher percent MeCH H O fractions, the toxic conpounds
were considered relatively non-polar. Additionally, the

appearance of toxicity in the 100 percent MeCH H O fraction
was only observed when nortality of the Ceriodaphnia ensued
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rapidly in the 85 percent MeOH H20 fraction (8).
The C18 columm was also tested at the Patapsco WMP in

Baltinore, Maryland (9). Many industrial sources contribute
to the influent streamof this facility. Acute toxicity
using Ceriodaphnia is observed on a continual basis. Table
2.5 shows the colum elution results fromtesting the

primary and secondary effluents (9).

Table 2.5

Solid Phase Extraction Toxicity Test Results
Pat apsco WMP, Baltinore, Maryland (1986-1987)

Per cent MeOH HoO
80

Date/ Ori gi n 25 50 75 85 90 95 100
Jul  9,1986/2nd Eff t t t t T X T t
Jul 23,1986/ Pri Eff t t t T T X T t
Jul 23,1986/2nd Eff t t t T T T t
Dec 10, 1986/ 2nd Eff t t T T ) T t t
Jan 6,1987/2nd Eff t t T T T t t
Jan 8, 1987/ 2nd Eff ! T

* denotes toxic peak _ _

T =significant toxicity found in that fraction
t =slight toxicity found in that fraction
Primary Effluent (Pri Eff)

Secondary Effluent (2nd Eff)

Toxicity was present over a wide range of MOH H O

fractions. This would indicate that the effluent stream
contains a conplex variety of non-polar organic conpounds.
The shift in the toxic peak from90 percent to the 85

percent MeOH H20 fraction was suggested to be seasonal ;
however no explanation for this change in peak val ues was
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of f er ed.

An attenpt was nade during the Patapsco study to
identify the toxic constituents found in each MeOH H20
fraction found to contain toxicity. The GO M anal yses did
not show the presence of suspected toxic conpounds (9). In
fact, the mpjority of the chromatographic peaks coul d not be

identified and for the few which could, they did not appear

to be the cause of toxicity.

The operational and managerial viewpoint of the
Toxicity Reduction Evaluation conducted at the Patapsco VJWP
was recently presented (10). The colum elution procedure
was criticized for not yielding neaningful results. The
procedure was found to produce poor spectral analysis
through GO Ms. This was clained to be caused by too nany
conpounds being present in the influent or effluent of a
| arge munici pal wastewater treatment plant. The results
obtained with the C18 columm fractionation technique were
noted to be simlar to those at the Akron WMP in Akron,
Chio. Yet, these treatnment facilities have different
industrial sources. Therefore, it was difficult to explain
why sanples fromtwo plants showed toxicity in the same 85
percent MeOH H20 fraction. The procedure was recomended
for use as a research tool but not as a practical technique

for wastewater treatnent plant personnel.
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(I EXPERI MENTAL PROCEDURE

A C18 SPE Col umm Pr ocedure
Al Cl8 SPE Col um Set-up and Conditioning

The CI'S SPE col um procedure was fol | owed exactly as
presented in the EPA Phase | Toxicity Characterization
Procedures Gui dance Docunent (6). This procedure, however,
deal s only with passage of sanples through the CI'S SPE
Col um and subsequent neasurenments of toxicity after
passage. Wile this research was underway, EPA published
(Novenber 1988) its Phase Il Toxicity Identification
Procedures in draft form(5). This aspect of the procedure
deals with elution of MOH H O fractions and measurements of
their toxicity. Unfortunately, nmuch of the elution work had
al ready been done for this study when the EPA docunent
became available. The elution procedure was devel oped from
the limted information found in specific extracts sent by
EPA fromthe Gty of Largo evaluation (11) and Las Vegas
report (12). The procedures used closely resenbl ed those
adopted by EPA in the draft report of Phase II; differences
between them w || be addressed.

The experinmental setup for conducting the col um
elutions is shown in Figure 3.1. It consists of a sanple

reservoir (1 liter volune), needle valve, C18 SPE Col um and
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vacuum flask. A rubber stopper held the glass tubing that
was used to extract the sanple and vent the interior space

of the reservoir bottle. The extraction tube was bent to

al |l ow easy access to the |last remaining portions of sanple.

A needl e valve controlled the flowate of the col um.
During the design of this setup it was discovered that the
st opper used on the discharge tube of a standard 250 ni
filtration apparatus was ideal for holding the C18 SPE
colum. Additionally, a |ooped piece of piano wire was
inserted into the vacuumflask on the outer edge of the
rubber stopper to hold the sanple collection vials and to
al l ow easier control of the vacuum process through the
conti nual bl eeding of the pressure.

The colum was first conditioned with MeOH.  The col um
manuf acturer (J.T.Baker) suggests 10 ml of MeCH foll owed by
al0 m rinse with high purity water (3); however, the EPA
Phase Il Draft Docunent recommends increasing this to 25 n
(5). The manufacturer's procedure was used here.

After conditioning, 3 m of each MeOH H20 el ution was

passed through and collected in analytically clean vials.

These fractions served as controls to determne if the

i nteraction between MeCH and the col um sorbent was causing

toxic interferences.

The MeOH H20 el ution process is shown in Figure 3.2.

The 5 m syringe, containing 3 m of the MeOH H20 m xture
and 2 ml of headspace, was inserted into the colum adaptor.

The syringe was carefully depressed to allow the mxture to
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flow through the colum at a rate of 5 m/mn or less. The
2 m headspace was required to expel the remaining fluid
fromthe packing. Each elution was collected in a separate
vial and labelled for toxicity testing. At this point, EPA
suggests the colum shoul d be allowed to dry between each 3
m elution volunme and a maximum flow rate of 4 m/mn shoul d
not be exceeded (6). The colum was not extensively dried
beyond the 2 ml headspace required to flush-out the

remai ning MeOH H20 m xture. A maximumflow rate of 5 m/mn
was used as prescribed by the manufacturer (3). After the
colum el ution bl anks were passed, the colum was
reconditioned with 10 m of MOCH followed by 10 ml of high

purity water.
A. .2 Sanple Application

Each sanple was processed by first filling the reservoir
bottle with one liter of sanple. The conditioned col utm was
inserted in the rubber stopper and placed in the top of the
vacuum flask. Figure 3.1. The sanple feeding line (1/8 inch
D, Teflon TFE tubing) was inserted into the adaptor of the
colum. Air nust be renoved fromthis line; otherw se, the
colum w |l become partially dry. The packing nust not be
allowed to dry between conditioning and sanpl e application.
The systemwas prinmed by first inserting the feeding |ine
into the adaptor of a so-called, "waste colum". This
colum was inserted into another rubber stopper and placed

in the vacuumflask. The needl e val ve was opened and the
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vacuum | ever was turned on. Once the sanple had reached the
end of the tube (1/8 inch OD, Teflon TFE tubing), the needle
val ve was used to stop the flow, the feeding |ine was placed
back into the adaptor of the conditioned colum and the
sanpl e was processed. The flowate was established by

openi ng the needl e valve and carefully adjusting the vacuum

both the needl e val ve and vacuum can be used to achi eve

finer adjustment of the flowate once processing has begun.
Post-col um effluent sanples were taken after 100, 500,
750, 850 and 950 ml have passed through the colum as shown
in Figure 3.3. These were subjected to toxicity testing.
The EPA Phase || Draft Document suggests collecting post-
colum effluent sanples after 25, 500 and 950 m have passed
(5). However, additional sanples were collected to obtain a
better indication of whether sorptive capacity of the colum
was exceeded. Post-columm effluent sanples were taken by
carefully renoving the stopper containing the colum from
the vacuum flask (Figure 3.1), wapping the piano wire
around the threads of the collection vial, placing the vial
under the luer tip, and inserting the vial and col um back
into the flask. No sanple concentration was done follow ng

passage through the col um.

A 3 Elution of MeOH H20 Fractions

Once the sanpl e was passed through the colum, the

MeOH H20 el utions were repeated in the same manner as
described for the controls (Figure 3.2). A set of eight, 5
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m di sposabl e syringes, each containing 3 m of the required
percent MeOH H20 m xtures (25, 50, 75, 80, 85, 90, 95, 100%
wth the addition of a 2 nl of headspace were inserted in

ascendi ng order of percent MeCOH H20.
Figure 3.4 shows the extent of sanple concentration

caused by the elution procedure and the subsequent dilution
required for toxicity testing. By using 3 m of each el uent
and 1 liter of sanple, the concentration factor was 333X
Fromeach elution, 150 uL was diluted with 10 nl of dilution
water (a dilution of 66.7X) and tested for toxicity. Thus,
the final concentration of the conpounds to which the test
organi sms were exposed was 5X that of the original sanple.
However, this assunes that the elution process was 100
percent efficient and that each toxic conpound had el uted
into one particular fraction. Neither one of these
assunptions can be achieved experimentally. Therefore, the
expected concentration of the eluted compounds shoul d be

| ess than 5X. It should also be noted that the final
percent MeOH at the point of toxicity testing varies between
0.375 to 1.5 percent for this elution series; keeping the
percent MeOH [ess than 1.5 was inportant so as to elimnate
MeOH toxicity.

Post-col um effluents and MeOH H20 el utions fromthe
col utm procedure were stored overnight in a refrigerator at
4°C and toxicity tests are conducted the next day. The
gl assware and tubing used during this process nust be
t horoughly cleaned (see Appendix A for details) before the
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6nL capacity
Cl18 SPE COLUWN

Y

VEOH WATER
[ FRACTI ONS \

25 50 75 Bo es 95 {00

COLUMN ELUTI ONS 333X
EACH

t | | t t t t
CONDUCT TOXI CI TY TEST ON EACH

(1505 L IN 10w WATER) 5X

Figure 3.4 Col unm El ution Process.
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next sanple can be tested. A list of equipnent and
materials used in the colum elution procedure is given in
Appendi x B.

B. Bi oassay Procedure

Two types of bioassays were used to neasure acute
toxicity during this research: a bioassay based on the
Ceri odaphnia C. dubia species and the Mcrotox (M crobics
Corp.) assay procedure. The Ceriodaphnia can be descri bed
as a small crustacean found typically in nmost surface water
sources in the United States. It is part of the C adocera
Order under the Phylum Arthropoda (13). EPA has sel ected
this organismfor testing based on many factors such as
sensitivity, availability and cost (14). The Ceri odaphni a
are preferred over the nore well-known Daphnia nagna and
Daphni a pul ex because they are snaller in size, have shorter
generation times and are nore sensitive. Typically,
Ceri odaphnia can produce 3 to 4 broods per week under
optimal |aboratory conditions (15). A large nunber of
neonates are required to test for toxicity as outlined by
the TIE protocol, and the Ceriodaphnia are amenable to this
need.

The M crotox Systemuses a strain of narine
phot ol um nescent m croorgani sns that resenbl e photo-
bact eri um phosphoreum (16). These organisnms emt |ight as a
by-product of respiration (17). |f something interferes or

inhibits respiration, a reduction or elimnation of |ight
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output is observed. The Mcrotox instrument has a

photonul tiplier which is sensitive to this |ight em ssion.
A decrease in light output after the bacteria have been
exposed to a sanple gives an indication of toxicity; the

effect is proportional to the anount of toxicity present.

C. Illustration of Procedure Used to Anal yze Bi oassay Data

The follow ng hypothetical exanple is given to
Illustrate the process of conducting a Ceriodaphnia toxicity
test. Although, these data are not real, the results of
this research gave nost of the patterns included here for
di scussion. The process begins with the Toxicity Request
Form ( Appendi x C) shown in Figure 3.5. A conposite sanple
was taken at the Imaginary Creek WMP in Exanple, North
Carolina, between the dates of 1/16/89 to 1/17/89. The
sanpl e was considered toxic by baseline tests taken on
1/18/89. The C18 SPE Col umm el utions were conducted on
1/23/89. The Toxicity Request Formwas filled out for the
post-colum effluents (slanted lettering style) and given to
the bioassay |aboratory. This inforns the bioassay
| abor at ory personnel of the in-comng sanples and all ows
themto prepare for testing the follow ng day. This usually
entails the isolation of adult test organisns, |abeling
sanple cups, filling out the top portions of the data
recording form (Figure 3.6) and preparing the dilution

wat er .

The sanples were prepared for toxicity testing the next
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TOXICITY TEST REQUEST FORM

Ceri odapnia rinhia

NANME: T. CHAVPUN DATE: 1/23/89
LOG # SAMPLE SAMPLE | .D. LOCATI ON TREATNMENT
DATE DATE TI MVE
CH1.0 1//6 RFI 2 .
CHL. 1 1/ 6 CFEO _ i/72/\3'£\||\</'|
CHL. 2 1/ 1E
1/1G
an a4 | /7S AM
cmb5 A AM

TYPE OF TEST: TIMED LETHALITY (10 nL; no dilutions

TI MED LETHALITY (10 nL; w dilutions
ACUTE STATIC (50 nmL; 24 & 48 HR LC50
7-DAY MNI CHRONI C (15 mL; reproductive
OTHER (

SPECI AL | NSTRUCTI ONS: NONE

RESULTS:

LOG # CHL.0 CH1.1 CH1.2 CH1.3 CH1. 4 CHL. 5

A ET50= 1.4 >48 > 4g 8,Q 8.0 3.2
B LC50=

C CHRC=

( PASS/ FAI L)

REQUEST RECEI VED BY: . MIM
DATE. V23/89
TEST DATES; Vv24/ 89 to 1/ 26/ 89

COVIVENT S:

Figure 3.5 Toxicity Test Request Form
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SAVPLE 1. D.; I'maginary

CONTROL/ DI LUTI OW WATER

I NI TI AL:

Filter; G-/ C e« Tenp;

DATE:
DATE:

I NI TI AL

FI NI SH

TEST VO
SAMPLE

REPLI CATE

f ORGANI SV
TI MVE: NAME
0930 MIM
1000 MIM
1100 MIM
1300 MIM
1700 TLC
0300 MIM
0900 MIM
Teno fd

1/ 24/ 89
1/ 26/ 89

10m's f ORGANI SMS/ CUP__ 5.

C|:eO
A 1 B
5 5
oK Id

2d2t w 2d3t w
3d2t w 3d2t w

5d

5d

TIMED | . BTRALZTY TEST DATA / WO | KSI | EET
Ceri odaphnl a dubl a

Creek WATP ~ 1/16/89 to 1/17/89 Conposite  NAME; T.ChanpHn
SOURCE; Bot any Pond/ Fi sh Tank LOT »; 15
pH, DO ;SAT Alk;  Hardness; _ Cond;
TIME; 0900 ANALYST; MIM TLC
TI VE: 0900 ANALYST; MIM
ADULTS 1355
DI LUTI ONS; none | SOLATED AT: 1/73
EFE I1OO 1 gE500 1 EE 750 1 EFE 850 1 EFE 950 1
A 1 B A 1 B 1 B A 1 8B A 1 B
5 5 5 5 5 5 5 5 5 5
oK oK oK K oK oK oK I d oK oK
oK oK Id 1d I d oK
oK oK %12 8f< co]<< \ %{ 1ditw !2d Itw 2d  1ditw
oK oK | K o< iditw 1d2tw 2d Itw 2ditvy 3d Itw [A(]
oK oK oK 2ditw 3d 3d2tw 2d2tw 4d 3ditw
I d Itw Hwv  OK 3d Itw 3d Itw 5d 4d | g 5d
2ditw ldltw 1d2tw 1d2tw 5d 5d 5d
75 7.7 7.6 75 7b YB 1
8.0  §? M 80 1 82 1 81 1


NEATPAGEINFO:id=19CF65D2-3EB3-4EC6-903E-6F8FA0D91D27


37

day by removing themfromthe refrigerator and warmng them
to 25°Cin a water bath. The sanple vials were then renoved
and poured into the testing cups. Replicated cups were
rinsed first wth a small portion of sanmple and then 10 ni

of sanple were poured into each cup. Replicates were used
to ensure against the invalidation of the test fromthe

accidental loss of a cup. The Timed Lethality Test was
performed using five neonates, born fromthe isolated adult
popul ation fromthe previous day which were transferred to
each test cup. The initiation of the toxicity test began
once the neonates were transferred. Sanples are not diluted
inthe Timed Lethality Test; rather, nortality readings are
taken typically at 0.5 1.0, 2.0, 4.0, 8.0, 24.0 and 48.0 hr
past the initial transfer.

Figure 3.6 shows the nortality readings as they were
obtained for this test. Death was reported by the | ower
case letter "d" and twitching by "tw'. Additionally, "er"
was used to indicate erratic characteristics shown by the
organi sns behavior. A conplete description of the terns
used to describe the behavior of aquatic life can be found
in | ERL-RTP Procedures (18). After the 48 hr reading,

di ssol ved oxygen (DO and pH neasurements were conducted on
the test cups showi ng significant nmortality. This insured
that DO and pH were within acceptable limts for

Ceri odaphni a survival and thereby elimnating artifactual

nmortality.

The nortality results were stored on Lotus 1-2-3 work
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sheets which can be used to generate tables such as shown in
Table 3.1. The results of the replicated cups were conbi ned
and reported in the cellular blocks on this form ET50 and
TTU val ues were determned and reported at the bottom of
each cell. The ET50 value refers to the el apsed tine
required for 50 percent nortality to occur. It is
determned froma nortality versus |og of elapsed tinme plot
as illustrated in Figure 3.7. Mathematically this is the
sane as a linear interpolation based on a logarithmc scale.
The Time-based Toxicity Unit (TTU) was devel oped in this
research and is explained in Section II1.D. Its purpose was
to provide additional information regarding the progression
of toxicity over tine.

The Standard M crotox procedure was fol | owed exactly as
given in the Mcrobics Manual (17). This procedure required
the bacterial reagent to be exposed to a sanple dilution
series of 50, 25, 12.5 and 6.25 percent of the origina
sanple. Light output neasurements were taken of the reagent
before the sanple was introduced. As soon as the readings
were reported on the strip chart recorder, the bacteria were
exposed to the sanple dilution series. Light output
readings were taken at 5 minutes and 15 mnutes to record
any reduction in light output. Once testing was finished,
the data recorded on the strip chart was reduced using a
conput er program devel oped by the Mcrobics Corporation or
by followng the instructions in the Mcrotox manual (19).
The final results were reported in terms of an EC50 val ue.
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TI MED LETHALI TY DATA / WORKSHEET | MAG NARY CREEK WUTP, EXAMPLE. NO BI OASSAYS CONDUCTED I N
TESTS STARTED ON 1/ 2A/ 89 COMPOSI TE SAVPLE 1/16/89 TO 1/17/89 PLASTI C CUPS

cr (NO MORTALI TY IN THE CONTROLS) FRACTI ONATI ON SPE C-18 COLUWN

cecsssssftsesxsssssassSESSrsssss Ksessssesssesr SssassCcrssasscsss ss SPeoressss
SAVPLE (. SAMPLE SAMPLE |
01- 16- CFEO I 01- 16- EFE100 | 01 16- EFES00 1

Essssr assss P srs=ss==s: TTsTas==s
KssssBssrsassss:

S 1T eseD Lo NUVBER NUVBER PERCENT | | NUMBER NUVBER PERCENT NUVBER  NUVBER PERCENT |
] HRS TN Tive  ORGANISVG DEAD MORTALITY | | ORGANISMS DEAD MORTALITY =~ CRGANSVS DEAD MORTALITY |

Ksacessssecssssssssa —s=r =sa: s SIrSSSSSSAasSSSSAaASSSSSS=SSSSsS===

C
rt 1 900 0 10 o] 0 OX 10 0 ooX 1 10 0 00X 1
° 10 1 10. OX 10 0 0. 0X 1 10 0 O0oX 1
1 930 0.50 -0.301 . ) )
1 1000 1.00 0. 000 10 4 40. ox 10 0 0 OX 1 10 0 00X 1
> 0 10 o 01
n> 1 1100 2.00 0.301 10 6 60. 0X 10 0. OX 1 )
3 1 1300 4.00 0,602 10 10 100. OX 10 0 00X 1 10 0 00X 1
1 1700 8. 00 0. 903 10 10 100. OX 10 0 0O OX 1 10 0 00X 1
rt 1 900 24.00 1.380 10 10 100. 0X 10 1 10.0X 1 10 0 O0OX 1
(b 1 900 48. 00 1.681 10 10 100.OX | 10 3 30.0X 1 10 2 20.0X 1
& ET50 « 1,4 TTU » 46.5X | ET50 > 48 TTU=1.7X 1 FETS0 > 48 TTU s= 0.8X 1
"3 CXesssCSSSSSSSBCSSSsssassssa BsecsxssasKassBSsrasasssesssa aaaecaaeaaaaeasaassaaas
p-
fI> aeaaaaaaaaasaaBasaaaaaaaaaaa: Csaasaaeaaaaccaaeaasaas
SAMPLE | SAMVPLE | SANVPLE
17 01- 16- EFE750 | 01- 16- EFE850 01 16- EFE950
I;:' aaaaaeaaaxaaaxasaasaaaaaaeaa nll azaaaaeaaakKxaasaxeEaaaEaaaax 2SSS«CS«aCess=sSSSSSZSs&=srrs=3
1 TIME LAPSED LOG NUMBEft  NUMBER PERCENT | NUMBER  NUMBER PERCENT NUMBER  NUMBER PERCENT
1 HORS TIME TI VE ORGANI SMS DEAD MORTALI TY (:RGAN| S\VE DEAD MCRTALITY ] ORGANI SM5 DEAD MORTALI TY
r essassassaaassaasaaasar aas aasaeaaaaaasaaaasaaas Ss «BSSSSas «SSESSBKr s S=SSSS=SSS
<
7 1 900 0 10 0 O OX 10 0 O 0OX 1 10 0 O OX
OCl) 1 930 0.50 -0.301 10 0 O. OX 10 10.0X 1 10 o] O. OX
rt 1 1000 1. 00 0. 000 10 0 O OX 10 20.0X 1 10 1 10. 0X
¢ 10 3 30. OX
\ 1 1100 2,00 0. 301 10 0 O OX 10 30.0X 1
S 1 1300 4,00 0. 602 10 2 20. ox 10 40.0X 1 10 6 60, OX
ot 10 7 70. OX
yi 1 1700 8. 00 0. 903 10 5 50. 0X 10 50.0X 1
>f 1 900 24.00 1.380 10 6 60. 0X 10 90.0X 1 10 10 100. OX
tr 10 10 100.0X 1 10 10 100. OX
tr 1 900 48. 00 1.681 10 10 100. 0X .
(0 =8.0 TTU = 12.2X | ETSO> 8-0 TTU = 28.2X 1 ET50 = 3.2 TTU = 25.6X

rt aaasai aa SEsas =aa==r =a=a
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TI MED LETHALI TY DATA
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CFE O EFE 100 EFE aoo

T MED LETHALI TY DATA
| MACI i ARr CREEK WATP. EXAMPLE, NC

LOG TI ME, ( HOURS)
M CTE fi SO

Percent Mortality Versus the Log of El apsed
Time for Hypothetical Samples (a) CFEO
EFElI OO and EFE500 and (b) EFE750, EFE850 and

EFE950.
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This value represents the effective concentration at which
50 percent of the light output capability of the bacteria
has been reduced. A quick-reference guide for the M crotox

procedure is given in Appendix D of this report.

D. The Time-based Toxicity Unit (TTU)

The results of toxicity testing can be expressed in
Toxic Units (TU) to obtain a direct relationship between the
reported values of nortality and toxicity. The TU value is
a neasure of the strength of a chem cal expressed as a
fraction or proportion of its lethal threshold concentration

(20). The strength may be cal cul ated as shown in the

foll owi ng equation

concentration of toxic conpound__
~ Tethal Threshol d concentration of toxic conpound

A TU val ue greater than 1.0 would represent nortality of
more than 50 percent of the test organisns, while a value
| ess than 1.0 would indicate | ess than 50 percent nortality.
A TU val ue of exactly 1.0 would indicate lethality of 50
percent of the organisns. H gher values are assigned to
hi gher degrees of toxicity establishing a direct
rel ati onshi p.

A TU was devel oped fromthe timed lethality (ET50) data
to facilitate conparisons of sanples before and after C18
col um passage and to provide better data interpretation.

ET50 values, or the time required to observe 50 percent
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nortality of the test organisns, establishes an inverse

rel ati onship between the degree of toxicity and the reported
val ue. For exanple an ET50 value of 2 hr is considered to
be significantly nmore toxic than an ET50 value of 8 hr. An
inverse relationship is awkward to use when trying to
illustrate graphically the reductions in toxicity due to
sanple treatnents in the TIE protocol (Figure 2.4). In
addition, the ET50 provides no information on the
progression of toxicity with tine. The follow ng Tine-based

Toxicity Unit (TTU) was devel oped to overcone these

di sadvant ages:

M

I | og(t+l)
TTU = - - - e e e mmm e e e - - - X 100% Eq. (1)

b o -
Ti o (tt+] )

where M represents the number of nortalities observed at
time t, and VLM~ refers to the maxi mum nunber of nortalities

whi ch coul d possibly be observed at time t. The val ue of

'Vax M M@ total nunmber of test organisnms. A TTU of | QO

percent woul d represent the observance of conplete nortality
at the first reading (i.e., M =Mjj”"j ) and subsequently all
ot her readings. A TTU value of zero percent would indicate
t he observance of no nortality over the duration of the
test.

The TTU expression (Eq. 1) establishes a direct

rel ati onship between the intensity of toxicity and the
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reporting of toxicity. This unit is not unique; other
schemes are possible. It was created prinmarily to present
the results of the ET50 tests in graphical formso that the
| arger the value of the plotting point, the greater the
toxicity. The reciprocal of elapsed tine provides a

wei ghting schene which places enphasis on the initial
readings. That is, nortalities observed in the early stages
of testing indicate nore significant toxicity than those
occurring later. A logarithmc tinme scale allows for the
wei ghting to be expressed over two orders of magnitude to
accommodat e observations taken from1 to 48 hr; an
arithnetic time scale would have placed too little
significance on nortality observed at 24 and 48. Use of
log(t+l) rather than [og{t) avoids taking the log of a
nunber | ess than or equal to one, which would cause a
negative or zero value to be calculated at the 0.5 and 1.0

hr readi ngs, respectively.
E. Illustration of Use of TTU Concept

The hypothetical nortality data of one sanple, given in

Table 3.1, are expressed in terns of TTU values in Table

3. 2.


NEATPAGEINFO:id=5726FD72-DC1B-4EC5-908E-76528CABF0BA


44
Table 3.2

Exanpl e Cal cul ati on of Tinme-based Toxicity Unit
for I'magi nary Creek WHTP, Exanpl e, NC, Sanple CFEO

El apsed 1 bser ved M *\/a X
Time(t) Mrtality M
log(t+l) log(t+) log(t+l)
0.5 5.6 1 5.6 56. 0
1.0 3.3 4 13. 2 33.0
2.0 2.1 6 12. 6 21.0
4.0 1.4 10 14. 0 14. 0
8.0 1.0 10 10. 0 10. 0
24.0 0.7 10 7.0 7.0
48. 0 0.6 10 N 6.0 6.0
TOTALS: 68. 4 147.0
M
. Il og(t 1) 6e8. 4
eITU = - ool X 100% = 147.0 X 100%
Mmax
I | og(t+l)
TTU = 46.5%

The TTUs for the other sanples were calculated in a simlar
manner and presented along with their correspondi ng ET50
values in the | ower portion of Table 3.1.

Tabl e 3.3 conpares the ET50 and TTU val ues for the C18

post-colum effluent sanples and illustrates the advantages

of the TTU.
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Tabl e 3.3

A comparison of ET50 and TTU Val ues for the C18 Col um
Effl uent Results fromthe Imaginary Creek WMP, Exanpl e, NC

Sanpl e ET50( hr) TTW %
Identification

CFEO 1.4 46. 5
EFElI OO >48 1.7
EFE500 >48 0.8
EFE750 8.0 12. 2
EFES50 8.0 28. 2
EFE950 3.2 25. 6

Sampl es EFEI QO and 500 both have ET50 val ues greater
than 48 hr, yet the data shown in Table 3.1 reveal that
nmortality was actually observed in both of these sanpl es.

In contrast, toxicity values can be assigned to these
sanpl es using the TTU approach even though nortality was

| ess than 50 percent after 48 hr. These TTU values (1.7 and
0.8) are snmall, however, because nortality observed in the

| ater stages of testing is not very inportant on this
toxicity scale. Thus, the weighting scheme devised for tinme
at which nortality occurs provides additional information
about the expression of toxicity in the sanple.

The TTU approach can al so distinguish between toxicity
in tw sanples with the sane ET50 but different time
progressions of toxicity. For exanple, Table 3.3 shows that
sanpl es EFE750 and 850 have identical ET50 values (8 hr).
However, their corresponding TTU val ues are significantly

different. Figure 3.7b shows that while there two sanples
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reach 50 percent nortality in 8 hr, the tine progression of
mortality is different; i.e., nortality begins two readings
earlier for the EFE850 sanple. This would inply that sanple
EFE850 shoul d be nore toxic because nortality was observed
sooner in the test. The weighting scheme of the TTU assigns
more significance to death in the earlier stages of testing
and, therefore, would assign a higher TTU val ue to EFE850.

The TTU can also result in conparisons of toxicity
between two sanples that are opposite to those based on
ET50. This is illustrated by sanples EFE850 and 950. The
ET50 val ues for EFE850 and EFE950 are 8 and 3.2 hr,
respectively. However, the corresponding TTU val ues
indicate the reverse ordering. Figure 3.7b shows that the
progression of nortality begins earlier and is faster in the
initial stages of testing for sample EFE850. It is not
until the 2 hr reading that nore nortality occurs in sanple
EFES50. Thus, the tine-weighting factor again assigns nore
I nportance to nortality occurring in the initial stages of
testing and produces a higher TTU for EFE850 even though 50
percent nortality occurs earlier in the EFE950 sanple.

Figure 3.8 is a graphic representation of the TTU
val ues obtained fromthe data of the hypothetical exanple.
The ability of the CIS colum to retain the toxic conpounds
I's seen by comparing toxicity of the sanple before passing
it through the colum (BEFORE COLUMN) and sanpl es col | ected


NEATPAGEINFO:id=B37CB6C4-FA1A-4B8C-82E2-A41F140DAFE9


a7

COLUWN EFFLUENTS FOR | MAG NARY WMP

1/ie/a» TO 1/17/BB COVPCSFTE SAMPtrS

NC?2HN
\/-/\/\y
YEBIEIE I Ap AAN
BEFORE COLUMN ju B a> o S O O v 55 0O 50
VOLUME PASSED (nis)
Figure 3.8 Conposite Sanple 1/16 to 1/17/89, |nmaginary

Creek WAMP, Exanple, NO (a) Post-Col unm

Ef fl uent s.

after passage. The initial volume passed has no toxicity
remai ni ng. However, toxicity increases as nore sanple is
passed thus indicating that the sorptive capacity of the 018
col um has been exceeded. Reducing the vol une passed from
one liter to 500 M would nost likely alleviate this
pr obl em

Bar graphs of the TTU values w Il always be presented
using a 0 to 100 percent scale as shown in Figure 3.8. This
gives the proper qualitative perspective of toxicity from
sanple to sanple and for the various percent MeOH H20
fractions. The intent of such bar graphs is to illustrate

the efficiency of the colum in retaining toxic conpounds
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and in segregating theminto different fractions.

F. Target Conpound Sel ection

Phenol (Ph), 1-nmethylnaphthal ene (MN), nonyl phenol
ethoxylate 9 nole (NPE) and di-n-octyl phthlate (DOP) were
selected to determine if the C18 SPE Col umm provi des an
accurate means of detecting their presence. The selection

criteria were:

1. wde representation of |og octanol/water
partitioning coefficients,

2. acute toxicity to Ceriodaphnia at reasonably
attai nabl e concentrati ons and

3. a concern at Hi ghpoint Westside WMP in North
Carolina, a case study in this research, or at
POTW in general.

Table 3.4 is a summary of the physical and chem ca
properties of these four conpounds.

The octanol /water partition coefficient (Kow) is the
ratio of a chemcal's concentration in the octanol phase to
its concentration in the aqueous phase in a two-phase
system Ph and DOP were sel ected because they gave a very
wi de range of |og Kow values (1.46 to 9.2). Such a wi de
range was necessary to determne if a direct relationship
exi sts between increasing [og Kow (i.e.,increasing non-polar
nature) and elution in increasing percent MeOH H20 fraction.
These conmpounds were selected to represent the ends of the
partitioning coefficient scale. Ph is acutely toxic to
Ceriodaphnia at a lethal concentration in which 50 percent

(LC50) nortality is observed after a 48 hr period of 4.3
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Table 3.4
Tar get Conpounds
Sumnary of Physical and Chetnical Properties

Phenol 1- Met hyl napht hal ene Nony!l phenol Di -n-octyl
(Ph) (HV) Et hoxyl ate 9 nole Phthal ate
(NPE) (OoP)
Cheni cal h\ ° O g\ CN Ajshorio N4
Formul a
0(CH CHe0), H
G 0-C'H,
Cheni ca
Structure o CG0-CH"
|- CH CH2- CH CH2- M CH
CH? :¢] CHo
Mol ecul ar 94.11 gm nol e (26) 142.2 gninol e (22) 616.4 gnfnol e (25) 391.0 gm nol e (26)
Wi ght
I og Cctanol / Uater (Cobserved) 1.46 (26) 3.9 (24) 9.2 (26)
Partition Coefficient (Estimated) 1.46 (27) 3.84 (27) 7.8 (28) 9.53 (27)
Density 1.071 gnicff1S (26) 1.0202 gnicff13 (22} 1.057 gnicni S (29) 0.982 gnicfflS (26)
Sol ubi ity 93,000 my/L a 2S C (26) 3 ny/L 8 25 C (26)

Vapor Pressure
pi ca

LCSO Val ue

(¢*) MOEC Reproduction of

0.5293 torr (26)
10. 02 (26)

4.3 my/L B 24 C (21)

Oaphnfa magna (21)

1.42 ng/L (21)

5.5 mg/L (23)

< 0.2 torr a I1SO C (26)

0.32 ng/L (*+)
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mg/ L. Ph has also been identified as one of the conpounds
di scharged fromthe H ghpoint Westside WMP (21). There
were no | ethal concentrations values found for DOP

However, a no-effect concentration value (NOEC) was | ocated
for the reproduction of Daphnia magna at 0.32 ng/L. DOP has

been identified in the influent streamof the Hi ghpoint
West si de WMP (21).

M was sel ected because its log Kowis 3.9, thus being
bet ween Ph and DOP (24). MNis acutely toxic to
Ceri odaphnia (LC50 value of 1.42 ng/L), and it has been

identified in both the influent and effluent of the
H ghpoi nt West si de WMP

NPE is an all purpose detergent and wetting agent used
for its good dispersing and emulsifying qualities (25).
This conpound was chosen because it is presently being used
by industries at H ghpoint, is acutely toxic to Ceriodaphnia
(LC50 = 5.5 ng/L), and generally represents an inportant
class of pollutants (surfactants) in nunicipal wastewater
treatment. The | og Kow is suspected to be greater than the
reported value for MN. However, no value was found in the
standardly used conpendi um of |og Kow (26, 27, 28).
Therefore , only an estimte could be nade. The val ue of
7.8 reported in the summary table was determ ned using a
l'inear regressed equation which relates |og Kow with density
values (28). This value should be viewed as a crude
estimate. Additionally, a value of 15.9 was determ ned from

a linear relationship between | og Kow and nol ecul ar wei ght
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(28). Structural fragnent addition led to a | og Kow val ue
of -7.35 (27). There was no neasured value found in the
literature. The calculations used to determ ne | og Kow
estimations for all of the target conpounds are shown in

Appendi x E.

G Sel ection of WWPs for TIE

Secondary effluents fromthe Wstside WMP in
Hi ghpoint, North Carolina and the Cross Creek WMP in
Fayetteville, North Carolina were tested using the
procedures outlined in Phase | (Toxicity Characterization
Procedures) of the TIE protocol. Additionally, Phase |

(Toxicity Identification Procedures) C18 colum el utions

wer e conduct ed on sanpl es which indicated a reduction in
toxicity after passage through the CI'S Col um.

A flow di agram of the Westside WMP at Highpoint is
given in Figure 3.9. Biological treatment consists of a
trickling filter and activated sludge system operating in
series. The detention time in activated sludge treatnment is
about 14 hr, providing for excellent nitrification. The
design flowrate is 6.2 MaD. Before discharging into Rich
Fork Creek, the effluent is passed through a tertiary
filter. About 15 industries, including nmetal platers and
finishers, oil manufacturing, textiles, organic chem cal
manuf acturing, and drum cl eani ng, discharge their wastewater
to this plant; these conprise about 12% of the flow. The

effluent streamfromthe treatment facility is approxinately
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95 percent of the total streamflow expected during a 7QL0
| ow flow period. Thus, the State of North Carolina has

I nposed strict biononitoring requirenents. A nore conplete
description of the treatnent facility and operationa
characteristics is given by Storm D G ano, and Christnman
(21).

A flow diagramfor the Fayetteville - Cross Creek WMP
is given in Figure 3.10. The treatnment processes consist of
a pure oxygen activated sludge process, clarifiers and post
instreamchlorination in series (29). There is no prinary
clarification before aeration and the tertiary filters as
wel | as the sludge drying beds are not in use. The
detention time in the activated sludge process is only 2 hr
whi ch nmeans that no nitrification occurs. Fayetteville,
MIls and the Town of Hope are the nmjor donestic sources
contributing wastewater to this facility. Approxi mately 10
percent of the facility's total design flow (16 M3) is
consi dered industrial waste by volune. Typical industrial
sources contributing wastes to the facility are organic
chem cal manufacturing, textiles, netal platters and
finishers, oil manufacturing and a large tire manufacturer.
The instreamwaste concentration (IWC) is 3.58 percent based
on the 7Q low fl ow period for the Cape Fear River (29).
Because the IMC is very low, the effluent is diluted
sufficiently to allow the Cross Creek WMP to pass the State
of North Carolina biononitoring requirenments for acute

toxicity. However, this plant still fails to meet limts
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I V. EXPERI VENTAL RESULTS

A.  Background Toxicity Sources
A.l Eval uati on of Methanol (MOH)

Wil e MeOH was chosen by EPA to be the appropriate

sol vent for the C18 SPE colum elutions, it is known to
cause acute toxicity to Ceriodaphnia at fairly | ow

concentrations. |In the January 1987 draft of Phase |
Toxicity Characterization Procedures (14) and subsequently
in the Cty of Largo Evaluation (11) and in the Las Vegas
Report (12), 2.0 percent MeOH was reported as the
concentration at which no nortality was observed over a
48 hr duration. Before proceeding with this study, it was
deened inportant to confirmthat dilution of MeOH water
fractions to 2 percent MeOH woul d not cause background
toxicity.

Early results suggested that 2 percent MeOH was not
t oxi c. However, continual blank testing through the target
conpound eval uation indicated sporadic toxicity. The LC50
of MeOH was repeatedly tested during this research as
illustrated in Table 4.1. The results confirmthe suspicion

of significant toxicity at about 2 percent.
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Table 4.1
Met hanol Control Testing

Dat e LC50 VALUE(30) 95%20 Confi dence

a4/ 27/ 88 2. 920 2. 6 to 3. 3
A/ 217/ BB 2. 9200 2. 6 to 3. 3
a4/ 277 88 2. 920 2. 6 t o 3. 3
a4/ 27/ 88 2. 420 2. 1. t o 2. 7
7/ 19/ 88 2. 020 1. 5 to 2.5
7/ 22/ 88 2. O 1. 9 to 2. O

Personal contact with Dr. Munt of U S./EPA Duluth
Laboratory (31) confirned these results; MeCOH contam nati on
by either the nanufacturer's distillation process or

| aboratory use were suggested as causes. Dr. Mount
reconmended decreasing the MeCH percentage to 1.5 to avoid
such probl ens.

Even after adopting 1.5 percent MeCH, sone nortality
was noted within a 48 hr period. This was accounted for as
"background toxicity" and subtracted fromtotal toxicity of
t he sanpl e through use of the Tine-based Toxicity Unit
(TTU) .

A 2 Effect of Bioassay Cup Material on MeCH Toxicity
Resul ts
The results of MeOH bi oassays using plastic and gl ass

cups are presented in Figures 4.1a and b, respectively. The

raw data are given in Table D.| of Appendix F. Figure 4.1la
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shows nortality occurred between 1.5 to 2.0 percent MOH
whereas Figure 4.1b shows nortality at even | ower percent
MeCH (it should be noted that bioassays were conducted in 10
m gl ass beaker, as opposed to a 30 ml plastic cups). These
results suggested that the Ceri odaphni a experi enced a hi gher
degree of sensitivity to the MeOH when the test was

conducted in glass. No reason was determned for this

resul t.

A3 Toxicity of MOH H O Eluents fromthe C18 Col umm

The toxicity of MeOH H O eluents fromthe C18 col um

were tested as outlined by the procedures given in section
1A These MeOH H O sol utions served as controls to check
the possibility of MeOH reacting with the C18 sorbent to

el ute conpounds that may cause toxicity to Ceri odaphnia. As
mentioned in the CS SPE procedure, the MeOH H20 sol utions
(25, 50, 75, 80, 85, 90, 95, 100 % MeOH H20) were introduced

to the colum prior to the sanple in each experinment.

Figures 4.2a, b and c illustrate the toxicity of these
eluents (after required dilution) using plastic (Figure 4. 1la
and c) and gl ass (Figure 4.2b) bioassay cups. The raw data
are given in Table D.2 and Table D.3 of Appendix F. Al
three figures show that nortality existed at 1.5% MeOH
Figure 4.2 shows that nore nortality was observed using

gl ass rather than plastic cups which is consistent with

results of MeCH control testing presented in Figures 4.1la

and b.
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A 4 Toxicity of D luent Water

Because the target conpounds were added to dil uent
water, a control study was needed to insure that the diluent
was not causing toxicity either in the sanples passed
through the colum or in the elution of the colum wth
MeCH H O The two diluents used in the evaluation of the
target conpounds were "non-toxic" effluent fromthe Westside
WMP at Hi ghpoint, North Carolina and natural water from
Botany Pond in Chapel Hill, North Carolina. The phrase
"non-toxic" effluent refers to wastewater sanples that were
determ ned not to cause nortality of the Ceriodaphnia after
a 48 hr peri od.

Figure 4.3 illustrates the results of passing "non-
toxic" effluent through a C18 colum and subseguently
eluting it with various MeOH H20 fractions. No toxicity was
found in this diluent sanple before introduction to the
colum (see BEFORE COLUW in Figure 4.3a). The slight
amount of toxicity found in the post-colum effluent sanmple
taken after 850 m of the diluent had passed may have been
caused by contam nation of the collection vial or retention
of the MeOH used during the conditioning of the colum; this
I's not considered a serious problem The toxicity of
MeOH H20 fractions eluted fromthe colum after passage of
the Westside WMP diluent is presented in Figures 4.3b
(plastic cups) and 4.3c (gl ass beakers). The 95 and 100

percent MeOH H20 fractions were slightly toxic, a result
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typically associated with the higher percent MeOH H20
fractions. The final percent MeOH for conducting the

bi oassays fromthese fractions were 1.43 and 1.5,
respectively. These are close to the percentage where
toxicity due to MeCH itself is found.

A conparison of Figure 4.3b and ¢ shows that nore
toxicity was el uted when glass rather than plastic cups were
used for the bioassay; this is again consistent wth earlier
control experiments. The small toxicity peak at 75 percent
MeOH in Figure 4.3 (c) is also of interest. This may be due
to the concentration of sublethal conpounds; a result which
in theory is possible and is noted by EPA in their Phase I
Toxicity Characterization Procedures (5). Chemcal specific
anal yses were not conducted to verify this possibility.

The toxicity of the other diluent used - Botany Pond
water - is given by Figure 4.4. These results can be
compared directly to those in Figure 4.3 for "non-toxic"
West si de WMP effluent as the diluent. No toxicity was
found before passage through the colum (see BEFORE COLUWN
in Figure 4.4a) and very little was observed in sanples
collected after passage (see 500 and 850 m post-col um
effluent sanples in Figure 4.4b). The only toxicity noted
during MeOH H20 el ution was found in the 95 and 100 percent
MeOH H20 fractions (Figure 4.4b). As noted before, this
artifactual toxicity appears unavoi dable and was probably
due to MeOH rather than diluent toxicity. It is subtracted
fromthe toxicity measured for the target conpounds are
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t est ed.

B. Evaluation of Target Conpound Toxicity

B. | Phenol (Ph)

Concentration Tested: 43 ng/L

Figure 4.5a shows the results of passing a Ph solution
(43 nmy/ L) prepared wth Botany Pond water, through a Cl18
colum. Ph was not retained by the CIS colum. If it was
retained, toxicity present before passage woul d have been
renmoved by the colum. Instead, all post-colum effluent
sanpl es contained toxicity equal to that of the feed to the
colum. The absence of toxicity in the eluted fractions
(Figure 4.5b) further reinforces this point. The Ph
solution had a nmeasured pH of 7.8, approximtely two |og
units lower than the reported pKa for Ph of 10.02 (25) or
9.9 (32). Thus, Ph was at least 99%in its uncharged form
whi ch theoretically should favor renoval by non-pol ar
i nteracti ons between Ph and the sorbent.

The Phase | Toxicity Characterization Procedures for
the C18 colum included adjusting sample pHto 3 and 9
bef ore passage (see Section I1B). However, no retention of
Ph toxicity occurred at either pH value (Figure 4.6a).
Further confirmation of [ack of Ph retention was obtained by
absor bance neasurenments (268 nn) of the solution, before and
after the colum (Figure 4.6b). Figure 4.6b does show a

slight decrease in absorbance at pH 3 after 25 m have

passed; however, this was not supported by correspondi ng
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toxicity measurements (Figure 4.6a). The C18 col um woul d
appear to be unable to retain Ph fromthe spiked sol ution.
Two alternative explanations are possible for failure
of the CI'S SPE Colum to retain Ph. The first centers
around the | ow Kow (1 og Kow of 1.46), and high water
solubility (93,000 my/L at 25°C (26)) of Ph. Both indicate
relatively high polarity and suggest that Ph should not be
retained by a non-polar sorbent. The second explanation
I nvol ves the conditions used for operating the CI'S SPE
Colum. The flowrate (5 m/mn) and volune (1 Liter) of
sanpl e used by SPE to concentrate organic toxicants from
di | ute aqueous sanples is considerably greater than the
flowate (0.02 m/mn) and volume (mcroliters) used in HPLC
colum work. This may explain why CI'S HPLC Col ums are able
to retain Ph, while C'S SPE Col ums are not. At the volune
and flowate used for SPE, Ph may be retained nomentarily

and then subsequently eluted back into the agueous mobile

phase.

B.2 1-Methyl napht hal ene (MN)
Concentrations Tested: 2.9, 7.1, 35.5 ng/L

Because MN was the first target conpound to be tested,
the toxicity artifact caused by 2.0 percent MeOH had not

been realized before experiments began. |t was therefore
necessary to nodify the procedure outlined in the preceding
section (Section I11A 3) to mintain a maxinumof 1.5
percent MeOH in the bioassay. Instead of conducting another
series of Cl8 colum tests (based on 1.5% MeOH) and
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generating new elutions, 150 ul of each MeOH H O el uent
(based on the original 2.0% MeOH) was diluted with 10 m of
dilution water. This nodification insured a maxi mumof 1.5
percent MeOH and a concentration factor of 3.75X at the

poi nt of bioassay testing. The only significant change from
the original procedure is a concentration factor of 3.75X

i nstead of the usual 5X The results indicate no

appreciable loss in toxicity even though the concentration

factor had been decr eased.

The C18 colum test was perforned using three different
MN concentrations (2.9, 7.1, 35.5 ng/L). Figure 4.7a shows
an increase in toxicity with increasing concentration as
expected (see BEFORE COLUWN results), and no significant
breakt hrough of toxicity with passage of up to IL of sanple,

even at the highest feed concentration. MOH H20 el utions,
using plastic (Figure 4.7b) and glass (Figure 4.7c) both

showed that the 80 percent MeOH H20 fraction contained nost

of the toxicity, regardl ess of the MN concentration

introduced to the colum. The recovery of toxicity from

these three different feed concentrations of MNis al so

consistent, i.e., the TTU value for the 80 percent MOH H20

fraction is highest for the highest feed concentration. As
noted before, the columm el utions conducted in plastic cups
seemto attenuate toxicity to Ceriodaphnia when conpared to
results using glass. MN was the only target conpound tested
in plastic and glass; the bioassays for the other conmpounds

were conducted in plastic cups as outlined by the standard


NEATPAGEINFO:id=7805C26F-39F1-413F-8203-FB5021C53F13


COLUWNI EFF- LU EMTS
1 —MCTWLJIsi A | »(-i TMRKuri sic
un1
BEFORE COLUWN 100 500 750 850
Figure 4.7a
COLUK/ | NI ELUTI AOVs
YA MCr WCVAPM r WAL J CNC Cot.. I ttTIC cans>
op aTo -
Ae 1
ao - /\
-------- e . ,_Eag--eeeeeeee A N . xzfs:n
25 50 75 80 85 90 95
e: 2D =«
Figure 4.7b
COL UWMNI ECUTI OV
t' MCTt - | VUf si AsMTIVAL. CMC o> — ACAMCS »«>
Figure 4.7c 25 95
Neny MCTMMACL. /" WA- It «»gl »egKI TABgM

Figure 4.7

Ability of C'S SPE Colum to |Isolate and
Elute Toxicity Associated with 1-
Met hyl napht hal ene Using (a) Post - Col utm

Effluents (Conducted in G ass Beakers); (b)

Met hanol El utions (Conducted in Plastic

Cups);and (c)  Methanol Elutions (Conducted
d ass Beakers).

70

950

«--fxTA A

100

100

in


NEATPAGEINFO:id=8DF14F7E-2548-4C21-B8AE-D506A5D67708


71

procedure (section I11C).

A conparison of Ceriodaphnia and M crotox bioassay of
colum elutions is presented in Figure 4.8. The feed
concentration of MN selected for this study was 7.1 ng/L,
t he second hi ghest concentration presented in Figure 4.7.
When the Ceriodaphnia test was conducted in plastic cups
(Figure 4.8a), no toxicity was recovered in the 80 percent

MeOH H O fraction. A simlar result was repeated at this
sanme MN feed concentration (Figure 4.8b). Toxicity in the

hi gher MeOH H20 fractions (90 and 95% was due either to the
additive effects between MeCH and MN or due to MeCOH al one.

However, the M crotox bioassay procedure was capabl e of
showi ng the 80 percent toxicity peak (Figure 4.8c) that had
not been observed using the standard Ceriodaphnia test
(Figure 4.8a) conducted in plastic cups. Therefore, these
results of MN suggest Mcrotox to be nore sensitive than the
Ceri odaphni a bi oassay procedure when plastic cups were used.
Comparing results in Figure 4.8a and Figure 4.8b again
confirmed that glass increases the sensitivity of the
Ceriodaphni a bi oassay. Conparison of Figure 4.8b and c
therefore , shows a simlar response of the two bioassay
procedures in recovery of toxicity in the 80 percent
MeOH H20 fraction.
B. 3 Nonyl phenol Et hoxylate 9 Ml e (NPE)

Concentrations Tested: 11, 27.5, 55 ng/L

The feed concentrations of NPE through the C18 col um
were 11, 27.5, 55 ng/L. Figure 4.9a denonstrates that al
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three solutions had significant initial toxicity (see BEFORE
COLUWN results) which was in all cases retained conpletely
by the Cl8 sorbent. Figure 4.9b shows that feed
concentration produced some variability in the |ocation of
MeOH H20 fraction that eluted most of the toxicity. At the

| owest concentration (11 ng/L), the 85 percent MeOH H20
fraction was only slightly more toxic than the 80 percent

MeOH H20 fraction whereas the highest concentration (55
AglL)l it was the reverse ordering. The inportant point
(shown by Figure 4.9b) is that the elution procedure of the
C18 col um was unable to isolate cleanly the toxicity due to
a single known conpound into one MeOH H O fraction.

Instead, toxicity peaked in the 80 to 85 percent MeCOH H20

fracti ons.

B.4 Di-n-octyl Phthal ate DJ?
Concentrations Tested: 164, 491, 1473 ny/L

Toxicity testing of DOP indicated that a higher
concentration was required to produce significant nortality
than was originally expected; the 48 hr LC50 was determ ned
I n-house to be 90 ng/L. Despite having to use very high
concentrations (far greater than the solubility of DOP in
water of 3 ng/L at 25°C) as feed to the C18 colum and risk
the possibility of exhaustion of sorptive capacity, testing
was continued because DOP is representative of very non-
pol ar conmpounds (log Kow > 9) in contrast to Ph and M\

Early breakthrough of DOP occurred in the C18 col um
effluent. As shown by Figure 4.10a, the TTU val ues of the
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post-colum effluent sanples are simlar to those of the
feed. The feed solutions of DOP were probably not true
solutions and this may have affected the TTU pattern
observed in the effluent sanples. The | owest concentration
(164 ng/L) was m | ky white whereas the other two
concentrations (491 and 1473 ny/L) appeared to contain

m nute droplets in suspension; these |latter solutions were
conposed of two distinct, liquid phases. This problemis
obvi ously due to the DOP concentrations required for a

| et hal response being far in excess of the solubility of DOP
(3 mg/L at 25°C) in water. The concentrations of DOP used
for testing would be unlikely in the discharge of nunici pal
WAMP. However, industrial sources may on occasion discharge
this conpound into the collection systemof POTW in the
concentration range tested here; these tests should indicate
possi ble results of industrial effluent fractionation.

Despi te breakt hrough of the C18 colum by DOP, it was
still possible to examne the MeOH H20 elution results to
determ ne which fraction(s) contained the nost toxicity.
Figure 4.10b shows extensive snmearing of toxicity into
fractions ranging from75 to 95 percent MeOH H O

A conparison of elution toxicity (Figure 4.10b) and
presence of DOP in each fraction, as neasured by absorbance
at 420 nm (Figure 4.10c) is shown. Absorbance was used here
rat her than concentration because MeCH had a pronounced
effect on the slope of standard concentration versus

absor bance curve. Therefore the presence of DOP in


NEATPAGEINFO:id=03C61364-C787-4DB7-BA40-F72B397C2358


BEFORE COLUMN 100

76
COLUWMN

EFFLUENI -
Pl —M —©CTVL. )»l -rrUAl _ATC
IV ANVAN a - a/\

T 300
VA -«

«'>«C >»*»»CO  (rrtlB>

Fi gure 4. 10a

TO

e —

Into

-0 —

COL UMM

o —W-CT VY1,

ELUTI OV
PMIVAL. ATE

Ao AVAN
"5 50 H

Figure 4.10b

0

NB8OR=

Figure 4.10c 25
Figure 4.10

80

WA 1aml md/l.

50

JCTHAHOUNVWATC R ~CNCCKf TABCY t

Ability of C18 SPE Colum to |Isolate and
Elute Toxicity Associated with D -n-Cctyl
Pht hal ate Using (a) Post - Col um Effl uents and

(b) Methanol Elutions; and (c) Verification
by Absorbance Measurenents.


NEATPAGEINFO:id=C2616D94-872D-4AFD-97E8-07BB9BB07249


77

different MeOH H20 fractions cannot be determ ned precisely
owi ng to varying degrees of MeCH interferences. A rough

correl ation was observed between toxicity and absorbance in
each MeOH/ H20 el ution. This gives some support to the idea
that the toxicity expressed by each eluted fractionis, in
fact, due to the presence of DOP in that fraction and
possibly indicates a correlation between toxicity and
concentration; such a correlation is one of the objectives
considered in EPA's Phase Il Toxicity Confirnmation
Pr ocedur es.

Finally, the Mcrotox bioassay procedure was al so used
on the MeOH H20 el utions of the CL18 colum receiving the
hi ghest DOP concentration (1473 ng/L). The results are
conpared to those using Ceriodaphnia bioassay in Figure
4.11. The Mcrotox bioassay was unable to neasure toxicity
in the 95 percent MeOH H20 fraction (Figure 4.11b) which the
Ceri odaphni a had shown to be the nost toxic fraction (Figure
4.11a). If Mcrotox had been the only bioassay procedure
conducted, the 95 percent toxicity peak woul d not have been
identified. The Mcrotox procedure was repeated three tines
on the 90, 95 and 100 percent MeOH H20 fractions to
determne if experinental error could be responsible,.
However in all cases, no noticeable toxicity was found.
Additionally, the standard col or correction test reconmended

by Mcrobics (19) for colored sanples was conducted, but it

did not change the results.
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B.5 Sunmary of Target Conpound Eval uati on.

Table 4.2 summari zes the results fromthe target
conmpound eval uation. This table shows the conparison of |og
Kow val ues and the percent MeOH H20 fraction for which
toxicity peaked for the different target conpounds tested.

Theoretically, a correlation between increasing MeOH H20

percentages and increasing | og Kow val ues should exist. A
conpound with a low |l og Kow, if retained by the col um,
shoul d be removed in a | ower percent MeOH H20 fraction due
toits relatively high polarity and hydrophilic nature. As
the | og Kow val ues increase, a decrease in polarity or
increase in non-polarity is indicated and conpounds becone

i ncreasi ngly hydrophobic. These conpounds would require a

hi gher percentage of MeOH H20 before eluting fromthe col um

sor bent .

Al t hough only four target conmpounds were eval uated,
there is sone broad indication of a relationship between |og
Kow and percent MeOH H O (Table 4.2). However, the
separation of these conpounds is not well defined or
established in any particular fraction. In the Patapsco
study (conducted in Baltinore, Maryland), the class of
compounds present in the 85 to 90 percent MeOH H20 fractions
was determned to have a range of | og Kow val ues between 3.6
and 9 (9). In this study, all three target conpounds (M,
NPE, DO?) retained by the C18 col um produced toxicity in
the 75 to 90 percent MeOH H20 fractions. Experinentally, it

woul d seem reasonabl e that m xtures of these conmpounds at
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Table 4.2

flHvary of Target Conpound Eval uation
Resul ts

Target |1 og | Cow MeON nter Fraction to Peak Toxicity
Conpound Obaer ved Esti mated Cer | odaphni a M cr ot ox

Phenol 1.46 (26) 1.46 (27) Not Ret ai ned Not Test ed
(Ph)

1- et hyl napht hal ana 3.9 (24) 3.84 (27) 8W SOX
(M)

Nonyl pttenol ........ 7.8 (28) SOX to 85X Not Dat ect ad

Et hoxytate 9 nol o
(MPE)

O1l-Nn-Cctyt 9.2 (26) 9.S3 (27) 95X S5X

Pht hal at e
(DOP)
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varying concentrations could elicit toxicity peaks ranging
between 75 and 95 percent MeOH H20. This possibly verifies

the wi de range of |og Kow values found in the Patapsco
fractions, and al so shows the colum's inability to separate
cl asses of conmpounds (as defined by a broad range of |og

Kows val ues tested here) into nore distinct fractions.
B.6 Summary of M crotox and Ceri odaphni a Conpari sons

Tabl e 4.3 shows the conparison between the Ceriodaphni a
and M crotox assay procedure based on LC50 and EC50 val ues,
respectively. As indicated by Table 4.3, Mcrotox is |ess
sensitive than the standard Ceri odaphni a bi oassay test
(conducted in plastic cups). These results were expected
due to the physiological differences and contact-response
time between Mcrotox (marine bacterium and the
Ceriodaphnia (a small crustacean). The Ceriodaphnia are
capabl e of digesting soluble as well as insoluble forns of
conmpounds while the marine bacteriumis restricted to the
soluble form Toxicants associated with colloidal particles
in water can be digested by the Ceriodaphnia causing a toxic
response while not effecting the marine bacteria. This
difference in nutrient uptake between these two test
organisns is sufficient to cause a difference in
sensitivity.

The advantage of the M crotox bioassay procedure is a

fast response tine. Wastewater sanples can be determned to
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Table 4.3

Conparison Between
the Cerlodaphnia LCSO and the M crotox ECSO
for Selected Conpounds

Medi an Effective Concentration (ECSO

Cheni cal Medi an Lethal Concentration (LCSO
Anal yzed Cer | odaphni a (30) M crotox (19)
Phenol LCSO * 10.3 ny/L EC?SO -41.5 ng/L
(Ph) 95X Confidence (7.7 to 14.2) 9SX Confidence (18.6 to 92.8)
R « 0.99093
' [ ECSO > 8.4 ny/L
| - Net hyl napht hal i LCSC? 4.7 aig/L _
(M) 95X Confidence (3.5 to 6.3) 98X Confidence (1.1 to 63.2)
R - 0.9S366
Nonyl phenol LCSCR 6.7 ny/L ECSO > 275 ny/ L
Et hoxyl at e 9SX Confidence (5.2 to 8.7)
9 mol e (NPE)
Dl -n-Cetyl LCSO? 89.7 ng/L EC"SOa 262 ng/L
Pht hal at e 9SX Confidence (74.1 to 106.7) 95X Confidence (1S3 to 448)
(ooP) R « 0.97527
Met hanol LCSO - 2.0X EC.SOa3. I X
95X Confidence (1.9 to 2.0) 95X Confidence (2.S to 4.0)

Me
(VeoH) R = 0.99869
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be toxic within typically 20 m nutes as opposed to the 48 hr
required by the standard Ceriodaphnia test. This so-called
"qui ck response” is obviously not without a |oss sensitivity
(see Table 4.3). However, the cost of conducting the TIE
procedures and setting up the bioassays makes this "quick
response" a possible savings in time and noney. M crot ox
can be effectively used to screen toxic fromnon-toxic
sanples. Sanples that are determned to be toxic by
Mcrotox are typically very toxic to the Ceriodaphnia and
this determnation within 20 mnutes allows for sanples to
be processed even sooner than if the baseline toxicity test
(24 hr) had been determ ned by the Ceriodaphnia. This
"qui ck response” is crucial when dealing with sanples that

show toxicity degrading rapidly over tine.

C. Evaluation of Toxic Effluent Sanples

C.| Westside WMP, Highpoint, North Carolina

Two toxic, conposite effluent sanples (ET50 = 21 hr and
LC50 < 109% were obtained fromthe Westside WMP in
H ghpoint, NC. Both sanples, dated 3/7/88 and 3/8/88, were
passed through C18 colums. The colums were found to be
conpletely ineffective in terms of reducing toxicity or
retaining any toxic organics. This was subsequently
confirmed by the absence of toxicity in the colum elutions.
However, Phase | characterization tests (see Figure 2.4 for

overview) indicated a significant reduction in toxicity with
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the addition of varying concentrations of EDTA (33). This
would inply netals toxicity and explains why toxicity was
not renmoved by the C18 colum. Further |aboratory evidence
from H ghpoi nt indicated a higher than nornmal concentration
of nickel neasured during this acute event (an influent

ni ckel concentration of 2.4 ng/L and an effluent nicke
concentration of 0.5 ng/L).

Besi des the standard Ceriodaphnia toxicity test, the
sanples were tested with Mcrotox. No toxicity was found
for both sanples, yet the sanples were definitely toxic to
t he Ceriodaphnia. John B. Razza, a sales representative
fromthe M crobics Corporation, was consulted to explain
these contradictory results. He suggested the sanple shoul d
be sonicated prior to bioassay testing as a technique to
rel ease the netal ions associated with coll oi dal surfaces.
Bot h sanples were sonicated at three different frequencies
for a total of 15 mnutes, and then subsequently tested for
toxicity using the Ceriodaphnia and Mcrotox. Again, no
toxicity was detected by the Mcrotox instrunent. However,
an increase in toxicity with sonication was observed using
t he Ceri odaphnia procedure as is shown in Table 4.4; this is
consistent with the idea that netals toxicity could increase

due to the presence of free rather than bound forns.
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Table 4. 4

The Effects of Sonication on ET50

of Effluent Sanples Collected at H ghpoi nt
as Measured by the Ceriodaphni a

| S —— S sl — =T = O =1 = O

Sanpl es Pre-soni cati on Post - soni cati on
Col | ect ed

3/ 7/ 88 21. 4 hvr 18. 8 hr
3/ 8/ 88 311. A hr 21. a4 hr

The M crotox instriinent was successful in neasuring the
standard toxi cant copper used in the Ceriodaphnia
| aboratory. An EC50 val ue equivalent to 156.3 ug/L was
determned with a 95 percent confidence interval between
141.9 to 172.2 and a correl ation coefficient of 0.99998.
Thus, Mcrotox can detect netals toxicity, but the test

organi sm (marine bacteriun) is apparently not as sensitive

as the Ceri odaphni a.

C.2 Cross Creek WMP, Fayetteville, North Carolina

The first conposite sanple (collected from1/16/89 to
1/ 17/ 89) obtained from Fayetteville was acutely toxic to the
Ceriodaphnia (ET50 = 3 hr, LC50 = 57% . Phase |I of Toxicity
Characterization Procedures (see Figure 2.4 for outline)
were conducted the follow ng day (1/18/89), and the
bi oassays were setup on the day after (1/19/89). The
results fromthis first round of testing showed al nost the

conplete elimnation of toxicity after the sanple had been
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passed through the CI'S SPE Col um. None of the other Phase
| Toxicity Characterization Procedures gave as significant
of a reduction in toxicity (for detailed results consult M
Frey (34))

The possi bl e inportance of combined chlorine toxicity
was also noted in the first sanple. This was inplied by a
decrease in toxicity observed during sanple storage. The
day the conposite was collected (1/17/89), a so-called "pre-
initial" toxicity test (not stipulated by Phase | Toxicity
Characterization Procedures) was conducted resulting in an
ET50 of 3 hr; this would be considered Day 0 by the Phase |
Toxicity Characterization Procedures (Figure 2.4). The next
day (Day 1) the initial toxicity test was conducted
resulting in an ET50 of 4.3 hr. By Day 2, the actual day
for conducting Phase | toxicity tests, the baseline of the
effluent sanple had increased to an ET50 value of 13 hr.
Thus, sanple storage al one reduced toxicity and could inply
that a portion of toxicity was caused by the presence of
conmbi ned chlorine (because this WAMP does not nitrify, the
chlorine added is nmost likely reacting with anmonia
I mmedi ately). However, this should not rule out the
possibility of volatile organic conmpounds; they too coul d
exhi bit the sane reduction observed due to sanple storage
(for detailed results consult M Frey (34)).

On 1/23/89, the C18 SPE Col um el ution procedure was
conducted. A 500 ml portion of toxic effluent was passed

through a new C18 col umm and subsequently eluted. Figure
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4.12a shows the conplete retention of the toxic conpounds
present in the feed to the colum (see BEFORE COLtJMN) . \When
the colum was eluted with the MeOH H20 m xtures, the
majority of the toxic material was released in the 80 to 85
percent fractions as indicated by Figure 4.12b.

The second sanpl e received from Fayettevill e was
conposited between 1/30/89 and 1/31/89. This sanple was
al so acutely toxic, having an ET50 of 3 hr and a LC50 of
71% Phase | Toxicity Characterization Procedures (for
detailed results consult M Frey (34)) were conducted on the
foll owi ng day (2/1/89) and the bi oassays were setup on the
day after (2/2/89). As found for the previous sanple, a
significant reduction in toxicity occurred fromDay 0 to Day
2 (suggesting toxicity due to conbined chlorine), and the
C18 colum showed conplete elimnation of toxicity
(suggested toxicity due to non-polar organics). On Day 2,
2/2/89, one liter of sanple was passed through a new C18

colum and subsequently eluted (Figure 4.13). Figure 4.15b

indicates that the pattern of toxicity eluted with MeOH H20

fractions was different than found for the first
Fayetteville sanmple (Figure 4.12b) That is, the majority of
the toxicity eluted into the 80 to 85 percent MeOH H20

fractions for the first sanple as conpared with the 75 to 80

percent MeOH H20 fractions for the second sanple. This

shift may be an indication that the toxic organic
conposi tion changed between sanple dates, a span of about 15

days. However, chem cal specific anal yses have not been
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conducted on the fractions to determne this possibility.
The third Fayetteville sanpl e was conposited between
3/20/89 and 3/21/89. Again, acute toxicity was observed
(ET50 = 23 hr, LC50 = 63% . Phase | Toxicity
Characterization Procedures (for detailed results consult M
Frey (34)) were conducted on the follow ng day (3/22/89) and
the bi oassays were setup on the day after (3/23/89). As
with the previous two Fayetteville sanples, the C18 col um
retained the toxic conpounds conpletely. Aeration at a high
pH was the only other Phase | Toxicity Characterization
Procedure that showed the conplete elimnation of acute
toxicity (34). On 3/23/89, one liter of sanple was passed
t hrough a new C18 colum and subsequently eluted (Figure
4.14). The toxicity elution profile (Figure 4.14b),
resenbl ed that of the first sanple (Figure 4.12b) nore
closely than that of the second (Figure 4.13b). The 75 to

90 percent MeOHH O fractions eluted the majority of

toxicity conpounds.

A fourth Fayetteville sanple was conposited between
2/ 20/ 89 and 2/21/89. This sanple also gave acute toxicity
(ET50 = 20 hr, LC50 = 63%. The Phase | Toxicity
Characterization Procedures (for detailed results consult M
Frey (34)) were conducted. As found before, the CI'S colum

was able to retain toxicity; however, time did not permt an

el ution of the colum with MOH H20 to identify toxic

fraction.

Table 4.5 1s a summary of the Cl8 col um work conduct ed
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Sanpl e
Col | ection
Dat e

1/16/89 to 1/17/89

1/30/89 to 1/31/89

2/20/89 to 2/21/89

3/20/89 to in™m

Table 4.5

Sunwry of Cross Creek UUTP Conposite Sapl e*
Fayettevlte, North Carolina

Cl'S SPE Col um Results

F1e0 () Toxicity MeOH wat er Fraction
om0 Dy 1 Day 2 o ctaine
4.3 13 Yes 80 to 85
2.8 20 48 Ym 75 to 80
20 16 13 Vet Net Dcttnitnad
23 24 30 Yes 73 to 90
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on the four Fayetteville - Cross Creek WMP conposite

sanpl es. Because toxicity was elimnated after the passage
of these sanples through the C18 SPE Col uim (see Post - Col um
Effluent results in Figures 4.12a, 4.13a, 4.14a), noderately
pol ar to non-polar organic conpounds were indicated as a
source of toxicity. The shift in toxicity peaks from80 to
85 percent MeOH H20 fractions for the first sanple (1/16/89

to 1/17/89) to the 75 to 80 percent MeOH H O fractions for
the second (1/30/89 to 1/31/89) mght be an indication that

t he organic conposition changed bfetween sanple dates, a span
of 15 days. However, due to the unreliable nature of the
C18 SPE Col umm el ution procedure and the fact that the
baseline toxicity for the second sanple was mninal (ET50 =
48 hr), the shift in toxicity peaks may not be significant.
Chem cal specific anal yses were not conducted to determne a
change in organic conposition occurred between sanpl e dates.
Further sanmple collection and testing will be required
to determne if nmoderately polar to non-polar organics are a
source of the continual acute toxicity. Because of in-
streamdilution, the Cross Creek WMP is not in violation of
acute toxicity but rather, chronic toxicity. Thus, the
question remains as to whether results of a TIE ai ned at
finding the cause(s) of acute toxicity can be extrapol ated
to chronic toxicity. One possible followup would be to
i dentify these conpounds retained by the C18 SPE Col um
using GO M5 procedures as described in the EPA Phase I
Toxicity ldentification Procedures (5). The inportance of
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t hese conpounds in producing chronic toxicity could then be
assessed through literature or |aboratory study.
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VI . CONCLUSI ONS AND RECOVMVENDATI ONS

A. Concl usi ons

1. The conparison study conducted between the

Ceriodaphnia and Mcrotox as aquatic toxicity indicators
showed that the Ceriodaphnia were more sensitive to the
target conpounds tested (Table 4.3).

2. The target conpound results (see section IV.B) showed
that the C18 SPE Col um was capable of retaining and el uting
moderately polar to non-polar organic conpounds from dil uent
water. A very rough correlation was obtained between the

maj or percent MeOH H20 fraction which elutes a known
conpound (as indicated by toxicity) and the |og Kow val ue of
the conpound (see Table 4.5). The C18 SPE Col urm was not
able to produce a sharp elution of each target conpound into
one MMOHH O fraction and this [imted the data

i nterpretation.

3. Passage of the conposite effluent sanples collected at

the Gross Creek WATP in Fayetteville, North Carolina through
the C'S SPE Col um produced a significant reduction in

toxicity (as indicted by Figures 4.12a, 4.13a and 4. 14a).
Furthermore, toxicity was successfully eluted fromthe CS
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colum into the 75 to 90 percent MeOH H20 fractions (as
indicated by Figures 4.12b, 4.13b and 4.14b). Both of these

results woul d indicate noderately polar to non-polar organic

conpounds as a source of toxicity in the effluent of the
Cross Creek WAMP.

B. Recommendati ons

1. The Mcrotox bioassay procedure should be utilized as
a sanpl e screening device. Typically, a sanple that is
determned to be toxic by Mcrotox is very toxic to the
Ceriodaphnia and conbined with the fact that toxicity is
determned within 20 mnutes makes the M crotox bioassay
procedure a viable systemin TIE studies.

2. More target conpounds shoul d be tested to define the
achi evabl e resolution of the C18 SPE Col unm and to determ ne

if a correlation exists between the percent MeCH H20
fraction in which the conpound i s recovered and the [ og Kow
of the conpound.

3. Further sanple collection, toxicity testing and TIE
work will be required at the Cross Creek WMP to determ ne
I f non-polar organics are a consistent source of acute
toxicity. Because of in-streamdilution, the Cross Creek
WATP is not in violation of acute toxicity but rather,
chronic toxicity. Thus, the question remains as to whether
results of a TIE aimed at finding the cause(s) of acute
toxicity can be extrapolated to chronic toxicity. One
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possi ble followup would be to identify these conpounds

retai ned by the C18 SPE Col um using GC/ M5 procedures as
described in the EPA Phase Il Toxicity Identification
Procedures (5). The inportance of these conpounds in

produci ng chronic toxicity could then be assessed through

literature or |aboratory study.
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APPENDI X A

Washi ng Procedure

In the Phase | Toxicity Characterization Procedures
outlined in draft formin January of 1987, standard
| aboratory practices were established to insure and to
protect the quality of the data generated from conducting a
Toxicity Reduction Evaluation. Under this quality assurance
program the washing procedure was outlined. "All glassware
used in toxicity testing should be washed with detergent,
and sequentially rinsed in 10%nitric acid (to renove trace
nmetal s), hexane, acetone (to renove trace organics), and
finally high quality water." G assware used for the first
time shoul d be soaked for three days in 10%nitric acid to
remove any possibility of contamnated netals. (14)

The sequencing of washes as previously outlined was
restructured due to the fact that the acetone was originally
shipped in a netal container. The 10%nitric acid wash was
nmoved fromits leading position to the end of the washing
train to assure any metals introduced by the acetone woul d
be renoved by the acid wash. A brief outline is listed

i1 lustrating the washing procedure which was fol | owed during
toxicity testing.
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a2 WAshi ng Procedur e:

1. Detergent wash

2. Rinse 3tines in tap water

3. Rinse once in hexane

4. Rinse 3 times in tap water

5. Rinse once in acetone

6. Rinse 3 tines in tap water

7. Rinse 3tines in distilled water

8. Rinse and/or store in 10%nitric acid for 3 days
9. Rinse 3 tines in distilled water

10. Rinse 3 tinmes in high quality water

11. Prior to use rinse again in high quality water.
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The following is a list of the necessary materials
required to setup three SPE col um processing units as

APPENDI X B

Equi pent  Speci fications

described in the C18 SPE Col unmm Procedure.

P Y T T ) el e e
©0 N UTh W OO0 NOUTE W=

Box of C18 columms and adapters
30 X 50m test tubes with TFE r ubber caps
3X1 liter reservoir bottl
3 TFE needl e valves with 1/8" NPT t hr ead
3 PFA mal e connectors for 1/8"QD
3 PFA pmal e connectors for 1/4"0D
3 X 1-liter vacuum fl asks
6 custom zed rubber stoppers
12 FT of 1/8"CD TFE tubi ng
12 FT of 1/4"0D TFE t ubi ng
sggsable syrln ges 5n| & 10m (boxes)
125m ﬁg Kgropy ene W de nouth bottles
HPLC grade no liter)
House vacuum or SU|tabIe pu
3 magnetic stirrers with stir bars
26 F of vacuum hose and vacuum pi pi ng
100m graduated cylinders
ut|I|ty box $4X5X8 I nches)

6 FT of Piano w

48 X 5nm vials with PTFE rubber caps
2 mcroliter syrln ges

10 | astic centrlfu?e t ubes
gl ass tubing 773

104
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APPENDI X C

Request and Reporting Forns
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Bl OA86AY REQUEST FORM
Cer i odapni a dubi a

NAME: DATE: .
SAMPLE |.D.: LOCATI ON
SAMPLE DATE: TREATMENT DATE TIME
TYPE OF TEST: __ TIMED LETHALITY (10 ni; no dilutions
— TIMED LETHALITY 810 mL. w dilutions
— ACUTE STATIC 24 & 48 HR LC50)
- 7O%Y I\/I(NI CH C (15 ni; eproduct|ve;

SPECI AL | NSTRUCTI ONS:

RESULTS: _A ET50=

B

LC50=

_C CHRONICA  PASS / FAIL

RE%UEST RECEI VED BY:
DATE:

TEST DATES:

to

COMVENTS:


NEATPAGEINFO:id=FB5D2C3A-10FC-4B97-81A2-898B1B07CA20


TI MED LETHALI TY TEST DATA / WORKSHEET
Ceri odaphnl a dubi a

SAMPLE |.D.: NAME:

CONTROL/ DI LUTI ON WATER SOURCE: LOT #:

I NI TI AL: )
Filter: Tenp: pH, D.0.!_ Al k: Har dness: Cond:
| NI TI AL DATE: %I Il\\//EE ﬁmll__;(ss_‘rr

FINFSH  DATE: ] - BULTS

TEST VOL: « ORGANI SVS/ CUP DI LUTI ONS: | SOLATED AT:
SAMPLE

REPLI CATE
# ORGANI SVB
TI ME: NANME

Tcno (O

vH

DO rma/ L)
COMVIVENT S:

<0I
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APPENDI X D

M cr ot ox Test Procedure

The foll owi ng procedure was devel oped as a quick
reference guide for verifying the readi ness and assisting in
t he operation of the Mcrotox Unit. This procedure conbi nes
the structural format of the Abbrevi ated Assay Procedure for
Duplicate Determ nations (35) and the additional
instructions outlined in the M crotox Munual : How to Run a
Standard M crotox Test (17). The purpose of including this
guide is to illustrate the experinental procedure which was

followed and to assist anyone that may use the instrunment in

t he future.
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Anal yzer Readi ness Qui de

I NSTRUVENT | NSPECTI ON

| nsure that the Mcrotox unit is pIug?ed into a powered
outl et and has been operating for at l[east 15 m nutes
before attenpting this procedure. Ildeally the
instrument should be |eft operating on a continual
basi s during periods of frequent testing.

Visua]ly i nspect the instrunent and surrounding area for
possi bl e obstructions which nay block the wells or
ventil ation ports.

VERI FYI NG TEMPERATURE SETTI NGS

Precooling well should be at 5 degrees C

Turret and incubating wells should be maintained at
15 degrees C but may vary between 12 Cto 25 C

If the tenperature of the turret or incubating wells is
unsatisfactory it may be adjusted using the Tenp Set
control. <Unlock> the Tenp Set control and Twi ddl e the
dial until it reads 1.5 or the LED display indicates a
tenperature in the proper range, then <l ock>.

I NSTRUMENT CALI BRATI ON

Sel ect the X-10 Sensitivity Range by depressing the X-10

but t on.

<Unl ock> the Span control and then turn it clockw se to
its maxi mum setting. <lock>

Depress the HV or H gh Voltage Switch to the On
position. The photonultiplier is now energized and
should be allowed to stabilize before continuing.

Wth the turret closed and no reagent, the LED display
should read 0 O O. If this is not the case the

instrunent will need to be zeroed. To zero the

photorul tiplier output <unlock> the Zero control and
twddle the dial until 0 O O reading is obtained then

<l ock> the control. This adjustnent should only be done

wth X-10 Sensitivity range and the Span control turned
to its maxi nrum setting.
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4. CALI BRATI ON CHECK

* <Unl ock> the Span control and turn it countercl ockw se
to a setting of two, and then very carefully turn the

control clockw se until the large outside ring is set to
four and the inside dial is set to zero <l ock>.

* Verify that the turret is closed. Span control is at 4.0
and Sensitivity range is set in the X-10 node.

* Depress the CAL Check button and | ook at the LED

di splay. The display should indicate a val ue between 80
to 120. If this value is not obtained consult the

M cr ot ox Manual page 12. Rel ease the CAL Check button.
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M cr ot ox Assay Procedure

ANALYZER PREPARATI ON

* Verify anal yzer readi ness (previous procedure)

* Renobve storage cuvettes fromwells and replace them
wi th new cl ean cuvettes.

* Add 1.0 ms of Reconstitution Solution to cuvette in
t he precedi ng wel | .

* Add 1.0 mis of Mcrotox Diluent to wells Al through A4

* Add 0.5 ms of Mcrotox Diluent to wells Cl through C5

SAMPLE PREPARATI ON

* Visually inspect the sanple to determine if the |ight
absorbance correction procedure will be necessary

* Place 2.5 mis of sanple into well A5

* Adjust NaCl concentration of the sanple by adding 0.25
ms of Mcrotox Gsnotic Adjustment Solution to well
A5. Mx this well five tines with pipettor.

* Transfer 1 mM fromwell A5 to A4 and mx five tines
wi th pipettor.

* Transfer 1 mM fromwell A4 to A3 and mx five tines
w th pipettor.

* Transfer 1 mM fromwell A3 to A2 and mx five tines
Wi th pipettor

* Wait five mnutes for tenperature equilibrium

REAGENT PREPARATI ON (Read Before Attenpting)

* (Opening the reagent bottle
- Note hissing sound due to vacuum packi ng.
D sregard reagent if no sound is heard.
- Seat the reagent pellet into the bottom of the vial.

* Reconstituting reagent
- Take the cuvette of Reconstitution Solution fromthe
precooling well and place the reagent bottle right
under the lip of the cuvette.

- "Suddenly" dunp the Reconstitution Solution into the
bottl e
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- Swirl the bottle three to four tinmes fast.
- Pour the contents back into the cuvette and pl ace
the cuvette back into the precooling well.

- Aspirate twenty tines with the 250 ul pipettor and
start recorder chart drive.

* Transfer 10 ul of reconstituted reagent to wells Cl
t hrough Cb5.

Flick each cuvette five tinmes with finger.

* Depress Xl Sensitivity range.

* Pl ace the cuvette fromwell C into the turret and
cl ose.

Adj ust the DPMreading to approximately 0 9 0 by using
the Span control. <unlock> adjust <l ock>

Verify reagent equilibrium by watching the chart
recorder. (Approximately a 15 mnute wait)

ASSAY PROCEDURE

* Take initial reagent readings cycling the cuvettes in
the foll owi ng order:
c, c2, C3, ¢4, G5
Reset Span if any of the cuvettes read over 100 and
cycl e cuvettes again.

* | medi ately transfer 500 ul fromwell Al to C and nmix
by aspirating and dispensing 5 tines with the pipettor

Usi ng the procedure previously described, nake the
following dilution transfers

500 ul From A2 to C2
500 ul From A3 to C3
500 ul From A4 to C4
500 ul From A5 to C5

Aspirate and di spense 5 times after each transfer

* Five mnutes after the last I (0) light |evel was
taken as indicated by the chart recorder, cycle the
cuvettes in the following order to obtain the I (5)
l'i ght |evels:

a, 2, .3, &4, &

* | f the test indicates a stepwi se regression then

toxicity exists, and the results can be tabul ated and
r educed.
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Fifteen nmnutes after the last | (0) light |evel was
taken, recycle the cuvettes in the follow ng order to
obtain I (15) light |evels:

a, 2, .3, a4, &S

If the test indicates a stepw se regression then

toxicity exists, and the results can be tabul ated and
r educed.

It is possible to repeat the cycling of the cuvettes
for light level readings up to 30 m nutes or nore
beyond the last | (0) reading if deened necessary.
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APPENDI X E

Log Qctanol /Water Partitioning Coefficient
Esti mati ons

f or
Tar get Conpounds

Phenol (Ph)

Chem cal Formula: C*HgO

Chem cal Structure:

Cal cul ati on:

Leo”s Fragnent Constant Met hod (27)

f« , = 1(1.90) = 1.90
+fgij = 1(-0.44) = -0.44
log Kg# = 1.46

(Cbserved | og Kg™ «= 1.46)
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1 - Met hyl napht hal ene (MN)

Chem cal Fornul a: C20H7CH3

Chem cal Structure:

CH,

o Q

Leo's Fracrment Constant Method  (21)

Cal cul ati on;

AGh = 7(0. 355) -  2.4a8
fSo = 1( 0. 255) -  o0.26
+f o= 1(0. 44) -~ 0.4a

1(0. 23) - - 0.23
ACH3 0. 89 -  o.89
log Ko, = 3.84

(Qoserved log KM = 3.9)
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Nonyl phenol ethoxylate 9 Mole (NPE)

Chenical Formula: ¢ jHgQQ "Q

Chem cal Structure:

AC: >$M0[ CH2CH20) 9H

R- CH, -CH CH, - CH )
Ci+ | [ R
cnn CH'i CHo
Cal cul ati ons:

Leo”s Fragnent Constant Mt hod f272

*C6||5 0 1(1.90) = 1.90
+ Of 9( 0. 89) - 8. 01
CH3

-"h- - 9(0.23) - - 2.07

*  8f0- 9(-1.82) - - 14.56

* ' OH 1(-1. 64) = - 1.64
*! §_ 1(-0.61) - - 0.61

= S_ I (-0.23) - - 0.23

I 1( 0. 20) - 0. 20

+ 3f . - 3(0.23) - 0. 69

+ 2fc- 2(0.20) - 0. 40

£ 0 CH\?) ) 6(0. 89) - 5.34

_"Rh = - 2(0.23) - - 0.46

116
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Nonyl phenol ethoxylate 9 Mole (NPE) continued

+ (37-1)Fj3 = 36(-0.12) = - 4.32

log Ko, = - 7.35

(Qbserved | og Kow not avail abl e)
Rel ati onshi p Met hod (28)

Mai | hot and Peters* Enpiri cal

et hoxyl ate (NPE):
616. 4 gm nol

Nonyl phenol
1. 057 gm cvcr

Mol ecul ar Wi ght =

Density =
This nethod is based on the relationship between Io? Kow and
di fferent physiochenl cal propeirties for the alkane famly.

Mol ecul ar Weight (M:
| og K™ = 1.12 + 0. 024M

(n =17, " = 0.728, MSE = 0. 156)

/ Li near Equati on:
log Kg" = 1.12 + 0.024(616.4 gm nol )

Cal cul ation:
l og Ko, = 15.9
(no observed val ue)
Density (D):
log KM = -4,26 + 11.4D

Li near Equation
(n « 17, r™ «= 0.701, MSE = 0.172)

log KM = -4.26 + 11.4(1. 057 gni cw?)

Cal cul ation:
| og Kg* =7.8

(no observed val ue)
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D - n - octyl phthal ate (DOP)

Chem cal Fornula: C24H3QM4

Chem cal Structure:

C- O CgHi 7
C- O CgHi *
Cal cul ati on:
Leo”s Fragnent Constant Met hod f27»
/\Cf| HS 1(1.90) 1.90
f° = . 1(0.23) = - 0.23
+ f(OZCE — 2(-0. 56) = -1.12
+ 2(8)fCFB - 2[8(0.89)] - 14.24
+2(7)f“ - 2[-7(0.23)] — - 38.22
+(18-|)FbA 17(-0.12) -~ -2.04
I og KO,, 9. 53

(Cbserved | og KM 9.2
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APPENDI X F

Ti e Based Toxicity Unit Data Tabl es
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TABLE 0.1
PERCENT METHANOL EVALUATI ON
FOR FI OWRES 4. 1(A) AND 4. 1(B)

BOTTLE NO. 1 (4 LITER)
LOT NO. 873940
OPENED 3/ 15/ 88

=r csasac«r ax«<<*a AaHNEBSSSSSsSBSSSSSSSsSzZrsrasssssskKxsssssxzssssBrsssBnnari nr skKkCBaBsa
SAMPLES
TIME BASED TOXICITY UNIT (TTU)
ESSSSEeSSSSSSSSXBSSSSSS££SSSSS! SSSS=SSSSSSSSSSSS==««BSS===SSr SsSsss=s=sSsSsSsSssss=sss=a

Bl OASSAT CONDUCTED I N PLASTI C CUPS 11 GLASS BEAKERS

3/16 4127 | 4127 1 4127 | 7122 | 7122 | 7122 7119/ 88
1 0.0 0.0 0.0 0.0 0.0 1 0.0 1.
1 0.0 0 0.0 0.4 0.0 1 0.0
100 0.0 0.0 0.0 2.21 00
0.0 2.6 1 0.4
0.0 4.3 1 0.8
0.0 1.3 1 0.8
0.4 0.9 1 0.9
4.8 1 0.0 0.0 10.0 7.0 09 1 22
139 0 8.0 1.2
1 10.3 9.1 13.1 13.7
11.5 18.9
=sssssS5ass== ' ASSS=SEOEesSsSsS9SSSSSSESSSS=Z>SSSSS>SSSSSSNS=I SSSSSSSS=I SSSSSS8SSSSSSSSSSSSS==
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TABLE 0.2
COLUMM TOXI CI TY EVALUATI ON

FOR FI GURES 4.2(A) AND 4.2(8)

BOTTLE MO. 1 (4 LITER
LOT MO. 873940

OPEMED 3/ 15/ 88

==—as===s=ess=ssa-a«»«Bsass==s==ai Ta==ssa========r assss=as======

11 11 SANPL ES 11
I Il TIME BASED TOXICITY UNIT (TTU) [
| 1 PERCENT 1 |sSSS$SSS=855S8===8=£==§$§=§===: =§§§§======; =====

| VETHINL | | PLASTICCLPS || GLASS BEAKERS ||
I Il 3/22 17/2018/4]|| 7/19 | 8/5 |]

11 0.38 Il 1 1 O. 11 1 0.0 11

I 0.50 1 I 0.0 1 (N

I 0.75 11
I 1.00 I
I 1-13 11
I 1-20 11
I 1-28 11
I (N
I

o

|—\
O
SES (
HmO“oo$#hOOOoOoo

-
o
o
P
o

1-35

NNO P O00000

B=SSSSSASSESSSSSSesS=SISSSss=
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TABLE 0. 3
CO UMM TOXI CI TY EVALUATI ON
FOR FI GURE 4. 2(C)

BOTTLE MO, 2 (1 LITER)
LOT NO. 884151
OPENED 8/ 16/ 88

SAMPLES
TIME BASED TOXICITY UNIT (TTU)
PERCENT
METHANOL Bl OASSAY CONDUCTED | N PLASTI C CUPS [

9/22 1 9/23 9127 9/ 28

SSSSSS: S==KSSSSSSSX=SSS: sss==ssf: ss=s==

0.38 0.81 0.01 0.01 0.0 I
0,75 0.01 0.01I1 0,01 0.0 I
1,13 0.41 0.01 0,01 0,0 I
1.20 0.41 0.01 0,01 0.0
1.28 0.01 0.01 0,01 0,4
1.35 0,01 0.01 0,01 0.0
4.43 6.1 1 431 571 3.5
1.50 13,51 3,41 2,41 1.8

to
to
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TABLE D. 4

TIME LETHALI TY TOXI CI TT UM T DATA
FOR FI GURE «. 3(A)

FRACTI ONATI ON SPE C-18 COLUWN
Bl OASSAY STARTED ON 8/ 10/ 88

NON- TOXI C EFFLUENT FROM HI GHPO NJ NC
1, 5X METHANOL EXTRACTI ON
Bl OASSAY CONDUCTED | N PLASTI C CUPS

RS SSSSSSSEeS«<NS<S&XXSSSSSSSSSSSSSSSS=SSSSSSX9SSrcsrs

1 VOLUME OF SAMPLE | 1 TIME BASED TOXICITY |
|

1 PASSED THROUGH 1 UNIT (TTU) 1
1 C18 CaUW (nts) 1

1 BEFORE COLUWN | 1 o 1
1 100 11 0.0 1
1 500 11 0.0 1
1 750 11 0-0 1
1 850 11 7.3 1
1 950 11 0.0 1

TABLE D. 5

TIME LETHALI TY TOXI O TT UM T DATA
FOR FI GURE A. 3(B)

FRACTI ONATI ON SPE C- 18 COLUWN
Bl OASSAY STARTED ON 8/ 10/ 88

NON- TOXI C EFFLUENT FROM HI GNPOI NT NC
1. 51C METHANOL EXTRACTI ON
Bl OASSAY CONDUCTED | N PLASTI C CUPS

ess&sssesss Esssssssssssssssssssasaa SSSSSSSSSSCSSZSSSCEesSS&s

SPE C-18 COLUMN EXTRACTI ON TI ME BASED TOXI CI TY
PERCENT METHANOL / WATER UNIT (TTU)
ELUTI ON PLASTI C GLASS
ssEsa=asai BSB3: r a=ma=a==a=;
25 oD 0.0
50 0,0 0.8
75 0.0 2.0
80 0.0 1.2
85 0.0 0.0
90 0.0 5.7
95 0.8 7.7
| 00 0.9 6.9

BSBassacss£sssssss8cssBsssanBBezs9ss: sa=z:
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TABLE D. 6

TIME LETHALI TY TOXI CI TY UNI T DATA
FOR FI GURE 4. 4(A)

FRACTI ONATI ON SPE C-18 COLUWN
Bl QASSAY STARTED ON 10/ 5/ 88

CONTROL WATER FROM BOTANY POND
1. 5X METHANOL EXTRACTI ON
Bl OASSAY CONDUCTED I N PLASTI C CUPS

sssscs3BXECSssss«asxKascHS«ssKBSxsr excess
TI ME BASED TOXI CI TY
UNIT (TTU)

VOLUVE OF SAMPLE
PASSED THROUGH
C 18 COLUWN (nis)

SSSSSSSSSSSSSSZSSSSSSSS

BEFORE COLUWN 0.

100
500
750
850
950

zsssmassssssEssa

© o o oo
~N o o s o

0

TABLE 0.7

TIME LETHALI TY TOXICI TY UNI T DATA
FOR FI GURE 4. 4(B)

FRACTI ONATI ON SPE C-18 COLUWN
Bl CASSAY STARTED ON 10/ 5/ 88

CONTROL WATER FROM BOTANY POND
1. 5X METHANCOL EXTRACTI ON
Bl OASSAY CONDUCTED I N PLASTI C CUPS

—=SS=&

XSasaSsSs

CSSSSE£SSS=5s: s====sEX: =si SSI i

1 SPE C-18 COLUWN EXTRACTION | 1
1 PERCENT METHANOL / WATER 1 1
1 ELUTI ON

1 25 1
1 50 1
1 75 1
1 80 1
1 85 1
1 90 1
1 95 1
1 100 1

TIME BASED TOXICI TY |

UNIT (TTU)

NWOOOOO
NWoOPhOPRO

>

1

R R RPRPRRPRPEP
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TABLE D. 8

TIME LETHALI TY TOXI CI TY UNIT DATA
FOR FI GURE 4. 5(A)

FRACTI ONATI ON SPE C-18 COLUWN
Bl QASSAY STARTED ON 9/ 22/ 88

PHENCL

(10 X LCS0 * 4.3 wg/L)

1. 5X METHANOL EXTRACTI ON

Bl OASSAY CONDUCTED I N PLASTI C CUPS

—=SSSS9SIr S=S=SSSSSSSSSSSSSeSSSessSsSsss=3Ssss
VOLUME OF SAMPLE TI ME BASED TOXI O TY
PASSED THROUGH UNIT (TTUY)
C 18 COLUWN (nis)

SSassSSsSKSSESSSSSSSCCSasSSSSSSSSSSSSSSSSsSssess

BEFORE CCOLUWN 6.5
100 9.0
500 7.4
750 10.2
850 9.5
950 9.2

P

RPRRRPRERRPEPPRP

TABLE 0.9

TIME LETHALITY TOXICI TY UNI T DATA

FOR FI GURE 4.5(B)

FRACTI ONATI ON SPE C- 18 COLUWN

Bl CASSAY STARTED ON 9/ 22/ 88

PHENOL

(10 X LGS0 = «. 3 ng/L)
1. 5X METHANOL EXTRACTI ON

Bl OASSAY CONDUCTED I N PLASTI C CUPS

SPE C-18 COLUMN EXTRACTI ON
PERCENT METHANOL / WATER
ELUTt ON

2A
50
75
80
85
90
95
100

sSs=a>a>ssssss

TIME BASED TOXICI TY |

|
|
1

PRRPEPRR PR

1
1

PRRPRPRRRRER

UNIT (TTY)

eCLPoooooe
oroococoooco

1
!
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e

PR R RE R

TABLE 0. 10

TIHE LETHALITY TOXICITY UNI T DATA
FOR FI GURES 4. 6(A) AND 4. 6(B)

FRACTI ONATI ON SPE C-18 COLUWN
Bl OASSAY STARTED CH 9/ 22/ 88

PHENOL

(10 X LCS0 « 4.3 ng/L)
1. 5X METHANOL EXTRACTI ON

Bl OASSAY CONDUCTED I N PLASTI C CUPS

sS«sasssar s! S=sr asr ====ma«»««<=

VOLUME OF SAMPLE | | TIME BASED TOXI I TY ABSORBANCE DATA |
PASSED THROUGH | | UNIT (TTY) (ABS) 1
G- 18 COLUWN (ms) || pH=3 pH=7 pH«9 pH =3 pH =7 pH9 1
11

BEFORE COLUMWN ij 10.7 10.7 10.7 0.66 0.66 0.66 1
1'1

25 |1 11. 1 7.0 7.6 0.322 0.672 0.644 1
11

150 [l 6.9 5.9 10.0 0.628 0.667 (0,653 1

SSSSSanBMasr SSr SSSSSSSSSassSeSMBSSSSSSSSSSSSSSSSSasSSSSSSSSSSrrsssass


NEATPAGEINFO:id=A1C22EFE-881A-4A00-8532-83F875E4A76F


TABLE 0. 11

TINE LETHALI TY TOXI CI TY UNIT DATM
FOR FI GURE «. 7( A)

FRACTI ONATI ON SPE C- 18 COLUWN
Bl CASSAY STARTED ON 8/ 5/ 88, 7/ 13/ 88, 7/ 6/ 88

1- METHYLNAPHTHALENE

LC50 » 1.393 ul/L

1. 5X METHANOL EXTRACTI ON

Bl OASSAY CONDUCTED | N GLASS BEAKERS

1 VOLUME OF SAWPLE | | TIME BASED T CTY UNIT (TTU)

1 GC18 COLUW <ns) 11 2.8 ul/L | 70u/L 1 3A.8 ut/L

1 11 2 X LG50 1 5 XLG0 1 25 X LG50

| SES=SSS==£SS=SSSSS=SSSSSCSASSSSSSS=SSSSS58SS=SSSSSS ==ssr===rras=s! £sas=ss£SsS=s: ss=s=
1  BEFORE COLUW | ] 0.8 | 10.4 1 100. 0

1 100 I 2.9 1 1.6 1 1.2

1 500 I 0.4 1 0.4 1 2.7

1 750 I 0.0 1 0.0 1 A O

1 850 Il 0.0 1 0.0 1 0.8

1 950 I 0.0 1 0.0 1 3.9

1

1
1

1
1
1
1
1
1
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TABLE D. 12

TIME LETHALI TY TOXI CI TY OHI T DATA
FOR FI GURE 4. 7(B)

FRACTI ONATI ON' SPE C- 18 COLUMN
Bl CASSAY STARTED ON 8/5/ 88, 7/ 13/ 88, 8/ 9/ 88

1- HETHTLNAPHTHALENE

LC50 « 1.393 ul/L

1. 5X METHANOL EXTRACTI ON

Bl OASSAY CONDUCTED | N PLASTI C CUPS

$SSSSCS=55ae5=553CSS5SS525=5SSSSKSScMsssai cr«ns9se«sscssstt esssssBssesrc9>Bn«t t 9ar ssscec>a: «SSECS«SSesSSSSSSSSSSSSesSSCSCSeecs«SSSSSSSCSSSCSSSSrsea

SPE C 18 COLUWN EXTRACTION | | TIME BASED TOXICI TY UNIT (TTU)
PERCENT METHANOL / WATER

ELUTI ON 2.8 ul/L 7.0 U/L 34.8 ul/L
2 X LC50 5 X LC50 25 X LC50

r sSMAér ssssssss«BSsxc«cascessexscss: . SCEss«Esn«»B>sBxsKan«KBsa»sassse«KnsccsassKCczSSSSSSSSrSseesssSSsS==SSSSSS=SSSSSS=ESSsr'

25 0.0 0.0 0.4

50 0.0 0.0 0.0

75 0.0 0.0 3.5

80 0.0 0.8 61,8

85 0.0 0.0 0.0

90 0.0 0.0 0.0

95 4.2 5.8 5.2

100 2.3 5.3 3.4

ssbsssbsbsbbsb:
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TABLE 0. 13

TIME LETHALI TY TOXI CI TY UM T DATA
FOR FI GURE 4.7(0)

FRACTI ONATI ON SPE C- 18 COLUMN
Bl CASSAY STARTED ON 8/5/ 88, 7/ 13/ 88, 7/ 6/ 88

1- METHTLMAPHTHALENE

LC50 = 1.393 ul/L

1. 5X METHANOL EXTRACTI ON

Bl OASSAY CONDUCTED I N GLASS BEAKERS

—=£SSS= 9: s=X ssBessssssseecaesEassssesss*eBssaEBsssessssssti s9sssszsEssasssassBs=sssesssssBaassas
SPE c- 18 COLUWN EXTRACTI ON TIME BASED TOXICITY UNIT (TTU)
PERCENT METHANOL / WATER
ELUTI ON 2.8 ul/L 7.0ul /L 1 34.8 ulA
2 X LG50 5 X LG50 1 25 X LC50
25 0.0 -0 1 0.0
50 0,0 (-0.8) -0 (+0.8) 1 0.0 (-0.8)
75 0.3 10.3 1 15.7
80 1.5 26.6 1 98. 8
85 0.0 0.0 1 8.7
90 1.8 1.0 1 7.4
95 5.6 1.6 1 4.8
100 6.4 0.0 (-2.0) 1 5.2

SBseaaaaassBBBaaaaaaBBaaaassssaBaeas


NEATPAGEINFO:id=9461A5D7-87FA-4665-9052-3DF78F8B2AF8


TABLE D. 14

TI ME LETHALI TY AND M CROTOX DATA
FOR FI GURES 4.8(A), 4.8(B) AND 4.8(C)

FRACTI ONATI ON SPE C- 18 COLUWN

1- MCTHYNAPHTHALENE
(5 X LC50=1.393ul /1)
1. 5X METHANOL EXTRACTI ON

BSSSS«S«Cr =====s=======

SPE C-18 COLUMN EXTRACTI ON M CROTOX TOXICI TY UNIT CERI OOAPHNI A OUBI A TOXI CI TY
PERCENT METHANOL / WATER (1 / EC50) X 100X (1 / ET50) X 100X
ELUTI ON PLASTI C GLASS
S=SSrsses3sSsSsSsSsS=sSsSsSsrss=i
25 0.0 0.0 .0
50 0.0 0.0 .0
75 1.7 0.0 6.8
80 3.7 0.0 17.8
85 0.6 0.0 0.0
90 0.0 0.0 3.7
95 0.0 6.0 3.9
100 0.0 5.0 0.0

:sSs: ! =ssssssass:
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TABLE D. 15

TIME LETHALI TY TOXI CI TY UNIT DATA
FCR FI GURE 4. 9(A)

FRACTI ONATI ON SPE C-18 COLUWN
Bl OASSAY STARTED ON 9/ 26/ 88, 9/ 27/ 88, 9/ 29/ 88

NONYL PHENOL ETHOXYLATE

LC50 » 5.5 ng/|

1. 5X METHANCL EXTRACTI ON

Bl OASSAY CONDUCTED | N PLASTI C CUPS

S: SSSSS==SS=SS£==SSSSS5S5=SSSSSSSSSSSSS=SSSSSSSSSSS5SSsr sssssssasr ss: f
1 VOLUME OF SAWPLE | | TIME BASED Toxiaity WNIT CTTU)

1 G18 COLUWN (fflls) 11 11 m/L | 27.5 my/L | 55 g/ L

1 11 2 X LG50 1 5XLC0 1 10 XLC50 1
1  BEFORE COLUWN | | 15.6 ] 10.9 1 19.6 1
1 100 I 0.0 1 0.4 1 0.0 1
1 500 I 0.(, 1 0.0 1 0.0 1
1 750 11 0.0 1 0.0 1 0.0 1
1 850 I 0.0 1 0.0 1 0.0 1
1 950 I 0.0 1 0.0 1 0.0 1

asaasEsssnssss:
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TABLE 0. 16

TIME LETHALI TY TOXICI TY UNI T DATA
FOR FI GURE 4. 9(B)

FRACTI ONATI ON SPE C-18 COLUWN
BI OASSAY STARTED ON 9/ 26/ 88, 9/ 27/ 88, 9/ 29/ 88

MOWL PHENOL ETHOXYLATE

LC50 ' 5.5 my/|

1. SX METHANOL EXTRACTI ON

Bl QASSAY CONDUCTED | N PLASTI C CUPS

SSXSSzSSSSEZBZsazsssKsszzzsssEZBSsssaxaEaxesBsKSCKSsesBsssssaEXZScssasssneeczESBseussKKacszEZXZBssSSSCSSSEEBSZSSSSSSXSSSSESSSSSr SSXSSSSSXSSzzs

1 SPE C-18 COLUW EXTRACTION | | TINE BASED TOXICITY UNIT (TTU) |
l ELUTION | 1 | ( 2.5 m] j Bl (
1 [ 2 X L”%:SO 1 5 X LC@O | 10 XHECSO |
1 25 Il 0.0 (-0.4) 1 0.0 (-0.4) 1 0.0 (-0.4) 1
1 50 11 2.1 1 0.0 L o-t) L
1 75 11 0.0 (-0.4) 1 5.7 1 12-7 1
1 80 I u. 2 1 18.0 1 35.7 1
1 85 I 17.6 1 18.3 1 26.7 1
1 90 W 3.6 1 6.0 1 9-9 1
1 95 11 1.6 1 0.0 (-1.1) 1 0.5 1
1 100 | 6- 1 0.0 (-0.1) 1 0.4 1
==ss«ccK«ec«asssssBB«a BSSBSSESESE ESSSZBSSSSSSSZEZESSSBaBSSSSBBSZSZSSe SSBBBBSSeBSS SSsSBSCBBSa

¢8I
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TABLE 0. 17

TI VE LETHALI TY TOXI O TY UNIT DATA
FOR FI GURES 4. 10(A) AND 4.11(A)

FRACTI ONATI ON SPE C- 18 COLUWN
Bl QASSAY STARTED CN 10/11/88, 10/ 6/ 88, 10/ 7/ 88

DI - N- OCTYL PHTHALATE

LC50 = 89.7 ny/|

1. 5X METHANOL EXTRACTI ON

Bl OASSAY CONDUCTED | N PLASTI C CUPS

S; =SSSS=S=SS==SSSS==Sr $555595S*=s! £5=*' sSSr55555SS=SS£S=SSSS: SSS=SSI SS==SSSI ==f =§=S=S====

1 VOLUVE OF SMPLE | | TINE BASED TOM CITY WNIT (TTY) |
1 c-18 COLUWN (m'sf 11164 ng/L | 491 ng/L | 1473 ny/L |

1 1 1.8XLC50 1 5.5 XLG0 | 16.4 X LC50 |

| $55=5=5===5===5525= sssssssssssaEssss ssssr CKssssrssss===s ssssssrs==== z==zm§=ar §eF

1 BEFORE CO_UM\I 4. 2 16 0) :I_
100 7 . 8 1

15& ?2 13

SSSSSSSSSS ES====Sscs

| 4
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TABLE 0. 18

TIME LETHALI TY TOXICI TY UNI T DATA
FOR FI GURE 4.10(B) AMD 4. 12(A)

FRACTI ONATI ON SPE C- 18 COLUWN
Bl OASSAY STARTED CH 10/ 11/ 88, 10/ 6/ 88, 10/ 7/ 88

Dl - N- OCTYL PHTHALATE

LC50 = 89.7 ny/|

1. 5X METHANOL EXTRACTI ON

Bl OASSAY CONDUCTED | N PLASTI C CUPS

MB=«xB«a=s=E8==s«asE=sssr e==r 53€5SaSSSSXB«SSaessssCcsessSS£SSSSSrxsssa£ss; =====%BBSS===XSS=s=-r sSSsBsssss=s=- =ssssss=s==—s===
1 SPE c 18 COLUMN EXTRACTION | | TIME BASED TOXICITY UNIT (TTU) |
1 DrOr CUT MFTUAUM / UATrD ..... eLee e L
1 ELUTI ON 1 1 164 g/ L 491 ny/| 1473 g/ L
1 Il 1-8 anCSO |I 5.5 >r(TgLC50 || 16.4 )Erq_CSO
1 25 I 0.0 (-0.4) 1 1.6 1 0.0 (-0.4) 1
1 50 I 0.0 1 1-1 1 4,2 1
1 75 11 4.3 1 6.6 1 20. 2 1
1 80 I 8.1 1 2.3 1 11.1 1
1 85 [l 7.5 1 5.6 1 13.7 1
1 90 11 19.3 1 9.0 1 20.9 1
1 95 I 23.7 1 22.5 1 24.6 1
1 100 11 6.1 1 7.8 e 1 13.1 1

sssHsnmascr ss==sessscsssankKsssss=assaB«sssr ssssr =sxeean>ssaBS»«nEssss* n>BsacECEcsssaBB«nssssssBBsss=s
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TABLE D. 19

TIME LETHALI TY TOXI CI TY UHI T DATA
FCR FI GURE 4. 11 (B)

FRACTI ONATI ON SPE G- 18 COLUWN
Bl CASSAY STARTED ON 10/11/88, 10/ 6/ 88, 10/ 7/ 88

A - N-OCTYL PHTHALATE

LCSO = 89.7 ny/l

1. 5X METHANOL EXTRACTI ON

Bl OASSAY CONDUCTED | N PLASTI C CUPS

ecsSsSsSSsSsSSSSSSSSSSsSsesssars SSSsSsasssSsSsasssarss —SSSXsE=BSEse»==r ssaa=SSSSSSSSSSSSCcSSsSs

1 VOLUE OF SAWPLE | (1 / ET50) X 100X !
1 PASSED THROUGH |

1 C18 caN (nfs) 1 1 164 mylL 1 Mmll | WU mL |
1 11 LEXLO 1 55XLO 1 16.4XLCSO 1
1 BEFORE CCLUN | 1 26 1 3 1 11 1
1 100 11 57 1 0.0 1 0.0 1
1 500 11 b1 1 ) 1 27 1
1 T 11 b1 1 ) 1 8.3 1
1 ) 11 61 1 0.0 1 6.9 1
1 ) 11 3! 1 26 1 10.0 1
1 1

QEI
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TABLE D. 20

ABSORBANCE DATA COLLECTCO ON 10/13/88, 10/ 8/ 88, 10/ 9/ 88
FOR FI GURE 4.11(0)

FRACTI ONATI ON SPE G- 18 COLUWN
Bl OASSAY STARTED ON 10/11/88, 10/ 6/ 88, 10/ 7/ 88

A -N-OCTTL PHTHALATE

1C50 = 89.7 myll

1. 5X METHANOL EXTRACTI ON

Bl QASSAY CONDUCTED | N PLASTI C CUPS

ABSORBANCE READ AT THE END OF THE BI OASSAY TEST

1 C-18 COLUW | 164 L | 491 L | 1473 my/L
(I1)|1]8XLC5r0Tg |55XE§5 |164Xr{gC50|
il_ BEEORE CO_I lCJ)M\I3J é (:)I_ 080 6 287 % Q. 209
b 288 1M1 %0 L G Oy & 99
1 /50 11 0.560 1 0.060 055
I 850 Il 0O0-560_1 0. 064 O 089 1.
950 77050 1 0020 |00


NEATPAGEINFO:id=B2DC89FA-40A5-4CAC-B5CA-29387D638276


TABLE 0. 21

TINE LETHALI TY TOXI CI TY UNIT DATA
FCR FI GURE 4. 12(B}

FRACTI ONATI ON SPE C-18 COLt WN
Bl OASSAY STARTED ON 10/ 11/1)8, 10/ 6/ 88. 10/ 7/ 88

O - H OCTYL PHTHALATE

LC50 « 89.7 m_.]/|

1. 5X NETHANa EXTRACTI ON

Bl OASSAY CONDUCTED | N PLASTI C CUPS

' s==s9scssn«a*ssnzxsssssecesBBsesssSBKB>ezBsSSSSSSCSSKSSBSSSI SSSSSSSSSSSSI S=SXSSSSSSI SSESSSSSSI SSSSSSSSSSSSS

SPE C-18 COLUWN EXTRACTI ON <1 / ET50) X 100X
PERCENT METHANOL / WATER
ELUTI ON 11 My L «91 ny/| 1 1473 my/ L
I 1.8 X LGS0 5.5 X LC50 16.4 X LC50
ss ===SBSBSBXXBBB===BaBS=BBE===ESBaSBBB= = SS=r-s*====5sssS=3SS=! SS=SSasss; : ====S=S=5S==S
25 11 0.00 0. 00 0. 00
50 11 0.00 0. 00 3.07
75 1 2.7« «. 78 17.54
80 11 5,46 2.08 8. 33
85 11 5.59 4.17 10. 20
90 11 11.63 6.21 17.54
95 11 20.30 25.00 32.26
100 11 5,88 6. 85 10.75
1Y
BBssaaBaasBBs==sssssBssnesBK«r aBBt t B93 —<>»Bnn. « - - -

$I
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TABLE D. 22

ABSORBANCE DATA COLLECTED ON 10/ 13/88, 10/ 8/ 88, 10/ 9/ 88
FOR FI GURE A 12(0)

FRACTI ONATI ON SPE C-18 COLUNN

Bl OASSAY STARTED OM 10/ 11/ 88, 10/ 6/ 88, 10/ 7/ 88

O -M CCTYL PHTHALATE

LC50 = 89.7 ny/|

1. 5X METHANOL EXTRACTI ON

BI OASSAY CONDUCTED | N PLASTI C CUPS

ABSORBANCE READ AT THE END OF THE BI OASSAY TEST

SS) i »K«S5555555€555585SSSCSSSESSSSSS55€75SSEESSSSSCSSSSS5«SSSSeSasSSSCX«955S5SS5SSSSx9tt ecBSf i £55555555=5555555S55<
ABSORBANCE ( ABS)

41 mt
5

1 SPE ¢- 18 COLUW EXTRACTI ON
1 ELUTION 11 104 mEIL

I 1-§ X LC30
srSSSSSSSSSKSSSSSSSSSSSEeSSSSSSSSSSSSeSsESSSSSf|CXSSSSSSSSSaSSCSSSSSSaCaSSSSSeXftSSSSSSSSSSSSSSSSSSSSSSSSSSrSSSSf
! 5 I 0,004 | 0,004
| 5 [ 0,008 1 0,001
| 8 I 0.0 1 0.02
| 8 ! 0.053 1 0.028
| 8 I 0.110 1 0.054
! ] I 0.2 1 gégg
! % I 0.52 :
| 100 [ 0265 l 0.2%

173 myL
16.4 X LC30

==SSSSEeSSSS=SSS==SSXSSSSSSrsss=s==a=

0.003
0.010
0.080
0.078
0.30
0. 667
1.199

0.4

ssaessBsssEsssesssssasr SSSsSSrsssasssss

!

|
1

03
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TABLE D. 23

TI VE LETHALI TY ANO M CROTOX DATA
FOR FI GURES 4.13(A) AND 4. 13(B)

FRACTI OVATI OM SPE C-18 COLUWN
DI - N- OCTYL PHTHALATE

( X) NCENTRATI ON = 1473 ng/L
1. 5X METHANOL EXTRACTI ON

SPE C- 18 COLUMN EXTRACTI ON M CROTOX TOXICITY UNI T CERI OCOAPHNI A DUBI A
PERCENT METHANOL / WATER (1 / EC50) X 100X TOXI CI TY DATA
ELUTI ON (1 / ET50) X 100X

sSssassBsSrssss===SSSSSSSSrsss essssssss

25 0.0 0.0

50 1.4 )

75 10.2 17.

80 3.8 8.

85 35.7 10.

90 .4 17.

95 .6 32.

100 .3 10.8

ssasnsassccssss: =SSS9SBMBS«S«S=rsz
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TABLE 0. 24 TABLE 0. 25

TIME LETHALI TY TOXI G TY UM T DATA TINE LETHALI TY TOXI CI TY UNI T DATA
FOR FI GURE 4. U(A) FOR FI GURE 4. U(B)
FRACTI ONATI ON SPE C- 18 COLUWN FRACTI ONATI ON SPE C-18 OOLUMN
Bl OASSAY STARTED ON 1/ 2A/ 89 Bl QASSAY STARTED ON 1/ 24/ 89
FAYETTEVI LLE CROSSCREEK WUTP M NUS C18T 8E«l E8 BLANKS FAYETTEVI LLE CROSSCREEK UUTP M NUS CL8T SERIES BLANKS
SAVPLE TAKEN BEFORE CHLORI NATI ON SAVPLE TAKEN BEFORE CHLCRI NATI ON
COVPCSI TE SAVPLE 1/16/89 TO 1/17/89 COVPCSI TE SAMPLE 1/16/89 TO 1/17/89
1. 5X METHANOL EXTRACTI ON 1.5X METHANCL EXTRACTI ON
Bl OASSAY CONDUCTED | N PLASTI C CUPS BI CASSAY CONDUCTED | N PLASTI C CUPS
=) eSE«assss! »SE=SSSC«8t 9«aCcsSi ex««»SSSS esKzsBMsesCEESESssssBssEssssssssEssasESSrssssssassssssssrsa
VOLUME OF SAWVPLE | TIME BASED TOXI CI TY SPE C 18 COLUMN EXTRACTI ON TINE BASED TOXI G TY
PASSED THROUGH UNIT (TTU) PERCENT METHANCL / WATER UMT (TTU)
C-18 COLUWN (nis) ELUTI ON e
ssss==sssE=s==s=ss=scS8asscseBSSsscsKsss««Ksseszst: a Kasesaaaassac
BEFORE COLUMWN 11.3 25 0.0
50 0.0 50 0.0
250 0.0 75 1.6
450 0.0 80 12.7
85 u. 5
90 3.5
95 0.0 (-0.3)

s==r s3«nm««BssssssSBas«csasar 100 0.7

agaeaesaaas sessaeaasesassa
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TABLE 0. 26 TABLE 0. 27

TIME LETHALI TY TOXI CITY UNI T DATA TIME LETHALITY TOXI QI TY UNIT DATA

FOR FI GURE 4. 15(A) FOR FI GURE 4. 15(A)

FRACTI ONATI ON SPE G- 18 COLUWN FRACTI ONATI ON SPE C-18 COLUW

Bl OASSAY STARTED ON 2/ 3/ 89 BI OASSAY STARTED ON 2/3/89

FAYETTEVI LLE CROSSCREEK UUTP M NUS CI ST SERI ES BLANKS FAYETTEVI LLE CROSSCREEI C UUTP M NUS C18T SElti ES BLANKS

SAVPLE TAKEN BEFORE CHLORI HATI ON SAVPLE TAKEN BEFORE CHLORI HATI ON

COMPOSI TE SAMPLE 1/30/89 TO 1/31/89 COWPCS| TE SAMPLE 1/30/89 TO 1/31/89

1. 5X METHANOL EXTRACTI ON 1. 5X METHANOL EXTRACTI ON

Bl OASSAY CONDUCTED | N PLASTI C CUPS Bl CASSAY CONDUCTED I N PLASTI C CUPS
SSSSr—ass=s=s—s=ssssssssssi ©€SSSs9sasssK=ssssseassssss S===5=5««=SB=sS=s«=r ss====s==r =Br a==a==S=======8a=SS=SS=S=S===S=
1 VOLUME OF SAWPLE | 1 TIME BASED TOXICITY | 1 SPE C-18 COLUMN EXTRACTION | |  TIME BASED TOXICITY
1 PASSED THROUGH | 1 UNLT (TTU) 1 1 PERCENT METHANCL / WATER | | UINIT (TTY)
1 G18 COLUWN (nis) 1 1 ELUTION 11 L

=er ==BS«assnre==s====a=»BJ! ssssBsaa==asr sBsasas=a===»a
1 BEFORE COLUWN 11 -7 | 1 25 I 0.3
1 100 11 ¢-0 1 1 50 I 0.0 (-0.5 1
| 500 11 ¢-0 1 1 75 I 6.4
1 750 11 0.0 1 1 80 [ 6.2
1 850 11 0.0 1 1 85 [ 0.5
1 950 11 0.0 1 1 90 'l 0.0 (-1.2) 1
1 1 1 95 |1 0.0
::SS) NnHNNNNsSs=rr sse«xcsBs= 1 100 I I 2. 1
1 11

asBBa«««»«««BB8aBB=S3B»K» ««B«H««Bas=aa««nmcanmxi Baa3gBBg SSSSSf i SSsss
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TABLE D. 28

TIVE LETHALI TT TOXI CITY UNI T DATA
FOR FI GURE 4. 16( A)

FRACTI ONATI ON SPE C-18 COLUWN
Bl OASSAY STARTED ON 3/ 2A/ 89

FAYETTEVI LLE CROSSCREEK WTP M NUS C18T SERIES HANKS
SAMPLE TAKEN BEFCRE CHLORI NATI ON

COVPCSI TE SAMPLE 3/20/89 TO 3/21/89

1. 5X METHANOL EXTRACTI ON

BI CASSAY CONDUCTED | N PLASTI C CUPS

VOLUMVE OF SAMPLE TI NE BASED TOXI CI TY
PASSED THROUGH UNIT (TTY
C 18 COLUWN (nl a)

BEFORE COLUWN
100
500
750
850
950

coooow
o O O ©O ©

TABLE D. 29

TIME LETHALI TY TOXI CI TT W T DATA
FOR FI GURE 4. 16(B)

FRACTI ONATI ON SPE C-18 COLUW
Bl OASSAY STARTED ON 3/ 24/ 89

FAYETTEVI LLE CROSSCREEK UUTP M NUS C18T ttStES HANKS
SAVPLE TAKEN BEFCRE CHLORI NATI ON

COVPCSI TE SAMPLE 3/20/89 TO 3/21/89
1. 5X METHANCL EXTRACTI ON

BI CASSAY CONDUCTED | N PLASTI C CUPS

SPE C-18 COLUWN EXTRACTI ON TI ME BASED TOXI CI TY
PERCENT METHANOL / WWATER UNIT (TTY)
ELUTI ON
ddaaaaaaaaaaaaaaaaaaaaadaaaadaadaadaadaaadadaaaaaaaaaaaaaaaaaaa

25 0.0 (-4.6)
50 0.
75 54
80 7.6
85 7.0
90 3.7
95 0.0 1.4)
100 0.0 2.7)

| aaaaaaaaa asaacaaaa aaaaaaaaaaaaaaaaaa
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