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ABSTRACT 

A toxicity reduction evaluation (TRE) is comprised of 
performance evaluation of the publicly-owned treatment works 
(POTW); toxicity identification evaluation (TIE); and a ~oxicity 
Source Evaluation (TSE). The specific objectives of this research 
were to: challenge the TIE protocol with target compounds to 
determine whether the toxicity could be properly classified; 
apply the TIE and TSE protocols to two case studies (~igh Point, 
NC and Fayetteville, NC) where pass-through toxicity was highly 
variable; and investigate the potential for return activated 
sludge to desorb components that may cause acute toxicity. 
Testing of the TIE Phase I protocol with five target compounds 
(four organic compounds and one metal) showed that false positive 
and false negative removals of toxicity can occur. ~lution of 
the C18 column with methanol/water fractions (TIE Phase 11) 
showed that toxicity is eluted in several different fractions for 
a single compound. Only a weak relationship was found between 
the fraction eluting toxicity and the polarity of the compound. 

~dentification of the sources or nature of acute toxicity 
when events were sporadic was not solved in the High Point study. 
One event was shown to be caused by metal plating industries 
discharging nickel. Modifications were made to the refractory 
toxicity assessment (RTA) protocol to simplify its use. Also, 
the protocol was modified to use chronic toxicity as the 
end-point rather than acute toxicity; four (all organic chemical 
manufacturers or users) gave very low averages of young produced. 

Four TIEs at the Fayetteville, NC facility showed that the 
C18 SPE column removed acute toxicity completely in each 
instance. Other tests implied ammonia could have contributed to 
toxicity but this was not consistent with removal of toxicity by 
the C18 column. Elution of the C18 column in three of the TIEs 
showed that all the toxicity was found in the 75 to 90% methanol 
fractions and most was in the 80-85% fractions. RTA tests 
suggested five potential industrial contributors of toxicity. 

Return activated sludge was not found to be more toxic than 
whole effluent in the case histories examined. However, a sample 
from another treatment facility indicated concentration and 
release of toxicity by biomass. 

TIE Phase I protocol can provide the proper direction for 
further narrowing of potential toxicants but more data are needed 
with mixtures of target compounds to show reliability. The RTA 
protocol should be streamlined to make it more practical to 
apply. The development of 9-eal-timew measures of aquatic 
toxicity is essential if sporadic sources are to be eliminated. 
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SECTION I 

CONCLUSIONS AND RECONMENDATIONS 

Conclusions 

The conclusions of the two case studies using Phase I and 

Phase I1 (limited to elution of the C18 SPE column) of the TIE 

protocol and the RTA protocol are as follow: 

1. The original plan of having one laboratory perform the TIE 

Phase I tests and another the associated bioassay tests was 

not workable; loss of toxicity with time (days and weeks) 

occurred with samples obtained from the High Point Westside 

WWTP . 
2. The problem of identifying sources or nature of acute 

toxicity when events were sporadic was not solved in the 

High Point study; during the course of the research from 

October 1987 to April 1988, the acute toxicity events 

lessened in frequency thus making it impossible to 

anticipate when to collect whole effluent samples and 

invest the time and expense in conducting a TIE or an RTA. 

It was not possible to explain the disappearance of acute 

toxicity through plant closures or pretreatment programs. 

3. A TIE Phase I and I1 test was done on one significant acute 

toxicity event at High Point and this revealed that metals 

rather than organic compounds were the cause; this was 

corroborated by plant data that showed excessively high 

concentrations of Ni in the wastewater on two successive 

days of sampling. 

4. While several other whole-effluent samples collected at 

High Point were acutely toxic upon collection, it was not 

possible to conduct a TIE because toxicity disappeared 

before the TIE analyses could begin at the University of 



North Carolina; sources of toxicity other than metals were 

implied. 

5. One RTA was conducted even though the whole effluent was 

not acutely toxic. The objective was to determine if any 

of the individual industrial wastes when added to primary 

effluent increased the acute toxicity significantly and if 

this toxicity was subsequently removed in batch biological 

treatment; only three of the nine industrial waste samples 

(all related to the manufacturing of organic chemicals) 

increased the acute toxicity of primary effluent and this 

toxicity disappeared upon batch treatment. 

6. A modified protocol for an RTA was tried at High Point to 

determine if chronic toxicity could be used as the end- 

point rather than acute toxicity; one chronic toxicity 

event in the whole effluent was captured while 

simultaneously collecting industrial effluents for batch 

biological reactor tests. 

7. Replicate (6) mini-chronic tests used by the North Carolina 

regulatory office (dilution of effluent from batch reactor 

to simulate in-stream waste concentration) showed rather 

large variability in number of young ~eriodaphnia dubia 

produced over seven days and this made interpretation of 

the data difficult. Nevertheless, of the nine industrial 

wastes added to primary effluent and to synthetic 

wastewater, four (all organic chemical manufacturers or 

users) gave very low averages of young produced. One of 

these industries was disconnected from the sewer system 

shortly after the study; chronic toxicity, however, still 

occurred sporadically. 

8. Four TIES were conducted at the Cross Creek WWTP in 

Fayetteville, NC over a period of three months; in each 
instance, the C18 SPE column removed acute toxicity 

completely (i.e. ET50>48 hours). 

9. Not all of the TIE results for Fayetteville could be 

explained. Of most concern was the removal of toxicity by 

clinoptilolite and by high pH aeration (some but not all 

samples) both suggesting ammonia toxicity. While total 



ammonia averages about 12 mg/L in the effluent, the NH3-N 

was below the level that causes significant acute toxicity. 

Moreover, ammonia toxicity was irreconcilable with the C18 

column results in which ammonia passed through but toxicity 

was removed. One possibility is that clinoptilolite 

removes organic compounds as well as ammonia. 

10. Elution of the C18 column in three of the TIES showed that 

all the toxicity was found in the 75 to 90% MeOH fractions 

and most was in the 80085% fractions. 

11. Two RTAs were conducted using acute toxicity as the end- 

point and testing five important industrial contributors to 

the Fayetteville plant. While three industries were 

identified as contributing to pass-through toxicity when 

added to primary effluent at 10 times their average volume 

contribution (lox), attempts to isolate the effect of each 

in synthetic wastewater failed because of interference from 

biomass toxicity. 

12. Biomass toxicity was investigated at three different 

wastewater treatment plants. The method of evaluation 

consisted of centrifuging return activated sludge and 

measuring the ET50 of the centrate. The clearest evidence 

for biomass toxicity was found in the South Burlington 

plant where on two occasions, centrate toxicity was greater 

than whole-effluent toxicity; release of toxicity from 

biomass was demonstrated by sequential washing of the 

biomass. Neither the whole-effluent nor the centrate was 

toxic at the High Point plant while at the Fayetteville 

plant, about the same amount of toxicity was present in 

both the whole-effluent and the centrate. 

In addition to the above conclusions concerning the results of 

case studies, the following relate to the TIE and RTA 

procedures: 

1. The ET50 was found more convenient than the LC50 test in 

the TIE; some difficulties were discovered in proper 

selection of the dilutions to use in the LC50 test. 



2. Testing of the TIE protocol with five target compounds 

(four organic compounds and one metal) showed that false 

positive and false negative removals of toxicity can occur. 

For example, phenol was not removed by the C18 column yet 

it is adsorbed effectively by activated carbon; vacuum 

filtration (recommended in the final EPA TIE Phase I 

document as pressure filtration) caused stripping of the 

methylnaphthalene due to its volatility; Cu was removed 

unexpectedly by aeration and filtration at high pH and by 

addition of powdered activated carbon (expected to remove 

organic compounds, not inorganic compounds). In addition, 

elution of the C18 column with MeOH/H20 fractions showed 

that even when only one compound is present, toxicity is 

eluted in several different fractions. Moreover, the log 

of the octanol-water partition coefficients of the three 

target compounds ranged from 3.6 to 9, yet all eluted 

toxicity in about the same fractions. Thus a relationship 

between the fraction eluting toxicity and the polarity of 

the compound causing toxicity seems tenuous. 

The time-toxicity unit (TTU) was developed to provide more 

toxicity information than the ET5O by interpreting the 

progression of mortality rather than only the reporting the 

time to reach 5 0 %  mortality. More ruggedness testing with 

reference toxicants is needed to validate the procedure. 

The existing RTA protocol was very difficult to manage with 

two, part-time laboratory personnel. The most number of 

batch reactors that could be operated in parallel was four. 

Adding enough biomass to the batch reactors without 

diluting the sample excessively proved troublesome when the 

return activated sludge had not been thickened enough in 

the plant. 

Several modifications to the existing RTA protocol were 

made to reduce the laboratory work. Among these were: 

adding industrial waste at its average volume contribution 

(1X) and ten times its average volume contribution (10X) 

but not 15 times its average contribution (15X) to 

wastewater; relaxing the criterion that F/M must be kept 



constant; simplifying calculation of inorganic nutrient 

additions; not conducting reactor tests with synthetic 

wastewater unless the primary effluent series suggests an 

industrial waste may be contributing pass-through toxicity 

at 10X. The project scope did not permit sufficient 

ruggedness testing to determine if these modifications can 

be recommended in general. 

The use of soluble COD (SCOD) to measure biodegradation 

showed very low treatment efficiency in the batch reactors 

in many instances; it is likely that organic compounds that 

do not pass through a 0.45 urn filter are still biodegraded 

or sorbed onto biomass and removed. 

The measurement of acute and chronic toxicity in synthetic 

wastewater controls may not be due entirely to toxic 

biomass; some control studies on synthetic wastewater 

without biomass showed the presence of acute toxicity. 

The synthetic wastewater may not be an ideal background 

source of substrate with which to simulate conditions in 

treatment of industrial wastes. A significant fraction of 

the total COD of synthetic wastewater is not SCOD; this may 

explain its slow and incomplete removal. 

Recommendations 

1. More consideration should be given to demonstrating that 

the TIE Phase I protocol can yield still provide the 

proper direction for further work on identification of 

toxicants when several potential sources of toxicity are 

present; successes with use of the TIE approach should be 

made available to the scientific community at-large through 

publication in peer-reviewed journals. 

2. More data should be obtained with mixtures of target 

compounds to provide better evidence for the reliability of 

the TIE protocol and in particular, the nature of the 

relationship between MeOH/H20 fractions eluting toxicity 

and polarity of the organic compounds; if such data already 

exists, it should be made available to the scientific 

community at-large through publication in peer-reviewed 

journals. 



3. The RTA protocol should be streamlined as much as possible; 

some tolerance, for example, on the F/M ratio would 

simplify calculations and speed preparation of solutions 

for testing in the batch reactors. Similarly, using excess 
inorganic nutrients in fixed amounts would be simpler than 

measuring their concentrations in each industrial waste 

sample and adding according to the deficiency. 

4. Alternatives to Marlene's mix (see Botts et al. 1988) for 

synthetic wastewater should be investigated. 

5. The RTA protocol should use the 10X industrial waste in 

primary effluent as a screening experiment to determine 

which industrial waste samples should be investigated 

further by addition at 1X and 10X in synthetic wastewater. 

6. The problem created by biomass toxicity needs to be 

addressed more emphatically in the RTA protocol. If the 

whole-effluent is acutely toxic, it seems reasonable to 

suspect that the return activated sludge will also be 

acutely toxic. Thus the synthetic wastewater or primary 

effluent samples with this added biomass is not likely to 

be an effective control. 

7. The development of "real-timev measures of aquatic toxicity 

is essential if sporadic sources are to be eliminated; 

alternatively, priority should be given to solving problems 

due to well-documented, continuous sources of toxicity. 

8. The cost of conducting TIES and RTAs should be documented. 

9. Development of TIE and RTA protocols using chronic toxicity 

as the end-point should be considered; North Carolina, for 

example, is more interested in control of chronic than 

acute toxicity, at least in its publicly-owned wastewater 

treatment facilities. 



SECTION 2 

INTRODUCTION 

Backsround 

The Toxicity Reduction b valuation Protocol has been described 

by Botts et al. (1989). A toxicity reduction evaluation (TRE) is 

comprised of performance evaluation of the publicly-owned 

treatment works (POTW) ; toxicity identification evaluation (TIE) ; 

and a ~oxicity Source   valuation (TSE). The performance 

evaluation is conducted to determine if operational deficiencies 

explain effluent toxicity. The TIE uses aquatic toxicity tests in 

conjunction with physical and chemical manipulation of the sample 

in the laboratory to characterize the nature of the 

toxicity-causing agents (Mount and Anderson- Carnahan 1988a) and, 

in principle, provides for chemical- specific tracking of 

toxicity. When this approach fails to identify specific 

toxicants, the TSE is used to assess the contribution of each 

industrial waste discharger to the whole- effluent toxicity of 

the POTW; this is referred to as toxicity- tracking. The TSE 

involves collecting either sewer (Tier I study) or industrial 

waste (Tier I1 study) samples, subjecting them to bench-scale 

biological treatment so as to simulate treatment at the POTW and 

then measuring residual toxicity; this is termed a refractory 

toxicity assessment (RTA) . 
The goal of the TRE is a strategy for reduction of toxicity 

which could include removal of specific chemicals from industrial 

dischargers, pre-treatment of industrial dischargers, or 

additional treatment at the POTW. However, the approach remains 

relatively untested. The TRE conducted at the Patapsco 

Wastewater Treatment Plant in Baltimore, Maryland (Botts et ale 

1988) is the most thoroughly documented case history to date. 

This study dealt with a POTW receiving a very large and complex 

array of industrial wastes, of which only five were investigated 



in the TSE. While some valuable insights were gained into the 

sources of effluent toxicity, the Patapsco study also pointed to 

the need for testing the TRE concept at a POTW representative of 

small- to mid-size cities where relatively few industrial sources 

may contribute toxicity. 

Obiectives of Study 

Both the TIE and TSE elements of the TRE will undergo 

revisions as their theoretical and practical limitations become 

evident through case histories such as those presented here. The 

case history originally selected for this research was the 

Westside WWTP in High Point, North Carolina. This facility, with 

a design flow of 6.2 MGD, has ten major industrial dischargers 

that collectively contribute 12% of the flow. As a result of the 

biomonitoring requirements of the North Carolina Division of 

Environmental Management (N.C. DEM), the Central Laboratory of 

the High Point Water and Sewer Department has been conducting 

acute and chronic bioassays with Daphnia pulex and later with 

Ceriodaphnia dubia, sometimes as frequently as twice per week. 

Prior to expansion of the treatment plant in September 1986, 13 

of 43 effluent samples had LC50 values below the proposed permit 

value. Following the expansion 9 of 41 effluent samples still 

had LC50 values less than the proposed permit level. 

Once substantial reductions in acute toxicity occurred, the 

City of High Point was asked to focus on chronic toxicity as 

measured again by Ceriodaphnia dubia. The N.C. DEM procedure is 

referred to as the 7-day renewal mini-chronic test (N.C. DEM 

1988); it is a "mini-chronic testv because reproduction is 

measured at only one dilution, corresponding to the in-stream 

waste concentration. The chronic test was failed 12 times and 

passed eight times which suggested a sporadic source of toxicity. 

The Cross Creek WWTP in Fayetteville, NC was added later in 

the study. This plant has a design flow of 16 MGD, with 18 

industrial dischargers that contribute 10% of the flow. In 

February 1985, the City of Fayetteville was required to begin 

monitoring the Cross Creek WWTP effluent for acute toxicity on a 

monthly basis. Acute biomonitoring continued until June 1987 



when the N.C. DEM replaced acute with the chronic toxicity test. 

Most of the acute testing showed very low LC50 values in the 

effluent but these were still acceptable from a regulatory 

viewpoint because of the low in-stream waste concentration. 

Fayetteville was then asked to comply with chronic toxicity 

limits. While compliance was being achieved in general, there 

was concern that the in-stream waste concentration used for 

regulatory purposes could increase in the future due to greater 

limitations on release from an upstream reservoir (Jordan Lake). 

This would potentially produce a violation of the effluent 

toxicity permit. According to staff engineers from the City of 

Fayetteville, five of the industries discharging to the Cross 

Creek hWTP were potential sources of toxicity. 

The specific objectives of this research were to: 

o challenge the T I E  protocol with target compounds to 

determine whether the toxicity could be properly 

classified 

apply the TIE and TSE protocols to two case studies 

where pass-through toxicity was highly variable; this 

included a limited test of the TSE using chronic rather 

than acute toxicity as the criterion 

o investigate the potential for return activated sludge to 

desorb components that may cause acute toxicity 

Limitations of Case Histories 

This research was begun in October 1987. During the project, 

changes were being made to EPA protocol for conduct of the T I E  

and TSE. Phase I1 TIE procedures appeared in draft form (Mount 

and Anderson-Carnahan 1988b) and the final version of Phase I was 

published (Mount and Anderson-Carnahan 1988a). Phase I involves 

physical and chemical manipulation of the sample to identify 

toxicity by broad categories, i.e., metals, volatile organics, 

non-polar organics, ammonia, solids and oxidants. If toxicity is 

reduced in Phase I by passage of the sample through a C18 solid 



phase extraction (SPE) column (to isolate non-polar organic 

compounds), then Phase I1 begins with elution of the C18 SPE 

column. The goal of elution is to separate compounds into 

fractions according to their polarity and determine their 

toxicity. In the next step of Phase 11, those fractions 

contributing toxicity are analyzed further by high pressure 

liquid chromatography (HPLC) and then by mass spectrometry; this 

step was not included. 

During the course of the research at the Westside WWTP, the 

occurrences of acute toxicity, as measured by the 48-hour LC50 to 

~eriodaphnia dubia diminished greatly, perhaps as a result of 

several new pretreatment programs and the elimination of one 

industrial discharge. However, chronic toxicity events were of 

concern to High Point and these were investigated in a TSE. The 

Cross Creek WWTP was added because it offered the chance to test 

both the TIE and TSE elements of the TRE where acute toxicity was 

present consistently. This acute toxicity, however, was not in 

violation of the discharge permit because the in-stream dilution 

factor was very large. It was reasoned that information gained 

from the TIE and TSE using acute toxicity as the end-point may 

help pinpoint the source of chronic toxicity. This rationale, 

however, only holds if the same chemical agents that cause acute 

toxicity are also responsible for chronic toxicity (but at much 

lower concentrations). 
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Toxic Effluent Sampling 

Baseline 
Toxicity n 
Test Day 2 

Initial 
Toxicity 

Aeration 
Test (15) I 

1 
J 

I 
EDTA 
Chelat ion 
Test 
(10) 

Oxidant 
Reduct ion 
Test 
(10) 

Solid Phase 
Zxtraction Test 

Filtration pH Adjustment r - l  Graduated pH Test I /;I 

Figure 3-1. Number of toxicity tests required for Phase I of 
the EPA Toxicity Identification Evaluation 
procedure (numbers shown in parenthesis in each 
box). 
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culturing techniques for Ceriodaphnia were based on practices 

of the N.C. DEM Aquatic Toxicology Laboratory. 
~ilution/Control Water. At the recommendation of the NCDEM 

 quat tic Toxicology Group, the source of dilution/control water 
selected was a surface water. That source was Botany Pond, a 
3.5 acre pond located in a wooded watershed of the Mason Farm 

Biological Reserve administered as part of the N.C. Botanical 
Gardens in Chapel Hill. The pond is used primarily for 
teaching and research and access to the public is limited. The 
water is low in hardness and alkalinity (approximately 11 and 9 

mg/L as CaC03, respectively) and pH has been measured between 

7.0 and 7.4. 
Water was collected at the end of a small dock using a 

plastic pump and a coarse, in-line-wound-polypropylene fiber 

filter. After collection of 25 gallons per trip, the water was 

, stored at ~ O C  until used. A 50 gallon aquarium was maintained 
in the laboratory to act as a holding tank for the water to be 
used for culture and testing. The tank was aerated and the 

temperature remained relatively stable. At the suggestion of 
the NCDEM Aquatic Toxicology Group, several fathead minnows 
were included in the aquarium to help condition the water and 
serve as an indicator of water quality. A maximum of 5 L of 
water was withdrawn from the aquarium per day with a typical 
day requiring 2-3 L. Water withdrawn from the holding tank was 
filtered through a Whatman GF/C filter (1.2 um effective 
retention) prior to use. 

In February, 1989 the fish tank was discontinued due to 
excessive growth of a blue-green algae. At that time, Botany 
Pond water was withdrawn from the ~ O C  storage for use within 

one or two days. Filtration through Whatman GF/C was continued 

until the end of August, 1989. 
Ceriodaphnia Culture Procedure. Ceriodaphnia batch culture 

(1 L) was started daily, five-six days a week, using neonates 
less than 48 hours old. Approximately 50 neonates/L was added 
to each culture. After three-five days, the original 

Ceriodaphnia were transferred to fresh culture water in another 
1-L culture dish. The cultures were terminated after eight-ten 



days. An aquarium (2.5 L) was set up each week to maintain a 
backup culture in the event the other cultures fail. About 30 
neonates were used to start this backup culture. 

The Ceriodaphnia cultures were fed daily a mixture of trout 
chow, yeast, and cereal leaves as described in EPA/600/4-89/001 

at a rate of 2 mL per culture dish. They were also fed 
Selenastrum ca~ricornutum at the concentration used by the 
NCDEM Aquatic Toxicology Group (to achieve 5 . 7  x lo4 cells/mL 
in the l-L culture dish, daily). Less than 24 hours before 
each acute test, adult Ceriodaphnia were isolated to a common 
glass vessel which was fed to insure that the neonates used in 
the test were less than 24 hours old and healthy. 

Algal Culture Procedure. An agar slant of Selenastrum 
capricornutum (UTEX strain #1648) was obtained from the 
University of Texas in July, 1988. The culture from this slant 
was used to start multiple flasks to,feed the Ceriodaphnia. At 

the suggestion of the NCDEM Aquatic Toxicology Group, the 
growth media used was the Woods Hole MBL media. This media 
contained a higher concentration of most of the nutrients 
described by EPA and Standard Methods (APHA 1985). Algae were 
inoculated into sterile media and kept on a shaker table under 
constant illumin&ion. The algae were not allowed to grow for 
more than one week before harvesting. During the concentration 
procedure, the cells were washed a minimum of three times with 

Ceriodaphnia culture water. Concentrated stocks of algae were 
s t o r e d  i n  t h e  r e f r i g e r a t o r  at ~ O C  for a maximum of one month. 

Recommended feeding was based on cell density, determined by 
counting two representative drops of Selenastrum culture with a 
hemacytometer. 

Selection of ~oxicity ~estinq Procedure 

Tk-. draft of the TIE protocol (Anderson-Carnahan and Mount 
1987) available at the beginning of this research suggested use 
of the timed-lethality test. In this test, a series of 
duplicate toxicity test cups are prepared without dilution and 

mortality of the Ceriodaphnia neonates is measured at 0.5, 1, 
2 ,  4 ,  8, 24 and 48 hours. These times correspond roughly to a 



geometric progression. However, by conducting the toxicity 
tests at UNC, it was also possible to count the survivors at 

other times, thus providing a better estimate of the ET5o. The 
test was conducted in a 30-mL plastic medicine cup using 10 mL 
of sample. The medicine cups were pre-rinsed with tap and 
distilled water and with sample prior to use. Each sample was 
run in duplicate with five organisms in each cup for a total of 
10 organisms per sample. The use of a 10 mL sample volume was 
determined by the need to measure pH and dissolved oxygen (DO) 
in the sample at the completion of the test. Using 10 mL 
rather than 5 mL sample volunes reduced the impact of dilution 

by the introduction of the Ceriodaphnia neonates. The final 
EPA Phase I document also implements used of a 10 mL volume. 
Duplicate 10 mL aliquots of control water were dispensed into 

medicine cups and run with every test. 
The baseline sample toxicity was also determined with every 

set of manipulated samples to monitor changes in the sample 

with time. The controls and baseline repetitions also can 
provide information about changes in neonate population. As 
written in the EPA Phase I draft document (page 2 4 ) ;  "a 
significant difference in the ET50's will be demonstrated by a 
100% or greater increase in the ETSO of the treated effluent 
aliquot as compared to the baseline effluent ETSO." 

Calculations 
A simpler calculation than presented in the Phase I 

~oxicity Characterization Procedure (Anderson-Carnahan and 
Mount 1987) was used to calculate ETS0. The log time of the 
50% mortality was interpolated between the log time of the 

observations immediately before and after the 50% mortality 

point. The ETS0 was designated as the antilog of this 
interpolation as described below. 

ETSO = antilog[Log TI + (Log T2 - Log T1) 





choose dilutions that account for a reduction in toxicity so 
that a higher LCs0 can be calculated accurately. 

When the final TIE protocol became available, a switch was 
made from timed-lethality to the simplified static acute test. 
Five neonates were added to each test cup in the LC50 test. 
Experience with the LCs0 test revealed that the LCs0 (24 hours) 
of the initial sample may not always be a useful guide in 
selecting dilutions for bioassays after sample manipulation. 
For example, if the progression of mortality in the initial 
sample is such that a far lower LCs0 would be calculated in 48 
hours than in 24 hours, then the dilutions for subsequent LCs0 
determinations will be too small. This will cause too many 
mortalities and inaccurate calculation of the LC50. Another 
problem occurs if toxicity disappears between the initial 
sample (Day 1 in Figure 3-1) and the initiation of Phase I 
testing (Day 2 in Figure 3-1). In this instance the toxicity 
of the sample to be manipulated is less than expected from the 
initial sample. Consequently, the dilutions selected are too 
large to cause significant mortality; this results in 
inaccurate LCs0 calculations of the manipulated samples. Both 
problems were encountered in the course of this research. 
Therefore, the ET50 was used for most of the TIE work. 

Reference Toxicity Data 

Appendix A contains reference toxicity data for nonyl 
phenol ethoxylate (with 9 mole ethylene oxide per mole 
hydrophobe), referred to later in this report as NPE, and for 
copper nitrate. Four determinations were made of the 48-hour 
acute static LCs0 of NPE using Botany Pond water as the 
dilution water. Similarly, three determinations were made with 
copper nitrate. A total of 16 determinations over seven months 
were made with copper nitrate using 10% perrier as dilution 
water. Finally, four determinations were made of the ETSO of 

copper nitrate using soft synthetic dilution water. 



Development of a Time-Toxicitv Unit ITTU) 
Calculation of ETS0 provides limited information on the 

progression of mortality with time, yet this may be very 

important when interpreting whether treatment of the sample in 
the TIE in fact reduces toxicity. Moreover, the ETSO scale 

expresses toxicity inversely rather than directly, i.e., a 
higher ETSO means a lower toxicity. The following time- 

toxicity unit (TTU) was developed to account for the 
progression of mortality with time and to provide a direct 
scale of toxicity: 

% 
l o g  (t+l) 

mu- x 100% 
%ax 

l o g  (t+l) 

where Mt is the number of mortalities observed at time t and 

Mmax~ the maximum number of mortalities that could possibly be 
observed at time t, i.e., the total number of test organisms. 
A TTU of 1 0 0 %  means that mortality occurred to all test 
organisms at the first reading in the ET5* test (usually after 
just 0.5 hours) whereas a TTU of 0% indicates no mortality 
after the last reading (usually 4 8  hours). Using the 
reciprocal of elapsed time in the TTU calculation weights 
mortalities so as to give greater emphasis to early 
mortalities, L e . ,  mortality occurring early in exposure is 
more significant than later. However, the logarithmic scale is 
needed to insure adequate weight to those mortalities that do 
occur in 24 and 48 hours. 

The TTU approach is illustrated with the TIE data provided 
in Figure 3-2 for each sample: (Day 0 (24-hour composite was 
collected t k  day before Day 0), Day 1 (sub-sample of composite 
used to begin the toxicity test one day after sample received), 
and Day 2 (another sub-sample of composite used to begin the 
toxicity test two days after sample received). The TTU and 
ET50 values are given below: 





Sample 
Day 0: 
Day I: 
Day 2: 

TTU 
31 
28 
23 

ET50 (hours) 
3 
4 

13 

Both the TTU and ETSO valc s showed very little difference in 
toxicity between the Day G and  Day 1 sample. Both parameters, 

however, indicated the say re contained less toxicity on Day 2. 
The TTU is put forward in this report as an alternative way 

to express data obtained f- nm time lethality test. However, it 

is important to note that -.cperiments with reference toxicants 
were not conducted specifip dlly to show how the TTU compares to 
the ET50. Such ruggedness ~ests would have been helpful in 
judging the advantage of t: :: TTU in accounting for the 
progression of mortality. :he main purpose of the TTU, like 
the ETS0, is to provide a : 4ative rceasure of toxicity in the 
TIE so that the effect of ? given sample treatment can be 

assessed . 
Use of Microtox TM 

Although most of the re.-earch was conducted using 
r n K  

Ceriodaphnia, a few tests L :re performed with ~icrotox~~". The 
~ i c r o t o x ~ ~  Model 500 Toxic;. y Analyzer (Microbics Corp. ) is 
based on toxicant-induced r ductions in bioluminescence in 
Photobacterium ~hosphoreum. Although this is a marine 
bacterium, the test has bee widely applied to evaluate 
toxicity of fresh water san l es  (osmotically adjusted with 
NaC1). A series of dilutio. s of the sample is used to 
establish the EC-50, i.e., he effective concentration 
producing a 50% decrease in light output of the test bacterium. 
Light output is measured af-er 5 and 15 minutes of exposure. 
Procedures provided with thi instrument were followed (Microtox 

Selection of Target Compounc2 

Phenol, 1-methylnaphthal-ne (MN), nonyl phenol ethoxylate 
(with 9 mole ethylene per mc-e hydrophobe) (NPE), di-octyl 

phthalate (DOP) and copper [,:u) were selected as target 



compounds. The chemical structure and other relevant 
physicochemical properties of the four organic compounds are 
presented in Table 3-1. Values for the octanol-water partition 
coefficient (KO,) of phenol and DO? were found in an EPA 
publication (Callahan et al. 1979). The KO, for MN was 
calculated using Leo's fragment constant method (Handbook of 
chemical Propertv Estimation Methods 1982); the KO, values for 

phenol and DOP calculated by this method agreed well with those 
reported by Callahan et al. (1979). The KO, for NPE was 
calculated by another procedure involving use of an empirical 

correlation developed for alkanes (Mailhot and Peters 1988); an 
unreasonable value was obtained by the Leo method. The LCs0 
values for phenol (4.3 mg/L) and MN (1.42 mg/L) were reported 
by Storm, DiGiano and Christman (1989). The no observable 

effect concentration (NOEC) on reproduction to Caphnia mama 
for DOP (0.32 mg/L) was reported by Storm, DiGiano and 
Christman (1989) but LCSO data were not available. The LC50 

for NPE (5.5 m g / l )  was determined experimentally by the City of 
High Point (William Frazier, Central Laboratory Services, High 
Point, NC, 1988) and later measured in the Aquatic Toxicity 
Laboratory at UNC (Appendix A )  with similar results. 

Phase I of the TIE was conducted on single solute solutions 
of phenol, MN, NPE and Cu whereas Phase I1 of the TIE was 
conducted on phenol, MN, NPE and DOP (Phase I1 was limited to 
elution of the C18 SPE column with MeOH/H20 fractions). The 
organic target compounds were selected to include a broad range 
of polarity so as to test the ability of the C18 SPE procedure 

to fractionate toxicity accordingly. The order of increasing 
non-polarity based on log KO, is: phenol (1.46), MN (3.9), NPE 
(estimated as 7 . 8 ) ,  and DOP (9.2). The other criteria used to 
select these organic compounds were: (1) literature search to 
document toxicity to Cerioda~hnia at concentrations possibly 
encountered in wastewater treatment and (2) previous 
identification in the wastewater effluent at the site of the 

original case history (High Point). Of the four organic 

compounds, NPE has been implicated as a primary cause of 





effluent toxicity in textile mill wastewater; NPE is a widely 
used non-ionic surfactant. 

cu is highly toxic to Ceriodaphnia (reported LCSO values on 

the order of 10 ug/L). According to the TIE protocol, the - 

addition of EDTA to the sample should complex Cu and thus 

remove toxicity. If Cu was truly dissolved, either in free or 
complexed form, EDTA should be the only sample manipulation 
that removes toxicity. However, if Cu is also bound to solids, 
filtration may remove toxicity as well. 

C18 Solid Phase Extraction [SPE)  Column Procedure 
The C18 SPE procedure includes both passage of sample 

through the C18 SPE column as shown in Figure 3-1 (Phase I 
characterization) and elution of the column with various 

percentages of MeOH/H20 (Phase I1 characterization) to 
fractionate toxicity. The Phase I procedure was as described 
by Mount and Anderson-Carnahan (1988 ) .  At the time of this 
project, the final Phase I1 procedures had not been published. 
However, EPA reports from the City of Largo (1985) and Las 
Vegas (1988) provided guidance. The C18 SPE columns (6 mL) 
were obtained from J.T. Baker. 

The steps involved in Phase I1 testing were: 
conditioning of the column with MeOH (10 mL) followed 
by water rinse (10 mL). 
collecting eluant blanks for each MeOH/H20 solution to 
determine if toxicity was associated with the clean 
sorbent material; flowrate was 5 mL/min and the3otal 
solution volume was 3 mL. 
reconditioning of the column with 10 mL of MeOH 
followed by 10 mL of high purity water. 
passing 1 L of sample through the column at 5 mL/min 
and collecting effluents for toxicity testing after 

100, 500, 750, 850 and 950 mL had passed 
eluting the column with 3 mL of each of the following 

MeOH/H20 percentages: 25, 50, 75, 80, 85, 90, 95 and 



o diluting 150 uL of each eluant into 10 mL of non-toxic 

diluent water used in toxicity testing (the diluent for 
most of the work was from Botany Pond in Chapel Hill, 
North ~arolina); this dilution insured that the percent 
MeOH in solutions subjected to bioassay was always less 
than or equal to 1.5% and that the final concentration 
of any compound eluted was always less than or equal to 

5X that in the original sample. 

Refractorv Toxicitv Assessment (RTA) Protocol 
Available EPA Protocol. At the beginning of this research, 

a draft EPA protocol for an RTA was available from contract 
work done by Engineering Science; it later became available in 

a final report (Botts et al. 1989). The draft report was used 
to develop a simpler protocol suitable for the scope of the 
research project herein. While the EPA protocol provides good 
detail, it was judged too complex and time-consuming for the 
staff size available (one half-time graduate research assistant 

and a chemist/biologist employed by the City of High Point and 
later in the project, by the City of Fayetteville) . Thus, 
modifications were sought to simplify the procedures without 
compromising the effectiveness of the RTA. The revised EPA 
protocol considers both a Tier I and Tier I1 RTA, Tier I being 
an RTA on sewer samples and Tier I1 on individual industrial 
effluents. This research corresponds only to a Tier 11 RTA. 

Industrial Sample Collection. Because of the sporadic 
nature of acute toxicity at Westside WWTP, it was necessary to 
devise a plan to capture the appropriate 24-hour composites 
from industrial waste dischargers that would correspond to a 
pass-through toxicity event at the WWTP. The plan entailed 

choosing arbitrarily a period of several consecutive days over 
which whole-effluent toxicity was to be measured and for which 
daily composites of samples and primary effluents were to be 

collected and stored for the two days needed to determine if 
the whole effluent was acutely toxic. If a whole effluent was 

acutely toxic, the appropriate industrial composites 
(accounting for a 24-hour time delay in reaching the plant and 



then passing through the plant) would be retrieved from storage 
to conduct the RTA. This plan failed owing to the lessening of 
pass-through acute toxicity during the length of the research 
project which made capture of even one event impossible. 

Two departures from the EPA protocol were tried at the High 
Point facility. First, industrial composites were collected 

even when the LCs0 of whole effluent exceeded 90%: the 
objective was to show that the bench-scale biological reactors 
could duplicate the attenuation of industrial toxicity observed 

in the plant. Second, a protocol was devised to use chronic 
rather than acute toxicity as the end-point of the RTA: the 
High Point plant experienced pass-through chronic toxicity 
fairly regularly even when acute toxicity disappeared thereby 
increasing the chances for capture of industrial samples that 
may contribute to toxicity. 

Toward the end of the project, an RTA was conducted at the 
Cross Creek WWTP in Fayetteville, NC because acute toxicity was 
continuous (LCs0 on the order of 50%) and thus the problem of 

coordinating industrial cornpositing with whole-effluent 
toxicity events was eliminated. In this instance, two sampling 
days were selected on which composites of industrial effluents 
and primary effluent were collected for use in the RTA. 

University of North Carolina (UNC) Protocol .  A general 
flow diagram for the RTA is given in Figure 3 - 3 .  The 
nomenclature used for sample identification is: SWW (synthetic 
wastewater); PE (primary effluent); and IWW (industrial 
wastewater of which samples A-D are included for illustration). 

Four reactors (3.8 L glass mayonnaise jars) were set-up 
each day, the maximum number that the laboratory personnel 

could handle. At High Point, the reactor volume was 2 L (to 
simplify calculations of proportions of IWW, PE or SWW, and 
biomass) while at Fayetteville, it was 3 L. The increase to 3 
L was to minimize head space in order to simulate aeration 
conditions in the pure oxygen system. Aeration at High Point 
was accomplished with Whisper 600 fish tank pumps, one pump 

servicing two reactors. The air supply was regulated manually 
by adjusting the valve openings on the air manifold. The 
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target range of DO was 2 to 5 mg/L. However, this was not 
reached consistently; both DO values higher and lower than the 
range were observed for short periods. At Fayetteville, pure 
oxygen was supplied from pressurized cylinders in order to 
duplicate the DO concentrations (on the order of 10 mg/L) in 
the full-scale aeration tanks. In addition to the air/oxygen 

supply, a magnetic stirrer was used to insure complete mixing 
(aeration alone was found insufficient). 

The S W  was Marlene's mix (Table 3-2) as recommended in the 

EPA protocol (Botts et al. 1988). The SCOD of the stock SWW 

was 64,000 mg/L. The stock solution was refrigerated for 
preservation although noticeable biodegradation occurred 
nonetheless over weeks of storage. Dilution of the stock was 
made to reach an SCOD of 300 mg/L for all experiments with SWW. 
This was a significant departure from the EPA protocol wherein 
the SCOD of the SWW depends on, the maximum SCOD calculated for 
the IWW/SWW mixtures. 

TABLE 3-2. COMPOSITION OF MARLENE'S MIX USED TO PREPARE 
SYNTHETIC WASTEWATER (BOTTS ET AL. 1988) 

Constituent 
Concentration 

(g/U 

Bacto Peptone 
Beef Extract 
Urea 
NaCl 
CaC1,-2H-0 

A nutrient solution was-prepared from NH4C1 and Na2HP04. 

This solud.~on was added to the PE samples to provide a BOD5:N:P 
ratio of 100:5:1. The EPA protocol was again simplified. 
Instead of measuring the N and P content of each IWW and the PE 
and calculating the amounts needed for each different reactor, 

the assumption was made that none of the samples contained N 
and P. Thus, a maximum addition of N and P was calculated 





dividing the oxygen utilization rate by the MLSS. The SCOD 
samples were obtained by vacuum filtration through a 0.45 urn 
filter; all samples were refrigerated for analysis. The 
specific substrate utilization rate (SSUR) was calculated by 

dividing the SCOD removal over the aeration time by the MLSS. 
Both SCOD and MLSS determinations were made by laboratory 
personnel at the City of High Point and Fayetteville. 

Samples (200 mL) were taken for acute toxicity measurements 
at the beginning and end of aeration. The beginning sample was 
taken after addition of the biomass to the reactor but before 
aeration thus minimizing loss of volatile compounds that may 
contribute to toxicity. This sample was first placed in a 
graduated cylinder for 15 min to allow settling of solids and 
then filtered through a Whatman 934-AH glass fiber filter 
(reported size of 1.5 um) .  Removal of the sample from the 
reactor for settling allowed the reactor to be aerated 
immediately after sample withdrawal thus preventing anoxic 
conditions. A slightly different procedure was used to take 

the sample at the end of aeration. Because aeration would not 
be resumed, it was not necessary to withdraw a subsample from 
the reactor. Instead, the aeration system was turned off and 
the volume in the reactor was allowed to settle. An aliquot of 
supernatant was withdrawn and filtered as described above. All 
samples (50 mL) were refrigerated (~OC) and then taken to the 
UNC Aquatic Toxicity Testing Laboratory in a cooler packed with 
ice. 

The important differences between the UNC and EPA protocol 
for an RTA are summarized below: 

i. Laboratory personnel time was limited to the working 
hours of 8 am to 5 pm. This meant that the aeration 
time of the High Point WTP (14 hours) could not be 
simulated. The compromise was to extend the aeration 

time to 20-hour in the laboratory'so that set-up 

occurred on one day with aeration lasting until the next 
day when the laboratory personnel could collect the 

sample. This difficulty did not arise at the 



ii. 

iii. 

Fayetteville facility where aeration time (pure oxygen 

process) was only two hours . 
Aeration timeawas not varied to hold the F/M ratio 
constant. The increase in F caused by increasing the I W W  

from 1X to 10X was not great. The bench-scale F/M ratio 
(0.1-0.2 d'l) for the High Point study was 50% lower 
than the plant-scale (based on SCOD) due to the 
necessity to increase the aeration time from 14 to 20 

hours. The F/M ratio (based on SCOD) for the 
Fayetteville study was similar to full-scale (0.2-0.4 

d-l) 

The procedure outlined in the EPA protocol for fixing 
the F/M ratio is unnecessarily complex for situations 
like that at the High Point and Fayetteville where each 
industrial waste discharge contributes a very small 
percent by volume to the flow. In this instance, 
increasing the percent by volume contribution from 1X to 
lox will not necessarily increase the COD of the mixture 
very much. For example, the COD values of 10X mixtures 
in synthetic wastewater (300 mg/L COD) of seven of the 
nine industrial wastes from High Point were less than 
500 mg/L and the maximum was only 730 mg/L. Therefore, 
it should be possible in many circumstances to set the 
MLSS concentration to some reasonable value in all 
reactors by adding the same volume of RAS to each rather 
than varying this to hold the F/M constant. The value 
selected in this research was 3,000 mg/L based on the 
typical MLSS in the reAS and keeping the volume of RAS 

added to 250 mL or less per L of aeration volume. 

iv . The 15X industrial waste sample was eliminated in order 
to reduce the number of batch reactor tests; 10X was 

judged high enough to be a represent what may occur in 
practice at the plant. 



vi. 

vii. 

The need for nutrient addition based on the N and P 
concentrations in each industrial waste sample was 
eliminated owing to their relatively small volume 
contributions. Instead, the same amount of N and P was 
added to all primary effluent samples to assure excess 
of the recommended BOD5:N:P of 100:5:1. No additional N 
and P was added to the SWW samples because these already 
contain sufficient N from the urea added and sufficient 
P from the phosphate buffer. 

The soluble COD was measured only at the beginning and 
end of aeration. 

Based on experience gained at High Point, the number of 
batch tests was further reduced in the Fayetteville RTAs  

by first testing each IWW at 10X in PE. If pass-through 
toxicity was produced, this IWW was added to SWW to 
confirm that toxicity was due only to this source; if 
not, no further testing was conducted with this IWW. 

viii. The net effect of changes in protocol was to reduce the 
number of reactor tests and subsequent bioassays 
substantially. As an example, five IWW samples would 
require 58 reactor tests and 78 toxicity measurements 
(exclusive of measurements to determine whether baseline 
toxicity of IWW samples disappeared over storage time) 
according to the EPA protocol; in contrast, the adopted 
protocol requires only 29 reactor tests and 45 toxicity 
measurements (changes in baseline toxicity of SWW 

samples was not of concern due to storage being limited 
to one-two days). 

All of these modifications to the EPA RTA protocol were 
made in an attempt to simplify execution of batch 
biotreatability tests and some justification has been given for 
the use without impairing the outcome of the experiment. 
Nonetheless, the scope of the research did not include a 



comparison a results using both the EPA protocol and the UNC 

protocol on the same wastewater sample to show that similar 

results could be achieved with less cumbersome procedures. 
cornpositing of IKWs. Compositing samplers were installed at 

each of the industries of concern. Samples were collected 
according to a schedule by crews from the respective wastewater 

treatment plants at High Point and ~ayetteville. 

The attempt to use chronic toxicity as the end-point 
required special considerations for sampling of IWW. The so- 
called "mini-chronicvf seven day renewal test (N.C. DEM 1988) 

was used. This requires two, 24-hour conposites (usually 
beginning on Tuesdays and Thursdays) in order to provide for 
sample renewal. Ceriodaphnia females were fed with the 
composites on Day 0 and Day 2 and again on Day 5. Because the 

chronic test involves a span of four days in wastewater 
characteristics, industrial samples to be used in the batch 
aeration tests were also collected by cornpositing four, 24-hour 
composites over the same time period. These four composites 

were combined in equal volumes to prepare an IWW sample for the 
batch aeration test. Similarly, the two composites of PE 
(obtained on Day 0 and Day 5) were combined. 

Chron ic  Toxicity Testing. The Central Laboratory for the 
was responsible for conducting chronic toxicity testing to 
comply with monitoring requirements imposed by N.C. DEM. An 
agreement was reached wherein this laboratory would also 

conduct chronic toxicity tests as needed in the RTA. Although 
12 replicates (one test organism per replicate) are normally 
required by the state of North Carolina for compliance 
monitoring, six were used in this research as a cost and time 
saving measure. The average, high and low of the numbers of 
young produced were recorded and used to judge whether chronic 
toxicity occurred. statistical analyses (Dunnettfs Test) were 

also done with available computer software to assess the 
significance of reproductive suppression. 



SECTION 4 

RESULTS OF TARGET COMPOUND TESTING WITH TIE PROTOCOL 

Phase I TIE Results 
The 48-hour LCs0 values of NPE, phenol, MN and Cu were 

measured. The 48-hour LC50 values and the initial 
concentrations of solutions to be used in the TIE protocol are 
given in Table 4-1. A modification of the TIE protocol was 
sought to reduce the number of toxicity tests and to include an 
alternative adsorbent to the C18 SPE column. Powdered 

activated carbon (PAC) was added to the sample (200 mg/100 mL) 
and equilibrated for 5 hours on a shaker table before filtering 
through a 0.2 urn membrane filter to remove the PAC particles. 

The modified TIE protocol was used for testing MN and NPE 
with ETS0 being the toxicity test of choice. These results are 
summarized in Table 4-2.  The degradation test established that 
the baseline toxicity of the NPE persisted whereas some loss in 
toxicity was observed after 14 days of sample storage in the 
case of MN (perhaps due to its volatility). The air stripping 
results showed that the toxicity of the more volatile KN was 
removed as expected, regardless of pH used, whereas the 
toxicity of the NPE persisted. ~ddition of powdered activated 
carbon (PAC) to both the NPE and MN samples removed the 
toxicity confirming the adsorbability of both chemicals. For 

the same reason, passage through the C18 column removed 
toxicity. In general, both activated carbon and C18 will 
remove non-polar organic compounds, although some differences 

in efficiency may be noted. 



TABLE 4-1. 48-HOUR LC50 AND INITIAL CONCENTRATION OF EACH 
TARGET COMPOUND IN TIE PFASE I PROTOCOL TESTING* 

Initial Concentration 
mg/L 

NPE 6.7 (5.2-8.7) 
MN 4.7 (3.5-6.3) 
Phenol 10.3 (7.7-14.2) 
Cu 0.005 

* 
Numbers in brackets are 95% confidence intervals 

TABLE 4-2. ET50 VALUES (IN HOURS) FOR TARGET COMPOUND 
SOLUTIONS OF MN AND NPE IN MODIFIED TIE 
PHASE I TESTS 

Degradation Test 
Day 0 
Day 9 
Day 14 
Day 23 

PAC 

C18 Column 

Filtration 
Coarse (1.2 urn) 
F i n e  (0.2 urn) 

EDTA (After Filtration) 6 

Oxidant Reduction 5 



A check was also made on false positive results, i.e., 

toxicity reduction occurring in inappropriate tests. The two 
tests examined in this way were addition of a complexing agent 
(EDTA) after filtration (a test for soluble metal toxicity) and 
of a reducing agent (sodium thiosulfate): neither is intended 
to reduce toxicity from NPE and MN. As expected, addition of 
the reducing agent did not result in toxicity reduction. But, 
the results from filtration/EDTA addition were not entirely as 
expected. A toxicity reduction occurred in the MN sample but 
not in the NPE sample after filtration/ EDTA addition (Table 4- 

2). This problem may be traced to application of a vacuum to 
induce filtration which caused volatilization of the MN. 
Examination of Table 4-2 reveals a very large increase in ETS0 
after filtration of MN through the "finew filter. It 
illustrates a deficiency of the Phase I test procedures which 
has been addressed in the final version of the TIE protocol 
(Mount and Anc'erson-Carnahan 1988) by recornendation of 
pressure rather than vacuum filtration of samples. 

Phase I testing of phenol and Cu was done using the entire 
protocol depicted in Figure 3-1 but with the addition of the 
PAC test. These results are summarized in Table 4-3. In 
general, the TIE protocol accurately segregated the source of 

toxicity but some important exceptions were found that could 
confound data interpretation in an actual TIE. 

Phenol toxicity was removed only by PAC treatment and 
filtration at base pH. The fact that the LCSO increased after 
PAC treatment shows the effectiveness of adsorption although 
not enough PAC was present to drive the equilibrium 
concentration low enough to remove toxicity completely. 

Removal of phenol toxicity by filtration at base pH may be 
caused -by removal of .the phenolate ion by some precipitation 
mechanism. 

As expected, Cu toxicity was effectively removed by EDTA 
complexation; the toxicity found at the higher EDTA dosages is 
due to the EDTA itself. However, some anomalous results were 
also noted. While aeration at acidic and initial pH did not 
remove toxicity, aeration at base pH was effective. This is 



* 
TABLE 4-3. 48-HOUR LC ( % )  AND ET (HOURS) VALUES FOR 

TARGET COM%.WD S O L U T I O ~ ~  OF PHENOL AND CU IN 
THE PHASE I TEST; INITIAL CONCENTRATIONS WERE 
129 AND 0.04 MG/L, RESPECTIVELY. 

Phenol Cu 

Initial Toxicity (Day 1) 
Baseline Toxicity (Day 2) 
EDTA 

1.5 mg/L 
4.5 mg/L 
7.4 mg/L 
15.0 mg/L 
45.0 mg/L 
74.0 mg/L 

oxidant Reduction 
0.2 mL 
0.6 mL 
1.0 mL 
2.0 mL 
6.0 mL 
10.0 mL 

pH Adjustment 
Acid 
Base 

Aeration 
Acid pH 
Initial pH 
Base pH 

C18 SPE* 
Acid pH 
Initial pH 
Base pH 

Filtration (1.0 um) 
Acid pH 
Initial pH 
Base pH 

PAC (followed by filtration) 

** 
<24 h,, 
<24 h,, 
<24 h,, 
<24 h,, 
<24 h,, 
<24 h 

* * 
<24 h,, 
<24 h,, 
<24 h,, 
<24-h,, 
<24-h,, 
<24-h 

* ET was recommended in EPA draft version of the TIE 
~r%ocol (Mount and Anderson-Carnahan 1988a) for convenience 
when conducting both the EDTA and Oxidant Reduction Tests. 

**  An abbreviated number of observations was made during these 
ET deterbinations (2, 24 and 48-hours) making it difficult 
to5&lculate the ET accurately; in all test cups, all five 
organisms were dead5& t h e  24-hour reading. 

NA Not available; because copper is an inorganic, it was not 
expected to be removed by the C18 SPE and therefore, was not 
tested. 



not easily explained unless copper precipitated at base pH but 
failed to dissolve again when the pH was returned to neutral to 

con 
rem 

mg/ 

duct the toxicity test. Even more interesting is the 
oval of toxicity by PAC treatment. The dosage of PAC (2,000 
L) may have been large enough to adsorb significant amounts 

of Cu (Faust and Aly 1987). Alternatively, the filter used to 
separate PAC may have sorbed Cu. If PAC were to be used in a 
TIE for a wastewater having toxicity contributed by both metals 
and organics, it would be necessary to conduct the EDTA test 

ahead of the PAC test to isolate these two toxicity sources. 
A qualitative summary of the toxicity removal obtained by 

each sample treatment in the TIE protocol is given in Table 4- 

4. These data were obtained by examination of Tables 4-2 and 

4 - 3 .  

Phase I1 TIE Results 
MeOH Toxicity. A check was made on the dilution of eluates 

from the C18 SPE column that would be necessary to eliminate 
the confounding effect of MeOH toxicity. The results of a 
series of tests with various MeOH percentages in water when 
plastic cups and glass beakers were used to conduct the 

bioassays are compared in Figure 4-1. Mortality occurred 
between 1.5 and 2.0 % MeOH using plastic cups (Figure &la) 
whereas even lower percentages produced mortality when glass 
beakers (Figure 4-lb) were used. One possible explanation is 
sorption of MeOH on plastic but no documentation is available. 

~oxicity of C18 SPE Column. The EPA protocol also requires 
checking for toxicity being eluted from the C18 SPE after 
passing MeOH/H20 solutions (25, 50, 75, 80, 85, 90 and 100% 

MeOH) through clean columns (Figure 4-2). Mortality occurred 

at about the same MeOH % as observed in the MeOH/H20 

experiments (Figure 4-1) and therefore, no additional toxicity 
was contributed by passage through the C18 SPE column. Also, 
conducting the toxicity tests in glass (~igure 4-2b) rather 
than plastic (Figure 4-2a) again suggested that a lower %MeOH 
caused mortality. 



TABLE 4 - 4 .  QUALITATIVE ASSESSMENT O F  T O X I C I T Y  REDUCTION FOR 
TARGET COMPOUNDS I N  VARIOUS EPA PHASE I TESTS 

NPE MN Phenol Cu DOP 

Air Strip 

PAC - 
C18 Column 
PH 3 

Filter 
Coarse (1.2 uM) 
Fine (0.2 uM) 

EDTA 
After filtration 
No filtration 

Reducins Asent 

- No or very little toxicity removal 

+ Some toxicity removal 

++ Total or almost total toxicity removal 
NA = not available 
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Figure 4-1. Evaluation of MeOH toxicity using (a) plastic cups 
and (b) glass beakers for bioassays. 



Figure 4.2 a 
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Figure 4-2. Evaluation of toxicity elution from C18 SPE co~umn 
using (a) plastic cups and (b) glass beakers for 
bioassays. 



~oxicity of Diluent Water. The diluent water for preparing 
the MeOH/H20 fractions was taken from Botany Pond in Chapel 
Hill. A control study was conducted in which this diluent 
water was passed through the C18 SPE column and the column 
eluted subsequently. No toxicity (ET50>48 hours) was found in 
either set of samples. 

~oxicity of Phenol. As noted in the Phase I results, the 
C18 SPE column did not remove phenol and this is shown in 
Figures 4 - 3 a  and 4-3b. Consequently, effluent toxicity was the 
same as influent. The inability to remove phenol was confirmed 

in elution tests with MeOH/H20 solutions: no toxicity was 
recovered from any fraction. 

~oxicity of MN. Three concentrations of MN (2.9, 7.1 and 
35.5 mg/L) were passed through the C18 SPE column to determine 

if the capacity to remove MN could be exceeded. Complete 
removal of toxicity was achieved for all three concentrations 
in Figure 4-4a. A comparison of elution results using 30-mL 
plastic cups and 10-mL glass beakers (Figures 4-4b and 4-4c, 
respectively) again points to increased recovery of toxicity 
for the glass beaker bioassay. Plastic cups may attenuate 
toxicity by wall absorption of MN. The peak in toxicity 
recovery was obtained in the 80% MeOH fraction. The log Kow 
for MN is 3.9. 

~oxicity of NPE. All three concentrations of NPE (11, 27.5 
and 55 mg/L were removed effectively by passage through the 
column (Figure 4-5). Most of the toxicity was recovered in the 
80 and 85% MeOH fractions (Figure 4-5b) although the %mearingft 
effect was much more evident than for MN testing. The  

estimated value of log KO, for NPE is 7.8. All of these 
toxicity tests were conducted in plastic cups as recommended in 
the TIE protocol. 

Toxicity of DOP. This compound was not tested in the Phase 

I protocol. The 48-hour LCs0 for DOP was found in this 
laboratory to be 90 mg/L, a value much higher than expected. 

This produced some experimental difficulties in preparing a 
starting concentration that would be toxic because the 
literature value for DOP solubility is only 3 mg/L. It is also 
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Passage of phenol through C18 SPE column as 
demonstrated by (a) presence of toxicity in column - - -  
effluent samples and-(b) spectrophotometric 
absorbance (at 268 nm) of effluent samples. 
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Figure 4 - 4 .  Isolation of toxicity caused by methylnapthalene 
(a) toxicity removal by C18 SPE column, (b) elution 
of C18 SPE column using plastic cups for bioassays 
and (c) elution of C18 SPE column using glass 
beakers for bioassays. 
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Figure 4-5. Isolation of toxicity caused by nonyl 
phenolethoxylate ( with 9 mole ethylene oxide per 
mole hydrophobe) (a) toxicity removal by C18 SPE 
column and (b) elution of C18 SPE column. 
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consistent with the fact that the log KO, for DOP is very high 
(9.2). Thus, the DOP mixtures prepared were more like emulsions 

rather than true solutions. In fact, the lowest concentration 

(164 mg/L) was milky white in appearance and the higher 

concentrations (491 and 1473 mg/L) contained a definable 
separate phase of tiny droplets. Thus, the results of the C18 
SPE column testing given in Figure 4-6 must be interpreted 

carefully because adsorption from a true solution did not 
occur. Nonetheless, the results provide at least some 
indication of which MeOH fraction elutes most of the retained 

DOP . 
Relationship of Log Kow and M e O H / H 2 0  Elutions. A 

comparison of the log KO, of each target compound and the 
percent MeOH fraction for which most of the toxicity was 

recovered is presented in Table 4-5. This table includes 
toxicity measurements made both with Ceriodaphnia and with the 

~ i c r o t o x ~ ~  procedure: experimental details for the latter test 

are given by Champlin (1989). A relationship was anticipated 
based on the results of the TRE at Patapsco WWTP (Botts et al. 
1988) in which compounds present in the 85990% MeOH fraction 
were stated to have log KO, values between 3.6 and 9. The 
results with Ceriodaphnia testing in Table 4-5 show this to be 
generally true but they do not suggest a very useful 
relationship. That is, the effect of a three-fold increase in 
log KO, was only to shift the MeOH fraction in which toxicity 
was concentrated upwards from 80 to 95%. Moreover, it appears 
that compounds like phenol with log KO, values on the order of 
1.5 will not be retained and therefore not recovered. A test 
of target compounds with log KO, values between 1.5 (phenol) 

and 3.9 (KN) would be important to determine if these are 

recovered in percent MeOH fractions less than 80%. Although 

these data are limited, the MeOH fraction that elutes toxicity 
from the C18 SPE column does not appear to be a useful 
surrogate for the log Kow value of unknown compounds. Another 

problem identified in the target compound testing is that 

elution of the C18 SPE column is not able to provide clean - 

separation of the compound into one MeOH/H20 fraction. 
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Figure 4-6. Isolation of toxicity caused by di-octyl phthalate 
(a) toxicity removal by C18 column, (b) toxicity of 
C18 SPE column elutions and (c) spectrophotometric 
absorbance (at 420 nm) of C18 SPE column elutions. 



TABLE 4-5 .  SU'MMARY OF C18 SPE C O L ~ ~  RESULTS USING 
TARGET COMPOUNDS 

Test Compound 

MeOH/Water Fraction for Peak 
Toxicity Recovery 

Log Kow Ceriodaphnia Microtox 

Phenol (Ph) 

1-Methyl- 
naphthalene 
(W 

Nonylphenol 
Ethoxylate 
(9 mole ethylene 
oxide per mole 
hydrophobe) 
W E )  

Di-n-Octyl 
Phthalate 
( DOP) 

Not retained 

80% 

Not tested 

80% 

Toxicity not 
detected 

The results with ~ i c r o t o x ~  were not very encouraging. In 

particular, this procedure was not able to detect toxicity due 
NPE at concentrations up to 275 mg/L yet the LC50 for NPE using 
Ceriodaphnia was 6.7 mg/L. 

. 
Cam~arison of Ceriodaphnia and ~icrotox~ Toxicity Results for 
Taraet Compounds 

A comparison of LCs0 values, determined with Ceriodaphnia 
and EC50, determined with the ~ i c r o t o x ~  procedure is presented 
in Table 4-6. ~ i c r o t o x ~  is shown to be less sensitive than 
the Ceriodaphnia test (conducted in plastic cups). This was 
expected due to the physiological differeliqies and contact- 
response time between ~ i c r o t o x ~  (using a marine bacterium) and 
Ceriodaphnia (small crustacean). However, the complete 

insensitivity of BficrotoxTM to NPE was, surprising. 





SECTION 5 

RESULTS OF TRE AT WESTSIDE WWTP, HIGH POINT, NC 

Westside WWTP Descri~tion 
A flow diagram of the Westside WWTP is presented in Figure 

5-1. A major plant expansion occurred in September 1986 
resulting in a doubling of aeration basin capacity. This 
plant, with a design flow of 6.2 MGD, uses a trickling filter 
as a roughing filter followed by activated sludge treatment 
(detention time of 14 hours) and tertiary filtration. The 
effluent is discharged into Rich Fork Creek which provides very 
little if any dilution; the 7410 (from historical records, the 
minimum flow over seven sequential days occurring once every 

ten years) is such that the effluent is 95% of the stream flow. 
This has made it necessary for the Westside WWTP to meet very 

stringent discharge requirements in terms of biochemical oxygen 
demand (BOD), suspended solids (SS), ammonia nitrogen and most 
recently, acute and chronic toxicity. About 15 industries 
discharge to the Westside WWTP, contributing about 12% of the 
flow and 78% of t h e  BOD (one larger dairy producer contributes 
substantially to this BOD); of these, ten are considered by the 
City of High Point as potentially significant sources of 
toxicity. The mixed-liquor suspend solids (MLSS) is nominally 
3,000 mg/L with a food/microorganism ratio ( F / M )  of 0.2-0.5 
(Based on BOD applied). The general treatment characteristics 
are shown in Table 5-1. This shows that the Westside WWTP 
operates very well with respect to BOD, SS and ammonia removal. 

Results 'of Biomonitorinq 

The NC Division of Environmental Management (DEM) conducted 
a study in 1983 (N.C. DEM 1984). Three different days of 
sampling revealed LC50 values less than 45% in the static acute 
test with Daphnia wlex and a 96 hours LC50 using fat-head 





TABLE 5-1. MONTHLY INFLUENT AND EFFLUENT DATA FOR HIGH POINT WESTSIDE WWTP 

OCTOBER 1987 

NOVEMBER 1987 

DECEMBER 1987 

V1 
JANUARY 1988 

h, 

FEBRUARY 1988 

MARCH 1988 

APRIL 1988 

MAY 1988 

JUNE 1988 

JULY 1988 

AUGUST 1988 

SEPTEMBER 1988 

1 4 6  2.0 

202 2.0 

171  3.0 

1 6 3  5.0 

180  3.0 

279  4.0 

252 3.0 

346 5.0 

171  2.0 

270 2.0 

245  2.0 

31  6 2.0 
-- 

(Continued) 



TABLE 5-1 (Continued) 

OCTOBER 1988 516 4 6 178 2.0 - - -  <I .O 316 2.0 

NOVEMBER 1988 447 4 2 190 2.0 - - - 1 .O 130 1 .O 

DECEMBER 1988 566 3 7 21 1 2.0 - - - <1 .O 205 2.0 

JANUARY 1989 660 3 6 246 2.0 - - - 4 .O 237 2.0 
U1 

FEBRUARY 1989 61 1 53 255 2.0 - - -  <I .O 268 3.0 

MARCH 1989 402 4 2 214 2.5 - - -  4 .O 301 5.0 



minnows was 64%; both of these studies were conducted with - - 

effluent prior to chlorination and before the plant expansion. 
The number and diversity of fish and benthic invertebrate 
populations were greatly reduced downstream of the WWTP. 

chemical testing of the effluent showed the presence of 
phenols, formaldehyde, tributyl tin (ppb levels) and 10 

unidentified peaks detected by GC/MS. The DEM report concluded 
that formaldehyde and tributyl tin contributed to whole- 
effluent toxicity but other toxic compounds were probably 
present as well. A recommendation was made for the textile 
industries to substitute a more biodegradable detergent - 
(alcohol ethoxylates) for nonyl phenol ethoxylates (NPE). The 
tributyl tin, used as a biocide in footwear, was replaced as a 
result of the DEM study. 

As a result of the biomonitoring requirements of the N.C. 
DEM, the Central Laboratory of the High Point Water and Sewer 
Department has been conducting acute and chronic bioassays with 
Da~hnia wlex and later with Cerioda~hnia, sometimes as 
frequently as twice per week. DEM defined acceptable acute 
toxicity as an LCs0 of greater than or equal to 95%. Prior to 
expansion of the treatment plant in September 1986, 8 of 13 
influent samples and 13 of 43 effluent samples had LC50 values 
less than 90%. Following the expansion, and between September 
1986 and April 1987, 5 of 5 influent samples and 9 of 41 - 

effluent samples still had LC50 values less than 90% (Storm, 

DiGiano and Christman 1989). Subsequent results obtained bv 
4 

High Point for acute toxicity during this project period, which 
began in October 1987, are plotted in Figure 5-2. They show - 
that wide variations in acute toxicity occurred (LC50s ranging 

from 10% to >go%). Moreover, acute toxicity disappeared after - - 

about March 1988. No definite explanation is available for 
this pbservation. However, one industrial discharger that - 

produces specialty organic chemicals for the textile industry 
was discontinued as of December 8, 1987 and a drum cleaning 
operations started a pretreatment program in March 1988. A 

more conscientious effort on the part of other industrial 



DATE EFFLUENT SAMPLED: OCT, NOV, DEC 1987 

DATE EFFLUENT SAMPLED: JAN, FEB, MARCH 1988 

Figure 5-2. Chronology of acute toxieity at the Westside WWTP 
during this research project. 



DATE EFFLUEN?' SAMPLED: APR, MAY, JUNE, JULY I988 

DATE EFFLUENT SAMPLED: AUG, SEPT, OCT 1988 

Figure 5-2. Continued 



dischargers to minimize waste production may also be important 
but this cannot be documented. 

Once substantial reductions in acute toxicity occurred, the 

City of High Point was asked to focus on chronic toxicity as 
measured again by Ceriodaphnia. A summary of the chronic test 
results performed by the City of High Point Central Laboratory 

- 

Services for the period of December 1987 to February 1989 is 

given in Table 5-2. This test, which the N.C. DEM approves, is 
called the wmini-chronicH test because it requires counting the 
number Cerioda~hnia neonates produced in a seven day exposure 
when samples are prepared by a single dilution to the in-stream 

waste concentration rather than multiple dilutions (N.C. DEM 
1988). A "passn results if the number of reproductions in the 
in-stream effluent concentration is within a statistically 
acceptable range of reproductions in t h e  control; fewer 
reproductions constitutes a vfailw. The results given in Table 
5-2 indicate that the chronic test was failed 12 times and 
passed eight times, again suggesting a sporadic nature to 

toxicity. The severity of the toxicity problem, however, 
cannot be judged without inspecting the raw data sheets on 
which the number of reproductions in each toxicity test cup is 
recorded. 

Industrial Wastewater Characteristics 
A description of the nine industrial dischargers considered 

by High Point personnel a s  potentially important contributors 
to effluent toxicity is provided in Table 5-3. These 
represent nearly 61% of the total wastewater flow from 
industry. One industry not included is a dairy waste 
discharger that contributes 34% of the industrial flow but is 
not believed to be a contributor to toxicity. Table 5-3 also 
shows that several of thesd industries have installed 
pretreatment facilities since this project began in October 

1987. A wide range of organic and inorganic waste constituents 

originate from: specialty organic chemicals production in 
support of the textile industry; solvents, water-based 
coatings, urea-formaldehyde r e s i n  and wood g l u e s  for t h e  



TABLE 5 - 2 .  MINI-CHRONIC TOXICITY RESULTS FOR WESTSIDE WWTP 
EFFLUENT OBTAINED DURING THE PROJECT 

Sample Date chronic Result (Pass/Fail) 

12/01/87 Pass 

Fail (75% mortality) 
Fail 

Fail (42% mortality) 

Fail 
Fail 

P a s s  

P a s s  

Pass 

Fail 
Fail 
Pass 

Pass 

Fail* 
Fail 

Fail 

Fail 
Fail 
P a s s  

02/07/89 Pass 

* This sample result initiated TSE testing at High Point using 
chronic toxicity as the endpoint. 



TABLE 5-3.  PROCESS AND PRETREATMENT CHARACTERISTICS OF NINE SIGNIFICANT 
INDUSTRIES THAT.DISCHARGE TO THE WESTSIDE WWTP IN HIGH POINT, NC 

INDUSTRY DESCRIPTION OF OPERATION & PERCENTAGE CONTRIBUTION PRETREATMENT 
NAME WASTEWATER GENERATION TO TOTAL INDUSTRIAL FLOW SCHEME 

HIGH POINT 
CHEMICAL 

PIEDMONT 
CHEMICAL 

REUANCE 
UNIVERSAL 

UNITED DRUM 

MANUFACTURES SPECMTY ORGANIC 
CHEMICALS FOR TEXTILE INDUSTRY. 
VESSEL WASH DOWN & EQUIPMENTI, 
FACILITY CLEANING. 

SAME AS ABOVE, 

WUFACTURES SOLVENT & WATERBASED 
COATINGS FOR FURNITURE INDUSTRY. 
NONCONTACT COOUNG WATER, R 
EQUIPMENTtFACILITY CLEANING. 

CLEANS & RECONDITIONS 55 GAL DRUMS 
USED TO STORE FURNITURE COATINGS. 
RINSING OF DRUMS AFTER THEY ARE 
DIPPED IN A HOT CAUSTIC BATH, 

NONE 
COMPUANCE BY END OF 
1990. 

NONE 
DISCONNECTED FROM 
SEWER 12/08/88. 

NONE 
COMPUANCE BY END OF 
1990. 

SAME AS ABOVE. 

pH ADJUSTMENT, POLY- 
MEWCOAGULENT PRECI- 
PITATION, & CLARIFICATION. 
STARTED 11/01/88. 

pH ADJUSTMENT, CHEMICAL 
PRECIPITATION, CLARIFI- 
CATION, & FILTRATION. 
STARTED MARCH 1988. 

(Continued) 



TABLE 5-3 (Continued) 

INDUSTRY DESCRIPTION OF OPERATION & ' PERCENTAGE CONTRIBUTION 
NAME WASTEWATER GENERATION TO TOTAL INDUSTRIAL FLOW 

PRETREATMENT 
SCHEME 

MFTALPLATERS ELECTROPLATES NICKEL CHROMIUM, 8.0 
& FABRICATIONS 6 BRASS ONTO TUBULAR STEEL 

WASHINQ OF ALKALINE 8 ACID CLEANING 
TANKS II, PLATING EQUIPMENT. 

SWAlM METALS SAME AS ABOVE. 

CYAN1 DE DESTRUCTION, 
CHEMICAL PRECIPITATION, 
& CLARIFICATION. 
SINCE 1971. 

CHEMICAL PRECIPITATION, 
ALKALINUCYANIDE DE- 
STRUCTION, MIXED-MEDIA 
FILTRATION, & STORAGE 
FOR FLOW EQUALIZATION. 
STARTED JUNE 1988. 

f3OfU)EN MANUFACTURES URWORMALDEHYDE 4.4 IOJE 
CHEMICAL RESIN & WOOD GLUES. 

VESSELCLEANI~. 



furniture industry; assorted metal plating and fabrication 
operations; and commercial drum cleaning operations. An earlier 
project by Storm, Di~iano and ~hristman (1989) analyzed 
composite samples from one or more industries making up the 
following categories: organic chemical manufacturing; textile; 
drum cleaning; metal finishing: diecasting; and paints and 

coatings. About 50 organic compounds were identified by GC/MS 

in each composite. 
The specific wastewater characteristics for each industrial 

discharger as provided by the City of High Point is given in 

Table 5-4 .  A wide range is evident, with some containing a 
substantial amount of non-biodegradable organic matter as 
indicated by COD being much higher than BOD, and also 
significant amounts of metals, whereas others are low in 
organic content but high in metals. 

In 1987, the City of High Point neasured the LC50 values of 
indust;ial dischargers. Of those tested, 80% had LC50 values 

less than 10%. The minimum values were on the order of 0.1% 
for textile, drum cleaning and metal plating industries. The 
least toxic was an organic chemicals manufacturer (LCs0 of 70%) 
which pretreats by an aerobic biological process. 

All of the data presented above suggest a complex situation 

with regard to identification of contributors to pass-through 
toxicity, be it acute or chronic. The data base accumulated by 
the N.C. DEM, the City of High Point and the University of 
North Carolina (Storm, DiGiano and ~hristman 1989) provided a 
good starting point for this TRE. 

Results of Baseline Toxicity Measurements 
Because of the sporadic nature of acute toxicity events at 

High Point (Figure 5-2), Phase I characterization studies could 
only be initiated after the laborptory at the City of High 
Point had conducted an acute toxicity test (48 hours LC50 

determination) and notified the University of North Carolina of 
a significant pass-through toxicity event. This introduced a 
48 hour delay in receipt of samples. Once samples were 
received, the Phase I characterization was done at the 





Dniversity of North Carolina but the accompanying toxicity 
tests were done at a commercial laboratory. The ETS0 rather 

than LC50 was decided upon in this research as a cost-savings 
measure. Two commercial laboratories were utilized for samples 
collected mid-November 1987 to mid-February 1988: Burlington 
Research Industries (BRI) in Burlington, North Carolina and EA 
Engineering, Science and Technology Inc. (referred to as EA 
Engineering)in Sparks, Maryland. 

Because of excessive delays in sample shipment and testing 

and apparent loss of toxicity, the in-house capability to 
conduct toxicity tests was developed at UNC (Section 3 
Experimental Procedures describes the UNC Toxicity Test 
Protocol). This was intended to minimize sample handling and 
storage time effects as well as to provide for the best control 

over the experimental protocol in that toxicity tests can be 
repeated and the test organisms can be observed at all times. 
The aquatic toxicity laboratory was established in less than 
two months with the help of personnel from the Aquatic Toxicity 

Laboratory of the Division of Environmental Management (North 
Carolina Department of Natural Resources and Community 
Development). Their advice was provided freely for which this 
pro j ect is indebted. 

Acute toxicity testing was done on four samples sent by 
High Point in February and March 1988 as noted in Table 5-5. 
Toxicity of the 2/29/88 sample disappeared (i.e., no 
mortalities observed in 48 hours) during seven days from one 
the more toxic events noted in this study (LCs0 = 26% as 
measured by the City of High Point). As a result, Phase I 
characterization could not be performed. 

Two of the most severe, acute toxicity events occurred on 
3/7/88 and 3/8/88 (both having LCs0 values of less than 10%). 
High Point personnel advised that the two events were actually 
one continuous event. In contrast to previous samples, toxicity 
persisted even when the sample was stored for several weeks. 

One of these two samples was therefore subjected to Phase I 
characterization tests, the results of which will be presented 
in the next section. The final sample listed in Table 5-5 was 



Table 5-5. Comparison of Acute Test Results of Whole Effluent for the High 
Point Westside WWTP Conducted at the University of North Carolina 

Date 
Toxicity ~oxicity Results 

Sample Analysis 
Collected Started Laboratory LC 50 ET 50 Notes 

2-29-88 3-1-88 High Point 
3-8-88 UNC 

High 
UNC 
UNC 
UNC 

UNC 

High 
UNC 
UNC 
UNC 
UNC 
UNC 

Point 

Point 

26% 
>48 hrs Apparent loss of 

hrs 
hrs 
hrs 

hrs 

hrs 
hrs 
hrs 

hrs 

toxicity 

No loss in toxicity 

No Microtox 
toxicology 

No Microtox 
toxicity 

3-14-88 3-15-88 High Point 25% 
3-23-88 >48 hrs Loss in toxicity 



obtained a week later (3/14/88) but toxicity was lost over 
eight days. 

Results of Phase I/Phase I1 characterization Tests 
The draft EPA protocol for Phase I characterization 

(Anderson-Carnahan and Mount 1987) was modified during these 

initial studies to reduce the number of toxicity tests 
required. Only the initial part of Phase I1 characterization 
was done, this consisting of extraction of the C18 column with 
MeOH/H20 fractions and measurement of their toxicities. The 

modified protocol for testing of the 3/7/88 sample is given in 

Figures 5-3 and 5-4. Included on the flow diagram are the ET50 

values obtained after each sample treatment. Several different 
aliquots of sample were analyzed to include all the treatments 
recommended by EPA. These are presented in two figures because 
the characterization was done ,on two different dates. The 
following characterizations are presented in Figure 5 - 3 :  

o series treatment by coarse filtration (1.2 um filter), 
oxidant reduction (Na2S203 at 2.1 mg/L to reduce the 
maximum chlorine concentration expected in the sample) and 
aeration at one of three pH values (pH 3, pH Initial, pH 

o passage through the C18 column after coarse filtration and 

then elution of the column with methanol/water fractions 
ranging from 25 to 100% methanol as prescribed in the EPA 
Phase 11 protocol 

o series treatment by coarse and fine filtration (1.2 
followed by 0.2 urn filters) 

None of the treatments above eliminated the acute toxicity 
of this sample. The fact that fine filtration and aeration at 
pH 11 increased the ETSO slightiy may indicate toxicity 
associated with fine particles and ammonia but care must be 

taken in interpreting the raw data on which ETS0 calculations 
are made: an increase in ETS0 from 26 hours to 32 hours or 39 
hours translates to observing perhaps the survival of one or 



MeOH/H20 FRACTIONS 

COLUMN ELUTION C18 
h). FOR ALL . 

COARSE FILTER FINE FILTER 
, (1.2 urn) I (0.2 urn) 

MeOH/H20 FRACTIONS ( 3 2  h )  

COARSE FILTER 11 

COLUMN EFFLUENT 
(500 mL PASSED) 

AERATION 

~igure 5-3. Modified EPA Phase I TIE Protocol (exclusive of 
EDTA additions) used on samples taken from the 
Westside WWTP; ETSO values shown in hours ( h ) .  



two more test organisms out of the original five for 48 hours. 
The absence of mortalities in the column eluates (all ET50 > 4 8  

hours) is consistent with the finding that no reduction in 
toxicity was obtained by passage of the sample through the C18 
column. 

The results for EDTA addition are presented separately in 

Figure 5-4 .  The sample was handled in two ways: 

o fine filtration in series with EDTA treatment 
o EDTA treatment without any filtration 

The combination of fine filtration with EDTA addition greatly 
reduced acute toxicity as evidenced by the ET5* increasing from 
22 hours to > 4 8  hours in each EDTA dosage except the highest. 
Not as much toxicity removal occurred at the lowest EDTA dosage 
when filtration was excluded (ETS0 increased from 22 hours to 
37 hours); however, higher EDTA dosages did remove as much 
toxicity as when preceded by fine filtration. Treatment of the 
control water by EDTA (also shown in Figure 5-4) showed that no 
toxicity was introduced by addition of EDTA itself until the 
dosage reached the next highest value used in the sample 

treatment; this explains the return of toxicity to the sample 

when it was treated with the highest EDTA dosage. All of these 

data point toward acute toxicity being caused by metals. Some 
small fraction of the metals may be associated with fine 
particles but the evidence (difference between fine filtration- 
EDTA and EDTA treatments) is not overwhelming. 

Metals data obtained from High Point on 3/7/88 support the 
conclusion reached from the Fhase 1/11 testing. These data 
revealed a high concentration of nickel in the influent to the 

Westside WWTP (2.4 mg/l) and this resulted in a high effluent 
concentration as well (0.5 mg/l). The Ni concentration is 

unusually high given that data presented in Table 5-4 show that 
no single industry accounted for more than 0.745 mg/l of Ni; 

moreover, the concentration at the Westside WWTP will be less . 
due to dilution with other industrial and domestic wastes. 



I 

FINE FILTER 
(0.2 urn) 

I 

EDTA 
DOSAGES: mg/l 

in ( 1 

+ EDTA 

Figure 5-4 .  Modified EPA P h a s e  I T I E  Protocol for EDTA 
additions (with and without filtration) used on 
samples taken from the Westside WWTP; ETS0 
values shown in hours ( h ) .  



While both the 3/7/88 and 3/8/88 samples had very low ETSO 
values (Table 5-5), testing with Microtox gave no reduction in 
light output as would be indicative of toxicity. If the 
toxicity measured by Cerioda~hnia testing was caused by Ni, 
previously reported data on Microtox measurements of NiclZ 6 

H20 showed the EC-50 (as Ni) to be 410 mg/L after 5 minutes, 

100 mg/L after 15 minutes and 20 mg/L after 30 minutes of 
exposure (Microtox Application Notes 1981). These 
concentrations are all much higher than present in the sample 
(less than 1 mg/L) confirming that Ni should not produce 

toxicity in the Microtox test. 
At the suggestion of the Microtox sales representative, the 

possibility that toxicity was not observed due to binding of Ni 
and other metals to colloids was explored (such bound metals 
would be unavailable to the marine bacterium). Samples were 
sonicated for 15 minutes to free bound metal from colloids and 
re-tested by Microtox and by the ET50'pr~~edure using 
~eriodaphnia.  gain, light output was not reduced in the 
Microtox test. A slight increase in toxicity was noted by the 
ET5* test as shown below: 

Sample 
Date 

3/7/88 
3/8/88 

ETSO (hours) 
Before Sonication After Sonication 

21.4 18.8 
31.1 21.4 

Results of RTA Usin4 Acute Toxicity as the End-Point 
The original objective was to collect samples of industrial 

wastes on the same day as acute toxicity was observed in the 
whole effluent. Because of the sporadic nature of acute 
toxicity and its decreasing frequency during t1.e course of this 

research, it was not possible to accomplish the original 
objective. 

Instead, 24-hour composites of industrial wastes were 

collected and tested using primary effluent (PE) on several 
days when the whole effluent did not exhibit acute toxicity. 



The intent was to confirm that, in fact, each individual 
industry was not contributing pass-through toxicity. 

Industrial wastes (nine industries) were added to both 
primary effluent (PE) at 10X and synthetic wastewater (SWW) at 

1X and 10X. The code letter assigned to each IWW and the 
volume contribution at 1X and 10X are shown in Table 5-6.' Most 

of these mixtures, even at 10X showed no initial toxicity, 
i . e . ,  ETS0>48 hours. The exceptions are shown in Table 5-7. 
After aeration, only one of the samples showed pass-through 
toxicity (Piedmont (lOX)/SWW). This may have been due to 
failure to adjust pH after aeration but before conducting the 
bioassay since toxicity was absent at the beginning of 
aeration. The other indicators of biological treatment 
effectiveness, SOUR and SCOD removal, did not reveal any 
inhibition of treatment efficiency caused by any of the I W W s .  

Acute Toxicity of SWW Controls 
The ETS0 values before and after batch biological treatment 

of the SWW controls are shown in Figure 5 - 5 .  This shows that 
some toxicity was associated with t h e 3 ~ W  control initially but 
disappeared during the 20-hour aeration period. The SSUR 
(Figure 5-6), SOUR (Figure 5-7) and SCOD removal (Figure 5-8) 
for the most part indicate that SWW biodegradation occurred. 
However, the SCOD remaining after 20 hours of aeration is in 
some instances surprisingly high ( e . g . ,  12/12/88 sample). 
Separate measurements of the the ETSO of RAS centrate did not 
suggest biomass toxicity. 

Experimental Difficulties in RTA 
The following experimental difficulties arose during the 

initial work with the bench-scale reactors: 

i. Control of aeration to maintain a fairly constant DO was 

difficult over 21-hour of aeration owing to the decrease 

in oxygen demand with time (aquarium pumps were used to 
provide aeration). 



TABLE 5-6. I N D U S T R I A L  VOLUME CONTRIBUTIONS TO BATCH 
B I O L O G I C A L  TREATMENT REACTORS I N  RTA AT 
WESTSIDE WWTP I N  H I G H  P O I N T ,  NC 

Volume Contribution per Liter 
Reactor at One and Ten Times 

Industry Code the Average Actual Flow to the WWTP 
Name Letter 1 X (mL)  1 0  X (mL)  

High Point 
Chemical 

Novachem 

Prochem 

Piedmont 
Chemical 

Reliance 
Universal 

United Drum 

Metalplating 
& Fabricating 

~ w a i m  Metals 

Borden 
Chemical 

* Rounded up to 0.5  m L  from 0 .3  mL from actual volume 
contribution data 

TABLE 5-7. I N D U S T R I A L  WASTES DISCHARGING TO THE WESTSIDE WWTP 
THAT E X H I B I T  ACUTE T O X I C I T Y  I N  RTAS CONDUCTED 
EITHER I N  PE OR SWW 

E T 5 0  (hours) E T 5 0  (hours) 
Before Treatment After Treatment 

High Point ( 1 0 X )  /PE 

Piedmont (1OX) /PE 

Reliance ( lDX)/PE 

High Point ( 1 0 X )  /SWW 



Figure 5-5. Acute toxicity of SWW controls before after batch 
biological treatment in Westside WWTP study. 

Figure 5 - 6 .  Specific substrate utilization rate (SSUR) for SWW 
controls during batch biological treatment in 
Westside WWTP study. 



figure 5-7. Specific oxygen uptake r a t e  (SOUR) f o r  SWW c o n t r o l s  
during batch biological treatment i n  Westside hWTP 
s tudy .  

I iNlTAL SCOD 
@ FINALSCOD I 

Figure 5 - 8 .  Removal of SCOD in SWW controls during batch 
biological treatment in Westside WWTP s tudy .  



ii. The RAS was not always high enough in concentration to 
allow for small volume additions to the reactors: tedious 

concentrating steps were needed. 

iii. SCOD removal was not always a reliable indicator of 
biodegradation; many of the IWW samples were 

C 

characterized by unfiltered COD being much higher than 
filtered COD. While oxygen uptake was noted, SCOD did not 
always decrease very much and, in fact, sometimes 
increased: toward the latter part of the project, a 
comparison of SCOD and unfiltered COD removals showed 

large differences in patterns. 

iv. Anomalous toxicity was noted in SWW and PE control 
samples. Separate studies of biomass toxicity revealed 
no effect. Other studies were made of the SWW and PE 
without addition of bioamass and occasionally toxicity 
was noted when none was expected. One problem noted was 

that if a highly biodegradable substrate, like the SWW, 
is not completely biostabilized in the reactor, DO can 
disappear during the subsequent toxicity testing of this 
sample thus producing an artifact of acute toxicity. 

The phosphate buffering of the SWW may be inadequate. 
During biological treatment, pH was depressed from pH 7.2 
to as low as pH 5. However, attempts to increase the 
buffer capacity produced anomalous acute toxicity 
probably as a result of potassium in the phosphate 
buffer. Care must be taken to adjust pH of the samples 
taken after aeration before conducting bioassays. 

RTA Usins Chronic Toxicity as the End-Point 
Given the disappearance of acute toxicity in the whole 

effluent over the summer of 1988 (Figure 5 - 2 )  and increasing 
emphasis on chronic toxicity testing within North Carolina, it 

was decided to modify the RTA to use chronic toxicity as the 
end-point. (Documentation for failure of the High Point WWTP to 



pass the chronic test while passing the acute test was given in 
Table 5 - 2 ) .  The first attempt at coordinating collection of 
industrial waste samples on a day when the whole effluent at 
the ~ i g h  Point WWTP exhibited chronic toxicity took place on 
November 1, 1988. The number of young produced in the synthetic 
dilution water controls was as expected (averaging about 15). 

However, the number of young produced in the whole effluent 
sample was much less (average = 7). This was considered 
significant enough to warrant commencement of the bench-scale 
activated sludge experiments to determine the contribution of 
each industrial waste to pass-through toxicity. 

The removal of acute toxicity for each IWW sample through 

batch treatment is first presented (Figure 5-9). Only three 
IWWs ( A , D  and H) added toxicity to the PE sample (Figure 5-9a) 
and this toxicity was removed (Figure 5-9b). The SOUR (~igure 
5-10) and SCOD removal (Figure 5-11) data show that biological 

treatment was effective. 
The study of chronic toxicity removal required that 

procedures be found to make it feasible for the High Point 
laboratory to accommodate the chronic testing in their 
schedule. It was therefore necessary to limit the number of 
samples such that chronic toxicity was determined only at the 

end of aeration of the batch reactor; thus, the chronic test 
was used only to determine if pass-through toxicity was 

associated with any given IWW sample. The average number of 
young produced (ANYP) in the six replicates is shown in Figure 
5-12 for each of the I W W  samples spiked into PE at 10X; 
similarly, the lowest number of young produced (LNYP) and the 
highest number of young produced (HNYP) in these replicates are 
given in ~igures 5-13a and 5-13b, respectively. 

The ANYP in any spiked sample is compared to the ANYP in 
the synth-tic dilution water (SDW) in Figure 5-14. Chronic 
toxicity must always be assessed by comparing the young 
produced in the sample to those produced in control water. 

Whether chronic toxicity exists is not easy to determine when 

the six replicates give a widespread in young produced in 
either the sample or the control water. This, in fact, 
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Figure 5-9. Initial acute toxicity of nine IWW/PE samples from 
Westside WWTP a t  10X (5-9a) and pass through acute 
toxicity after batch biological treatment (5-9b). 
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SOUR of nine IWW/PE samples from ~estsid; WWTP at 
10X at the beginning (5-10a) and end (5-lob) of 
batch biological treatment. 
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Figure 5-11. 

2 
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initial SCOD of nine IWW/PE samples from westside 
WWTP at 10X (5-lla) and f i n a l  SCOD a f t e r  batch 
biological t reatment  (5-llb). 
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Figure 5-12. Pass through chronic toxicity of nine IWW/PE 
samples at 10X from Westside WWTP compared to PE 
control; average number of young produced (ANYP) is 
from six replicates. 
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5-13. Variability in replicate chronic toxicity tests; 
. low number of young produced (LNYP) and high number 

of young produced (HNYP) in each IWW/PE sample at 
10X from Westside WWTP compared to PE control (5- 
13a and 5-l3b,  respectively). 



occurred in this study as can be seen from Figures 13a and 13b 
for the samples. 

An additional experimental difficulty was the variability 
in reproduction in SWW controls as indicated in Figure 5-15. 
The S W W  used to dilute the industrial waste sample produced too 
few young in some of the replicates (see 11/29 and 12/6 

results). The Central Laboratory at the City of High Point was 
constantly checking reproduction in control water tests in 
order to continue monitoring for chronic toxicity; no problems 
were being encountered at the time that variability was 

observed in the SWW controls. 
While the inconsistency in reproductions in SWW is 

troublesome, some of the IWW samples nevertheless stand out as 
contributing to pass-through chronic toxicity when Figure 5-12 

is examined. Those producing exceptionally few young compared 

to dilution control water and compared to the PE control and at 
least some of the SWW controls are highlighted in Table 5-8. 
There were unexplainable results as well. While Nova Chem 

(10X)/PE apparently exhibited chronic toxicity, Nova Chem (1X) 
and Nova Chem (lox) in SWW did not Moreover, ProChem (lX)/SWW 
exhibited toxicity but ProChem (10X)/SWW did not. Nova Chem 
discontinued discharge to the High Point WWTP on December 8, 
1988, just one month after these tests were initiated. Chronic 

toxicity events have occurred in the whole effluent since that 
date. 

The problem of chronic toxicity sometimes found in the SWW 

needs to be addressed. It is not clear if the results are an 
artifact of the experiment or point toward some reagent used to 
prepare SWW as responsible. 



REACTORS 

Figure 5-14. Ratio of the average number of young produced 
(ANYP) in each IWW/PE sample at 10X from Westside 
WWTP to the ANYP in synthetic dilution water. 

. 
11 128188 1 1 /29 /88  12/05/88 12/06/88 1 211 2/88  

DATE SWW mNTROL REACTOR WAS SET UP 

Figure 5-15. Variability in pass-through chronic toxicity for 
SWW controls during Westside WWTP study; high 
number of young produced (HNYP), average number of 
young produced (AVNYP) and low number of young 
produced (LNYP) are presented for the replicates 
each time a SWW control reactor test was conducted. 



TABLE 5 - 8 .  INDUSTRIAL WASTE SAMPLES THAT MAY CONTRIBUTE 
TO hXOLE EFFLUENT CHRONIC TOXICITY 

Sample 
Youns Produced 

Avg . High Low 

Nova Chem (10X)/PE 5.5 7 
High Point Chem (10X)/PE 11.8 18 
Borden Chem (10X) /PE 4.5 7 
High Point Chem (lX)/SWW 6.0 16 
High Point Chem (10X)/SWW 6.3 12 
ProChem (1X) /SWW 7.8 11 

Summarv 

A specific industrial source of the acute and/or chronic 
toxicity in the whole effluent of the High Point WWTP was not 
identified. While High Point personnel had suspected organic 
chemicals rather than metals, at least one significant metals 
toxicity (acute) event was documented (March 7 and 8, 1988). 
However, the fact that baseline toxicity disappeared in other 

samples but not for these suggests that a non-metal source of 

acute toxicity was present. T h e  RTA was initially focused on 
those industries that discharged organic chemicals although two 
metals dischargers (IWW G and I W W  H) were included in the last 
batch reactor tests using chronic toxicity as the end-point. 
The results are not definitive due to varizbility in 
reproduction in control samples and to the fact that not enough 
samples were characterized to reach firm conclusions. However, 

these two metals dischargers did not appear as likely as 
organic chemicals to have caused pass-through chronic toxicity. 



SECTION 6 

RESULTS OF TRE AT CROSS CREEK WWTP, FAYETTEVILLE, NC 

Cross Creek WWTP Description 
A flow diagram for the Cross Creek WWTP is given in Figure 

6-1. This plant is unique in that no provision is made for 
primary clarification. Instead, raw wastewater flows directly 
to the pure oxygen, activated sludge process which has a 
detention time of 2 hours. The effluent is discharged to the 
Cape Fear River which provides extensive dilution such that the 
in-stream waste concentration used for regulatory purposes is 
about 3.6%. Thus, chronic rather than acute toxicity is of 
concern from a biomonitoring standpoint. Nevertheless, the 
effluent from the Cross Creek WWTP usually has an LCSO of about 
50% indicating that the pass-through acute toxicity is 
significant but then diluted by the Cape Fear River. 

Of the average .flow of 14 MGD, less than 20% is contributed 
by 18 industries. These industries include organic chemical 
manufacturing, textiles, metal platers and finishers, vegetable 
oil processing and a large tire manufacturer. 

Construction of new facilities is undeway to improve 
treatment at the Cross Creek WWTP. The lack of primary 
clarification and the short detention time in the activated 
sludge process are problems being addressed. It is expected 
that the new facility will be able to achieve nitrification 
whereas the existing facility does not. 

Result$. of Biomonitorinq 
In February 1985, the City of Fayetteville was required to 

begin monitoring the Cross Creek WWTP effluent for acute 

toxicity on a monthly basis. This was the result of a 1984 
study by the N.C. DEM which found pass-through toxicity (LC50 
~ 5 2 % )  and suggested that the effluent could have a negative 





effect on downstream biota (NCDEM 1984). Acute biomonitoring 
continued until June 1987 when the N.C. DEM replaced acute with 
the chronic toxicity test. A summary of the monitoring data is 
provided in Table 6-1. Most of the acute testing shows the 
facility to have an LC5* considerably less than 90% but well 
above the in-stream waste concentration (IWC) of 3.6%. With 

regard to chronic testing, the no observed effect concentration 
was found to be about 10%. While Fayetteville is for the most 
part in compliance with the chronic toxicity limit based on an 
IWC of 3.6%, there is concern that the IWC may increase due to 

plans to limit withdrawal from an upstream reservoir (Jordan 
Lake) in the future. 

Industrial Wastewater Characteristics 

A description of each industry% operations, the percentage 
contribution to the total industrial flow and the pretreatment 
are listed in Table 6-2. Wastewater characteristics are 
presented in Table 6-3. As was found at the Westside WWTP, the 
COD of each industrial waste is not extremely high; most were 
less than 1,000 mg/L and the maximum was 2529 mg/L (SCOD will 
be less than these values). Of the 18 industries, the 
personnel at the City of Fayetteville identified the following 
five for an RTA: Borden Chemical (code letter A); Cape-Fear 
Peed Products (code letter B); Holt-Williamson Manufacturing 
(code letter C) ; Kelly-Springfield Tire (code letter D) ; and 
Westinghouse (code letter E). 

Baseline Acute Toxicity Durinq This Study 
This study was undertaken in the last three months of the 

project: January-March 1989. The ETS0 values for Day 0 (24 
hours composite was collected the day before Day 0), Day 1 
(sub-sample of composite used to begin the toxicity test one 
day after sample received), and Day 2 (another sub-sample of 
composite used to begin the toxicity test two days after sample 

received) of the TIE protocol are shown in Figure 6-2 for each 
of the seven whole-effluent composites taken. A loss in 
effluent toxicity was noted in six of the seven samples; the 



TABLE 6-1. SbMMARY O F  ACUTE (LC % )  AND CHRONIC ( P A S S  OR 
FAIL) EFFLUENT TOXICI~Y DATA* FOR THE CROSS 
CREEK WWTP I N  FAYETTEVILLE, NC FOR 1985 THROUGH 
1989 (N.C. DEM 1989) 

Month 
Year 

1985 1986 1987 1988 1989 

Jan - 63.76 >90 Fail Pass 

Feb 55 >90 73.48 - ..I 

Mar >go** >go** >90 Pass o 

A P ~  89.99 67.68 75.07 Pass Pass 

Jun >90 67.76 73.48 o 

Jul o 77.30 Pass Pass 

Sep 55.89 73.48 Pass - 
Oct 72.01 31.56 .I Pzss 

Nov >90 >90 ... - 
Dec >90 68 o o 

Numerical values are based on a 48-hour static acute test 
utilizing Daphnia pulex (USEPA 1985b). Data provided by 
NCDEM. 

The  reference to pass or fail refers to the NCDEM mini- 
chronic pass/fail test. This test requires one sample 
concentration (3.6%) and a control to be tested using 
Ceriodaphnia dubia. A T-test is used to determine whether 
or not the number of young produced in the sample dilution 
is significantly different than the number of young produced 
in the control (pass/fail) . 

** 
Acute toxicity t st results using Pime~hales promelas. 



TABLE 6-2 .  Process and Pretreatment characteristics of.18 Significant 
Industries That Discharge to the Cross Creek WWTP in 
Fayetteville, NC 

* 

INDUSTRY PERCENTAGE CONTRIBUTION PRETREATMENT 
NAME DESCRIPTION OF OPERATION TO TOTAL INDUSTRIAL FLOW SCHEME 

mm 
CHEMICAL ' 

CAPE FEAR 
FEED PROOKTS, 
INC. 

HOLT-WILL- 
IAMSON MANU- 
FACTURING CO. 

KELLY-SPRING- 
FIELD TIRE CO. 

WESnr'JGHOUSE 
ELEC. CORP. 

MANUFACTURES UR WFORMAUIEHYDE RESINS, 
PHENOUFORMALDEHYDE RESINS, FORMALDE- 
HYDE, HEXAMINES, 8 WAX EMULSION. 

RENDERS POULTRY BY-PRODUCTS INTO 
FEED-GRADE FATS 8 MEALS. BLENDS 8 
MIXES PURCHASED MEALS & FATS. 

PROCESSES FIBERS TO YARN 8 DYES THE 
flNlSHED 8 SOME RAW PRODUCT. 

MANUFACTURES RUBBER TIRES. 

PROCESSES &a PAINTS SHEET STEEL 8 ASSEM- 
BLES THIS INTO ENCLOSURES USED FOR ASS- 
EMBLY & WIRING OF ELECTRICAL COMPONENTS. 

pH ADJUSTMENT, CHEMICAL 
PRECIPITAITON, CLARIFICATION 
8 OAF, ANAEROBIC STABIUZ- 
ATION, ACTIVATED SLUDGE, 8 
SPILL PREVENTION. 

GREASE TRAPS, SREENS, 
DAF, ACTIVATED SLUDGE, & 
CLARI flCATION. 

COLLECTION SUMP WITH SELF- 
CLEANING SCREENS, OIVWATER 
/SOLIDS SEPARATOR, & OAF. 

C o u E c n w  SUMP, CHROME RE- 
DUCTION, NEUTRALIZATION & 
FLOCCULATION, CLARIFICATION, 
PEROXIDE TREATMENT, & STOR- 
AGE OF MTCH PROCESS WATER. 

NOTE: First five Industries were used in TSE Iesllng. 
OAF In some pretreatmenl schemes refers to Dissolved Alr Flotalion. 

(Cont hued) 



TABLE 6-2 (Continued) 

INDUSTRY 
NAME DESCRIPTION OF OPERATION 

PERCENTAGE CONTRIBUTION PRETREATMENT 
TO TOTAL INDUSTRIAL FLOW SCHEME 

MCH LEASING, CLEANS EXTERIOR & INTERIOR OF TANK 
INC. TRUCKS. 

NATIONAL UNEN INDUSTRIAL UNEN/lAUNDRY SERVICE. 
SERVICE 

00 
a ORMONWS, INC. UNENRAUNORY SERVICE. 

RENTAL UNIFORM INDUSTRIAL UNENlLAUNDRY SERVICE. 
SERVlCE 

TEXFI-BLENDS WEAVES, DYES, & FINISHES BLENDED 
W E S T E R  CLOTH FABRICS. 

TIN ORIGINALS, CLEANING & FINISHING OF DECORATIVE TIN- 
INC. PLATE0 ITEMS. 

UNITED UNI- SEMI-INDUSTRIAL LlNENlLAUNDRY SERVICE. 
FORM SERVICE 

COUECTlON TANK, GRAVITY OIL 
SEPARATION WITH SKIMMING OF 
OIL, CHEMICAL TREATMENT, VEF 
TICAL FLOW CLARIFICATION, 1P, 
FINAL DISCHARGE COLLECTION 
TO BUFFER FLOW. 

NONE. 

AERATED EQUAUZATION BASIN 
& FLOW MONITORING. 

NONE. 

NONE 

(Continued) 



TABLE 6-2 (Continued) 

INDUSTRY PERCENTAGE CONTRIBUTION PRETREATMENT 
NAME DESCRIPTION OF OPERATION TO TOTAL INDUSTRIAL FLOW SCHEME 

BUCK 8 MANUFACTURES PREClSlON & CONSUMER 
DECKER (US), PCMERTOOLS. 
INC. 

CARGILL, INC. PROCESSES WHOCE SOYBEANS INTO S W D  
OIL & ANIMAL FEED MEAL. 

CHROME-RITE JOB-SHOP ELECTROPLATING. 
PLATING, INC. 

FACET-PURO- MANUFACTURES AUTOMOTIVE AIR, 011 
LATOR & GAS FILTERS. 

FASCO IND- STAMPS, PAINTS, 8 ASSEMBLES SHEFT 
USTRIES, INC. METAL 

F.N.C. TEXTILES, BLEACHES & DYES POLYICOTTON FABRICS. 
INC. (CAROLACE) 

COUECTION SUMPS & SCREENS, 
ULTRAFILTRATION, & pH AD- 
JUSTMENT & NEUTRALIZATION. 

GREASE TRAP & SUMP, GREASE 
& OIL SEPARATION, HEXANE RE- 
COVERY, FLOW EQUAUZATION, 
ULTRAFILTRATION, pH ADJUST- 
MENT & NEUTRALIZATION, & 
PACKED-TOWER & BIOTOWER 
BIOTREATMENT. 

CHEMICAL PRECIPITATION 
8 MIXED-MEDIA FILTRATION. 

BIOTOXICITY TESTING. 

NONE 



TABLE 6-3. EFFLUENT CHARACTERISTICS OF THE 18 INDUSTRIAL CONTRIBUTORS TO 
THE CROSS CREEK WWTP IN FAYETTEVILLE, NC 

mMN 5 7  
CHEMICAL 

CAPE FEAR 313 
FEED PRODS. 

HOLT-WILL- 153 
lAMsoN 

KELLY-SPRING- 1 6 2 
FI EL0 

 HOUSE 553 

BLACK & DECKER 1 5 8 

CARGIU 571 

FACET-PURO- 1  8 4  
IATm 

FASCO INO. 2 0 

FNCTEXTllES 563  

m L Y  

MONTHLY 

QUARTERLY 

MOMHLY 

MONTHLY 

QUARTEW,Y 

MOMHLY 

MONTHLY 

ELO/EN 

FIVE 

(Continued) 





DATE EFFLUENT SAMPLED 

Figure 6-2. Pass-through acute toxicity in Cross Creek WWTP for 
each day of sampling; acute toxicity data are 
included for the sample when received in the 
laboratory and then one and two days later as used 
in the TIE protocol. 



most striking example is for the 1/31/89 sample which started 
with an ETS0 of under 5 hours and ended with an ETSO exceeding 
48 hours. Possible explanations for loss in toxicity will be 
analyzed later. According to the TIE protocol, Day 1 is 
designated as the ItinitiaP value and Day 2 as the "baselinew 
value. Day 2 is the reference point for comparing reductions 
in toxicity by various sample treathents because these 
bioassays begin on Day 2 as well. Of the seven sampling days, 
TIEs were conducted on 1/17/89; 1/31/89; 2/21/89; and 3/21/89. 

Although the timed-lethality test was used for the TIEs, an 
LCSO determination was also made on each sample on Day 1. The 
correlation between the LCs0 and ET50 values is presented in 
Figure 6-3. Despite the differences in toxicity analysis 
procedures, these two toxicity parameters give some indication 

of being related. However, the data base for this effluent was 
too small to warrant a quantitative statistical analysis of the 
relationship. . 
Results of the Phase I /Phase  I1 TIE 

Overview of Phase I Results. The reductions in acute 

toxicity as measured in TTUs (see Section 3 Experimental 
Procedures) for various sample treatments are presented in 

Figures 6-4 to 6-7 for each of the four whole-effluent samples. 
The results for oxidant reduction (sodium thiosulfate) and 
metal chelation (EDTA) cannot be shown conveniently in these 
figures because the effect of dosage needs to be included; 
these will be presented separately. 

The most consistent and effective removal of toxicity 
occurred through the C18 column. The results for aeration are 
difficult to interpret. While loss of toxicity at basic pH is 

consistent with ammonia toxicity, the fact that loss was also 
measured at acidic pH but not at sample pH make the results 

ambiguous; volatilization of organic compounds may also be 
responsible for the loss in toxicity. 

Treatment with PAC (200 mg/100 mL of sample equilibrated 
for 5 hours) was added as a modification to the EPA protocol 
with the expectation being that results should be comparable to 



ET50 (hours) 

~igure 6-3. Correlation between two measures of acute  toxicity (LC50 and ET50) on 
e f f l u e n t s  of t h e  Cross Creek WWTP. 



Acid pH 

Sample pH 

Base pH 

Note: All tests except for PAC were 
conducted at acid, sample and base pH 

Day 0 

/ ,Day 1 - Initial 

I I 

pH Adjustment Filtratlon Aeration C18 Column PAC 

Treatments 

Figure 6-4. Results of some sample treatments during TIE Phase I testing of 1/17/89 
whole-effluent from the Cross Creek WWTP. 
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Base pH 

Note: All tests except for PAC were 
conducted at acid, sample and base pH 

Day 2 - Baseline 

- - -  
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Figure 6-6. Results of some sample treatments during the TIE Phase I testlng ot 
2/21/89 whole-effluent from the Cross Creek WWTP. 



Note: All tests except for PAC and zeolite 
pH were conducted at acid, sample and base pH 

.I 

Sample pH 

@ Base pH 

Day 1 - Initial 

Day 2 - Baseline 

- - - -  

Treatments 

Figure 6-7 .  Results of some sample treatments during the TIE Phase I testing of 
3/21/89 whole-effluent from the Cross Creek WWTP. 



that of the C18 column; in fact, PAC should adsorb an even 
broader spectrum of organic compounds. However, PAC was 
ineffective in removing toxicity and in one instance (1/31/89) 
caused toxicity to increase. One possible explanation is 
toxicity induced by ingestion of carbon particles. A shift was 

' 

made from a 0.2 um membrane filter used in earlier studies to a 
Whatman GF/F glass fiber filter with a stated retention of 0.7 
um particles and larger. It is possible that some PAC may have 

entered the bioassay cup. A control study was conducted in 
which PAC was added to dilution water and then filtered through 

the same type of filter. The resulting ETSO was 34 hours, 
which implies that some PAC passed through the filter and 
caused mortality. 

~nvestigation of Axnmonia Toxicity. The natural zeolite 
(clinoptilolite) test was suggested in the EPA protocol as 
another way of isolating ammonia toxicity; clinoptilolite is a 

+ natural cation exchanger known to remove NH4 . However, the 
results obtained on the 3/21/89 sample (Figure 6-7) did not 

clarify the contribution of ammonia to toxicity. That is, 
contradictory results were obtained among the following three 

tests: passage through the zeolite; aeration at basic pH; and 
passage through the C18 column. The removal of toxicity by 
zeolite treatment and by aeration at basic pH are consistent 
with ammonia toxicity whereas the complete loss of toxicity by 
passing the sample through the C18 column is not. The C18 
column adsorbs organic compounds but not inorganic compounds; 
complete passage of ammonia was confirmed. Therefore, if 
ammonia was responsible for toxicity, the effluent of the C18 
column should have exhibited acute toxicity as well. One 
possible explanation is that the zeolite coincidently removes 
organic compounds that are also removed by the C18 column. 

Ammonia may contrib11t.e to effluent toxicity. Ammonia 

concentrations (as N) are given below for each of the TIE 
samples : 



Date Total Ammonia-N (ms/L) 

The toxicity of ammonia is caused by NH3, which is only a small 
fraction of the total ammonia concentration at the pH of the 
Cross Creek WWTP (7 to 7.5). Acute toxicity data expressed as 
total ammonia-N (NH~+-N plus NH3-N) are available for various 
daphnia species (U.S. EPA 1985). The average of four typical 
LC50 values reported for Daphnia m a m a  at pH 8.04-8.58 and 
temperature of 19.7-25O~ is about 37 mg/L of total ammonia-N 
(Storm, DiGiano and Christman 1989). That for Cerioda~hnia is 

less (about 20 mg/L as total ammonia-N) but still higher than 
the ammonia-N concentrations found in the effluent of Cross 
Creek WWTP. 

~nvestigation of Metals Toxicity. The effect of EDTA on 
TTUs is shown in Figures 6-8 to 6-11. Baseline toxicity is 
included for reference. Little or no reduction in toxicity 

occurred by addition of EDTA and as expected, toxicity 
increased at high EDTA dosages due to the EDTA itself. Thus, 
toxicity due to metals can be eliminated. 

Investigation of Chlorine Toxicity. The results of sodium 
thiosulfate addition are shown in Figures 6-12 to 6-15. While 

oxidants, and chlorine in particular, do not appear responsible 
for toxicity of the sample tested on Day 2, it may still have 
been possible for chlorine to contribute to toxicity of the 

sample as received in the laboratory (Day 0). An analysis of 
the chlorine concentrations in the effluent before and after 
two days of storage was done to determine if chlorine was lost 
and if baseline toxicity decreased concomitantly. 

An estimate of the actual chlorine dosage used at the Cross 
Creek WWTP was obtained from records of the pounds of chlorine 
applied and the flowrate (Table 6 - 4 ) .  Because of the high 

ammonia concentrations (about 12 mg/L), chlorine is probably 

present as monochloramine; the theoretical chlorine dosage to 
breakpoint for this ammonia concentration is about 12 x 7.6 (12 
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Figure 6 - 8 .  TIE Phase I i n v e s t i g a t i o n  of m e t a l s  a s  causative agent  of acute toxicity 
in 1/17/89 whole-effluent from the Cross Creek WWTP. 
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Figure 6-11. TIE Phase I investigation of metals as causative agent of acute toxicity 
in 3/21/89 whole-effluent from the Cross Creek WWTP. 
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Figure 6-12. TIE Phase I investigation of oxidants as causative agent for acute 
toxicity in 1/17/89 whole-effluent from the Cross Creek WWTP. 









mg NH4-N x 7.6 mg C12 per mg NH4-N) or 91.2 mg/L (Metcalf and 
Eddy 1979) which is well in excess of the chlorine dose 

applied. Actual measurements of the total chlorine residual 
made at the plant (Effluent) and at UNC (Day 0 and Day 2) are 

also listed. While the chlorine concentrations on Day 2 are 
very similar, the ETSO values (Figure 6-2) differed for the 
four samples (13 to 4 8  hours). If chlorine was a causative 
agent of toxicity, similar ETSO values would have been expected 
because the chlorine concentrations were about the same. 

TABLE 6-4. CHANGES IN CHLORINE CONCENTRATION OF WHOLE- 
EFFLUENT SAMPLE FROM CROSS CREEK WWTP WITH 
STORAGE OVER TWO DAYS 

Flow Chlorine Applied* chlorine Remaining 
~ampl ing Dosage Chlorine 
Date MGD lb/MG mg/L E f f . * *  Day 0 Day 2 

mg/L 

calculated from: C12 = Chlorine Dosage (lb/MG)/ Flowrate 
x 8.34 

measured at the Cross Creek WWTP 

The extent of decrease in chlorine concentrations with 
storage time can be examined from Table 6-4. Strictly 
speaking, only the chlorine residuals measured at UNC on Day 0 

and Day 2 can be compared directly because these were 
determined with the same analytical measurement (iodimetric 

titration). These indicate that the 1/31/89 sample began with 

the highest concentration (0.69 mg/L) thus showing the greatest 

loss. The mortality data in Figures 6-16 to 6-19 indicate that 

a loss in toxicity occurred in two of the four samples: 1/17/89 
and 1/31/89. While the decrease in chlorine concentration is 
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not known for the 1/17/89 sample, the plant measurement on this 
day was much higher than any other sample (1.10 mg/L). Taking 
these facts together, there is some evidence for the loss of 
toxicity in time being caused by loss of chlorine. 

Phase I1 Results. The results of eluting the C18 SPE 
column with MeOH/H20 mixtures are given in Figure 6'20 for the 
three samples analyzed (1/17/89; 1/31/89 and 3/21/89). 
Toxicity was recovered in the 75 to 90% MeOH fractionsyof 
these the 80 and 85% MeOH fractions appeared most important. 
The implication from EPA research is that the organic compounds 
responsible for toxicity at the Cross Creek WWTP are relatively 
non-polar. However, the research on target compounds in this 
study (Section 4) did not lend support to a sensitive 
relationship between MeOH fraction eluting toxicity and Kow 
(and by implication, relative polarity). 

Results of RTA 
selection of ~ndustrial Dischargers. Because this aspect 

of the research had to be completed in about two months, it was 
not possible to conduct batch reactor tests on all 18 
industrial dischargers. In consultation with staff from the 
City of Fayetteville, the following five industries were 

selected based on knowledge of their wastewater characteristics 
(Tables 6-2 and 6-3) : Borden Chemical (code letter A) ; Cape- 
Fear Feed Products (code letter B); Holt-Williamson 
Manufacturing (code letter C); Kelly-Springfield Tire (code 
letter D); and Westinghouse (code letter E). These industries 
were sampled (24 hours composites) on March 7 and March 21, 
1989 to conduct RTA No. 1 and No. 2, respectively. The volume 
contributions per liter of batch reactor volume are given in 
Table 6-5. These are relatively small, even at 10X, the 
maximum being 180 mL. 





TABLE 6-5. INDUSTRIAL VOLLME CONTRIBUTIONS TO BATCH 
BIOLOGICAL TREATMENT REACTORS IN RTA TEST AT 
CROSS CREEK WWTP IN FAYETTEVILLE, NC 

Industry Name 

Volume contribution per Liter 
of Reactor at One and Ten Times the 

Code Average Actual Flow to the WWTP 
Letter 1 X (mL) 10 X (mL) 

Borden Chemical A 

Cape-Fear Feed B 
Products 

Holt-Williamson C 
Manufacturing 

Kelly-Springfield D 
Tire 

Westinghouse E 

Cross Creek WWTP Performance. The COD removal (through the 
aeration basin), shown in Figure 6-21, SUR (Figure 6-22) and 
F / M  (Figure 6-23) at the Cross Creek WWTP provide background 
information on plant performance for a month period surrounding 
the data of RTA No. 2. These all indicate nominal performance. 
Based on unfiltered COD, the F / M  ratio ranged from 0.72 to 1.45 

do1; if SCOD is used, the range is 0.22 to 0.51 do1. Typical 
MLSS ranged from 3,000 to 4,500 mg/L. 

The ETSO and LCs0 values of the whole effluent on the two 
days selected for RTAs are shown below: 

RTA No. 1: 

RTA No. 2: 

Date ET50 th )  LC50 ( % I  

3/7/89 34 47 

Both days exhibit significant pass-through toxicity by either 
measure. In addition to whole-effluent toxicity, the RAS was 

centrifuged and the centrate subjected to an ET50 test. The 
results presented in Figure 6-24 indicate that the centrate of 



DATES OF BATCH TREATMENT 

Figure 6-21 .  Tota l  COD before  and a f t e r  pure oxygen treatment a t  
the Cross Creek wwTP on dates  when RTAs were 
conducted. 

DATES OF BATCH TREATMENT 

Figure 6-22. Substrate utilization rate (SUR) (based on total 
and soluble COD) i n  t h e  pure oxygen treatment 
proces s  at the Cross Creek WWTP on da te s  when RTAs 
were conducted. 
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Figure 6-23. F/M ratio (based on both  t o t a l  and soluble COD) in 
the pure oxygen treatment process at t h e  Cross 
Creek WWTP on dates when RTAs were conducted. 

DATE RAS SAMPLED 

Figure 6-24. Acute toxicity of centrate of return activated 
sludge (RAS) of Cross Creek WWTP on dates when RAS 
was collected to conduct the RTAs. 



RAS has about the same ETSO as the whole effluent for the two 
RTA dates (34 vs. 28 hours and 24 vs. 24 hours). The toxicity 
of the biomass throughout the period of batch reactor testing 
is important because each day of testing requires use of fresh 
RAS from the plant. RTA No. 1 was conducted from 3/15/89 to 
3/27/89 while RTA No. 2 was conducted from 4/10/89 to 4/12/89. 
Biomass toxicity is shown to increase in late March when some 
of RTA NO. 1 was being done (IWW/SWW series) and before RTA No. 

2 began. 
RTA Protocol. Based on the experienced gained in the RTA 

at High Point, the number of batch reactor tests was reduced by 
adopting following protocol: all IWW were first tested at 10X 
in PE and only those that caused pass-through toxicity to 
increase significantly were subjected to further evaluation at 
1X and 10X in SWW. Otherwise, the protocol was as described in 
section 3 (Experimental Procedures). The aeration time was set 
at 2 hours and the target MLSS to 3,00O'mg/L to simulate full- 
scale treatment. The chief experimental difficulty was 
inability to control DO in the batch reactor using a pure 
oxygen source. In most instances, DO exceeded the target value 
of 10 mg/L, sometimes reaching values of 20 mg/L. Aeration 
with pure oxygen, therefore, produced DO in excess of its 
saturation value which confounded interpretation of the SOUR 
data: i.e., the apparent oxygen uptake rate is the result of 
both biomass activity and physical stripping of oxygen (the 
driving force being proportional to the difference between the 
initial DO of reactor and the saturation value). Whether 
maintaining a high DO in RTAs in order to simulate actual plant 
performance is important should be reconsidered. 

Results of RTA NO. 1. The changes in ETSO upon batch 

reactor treatment of the five IWWs at 10X in PE are shown in 
Figure 6-25. These results were obtained in tests cond;:cted on 
March 15 and 16, 1989. In addition to the PE control, two 
batch reactor tests on SWW controls were conducted on these 

same dates (Figure 6-26) and showed little, if any, toxicity 
due to biomass. From Figure 6-25, three of the five IWWs (A,B 

and D) are worthy of further investigation using SWW rather 
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Figure 6-25 .  Removal of acute t o x i c i t y  i n  batch biolosical 
treatment of f ive  s e l e c t e d  IWW/PE samples a t  10X 
from t h e  Cross Creek WWTP (RTA No. 1). 

Figure 6-26 .  Acute t o x i c i t y  of SWW contro l s  before and a f t e r  
batch biological treatment; biomass taken from t h e  * 

Cross Creek WWTP on dates  indicated (RTA No. 1). 



than PE; based on ET50, the toxicity of IWW B persisted, that 
of I W W  A decreased slightly and that of I W W  D increased upon 

treatment. 
The SCOD data (Figure 6-27) accompanying these ETS0 results 

were difficult to explain: little, if any treatment is 
indicated even in the PE control. However, an active biomass 

is indicated by the SOUR data given in Figure 6-28. The SOUR 
of all but one of the IWW/PE samples (IWW C) exceeded that of 
the PE control; these values are in some instances higher by a 

factor of about two than measured in the RTA at High Point 
(Figure 5-10). Higher SOUR values could be due to more active 
biomass given the much shorter sludge age and higher F/M ratio 
of the pure oxygen system at Fayetteville. Alternatively, the 
SOUR data is probably an overestimate of biomass activity due 
to simultaneous stripping of oxygen that occurred during the 
five minutes of the test. The F/M ratios (based on SCOD) in the 
batch reactors are given in Figure 6-29. All but IWW A is in 

the range of 0.2- 0.3 do' (this sample had a higher SCOD and 
lower MLSS than the others). 

The three most likely sources of pass-through toxicity 
(IWWs A,  B and D) were then added to SWW to define their 
contributions at 1X as well as lox; these tests were carried 

out on March 27, 1989. The ET50s before and after treatment of 
the IWW at 1X and 10X are presented in Figures 6-30 and 6-31, 
respectively. 

Unfortunately, the contributions of pass-through toxicity 
of each IWW cannot be resolved because the SWW control for each 
test (far right of Figures 6-30 and 6-31) produced toxicity. 
Biomass toxicity is likely based on the RAS centrate data 
presented in Figure 6-24: the ETS0 was 14 hours. By contrast, 
the biomass used'in the preceding IWW/PE series (Figures 6-25 
and 6-26) was obtained on March 15, 1989 when the ETS0 of the 
RAS centrate was considerably higher (30 hours) and when both 
the PE and SwW controls showed little toxicity. 

Not all of the ET50 results for the IWW/SWW series were 
easily explained. As shown in Figure 6-31, the ET50 values of 

the IWW/SWW at 10X are similar to the ETS0 of the SWW control. 
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Figure 6 - 2 7 .  

Figure 

Removal of SCOD in batch biological treatment of 
five selected IWW/PE samples at 10X from the Cross 
Creek WWTP (RTA No. 1). 
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6-28. Change in SOUR from beginning to end of batch bio- 

logical treatment of five selected IWW/PE samples 
at 10X from the Cross Creek WWTP (RTA No. 1) 
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Figure 6 - 2 9 .  F/M ratio in batch biological treatment of f i v e  
selected IWW/PE samples at 10X from the Cross Creek 
WWTP (RTA No* 1) 



Figure 6-30. Removal of  acute toxicity in batch biological 
t r e a t m e n t  of three selected IWW/SWW samples at 1X 

. from the Cross Creek WWTP (RTA No. 

IWW A(l OX) rww B(I ox) 

Figure 6-31. Removal of acute toxicity in b a t c h  biological 
treatment of three selected IWW/SWW samples a t  10X 
from the Cross Creek WWTP (RTA No. 1) . 



This should be the expected because the biomass toxicity is 
more important than that contributed by the IWWs. However, the 
ETS0 values at 1X are higher (Figure 6-30). If the biomass'in 
the SWW controls is responsible for the toxicity, the addition 
of a small volume of IWW should not lessemthe toxicity; 
rather, a slight increase in toxicity is expected. 

Despite the pass-through toxicity, biodegradation is 
indicated by the decrease in SCOD in each IWW/SWW reactor and 
in the SWW control over the 2 hours aeration period as shown in 
Figures 6-32 and 6-33 for the 1X and 10X samples, respectively. 
The SCOD removal was always greater in the SWW control as 
indicated below: 

SCOD Removals in ms/L 
SWW Control IWW A/SWW IWW B/SWW I W W  D/SWW 

At lX, the volume of IWW added into SWW is very small (less 
than 27 mL/L) and so, the reactor contains mostly SWW. While 
some dilution of COD occurred, most of the SCOD was contributed 
by the SWW and the extent of its removal through biodegradation 
should have stayed about the same. The fact that it decreased 
instead suggests an inhibition of bioactivity by the addition 
of the IWW. This is also apparent from the lower SOUR values 
of the IWW/SWW compared to the SWW control (Figure 6-34 and 6- 
35). 

Results of RTA No. 2 .  The ETSO values before and after 
batch treatment of a series of IWWs at 10X in PE are given in 
Figure 6-36. These results were obtained with biomass 

collected on ~pril 10 and 12, 1989. Once again, significant 
toxicity is indicae~~d in the PE control as well as in the SWW 
controls (Figure 6-37). In this instance, the ETS0 of each 

IWW/PE mixture showed a similar toxicity to that of the PE 
control. It may be concluded that the biomass toxicity 
apparent in both the PE and SWW controls was overwhelming any 
toxicity associated with these industrial waste additions. The 



Figure 6-32 .  Removal of SCOD i n  batch b i o l o g i c a l  treatment of 
three s e l e c t e d  IWW/SWW samples a t  1X from t h e  Cross 
Creek WWTP (RTA No. 1) . 

(a INmAL SCOD 1 

M M I  A(l  OX) IWW B(l OX) 
- b v - - - J  

6-33. Removal of SCOD i n  batch b i o l o g i c a l  
three selected IWW/SWW samples a t  10 
Cross Creek WWTP (RTA N o .  1) . 

- 
treatment of 
X from t h e  



Figure 6 - 3 4 .  SOUR a t  the beginning and end of batch biological 
treatment of three selected IWW/SWW samples at 1X 
from the Cross Creek WWTP (RTA NO. 1). 

t WW A(l OX) I WW B(l OX) IWW D(l0X) 

Figure 6-35. SOUR at the beginning and end of batch biological 
treatment of three selected IWW/SW samples a t  10X 
from the Cross Creek WWTP (RTA NO. 1). 



IWW APE IWW W E  IWW CPE IWW D/PE 

Figure 6-36. Removal of acute toxicity during batch biological 
treatment of five selected IWW/PE samples at 10X 
from the Cross Creek WWTP (RTA No. 2). 

Figure 6-37. Acute toxicity of SWW controls before and after 
batch biological treatment; biomass taken from 
Cross Creek WWTP on dates indicated (RTA No. 2). 



influence of biomass toxicity in the batch reactor test is 

quite apparent by contrasting the results of RTA Nos. 1 and 2 
(~igures 6-25 vs. 6-36). The same five IWW sampled two weeks 
apart gave very different conclusions regarding pass-through 

toxicity. 
Despite the persistence of aquatic toxicity, the SCOD data 

presented in Figure 6-38 support the occurrence of 
biodegradation. SCOD removals were more consistent from 
reactor to reactor than those obtained in RTA No. 1 (Figure 6- 

27) although the F/M ratio was more variable: 

Sample F/M 

I W  A/PE 0.55 
I W  B/PE 0.87 
I W  C/PE 0.27 
IWW D/PE 0.46 
I W  E/PE 0.31 
PE Control 0.18 

Because of the problem encountered with biomass toxicity 
and the approaching termination of the project, it was decided 
not to carry out an IWW/SWW series in RTA No. 2. Thus, no 

. ranking of the relative contributions of the five industrial 
waste sources to pass-through toxicity could be made. 

~iodegradation of SWW. A summary of the SCOD removals 
achieved in 2 hours of aeration of all the SWW controls used in 
RTA Nos. 1 and 2 is presented in Figure 6-39. These results. .' 
raised two concerns. First, the initial SCOD was always 
considerably lower than the calculated COD (318 mg/L for the 
3/27 and 3/29 controls and 393 mg/L for the 4/10 and 4/12 

controls). Second, the SWW did not appear very easily 
biodegraded given that only'50% of the SCOD was removed in 2 

hours of aeration. 
A comparison of unfiltered and filtered COD (SCOD) 

remaining as a function of aeration time was made for the SWW 

control of 4/12/89. The initial unfiltered COD was obtained 
before addition of the biomass; subsequent values were obtained 
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re 6-38. Removal of SCOD in batch biological treatment of 

f i v e  selected IW/PE samples at 10X from Cross 
Creek WWTP (RTA No. 2 )  . 

Figure 6-39.  Removal of SCOD i n  batch biological treatment of 
S W W  controls; biomass taken from Cross Creek WWTP 
in  both RTA No. 1 and No. 2. 



by allowing the biomass to settle before taking the sample. The 
results presented in Figure 6-40 show that the starting 
unfiltered COD (396 mg/L) was in good agreement with the 
expected value from calculation of the theoretical COD of the 
Marlene's mix (391 mg/L) but much higher than the SCOD; thus, 
Marlene's mix is not a good model of completely soluble 
substrate. Moreover, SCOD removal extended over at least 4 
hours but a considerable amount of SCOD remained: the removal 
pattern for unfiltered COD is not consistent with that of SCOD 

probably because some biomass failed to settle and therefore 
contributed COD to the measurement. 

~ioaegradation of I W W  B in PE. Of the industrial wastes 
selected, IWW B gave the lowest ETSO and it persisted through 
treatment in RTA No. 1 (Figure 6-25). This waste is from a 

poultry by-product rendering plant and on average has a very 
high ammonia concentration (172 mg/L as N) and a COD of 819 

mg/L as shown in Table 6-3. Thus, ammonia toxicity could 
exist, especially at 10X (calculated mixture NH3-N of 42 mg/L). 

It was of interest to determine if extending the treatment time 
would lead to further biodegradation as well as the possibility 
of nitrification to remove this toxicity. The removal of 
unfiltered and filtered COD is depicted in Figure 6-41. IhW B 

contributes significantly to the COD of the mixture at lox, the 
SCOD of the PE being only 75 mg/L. Furthermore, a significant 
amount of COD is not soluble. The decrease in unfiltered COD 
is greater than SCOD indicating absorption of non-soluble COD 
onto biomass. No further treatment was achieved after 2 hours 
of aeration. Toxicity also persisted as shown by the ET5* data 
presented in Figure 6-42. The accompanying data for the SWW 
control again suggests persistent biomass toxicity but in this 
instance, IWW B adds to the toxicity. Unfortunately, the 
project ended without being able to confirm that ammonia 
increased the toxicity at 10X in PE. 
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~ i g u r e  6-40. comparison of total and SCOD removals during batch 
biological t r ea tmen t  of a SWW control samples; 
biomass taken from Cross Creek WWTP during RTA no. 
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Figure 6-42. Acute toxicity remaining i n  SWW c o n t r o l  and 
in IWWB in primary e f f l u e n t  from Cross Creek 
WwTP after batch biological treatment 
(RTA No. 2) 
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SECTION 7 

T O X I C I T Y  O F  RETURN ACTIVATED SLUDGE 

Overview 
Biomass was noted as a possible contributor to pass-through 

toxicity at the Patapsco WWTP in Baltimore, Maryland (Botts et 
ale 1988). This was concluded when only fine filtration (0.2 

um) removed toxicity, the inference being that small colloidal 
fragments of biomass pass through the secondary clarifier. 
These fragments were apparently smaller than 1.2 urn because 
filtration with this filter size (coarse filtration) did not 

remove toxicity. Additional evidence for biomass toxicity was 
provided in the RTA at Fayetteville as discussed in Section 6 
of this report. Biomass toxicity could be caused by sorption 
of organic compounds but this has not been confirmed. 

Mechanisms of sorption and data for various hazardous organic 
chemicals have been reported by Bell and Tsezos (1988) among 
others. 

In this research, various treatments of RAS were tried to 
determine if toxicity was associated with the biomass and if 

sorbed compounds were responsible. Samples of R3S were 
obtained from three different treatment plants - Westside WWTP 
in High Point, NC; South Burlington WWTP in Burlington, NC and 

the Cross Creek WWTP in Fayetteville, NC. While the Westside 

and Cross Creek WWTPs have already been described, it is 
necessary to explain that the South Burlington WWTP is a 
conventional activated sludge facility receiving significant 
qualttities of industrial wastes from several textile dyeing 

operations. 

Treatments of RAS 

All the sample treatments were aimed at desorbing organic 
compounds from the biomass and measuring either the residual 



toxicity of the biomass or the toxicity of the solution in 
which the biomass was suspended. The following treatments were 
tried: 

o high-speed blending of the whole RAS and resuspension in 
non-toxic control water (biomass concentration diluted 
in volume ratios varying from 1/100 to 20/100): 
measurement of toxicity in control water 

o centrifugation of RAS and measurement of centrate 
toxicity 

o filtration of RAS (1.2 um Whatman GF/C) and measurement 
of filtrate toxicity 

o sequential elutriation of RAS in non-toxic control water 
(mixing for 5 min) and measurement of toxicity of 
control water after centrifuging to remove biomass 

Results of RAS Toxicitv Testinq 
A listing of ETSO values for the centrate or filtrate of 

each RAS sample before further treatment is given in Table 7-1. 
The first RAS sample treated was taken from the Westside WWTP 
(7/28/88). After centrifuging, an ETS0>48 hours was recorded 
and subsequent tests of the biomass using high speed blending 
and resuspension in control water also gave ETS0>48 h; i.e., no 
toxicity was released from the biomass. High speed blending 
was abandoned because even at high dilutions of the blended 
sample it was difficult to observe the Ceriodaphnia in the 
sample cups. 

The centrate of a sample of RAS collected at the South 

Burlington WWTP on 8/8/88 was found to be very toxic (ETS0 = 5 

hours) even though the whole effluent of the plant was not 

toxic (ETS0>48 hours). This inferred that biomass was in some 

way concentrating compounds that caused toxicity. Filtration 

of the RAS through a 1.2 um filter produced a similar ET50 (3 
hours) as centrifuging. Further testing of this same RAS 



sample was done after one month of storage in the refrigerator. 
The objective was to isolate the toxicity associated with the 
biomass by centrifuging, discarding the still toxic centrate 
(ETSO = 6 hours) and then dessicating the solids (to remove 
residual unbound water) for one day prior to resuspension in 

control water. As a result of this series of sample 
treatments, toxicity disappeared from the biomass (ETS0>48 
hours). Because the centrate was still toxic after sample 
storage, it appears that the organic compounds responsible for 

the toxicity were no longer on the biomass itself; dessication 

could have volatilized compounds but no proof is available. 

TABLE 7-1. TOXICITY OF RAS 

ET (hours) 
Sample Date mole5& f luent RAS 

Westside WWTP 
11 

I1 

South Burlington WWTP 
t 1 

I1 

Fayetteville WWTP 
11 

11 

t 

11 

I t  

South Burlington WWTP 

Fayetteville WWTP 

* 
Toxicity of RAS centrate (plastic toxicity cup) ** 
Toxicity of RAS filtrate (plastic toxicity cup) 

# Toxicity of RAS filtrate (glass toxicity cup) 

Another sample was obtained from the South Burlington WWTP 
on 8/16/88. It was filtered (1.2 um filter), split into two 

samples and stored overnight in plastic and glass containers 



prior to toxicity testing. The sample stored in glass 
exhibited moderated toxicity (ET50 = 2 4  hours) while t h a t  
stored in plastic was not toxic (ET50>48 hours). Attenuation 
of toxicity by sorption of organic compounds onto the plastic 
walls of the storage container may explain these results. 

Another experiment addressed the issue of desorption of 

toxicants from the biomass. Two samples of RAS from the South 
Burlington WWTP collected on 10 /11 /88  and 4 /12 /89  were 
subjected to sequential elutriation with control water (biomass 

separated each time by centrifugation and then resuspended). 

The results are compared in Table 7-2. As found for the 8 / 8 / 8 8  

sample, the centrate of the RAS was toxic on 10/11/88 while the 
whole effluent was not; unfortunately, an ETS0 for the whole 
effluent was not available for the 4/12/89  sample to 
demonstrate the same effect. Sequential elutriation continued 
to release compounds that caused toxicity in the control water 
although a slight trend of less releasa with increasing 
washings may be inferred. These data indicate that biomass can 
contain compounds that produce aquatic toxicity. However, the 
conditions under which these compounds would be released in 
aeration or secondary clarification are unknown: this would 
require closer examination of adsorption-desorption 
characteristics, 

TABLE 7-2. RELEASE OF TOXICITY FROM ELUTRIATION OF RAS 
FROM THE SOUTH BURLINGTON W P  AS MEASURED BY 
ETSO (HOURS) 

Sample Type Sampling Date 

Final effluent 
RAS Centrate 
Centrate after wash no. 1 
Centrate after wash no. 2 
Centrate after wash no. 3 
Centrate after wash no, 4 
Control Water 

NA = Not available 



~ioniass elutriation tests were not performed on RAS samples 
from the Cross Creek WWTP. Iiowever, toxicity data were obtained 
for the centrate of the RAS. As indicated in Table 7-1 the 
toxicity of the RAS and whole effluent was about the same; this 
contrasts with the South Burlington WWTP results where the 
centrate of -US gave a toxic response and the whole effluent did 
not. ~oxicity-causing compounds, therefore, were present in 
similar amounts in both the wastewater surrounding the biomass 
in the underflow of the final clarifier and in the whole 
effluent. 
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APPENDIX A 

Reference Toxicity Data 



DATE 

08/30/88 

O9/2 1 /88 

1 1 O/ 18/88 

11/15/90 

DATE 

1 O/ 12/88 

1 O/25/88 

1 1  /29/88 

1983 REFERENCE TOXICITY DATA 
CERIOOAPHNIA DUBIA 68 H W R  ACUTE STATIC LC50 

NONYL PHENOL ETHOXYLATE WITH 9 MOLE ETHYLENE OXIDE PER MOLE HYDROPHOBE 
IN BOTANY POND DILUTION WATER 

LOw'ER 95% UPPER 95% HETHOO 
COh'F I DE NCE CONFIDENCE 0 F 
LIMIT ( W L )  LIMIT (mg/L) AHALYSl S 

4.3 5.1 PROB 1 T 

COPPER NITRATE AS COPPER IN BOTANY POND DILUTION VATER 

LOvER 95% UPPER 95% METHOO 
L C50 CONFIDENCE CONFIDENCE 0 F 

( W L )  LIMIT (ug/L) LIMIT (ug/L) ANALYS! S 

5.1 4.2 6.2 PROB I l 

4.3 3.7 4.9 TRIMMED SPEARPAN -KXREER 

3.2 2.8 3.5 TRIMHED SPEARMAN-KARBER 

WR KERNS NOT RELIABLE 



DATE 

1989 REFERENCE TOXICITY DATA 
CERIODAPHUIA DUBIA 48 HOUR ACUTE STATIC LC50 

COPPER NITRATE AS COPPER IN  10% PERRlER DILUTION UATER 

L M R  95% UPPER 95% L CSO 
LC50 CONFIDENCE C0I;FIDENCE - 2s 

(ug/L LlMIT (ug/L) LIMIT (ug/L) (ug/L) 



MEDIAN EFFECTIVE T I M E  FOR MORTALITY ( E T 5 0 )  
4 u g / L  COPPER I N  SOFT SYNTHETIC D I L U T I O N  WATER 

1 1  NEAR COMPUTER LOWER 95% UPPER 95% HETHOO 
INTEROPATED ANALYZED CONFIDENCE CONFIDENCE OF 

DATE ETSO (HR) E l 5 0  (HR) L I M I T  L I M I T  ANALYSIS 

7/05/88 5.3 5 . 3  4.5 6.3 PROB I T 

7.7 TRIMMED SPEARMAN-KARBER 

7.7 PRO0 I T 

T I  H E 0  
T O X I C I T Y  

UN I TS 






