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Foreword 

Today’s rapidly developing and changing technologies and industrial products and 
practices frequently carry with them the increased generation of materials that, if 
improperly dealt with, can threaten both public health and the environment. The U.S. 
Environmental Protection Agency is charged by Congress with protecting the nation’s 
land, air, and water resources. Under a mandate of national environmental laws, the 
Agency strives to formulate and implement actions leading to a compatible balance 
between human activities and the ability of natural systems to support and nurture 
life. These laws direct the EPA to perform research to define our environmental 
problems, measure the impacts, and search for solutions. 
The Risk Reduction Engineer ing Laboratory is  responsible  for p lanning ,  
implementing, and managing research, development, and demonstration programs to 
provide an  authoritative, defensible engineering basis in support of the policies, 
programs, and regulations of the EPA with respect to drinking water, wastewater, 
pesticides, toxic substances, solid and hazardous wastes, and Superfund-related 
activities. This publication is one of the products of that research and provides a vital 
communication link between the researcher and the user community. 
The purpose of this document is to present guidance for the performance of Toxicity 
Reduction Evaluations (TREs) a t  industrial facilities. This is accomplished by 
presenting a generalized methodology for designing and conducting a TRE and 10 
supporting case studies which illustrate various approaches that have been used in the 
performance of TREs to date. 

E. Timothy Oppelt, Director 
Risk Reduction Engineering Laboratory 
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Abstract 

I 

! 

The U S .  Environmental Protection Agency or state regulatory agencies, under the 
Clean Water Act, can require industries which cannot achieve water quality based 
effluent limitations specified in their NPDES permit to conduct a Toxicity Reduction 
Evaluation (TRE). The objective of the TRE is to determine those actions necessary to 
reduce the effluent’s toxicity to acceptable levels. This approach was written to 
describe a generalized methodology for the design and performance of a TRE at an  
industrial facility. The generalized methodology was developed based on the insights 
learned in completing 10 TRE case studies. 

A six-tier approach was directed toward the reduction of toxicity of the whole emuent 
rather than specific components within the effluent. A flow chart was designed as a 
dichotomous key linking the phases in a systematic progression to achieve the final 
result, which is an  emuent that consistently meets the toxicity limitation assigned to 
it. The six tiers include: 1) information and data acquisition; 2) a n  evaluation of 
remedial actions to optimize the operation so as to reduce final effluent toxicity; 
3) characterizatiodidentification of the cause(s) of the final effluent toxicity; 
4) identification of the source(s) of the toxicity in the facility; 5 )  identification and 
evaluation of methods for reducing toxicity in the final effluent; and 6) follow-up of the 
toxicity reduction to confirm that the toxicity limitation is met and maintained. The 
10 completed TREs that provided the basis for the structure of the protocol are 
appended as case studies and follow the same generalized format presented in the 
protocol . 
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Glossary 

The following terms and abbreviations are used in this document: 
BMP 

BOD 

COD 
CWA 
DOT 
EDTA 

MSDS 
NOEL 
KPDES 

OSHA 
RCRA 
SIC 
SIE 
TIE 
TOC 
TRE 
TSD 

TSS 

TU 
WWTP 

Best Management Practices 
Biological oxygen demand 
Chemical oxygen demand 

Clean Water Act 
US. Department of Transportation 
Ethylenediaminetetraacetic acid 
Material safety data sheet 
No observable effect levels 
National Pollutant Discharge Elimination System 
Occupational Safety and Health Administration 
Resource Conservation and Recovery Act 
Standard industrial classification 
Source identification evaluation 
Toxicity identification evaluation 
Total organic carbon 
Toxicity reduction evaluation 
Technical support document for water quality-based 

Total suspended solids 

Toxicity unit 
Wastewater treatment plant 

toxics control (U.S. EPA 1985) 
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Section 1 

Introduction 

! 

Purpose 

The purpose of this document is to present guidance 
for the  per formance  of Toxici ty  R e d u c t i o n  
Evaluations (TREs) at industrial facilities. This is 
accomplished by p r e s e n t i n g  a g e n e r a l i z e d  
methodology for designing and conducting a TRE and 
is supported with case studies which i l lustrate 
various approaches tha t  have been used in the 
performance of TREs to date. A synthesis of the 
methods and approaches employed in these case 
studies provided the basis for the  generalized 
me thodology . 
This document is intended for use by industrial  
facilities tha t  a r e  required to perform a TRE. 
Permitting agencies may also use this document for 
reviewing plans submitted by regulated industries. 
In addition, supporting organizations t h a t  a r e  
preparing a site-specific TRE plan or conducting a 
TRE may use this document as a guide. 

Regulatory Frame work 
On March 9 ,  1984, t h e  U.S. E n v i r o n m e n t a l  
Protection Agency (EPA) published a national policy 
statement entitled "Policy for the Development of 
Water Quality-Based Permit Limitation for Toxic 
Pollutants (US. EPA 1984). To implement the policy, 
EPA issued the Technical Support Document (TSD) 
for Water Quality-Based Toxics Control (U.S. EPA 
1985a) .  T h e  TSD p r e s e n t e d  p r o c e d u r a l  
recommendations for identifying, analyzing, and 
controlling adverse water quality impacts caused by 
the discharge of toxic pollutants. 

The overall process that one might go through to 
evaluate the potential impacts  of a n  effluent 
discharge to an  aquatic environment and the need to 
establish additional water quali ty based toxic 
controls is shown in Figure 1.1. This schematic 
illustrates the steps to be taken, from definition of 
water quality objectives, criteria, and standards, to 
the setting of the final permit conditions with 
monitoring requirements. When National Pollutant 
Discharge Elimination System (NPDES) permittees 
cannot achieve effluent limitations for toxicity, EPA 
or a state regulatory authority may require the 
discharger to conduct a Toxici ty  Reduct ion 

Evaluation. The legal basis for requiring TREs is 
discussed in the Permit Writer's Guide to Water- 
Quality-Based Permitting for Toxic Pollutants (US. 
EPA 1987a) 

Objectives of a TRE 

A TRE is an  evaluation intended to determine those 
actions necessary to achieve compliance with water 
quality-based effluent l imits  (i.e.,  reducing a n  
emuent's toxicity or chemical concentration(s) to 
acceptable levels). Water quality-based limits (Le. 
the regulatory target) could include limits on whole 
effluent acute or chronic toxicity, and/or limits on 
individual chemical constituents. These limits a re  
intended to protect beneficial uses of waterbodies, 
and consider factors such as dilution, environmental 
fate, and the sensitivity of the resident aquatic 
community. The TRE may identify a remedial action 
as simple as improved "housekeeping" procedures or 
the need to modify the operation of a component of 
the wastewater treatment system. On the other hand, 
for complex facilities with numerous and variable 
wastestreams, a TRE may involve a more extensive 
investigation to identify toxicant(s) of concern and/or 
cost-effective treatment or source reduction options. 

Available Approaches 
This document describes how to design and perform a 
TRE a t  an industrial facility.Other documents which 
provide guidance for performing specific components 
of this overall process are: 

EPA's Technical Support Document for Water 
Quality-Based Toxics Control. Office of Water, 
Washington, D.C., pages 57-58 (1985a). 

EPA's Permit Writer's Guide to Water Quality- 
Based Permitting for Toxic Pollutants. Office of 
Water, Washington, D.C., pages 43-54 (1987). 

EPA's Toxicity Reduction Evaluation Protocol for 
Municipal Wastewater  T r e a t m e n t  P lan ts .  
November 1989. 
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Define water quality objectives, criteria, and standards 

Set permit limits directly Establish priority water bodies 

................................................................................ I 
I 

3. Generate data 4 
Screen for individual chemicals 
including potential 
bioaccumulative, carcinogenic, or 
mutagenic chemicals 

s. 
Collect definitive data for specific 
chemicals 

Screen for effluent toxicity 

Collect definitive data 
for effluent toxicity 

Evaluate exposure (Critical flow, fate 
modeling, and mixing) and calculate 

wasteload allocation 

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

Define required discharge characteristics 
by the wasteload allocation 

Derive permit requirements 

I Evaluate toxicity reduction + s. 
Final permit with monitoring requirements 

Overview of the water  quality-based toxics control process. Source: U.S. EPA (1985a) Figure 

EPA’s Methods  f o r  A q u a t i c  Tox ic i ty  
Identification Evaluations: Phase I - Toxicity 
Characterization Procedures. September 1988. 

EPA’s Methods  f o r  A q u a t i c  Tox ic i ty  
Identification Evaluations: Phase I1 - Toxicity 
Identification Procedures. November 1989. 

EPA’s Methods  fo r  A q u a t i c  T o x i c i t y  
Identification Evaluations: Phase I11 - Toxicity 
Confirmation Procedures. November 1989. 

In addition to these documents, other references 
which describe specific methods for conducting 
aquatic bioassays, chemical analyses, engineering 
evaluations, and other components relevant to 

conducting a TRE a r e  identified in  subsequent 
sections of this document. 

Content of this Document 
This document presents a generalized methodology 
for designing and performing a TRE a t  an  industrial 
facility. This methodology is pr imari ly  directed 
towards compliance with whole effluent toxicity 
limits rather than limits for individual chemicals. 
This approach is taken because in some cases control 
of whole effluent toxicity may be quite complicated 
and  would grea t ly  benef i t  f rom gene ra l i zed  
methodological guidance. On the other hand, more 
information is available on the control of single 
chemicals with the main effort geared towards either 
application of available treatment methodologies and 
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development of new methodologies to control a 
discrete constituent or process chemical substitution. 

Because of the numerous differences in operations 
and complexity of industrial  faci l i t ies ,  in  t h e  
characteristics and variability of their emuents (both 
chemical and  toxicological), and  i n  e x i s t i n g  
wastewater treatment systems, flexibility in the 
design and performance of a TRE is essential, and the 
approaches utilized must be facility-specific. As a 
result, the industrial TRE methodology presented in 
the following sections is intended to  describe 
generalized approaches, which are  represented by 
those procedures that have been used successfully to 
date. 

It should be emphasized that the overall objective of 
this generalized methodology is to provide the 
framework and guidance on how to conduct a TRE. It 
is not intended to be a "cookbook". There a r e  
elements of this methodology which will not apply in 
all industrial TREs. Users of this document a r e  
encouraged to apply these approaches as analytical 
tools where a p p r o p r i a t e ,  a n d  to  t a i l o r  t h e  
methodology according to site-specific de te r -  
minations and circumstances. Experience to date has 
also demonstrated that clear communication between 
the industrial facility, the permitting authority, and 
contractors involved in conducting the TRE. This is 
important in understanding the objectives and goals 
for the TRE, establishing a reasonable schedule, and 
in reporting the progress and results during the time 
the TRE is being conducted. 

Flow- Chart Overview 
A generalized flowchart for performing a TRE a t  an 
industrial facility is presented in Figure 1-2. This 
flowchart presents a conceptual overview of the TRE 
process, illustrating how they might be linked, and 
indicating when decision points are reached. Each of 
the major components of the process are described in 
detail in subsequent sections of this  document. 
However, in order to provide a general understanding 
of how the ent i re  process might work, a brief 
overview of the TRE process is presented here. 

The first tier of the TRE process is the acquisition of 
available data and facility-specific information. This 
phase is described in detail in Section 2 of this  
document. The available information can generally 
be divided into three categories. Firs t ,  there is 
regulatory information which specifies the events 
leading up to the TRE, defines the regulatory 
objectives of the study, and clearly identifies the 
target for successful completion. In addition, the 
regulatory agency may set compliance deadlines for 
TRE completion, and specify intermediate dates for 
completion of and reporting on specific portions of the 
TRE. Second, there a re  effluent monitoring data 

I 
I 
i 
I 
i 

(both chemical and biological) which may provide 
information on the toxicity of the effluent. Third, 
there is facility and process information which 
describes the configuration and opertition of the  
facility. A synthesis of these three categories of 
information is used to define study objectives, 
identify what is already known, and possibly to 
provide clues as to the causes and sources of toxicity. 
This information may also suggest immediate actions 
which may be useful in  reducing final effluent 
toxicity. The effectiveness of these actions can be 
evaluated in subsequent tiers of the TRE. 

The second tier of the TRE process is the evaluation 
of remedial actions to optimize the operation of the 
facility so as  to reduce final effluent toxicity. Three 
general areas of facility operation a re  considered: 
general housekeeping, treatment plant operation, 
and the selection and use of process and treatment 
chemicals. These evaluations are discussed in detail 
in Sections 3 through 5 of this document. For each of 
these areas of concern, an  evaluation is made to 
determine if performance is optimal with regard to 
toxicity reduction. This evaluation should be made to 
identify obvious problem areas,  plan and perform 
remedial actions, and determine if these actions 
reduce the final effluent toxicity to a n  acceptable 
level. If the problem appears solved, a monitoring 
program must  st i l l  be init iated to confirm the 
solution, and to ensure that the problem does not 
recur. However, if these remedial actions fail to solve 
the toxicity problem, the study will proceed into a 
Toxicant Identification Evaluation (TIE). 

The third tier of the TRE process is the TIE which is 
described in detail in Section 6 of this document. The 
objective of the TIE is to characterize and identify the 
cause(s1 of final effluent toxicity. The evaluation can 
use both characterization procedures and chemical- 
specif ic  a n a l y s e s  a n d ,  c o n s e q u e n t l y ,  t h e  
characterizationslidentifications may range from 
generic classes of toxic agents (e.g. non-polar 
organics) to specific chemical compounds. Because 
multiple samples are required to perform this tier, a 
major objective of the TIE is to determine if, and how, 
the cause of final effluent toxicity varies over time. 

Once the TIE has been completed, the TRE process 
can go in either of two directions. One approach is to 
evaluate options for treating the final effluent, and 
methods for accomplishing this are  described in 
Section 8. The other approach is to identify the 
source(s) of final effluent toxicity and then evaluate 
upstream (within plant) treatment options or process 
modifications. The source identification element of 
this second approach is described in Section 7 and the 
treatment methods element in Section 8. These two 
approaches are not necessarily mutually exclusive. 
In fact, a decision can be made to pursue both 



TRE Objective -Definition 
Goals 
Triggers 

Tier I I 
Toxicity ? Toxicity ? 

Did 
House keeping 

Toxicity ? 

No 
Yes 

Toxicity Identification Eva1 4 1 
I 1 ’  

1 Toxicity Treatability Approach Causative Agent Approach 

1 
Source 

Identification Evaluation 

Evaluation of Toxicity Reduction 
Method Evaluation 

Selection and Method Implementation 

& Follow-up and Confirmation 

Tier I1 

Tier 111 1 
Tier IV 1 
Tier V I 
Tier VI 1 

: *  

i . 

Figure 1.2. Toxicity Reduction Evaulatlon (TRE) flow chart. 
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approaches simultaneously, and then to select the 
most technically and economically attractive option. 

The source identification evaluation (SIE) is the 
fourth tier in the TRE process. The objective of this 
evaluation is to identify those process streams which 
are significant sources of final effluent toxicity. A 
first step in the SIE may be to review the information 
and data collected on the causes of final effluent 
toxicity. This synthesis forms a search image for 
upstream sources. The subsequent approach would 
depend upon the specificity of this search image. If a 
specific toxic chemical has been identified as the 
causative agent, the SIE would be straightforward 
and have a high probability of success. I t  would 
involve the chemical analysis of process streams for 
the identified causa t ive  a g e n t  o r  i ts  p a r e n t  
compound(s1. Those process streams which contain 
the causative agent in sufficient concentrations 
would clearly be designated as sources of final 
effluent toxicity. On the other hand, if the search 
image is more genera l  (e.g., a class  of toxic 
compounds), the SIE may be more complicated. It 
would include t h e  d e t e r m i n a t i o n  of t h e  
characteristics of the toxicity in the process streams 
feeding into the wastewater treatment system. A 

comparison of process stream characteristics against 
the search image would then be used to identify those 
process streams which are prime suspects as  the 
source(s) of final emuent toxicity. In either case, the 
treatability or application of other control methods to 
these process streams would then be evaluated and 
the effectiveness confirmed according to methods 
described in Tier V (Section 8). 

The evaluation of toxicity reduction methods, the 
fifth tier of the TRE process, is described in Section 8. 
The objective of this tier is to identify methods for 
reducing toxicity in the final efiluent and/or source 
s t reams.  Each method would be evaluated for 
technical and economic feasibility and  the most 
effective method would be selected and implemented. 

Follow-up and confirmation is the sixth and final tier 
of the TRE process and is described in Section 9. This 
tier becomes operative after the selected method for 
toxicity reduction has been implemented. Once the 
selected toxicity reduction al ternat ive has been 
implemented, continued emuent toxicity testing over 
time is important to confirm that the toxicity target 
has been achieved and is being maintained. 
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Section 2 
Information and Data Acquisition 

The first step (Tier I) in performing a TRE should be 
the  collection and a n a l y s i s  of a n y  ava i lab le  
information and data which might prove useful in 
designing the best directed and most cost-effective 
study for the  facility under consideration. The 
pertinent information tha t  is generally available 
falls into three categories: 

the regulatory information which describes why 
the TRE is being required and what objectives 
are to be met (the NPDES permit requirement 
and schedule, for example); 

the effluent monitoring data which describe the 
toxicity and physical/chemical nature of the final 
effluent; and 

plant and process information which describes 
the physical layout of the plant, the processes in 
operation, and the physicalkhemical nature of 
process wastewaters. 

The amount of avai lable  information may be 
surprisingly large and a careful review followed by 
judicious use of selected analyses could provide 
valuable insight into the possible cause(s) and 
source(s) of toxicity. This information will help define 
an appropriate TRE program and, in some cases, may 
lead to a quick solution to the toxicity problem. An 
example of a possible checkl is t  of d a t a  a n d  
information which might be obtained from a facility 
during this step is presented in Table 2.1. 

The ten case summaries presented in Appendix A 
reviewed available data and regulatory objectives 
prior to designing an investigative approach. Refer to 
these case summaries for further illustration of the 
acquisition and use of existing information. 

Regulatory Information . 
As in any study, the probability of successfully 
completing a TRE will be greatly enhanced by a clear 
understanding of the objectives and goals before 
designing and implementing the evaluation. Since 
most TREs will be regulatory requirements, the 
responsible regulatory authority, either EPA or the 
state delegated with NPDES permitting authority, 

Table 2.1. Checklist of Useful Facility Specific Data 

1. Industry name: 
2. Address: 
3. Industrial category 
4. TRE and TIE objectives: 
5. Products produced: 
6. Chemicals used: 

a.  Amounts 
b. Material Safety Data Sheets (MSDS) 
c. Process in which chemical is used 
d. Aquatic toxicityhiodegradability idormation on all 

chemicals used and their breakdown products. 

a. All floor and process drains with schematics 
b. Potable and wastewater line locations 
c. Steam line, boiler locations, cooling tower locations 
d. Wastewater Treatment Plant (WWTP) schematic 
e.  Production flowchart and line schematic 

a. Water usage, water bills 
b. NPDES or monitoring reports for 24 months 
c. WWTP QA data reports 
d. WWTP operator interview 
e. WWTP flow recorder records 
f. Complete toxicity test history 
g. NPDES (or equivalent) permit 

7. Engineering drawings of facility 

8. Facility records 

will set the appropriate objective or target for a TRE. 
A discharger will normally be required to conduct a 
TRE as  a result of a violation of a whole effluent 
toxicity permit limit. In this case, the goal of the TRE 
will be achieving a level of effluent toxicity which 
meets the applicable permit limit. In other cases a 
TRE may be required where no whole effluent 
toxicity limit currently exists in the permit, but 
available effluent toxicity monitoring data indicate 
that water quality standards ,would be violated. In 
these situations, the goal of the TRE would be 
achieving the level of effluent toxicity which will 
meet a limit, which would protect the state standard, 
when it is placed in the permit. It is essential that the 
discharger has a clear understanding of both the 
whole effluent toxicity limit that they are required to 
meet and the toxicity test endpoint which will be used 
to demonstrate achievement of the TRE objective or 
target. 
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The determination of what discharger monitoring 
results are sufficient for requiring a TRE will be 
made by the regulatory authority on a site-specific 
basis. Where it is appropriate, more extensive 
effluent toxicity testing may be required prior to, or 
as the initial step of, the TRE. It should be noted that 
where the results of a TRE identify a specific 
pollutant as the cause of effluent toxicity, a chemical 
specific limit may be added to the permit to control 
this toxicant. 

While the regulatory authority can specify the  
monitoring results that trigger a TRE, the objective 
or permit limit which is to be achieved, and the 
schedule for conducting the TRE, the discharger is 
solely responsible for designing and conducting the 
TRE to meet the specified objective. The submission 
of a TRE plan for review by the regulatory authority 
prior to conducting the evaluation will facilitate the 
successful completion of the TRE and ensure that the 
objectives, endpoints and recommended approaches 
are clearly understood. 

Facility Monitoring Data 
Numerous sources of information a r e  available 
concerning the quality and quantity of a facility's 
effluent. Three commonly available sources are:  
NPDES monitoring data (see Sections A7 and A9), 
in-plant supplemental monitoring data, and s ta te  
agency monitoring data. Review and analysis of each 
of these should prove useful in the design of a TRE 
program and could provide information helpful in 
understanding the magnitude of the toxicity, toxicity 
variability over time, possible causative agents, and 
an appropriate toxicity monitoring tool. 

Another possible use of the available eff luent  
monitoring could be the identification of a cost- 
effective monitoring test for use in the TRE study. 
Effluent biomonitoring usually tests the effluent's 
toxicity using several species. A review of these 
results could allow for the ranking of the tes ts  
according to sensitivity, speed, and cost. If several 
species are similarly sensitive, it may be possible to 
select the quickest and cheapest test as the routine 
monitoring tool for the TRE. 

NPDES Monitoring Data 
One possible source of information is the NPDES 
monitoring data which are routinely generated a t  the 
facility. This database usually provides a long record 
of the physical and chemical nature of the effluent. 
Included in this record may be concentrations of a 
number of single chemicals, BOD, COD, TOC, pH, 
temperature, DO, and effluent toxicity data. Existing 
chemical specific analyses and  whole-effluent 
toxicity test data could also prove useful in defining 
how and why final effluent toxicity varies. Insights 
a s  to t h e  v a r i a b i l i t y  would a i d  i n  

designing the number and timing of samples to be 
characterized in the toxicity identification evaluation 
(TIE) tier of the TRE. If toxicity data are available, it 
might be possible to perform multivariate analysis to 
identify those parameters which a r e  positively 
correlated with toxicity. T h i s  is done i n  case 
summaries A-3, A-8, and A-9. If a single chemical is 
highly correlated, it could be considered a potential 
suspect as the causative agent and the results of the 
TIE would then be used to evaluate and confirm the 
accuracy of that suspicion. 

In-House Monitoring Data 
Many industrial facilities perform more frequent and 
more detailed chemical analyses  on the i r  final 
effluent than are  required in the NPDES permit. 
These additional data may be used for in-house 
evaluation of treatment plant operation, or perhaps 
in  a n  at tempt  to identify cur ren t  o r  potential  
problems. If toxicity t e s t  d a t a  a r e  ava i lab le ,  
performance of multivariate analysis may identify 
chemical or physical parameters which are correlated 
with toxicity. As with the NPDES data, this effort 
may lead to a suspect causative agent or toxicity 
source and to the selection of a more cost-effective 
and rapid toxicity testing tool. 

State Agency Monitoring Data 
Frequently s ta te  agencies will have performed 
toxicity tests and selected chemical analyses on the 
effluent being evaluated. This information might 
also be useful in the investigation. 

Plant and Process Description 
One of the early steps of any TRE is to understand 
how the facility is designed and operates. Relevant 
information includes facility blueprints, process and 
treatment plant descriptions, production timetables, 
process and treatment s t ream monitoring data ,  
accident and  upset  repor t s ,  a n d  turn-around 
schedules. Review and evaluation of these data may 
provide valuable insight as to the causes and sources 
of final effluent toxicity and perhaps how to better 
design the TRE study. Nearly a l l  of t h e  case 
summaries reviewed in the Appendix contain this 
step. 

Process and Treatment Plant Descriptive Data 
The configuration and general operating mode of 
process units and the wastewater treatment system 
can usually be determined based on a review of 
facil i ty b luepr in ts  a n d  o p e r a t i o n a l  records.  
Information on process streams which may prove 
particularly useful in the early stages of a TRE are 
the number and types of streams, their size, and 
variability. Understanding the types of processes 
which are performed at  the facility may identify a 
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suspect stream because of problems that have been 
observed in the same or similar streams in other 
facilities. 

Knowledge of the scheduled changes or events in 
process stream operation (i.e., batch, continuous, or 
intermittent) when coupled with toxicity data may 
provide strong evidence as to possible sources of final 
effluent toxicity and the reasons for variability of 
effluent toxicity. For example,  assume t h a t  a 
particular process is r u n  as a three-day batch 
operation once every two weeks; starting on Monday 
and ending on Wednesday. A review of the toxicity 
test results indicates that final emuent toxicity also 
generally follows the same two week pattern. This 
correlation would cause an investigator to further 
evaluate this evidence. In addition, correlations 
between turn-around schedules and toxicity could 
prove very useful in determining suspect source 
streams. If toxicity disappears while a process unit is 
undergoing service and reappears when the unit is 
back on line, a suspect stream has been identified and 
this lead should be pursued. Similarly, it is often seen 
that toxicity will increase when a unit starts up and 
then decrease to background levels after a few hours 
or days of operation. Good quality data from grab 
samples may permit identification of this type of 
phenomenon. 

On the treatment system side, the information which 
might prove the most useful in the early stages of a 
TRE include t h e  types a n d  conf igura t ion  of 
equipment, flow equalization facilities, and records of 
treatment plant upsets. Understanding the retention 
time of the system should help in selecting the proper 
frequency of testing required to detect effluent 
variability in the toxicity identification evaluation 
tier of the TRE. Correlations between plant upsets 
and  toxicity e v e n t s  would s u g g e s t  t h a t  a n  
investigation of treatment plant operation should be 
one of the first components of the TRE study. 

Another potentially productive approach could be 
correlations between season and toxicity. If such a 
pattern has been observed, and operating data  
indicate that the treatment system is less efficient 
during the period when high toxicity is measured, 
further evaluation of the treatment system may be 
warranted. 

PhysicaVChemical Monitoring Data 
Most facil i t ies main ta in  records of in -house  
monitoring that is routinely performed a t  various 
locations along the process and treatment streams. 
This monitoring usually consists of physical and 
chemical analyses performed to check on how well 
the units are operating. These data can be useful in 
identifying potential sources of final effluent toxicity. 
Chemical analysis of process streams may identify 
chemicals  i n  c o n c e n t r a t i o n s  which  may 
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exceed reported toxicological effect levels following 
treatment. If these same compounds have been 
identified in the final effluent, or if the scientific 
literature indicates that  they are not biodegradable, 
it might be prudent to evaluate their role in final 
effluent toxicity. If these compounds have not been 
identified in the final effluent, it may be useful to 
des ign  a s e t  of a n a l y s e s  i n t o  t h e  t o x i c a n t  
identification phase of the TRE which would be able 
to detect these compounds or their toxic breakdown 
products .  I t  s h o u l d  be c a u t i o n e d  t h a t  T I E  
experiments evaluating the fate of specific process 
stream chemicals should only be initiated if there is 
evidence supporting the suspected degradation 
pathway, and the Phase I characterization results 
support this suspicion. Otherwise, such an effort may 
prove quite lengthy and hold little chance for success 
since existing treatment may already reduce the 
toxicity of these compounds. 

Analysis of Data 
In this section, several sources of data were identified 
which specify concentrations of chemicals both in the 
final effluent and in upstream sources. If toxicity 
data are also available for the same sample, i t  may be 
possible to perform correlation analyses between all 
numeric variables and toxicity. The objectives would 
be to identify those variables L e . ,  constituents) 
which are positively correlated with final effluent 
toxicity. There are several data analysis techniques 
available for performing these types of correlation 
analyses including step-wise multiple regressions 
and cluster analyses. In addition, software packages 
make computer aided analysis quite user friendly. 
References for available techniques and software are 
presented in Table 2.2. 

Table 2.2 Available Tools 

Data Analysis Techniques 

0 

0 

Drapper N.R., and H. Smith. Applied Regression Analyses, 
John Wiley and Sons, New York, New York, pg. 178 (1966). 
Pielou, E.C. Cluster Analyses Techniques: The 
Interpretation of Ecological Data. Wiley Interscience, New 
York, New York (1987). 
Infometrex, Inc. Arthur, Pattern Recognition Software, 
Seattle, Washington (1986). 

Any chemicals identified via these correlation 
procedures would become candidates for further 
evaluation. Many chemical and physical parameters 
may be covarying in irregular and unpredictable 
manners to mask the relationship between the 
concentration of a single chemical and corresponding 
toxicity test result. Rarely would one expect the 
correlations to provide conclusive evidence of cause 



and effect. However ,  s i g n i f i c a n t l y  pos i t ive  
correlations may act as a pointer in the TRE process, 
focusing attention to possible chemicals of concern, 
and may be used to support the results of the TIE and 
source evaluation. 

As a cautionary note, it should be recognized that a 
positive correlation between concentrations of a 
single chemical and toxicity may prove to be a false 
lead. Some chemicals may covary with the actual 
toxicant and, therefore, be mistaken as the causative 
agent. For example, emulsifiers are often added to 
pesticide formulations to promote solubility and  
facilitate application. The concentration of the 

emulsifier may correlate perfectly with toxicity, but 
it is probably not the toxic agent; in this case the 
pesticide would be the likely culprit. 

In order to protect against the possibility of false 
positives, it is advisable to use Phase I Toxicity 
Characterization Procedures as a check on positive 
correlations (see Section 6) .  If characterization tests 
which are selected to specifically remove the suspect 
c a u s a t i v e  tox icant (s1  ( b a s e d  o n  t h e i r  
physical/chemical n a t u r e )  f a i l  t o  remove o r  
neutralize effluent toxicity, a false correlation is 
likely. Implementation of this check may prevent 
going down blind alleys when the TRE proceeds into 
the identscation of specific causative agents. 

c 

i 
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Section 3 
Good Housekeeping 

Good housekeeping at a n  industrial facility covers 
plant practices and operations which may directly or 
indirectly affect effluent water quali ty.  Factors 
which are involved in this area include: 

General facility cleanliness/tidiness; 

0 Facility spill prevention and control; 

0 

0 

Waste and materials storage areas; 

Materials handling operations, including loading 
stations, on-site transport ,  piping and valve 
assemblies; 

0 Waste handling and disposal operations; and 

0 Run-odrun-off control. 

A facility which practices good housekeeping will 
reduce the chemical contributions which run-off, 
spillage, and similar occurrences make to toxic 
loading in the emuent stream. 

This section investigates the individual elements of 
good housekeeping at a n  industrial  facility and 
presents criteria by which these may be assessed. 
Methods to identify correct ive measures  a r e  
examined. Select ion a n d  i m p l e m e n t a t i o n  of 
appropriate corrective measures,  and  follow-up 
studies, round out the discussion. Throughout, i t  is 
assumed that a preliminary survey will focus on 
discovery and subsequent improvements. Figure 3.1 
depicts schematically the steps involved in a good 
housekeeping study. Examples of housekeeping 
approaches are presented in Sections (Appendix) A-3, 
A-4, and A-5. These  case  s u m m a r i e s  contain 
examples describing rerouting of waste streams, 
evaluation of dye machine ratios, and installation of 
simple drain traps to catch runoff materials. 

Initiation of the Housekeeping Study 
When unacceptable toxicity is identified in the 
effluent, a housekeeping survey should be planned. 
The intent of the survey is 1) to identify areas which 
may be contributing to the observed toxicity and 2) 
reduce these contributions through the use of best 

management practices (BMPs), administrative and 
procedural controls. Thus, low-cost, simple, direct 
solutions are desired. 

The first step of the study requires the assembly and 
coordination of the study team, and the collection of 
re levant  plant  information. This  can often be 
accomplished through a kick-off meeting a t  the plant 
where the participants get together to discuss the 
purpose and limits of the survey. 

Housekeeping surveys  tend  to  be s o m e w h a t  
subjective in nature. In order to avoid possible 
conflict  between t h e  survey  t e a m  a n d  p l a n t  
personnel, it should be clearly established that the 
team is not seeking to uncover poor housekeeping but 
rather to uncover practices which, whether good or 
b a d ,  m a y  af fec t  e f f luent  t o x i c i t y .  A c l e a r  
understanding should be established with plant 
management and operations prior to the survey, 
including: 

0 the  organizational channels which must be 
followed to obtain authorization to make the 
necessary changes; 

0 the  resources avai lable  from the  p lan t  to 
investigate, define and implement an operational 
or procedural change; and 

the extent of justification required prior to 
implementation, including the effect tha t  a 
particular action (or inaction) may have on 
overall plant operations; 

0 

0 the cost and ease of implementation, and the 
level of benefit expected. 

The justification criteria should be general enough 
that they may be applied to any plant area,  yet 
specific enough that they yield useful information to 
the facility. 

Survey t e a m  m e m b e r s  should  rev iew p l a n t  
procedures, documented and otherwise, to assess the 
level of importance placed on housekeeping. This will 
inc lude  d o c u m e n t a t i o n  r e v i e w  a s  wel l  a s  
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Figure 3.1. Good housekeeping logic flow diagram. 
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interviews with various plant personnel. Suggested 
sources of information include: 

Recommend 
Corrective 
Measures - 

Spill prevention and control plans developed to 
meet various regulatory requirements [CWA, 
Resource Conservation a n d  Recovery Act 
(RCRAII; 

RCRA facility documentation, including waste 
handling and storage plans; 

Initiate 
Corrective 

Action - 

OSHA training documentation, which may 
contain information on m a t e r i a l  handl ing  
operations and procedures; 

DOT related i n f o r m a t i o n ,  i n c l u d i n g  a n y  
developed specifically for the loading, unloading, 
and transportation of materials and products to 
and from the facility; 

Plant blueprints, maps, etc. showing areas of 
various plant operation, drainage systems, waste 
collection, mater ia l  s torage  a n d  d isposa l  
facilities, and, 

0 Other information available a t  the plant which 
may be relevant to the survey. 

In addition to this information review, specific 
individuals a t  the plant, who may, through years of 
experience, have valuable ins ights  into p lan t  
operations affecting housekeeping,  should be 
identified. These individuals may include plant 
f o r e m a n  a n d  s u p e r v i s o r s ,  o p e r a t i o n s  a n d  
maintenance personnel, truck operators, material 
handlers, etc. During the subsequent survey, these 
individuals should be sought  ou t  and  briefly 
interviewed for both a capsule summary of current 

. 
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operations, and a historical perspective of p lan t  
operations. 

Evaluation of Housekeeping Practices 
Once subject areas have been identified and relevant 
information gathered, the actual survey can begin. 
The survey approach presented below will be two- 
phased; one being a review of plant policies and 
procedures, the other being a "walk-through" 
inspection. Areas  included i n  t h e  review a n d  
inspection are: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Vehicle loading and unloading areas; 

Diked Storage Areas; 

Waste accumulation and handling areas; 

Waste storage areas; 

Raw materials storage and handling areas; 

Process area and reactor cleaning/washdown 
practices; 

Laboratory areas, including laboratory waste 
handling practices; 

Above and  below ground piping s y s t e m s ,  
including vents, drains, cleanouts, valves, etc.; 

Atmospheric venting practices and scrubber 
operation; 

Non-point source flow contributions, including 
runoff, springs, and seeps; 

Previously used waste disposal sites; 

Process equipment and  piping salvage a rea  
runoff; 

Controlledlpermitted stack emissions; and 

Routine maintenance practices. 

The list developed for a particular facility will be 
specific to that facility, and may include other factors 
not listed above. Close coordination with s i t e  
personnel will assure that all major subject areas are 
addressed. 

Notice should be taken of areas subject to obvious or 
previous release or spill instances. Raw materials, 
intermediates, final products and wastestreams are 
all included in this survey. Proximity of these areas 
to overland flow paths, drainage channels, manholes, 
etc., should be carefully noted. If necessary, runoff 

patterns for the facility should be developed as an aid 
in assessing potential impacts. 

The release of accumulated water from diked bulk 
storage areas presents another area for assessment. 
Often, the cr i ter ia  for release of accumulated 
material is by visual inspection (coloration, floating 
oil/debris, etc.). These criteria may not be appropriate 
where the potentially toxic substances cannot be 
visually detected. 

Laboratory practices should also be examined, 
especially where they may involve the disposal of 
small quantities of materials on a routine or regular 
basis. Both analytical and research laboratories 
should be examined. Laboratories can often be the 
source of small quantities of highly toxic materials, 
which if improperly disposed, could have a major 
impact on ef'fluent quality. 

Regular maintenance, process modifications, and 
new process development should also be included in 
the survey. Timely detection of leaking valves,loose 
fittings, and deteriorated piping systems could have a 
major impact on the overall cleanliness of the facility. 
Corrected in a timely fashion, the impact of these 
areas on the final discharge from the facility should 
be negligible. On the other hand, if problems are not 
detected and corrected quickly, significant impacts 
are possible. 

Atmospheric venting in process or material delivery 
lines may release toxic substances to the atmosphere. 
These may have opportunity to impact the emuent 
through atmospheric deposition on building surfaces 
and roadways, and subsequent wash-out during 
rainfall events. Accumulation of small quantities of 
substances over time may result  in measurable 
releases during and subsequent to rainfall events. 

Probably the largest and most noticeable area of 
concern involves waste and materials handling and 
storage. These locations are often subject to  other 
permitting and administrative controls, such a s  
RCRA and NPDES requi rements .  Therefore ,  
housekeeping should generally be good. There is, 
however, a possibility that certain areas  (such a s  
final product loading) may slip through these 
controls. An example would be the pumping of 
stormwater from the tank containment area, which 
has been slightly contaminated by a highly toxic, 
nonbiodegradable substance. If such is the case, there 
may be a need to address these areas during the 
housekeeping survey. 

When observed conditions are matched against the 
established cr i ter ia ,  a decision must  be made 
whether to initiate housekeeping changes or not. To 
aid in this decision, it may be advantageous for the 
team to develop a grading checklist. The grading, 
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like the survey, will be subjective. I t  should, however, 
provide a basis upon which a decision to proceed with 
certain activities can be made, and determine how 
these activities may be prioritized with regard to 
their effect upon meeting effluent discharge limits. 

Identification of Potential Problem Areas 
After completing t h e  pre l iminary  evaluat ion,  
potential problem area identification should begin. 
Potential problem areas  may be identified by 
examination of the following: 

Probability of release of a toxic material; 

Type and frequency of release which may occur; 

Quantity of toxic substances involved; 

Toxicity of substances released; 

Potential downstream impact of the substances 
released; and 

Effect of release on final effluent quality. 

These and other factors that may be identified in the 
problem area should be weighed. This weighting may 
contain both subjective and objective elements. For 
instance, the likelihood of a release may be based on 
an  operator's perception of how often tanks  a r e  
overfilled (if no records are available), while the toxic 
effect (in weight of toxicant per mass spilled) may 
well be known. For example, the release of 1 unit of a 
highly toxic material may be more crucial than the 
release of 10 units of a mildly toxic material. 

Included i n  t h i s  w e i g h t i n g  s h o u l d  be some 
consideration of the probable effect that  a release 
from a specific area may have on final effluent 
toxicity. It may be that an  area identified during the 
survey in need of housekeeping improvements may 
not have any impact on final effluent toxicity. If 
probable impact areas can be isolated from non- 
impact areas, the completion of further studies can be 
expedited. 

Once the weighting process is complete, a reIative 
worth may be assigned to each problem area. This 
may be accomplished by considering loss of productor 
material, perceived harm to the environment, effort 
needed for cleanup efforts, or other factors as may be 
deemed appropriate. Factoring this  relative worth 
with the likelihood of a release will der ive a 
relationship by which to gauge the necessity of a 
housekeeping improvement. Si tes  subject to the 
housekeeping study may be ranked,  with those 
requiring immediate attention ranked above those of 
lesser concern. After this ranking is completed, the 

identification and selection of corrective measures 
may begin. 

If the housekeeping survey identifies no deficiencies, 
the TRE should proceed on to the TIE component. 

\ 

ldenfification of Corrective Measures 
After potential problem areas have been identified, 
appropriate corrective measures for these areas must 
be examined. Probable corrective measures may 
include: 

Area cleanup; paving or containment; 

Process or operational changes; 

Material  loss collection a n d  recovery (see 
Appendix Section A-5); 

Chemical and biological testing of contained 
waters prior to release from diked storage areas; 

Increased storage capacity for contained waters 
to avoid toxic "slugs" to the effluent during storm 
events and washdowns of fire water system 
usage; and 

Equipment  modifications o r  changes ( s e e  
Appendix Section A-3 and A-8). 

Each corrective measure identified should be capable 
of resolving a potential trouble spot without creating 
a n  undue burden  on p l a n t  opera t ions .  Cos t  
effectiveness and continuity of effectiveness should 
also be of primary consideration. For example, a n  
initial cleanup of a product loading area may provide 
immediate results. However, without changing the 
loading procedures which resulted in the untidiness 
in the first place, problems would recur. In this case, 
the final solution would require a second stage - that 
being a procedural change in  the way material  
loading occurs, or a material loss collection and  
recovery system. 

Housekeeping practices are  normally acquired or 
learned. They may suffer from the " t radi t ion 
syndrome" - operations which have always been 
conducted in a particular manner, and which plant 
personnel are  unwilling or reluctant to change. 
Retraining, refocusing, or re-emphasizing may be 
necessary to reach the individuals involved. Other 
times, housekeeping can be improved by initiating 
new methods or procedures, where established 
conduct has never been formalized. The process of 
formalization may be sufficient to generate a positive 
change. 

Obviously, correct ive measures  would not be 
required for areas with little or no potential for 
affecting final effluent toxicity, although, once 



identified, the measures might be implemented for 
other reasons. The probability of affecting a positive 
change by t h e  implementa t ion  of cor rec t ive  
measures, a s  well as the will ingness of p lan t  
personnel to follow through with the  required 
changes once they have been identified should be 
considered. 

Selection of Corrective Measures 
After appropriate corrective measures have been 
identified, a solution must be selected from them. The 
basis of the selection will include level of benefit, 
consideration of cost, ease of implementation, and 
timeliness of solution. 

Most housekeeping solutions will carry a relatively 
small price tag. This is because they will largely 
involve procedural changes rather than physical or 
equipment changes. Where physical changes a r e  
involved the cost should be balanced against the 
perceived benefit. 

Ease of implementation should be considered in 
selecting a n  appropr ia te  solut ion.  Obviously, 
solutions which involve minimal procedural changes 
and require little adjustment on the part  of plant 
personnel will generally be better received than those 
which require substantial changes in the way a job is 
conducted. 

Timeliness  of solut ion is a n o t h e r  i m p o r t a n t  
consideration. Those solut ions which may be 
initiated quickly and  with a minimum of plant 
interruption, will create a higher level of acceptance 
from within the plant, and,  therefore, a higher 
probability of success. 

Implementation of Corrective Measures 
Once the appropriate measure has been identified, 
the implementation phase should begin. This phase 
should be carefully planned so as to maximize the use 
of plant personnel and expertise, thereby positively 
influencing acceptance of the program. As most 
housekeeping improvements will include procedural 
(Best Management Practices) rather than physical 
changes, acceptance and involvement by plant 
personnel is imperative for the continued success of 
the program. 

As much control as possible over the implementation 
of the corrective measures should be placed in the 
hands of plant personnel. This is important, since the 
continued success of the  correction will not be 
measured by the first  act ivi ty ,  b u t  r a t h e r  by 
maintaining the positive correction. 

In order to confirm adequately the effectiveness of the 
corrective measure,  toxicity tes ts  and  Phase I 
characterization procedures should be conducted 
before and after implementation. The results of these 
tests will be useful for comparison with the follow-up 
evaluation of effects. 

Follow-Up and Confirmation 
Once the solution has been implemented, follow-up 
studies should be init iated (see Section 9).  In  
summary, foilow-up on housekeeping studies would 
include: 

0 Continuation of implementation; 

0 Evaluation and confirmation of effectiveness on 
toxic re leases  (toxicity t e s t s  and  Phase  I 
characterization); 

0 Solution impact on affected operations; and 

0 Rigidity of continued implementation. 

The goal of the follow-up is to determine 1) whether 
the solution as  envisioned has  had the planned 
positive effect on the toxicity of the final effluent and 
t h e  management  of t h i s  tox ic i ty  reduct ion;  
2) whether the solutions were well received and 
easily implemented by the plant personnel; and 
3)whether operations would continue to have a 
positive impact on toxicity reductions in the plant 
effluent. Follow-up studies may also help to identify 
additional areas of improvement which were not seen 
in the original study. 

If follow-up studies indicate tha t  housekeeping 
improvements have not resulted in  the desired 
toxicity reductions, then alternative solutions must 
be developed. This may require a more detailed 
identification of contributing factors (Section 61, and 
investigation of source contributions (Section 7). 

3-5 



Section 4 
Treatment Plant Optimization 

A critical element in reducing toxicity in  a n  
industrial facility’s effluent is the evaluation and 
optimization of the facility wastewater treatment 
plant. A well maintained plant, operating under 
design conditions, may be capable of providing an  
acceptable level of treatment for conventional or 
design parameters, and still allow toxic compounds to 
be released to the environment. On the other hand, 
the same plant may be able to handle the majority of 
toxics it encounters if adjustments are made which 
allow operation of the treatment processes at other 
than design conditions.  T h e  objective of th i s  
optimization is to assure that the treatment plant is 
operating in optimal fashion with respect to removal 
of its design parameters. This will maximize the 
probability that toxicity will also be removed. 

The process of operational optimization begins with 
the recognition that a n  effluent’s toxicity exceeds 
limits established by rule or permit. Plant operations 
optimization runs simultaneous with housekeeping 
improvements (Section 3) and chemical optimization 
(Section 5) .  The plant optimization process is depicted 
schematically in Figure 4.1, and its components are 
described in detail in the remainder of this section. 

As the optimization process begins, it may be helpful 
to develop a checklist of parameters which bear 
examination. This will be specific to the plant under 
consideration and will be highly dependent upon the 
information gained from various sources a t  the plant. 
Sources of information might include plant personnel 
(both active and retired), design, and construction 
documents, and operating records (including influent 
and effluent monitoring information). 

This section discusses the steps required to critically 
assess and optimize a treatment facility’s operations. 
This discussion is general in nature, providing an  
overview of the operational p a r a m e t e r s  to  be 
considered and analytical techniques which might be 
used. A program for the evaluation of a facility will 
need to be based upon conditions specific to that 
particular facility. 

Case summaries presented in Appendix Sections A-3, 
A-4, and A-8 all contain some aspects of treatment 
plant optimization. In Appendix Section A-3, it was 

determined that fluctuations in Nitrobacter bacteria 
correlated with eff luent  toxicity,  whereas ,  in  
Appendix A-4, increased retention of wastewater in 
the activated sludge basin would reduce effluent 
toxicity. In case summary A-8, the use of activated 
sludge from municipal  t r e a t m e n t  p l a n t s  was 
evaluated. 

Identification of Available Information 
Information of interest in this evaluation will deal 
with the design and performance of the treatment 
sys tem.  P l a n t  design information includes a 
description of the specific treatment units and how 
they are linked, design capacity and loading rates, 
and what the plant was intended to treat. In addition, 
identification of design performance criteria will 
prove useful in  evaluat ing cur ren t  operational 
performance. This information may be available from 
a number of sources, including system design 
documentation, system modification documentation, 
facility blueprints, plant operating and maintenance 
procedures and protocols, and discussions with plant 
personnel. 

Performance information may be available for both 
the overall treatment process and for each of the 
component units. Of particular value are data on the 
quality of all influent and effluent streams. This may 
be available from monitoring reports and studies or 
operational logs. Some facilities even have their data 
in computer data bases. 

After this information gathering is complete, the 
optimization sequence may begin. This sequence will 
include evaluation of the influent wastestreams, 
description and evaluation of the treatment system, 
and optimization of treatment operations. These 
steps are described in the following sections. 

Identification and Evaluation of Influent 
Wastestreams 
Changes in plant processes a t  a facility are likely to 
result in changes in the influent to the treatment 
plant. Consequently, the final wastestream may 
contain components which were not in the original 
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Figure 4.1. Treatment plant optimization logic flow diagram. 

wastestreams at  the time of treatment plant design, 
and which receive only partial treatment through the 
plant. Some components of the influent may even 
simply pass  through t h e  t r e a t m e n t  s y s t e m .  
Therefore, when evaluating current performance 
against design criteria, it is necessary to understand 
possible changes in influent quality and factor them 
in. 

Several areas to be considered when evaluat ing 
influents and how they might have changed since 
treatment system design include: 

Raw chemicals or materials used in the process; 

Byproducts or reaction products produced during 
the process; 

Reaction vessels, valves,  piping sys tems,  
overflow points, and other mechanical aspects of 
the system; 

Wastestreams produced, volumes, and routing 
paths; and 

Non-point sources. 

Follow-up and I Confirmation 

At this stage there may be a great deal of overlap 
between this study and the chemical optimization 
and good housekeeping surveys. The survey team 
must be aware of this and sensitive to it. The goal a t  
this step is to identify, define, and understand the 
various contributors to the individual wastestreams, 
without conducting detailed chemical analyses. 

I t  also should be recognized that the pollutants 
causing effluent toxicity may not have been of 
concern when the treatment system was designed. 
Alternatively, the treatment system designer may 
have been unaware of the toxic pollutants in the 
influent. Possible contaminants in the raw materials 
should also be considered when evaluating influents 
(see Section 5 ) .  

Another consideration is variability in the flow and 
loading of influent s t reams.  Variability in  the 
inf luent  m a y  be a t t r i b u t e d  to  a v a r i e t y  of 
circumstances, including changes in processes, plant 
or process start ups or shut downs, and production 
rates. Any changes from design criteria must be 
defined, if possible from the existing information. 

Finally, the frequency a t  which various activities 
take place a t  the plant must be gauged. Recurring 
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activities, such as annual plant shutdowns, may have 
a significant impact on operations of the treatment 
facility. One would expect to find reduced loading 
from normal process flows dur ing  th i s  period. 
However, unique wastes generated dur ing  the  
cleaning and m a i n t e n a n c e  of va r ious  p l a n t  
components may have a significant impact  on 
treatment plant operations. Similarly, recurring but 
non-continuous activities, such as boiler and cooling 
tower blowdowns, may add toxicity to the influent 
which may not be detected under some types of 
surveillance. 

Description of Treat men t System 
The description of the treatment system begins by 
examination of the design documents and subsequent 
modifications. The objective at this stage is to define 
what types of pollutants the plant was designed to 
accommodate, both qualitatively and quantitatively. 
Parameters of interest include: 

design basis for each consti tuent,  including 
variability in flow conditions and concentrations; 

0 treatment sequence; 

0 performance projections by constituents; 

0 operational flexibility of each process; and 

0 treatment objectives and  projected effluent 
standards. 

Design parameters which deserve special attention 
at this stage include design flow and mass loading 
rates. Most plants are designed to handle specific flow 
and mass loadings. These a r e  usually based on 
loading projections, performance estimates,  and 
permit requirements a t  the  t ime the t reatment  
system was designed. To account for uncertainty in 
production or design, factors of safety are  usua'lly 
incorporated. Many times design capacities will be 
exceeded in actual operations; sometimes resulting in 
p l a n t  upse ts  o r  p o l l u t a n t  p a s s - t h r o u g h .  
Understanding the actual capacity of the system is 
necessary in this analysis. 

A flow schematic of the present system should be 
developed which indicates sources of influent waste 
streams, treatment steps in the process, sequencing 
of flows, losses within the  t r ea tmen t  system, 
treatment by-products and final effluent disposition. 
The flow schematic should be simple, yet detailed 
enough to help determine whether the system, as 
designed,  is  be ing  sub jec t ed  t o  a b n o r m a l ,  
unanticipated,  o r  i r r egu la r  flow and  loading 
conditions. A tabular summary should be prepared of 
design capacities of each component. 
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Each process within the treatment system should be 
examined and its impact on the final effluent quality 
estimated. This evaluation should be made with both 
the actual and design considerations of the system in 
mind. Specific parameters of investigation include 
whether the unit is functioning according to design 
parameters and its ability to reduce non-design 
c o n s t i t u e n t s ,  such  as tox ics .  O v e r a l l  p l a n t  
performance will be judged through assessment of 
both operating and design information. 

Available data  on by-products of the  t reatment  
process should also be examined during this phase. 
Of specific interest will be solid waste (sludge) and 
air emissions from the facility. Information on the 
characterization of these by-products will aid in 
determining whether toxics removal is taking place 
in the present system. Special disposal problems 
resulting from these emissions should be noted a s  
they may be affected either positively or negatively 
by treatment process alterations. 

In addition to the design parameters, the treatment 
system should be evaluated as to i t s  removal 
efficiency of other "non-design" parameters.  For 
instance al though activated sludge is  typically 
designed to remove BOD, many metals and non-polar 
organics, potentially toxic compounds, a r e  also 
removed. Removal of non-design parameters which 
may be toxic should be evaluated and the impact of 
process optimization or modification on their removal 
considered. 

After examination of the treatment plant operations, 
the analyst  should be able to suggest conditions 
under which the plant would operate most efficiently. 
The analyst should also be able to determine, based 
upon knowledge and examination of the system, 
where treatment failure is likely to occur, and why. 
This knowledge will guide further analysis  into 
actual treatment systems operations, and ways to 
optimize the performance. 

Analysis of Treatment System Operation 
After  r e v i e w i n g  p l a n t  l o a d i n g  a n d  d e s i g n  
information, review of actual  t r ea tmen t  p lan t  
operation should begin. This is the step where the 
analyst accumulates information on actual plant 
operations and compares this to design, or theoretical 
operations to see how well the two compare. A 
tabular summary of system performance should be 
prepared as a comparison to design capacity for each 
component. 

Two important parameters for this review are flow 
and mass loading. Either over or underloading may 
be found to be significant in subsequent evaluations. 
Both impact plant operations and affect the quality of 
effluent from the treatment works. Overloading in 
the plant can lead to poor treatment due to pass- 



through of certain quantities of the constituent to be 
treated. Underloading indicates either overdesign or 
under-utilization of capacity. An under-utilized plant 
has the capacity available to treat waste streams not 
present ly  subject to t r e a t m e n t .  Addi t iona l ly  
underloading of BOD, a dilute waste s t ream for 
instance,  m a y  reduce  t r e a t m e n t  eff ic iency.  
Information on plant loading is normally available 
through records maintained a t  the treatment plant. 

Plant bypassing also bears critical examination. 
P l an t  opera tors  a r e  o f t en  a good source  of 
information, as i t  is often the operator's decision to 
bypass flow. Frequent bypassing may be indicative of 
a plant operating a t  or near design capacity. In  
addition, bypassing may be a major source of toxicity 
in the final effluent. Bypassing during and after 
heavy rainfall may allow toxic components in the 
runoff to be released to the receiving water without 
treatment. A thorough effort should be made to 
correlate bypass events with effluent toxicity. 

Shock loads may be released during normal cleaning 
and maintenance activities, or may occur as a result 
of a spill, process upset, etc. The frequency and 
impact of shock loads on the treatment plant should 
be evaluated through review of p l an t  records 
(Berthovek and Fan 1986). Each occurrence will have 
a unique impact on the treatment process. These may 
show little or no effect on the process, may result in 
collapse of the treatment performance, or may be 
some middle ground. The frequency and duration of 
such loadings, and the time required for complete 
treatment recovery, should be determined. Again, a 
thorough effort should be made to correlate shock 
loading and process upsets with toxicity data. 

Plant operations should be cri t ically reviewed. 
Operating procedures which differ significantly from 
the original design may result in effluent quality 
different than anticipated. Variations between shifts 
may also show significant fluctuations in effluent 
quality. Operations may have been altered, out of 
necessity, due to changes in process or influent 
wastestreams. Other times, plant operators may have 
ini t ia ted changes o u t  of convenience  which 
unintentionally impact t rea tment  effectiveness. 
These changes or alterations should be documented, 
and their impact on final effluent quality assessed. 

Operation and performance of the intermediate 
stages in the treatment process should be as closely 
scrutinized as the overall system effectiveness. For 
example, toxicity reduction through a primary 
clarifier, which is presumably a function of solids 
removal, will continue only as long as solids are  
removed on a regular or continuous basis. However, if 
solids are allowed to accumulate in the clarifier, 
toxicity may worsen, due to ineffective solids removal 
or release of toxics into the water phase. 

It is important to recognize that the quality of the 
final effluent is not always attributable to influents. 
Some treatment processes may resul t  in  higher 
toxicit ies r a t h e r  t h a n  lower toxicit ies.  Some 
examples of this phenomenon are  the generation of 
toxic biological endproducts, the addition of toxic 
chemicals as treatment aids (e.g., cationic polymers), 
and the production of toxic chlorinated organics 
during the disinfection process. Chemistry within 
each process should be examined, especially those 
which a r e  subject  to  chemical  addi t ions and  
enhancements. 

Implementation of Corrective Action 
The objective of system optimization is to identify 
changes in plant operations which will result in a 
h ighe r  e f f luen t  q u a l i t y  wi thou t  s ign i f i can t  
modification of t h e  faci l i ty  (physical)  or  t he  
chemicalhiological processes. 

During the definition and evaluation phases, areas 
which may not be operating at an optimal or design 
level, and those which may be improved through 
minor modification and  ad jus tments  i n  p l an t  
operations will have been identified. Corrective 
measures must now be defined and implemented, 
such that a t  the completion of the process, plant 
operations are as good as they can be, given present 
plant makeup and operations. 

One area to examine is mass and flow loading rates. 
These can be adjusted by water conservat ion,  
retention, inflow controls, and waste stream mixing. 
Overloaded plants may be made to operate more 
efficiently by "bleeding" certain contaminants into 
the headworks of the plant. This may be possible 
through taking advantage of existing system holding 
capacities, or through rerouting of streams to provide 
holding. 

Modification of the  flow sequence through the  
treatment plant can sometimes significantly affect 
overall treatment. If piping systems, pumps, etc. are  
already in place, such that only minor redirection is 
needed to effect the change, resequencing may be an 
expedient means to optimize plant performance and 
improve emuent quality. One example might be to 
convert two tanks from parallel to series operation. 

Redirection of individual flow paths may be another 
way to optimize p l an t  performance.  C e r t a i n  
wastestreams may be treated more effectively by 
some processes than others. Similarly, the same 
process may afford different levels of treatment to 
var ious waste  s t r e a m s  dependent  upon such  
conditions as loading rate, influent concentration, 
retention times, and chemical feed rates. It may be 
possible to  improve overall  effluent quali ty by 
adjusting plant operations according to the source 
and composition of the influent waste stream. An 
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amounts used, why the compounds are  used, and 
if optimization has taken place. 

2. MSDS and literature reviews (if needed) will be 
on &le for all process chemicals. 

3. A l i s t  of all chemicals  and  r aw ma te r i a l  
purchased on a monthly basis and a record of 
production volumes during the same time period. 

This information may be valuable if a source 
investigation is conducted. For example: if the 
characterizationlidentification tests show that copper 
is a toxic problem, any chemicals shown to contain 
copper should be investigated as potential sources of 
the toxicity. 

Experience has shown that once several TREs have 
been conducted on several industries of the same 
Standard Industrial Classification (SIC) code, some 
compounds will become "known" as problematic. 
These "known" compounds can be categorized and 
more accurate toxicityhiodegradability determina- 
tions made. Once found toxic, the first information 
the industry conducting the TRE should look for is 
whether or not these compounds are used. As these 
"problem" compounds are  identified, letters from the 
discharger to supplier asking that they be reduced or 
removed from any "Tradename" products should help 
eliminate some of the toxic compounds known to be 
used by the industry. 

Data Analysis 
During  t h e  chemical  opt imizat ion phas  
sophisticated analysis need be performed. Ho! 
later in the TRE process, it may be useful to 
regression and cluster analysis techniques 
attempt to correlate chemical usage, water 1 

known toxicity, and other numerical factors, 
type of detail and sophistication might be da 
after the TRE, no other means of relating chf 
usage, flows, and other factors to toxicity exist. 

Follow-Up and Confirmation 
The information gathered dur ing  the che 
optimization step in the TRE can yield a great c 
useful data. Chemicals that should not be exc 
include those used in the manufacturing plan 
may not be used in the manufacturing process. ' 
treatment compounds a re  a n  example of si 
chemical. 

The significance of the Chemical Optimiz 
Process is that  for many facilities it may repre! 
useful approach for  ident i fying the  sour  
potentially problematic chemicals, or assist i 
confirmation of the suspected causative age 
effluent toxicity. Ignoring this step could res1 
modification of a WWTP when a simple che 
substitution could convert a n  unacceptably 
effluent into a non-toxic one. 

F 
n 

1 n 
r 
d 

I 
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Section 6 
Toxicity Identification Evaluation (TIE) 

I 

The third tier in the generalized methodology for 
conducting a TRE a t  an  industrial facility is the 
toxicity identification evaluation (TIE). The overall 
objective of a TIE i s  to ident i fy  the  specific 
chemical(s) responsible for effluent toxicity. In some 
cases the results of this evaluation may only allow 
the investigator to determine the physicalkhemical 
characteristics of the causative agents of effluent 
toxicity. In either case, valuable information will 
have been obtained for e i ther  the evaluation of 
treatmenb methodologies or for the investigation of 
the source(s) of final effluent toxicity. 

In TREs where Tier I1 evaluat ions of faci l i ty  
housekeeping, t rea tment  plant  optimization, or  
chemical optimization have indicated potential  
causes or sources of toxicity, application of the TIE 
procedures will usually still be needed to provide 
additional "weight of evidence" and confirmation of 
these suspected causes or sources. It can be expected 
that in most TREs a t  industrial facilities the initial 
two tiers of the protocol described in this document 
should take no longer than two to three months or 
approximately 25-30% of the total time scheduled for 
the TRE. Effluent sampling and application of the 
initial Phase I TIE procedures described in  th i s  
section can in most cases be conducted concurrently 
with these facility information ga the r ing  and  
operations assessment steps. This will allow for more 
direct confirmation of any solutions or reductions in 
effluent toxicity brought about by tier I1 evaluations 
and streamline the TRE being conducted at a given 
facility. 

The general strategy for performing a TIE consists of 
three phases and is presented a s  a flow chart  in 
Figure 6.1. The first phase is the performance of 
toxicity characterization tests which are designed to 
determine the class or group of the compound or 
chemical causing effluent toxicity (i.e. the  toxic 
chemical(s1 physicalkhemical characteristics). The 
frequency that these characterization procedures are 
performed mus t  be based on the  n a t u r e  and  
variability of the effluent toxicity as observed in the 
results of these tests. It is highly unlikely that it will 
ever be sufficient to evaluate only a single sample. 

The second phase of a TIE is to perform analyses 
which are designed to identify the specific toxicant(s) 
in the  final effluent. The number and  type  of 
chemical analyses performed will be based on the 
results of the Phase I characterization tests. The 
third phase of a TIE is the confirmation of the  
suspected toxicants identified in Phases I and 11. In 
cases  where phase I1 ident i f ica t ion  was  no t  
successfu l ,  P h a s e  I11 c o n f i r m a t i o n  of t h e  
physicalkhemical characteristics determined by the 
Phase I tests should still be conducted. This  is 
especially important where treatability studies are  to 
follow the TIE and modifications to, or construction of 
additional treatment facilities are  determined to be 
necessary based on the results of the TIE and the 
treatability studies. 

Toxicity identification evaluation procedures a re  
described in detail in Methods for Aquatic Toxicity 
Identification Evaluations Phases I-III (Mount and 
Anderson-Carnahan, 19881, and can be summarized 
here in terms of the application of these methods for 
an industrial facility TRE. It should be noted that the 
case studies contained in this document were, for the 
most part, conducted prior to the completion of these 
TIE methods and utilize this approach to varying 
degrees. As more experience is gained and further 
r e sea rch  i s  comple t ed  m o d i f i c a t i o n s  a n d  
enhancements of these methods will be made and 
documented. 

Phase I - Toxicity Characterization 
Procedures 
The Phase I toxicity characterization procedures 
involve the use of a battery of bench-top tests coupled 
with toxicity tests to determine the physicalkhemical 
class or group of the toxic components in the effluent. 
The purpose of performing these procedures is to 
focus the search for the causative agents of effluent 
toxicity to compounds of a known class or group. This 
information greatly expedites the subsequent Phase 
I1 toxicant identification analyses by narrowing the 
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Figure 6-1. Toxicity Identification Evaluation (TIE) strategy flow chart. 

range of possible toxicants and is also useful for the 
treatability studies discussed in Section 8. 

Initially, an aliquot of the whole effluent sample is 
tested for the baseline toxicity. If the sample is toxic, 
aliquots of the sample are run through the battery of 
phase 1 tests which are designed to remove or render 
neutral (biologically unavailable) various classes of 
compounds and the corresponding toxicity of these 
"treated" aliquots is measured. Presently, these 
procedures use acute toxicity tests to measure the 
toxicity of the effluent and the treated aliquots. 
Methods which utilize chronic toxicity test endpoints 
to track the toxicity of the effluent sample following 
characterization tests are being developed. 

Toxicity characterization procedures, and chemical 
specific analyses, produce snapshots of what is 
causing toxicity in a given sample. Only those toxic 

chemicals which are present when the samples were 
collected will be characterized or identified. This 
would not pose a problem if the cause of the effluent 
toxicity remains constant over t ime. In such a 
situation, one sample, regardless of when i t  w a s  
collected, would be adequate for characterization 
purposes. However, if the cause of a n  effluent's 
toxicity varies over time (or, for the purposes of 
toxicity treatability studies, if the concentration of 
the toxicants vary over time) the analysis of only one 
sample will clearly be insufficient to account for this 
variability. In such a situation, the frequency of 
sampling and analysis must be designed to ensure 
that all of the causes of toxicity a r e  detected and 
characterized. Therefore, it will usually be the case 
that Phase I effluent characterization procedures will 
need to be conducted on a number of emuent samples 
to ensure that the variability in the effluent toxicity 
is determined. 
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Components of Variability 

T h e  toxici ty  of a n  e f f l u e n t  c a n  v a r y  b o t h  
quantitatively and  qualitatively.  Quan t i t a t ive  
variability is a measure of how the magnitude of the 
toxicity changes over time (e.g., ranges from 3 to 10 
toxic units). Qualitative variability is a measure of 
how the underlying causes of effluent toxicity change 
over time (e.g., toxicity caused by high copper 
c o n c e n t r a t i o n s  a t  o n e  t i m e  a n d  h i g h  
pentachlorophenol concentrations a t  another). Both 
of these components of variabil i ty may be (and 
frequently are) present in an effluent. Therefore, a 
toxicity characterization sampling program and 
subsequent treatability and/or chemical analysis 
programs must be designed so that both components 
of variability -the magnitude and the underlying 
causes - are assessed by the evaluation. 

Determining the Number and Timing of Samples 

The magnitude, frequency, and type of variability in 
toxicity exhibited by an effluent will determine the 
number bf samples which must be evaluated by the 
toxicity characterization procedures. In general, the 
number and timing of samples must be suficient to 
capture both the pattern of variability exhibited by 
the effluent and all of the toxicants which contribute 
significantly to effluent toxicity over time. There are 
a t  least two methods for assessing the type and 
pattern of variability in an effluent's toxicity. 

Again, the most definitive approach is to repeat the 
battery of Phase I characterization procedures a 
number of times on freshly collected samples of 
effluent until the type and pattern of variability is 
identified. In this way the variability can be assessed 
concurrently with t h e  d e t e r m i n a t i o n  of t h e  
physicalkhemical characteristics of the effluent 
toxicity. This should be a very accurate approach 
because the results of the characterizations are used 
as the point of cQmparison; if variability is observed, 
it is real variability. It is necessary to repeat the 
characterization procedures a sufficient number of 
t imes  to ensu re  t h a t  both q u a n t i t a t i v e  a n d  
qualitative variabil i ty a r e  understood prior to 
preceding to either treatability studies or Phase I1 
toxicant identification analyses. 

A second less direct approach for estimating the type 
and magnitude of the variability in final effluent 
toxicity is to use the existing data on effluent toxicity 
which is gathered in Tier I of this protocol. If several 
species of aquatic organisms were routinely used to 
test the toxicity of a given effluent the responses 
recorded from a tnmber of samples could show that 
the cause of effluent toxicity changes over time. The 
amount that each species' sensitivity to the effluent 
changes from one sample. to the next provides an 
indication of the .magnitude and frequency of 
quantitative VariabllltY In the effluent toxicity. The 

manner in which the relative sensitivities of the 
various species changes over time may provide a n  
indication of the occurrence a n d  frequency of 
qualitative Variability. If t he  variabil i ty in  a n  
effluent's toxicity is totally quantitative in  nature, 
the magnitude of each species' response would change 
over time, but all species tested should maintain the 
same relative sensitivities. On the other hand, if the 
species' relative sensitivities also change over time, 
there is evidence for qualitative effluent variability. 

The use of multiple species to assess qualitative 
variability is based on the observation that different 
species exhibit different sensit ivit ies to various 
toxicants in effluents. For instance, for water with 
the  same  h a r d n e s s ,  t h e  f a t h e a d  minnow is 
considerably more sensitive to cadmium (LC50 = 
30 .5  pg/L) t h a n  t h e  a m p h i p o d ,  G a m m a r u s  
pseudolimnaeus, (LC50 = 55.9 pg/L) (U.S. EPA. 
1985b); whereas for copper the situation is reversed 
with G. pseudolimnueus (LC50 = 22.1 pg/L) being 
more sensitive.than the fathead minnow (LC50 = 
115.5 pg/L) (U.S. EPA, 1985~) .  

It should be emphasized that this indirect approach 
has several potential sources of error which could 
lead to inaccurate conclusions (e.g., if data from 
effluent samples with different levels of hardness are 
compared). Therefore, i t  is recommended that  the 
data from the Phase I characterization tests be used 
as the primary basis for determinations of effluent 
variability and the relative responses of the toxicity 
test species should be used with caution as secondary, 
supporting evidence. 

Toxicity Testing Procedures 
In the performance of a toxicity identification 
evaluation, i t  i s  essential  t o  select  a toxicity 
monitoring tool which is sensitive enough and has 
similar toxicological responses to the designated TRE 
target. In general, this criterion will lead to the use of 
a n  aqua t i c  organism toxicity t e s t ,  s ince t h e  
designated target will usually be expressed as a 
whole effluent toxicity permit l imit .  The actual  
selection of the toxicity test organism for the TRE 
may or may not be specified as a n  NPDES permit 
condition or in an administrative order issued by the 
regulatory authority. This factor, to a certain extent, 
will drive the choice of the species and the test to be 
used in the TRE. In other cases the guidance may not 
be specific, and the discharger may have more 
discretion in the selection of the TRE monitoring tool. 
However, pertinent information may be available to 
aid in the selection process. For example, if the TRE 
was triggered by an effluent toxicity biomonitoring 
monitoring requirement, the results should prove 
valuable in identifying a sufficiently sensitive test 
organism. Normally, several  aquat ic  organisms 
would be utilized in this monitoring and the most 
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sensitive of these should be an  adequate toxicity 
indicator in the TIE. 

It is important to differentiate the objectives and 
requirements for toxicity testing in TIES from those 
of t he  overal l  TRE a n d  t h e  N P D E S  p e r m i t  
b iomoni to r ing  r e q u i r e m e n t s .  U s u a l l y ,  t h e  
biomonitoring requirements that  trigger a TRE will 
be specified as the toxicity tests to be used in  the 
follow-up monitoring and  confirmation of t h e  
reduction in emuent toxicity (Tier VI). These permit 
biomonitoring requirements  and  the  associated 
water quality-based whole effluent toxicity limits are 
derived in order to be protective of State water- 
quali ty standards.  Achievement of the  desired 
effluent toxicity reduction to meet the TRE objective 
can only be demonstrated by utilizing these same 
biomonitoring tes t s  and specified toxicity t e s t  
endpoints (LC50 or NOEL). If an  effluent exhibits 
both acute and chronic toxicity the TRE solution or 
control method must ensure that all limits will be 
met. For the purposes of TIES certain modifications of 
appropriately sensitive toxicity tests can be used in 
order to achieve the objectives of the particular phase 
of tlie TIE be ing  conducted .  However ,  t h e  
investigator should never lose sight of the objective of 
the TRE: to reduce toxicity to acceptable levels for the 
permit biomonitoring species. Thus, there must be a 
d e m o n s t r a t e d  toxicological  r e l a t i o n s h i p  o r  
correlation between the permitted species and the 
TIE test species. I 

In addition to sensitivity comparable to the toxicity 
test specified for permit monitoring, other criteria in 
selecting a toxicity test for the TIE should be speed 
and cost. In most cases conducting characterization 
procedures will requi re  t h e  performance of a 
relatively large number of toxicity tests. For this 
reason, tests species which are easily cultured and 
relatively inexpensive should be considered first. If a 
sensitive test species which is also convenient cannot 
be found, it may be possible to modify a sensitive test 
so that it becomes more rapid and less expensive. 
Possible modifications for the purpose of TIES include 
the use of shorter exposure times, fewer replicates, 
fewer organisms per replicate,  fewer exposure 
concentrat ions,  and  perhaps  t imed l e t h a l i t y  
endpoints. Since modifications of this nature involve 
concessions to the standard quality assurance and 
quality control procedures for toxicity testing, special 
care must be taken to ensure that the tests results are 
not compromised and are of sufficient accuracy for 
the specific purpose for which they are used in the 
TIE. A more detailed discussion of this subject is 
p re sen ted  i n  t h e  E P A  P h a s e  I Tox ic i ty  
Characterization Procedures document. 

As stated previously, the procedures described in the 
TIE methods manual (EPA, 1988) are only designed 
to utilize acute toxicity tests. However these TIE 
procedures can be used in situations where either 

acute or chronic toxicity triggered the TRE. In order 
for the current TIE methods to be applicable for 
achieving a chronic toxicity target there must be 
measurable whole effluent acute toxicity present to 
enable the characterization of the toxicity and the 
identification of the toxicants. Use of the more easily 
performed acute test  in  situations where chronic 
toxicity is the most limiting requires the assumption 
that the acute and chronic toxicity of the effluent are  
caused by the same compound. This assumption can 
be validated in the Phase 111 confirmation step which 
cor re la tes  t he  concent ra t ion  of t h e  tox ican t  
(identified in Phase 11) with both the  acute  and  
chronic toxicity measured in the same sample. 

If it is not possible to utilize the current TIE methods 
with acute toxicity tests, then Tier I1 evaluations, 
Tier IV source investigations, and Tier V treatability 
studies can al l  s t i l l  be carried out  using EPA 
procedures for chronic toxicity testing (Homing and 
Weber, 1985) to achieve the TRE objectives. In cases 
where measurable acute toxicity is present and the 
TIE methods are used to identify the toxicant and to 
select a toxicity control method, chronic toxicity tests 
would then be used i n  the  T ie r  VI follow-up 
monitoring and confirmation of toxicity reduction. 

Another concern in the selection of a toxicity test is 
the  presence of qual i ta t ive va r i ab i l i t y .  I f  t h e  
causative agents of toxicity change over time, i t  may 
be necessary to simultaneously use more than  one 
sensitive monitoring species (i.e., a sufficient number 
of species to detect all of the expected toxicants). If 
one species is not sufficiently sensitive to all of the 
toxicants over the range at which they are  present in 
the effluent, then the use of an additional monitoring 
species for the TIE would be indicated. While this 
may be a concern in  certain cases, it should be 
emphasized that variability in the causative toxicant 
will not always necessitate the  use of severa l  
monitoring species. As long as a single species of test 
organism is sensit ive to  each toxicant  a t  t he  
concentration range found in  the  effluent,  t ha t  
species can be used. 

Description of Characterization Methods 
As previously mentioned, the objective of a toxicity 
characterization procedure is to narrow down the 
search for feasible t r e a t m e n t  methods  andlor  
methods of analysis to identify the causative agents 
of emuent toxicity. This is accomplished by dividing 
an  effluent into a variety of fractions and  then 
determining which of these fractions is toxic, or by 
isolating and  inac t iva t ing  a specific c lass  of 
toxicants. Theoretically, there are a large number of 
s chemes  which could be d e v i s e d  b a s e d  on  
fundamental principles of chemistry and physics to 
characterize a n  effluent. However, the restraints 
which arise due to the  use of toxicity tes t s  a s  
indicators of which characterization tests alter the 
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toxicity complicate the development of a logical, 
broadly applicable procedure. For  th i s  reason 
facilities faced with conducting a TRE can benefit 
from detailed guidance on the methods that can be 
used for toxicity identification evaluations. While 
f lex ib i l i ty  i n  t h e  d e s i g n  a n d  s e l e c t i o n  of 
characterization procedures is attractive it should be 
recognized a t  the outset  given a TRE tha t  the 
information needed to choose the best scheme is not 
readily apparent. Therefore to avoid each facility 
having to expend the  t ime and  cost to  develop 
methods for conducting TIEs, detailed documentation 
of a characterization scheme has been prepared. This 
standardized characterization procedure has proven 
very useful in many TIEs conducted to date and will 
be described in the following paragraphs. 

Some of the case studies contained in the appendix to 
th i s  document  were  conducted  p r io r  to  the  
availability of the Phase I methods and relied on 
other characterization schemes. One of these was 
first developed by Walsh and Garnas (1983) and uses 
a sequence of resin adsorptions and  chemical 
extractions to divide the effluent eventually into 
classes of chemicals. This approach was a forerunner 
in concept to the EPA recommended procedures. 
These methods may be useful as subsequent Phase I 
tests in cases where the experience of the investigator 
allows for their modification for application to a 
given effluent. However, for use a s  a n  in i t ia l  
approach for characterization of effluent toxicity a 
great deal of preliminary development of methods 
and  laboratory procedures  would need to be 
conducted by the investigator a t  a given facility. 

In the context of this discussion, the characterization 
procedures described in the Phase I document are the 
most germane. In this procedure, individual aliquots 
of effluent are subjected to seven physicaVchemica1 
characterization tes ts .  Each tes t  is designed to 
remove or neutralize a specific category of toxicants. 
Following the performance of each test, any change 
in effluent aliquot toxicity is determined, using 
short-term, inexpensive acute toxicity tests whenever 
possible. The toxicity attributable to the removed or 
neutralized group of compounds is calculated by 
subtracting the treated aliquot toxicity from the 
baseline toxicity of the effluent. Therefore, the first 
characterization test is a determination of baseline 
(unmanipulated) effluent toxicity. The six remaining 
characterization tests are as  follows: 

1. Degradation Test - to determine how much 
toxicity degrades over time (also establishes 
acceptable sample holding time and conditions). 

2 .  pH Adjustment Test and Graduated pH Test - to 
determine the effect of pH manipulation on 
effluent toxicants and the effect on causative 
agent toxicity. 

3.  Filtration Test - to determine toxicity associated 
with filterable material or toxicants that can be 
made insoluble through pH change. 

4. AerationlpH Adjustment Test - to determine 
toxicity attr ibutable to oxidizable or volatile 
compounds or those compounds that can be made 
volatile or oxidizable through pH change(pH 
adjustment helps define the acidic, basic, and 
neutral character or the oxidation state of these 
toxicants). 

5. Solid Phase ExtractionlpH Adjustment Test - to 
determine toxicity a t t r ibu tab le  to non-polar 
organic and metal chelate compounds or those 
compounds that can be made non-polar through 
pH change (pH adjustments help define the  
acidic, basic, and neutral character of these non- 
polar toxicants). 

6 .  Oxidant Reduction Test - to determine how much 
toxicity is attr ibutable to oxidants or certain 
electrophiles. 

7. EDTA Chelation Test - to determine how much 
toxicity is a t t r ibu tab le  to c e r t a i n  ca t ion ic  
toxicants such as heavy metals. 

I t  should be noted t h a t  in  order to accurately 
characterize an  effluent using the Phase I method, all 
of the tests should be performed. Each test is designed 
to consider a different ques t ion  and  r igorous  
conclusions can only be formed when the complete 
battery of tests is conducted. As discussed previously, 
the characterization tests should be performed a 
sufficient number of times to ensure that variability 
in the cause of effluent toxicity is addressed. In  
addition, i t  is recommended that the results of the 
complete battery of tests be considered together when 
interpreting the data. Consideration of all results, 
both positive and negative, will help define the  
nature of the causative agents. 

Quality Assurance/Quality Control 
As in  all studies, it is imperative that  a QA/QC 
p r o g r a m  b e  i m p l e m e n t e d  fo r  t h e  t o x i c i t y  
characterization procedures. Such a program must 
address the performance of the chemical and physical 
separations a s  well as the toxicity tests. Detailed 
gu idance  of QA/QC f o r  e f f l u e n t  t o x i c i t y  
characterizations is presented in the EPA Phase 1-111 
document. 

Phase / I  - Identification of Specific 
Toxica n ts 

The aforementioned toxicity charac te r iza t ion  
procedures are designed to identify classes or groups 
of compounds contributing to effluent toxicity. With 
that information, a discharger may decide to attempt 
to identify the specific toxicants in these classes. A 
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successful identification will facilitate the selection 
of treatment options and/or the identification of the 
ultimate source(s) of toxicity. 

Identification of specific toxicants has the greatest 
chance for success and is the most cost-effective if it is 
based on the findings of the toxicity characterization 
program. Such a plan would perform only those 
chemical analyses which could identify specific 
toxicants of the type expected in the flagged toxic 
characterization classes. For instance, if the non- 
polar neutral organic fraction was identified as the 
most toxic, emphasis should be placed on performing 
chemical analyses on the neutral non-polar organic 
compounds in the effluent. In this case, there would 
be no need to spend time and money on analysis of 
acidic or basic organics or for inorganics. 

The number and timing of specific chemical analyses 
which need be performed should be geared to the 
expected qualitative variability in effluent toxicity. 
Guidance should be available concerning this issue 
from the results of the previous effluent monitoring 
and Phase I toxicity characterization da ta  and 
results. However, it is important to recognize that the 
fewer the number of samples evaluated, the higher 
the uncertainty that all of the causes of toxicity have 
been completely identified. The Phase I1 methods 
document provides more detailed guidance on 
available methods of analysis and interpretation of 
results. 

Phase 111 - Confirmation of 
/den ti fic a t io ns 

Regardless of whether the identification of toxic 
causative agents progressed to single chemicals or 
s topped  a t  c l a s s e s  of c h e m i c a l s  o r  
physicallykhemically defined classes of compounds 
to be used to determine a treatment method, it is 
desirable to confirm these findings. This  can be 
accomplished in several ways depending upon the 
spec i f ic i ty  of t h e  i d e n t i f i c a t i o n  ( P e r s o n a l  
Communication, L. Anderson Carnahan, April 1987). 
The EPA Phase I11 document addresses this issue in 
detail. 

If single chemicals have been identified as the cause 
of final effluent toxicity, there are several approaches 
to confirmation: 

1. toxicological literature data, for the toxicity test 
species which has been used, are available for 
this chemical, a comparison can be made between 

- the observed concentration in the effluent and its 
reported toxicity. If the emuent concentration is 
a t  a level consistent with the effluent toxicity 
based on the effect concentration, confirmation is 
supported. 

2. 

3. 

4. 

5.  

6. 

7. 

8. 

~ 

Toxicity tests can be performed with a control 
water. similar to the effluent in its chemical 
make-up) spiked with the same concentration of 
suspect causative toxicant(s) as in the effluent 
sample. If the results of the spiked control water 
toxicity test approximate the effluent LC5o or 
NOEL, confirmation is supported. 
Effluent samples which have been treated to 
remove toxicity can be spiked with the suspected 
toxicants a t  their original concentration in the 
effluent. If the same degree of toxicity occurs a t  
the concentration originally found in the effluent, 
confirmation is supported. 
I fa  water quality parameter is known to alter the 
toxicity of a suspected toxicant (e.g., pH on 
pentachlorophenol), the effect of varying that  
parameter on the toxicity of an  effluent sample 
can be evaluated. If the toxicity varies in the 
expected manner, confirmation is supported. 
A number of species can be simultaneously 
exposed to the effluent and the resulting species 
sensitivities ranked. If, for the same species, 
l i terature values or results for control water 
spiked with the suspect causative toxicant(s1 
indicate the same ranking,  confirmation is 
supported. 
As the toxicity of the effluent var ies  over a 
number of samples, compare the concentrations 
of the suspected toxicant in those samples with 
toxicity test results. If a significant correlation is 
observed, confirmation is supported. 
Some chemicals produce unique and discernable 
effects in aquatic organisms. If the observed 
symptoms match the  known effects  of t he  
suspected toxicant (as  observed in  a spiked 
control water toxicity tes t ) ,  confirmation is 
supported. 
Elimination of toxicity upon removal of the 
suspect  toxicant(s)  f rom t h e  was te s t r eam 
supports the study conclusions. 

This is not an exhaustive list of possible confirmation 
methods. No single method would produce conclusive 
evidence and, therefore, performance of several is 
advisable to provide a weight of evidence. If the TIE 
is halted following Phase I characterization, to 
pursue a treatability approach confirmation should 
s t i l l  be undertaken. This  will ensure  tha t  t he  
t rea tment  option selected will adequately and  
consistently remedy the toxicity and will produce an 
effluent of sufficient quali ty to meet the  TRE 
objective. 
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Section 7 
Source Identification Evaluation 

The results of the toxicity identification evaluation 
(TIE) should provide the clearest picture possible of 
what is causing final effluent toxicity. Based on this 
information, a discharger must decide how to proceed 
in the TRE process. One option a t  this point is to 
evaluate various treatment methods for the removal 
of the identified toxicants from the final effluent. The 
other option is to search for the source(s) of the 
identified toxicants or toxicity. Source controls, such 
as chemical tubstitution, spill control or treatment of 
the source s t r e a m ,  may  b e  t echn ica l ly  a n d  
economically more attractive than treating the final 
effluent. For the purpose of this discussion, influent 
s t r e a m s  a r e  defined as all s t r e a m s  t h a t  a r e  
tributaries to the wastewater treatment system (e.g., 
process s t r e a m s ,  surface runoff,  non-process 
wastewaters). Source streams a re  those influent 
streams which a r e  found to be contributing to 
effluent toxicity. 

There are advantages and disadvantages associated 
with both the treatability and source investigation 
options. Proceeding to treatability studies on the 
final effluent is perhaps the more direct approach and 
can normally result in successful resolution of the 
toxicity problem. However, the cost of this success 
may  be high; r equ i r ing  t h e  c o n s t r u c t i o n  o r  
modification of a treatment unit  with additional 
operating expenses. On the other hand, identification 
of the source of toxicity could result in a much more 
cost-effective solution and minimize the potential for 
cross-media transfer of toxic pollutants to the air or 
sludge during wastewater treatment. The search for 
source streams may be a difficult task in complex 
facilities with highly variable production schedules 
and processes. However, if the upstream search is 
successful and the toxicity of the identified source 
streams can be easily treated or reduced by other 
source control methods,  a ma jo r  s a v i n g s  i n  
construction, operation, and maintenance might be 
realized. I t  is often the case,  t ha t  t reatment  of 
smaller, more concentrated streams can be performed 
more efficiently and economically than treatment of 
large, relatively dilute s t r e a m s  (e.g , the final 
effluent). 

Selection between the treatability studies and source 
identification options must be made on a site specific 

basis. Subjects for consideration in this selection 
include: the results of the TIE and facility operation 
tiers of the TRE, the ease of t reat ing the final 
effluent, the number of possible source streams, the 
ability to modify t h e  associated processes or  
substitute process chemicals, and the variability in 
the causes of toxicity. The purpose of this section is to 
present some generalized methods to conduct a source 
identification evaluation. Guidance on treatability 
studies is discussed in Section 8 - Toxicity Reduction 
Met hods. 

For this section, it is assumed that if the decision is 
made to search for the sources of final effluent 
toxicity, the following five step approach may prove 
appropriate: 

1. Set a search image for upstream evaluations 
based on the results of the TIE. 

I 

2. Select sampling locations on selected suspect 
source streams based on the TIE results and 
facility information from Tiers I and 11. If obvious 
suspect source streams are not evident, use the 
process of elimination to systematically work 
upstream and narrow down the number  of 
possible source streams. 

3a. If the causative agents of effluent toxicity have 
been identified in the TIE, use chemical specific 
analyses for these compounds for tracking to 
sources. 

3b. Where necessary, evaluate the degradation 
effects of the facility treatment plant on altering 
the toxicants identified in the effluent. Modify 
the search image according to the results of this 
evaluation. 

4a. If the TIE did not result in the identification of 
the specific chemicals causing effluent toxicity 
use bench scale model to simulate treatment 
plant degradation and track toxicity. 

4h. Where necessary characterize (Phase I of TIE) 
the bench scale treated samples from suspect 
source s t r eams  to provide a more detai led 
comparison with the search image. 
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5. If specific process streams have been clearly 
identified as the sources of final effluent toxicity, 
move up through the process stream to identify 
toxic side- streams. 

At the completion of this procedure, upstream sources 
of final effluent toxicity may be identified. Source 
streams will only be identified if they are sufficiently 
toxic and are not detoxified by the treatment system, 
or if they contain the specific toxicants found in the 
final effluent or their precursors. Figure 7.1 presents 
a flowchart illustrating the strategy to conduct a 
source identification evaluation. This process will be 
greatly simplified if a specific chemical has been 
identified as a causative agent  of final effluent 
toxicity. If this chemical is known to be chemically 
refractory to treatment, it would be possible to simply 
look for this chemical in the  influent streams. 
However, if there is the likelihood that the causative 
agent is altered in the t r ea tmen t  process (e.g., 
rearrangement or reactioddecomposition products), 
i t  may be necessary to follow t h e  scheme for 
evalyating treatment degradation presented in this 
section. Examples of source investigations a r e  
presented in Appendices A l ,  A2, A3, A6 and A7. 
These examples vary in complexity from simply 
identifying the toxic source streams to the final 
wastestream, to large and complex facilities where 
the biodegradability of toxicity of numerous process 
streams was evaluated before and after treatment 
(A2 and A7). 

Setting the Initial Search Image 
In most cases, the results of the TIE will identify 
either the specific chemicals or classes of compounds 
which are causing final effluent toxicity. In addition, 
the manner  i n  which these  toxicants  o r  t h e  
characteristics of the toxicity vary over time will also 
be assessed. A review of this information should 
produce a n  init ial  search image for the source 
identification effort. As one moves further upstream, 
it may be necessary to alter this initial search image 
based on how the wastewater treatment system or 
any other process may degrade or  a l t e r  toxic 
constituents. 

Sample Collection from the Influent 
Streams or Selected Process Streams 
Design of a sample collection scheme for source 
investigation tracking must be based on site specific 
circumstances and on the information gathered in 
the previously conducted Tiers  of the TRE. For 
chemical specific tracking it may be possible to use 
collected information to determine one or  more 
"suspected" source streams. The sampling scheme 
would then be designed to confirm which of these 
suspected source streams is in fact, the source of the 
identified toxicants. Where there are a large number 
of influent streams, and/or it is not evident from the 

available facility information which are  the likely 
source streams, then the sampling design should 
utilize the process of elimination to work up through 
the influent streams to the source of the identified 
toxicants. Procedures for sample collection and 
handling are  described in several EPA documents 
(USEPA 1982,1979,1988a and 1988b). 

If the TIE has not resulted in the identification of the 
specific toxicants, but has successfully characterized 
the physicakhemical nature of the toxicity, it will 
usually be difficult to select *'suspect" source streams 
to streamline the source investigation. In this case it 
would be most effective to design a more systematic 
sampling scheme which utilizes the process of 
elimination to track the toxicity up the wastewater 
stream to the source(s). 

The information on the variability of the toxicity 
gained from the TIE and also from the facility 
information Tiers of the TRE should be utilized to 
assist in determining the number and timing of 
samples. This information should also be useful for 
deciding whether grab or composite samples should . 
be used. Init ially,  flow proportional composite 
samples should be used and scheduled to coincide 
with facility production schedules. Influent stream 
flow data must be collected as part  of the sample 
collection i n  order  to de t e rmine  the  r e l a t ive  
contributions of each influent stream sampled to the 
combined wastestream and final emuent. 

Chemical Specific Analyses for Tracking 
to Toxicant Sources 
If the TIE has successfully identified and confirmed 
the causative agents of emuent toxicity, chemical 
specific analyses for these compounds can be used for 
the source investigation. This approach involves 
utilizing the chemical analysis techniques used in  
Phase I1 of the TIE to test for these compounds in the 
samples from the influent streams. In some cases the 
facility information from Tier I1 of the TRE may 
indicate which influent s t r eams  a r e  the likely 
sources of the identified toxicants. However, it will 
usually be necessary to conduct sampling and 
analysis to ascertain which influent stream(s) is in 
fact the source of the toxicants. Methods for chemical 
analysis can be found in the Standard Methods for 
the Examination of Water and Wastewater (APHA, 
1985) and in American Society for Testing and 
Materials (ASTM) manuals. 

Prior to chemical analysis of inf luent  s t r e a m  
samples, a literature search may be conducted to 
determine if the toxicant identified could be a 
degradation product of the wastewater treatment 
plant. Where there is clear evidence that the toxicant 
is a treatment by-product, the influent samples 
should be analyzed for the precursor compounds as 
well as the identified toxicants. In cases where 
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Figure 7.1. Source Identlflcrtlon evsluatlon flow Chart. 

chemical specific analysis is successful in locating the 
source of effluent toxicity the TRE can proceed to Tier 
V Toxicity Control Method Evalua,tion. If the source 
stream cannot be located following this approach, the 
results of the chemical analyses of the influents and 
of the TIE should be carefully reviewed to determine 
if errors or unsupported conclusions have been made. 
Attention should be paid to whether the samples 
collected were representative of the influent streams 
and that variability in the production schedules and 

effluent toxicity have been considered in  t h e  
sampling design. 

If th i s  review determines tha t  t he  wastewater 
treatment plant may have an  effect on the toxicants 
that was not apparent from the literature search it 
may be necessary to evaluate the degradation effects 
of the  t rea tment  plant.  This evaluation would 
determine how the treatment system a l te rs  the  
chemicals of concern. These results would be used to 
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modify the search image to be used for the source 
investigation. 

Evaluate Treatment Effects on Identified 
Toxicants 

Wastewater t reatment  sys t ems  can  affect t h e  
magnitude and composition of toxicity i n  t h e  
wastewater s t ream in a variety of ways. Some 
influent toxicants may be degraded into non-toxic 
moieties, others may simply pass unaffected through 
the system, and sti l l  o thers  may be altered or 
degraded into even more toxic products. In most 
industrial situations, it is not possible to predict the 
likely outcome. This lack of predictability is not 
surprising since wastewater treatment systems are  
not generally designed to treat toxicity. Most systems 
are  designed to treat conventional pollutants and the 
fate of toxicity is incidental. Therefore, since the fate 
of toxicants cannot always be predicted, in some cases 
it may be necessary to empirically determine how the 
treatment system a t  a specific facility affects toxicity. 
The objective of such an evaluation is to modify the 
search iinage formed from the TIE results to include 
any alterations imposed by the treatment system. 
This revised search image will then allow for a more 
comprehensive analysis for the chemicals in the 
various process streams that are potential sources of 
final effluent toxicity. Again, in cases in which the 
specific causative agents of toxicity in  the final 
effluent a r e  refractory to t r e a t m e n t ,  detai led 
evaluation of the role played by the treatment plant 
will not be necessary. 

The evaluation of how the wastewater treatment 
system impacts  toxicity can  be addressed by 
performing specific chemical analyses on both i ts  
influent and effluent streams (e.g., Appendix Section 
A2 and A7). If the toxicity in the effluent is variable, 
samples should be collected i n  a manner  which 
ensures that the same slug of wastewater is being 
analyzed in the influent sample and the effluent 
sample. This will require consideration of transit 
time through the system and collection of the effluent 
sample the proper amount of time after the influent 
s ample  was collected.  U s i n g  t h i s  a p p r o a c h ,  
comparison of the influent and emuent results shouid 
identify how the t reatment  system affects t h e  
magnitude and composition of wastewater toxicity at 
any particular time. 

The number and timing of samples required to 
adequately evaluate treatment system impacts on 
toxicity will depend on the type and frequency of 
variability exhibited by the emuent. If the toxicity in 
the final effluent has been shown to exhibit little or 
no qualitative variability over time, i t  might be 
sufficient to perform this comparison of treatment 
plant influent only twice. However, if qualitative 
variability has been shown to be significant, then 
samples should be analyzed a sufficient number of 

times so that the fate  of each of the identified 
toxicants is evaluated. For example, if the toxicity in 
the effluent is sometimes caused by a cations and a t  
other times by a neutral organic, the treatment plant 
analyses should be performed a t  least twice when 
each situation occurs. Double checking in  this  
analysis is recommended in  order to ensure a 
successful source investigation. 

If the concentration of the toxicant in the influent to 
the treatment plant can be shown to be greater than 
or equal to the concentration observed in the final 
eflluent, the plant probably does not have an effect 
and the SIE can proceed to chemical analysis of the 
process streams. On the other hand, if the specific 
compound is absent in the influent or markedly 
increased in the effluent relative to the influent, 
more specific analysis will be necessary to determine 
the precursor or parent compounds of the effluent 
toxicants. Understanding the reactions would help 
form the proper search image when proceeding into 
the influent streams. Where this determination 
proves to be a prodigious task, the investigator may 
choose to use the alternative approach described in 
step 4 to track toxicity. 

Use Bench Scale Model to Simulate 
Treatment Plant Degradation and Track 
Toxicity to Source Streams 
If process streams are shown to contain the specific 
toxicants found in the final effluent or contain 
precursors to those toxicants, there is little question 
as to their designation as sources of final effluent 
toxicity. However, if process s t reams a r e  only 
suspected as possible sources of final effluent toxicity 
because they are known to contain the appropriate 
physicalkhemical classes of toxicants, there still 
exists some uncertainty. A major reason for this 
uncertainty is the possibility that even though the 
process stream contains the proper class of toxicants, 
the specific chemicals in the stream may degrade or 
be chemically or physically transformed as they pass 
through the wastewater t reatment  system. J u s t  
because a class of toxicants has the potential to either 
pass through the treatment process unaltered or be 
degraded into another toxic class does not mean that 
the specific chemicals in any particular process 
stream will follow this general scenario. Therefore, if 
generic toxicity is to be used to investigate which 
influent streams a re  the sources of final effluent 
toxicity, it will usually be necessary to evaluate the 
degradability of each influent stream sample prior to 
testing for toxicity. 

The degradability of the toxicity in a specific influent 
stream can best be estimated by individually passing 
t h a t  s t r e a m  th rough  t h e  a c t u a l  w a s t e w a t e r  
treatment system and observing the outcome (e.g. , 
Appendix A7).  U n f o r t u n a t e l y ,  t h i s  t y p e  of 
experiment is not usually possible in an industrial 
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facility because of the difficulty in segregating 
streams and the lack of storage for the other sources 
of wastewater. Therefore, degradability must be 
estimated using physical models of the treatment 
system (e.g., Appendix A2). 

The first step in the use of physical models is to 
determine the appropriate bench scale model of the 
wastewater treatment system. If the system just  
contains one unit (e.g., a n  activated sludge unit with 
no equalization or aerated ponds) then this step is 
trivial. However, if the system consists of several 
units (e.g., aerated ponds, followed by activated 
sludge, followed by carbon adsorption). then i t  is 
necessary to either model all of these units or identify 
which unit is the most important in toxicity control. 
Such a n  identification effort may require sampling 
along the treatment process and determining the 
effect of each unit on toxicity. 

The second step is to design the physical model to 
mimic the unit under consideration. Possible design 
criteria would include hydraulic residence time, 
physical and chemical conditions (e.g., pH, DO, and 
temperature), and biological composition (e.g., proper 
bacterial composition and biomass). 

The third step would be to validate the accuracy and 
precision of the physical models predictions. Model 
accuracy could be evaluated by collecting a sample of 
the influent to the treatment plant and passing i t  
through the model. If the output of the model is the 
same as the real unit, accuracy is validated. Model 
precision could be evaluated by setting up several 
replicates of the model and passing the same waste 
stream through each or by splitting a sample and 
testing each aliquot. If the outputs of all replicates 
are  the same, precision is validated. Since the 
purpose of this approach is to assess the relative 
toxicity of the influent streams to determine the 
source of effluent toxicity, it is not always necessary 
that the bench scale physical model exactly mimic 
the quantitative effect of the treatment plant. This 
concession to the accuracy and precision of the bench 
scale model should not compromise the models utility 
to assess the toxicity which is refractory to treatment 
nor should it prevent the tracking of this refractory 
toxicity to its source. 

The fourth and final step would be to pass each 
process stream under consideration through the 
model t r e a t m e n t  s y s t e m  a n d  e v a l u a t e  t h e  
degradation in toxicity. When individual process 
streams are passed through the model system, it is 
important that consideration be given to whether 
Some predilution may be necessary. One reason for 
predilution is to Prevent killing the bacterial  
community in the unit by exposure to a very toxic 
process stream. The resident bacterial flora may not 
be accustomed to such high levels of toxicity, since it 
is normally exposed to this process stream only after 

it has been diluted by other influent streams. A 
second reason for predilution is to provide a n  
adequate  r ange  of n u t r i e n t s  to t h e  bac te r i a l  
community. The resident bacterial flora may require 
a variety of nutrients which i t  would normally 
receive from a mixture of all  influent s t reams.  
However, if only one process s t r eam is passed 
through the model, the bacterial f lora may not 
r ece ive  its n u t r i t i o n a l  r e q u i r e m e n t s  a n d ,  
consequently, not function normally. This potential 
problem can be overcome by prediluting the suspect 
process stream with a small amount of the mixed 
influent which normally enters the treatment unit. 
This small amount of predilution will not alter the 
outcome of the experiment as long as a suitable 
control is used. The EPA protocol for conducting 
municipal  T R E s  (1988) p rov ides  a d d i t i o n a l  
discussion on designing these tests. 

At the conclusion of the degradability test each 
sample would be tested for toxicity. The toxicity test 
used should be the same as was utilized in the TIE. 
However, it is important to emphasize tha t  either 
acute or chronic toxicity tests can be used for this 
evaluation. By following the sampling scheme 
described above it should be possible to identify those 
influent streams which are the prime suspect sources 
of final effluent toxicity. These source streams will 
have been identified because they a re  sufficiently 
toxic and their toxicity is not diluted out by other 
influent streams nor degraded in  the  t r ea tmen t  
system. At this point the investigator could proceed 
to Tier V of this methodology, the toxicity reduction 
method evaluation. If additional information on the 
toxicity of the source stream(s) is desired prior to Tier 
V evaluation, additional characterization of the 
toxicity of the identified source s t r e a m  can be 
conducted. 

Characterize the Toxicity of Suspect Source 
Streams 
The techniques used to characterize the toxicity in 
the bench scale treated influent streams should be 
the same as those used to characterize the final 
effluent. The characterization would begin by 
determining the amount of toxicity in the bench scale 
treated source stream. This must be accomplished by 
using the same toxicity test organism and endpoint 
selected in the effluent TIE. These evaluations should 
be performed often enough to detect any variability 
in the toxicity of the bench scale treated source 
stream. The toxic classes of compounds that  a r e  
characterized in the samples would then be compared 
against the search image to provide additional 
certainty that the source streams contain the proper 
classes of toxic constituents. It may be useful to 
perform these characterizations often enough to 
assess any source stream variability t h a t  could 
correlate to variability in effluent toxicity. 
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Further Upstream Investigations 

Once a process stream has been positively identified 
as a source of final effluent toxicity, it may be 
desirable to move upstream through the process and 
identify the specific “side streams’’ which a re  the 
major contributors of toxicity (Le., Appendix A2). 
Usually this, more detailed, evaluation would only be 
necessary at very large, complex facilities. The 
decision to proceed in this direction should consider 
the cost effectiveness and technical feasibility of 
segregating and treating toxic side-streams if they 
are identified. If the decision is made to proceed, a 
similar strategy as was pursued to evaluate process 
streams should be followed. 

The first step is to identify the various side-streams 
which feed into the process stream. This can usually 
be accomplished by review of plant blueprints and 
interviews with operations personnel. The second 
step is to either analyze for specific toxicants (if they 
have been identified) or determine the magnitude of 
toxicity in each bench scale treated side-stream. A 

toxicity evaluation should use the same monitoring 
tool as used in any previous characterization efforts 
and would be performed often enough to adequately 
consider side-stream variability. If the side-stream 
receives pretreatment before discharge into the 
process stream, i t  is essential that pretreatment be 
completed before bench scale treatment and toxicity 
measurements are made. If i t  is not possible to obtain 
a side-stream sample after pretreatment, it will be 
necessary to use the bench scale model to simulate 
the pretreatment units. The guidance provided in the 
previous section could be followed to design, validate, 
and use such a model system. 

At the conclusion of this evaluation, i t  may be 
possible to identify a very concentrated process side- 
stream which is the ultimate source of final effluent 
toxicity. If so, source control options might be 
directed towards modification of t h e  process,  
substitution of toxic compounds, installation of 
additional pretreatment methods, modifications to 
existing pretreatment systems, or  segregating the 
side-stream from the treatment system for recycling. 
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Section 8 
Toxicity Reduction Methodologies 

The ultimate goal of the TRE is to reduce toxicity in 
the final effluent to levels which are  not harmful to 
the aquatic life of the receiving water. In some cases, 
additional reduction in the effluent toxicity may be 
necessary for the protection of wildlife and human 
health. Initially, one looks at direct solutions to 
accomplish t h i s ;  h o u s e k e e p i n g ,  c h e m i c a l s  
substitution, and treatment plant optimization a s  
described in Sections 3 through 5. Once these steps 
a re  completed, if the effluent still exhibits toxicity, 
then other approaches are  indicated. These include: 

Source reduction technologies; and 

Improvement of waste treatment operations. 

Methods by which these may be applied to a specific 
industrial facility are discussed below. In all cases, 
the evaluation of methods to remove toxicity from 
wastestreams must consider t he  ramification of 
transferring toxicants to o ther  media. Possible 
problems include the  need for disposal and/or  
treatment of newly contaminated material. Each of 
the case studies included in Appendix A include some 
discussion of i den t i f i ed  t o x i c i t y  r e d u c t i o n  
methodologies which a re  specific to the identified 
toxicant(s1. 

Source Reduction 
Source reduction involves practices and procedures 
aimed a t  reducing or eliminating toxic loads in the 
most practical, cost-effective, and permanent manner 
available. Source reduction may be accomplished 
from the most upstream end of the process to the 
point of influent to the treatment plant. It assumes 
that a specific Source can be identified, and may 
involve material substitution, process modifications, 
waste stream commingling, pretreatment, materials 
recovery or waste recycling. 

Before source reduction can be effective, those 
sources contr.ibutWZ to effluent toxicity must be 
identified. 'I'hls Wl!' normally take place during the 
Toxicity Ident l f lcat ion Evalua t ion  o r  Source  
Identification Phase of this study. Once identified, 

appropriate remedial technologies for these waste 
streams can then be examined. 

Source reduction is not a clear-cut, step-by-step 
process. The  s t eps  t a k e n ,  c r i t e r i a  examined ,  
procedures followed, and technologies addressed will 
be highly case specific, and dependent upon such 
factors a s  was tes t ream composition, physical  
constraints, and flow variability. Therefore, when 
examining source reduction technologies, the analyst 
must first start  out by identifying those areas most 
likely to be positively effected, and then identifying 
the technologies and approaches which a re  most 
likely to succeed. 

Toxic components a re  sometimes found to be raw 
mater ia l  contaminants ,  react ion ca t a lys t s ,  o r  
additives. Sometimes even slight changes in  the  
materials used or specification of an alternate, higher 
purity material can result in a measurable reduction 
in toxicity of the eflluent. Further purification of 
contaminated raw materials a t  the plant site would 
be an alternate means of accomplishing this end. 

Modification of t he  process which genera tes  a 
particular toxic waste component has been found to 
be a very practical means of toxicity reduction. These 
modifications may be primarily aimed a t  waste 
reduction, or may be aimed at process efficiency; the 
end result is the same. Process modification could 
also consist of materials substitutions. All of these 
options will involve a n  intensive evaluation by 
process engineering with the goal of eliminating 
cer ta in  specific compounds without sacrificing 
product quality or process efficiency. 

Commingling of waste streams prior to treatment 
may also provide for toxicity reduction in  the  
effluent. The effect of dilution, neutral izat ion,  
reaction, precipitation or other factors may enable 
treatment or degradation of toxic components which 
was not otherwise possible. Care should be taken in 
combining waste streams, however, so a s  not to 
prompt unwanted reactions. 

Materials recovery operations and waste recycling 
are other source reduction options. For example, a 
small  amount of contaminated solvent may be 
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routinely discharged to the treatment system works, 
adding to the final toxicity. If this contribution can be 
diverted, and the material recovered, two benefits are 
possible; toxicity in the final effluent may be reduced 
and solvent may be recovered. Metals recovery from 
metal plating operations is another area where waste 
recovery may be feasible. 

Pretreatment should also be examined as a means of 
reducing toxicity in the source waste streams. Both 
physical and chemical methods may be feasible, 
depending upon the stream. Each identified source 
s t ream should be examined to  de t e rmine  t h e  
characteristics of the toxic component(s). Knowledge 
of these characteristics will allow evaluat ion of 
a l ternate  means to reduce the source toxicity, 
thereby reducing final effluent toxicity. 

Technologies which may be applicable for source 
t rea tment  include chemical oxidation; wet a i r  
oxidation; resin adsorption; a i r ,  s team,  or gas  
stripping; and membrane processes including reverse 
osmosis and filtration technologies. These processes 
would'be applied to the source s t r eam prior to 
conventional treatment. The aim is to reduce the 
levels of toxic contaminants in the source streams 
which are causing the observed toxicity in the final 
effluent. The actual technology employed in  a 
particular situation would be dependent upon factors 
encountered a t  the site. Selection of an appropriate 
technology will probably require lab, bench and pilot 
scale demonstrations of the effectiveness of the 
technology prior to actual start  up on a production 
scale. 

If toxicity in the emuent can be shown to result from 
a particular source contribution, and this source can 
be economically reduced, then these techniques 
should be examined. If, however, toxicity s t i l l  
appears in the effluent which cannot be attributed to 
a particular source or production process, or if source 
reduction is not feasible because the source cannot be 
identified, then end-of-pipe treatment alternatives 
must be examined. 

Waste Treatment Operations 
h p r o  vemen ts 
Plant optimization is the most direct  means to 
improve was te  t r e a t m e n t  o p e r a t i o n s .  P l a n t  
optimization as described in  Section 4 would take 
place before any plant alterations occur. If plant 
operations a re  already a t  a n  optimal level, and  
effluent quality still does not meet the desired goal, 
then fur ther  t r ea tmen t  modifications may be 
required based on the results of the TIE. Areas to be 
examined include hydraulic and mass loading of the 
facility, chemical feed rates, biological enhancement, 

source batching or segregation, effluent polishing, 
and additional treatment processes. 

Hydraulic loading should be examined. It is possible 
that changes in existing processes or additions of new 
process lines may be causing serious disruptions in 
plant operations. If hydraulic loading is considered a 
problem, alterations such a s  source sequencing, 
addition of equal izat ion o r  buffer  t anks ,  and  
expansion of the treatment facility, should all be 
considered. 

If contaminant levels in the waste streams are high 
enough, a plant can be hydraulicaIly underloaded 
and still be receiving mass loadings in excess of 
design capacity. High mass loading could result in 
pass-through of cer ta in  toxic contaminants ,  or 
reduction of treatment efficiency through shock 
loading and upsets of plant operations. All of these 
possibilities could lead to effluent toxicity and can be 
prevented through appropriate system modifications. 

Adjustments and substitutions in the chemical usage 
in the various treatment processes can also result in a 
desirable improvement in the effluent water quality. 
Again, there may be sufficient difference between 
design and operating conditions that adjustments are 
needed to optimize plant performance. It may also be 
possible, through substitution, to remove certain 
chemical species which are not removed by existing 
operations, and which may be adding to the toxicity 
of the final effluent. Chemicals which should be 
considered include:  cooling tower  s l imicides ,  
ammonia nutr ients ,  l ime, some polymers,  and  
oxidizing agents. 

Bio-enhancement is another  means  to improve 
toxicity reduction through a fac i l i ty .  Not a l l  
organisms a r e  equal ly  effective a t  degrading  
particular pollutants. If a stable community can be 
established which is capable of reducing certain toxic 
contaminants, additional toxicity reduction may 
result. This may require seeding the system, possibly 
with genetically engineered organisms , with a n  
attendant period of growth and acclimation prior to 
operation. The effectiveness and cost of establishing a 
new biological population should  be careful ly  
invest igated in  bench or  pi lot-scale  pr ior  to  
implementation. 

Batching and sequencing of flows may be desirable in 
order to even out peaks and valleys in the plant 
loading profiles. This can result in a more consistent 
level of treatment through the plant, and hence a 
better quali ty effluent.  Th i s  may requi re  the  
construction of additional influent holding capacity 
(ponds or tanks). 
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I j l u e n t  pretreatment may be required to  remove 
unwanted toxic constituents. This will involve the 
constructing of additional facilities upstream of the 
conventional treatment process. An example of where 
this may be necessary is at a facility subject to high 
metals in the emuent. It may be necessary to remove 
these metals prior to conventional treatment. 

E f f luen t  po l i sh ing  m a y  b e  a n  a p p r o p r i a t e  
alternative. I t  is often t imes possible to reduce 
toxicants in the effluent by removing them a t  the end 
of the pipe. Such may .be the  case with non-polar 
organics which may be effectively removed through 
activated carbon or resin adsorption. 

Table 8.1. Effluent Levels Achievable in Heavy Metal 
Removals* 

Achievable Effluent 
Concentration 

Metal (mg&) Technology 
Arsenic 0.06 Suifide precipitation with 

filtration 

0.06 Carbon absorption 

0.005 Ferric hydroxide 
coprecipitation 

Barium 0.6 Sulfate precipitation 

Cadmium 0.06 Hydroxide precipitation 
at pH 10 to 11 

Changing treatment processes, or adding additional 0.05 Coprecipitation with 
steps in the treatment process, may also be a viable 
reduction technology. Addition of powdered activated 0.008 Sulfide precipitation 
carbon to the biological treatment process can reduce 
organic toxins to acceDtable levels. If toxicitv is Copper 

ferric hydroxide 

Hydroxide precipitation 0.02-0.07 
shiwn to be a function'of suspended solids in-the 
emuent. then the addition of a final clarifier or filter 0.01-0.02 Sulfide precipitation 

may be required. Mercury 0.01-0.02 Sulfide precipitation 

Because the need for addi t ional  t rea tment  is a 
func t ion  of t h e  w a s t e s t r e a m  i n v o l v e d ,  t h e  
technologies discussed above must be screened for 
applicability to the si tuation a t  hand. Tables 8.1 
through 8.4 summarize treatment technologies for 
various wastestreams.  These a r e  not meant as 
comprehens ive  s u m m a r i e s  fo r  t h e  v a r i o u s  
technologies listed. Rather, they serve to illustrate 
the variety of technologies which are available for 
consideration. Further information may be obtained 
by consulting the selected references contained in the 
Bib l iography S e c t i o n  of  t h i s  me thodo logy  
(Campanella, e t  al. 1986, Carpenter, et al. 1984, 
Grosse 1986, Hsu 1986, Kiestra 1986, Noyes 1981, 
Petrasek 1981, Pitter 1976, Rawlings 1982, Roberts 
1984, Siber 1979, Tabak 1978, Weber 1983). In 
addition, two good sources of information published 
yearly are the literature review issue of the Journal 
of Water  Pol lut ion Cont ro l  F e d e r a t i o n ,  a n d  
Proceedings of the Industrial  Waste Conference 
sponsored by Purdue University. 

Evaluation of Alternative Reduction 
Methodologies 
Changes in  t rea tment  methodologies must  be 
carefully evaluated prior to implementation. Factors 
to consider include: 

0 cost; 

0 performance; 

0 complexity of solution; 

0.001-0.01 Alum coprecipitation 

0.0006-0.006 Ferric hydroxide 

0.001-0.005 Ion exchange 

coprecipitation 

Nickel 0.12 Hydroxide precipitation 

Selenium 0.0s Sulfide precipitation 

at  pH 10 

Zinc 0.1 Hydroxide precipitation 
atpH11 

*Adapted from: Lankford, et a1.1987. Iriginal reference Patterson 
1985. 

0 ease of implementation; 

0 expected life of modification; 

0 flexibility of the modification; and 

0 application to various wastestreams. 

In evaluating the various alternatives available, the 
relative importance that each of these considerations 
carries on the final selection must be established. 
This will be a site specific determination and must be 
made by the plant. 

Costs play an  important part in the selection of an 
appropriate alternative. High cost solutions will 
generally be regarded less favorably than lower cost, 
unless other factors outweigh them. When costs are  
evaluated, care must be taken to include all real costs 
associated with the alternative. These may include 
design and construction, maintenance and operation, 
and additional disposal costs associated with the 
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Table 8.2. Relative Biodegradability of Certain Organic 
Compounds* 

Compounds Generally 
Biodegradable Organic Resistant to Biological 

Compounds' Degradation I 
Acrylic acid 
Aliphatic acids 
Aliphatic alcohols (normal, iso, 
secondary) 
Aliphatic aldehydes 
Aliphatic esters 
Alkyl benzene sulfonates with 
exception of propylene-based 
benzaldehyde 
Aromatic amines 
Dichlorophenols 

Ethanolamines 
Glycols 
Ketones 
Methacrylic acid 
Methyl methacrylate 
Monochlorophenols 
Nitriles 
Phenols 
Primary aliphatic amines 
Styrene 

Ethers 
Ethylene chlorohydrin 
Isoprene 

Methyl vinyl ketone 
Morpholine 
Oil 

Polymeric compounds 
Polypropylene benzene 
sulfonates 
Selected hydrocarbons 

Aliphatics 
Aromatics 
Alkyl-aryl groups 

Tertiary aliphatic alcohols 
Tertiary aliphatic sulfonates 
Trichlorophenols 

Vinyl acetate 
a Some compounds can be degraded biologically only after 

extended periods of acclimation. 
Adapted from: Lankford, e t  al. 1987. 

Activated Carbon Trea tmen t  of Selected 
Compounds* 

Influent Effluent 

Table 8.3. 

Compound (pg/l) % Removal 
Carbon tetrachloride 20,450 560 97.3 
Hexachloroethane 104 0.2 99.8 
2-Chloronaphthalene 
Chloroform 
Hexachlorobutadiene 
Hexachloro- 
cyclopentadiene 
Naphthalene 
Tetrachloroethylene 
Toluene 
Aldrin 
Dieldrin 
C hlorodane 
Endrin 
He-ptachlor 

18 
1,430 

266 
1,127 

529 
34 

2,360 
84 
28 

217 
123 
40 

<3 > 83  
27 98.1 
0.1 99.9 
0.8 99.9 

< 3  > 99.4 
<0.1 >99.7 
<3 >99.9 

0.1 99.9 
0.2 99.3 

<0.1 > 99.9 
0.9 99.3 
0.8 98 

Heptachlor epoxide 11 <0.1 >99.1 

*Adapted from: Lankford, et  al. 1987. Original reference 
Patterson 1985. 

Table  8.4. Air Str ipping of Selected Compounds. 

Solubility Observed % 
(mgfl) Removal Compound 

Benzene 
Carbon tetrachloride 
(tetrachloromethane) 
Chlorobenzene 
1,l ,l-Trichloroethane 
Chloroform 
(trichloromethane) 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1 ,4-Dichlorobenzene 
l,a-Trans- 
dichloroethy lene 
1,2-Dichloropropane 
Ethylbenzene 
Methylene chloride 
(dichloromethane) 
Bromoform 
(tribromomethane) 
Dichlorobromomethane 
Chlorodibromo- 
methane 
Naphthalene 
Nitrobenzene 
Toluene 

1,780 
800 

448 
4,400 
7,840 

100 
123 
79 

6,300 

2,700 
152 

16.700 

3,190 

_ _  
-_ 

30 
1,900 

515 

90 
89 

97 
99 
99 

93 
95 

97 
8 4  

98 
99 + 
99 + 

92 

98 
97 

91 
28 
96 

Trichloroethylene 1.000 98 

*Adapted from: Lankford, e t  al. 1987. Original reference 
Patterson 1985. 

generation of any solid waste materials (sludges, etc.) 
not presently generated. 

Performance of the solution must also be examined. 
Performance is judged on a number of factors, 
including but not limited to: 

a measurable toxicity reduction; 

the effectiveness of the solution on the expected 
variety of flows to the plant; 

the ease with which the solution can be modified 
to handle future changes in the influent process 
wastestreams; and 

the ability of the modified process to produce an 
effluent of consistent quality (i.e., consistency in 
achieving final effluent toxicity limit). 

It is probable that more than one effective solution 
will be identified. Ranking of effective solutions by 
some pre-established selection criteria will aid in the 
selection of a "best" solution. 
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The complexity of the solution and the ease with 
which the  solut ion may be implemented  a r e  
important factors to consider. An easily implemented 
solution is often desirable over one which requires 
significant investment in  time and resources, not 
only because of resource savings, but also because the 
reception a t  the plant level may be better. Complex 
biological systems require more lengthy start-up and 
acclimation periods. The smoother the transition 
process is the more likely changes will succeed in 
bringing about the desired effects. 

All changes will carry with them attendant useful 
lives dependent upon the type of change made and 
design criteria. The useful life is associated with cost 
and must also be viewed in light of possible changes 
in plant  production processes  and  regula tory  
requirements. 

The flexibility of the reduction methodology and its 
applicability to a variety of wastestreams also bears 
examination. A solution may give good results over a 
short time frame, but may become obsolete through 
t h e  in t roduct ion  of new processes  a n d  new 
wastestrgams. Process changes, plant expansions, 
and the like should all be considered. Fluctuations in 
the present wastestream should also be examined, as 
these may effect the appropriateness of the evaluated 
technology. 

Selection of Reduction Methodology 
After potential reduction methodologies have been 
identified and evaluated, the selection process takes 
place. At this point, each methodology has  been 
examined, and  cer ta in  qual i t ies  defined (cost, 
performance, flexibility). Selection requires tha t  
these qua l i t i es  be ranked  according to some 
established criteria, such that a "best" methodology 
may be chosen from those identified as potential 
solutions. 

Each alternative is assigned a weighting with regard 
to the criteria and ranked. Selection of the "best" 
alternative may then proceed based upon the ranking 
achieved. 

Once the alternative is identified, confirmation 
begins a t  the lab, bench and/or pilot scales. This is 
essent ial ,  since in  most instances , signif icant  
investment in  time and resources is required for 
implementation. Solutions which look good on paper 
may not work in actual application due to unforeseen 
or unanticipated factors. It may be necessary to go 
through testing on several "best" solutions before one 
is identified which performs up to expectations. 

lmplementation of the Solution 
When the "best" solution has been selected and  
confirmed, the implementation process can begin. 
Implementation may consist of several  phases,  
dependent upon the mechanism selected. If a new 
treatment facility is built, then this process may 
include design, construction, and s ta r t  up. If the 
change is procedural, then these s tages  may be 
concept, planning, and implementation. Whatever 
the method selected, the final objective is the same -- 
reduce toxicity in the final effluent to acceptable 
levels. 

Follow-Up and Confirmation 
After implementation, follow up and confirmation 
are  essential. A solution which does not function as  
planned is no solution; likewise, specific procedural 
changes  mus t  be careful ly  implemented  a n d  
maintained if they are to continue providing the level 
of effectiveness anticipated. More is said on the follow 
up tier in the following chapter. 
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Section 9 
Follow-Up and Confirmation 

The final phase of the TRE process, which occurs 
after the control method has  been selected and 
implemented, is to confirm that final effluent toxicity 
has been reduced to acceptable levels. This can be 
accomplished by implementing a n  appropr ia te  
monitoring program to measure f inal  eff luent  
toxicity. The follow-up biomonitoring would also 
most likely be part of a required permit monitoring 
program, specified i n  a n  NPDES pe rmi t  and  
associated with a specific l imit .  In general ,  the  
acceptable endpoint of the evaluation would be the 
targetJhat the TRE was designed to meet which also 
would be the permit compliance limits for toxicity. 
These limits and endpoints could be for either acute 
or chronic toxicity. 

Usually, the applicable conditions for follow-up 
monitoring will be spelled out by the NPDES permit, 
administrative order, etc. Chemical analyses for the 
causative agents of effluent toxicity might also be 
required in the follow-up monitoring program. 

Several of the case studies found in Appendix A have 
progressed to the point of implementing follow-up 
and confirmation activities. In Appendix A-1, follow- 
up testing indicated that acute toxicity had been 
either eliminated or greatly reduced. Follow-up 
monitoring in Appendix A-7 was used to confirm that 
non-biodegradable organic mat te r  was still the  
source of final effluent toxicity. 

Normally, the same biomonitoring test and toxicity 
endpoint (LCso or NOEL) which initially indicated 
the ef'fluent toxicity and triggered the TRE will be 
used to confirm the successful reduction of emuent 
toxicity. The test conditions and procedures, as  well 
as the number and t iming of samples ,  will be 
specified by the regulatory authority. Typically, a 
period of accelerated monitoring to confirm the 
toxicity reduction will be required prior to resuming 
regular permit biomonitoring. 
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Appendix A 
TRE Case Summaries 

Introduction 

Appendix A presents case studies which provide examples of TREs conducted a t  10 
dXerent industrial facilities whose final effluents had been found to be toxic to aquatic 
organisms. The 10 examples given represent a variety of industrial processes and 
illustrate a variety of approaches to TREs using the guidelines described in this 
protocol. Each case study is organized to present information in five categories: 

1. Initial Data and Information Acquisition 

a 2. Toxicity Identification Evaluation (TIE) 

3. Toxicity Reduction Approaches 

4. Follow-up and Confirmation 

5. Problems Encountered. 

As demonstrated by these case studies, there is considerable latitude within each 
of the categories listed above with respect to an approach of the TRE. This illustrates 
that the design of any TRE is unique and should be approached with deductive 
reasoning aimed a t  the particular situation (however, some general principles will 
apply in every case). Case studies A-5 and A-9 are more representative of the approach 
to conducting a TIE that is described in this protocol than are the other less recent case 
studies. 
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Section A-1 
Case History: A Multipurpose Specialty Chemical Plant (MSCP) in Virginia 

Introduction 

The Chemicals and Chemical Products Branch 
(CCPB) of t h e  Water  E n g i n e e r i n g  Resea rch  
Laboratory (WERL) of the U.S. EPA, working with 
the Battelle Columbus Division (BCD), has  been 
developing, testing, and  refining a protocol for 
conducting TREs to provide guidance for permit  
writers and permittees. Developing the  protocol 
involves several case studies by Battelle whereby 
TREs are conducted a t  specific industrial sites. The 
results of these case studies and  others  will be 
documented and will be used to develop the final 
protocol. 

US. EPA-WERL selected a multipurpose specialty 
chemical plant in Virginia as the first site (Site No.1) 
for conducting a TRE base on the recommendations of 
the Virginia State  Water Quality Control Board. 
Historical toxicity data collected in January 1985 by 
US .  EPA indicated that the final effluent a t  Site No. 
1 was highly toxic to D. magna (24-hr. LC50 C 1 
percent effluent) and moderately toxic to fathead 
minnows (24-hr. LC50 = 21 percent effluent). (US. 
EPA unpublished data). The on-site activities of the 
TRE a t  Site No. 1 started in May 1985 and were 
completed in June 1986. 

Initial Data and Information Acquisition 
In May, 1985, an initial visit to Site No. 1 was 
conducted to interview plant personnel, tour the 
facility, identify and establish sampling locations, 
and also visually inspect the wastewater treatment 
system and the various waste s t reams and  uni t  
operations. of the system and  plant.  Operations 
reports, such as NPDES monitoring reports and a list 
of chemicals utilized by the MSCP, were obtained. 

During this initial work, a plant flow diagram was 
developed ofthe unit operations and waste treatment 
system at the MSCP Plant (Figure Al-1). Amines 
from Unit No. 1 [Ala = 29,000 gallons per day 
(GPDII and Unit  No. 4 (Alb  = 5,000 GPD) a re  
discharged into an aerated biological treatment tank 
(evaporation = 4,000 GPD; 20 to 30 day retention) 
and then into the main treatment sump (A1 = 9,000 
GPD). Effluents from the Cooling towers (A3 = 

43,000 GPD),  boiler (A4 = 173,000 GPD) and  
metabisulfite uni t  (A5 = 87,000 GPD) a r e  also 
discharged into the main treatment sump (Influent A 
= 341,000 GPD). The main treatment sump serves 
mainly as a pH adjustment unit. Amine effluents are 
basic (pH 11 to 12) whereas the metabisulfite effluent 
is acidic (pH 5 ) .  Liming is done in the main treatment 
sump (1 hour) and the contact time extended to 8 
hours in  the  aera t ion  tank .  The aerat ion tank  
(evaporation = 3,000 GPD) also receives effluent 
from the collection sump (Influent B = 180,000 
GPD). The collection sump receives the effluent from 
the specialty chemicals (B1 = 144,000 GPD), and 
from the aerosol pesticides (B2a), research (B2b) and 
laboratory (B2c) unit operations (B2 = 36,000 GPD). 

Effluent from the aerat ion tank  (518,000 GPD) 
discharges to the first settling pond (total volume of 
800,000) where  t h e  mean  r e s idence  t i m e  i s  
approximately 40 hours. Once or twice a year bottom 
sediment (principally Cas04 sludge) from this pond 
is removed and placed in a small drying pond prior to 
disposal at a landfill. Emuent from the first settling 
pond was then discharged into the second settling 
pond (total volume of 1.3 million gallons) where the 
mean residence time is 60 hours, then finally to a 
polishing pond (total volume of 2.4 million gallons) 
where the mean residence time is approximately 110 
hours before being discharged to the receiving water. 
North pond also discharges into the aeration tank 
and first sett l ing pond. This was a n  older waste 
holding pond and has an  intermittent discharge. 

Because of the proprietary nature of much of the 
chemical production a t  Si te  No. 1, very l i t t l e  
information on production processes was obtained. 

Toxicologists also reviewed a list provided by the 
Bureau of Toxic Substances Information of the State 
of Vi rg in ia ,  which i temized  a l l  commerc ia l  
compounds utilized a t  Site No. 1. Historical toxicity 
data collected in January 1985 by US. EPA indicated 
that the final effluent a t  MSCP was highly toxic to D. 
magna (24-hr.  LC50 < 1 percent effluent) and 
moderately toxic to fathead minnows (24-hr. LC5o = 
21 percent effluent).  Because the final effluent 
exhibited high acute toxicity to Daphnia but only 
moderate acu te  toxicity to fa thead  minnows, 
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Figure Al-1. Multi-purpose specialty chemical waste flow diagram. 

chemicals whose toxicity was arthropod-specific were 
of particular interest. The review of this list revealed 
several  compounds a n d  associated syne rg i s t s  
packaged at Site No. 1, including, but certainly not 
limited to, the insect fumigants pyrethrin, allethrin, 
and  dichlorvos, and  the  insecticide syne rg i s t ,  
piperonyl butoxide (PBO). 

Toxicity ldentification Evaluation (TIE) 

Effluent Toxicity 
To confirm that  the final effluent at  S i te  No. 1 
consistently exhibited acute toxicity (all toxicity 
units, TUs, in this Case History are acute TUs which 
are  values calculated by dividing 100 by the toxicity 
test frC50 value) and to determine which biological 
test species was most sensitive, a series of acute 
toxicity tests was conducted in May and August 1985 
using D. magna, fathead minnows and  MicrotoxR. 
The results of these toxicity tests indicated that the 
final effluent samples collected in May and August 
1985 were highly toxic to D. magna (LC50 = 0.09 

E2 

7 

Aerosol 
Pesticides 

U Miniplant 

percent effluent) but not acutely toxic to fathead 
minnows (LC50 > 100% effluent) or Microtox (EC50 
> 100 percent effluent). These results were similar to 
the January 1985 U.S. EPA data for D. magna (24-hr 
LC50 C 1 percent effluent). 

Characterization and Fractionation - Causative 
Agent ldentification 

After identifying D. magna as  the test organism, the 
next step in the TIE was to systematically isolate and 
identify the causative agent(s) in the final effluent. A 
fractionation of the August 1985 final effluent using 
the Walsh and Garnas (1983) method, into inorganic 
and organic fractions was performed and each 
fraction was evaluated for acute toxicity. Although 
the inorganic fraction exhibited some acute toxicity 
in the initial screening test (100 percent mortality in 
25 percent effluent), two subsequent tests on the 
same sample with the inorganic fraction showed no 
acute toxicity a t  the concentrations tested (100 
percent survival in 50 percent effluent; therefore, the 
LC50 for the inorganic fraction was > 50 percent or 
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<2 TUs after storage of one day).  The toxicity 
originally observed in  the inorganic fraction was not 
persistent. 

The organic fraction of the August 1985 final effluent 
sample, however, was highly toxic (LC50 = 0.14 
percent effluent or 714 TUs). Therefore, the organic 
fraction was further separated into acid, baseheutral 
and residual subfractions and each subfraction was 
evaluated for acute  toxicity. All th ree  organic 
subfractions exhibited acute toxicity, but the acid 
subfraction (LC50 = 1.64 percent or 61 TUs) and the 
badneut ra l  subfraction (LC50 = 0.41 percent or 244 
TUs) were significantly more toxic than levels of the 
so lvent ,  m e t h y l e n e  c h l o r i d e ,  a d d e d  d u r i n g  
fractionation (LC50 > 10 percent or < 10 TUs). Thus, 
the acid and baseheutral subfractions were analyzed 
by GC/MS in an attempt to identify potentially toxic 
chemical constituents. 

When the acute toxicity of the final effluent was 
evaluated in terms of Toxicity Units (TUs), the final 
emuent sample initially contained 1,111 TUs. The 
inorgaxiic fraction contained < 2 TUs while the  
organic fraction contained 714 TUs. There was a n  
apparent loss of some toxicity in the fractionation 
(1,111 TUs in the effluent versus 716 TUs in the 
combined fractions),  bu t  it  appeared  t h a t  t h e  
principal source of toxicity in this sample was organic 
in nature and may have resided in the baseheutral 
subfraction (244 TUs in the baseheutral subfraction 
versus 61 TUs in the acid subfraction and < 10 TUs 
in the residual subfraction). 

The GCIMS analysis of the baseheutral  subfraction 
showed dichlorvos present in the final emuent at a 
concentration of 10 pg/L. High levels of two amines 
produced a t  Site No. 1, a n  alkyl  diamine and  
dicyclohexylamine, also were found along with other 
organic components i n  th i s  sample.  Screening  
toxicity tests with the two amines found in high 
concentrations indicated tha t  neither the diamine 
(LCm = 6 mg/L) nor the dicyclohexylamine (LCso = 
16 6) alone or together could have caused the 
acute toxicity observed in the August 1985 effluent 
sample. However,  h i s tor ica l  toxicity d a t a  on 
dichlorvos showed t h a t  it was acutely toxic to 
invertebtates with a n  LC50 of 0.07 pg/L for Daphnia 
pulex, an invertebrate closely related to D. magna, 
the test organism used in this TRE. 

Source Investigation 

Site NO. 1. had a n  aerosol pesticide packaging 
operation 1n w h l ~ h  empty containers  (formerly 
containing pestlfldes including dichlorvos) were 
washed and the flnSe water was discharged into the 
Sewer and subsequent ly  in to  t h e  was tewater  
treatment system through the collection sump, In 
mid-November 1985, t h e  pest ic ide-packaging 
operation a t  Site No. 1 (the presumed source of the 

dichlorvos) was permanently closed down and moved 
off-site. Therefore, if dichlorvos (or some other 
component  of t h e  packag ing  o p e r a t i o n )  was  
responsible for the toxicity of the final effluent, then 
the  acute  toxicity of the effluent should have 
decreased in samples collected after the closure of the 
packaging operation. 

Following the closure of the packaging operation, the 
final effluent was screened three t imes for acute 
toxicity, once i n  November 1985 and  twice in  
January 1986. The LC50 values resulting from these 
tests were 0.6,81, and 79 percent effluent with TUs of 
167, 1, and 1, respectively. Compared with the 
August 1985 effluent sample which contained 1,111 
TUs, the three effluent samples collected after the 
closure of t he  packaging operation were much 
reduced in acute toxicity to D .  magna indicating that 
dichlorvos from the packaging operation may have 
been principally responsible for the toxicity observed 
previously. 

Confirmation of Source or Agent 
To confirm that the acute toxicity originally observed 
in the Site No. 1 final effluent was no longer present, 
a second effluent fractionation was performed on a 
final effluent sample collected on February 24/25, 
1986 High bisulfite concentrations were present in 
the effluent sample due to poor operation of the waste 
treatment system (286 to 290 mg/L SO$-) and the 
sample had to be aerated to oxidize the bisulfite and 
the pH had to be readjusted to 7 before toxicity 
testing. After aeration and pH adjustment, the LC50 
was c 3 percent effluent (>33 TUs), which was a 
greater than six-fold increase in toxicity compared 
with the toxicity of the unaerated effluent (LC50 = 18 
percent effluent or 6 TUs) (Table Al-l).Some of the 
acute toxicity observed in the unaerated effluent 
sample may have been due to the low dissolved 
oxygen caused by the high concentrations of bisulfite 
present in the effluent sample. 

The fractionation and subsequent toxicity testing of 
the February 1986 effluent sample revealed that the 
organic fraction was no longer toxic with an  LC50 > 
100 percent (95 to 100 percent survival in 100 percent 
effluent fraction; effluent fractionated twice). The 
inorganic fraction, however, exhibited the same toxic 
behavior as the final effluent with the  LC50 < 3 
percent for the aerated inorganic fraction an LC50 of 
42 percent (2 TUs) for the unaerated fraction. Some of 
the acute toxicity of the unaerated inorganic fraction 
may have been caused by the low dissolved oxygen in 
t h e  t e s t  so lu t ions  due  to t h e  h i g h  b i su l f i t e  
concentrations in the effluent sample (resulting from 
inefficient destruction of the bisulfite in the waste 
treatment process). This behavior indicated that the 
aeration and/or pH adjustment treatments added 
toxicity to the  sample by a l te r ing  the  effluent 
components in some as  yet unknown manner. In two 
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Table Al -1 .  Summary of Toxicity Data on Final Effluent Samples Collected at Site No. 1 from May 1985 to June 1986 

Test Species Date Test Type LCs0 ("/o Effluent) Sample Aeration 

Fathead minnows May 1985 24-hr screen > 50 N o  

Fathead minnows August 1985 48-hr. definitive > 100 No 

Microtox August 1985 20 min definitive >loo^ No 

0. magna May 1985 24-hr. Screen 0. <6.25 No 

D. magna August 1985 48-hr. definitive 0 09 No 

0. magna November 1985 48-hr. definitive 0.6 No 

0. magna January 1986 48-hr. definitive 81 No 

0. magna January 1986 48-hr. definitive 18 (79)t No (Yes) 

0. magna February 1986 48-hr. definitive 18 (<3)t No (Yes) 

D. magna June 1986 48-hr. definitive >loo No 

* EC50 
tNumber outside of parentheses represents the LC5" of the effluent sample before aeration; number within parentheses represents the 

LCs0 of the same effluent sample after aeration toremove bisulfite. 

subseqllent toxicity tests with the inorganic fraction, 
the acute toxicity decreased (LC50 values of 14 and > 
50 percent), indicating that toxicity in the inorganic 
fraction was not persistent. 

Although the organic fraction was nontoxic, it w a s  
further separated in to  acid,  baseineutral ,  a n d  
residual subfractions and each subfraction evaluated 
for acute toxicity to confirm that organic components 
were no longer responsible for the toxicity observed 
in the Site No. 1 final effluent and to compare GUMS 
profiles of the baseheutral subfraction with those of 
the toxic August 1985 sample. All three organic 
subfractions were nontoxic (< 2 TUs) with LC5o 
values of > 100, > 100, and 80 percent for the acid, 
baselneutral, and residual subfractions, respectively 
confirming the elimination of toxicity in the organic 
fraction. G U M S  ana lys i s  of t h e  base /neu t r a l  
subfraction showed a much "cleaner" sample (i.e. 
most of the major peaks present in the August 1985 
RIC were ei ther  absent  or great ly  reduced i n  
concentration in the February 1986 GUMS scan) 
with the absence of dichlorvos and the two amines 
previously observed in high quantities in the GUMS 
analysis of the August baselneutral subfraction. 

The unaerated whole effluent sample collected in 
February 1986 contained 6 TUs with 2 TUs in the 
inorganic fraction and < 1 T U s  in the organic 
fraction, compared with 1,111 TUs contained in the 
August 1985 final effluent sample,  a 185-fold 
reduction in toxicity. The acute toxicity observed in 
the -February 1986 sample w a s  isolated in  the 
inorganic fraction whereas the toxicity in the August 
1985 sample was isolated in the organic fraction. 
Toxic organic component(s) were no longer present in 
the final effluent, but inorganic components were 
now responsible for the remaining toxicity. A part of 
tne acute toxicity of the final effluent and the 

inorganic fractions was apparently caused by the 
high bisulfite concentration which reduced the 
dissolved oxygen in the test chambers and stressed 
the test organisms. 

To determine the relative toxicity of D. magna, the 
February 1986 final effluent sample (in which no 
dichlorvos was detected by GC/bIS) was subsequently 
spiked with dichlorvos and evaluated for acute 
toxicity. The theoretical LC50 for dichlorvos in the 
spiked effluent sample was 0.2 pg/L compared with 
the calculated dichlorvos LC50 for the August 1985 
effluent sample of 0.1 pg/L. Thus, dichlorvos could 
have been responsible for about one-half of the acute 
toxicity observed in the August 1985 final effluent 
sample when the pesticide-packaging facility was  
still operating. These test results provide strong 
circumstantial evidence that the pesticide-packaging 
operation (dichlorvos, in particular) was, in large 
part, responsible for the acute toxicity originally 
observed in the final effluent a t  Site No. 1. This is not 
to say that dichlorvos alone was responsible for the 
toxicity of the effluent since other changes in the 
plant  operation such as a reduction in  a m i n e  
production were occurring concurrently with the 
closure of the packaging operation. 

Toxicity Reduction Approaches 
The pesticide-packaging operation a t  Site No. 1 ,  the 
source of the dichlorvos, w a s  permanently closed 
down and moved off-site, and this in effect provided 
the method of toxicity control and reduction. Had the 
packaging operation remained, the following toxicity 
reduction approaches a t  the source would have been 
examined. 
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Treatability Evaluations 

Carbon andlor resin adsorption of effluent B2a 
(Figure Al-  1). 

Hydrolytic destruction of the pesticide(s) in 
effluent B2a. 

Biological removal of the causative toxicant(s) in 
effluent B2a. This perhaps could have been 
accomplished by routing effluent B2a through 
the 20 to 30 day aerated biological treatment 
tank (Al). 

Other Methods Examined 
- Inplant controls. Limit the volume of discharge of 

B2a using recycle procedures. 

- Process modifications. Alter rinsing solution and 
method of cleaning so that a more effective rinse 
would result, one with less volume of effluent and 
with better destruction of residual pesticideh). 

Basis for Selection of Method 
Not applicable to this case history. 

Follow-Up and Confirmation 

Effectiveness of Solution 
The final sample from Site No. 1 was collected on 
June 2/3, 1986, fractionated into an  inorganic and 
organic fraction, and the final effluent and each 
fraction were evaluated for acute  toxicity to D. 
magnu. The test results showed that neither the final 
emuent nor the two effluent fraction were acutely 
toxic (< 2 TUs) to D. magna with LC50 values > 100 
percent for all three tests. The two most comparable 
data sets were from August 1985 and June  1986 
when the wastewater treatment plant was properly 
operating. These results showed that acute toxicity 
present in the organic fraction of the August 1985 
sample had been eliminated resulting in a nontoxic 
final emuent a t  Site No. 1 in June 1986. 

The TRE performed a t  Site No. 1 succeeded in its 
primary objective in isolating and  identifying a 
causative toxic agent and then determining if the 
toxicity of the final effluent was eliminated after the 
identified toxic agent was removed. The original 
fractionation of the August 1985 final effluent with 
subsequent toxicity testing and GCMS analysis of 
the toxic Subfractlons showed that  dichlorvos, an  
invertebrate-specific pesticide, may have been 
responsible for much of the observed toxicity.  
Independent of this work, the management a t  Site 
No. 1 perWnentlY.closed down the aerosol pesticide- 
packaging and moved i t  off-site. After 
closure, the toxicity of the final effluent was then 

monitored in the absence of any inputs from the 
packaging operation. The biomonitoring resul ts  
showed tha t  in the five final effluent samples  
collected after the closure of the packaging plant, the 
acute toxicity in the TUs was 167, 1, 1, 6 and 1 
compared with the  1,111 TUs contained in  the  
August 1985 effluent sample. 

Final Comments, Recommendations, and 
Conclusions 

I 

A TRE was found to be a useful process to isolate, 
identify, characterize, and reduce or control toxic 
components in this particular industrial effluent. The 
fractionation procedure as designed by Walsh and 
Garnas (1983) and modified during this study for Site 
No. 1, was useful in the isolation and identification of 
the principal toxic component (dichlorvos) i n  a 
specific organic fraction ( i .e . ,  the  b a s e h e u t r a l  
subfraction). Although variability in toxicity of the 
final effluent a t  Site No. 1 occurred during the study 
period, caused, in part, by an improperly operating 
wastewater treatment plant, the variability resulted 
in  d i f fe ren t  eff luent  components  t h a n  those  
originally identified as being the cause of the  
toxicity. In situations where such variability exists, 
it would be useful to perform additional toxicity tests 
when the wastewater treatment plant is operating 
properly to confirm the results and success of the 
TRE. 

Problems Encountered 
The wastewater t rea tment  plant  w a s  operat ing 
properly during the August 1985 and June  1986 
sampling period, in contrast to the two sampling trips 
in January and February 1986 where high bisulfite 
concentrations were present in the effluent samples. 
The high bisulfite concentration resulted in  low 
dissolved oxygen in the test solutions which stressed 
the test organisms and confounded the interpretation 
of the test results. The inorganic toxicity observed in  
February 1986 was not persistent and may have been 
related to the high bisulfite concentrations present in 
the effluent because of the improperly operating 
wastewater treatment plant. 
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Section A-2 
Case History: Tosco Corporation's Avon Refinery, Martinez, California 

Initial Data and Information Acquisition 

At the beginning of the study, facility-specific 
information was obtained regarding the type of 
facility, regulatory target limits, the design of the 
existing wastewater treatment system, and existing 
chemical and toxicological monitoring data for final 
and internal effluent streams. As an introduction to 
this case study, the following information is provided. 

The Tosco Corporation's Avon Refinery produces 
refined petroleum products, primarily gasoline and 
diesel fuel, from domestic crude oils. During the time 
EA Engineering, Science, and Technology, Inc. 
conducted this  TRE, the Avon refinery had a n  
average crude throughput of 103,100 barrels per day 
and generated an average of 3.1 million gallons per 
day (mgd) of process wastes, cooling tower blowdown, 
sanitary wastes, stormwater runoff, and other wastes 
from a sulfuric acid plant which is also operated on 
the site. These wastewaters were treated by the 
refinery's wastewater treatment system and then 
discharged into Suisun Bay through a deep-water 
diffuser which provides a t  least  1 O : l  nearfield 
dilution. 

When the project was begun, the regulatory target for 
the TRE was an end-of-pipe 96-hour LC50 value of 
250 percent effluent for the three-spine stickleback. 
In August 1986, this limit became more stringent 
(96-hour LC50 2 100 percent effluent). 

The refinery's wastewater collection network is 
served by four sewer systems: the oily sewers, the 
chemical sewers, the sanitary sewers, and the clean 
sewers. The oily sewer system conveys oily process 
waters from all process areas of the refinery to the 
API SeparatqrlDissolved Air Flotation (DAF) Unit. 
The DAF Unit discharges to the primary canal. The 
chemical ~ W e r  system carries foul water stripper 
bottoms to near the head of the primary canal where 
it is joined with the sanitary sewer system and the 
acidic effluent from the  chemical p l a n t .  Th i s  
combined stream commingled with the effluent 
from the DAF In the Primary canal. The effluent from 
the ammonia reFoverY unit also enters the head of the 
primary canal In  the Same vicinity via a dedicated, 

above-ground pipeline. These combined s t reams 
cons t i t u t e  t he  feed wa te r  fo r  t h e  r e f ine ry ' s  
wastewater treatment plant. 

The wastewater treatment system and its major 
influent process streams are diagrammed in Figure 
A2-1. After the two aeration ponds, wastewater is 
pumped to the 12 RBCs which are situated in four 
parallel trains of three units in ser ies .  Flow is 
normally spli t  equally among a l l  four t r a i n s .  
Chemical feed facilities exist for feeding powdered 
activated carbon (PAC) for adsorption of toxicants. 
Ferric chloride (FeC13) and polymer are injected as 
flocculent aids to enhance settling in the downstream 
clarifiers . 

Flow from the RBCs is split and sent to two 75-ft- 
d i a m e t e r  c l a r i f i e r s  for  s o l i d s  r e m o v a l  by 
sed imen ta t ion .  C la r i f i ed  w a t e r  is  s e n t  to a 
multimedia filter for final removal of colloidal and 
particulate matter prior to discharge to the clean 
canal. In the clean canal, the treated water joins the 
effluent from the clean sewer system for discharge 
via a deep-water diffuser. 

Toxicity Identification Evaluation (TIE) 
The TIE for this program consisted of four elements: 

- Selection of a cost effective toxicity monitoring 
tool, and routine screening of the final effluent, 

- Chemical fractionation studies to identify classes 
of toxic constituents in the final effluent, 

- Specific chemical analyses to identify specific 
toxic elements and/or compounds in the final 
effluent, and 

- A source investigation s tudy to identify the 
ultimate source(s) of toxicity within the facility. 

Each of these TIE components is discussed below 

Selection of a Monitoring Tool 

As a first step, three commonly measured chemical 
parameters ( i . e . ,  C O D ,  BOD,  and  TOC) were 
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Figure A2-1. Conceptual diagram of Tosco's wastewater treatment system with designation of sites sampled during various 
elements of this study. In this figure, the four process streams which enter the primary canal are the effluent 
from the foul water strippers (FWS), Ammonia Recovery Unit (ARU), the Dissolved air flotation Unit (DAF), and 
the Acid Plant Effluent (APE). 

evaluated as cost-effective surrogates for the fish 
bioassay using a n  existing facility-specific database. 
However, correlation coefficients were low, ranging 
from -0.04 to -0.27, which eliminated consideration of 
these parameters as viable surrogate indicators of 
fish toxicity. 

Next, the use of a short-term biological monitoring 
system (i.e., Microtox) was evaluated. Although this 
t e s t  s y s t e m  y ie lds  q u a n t i t a t i v e  r e s u l t s  i n  
approximately one hour, and has  been shown to 
respond in a sensitive manner to refinery effluents, i t  
was deemed necessary to clearly demonstrate t ha t  
the Microtox system would yield results which were 
similar to the three-spine stickleback test .  Th i s  
correlation, obtained by performing side-by-side 
Microtox and stickleback bioassays on a number of 
waste stream samples, indicated that the Microtox 
bioassay test serves as an adequate screening tool for 

determining the relative toxicities of process and 
treatment waste streams from this facility. Although 
the Microtox test endpoint (20-minute EC50) was not 
an exact predictor of the fish bioassay endpoint (96- 
hour LC50), i t  was felt that Microtox was adequate for 
cost-effectively screening effluent toxicity for the 
following reasons: 

In all cases tested, if toxicity was identified by the 
fish bioassay, the Microtox also identified 
toxicity. 

Microtox always indicated at  least  as much 
toxicity as the fish bioassay, and often more-- 
eliminating the possibility of a false negative 
result. 

0 

Based on t h e  r e su l t s  of t h e  a f o r e m e n t i o n e d  
evaluation, Microtox was selected for characterizing 
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the magnitude and variabil i ty of final effluent 
toxicity. This was accomplished by analyzing 24-hour 
composite final emuent samples 34 times over a 4- 
month period (April-August 1985). A statist ical  
evaluation of the results indicated a mean toxicity (as 
a 20-minute Microtox EC50) of 29.0 percent effluent 
with an associated standard deviation of 11.7 percent. 
During the monitoring period, the maximum and 
minimum EC5o values were 100 percent and 1.1 
percent effluent, respectively. These Microtox 20- 
minute EC50 results can be expressed in terms of 
three-spine stickleback 96"hour LC50 results by 
using a n  adjustment factor t ha t  is based on the 
correlation study discussed above. Based on this 
relationship, t h e  Avon Refinery effluent was 
estimated to have a mean 96-hour stickleback LCso of 
59 percent effluent with a standard deviation of 30 
percent effluent. This extrapolated toxicity value was 
sufficient to pass the old effluent toxicity limit (LC5o 
= 50 percent), but w a s  considerably below the 
revised limit (LC50 = 100 percent) which became 
applicable in August 1986. 

Chemical Fractionation 
In order to provide more information about the final 
effluent, a fractionation procedure (Walsh and 
Garnas 1983) was  implemented in a n  attempt to 
identify the number and types of chemical classes 
responsible for final effluent toxicity.  In th i s  
procedure the effluent was separated into organic and 
inorganic fractions and each tested for toxicity. If the 
organic f ract ion proved toxic, i t  w a s  f u r t h e r  
separated into neutral, base, and acid fractions and 
each of these was tested for toxicity. If the inorganic 
fraction proved toxic, it was separated into cationic 
and anionic fractions and each of these tested for 
toxicity. 

The specifics of the fractionation procedure a r e  as 
follows. On a weekly basis, from 3 June to 12 August 
1985, composite samples of final effluent were 
collected. Each whole effluent sample was analyzed 
for toxicity via Microtox and then 50 ml was passed 
through a 10-ml column packed with 5 ml of XAD-4 
polystyrene resin. The water  e l u t r i a t e ,  which 
contained the inorganic chemicals in the wastewater 
sample, was then analyzed for toxicity via Microtox. 
The XAD-4 column was then eluted with 10 ml of 
acetone. The acetone elutriate, which contained the 
organlc chemicals in the wastewater sample, was 
evaporated to less than 0.5 ml on a hot water bath, 
resuspfndedin 50 ml of distilled water, and analyzed 
for toxlclty via Microtox. 

If the inorganic fraction exhibited toxicity, it was 
further separated using anionic (l-xg) and cationic 
(5Ow-XB) exchange resins. The resulting subfractions 
were assayed for toxicity via Microtox, indicating 
whether anions and/or cations were responsible for 
inorganic toxicity. If  the organic fraction exhibited 

toxicity, i t  was sequentially extracted with a mixture 
of methylene chloride and water under basic and 
acidic conditions. The resulting subfractions were 
assayed for toxicity via Microtox, indicating whether 
neutral ,  basic, and/or acidic compounds were 
responsible for organic toxicity. 

The results of this fractionation effort indicated that 
final effluent toxicity was  almost always (11 out of 12 
times) a t t r ibutable  to organic consti tuents.  In 
addition, the most toxicologically active organics 
appeared to be the neutral and, to a lesser extent, the 
acidic classes. During this June-August sampling 
period, the refinery and the wastewater treatment 
system were operating normally and the toxicity 
observed was expected to be typical. 

Single Chemical Analyses 
Two approaches were used in an attempt to identify 
specific chemicals which might be responsible for 
final effluent toxicity. The first was a comparison of 
GUMS results with maximum no-observable effect 
levels ( N O E L S )  reported in the  toxicological 
literature. The second was a computerized file of 
routine effluent monitoring data collected over the 
years by refinery personnel. These d a t a  were 
analyzed for significant positive correlations between 
toxicity and any of the commonly measured chemical 
parameters. 

GCIMS Data 
As described above, the fract ionat ion process 
indicated that final effluent toxicity was routinely 
associated with the organic fraction. Therefore, on 
three occasions final effluent samples were analyzed 
for volatile and semivolatile organic compounds 
using US. EPA Methods 624 and 625. These analyses 
were designed to identify all priority pollutants as 
well as  any major non-priority pollutant organic 
compounds which were detected a n d  could be 
identified with the data system used for quantitation. 

Through the three analyses, a number of organic 
compounds were identified in the final effluent 
(E0011 samples. There was considerable variability 
between samples with regard to which compounds 
were identified and their concentrations. No organic 
compounds were identified in the March sample; 10 
organic compounds were quantified in the April 
sample (ranging in concentration from 2 pg/L for 
t o luene  to 120  pg/L f o r  2 , 3 , 4 - t r i m e t h y l - 3 -  
cycben ten -  1 -one); and six organic compounds were 
quantified in the December sample (ranging from 9 
M I L  dibenzofuran to 130 pg/L for 2-cyclopenten-l- 
one, 3 methyl). 

A comparison of these concentrations with values 
reported in the toxicological l i terature failed to 
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identify any of the detected const i tuents  a s  t he  
probable cause of final effluent toxicity. For several of 
these compounds (e.g., most of the ketones), virtually 
no data  could be found concerning their  aquat ic  
toxicities. For those compounds for which significant 
toxicological data do exist (e.g., isophorone, acetone, 
toluene) the measured concentrations were well 
below known effect concentrations. 

Routine Monitoring Data 
Tosco maintains a computerized database of t he  
resul ts  of analyses  performed on process  and  
wastewater streams. Included in this database are 
chemical, physical, and toxicological properties of the 
final effluent. Consequently,  it was possible to 
directly compare concentrations of several chemical 
constituents found in the final effluent with the  
corresponding fish toxicity results and evaluate for 
positive correlations. Included in this evaluation 
were pH, TSS, phenols, ammonia, oil and grease, 
chromium, zinc, sulfur, chlorine, DO, temperature, 
and flow. Review of these resul ts  indicated no 
significant correlat ions between f ina l  e f f luent  
toxicity and a n y  of the  chemical and  physical 
parameters considered. Correlation coefficients 
rangedfrom -0.31 for TSS to 0.20 for pH. 

Source Investigation Study for Toxicity 
The source investigation study was designed to 
identify the proximal and ultimate source(s) of final 
effluent toxicity. Through a combination of sampling 
and experimental manipulation, two issues were 
addressed: 

1. What role does the wastewater treatment system 
play in  final effluent toxicity--does it reduce, 
increase, or alter the toxicity of influent process 
streams? and 

2. Which process streams are the ultimate sources 
of final emuent toxicity? 

Both issues are discussed below. 

Toxicity Reduction Through the Existing 
,Treatment System 
At five locations (Figure A2-1) along the treatment 
process, samples were analyzed for total toxicity, 
fractionated chemical class toxicity, and specific 
chemica l  compos i t ion .  T h e s e  r e s u l t s  w e r e  
synthesized to indicate how well the  t rea tment  
system functions and how it alters toxic constituents 
during each stage of treatment. 

Whole-Effluent Toxicity 

The Microtox data indicate that the overall reduction 
in toxicity from the inlet to the #1 aerated pond to 
t h e  f i n a l  e f f l u e n t  c o m p l i a n c e  p o i n t  was  
a p p r o x i m a t e l y  83 p e r c e n t .  Of t h i s  t o t a l ,  
approximately 90 percent of it occurs in the aerated 
ponds, 7 percent in the RBCs, and 3 percent in the 
clean canal (Figure A2-1). 

Chemical Class Toxicity 
Samples from each of the five sampling points were 
fractionated to examine the chemical characteristics 
of the toxicity. The results indicated that  toxicity 
reduction involved the differential elimination of 
various classes of toxic constituents. The influent to 
the #1 aerated pond was quite toxic, with inorganic 
constituents making the greatest constitution. The 
generally lower toxicity of the organic fraction was 
apparently due about equally to neutral and acidic 
compounds. 

After passing through the a e r a t e d  ponds,  the  
approximately 75 percent reduction in toxicity was 
generally associated with the total loss of the toxic 
inorganic fraction and a moderate decrease in  
organic toxicity. Transit through the RBCs and down 
the  clean cana l  resu l ted  in  min ima l  toxicity 
reduction due  to the  removal of some organic  
constituents (principally acidic compounds). 

Process Stream Evaluation 
By monitoring the toxicity of major process streams 
influent to the treatment system and experimentally 
determining the  degradabili ty of each  process 
stream's toxicity, the ultimate sources of toxicity 
were investigated. The following four major process 
streams are influent to the wastewater treatment 
system: 

- Ammonia recovery unit effluent (ARU) 

- 
- 

Foul water strippers bottoms (FWS) 

Dissolved air  flotation effluent (DAF) 

- Acid Plant effluent (APE) 

Each process stream was analyzed for whole stream 
toxicity, fractionated chemical class toxicity, and 
individual chemical composition. Degradat ion 
studies were performed using bench-top models of the 
treatment system and evaluating the reduction in 
toxicity experienced by individual process streams. 
Synthesis of these two sets of results identified which 
process streams were the ultimate source of the toxic 
constituents which were found in the effluent from 
the wastewater treatment system. 

A-12 



Acute Toxicity Monitoring 
From the resulting data, it was apparent that  the 
wastewater from the ammonia recovery unit (ARU) 
and foul water strippers (FWS) were the most toxic 
(172 and 83 acute toxicity units (TUs), respectively). 
These streams make up approximately 14 and 24 
percent, respectively, of the total wastewater flow 
entering the #1 aerated pond. On the other hand, the 
effluent from the dissolved air flotation unit  (8.8 
TUs) which contributes 62 percent of the total flow, 
was considerably less toxic. The acid plant effluent 
was nontoxic. 

Chemical Class Toxicity 
By fractionating 24-hour composite samples, it was 
determined that the toxicity in both the ARU and 
FWS wastewaters was  due  to a combination of 
organic and inorganic constituents. In addition, the 
relative contribution made by each group was highly 
variable. When inorganic toxicity was present, it was 
primarily anionic in nature and organic toxicity was 
due to a Tixture of neutral and acidic compounds. 
The toxicity in the DAF wastewater, on the other 
hand, had no inorganic component and was due 
almost exclusively to neutral  and acidic organic 
compounds. 

Specific chemical analyses of the process streams 
were limited to the identification of toxic organic 
consti tuents.  In genera l ,  the  d a t a  were fa i r ly  
consistent with the fractionation results. The DAF 
effluent contains mostly neut ra l  organics,  some 
acidics, and no basic compounds. The FWS effluent 
showed a somewhat different pattern with much 
higher concentrations of acidic organics, considerably 
lower concentrations of neutrals, and again no basics. 
The ARU, on the other hand, was much different 
from either of the other two processes streams in that 
high concentrations of phenols were found along with 
substantial  concentrations of amines .  Neu t ra l  
organics were not prevalent in the ARU effluent. 

Biodegradability of Process Stream Toxicity 
This study e h n e n t  was designed to address the issue 
of the deyadability of the toxicity of each process 
stream 85 Passes through the treatment system. 
Due to OPratIonal constraints, this issue could not be 
evaluated dlrectlY because the system could not be 
manipulated to receive only one process stream a t  a 
time. Therefore#. It was necessary to use bench-top 
models (1% microcosms) as surrogates  for the 
treatme? *y*km and predict actual process stream 
degredablllty from the model results. 
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degradable. There was some loss of biodegradability 
when high (> 50 percent) concent ra t ions  of a 
particular process stream were used. However, except 
for the DAF, this was of no concern since these 
elevated concent ra t ions  did not  occur in  the  
wastewater treatment system. 

Toxicity Reduction Approaches 
The results of the final effluents and process stream 
characterization indicated tha t  neutral  organic 
chemicals were the primary cause of toxicity and that 
t he i r  u l t i m a t e  sou rce ( s )  were  probably  t h e  
wastewaters produced in the ammonia recovery unit 
(ARU) and foul water strippers (FWS). Therefore, 
various treatment options were considered which 
might be successful a t  removing neutral organics 
from either the final effluent or the ARU and FWS 
process streams. To date,  this study at the Avon 
Refinery has only partially gone through the toxicity 
reduction feasibil i ty phase. Several  t r e a t m e n t  
options are currently under consideration by Tosco 
Corporation. Included among these a re  the use of 
activated carbon and increased residence time in 
surface impoundments. In-depth evaluations a r e  
planned for all promising options to assess their 
chances for success from the technical, economic, and 
regulatory perspectives. Tosco Corporation is still in 
the early phases of these evaluations and the data are 
insufficient to allow selection of a final treatment 
option. 

Bench-top feasibility-level studies were performed to 
ascertain whether one option, activated carbon, could 
reduce toxicity in the final effluent and the ARU 
process s t r eam to levels  which would ensu re  
compliance with the mandated effluent toxicity limit. 
This was accomplished by the performance of batch 
expe r imen t s  u s ing  seven different  b rands  of 
activated carbon and analyzing the treated effluents 
via Microtox. 

The results obtained from these batch equilibrium 
studies indicated that all six carbons tested could 
effectively treat the final effluent to the acute toxicity 
criterion level. However, the concentration of carbon 
required var ied considerably between brands  
(between 100 and 700 ppm). 

Similarly, all seven carbons tested could effectively 
treat the ARU process stream such that  the final 
effluent will be in  compliance. As before,  t he  
concentration of carbon required to meet  t h i s  
cri terion varied considerably between brands  
(between 1,000 and  2,000 ppm). Based on the  
experiences gained during this project, the following 
insights concerning the evaluation of t reatment  
options are made: 

1. Technical feasibility can be screened a t  the bench 
scale level, but can only be verified through pilot 
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2. 

3. 

4. 

through pilot scale plants operating under actual 
field conditions. 

Economic evaluations must consider both the 
capital and operating costs of the project, with 
special  emphas is  on  f u t u r e  t r e n d s  in  t h e  
availability and cost of disposal for any waste 
generated . 

The evaluation of a t rea tment  option must  
consider its capacity to cost-effectively meet 
potentially more stringent regulations. 

Caution must be exercised when solving a water 
quality toxicity problem by transferring i t  to 
another  medium (e.g., solid was te  a s  wi th  
carbon). Environmental concerns are likely to 
diminish or eliminate the attractiveness of such a 
solution over time. 

These items are not intended as  a definitive list of 
concerns which must be addressed in  evaluating 
treaJment options. However, they should provide a 
start ing point for t he  design of t he  evaluation 
program. 

Follow-Up and Confirmation 
As stated above, a final toxicity reduction solution 
has not been selected although preliminary bench 
scale testing has indicated that activated carbon will 
reduce final effluent toxicity to acceptable levels. 

Problems Encountered 
During th i s  s tudy ,  a n u m b e r  of methods and  
techniques were used in the course of identifying the 
causes and sources of toxicity. Some of these (e.g., the 
use of microcosms in  degradation studies) were 
primarily research tools adapted to a real world 
situation. These did not have standard protocols and 
required some innovation in  the i r  design and  
interpretation. Planned process unit  turnarounds, 
a n d  unplanned  upse t s  occurred occasional ly ,  
resulting in abnormal effluent quality. These events 
provided insight into possible effluent variability, 
but a t  the same time made performance of planned 
evaluations difficult. 
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Section A-3 
Case History: Martinez Manufacturing Complex, Shell Oil Company 

Introduction Toxicity /den tifica tion Evaluation (TI E) 

The California Regional Water  Quality Control 
Board (CRWQCB) regulates the quality of effluent 
discharged from Shell Oil Company's refinery in  
Martinez, California, via a n  NPDES permit. Since 
the early 1970's the facility's whole effluent acute 
toxicity limit has become more stringent, increasing 
from a static acute LC50 value of > 40 percent 
effluent, to a newly revised limit (effective 20 August 
1986) which required LC5o values > 100 percent 
effluent based on flow-through acute testing using 
the three-spine stickleback (Gasterosteius aculeatus). 

In the  e a r l y  1970s, ex tens ive  chemica l  a n d  
toxicological research was conducted by Shell to 
investigate the facility's effluent. Supplemental  
studies (conducted in  1976 and 1980) (Hanson 1976, 
1980) examined the causes of the observed whole 
effluent toxicity. Constituents implicated in these 
studies included oil and  grease,  polymers and  
ammonia. 

The information presented in this case study is the 
result of the above requirement and is derived from 
several research efforts conducted from 1976 to 1985. 
These studies resulted in specific recommendations 
for the plant which included improved treatment 
system operation, changes in  the polymer addition, 
and more aggressive in-plant source controls. 

Initial Data and lnformation Acquisition 

Plant Description 

Shell  Oil Company's Mar t inez  Manufac tur ing  
Complex (MMC) produces ref ined pe t ro l eum 
products, primarily gasoline, diesel fuel, lube oils, 
and  greases .  As  with many l a rge  i n d u s t r i a l  
complexes, plant operations may vary over time. 
Process wastes are  treated in a central wastewater 
t r e a t m e n t  f ac i l i t y  which i n c l u d e s  o i l lwa te r  
s e p a r a t i o n ,  biological  o x i d a t i o n ,  s econda ry  
clarification, and tertiary filtration. MMC discharges 
through a s ingle  deep wa te r  diffuser in to  a n  
estuarine environment a t  a rate of approximately 4 
million gallons per day (MGD). 

Characterization and Fractionation 

To meet anticipated toxicity limits, a program was 
initiated to investigate the toxicants present in the 
final effluent. Based on plant operations experience, 
ammonia and  oil and  grease  were a m o n g  the  
potential candidates. Therefore, an investigative 
procedure was developed to determine if these (or 
other chemicals) were the primary toxic agents. 

In 1976, emuent was obtained from a point just  prior 
to  d i s c h a r g e  for  u se  i n  t h e  a n a l y s e s .  T h e  
fractionatiodcharacterization procedure involved 
freon extraction of acidified wastewater to remove oil 
and grease, followed by nitrogen stripping a t  alkaline 
pH to remove ammonia. Oil and grease and ammonia 
were also added back to the "stripped" sample to 
determine if these components were the only toxic 
agents removed during the extraction and stripping 
procedures. 

Toxicity tests and chemical analysis for a specific 
group of parameters were conducted on the complete 
effluent and at each stage of the extraction process. 
However, a f te r  collecting and  ana lyz ing  four  
s a m p l e s ,  t h e  u n a d u l t e r a t e d  whole e f f l u e n t  
apparently became (acutely) nontoxic and the testing 
program was suspended. Analysis of the collected 
data revealed some information. The toxicity of the 
effluent decreased after the removal of the oil and 
grease fraction and toxicity increased after the oil 
and grease was added back in. However, there were 
not enough data to make a precise estimation of the 
toxicity of the oil and grease fraction. Analysis of the 
oil and grease extract using infrared and ultraviolet 
absorbance procedures indicated the presence of 
naphthenic acid compounds with minor amounts of 
amines and aromatic hydrocarbons. The simplest 
naphthenic acid (cyclohexane carboxylic acid) is also 
reported to be toxic a t  concentrations of 5-7 mg/L, 
levels approaching those observed in the wastewater. 
The major source of naphthenic acids in M M C  
wastewater was identified as  the wash water used 
during crude oil desalting. Naphthenic acid was 
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shown to be most toxic a t  low pH (Shell Oil Company 
1986). 

Ammonia levels were consistently low because of 
nitrification in the biological t reatment  system 
during the earlier studies, and this was believed to be 
one of the major reasons why the effluent remained 
essentially non-acutely toxic. ’ 

Recognizing that  the acute toxicity of the waste  
discharge had for all practical purposes disappeared, 
a program was initiated to investigate what caused 
the disappearance. Daily toxicity tests were begun on 
final effluent, and various refinery processes and in- 
plant waste streams were monitored to identify 
relationships between toxicity and potential sources 
of toxic wastes whenever the waste stream exhibited 
acute toxicity. In addition to daily acute toxicity 
tests, various waste streams were monitored for 
ammonia, ni t ra te  and  n i t r i te  nitrogen, organic 
nitrogen, TSS, oil and grease, COD, and TOC. 

Of the 37 different manufacturing processes, there 
appeafkd to be a strong causeieffect relationship 
between the chemical manufacturing process which 
produces diallylamine (DAAM plant), concentrations 
of ammonia in the effluent, and effluent toxicity. 
Amine compounds identified in  the effluent were 
ethylenediamine, monoallylamine, diallylamine, 
tr iallylamine, dimethylaminopropylamine, and  
polyethyleneimine, a polymer used during t h e  
flocculation phase of waste treatment. I t  was not 
clear how amines reacted during effluent treatment 
to cause toxicity and there is some evidence that: (1) 
amines may be converted to  ammonia  d u r i n g  
biotreatment; (2) some amines may pass through 
biotreatment a t  high concentrations which may be 
toxic; and (3) amines may inhibit nitrification of 
ammonia. All three methods of actions are possible 
depending on circumstances. 

A third study (Shell  Oil Company 1986) was 
conducted in 1984 and 1985 to identify the sources of 
toxicity in  the biotreater effluent. Through the  
review of the  above studies,  naphthenic acids,  
ammonia,  vanadium, and  a polyethyleneimine 
polymer used for coagulation in  the secondary 
dissolved air flotation clarifier were selected as the 
most significant contributors to effluent toxicity for 
which dose-response da ta  should be developed. 
Although earlier studies identified organic nitrogen 
compounds (amines) as potential sources of toxicity, 
control measures implemented between 1976 and 
1979 sufficiently reduced concentrations of amines in 
the final effluent. 

The objective of this study was to determine a dose- 
response relationship for each constituent in the 
effluent. Toxicity tests were performed using non- 

acutely toxic biotreater effluent and spiking with the 
component of interest. 

For oil and grease, the residue was toxic to fish when 
added to a non-toxic effluent a t  a concentration of 12 
to 25 mg/L. Because the oil and grease fraction was 
observed to consist primarily of naphthenic acids, 
toxicity tests were also performed using refined 
naphthenic acid and showed a 96-hour LC50 in the 
range of 5 mg/L which is consistent with published 
data. However, it is difficult to relate the toxicity of 
naphthenic acids to oil and grease because of the 
complex nature of oil and grease. 

T h e  a c u t e  t h r e s h o l d  e f f e c t  c o n c e n t r a t i o n  
(concentration in the effluent which results in a n  
LC50 100% eflluent) for ammonia in the Martinez 
Refinery biotreater effluent was between 0.9 and 1.0 
mg-N/L un-ionized ammonia. Within the pH range of 
the biotreater effluent, the acutely toxic threshold 
concentration was expected to be above 20 mgiL as 
total ammonia nitrogen. 

Although vanadium produced toxicity in the effluent 
in  the  6 to 16 mg/L range ,  concent ra t ions  of 
a p p r o x i m a t e l y  5 mg/L were  d e s i g n a t e d  a s  
concentrations of concern. 

For polymer toxicity, the bioassay was not as  simple. 
Because the concentration of the polymeric flocculent 
in the effluent is a function of its adsorption behavior 
on activated sludge, toxicity tests to determine the 
toxicity of free polymer were conducted wi th  
synthetic seawater. The resulting 96-hour LC50 for 
polyethyleneimine (PEI)  and  DMAEM/AM were 
determined to be in  the range of 5-15 mg/L and 30-50 
mg/L, respectively. Because these concentrations 
represent free flocculent in solution and not applied 
dosage during waste treatment, adsorption isotherms 
were developed for biomass gene ra t ed  in  t h e  
activated sludge pilot uni ts  t rea t ing  the  MMC 
wastewater. Both the PEI and  the  DMAEMIAM 
polymers were used as adsorbates. Isotherms were 
determined by adding known amounts of flocculent to 
l -L samples of biomass, mixing, settling the biomass, 
and analyzing the supernatant for residual flocculent 
concentration. The amount of flocculent adsorbed to 
the biomass was calculated by performing a material 
balance on the liquid phase. This allowed for the 
estimation of flocculent in solution given a specifk 
amount of biomass in the wastewater flow, flocculent 
dosage rate, and the adsorptive capacity of the given 
flocculent (either PEI or DMAEM/AM). 

This study showed that not only did free PEI cause 
toxicity to fish, bu t  i t  also inhibited both the  
biodegradation, of oil and  g rease  (specifically 
naphthenic acids) and the nitrification process which 
fur ther  contributed to toxicity because of t he  
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resulting high residual effluent concentrations of 
naphthenic acid and ammonia. 

Confirmation of Toxic Agents 

Once potential toxic agents were identified, their 
toxicity in the emuent had to be confirmed. This was 
done using several methods. Through fractionation 
procedures described above, the  toxicity of the  
effluent was shown to decrease once the oil and 
grease fraction had been removed. Furthermore, the 
individual addition of oil and grease,  ammonia,  
vanadium, and amines to a nontoxic eff luent  
increased the toxicity of that effluent to that expected 
in a similar toxic effluent. 

In order to quantify the extent to which each toxicant 
contributed to the total toxicity, weekly acute toxicity 
tests were conducted for approximately one year 
using three-spined stickleback fish. In addition to the 
toxicity test, each sample w a s  analyzed for a n  
extensive list of potential pollutants. For each of 
these pollutants, their  toxicity was determined 
through a literature search. Because the fractional 
acute toxicifies of waste constituents are  generally 
additive, it was hypothesized that  overall toxicity 
should be equal to the sum of each individual 
constituent's toxicity. Th i s  is mathemat ica l ly  
expressed a s  TCt = Ca/TLBOa + Cb/TL50b --- 
C,fiLSO, 

where 

- TCt - 

Ca...n = 

TL5O,-n = 

total effluent toxicity in toxic units 

concentration of each individual waste 
constituent 

concentration of waste consti tuent 
which causes 50 percent mortality 

Using this equation, a multiple linear regression 
equation was derived and the statistical significance 
of each constituent in reference to the overall toxicity 
could be determined. A correlation coefficient (R2) of 
0.59 was  de r ived .  The  r e g r e s s i o n  e x p l a i n s  
approximately 62 percent of the toxicity. Based on 
this additive approach, significant contributors of 
toxicity were identified a s  ammonia (18 percent), 
naphthenic acids (32 percent), and suspended solids 
(12 percent). The balance of 38 percent unexplained 
toxicity was attributed to the variabil i ty of the  
toxicity tests or the polymer, PEI, which was later 
identified. 

Toxicity Reduction Approaches 
At this point, oil and grease (naphthenic acids), 
ammonia, amines (organic nitrogen) , flocculation 
polymers (PEI), and suspended solids had been 
identified in a t  least one of the studies performed as  

con taminan t s  of concern.  Toxici ty  r educ t ion  
approaches for each of these contaminants  a r e  
discussed be low. 

Oil and Grease 

The major source of naphthenic acids (oil and grease) 
in MMC effluent was identified as wash water from 
the crude oil desalter and the toxicity from th is  
source was attributed to partitioning of water soluble 
naphthenic acids from the crude oil into the water 
phase .  A B r i n e  D e o i l i n g  U n i t  ( B D U )  w a s  
subsequently installed to reduce the concentration of 
naphthenic acids discharged to the aqueous effluent 
treatment facilities. Since the naphthenic acids are  
water soluble, they still partition into the water 
phase to some degree and subsequently continue to be 
present in the aqueous emuent. 

Bench scale tests indicated that powdered activated 
carbon (PACT) addition to activated sludge can  
reduce effluent toxicity (Shell Oil Company 1986). In 
subsequent pilot scale slip-stream studies onsite, 50 
mg/L (basis feed flow) of powdered activated carbon 
completely removed acute toxicity to stickleback 
after addition of 20 mg/L naphthenic acid to the 
biotreater feed. In contrast, a conventional biotreater 
fed the same spiked feed yielded an  effluent with a n  
LC50 of about 60 percent. Emergency PACT addition 
to the MMC bio t rea te r  for  toxici ty  reduct ion  
following upsets or spills may be possible. Potential 
adverse effects or PACT (clarification, corrosion, 
equipment wear) should be considered before full 
scale use is implemented. However, recent biotreater 
operating performance shows that when the proposed 
10 mg/L oil and grease NPDES limitation is met, the 
Concentration of oil and grease (i.e., naphthenic  
acids) is kept below the effect concentration and a 
nontoxic effluent is produced. 

Ammonia 
The most effective method of controlling effluent 
ammonia levels is to sustain nitrification in the 
activated sludge basin. Since February 1985, the 
Mar t inez  r e f i n e r y  b i o t r e a t e r  h a s  s u s t a i n e d  
nitrification, thereby reducing the effluent total  
ammonia concentration to less than 1 mg-N/L. Proper 
control of sludge age, pH, and inhibitory spills (i.e., 
source control) in addition to avoiding inhibitory 
additives such as the polyethyleneimine type water 
clarification polymers should allow for continued 
nitrification and eliminate ammonia as a contributor 
to fish toxicity. 

Amines (Organic Nitrogen) 
Ethylenediamine is produced as a waste gas in one of 
the chemical manufacturing processes. Prior to May 
1976, this gas was discharged in series through a 
water scrubber and an incinerator, and the alkaline 
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scrubber water was periodically drained to the sewer. 
When  i t  was  rea l ized  t h a t  t h i s  was te  w a s  
aggravating effluent ammonia and  toxicity, the 
water scrubber was bypassed and the gas incinerated 
directly. By this relatively simple modification, this 
source of effluent toxicity was eliminated. 

> 

In the Diallylamine (DAAM) plant, wastewater is  
discharged after distillation of amines in alkaline 
solution. A specific ion electrode i n s t r u m e n t ,  
sensitive to the total of ammonia and amines, w a s  
installed to continuously monitor this wastewater 
which is diverted to a storage tank  and re run  
whenever ammonia or amine levels are high. The 
ability to control amine losses and the impact of this 
process on effluent quality was monitored closely 
after the plant started operation in  March 1977. 
However, studies in 1979 showed t h a t  organic 
nitrogen compounds were pro bab  1 y negligible 
contributors to toxicity and the efforts to control the 
toxic amines described above were apparent ly  
successful. 

Flocculation Polymers (PEI and DMAEM/AM) 

Utilizing the adsorption equations developed to 
estimate free (dissolved) flocculent, it was estimated 
that free PEI flocculent would be present in the 
effluent whenever the applied flocculent dosage 
exceeds 40 mg/L. During TSS excursions, flocculent 
doses in excess of 80 mg/L have been used at MMC. 
Estimates on the PEI concentration in the final 
effluent would be subject to a large degree of 
uncertainty. However, there is a strong possibility for 
PEI in the effluent and potential for toxicity due to 
P E I .  T h e r e f o r e ,  u s e  of t h i s  f locculent  w a s  
d i scont inued .  I n  c o n t r a s t ,  t h e  DMAEMIAM 
flocculent currently in use would have to be applied 
at a dosage in excess of 150 mg/L before effluent 
toxicity due to flocculent would be expected. This is 
due to the stronger adsorption characteristics of 
DMAEWAM. 

Suspended Solids 
Suspended solids are in part biodegradable, and thus 
are probably at least partially nonpersistent. The 
quantity of suspended solids in the  wastewater 
discharge is very minor compared to naturally 
occurring silt suspensions in the  tidal estuary.  
Therefore, the minor discharge of suspended solids 
probably is of l i t t l e  consequence a s  related to 
persistence of acute toxicity. 

Follow-Up and Confirmation 
As noted in the introduction, the three studies 
described in this case‘study spanned over eight years, 
and although oil and grease and ammonia were 
identified a s  toxicity contributors in each study, 

amines, specific flocculent polymers, and suspended 
solids were identified in only one study. 

Problems Encountered 
Conducting a toxicity reduction evaluation on an 
essentially non-acutely toxic effluent is difficult. 
However, the investigators in this study took a n  
innovative approach. By c o r r e l a t i n g  observed 
effluent toxicity to manufacturing processes, changes 
in processes could be related to periods when the 
effluent became non-acutely toxic. Without testing 
each process waste stream, the investigators could 
narrow their work scope and focus on those processes 
which were correlated with effluent toxicity. 

Water Quality-Based Toxicity Limit 
After confirming sources of toxicity and the non- 
persistent nature of toxicants, MMC applied for an  
exception to the CRWQCB toxicity limit of a 100 
percent  eff luent  LC50 us ing  t h e  t h r e e - s p i n e  
stickleback. The exception w a s  proposed based on 
meet ing th ree  California c r i te r ia :  (1) eff luent  
dilution is rapid and grea te r  t h a n  1 0  to  1 on 
discharge, (2) eMuent toxicants are non-persistent 
and (3) beneficial uses of the receiving water are  
protected. 

Shell used UiS. EPA’s water quality-based approach 
as outlined in  the Agency’s Technical Support  
Document ( U S .  EPA 19851, to develop a protective 
water quality-based toxicity limit. 

Acute toxicity tests using six species, and chronic 
toxicity tests using three species, were conducted 
over a 12 month period to determine sensitive species 
and acute to chronic ratios. Additionally, these data 
were used to relate emuent toxicity to the three-spine 
stickleback to the organisms used in this study. 
Furthermore, dye and effluent modeling studies were 
performed to  de t e rmine  p lume  d i lu t ion .  T h i s  
demonstration supported a dilution of 33:l and a 
protective water quality-based effluent limit of LC50 
2 54 percent effluent. 
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Section A-4 
Case History: A North Carolina Textile Mill 

Introduction 

Glen Raven Mills, Inc., Consumer Products Division, 
produces ladies hosiery at its mill in Alamance 
County, Altamahaw, NC. Treated process and  
domestic wastewater from the mill is discharged into 
the Haw River and comprises 0.8 percent of the river 
volume under  7 6 1 0  flow condi t ions  ( seven  
consecutive day flow with a recurrence interval of ten 
years). Having determined that WWTP effluent was 
toxic,  The  N o r t h  C a r o l i n a  D e p a r t m e n t  of 
Environmental Management required Glen Raven to 
implement an aquatic toxicity monitoring program 
in early 1985, establishing a 48-hour acute static 
Daphnia pulex LC50 of >90.0 percent as a toxicity 
reduction goal. 

Emuent bioassay testing began in February 1985. 
The following month, Glen Raven Mills enlisted 
Burlington Research, Inc. (BRI) to conduct Toxicity 
Identification and Reduction Evaluations. The final 
phase of the study was completed in March 1986. 

Initial Data and Information Acquisition 

Process Description 

Glen Raven Mills dyes pantyhose (Nylon 6 and 6.6) 
with acid and disperse dyes in  ro t a ry  dyeing 
machines. Prior to the TRE, liquor ratios of 30:l (30 
pounds of water per pound of goods dyed) were typical 
for the dyeing machines being used. Among the 
major process chemicals used in addition to dyestuffs 
a r e  sur fac tan ts ,  che la t ing  agents  and  fabr ic  
softeners, which serve as fabric processing aids prior 
to dye applications. 

The r a w  process water being utilized in the dyeing 
systems is obtained from the Haw River, upstream of 
the plant.  Water  is  flocculated with a lum and 
clarified prior to use. 

Wastewater Treatment Plant Description 

Glen Raven maintains an  activated sludge WWTP 
for  t h e  t r e a t m e n t  of process  a n d  domes t i c  
wastewaters. The plant consists of upright fiberglass 
equalization tanks,  a n  80,000 gal lon capacity 
concrete activated sludge bas in ,  and  concrete 

rectangular clarifier and chlorine contact chambers, 
Permit flow for the WWTP is 0.045 MGD but flows 
prior to the TRE averaged 0.027 MGD, with frequent 
hydraulic overflows appearing during production 
peaks. 

Wastestreams treated by Glen Raven's WWTP are  
primarily composed of discharges from dye processes 
and  discharge of p rop r i e t a ry  y a r n  s p i n n i n g  
applications. Over 90 percent of the process flow 
comes from dyeing operations but there is some 
contribution of domestic wastes even though septic 
tank treatment is applied to most domestic waters. 

Characteristics of Influent and Effluent 

Glen Raven is required to measure selected effluent 
chemical parameters twice monthly. A review of 
composite effluent measurements  pr ior  to the  
initiation of the TRE indicates average parameter 
levels of 43.5 and 365.8 mg/L for BOD5 and COD, 
respectively; 33.9 mg/L for TSS, CO.01 mg/L for 
sulfide, <0.01 mg/L for phenols and <0.05 mg/L for 
total chromium. Metal analyses conducted in May 
and June reflect average copper levels of 0.446 mg/L 
and average zinc levels of 0.498 mg/L. Generally, the 
effluent can be characterized as having a high COD 
pass-through and potentially toxic concentrations of 
total metals. 

A review of monthly 48-hour acute static D. pulex 
LC50 values for tes ts  conducted on composite 
effluents during the ea r ly  months  of toxicity 
monitoring indicates that  values ranged from a low of 
38.1 percent to a high of >90.0 percent, and averaged 
63.6 percent. Though the LC50 goal of >90.0 percent 
was met in March, June and July 1985, the effluent 
has a history of dramatic fluctuations in LC50 values 
(Figure A4-1). 

Toxicity Reduction Evaluation (TRE) 
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Effluent Toxicity 

The water flea D. pulex was used as the test species 
prior to and during the TIE acute static toxicity 
monitoring program of Glen Raven's emuent. Test 
organisms were ~ obtained from cultures maintained 
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Figure A4-1. Early TRE 48-hour 0. pulex acute statlc bioassay 
history, Glen Raven Mllls. 

by BRI and bioassay procedures adhered to EPA 
protocol (Peltier and Weber 1985). 

Glen Raven began bioassay monitoring of its effluent 
in February of 1985. Concurrently, Glen Raven asked 
BRI to screen its chemical usage l i s t  so t h a t  
compounds with known toxicities and  minimal 
biodegradability could be eliminateaminimized in 
production processes. Chemical compounds for which 
dyehouse products were screened included alkyl 
phenol ethoxylates (APE), biocides, quaternary 
ammonium compounds and  organic solvents. In  
addition to chemical use recommendations, BRI 
suggested means by which chemical products could 
be more accurately measured and dispensed during 
dyeing operations. Prior to this review, dippers and 
buckets were used to measure the dyehouse process 
chemicals. During this phase of the TIE (Tier I), 
personnel in the dyehouse began to use measuring 
cups and weighing devices to more accurately 
apportion the amounts of chemicals required in 
dyeing formulae. Despite the implementation of 
chemical compound optimization by J u l y ,  1985, 
effluent bioassay results continued to fluctuate well 
below the LC50 goal of >90.0 percent (Figure A4-1). 

During the chemical usage review period, BRI also 
studied WWTP operational practices and data (TRE, 
Tier  11). Because of the regularity of inf luent  
overloads, it was suggested that Glen Raven consider 
additional equalization to supplement  present  
capacity. In addition, it was suggested that  Glen 
Raven consider the use of dyeing machines tha t  

A. 

would reduce liquor ratios from 30: 1 to less than 10:: 
Such machines would help to minimize the volume c 
process wastewaters entering the WWTP. 

Characterization and Fractionation 
Because effluent toxicity levels did not improve aft€ 
the Phase I chemical optimization step, and becaus 
the feasibility of increased equalization and IOM 
liquor dyeing was undecided (Tier II),  BRI undertoo 
a Tier I11 TIE to further characterize Glen Raven' 
effluent. Due to BRI's familiarity with Glen Raven' 
t ex t i le  o p e r a t i o n  a n d  c h e m i c a l  use,  i n i t i z  
wastestream analyses focused on effluent metal an 
surfactant measurements. 

A 24hour composite effluent sample was collecte 
prior to chlorination beginning December 17, 198 
and used for chemical and toxicity characterizatior 
In addition to BOD5 and COD determination: 
m e t a l s  a n d  s u r f a c t a n t  ( M B A S  a n d  CTAS 
determinations were conducted. Of par t icula  
i n t e r e s t  i n  t h i s  c h a r a c t e r i z a t i o n  w a s  t h  
ident i f ica t ion  of u n b i o d e g r a d e d  s u r f a c t a n  
compounds in Glen Raven's effluent, particular1 
nonionics. To this end, a sublimation/extractio 
procedure, developed by the Soap and Detergen 
Associat ion for  u s e  i n  b i o d e g r a d a t i o n  a n  
environmental studies, was applied to an effluen 
aliquot. This method, as well as those for all NPDE 
analyses conducted during the TIE and TRE, i 
referenced in Stanhrd  Methods (APHA 1985). 

Results of the December effluent characterizatio 
indicated that the sample was representative of tha 
typically obtained for Glen Raven. Analyses showe 
that toxic concentrations of copper, nickel, and zin 
(total and dissolved) were present. Furthermore, th 
CTAS (nonionic surfactant) concentration of 20. 
mg/L indicated t h a t  nonbiodegraded nonioni 
surfactants were a very likely source of the effluer 
toxicity indicated by the 48-hour D. pulex static acut 
LC50 value of 48.7 percent effluent. in addition, th 
1.6 mg/L concentration of MBAS surfactant wa 
considered high enough to be potentially toxic 
pending identification of structural conformatior 
Table A4-1 summarizes pertinent data  from th  
December analyses along with U.S. EPA Criteri 
Document literature toxicity values for daphnids an 
expected instream waste concentrations durin 
projected 7610 flow conditions. 

Effluent metals could be directly linked to dyestdl 
used in the hosiery dyeing process but it appeare 
unlikely that additional source reductions could b 
effected since chemical optimization had alread 
been implemented. And to what extent metals wer 
contributing to the effluent toxicity was unclear a 
metal determinations were conducted as  'tota 
recoverable' (standard procedure for effluent meta 
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Table A4-1. Effluent Characterization, Glen Raven Mills 
TRE, Prechlorination Composite of 
December 17-18,1985. 

Result ~- 
(mg/L) Daphnid Toxicity Emuent 
Total Criteria (mg/L) 7610 IWC 

Test (Dissolved) Acute Chronic at 0.8% 
Acute LCs0 48.7% - - - 
Copper 0.443 (0.447) 0.017 0.010 0.004 

Nickel 0.110(0.100) 1.102 0.015 0.001 
Zinc 0.537 (0.480) 0.076 - 0.004 
CTAS 20.7 5.360 >l.O(a) 0.166 
MBAS 1.6 19.870 >4.0 (b)  0.013 

(a) Linear Alcohol Ethoxylate tLAE) 
(b) Sodium Dodecylbenzenesulfonate IDDBSA) as  MBAS * Value is in percent emuent 

analyses) rather than 'acid soluble,' the latter which 
is thought to be more indicative of a concentration 
which is toxic (U.S. EPA 1985). 

As with other chemical compounds, surfactant usage 
had been optimized to eliminate those containing 
highly toxic and nonbiodegradable APES. It  was 
a p p a r e n t  f r o m  t h e  D e c e m b e r  e f f l u e n t  
characterization that the linear alcohol ethoxylate 
(LAE) compounds being used by Glen Raven were not 
being adequately treated to non-toxic levels. 

Toxicity Reduction Approaches 
In order to evaluate the contribution of metals and 
non-biodegraded surfactants to Glen Raven's effluent 
toxicity, BRI proposed a T i e r  V s tudy  which 
addressed metals removal and extended biotreatment 
as a means of reducing effluent toxicity. Both 
l abora to ry  t r e a t m e n t s  w e r e  conduc ted  on  
prechlorination composite effluent samples collected 
da i ly  f rom J a n u a r y  14 -18 ,  1 9 8 6 .  B a s e l i n e  
measurements of acute toxicity (LC50 values), BOD, 
COD, metals, and CTAS surfactants were conducted 
on the December 14-15 composite, which was used for 
the metals reduction experiment and the initiation of 
the extended biological treatment experiment. 

Metals Reduction Experiment 

For this t rea tment  expe r imen t ,  a n  al iquot  of 
untreated effluent was passed through a prepared 
column packed with a cationic exchange resin 
(Biorad AG50W-X4, 50-100 mesh, hydrogen form). 
Portions of treated effluent were then used for 
bioassay analyses  and  measu remen t s  of total  
recoverable metals.  Resu l t s  of pre-  and  post- 
treatment analyses indicated substantial reductions 
of copper (from 0.244 to 0.078 mg/L) and zinc (0.598 to 
0.024 mg/L). The pre-treatment iron concentration of 
1.061 mg/L was minimally reduced to 0.930 mg/L, 
while cadmium, c h r o m i u m ,  l ead  a n d  n icke l  

concentrations were c0 .05  mg/L in both pre- and 
post-treatment samples. A post-treatment LC50 value 
of 80.7 percent effluent reflected some improvement 
from the baseline LC50 value of 71.9 percent. 

Extended Biological Treatment Experiment 

For this treatment experiment, activated sludge from 
Glen Raven's WWTP was used to fur ther  t r ea t  
aliquots of composited effluents. Prior to the actual 
r enewa l l t r ea tmen t  phase  of t h e  e x p e r i m e n t ,  
a c t i v a t e d  s l u d g e  w a s  a c c l i m a t e d  i n  BRI ' s  
temperature controlled laboratory, a period which 
included daily feeding with untreated wastewater 
from Glen Raven's treatment facility. 

On Day 1 of the Treatability Study (January 15, 
1986), background values for activated s ludge  
parameters  were measured  on s ludge  cu l tu re  
superna tan t ,  including total suspended solids,  
settleable solids and 48-hour static acute LC50 values 
(the latter determined on culture supernatant) .  In 
addition, a respiration rate  was obtained for the 
sludge culture to check for a n  endogenous respiration 
level (5-20 mg/L/hr). Subsequent to this background 
check, a daily renewal of sludge supernatant was 
initiated at  a 20 percen: by volume rate over a 5-day 
period, beginning with rhe January 14-15 composite. 
A freshly composited effluent sample was used each 
day thereafter during the renewal period. After the 
fifth and final 20 percent renewal, a t  which point the 
total volume of s ludge s u p e r n a t a n t  had been 
replenished with composited effluent, activated 
sludge treatment was extended for a period of 24 
hours. At the end of this 24-hour period, aliquots of 
sludge supernatant were collected and metal, BOD5, 
COD, CTAS, and acute and mini-chronic (N.C. 
DNRCD 1987) static toxicity tests conducted. 

Post-treatment metal determinations indicated that 
0.287 mg/L copper, 0.065 mg/L chromium, 1.071 mg/L 
iron and 1.14 mg/L zinc were present. Of these, only 
zinc reflected a substantial increase over the pre- 
t rea tment  concentration of 0 .598  mg/L. Post-  
treatment values of 17.8 mg/L for BOD5, 231.2 mg/L 
for COD, and 0.85 mg/L for nonionic surfactants 
(CTAS) reflected substantial reductions from pre- 
treatment concentrations of 79.5, 500.2 and 10.4 
mg/L for BOD5, COD and nonionics, respectively. 
The post- treatment 48-hour acute static LC50 value 
of >90.0 value also reflected reduction in toxicity 
from the baseline LC50 of 71.9 percent. Results of the 
mini-chronic Ceriodaphnia reproduction bioassay 
indicated that the treated effluent had no effect a t  
Glen Raven's 7610 instream effluent concentration 
of 0.8 percent. 
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Conclusions: Toxicity Reduction Experiments 
Based on preliminary BOD5, COD, metal and acute 
static Le50 values, the composite effluent samples of 
December 17-18 a n d  J a n u a r y  14-15 w e r e  
representative of emuent samples typically obtained 
from Glen Raven's Altamahaw facility. 

Metal removal experiments on Glen Raven effluent 
showed that metals did not appear to be major 
contributors to effluent toxicity. Compared to 
published metal toxicity cr i ter ia ,  the December 
effluent metal concentrations of copper a t  0.443 
mg/L, nickel a t  1.110 mg/L and zinc at 0.537 mg/L 
would appear to support the 48.7 percent static acute 
test LC50 value obtained for the composite. However, 
similarly toxic concentrations of copper and zinc 
(0.244 mg/L and 0.598 mg/L, respectively) were 
present in the January 15 composite and the LC50 
value was considerably higher (71.9 percent).  
Likewise, toxic concentrations of copper (0.278 mg/L) 
and zinc (1.14 mg/L) were present in the treatability 
experiment supernatant which had a measured LC50 
value of >90.0 percent .  I n  e x p l a i n i n g  t h i s  
discrepancy, i t  must be kept in mind that flame 
atomic absorption determinations represent metals 
in their free and complexed states. Textile process 
water such as Glen Raven's may contain metals that 
have complexed with chelating agents such as EDTA 
and, therefore, are not as toxic as metals in their free 
ionic state. 

Unbiodegraded nonionic surfactants were present in 
Glen Raven effluent a t  concentrations reported as 
toxic to aquatic organisms. Because Glen Raven 
removed alkyl phenolic surfactants (such as NP-10) 
from the production process as a result of the Tier I 
chemical optimization, it was surmised tha t  the 
nonionic surfactant concentrated from the effluent 
r e p r e s e n t e d  u n b i o d e g r a d e d  l i n e a r  a lcohol  
ethoxylates (LAEs) which a re  known to be highly 
biodegradable and  non-toxic when completely 
treated. A BRI in-house study, funded by the North 
Carolina DEM Pollution Prevention Pays Program, 
indicated that  nonbiodegraded LAE is toxic to 
Daphnia pulex at concentrations of 2.4 mg/L (Moore, 
et al. 1987). Infrared scans of surfactant residue from 
both the December 18 and January 15 composites 
confirmed that the LAEs present in the effluent were 
incompletely biodegraded, as evidenced by reduced 
terminal hydroxyl peaks at  3387 nm and reduced 
ethylene oxide peaks at  1220-1280 nm. 

That the level of toxicity in Glen Raven's effluent 
could be reduced with extended biological treatment 
was indicated by the acute static LC50 value of > 90.0 
percent obtained with s u p e r n a t a n t  f rom t h e  
Biological Treatment  experiment. In addition, 
results of the Ceriodaphnia mini-chronic bioassay 
indicated that effluent receiving extended biological 
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treatment did not impair organism reproduction at 
the 0.8 percent 7610 instream concentration. 

Based on the findings of the laboratory Toxicity 
Reduction experiments, the following conclusions 
were made: 

1. 

2. 

3. 

4. 

Glen Raven effluent can be rendered acutely non- 
toxic upon receiving a d e q u a t e  biological 
treatment. 

Additional biological treatment will biodegrade 
surfactants and other organics to non-toxic levels 
and reduce COD loading on receiving stream 
waters. 

Based on present  WWTP design a n d  t h e  
installation of two low-liquor dye machines, the 
maximum flow of wastewaters into the WWTP 
should be no greater than 20 percent of the 
treatment facility capacity. Alternatively, the 
WWTP could be expanded to allow for 20 percent 
more contact time with the activated sludge. 

Though concentrations of total recoverable 
metals in the effluent exceed concentrations 
reported to be acutely toxic to aquatic organisms, 
present levels do not appear to be contributing 
significantly to effluent toxicity. 

Based on findings of the TRE, the most logical and 
least expensive approach to toxicity reduction at  the 
Glen Raven Mill was to increase process waste 
equalization to accommodate continual WWTP 
operation on a 24-hours per day, 7 days per week, 52 
weeks per year schedule. Because the mill had no 
second and third shift or weekend operations, these 
periods could be used for waste treatment. Additional 
equalization would allow for a much slower addition 
of influent to the WWTP, thereby giving the facility 
the time necessary to adequately t rea t  process 
wastes. 

implementation of Toxicity Reduction 
Recommendations 

By August 1986, Glen Raven Mills had incorporated 
significant changes at i ts  Altamahaw facility. First, 
low-liquor ratio dyeing machines were installed in its 
dyeing process, reducing by 50 percent water usage 
per pound of hosiery produced. Secondly, additional 
equalization was incorporated into the design of the 
WWTP, thus eliminating peak influent surges. These 
changes increased the retention time of process 
wastes in the activated sludge contact chamber from 
an average of 2.5 days to 4.5 days. 



Follow-Up and Confirmation 
Aquatic toxicity testing of Glen Raven’s effluent 
continued on a monthly basis for the remainder of 
1986. After several months of B90.0 percent LC50 
values in ear ly  summer,  a t t r ibuted to a warm 
weather trend similar to that  seen in 1985, Glen 
Raven’s effluent consistently maintained its LC50 
goal well into the colder winter months. Beginning in 
1987, Glen Raven’s permit  was modified to a 
quarterly toxicity testing schedule and its effluent 
has continued to test non-toxic. As Figure A4-2 
depicts, the maintenance of a toxic effluent status is 
closely correlated to the reduction in the average 
monthly WWTP effluent flow rate. 
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Figure A4-2a. Pre- and post- TRE 48-hour D. pulex acute 
static bioassay history, Glen Raven Mills. 
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Figure A4-2b. Pre- and post- TRE monthly average effluent 
flow (MGD), Glen Raven Mills. 

The incorporation of additional WWTP sludge 
contact time and the substitution of LAEs for APES 
as process chemicals were both critical to the success 
of Glen Raven’s TRE. Because of the l i terature  
reported evidence of APE toxicity and  l imited 
degradation, it is unlikely that Glen Raven would 
have realized its toxicity reduct ion goal with 
extended treatment alone. To date, Glen Raven has 
continued to use process-related detergents which are 
non-toxic when completely biodegraded. There is 
every indication that this practice in conjunction 
with expanded WWTP operations will ensure the 
continued discharge of process effluent with minimal 
toxic impact. 

Problems Encountered 
No specific hurdles were encountered during the TIE 
and TRE phases of the study. Paramount to the  
success of the project was Glen Raven Mills’ 
willingness to investigate all aspects of the toxicity 
problem. Management acted quickly in assessing 
study findings and implemented changes in chemical 
op t imiza t ion ,  p r o c e s s  c h a n g e s  a n d  W W T P  
modifications in timely manner. 
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Section A-5 
Case History: A North Carolina Metal Product Manufacturer 

Introduction Housekeeping 

Halstead Metal Products, located in Stokes County, 
NC, produces copper piping through a n  extrusion 
process. Halstead operates a 0.025 MGD activated 
sludge WWTP which has a monthly average effluent 
discharge of 0.0054 MGD. Incoming wastewater is 
primarily domestic in  n a t u r e ,  with no ac tua l  
contribution from industrial processes. Halstead's 
effluent is discharged into a n  unnamed tributary of 
the Dan River and has a 7610 IWC of 32.6 percent. 

The North Carolina Division of Environmental  
Management (NCDEM) conducted 48-hour acute 
static Daphnia pulex bioassays on effluent samples in 
June 1985 and January 1986. LC50 values of 37, 28, 
24 and 7 percent showed that effluent was toxic to the 
test organism and indicated that  instream impact 
would be expected under 7 6 1 0  design s t r e a m  
conditions.  As a resu l t  of these  pre l iminary  
bioassays, the NCDEM required Halstead Metal 
Products to begin a monthly program of 48-hour 
acute static bioassay monitoring of its effluent. 
Burlington Research, Inc. (BRI) began the monthly 
testing in March 1986 and LC50 values ranged from 
<5.0 - 11.9 percent through October 1986. At 
Halstead's reques t ,  BRI in i t ia ted  a Toxici ty  
Reduction Evaluation (TRE) the following month. 

Prior to the initiation of the TRE, Halstead conducted 
a review of housekeeping practices. A possible 
contributing source of toxic copper flakes through 
floor drains was corrected by the installation of drain 
traps. Except for the introduction of copper dust via 
frequent hand washing by production personnel, no 
additional source of contamination was identried. 

Characteristics of Influent and Effluent 
Halstead's NPDES permit requires both influent and 
effluent analyses on a variable daily/weekly/monthly 
schedule. A review of 16 months of NPDES data, 
summarized in Table A5-1 , indicates substantial 
reductions of BODS, ammonia nitrogen and total 
suspended solids through the WWTP. 

Table AS-1. Influent and Effluent Data Summary, Halstead 
Metal Products, August 1985 - November 1986 

Y O  Concentratron (mgR) 
Parameter Influent ,'. Effluent Reduction 

Flow (MGD) 0.0058 
PH 7.51 6.48 
BOD, 21 79 96 
COD 66 
Oil and Grease 58 
Ammonia Nitrogen 6.8 0.8 89 

0.6 
Initial Data and Information Acquisition 

Process Description 

billets (copper logs) which a r e  then used for the 
extrusion of tubes and cold-drawing of pipedtubing of 
various lengths and diameters. Monthly production 
of finished product averages 5 million pounds. 

Residual Chlorine, 
Total 
Solids, Total 58 1 422 28 

Suswhdd 

Chemical Usage Review 

Halstead melts copper scrap and cathodes to form Solids 77 31 60 

Wastewater Treatment Plant Description 
Except for two hand cleaning products, Halstead uses 
no chemical products in conjunction with its copper 
pipe production. It was noted that personnel involved 

to 'lean them Of machinery Oils and 
grease. Whether soap product use at Halstead was  
high enough to be contributing to the effluent toxicity 
was questioned in absence of aquat ic  toxicity 

Operates a package activated WWTP in the manufacturing process washed their hands consisting of a 25,000 gallon aeration basin, 4,000 
gallon clarifier and a 525 gallon chlorine contact 
chamber. Permitted discharge for the WWTP is 0.025 
MGD but a 0'0058 MGD average is 
produced. 
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. 
information for the cleaners. I t  is well documented 
that detergents/surfactants in their unbiodegraded 
state can be toxic to aquatic organisms at levels < 1.0 
mglL. Another concern regarding soap was i t s  
characteristic ’wetting’ property and how it might be 
enhancing the toxicity of substances such as copper 
dust by acting a s  a mode for migration to the 
respiratory structures of toxicity test organisms. 

On-site Visit 
In late October 1986, an  on-site tour of Halstead’s 
production and WWTP facilities was conducted. A 
tour of the manufacturing facility did not highlight 
any disposal problems. Except for the frequent hand 
washing by employees, which contributes greases 
and copper into the waste lines, no contaminating 
point sources were identsed that would account for 
the copper, grease, or other unidentified pollutants 
which could be responsible for the severe effluent 
toxicity. Operation of the WWTP appeared to be 
optimal though oil and grease surface film in the 
separator suggested a n  area tha t  might require 
addressing. An accumulation of copper bits a t  the 
point of influent discharge to the activated sludge 
basin suggested t h e  dis t inct  l ikelihood of a n  
accumulation of copper particles in the treatment 
basin, especially since the basin had not been 
completely cleaned out during the previous 6-7 years. 

During the on-site visit, a preliminary check on 
water from Halstead’s source wells indicated that 
incoming water had a pH of 6.27 and a very low 
background copper concentration . Fur ther  mor e, 
though copper  p i p i n g  w a s l  used t h r o u g h o u t  
Halstead’s facility when it was built, it was unlikely 
that any significant leaching from copper pipes was 
occurring a t  that pH level. A more thorough history 
of pH and total metal levels was recommended due to 
the rotating nature of pumping from the 5 wells 
which serve as the incoming water source for 
Halstead. It was also suggested that metal levels be 
monitored a t  various taps and fountains throughout 
the facility. 

Toxicity ldentification Evaluation (TIE) 

Effluent Toxicity 
Logically, copper was suspected as the primary 
toxicant in Halstead’s effluent. There fore, when 
monthly bioassay monitoring was initiated in March 
1986, total recoverable copper determinations were 
conducted on all effluent composites collected for 
bioassay testing. EPA guidelines (Peltier and Weber 
1985) and Standard Methods (APHA 1985) were 
followed for all analyses. 
During the eight month period of bioassay and copper 
monitoring prior to the TRE, 48-hour acute static 

Daphnia pulex LC50 determinations consistently 
ranged from C5.0 - 11.9 percent and averaged 6.5 
percent. Total recoverable copper concentrations for 
the same period ranged from 0.436 - 1.931 mg/L a n t  
averaged 0.566 mg/L. EPA criteria documentatior. 
indicates that copper is toxic to freshwater organism: 
at levels as low as 0.007 mg/L (U.S. EPA 1985). 

Based on avai lable  NPDES d a t a ,  copper wa: 
suspected as the primary cause of effluent toxicity ir 
Halstead’s discharge, with copper dust and filings 
from manufacturing processes entering the WWTF 
considered as the source. Oils and greases  anc 
detergents were suspected to be contributing to tht 
overall emuent toxicity but confirmation througl 
additional chemical testing was needed. Because o 
the domestic nature of the WWTP influent, othe! 
sources of toxicity were not suspected. 

Characterization and Fractionation 
A multi-phase approach was taken during this aspec 
of the Toxicity Identification Evaluation. Based 01 
findings and suspicions of the Background Review, z 
3-week Phase I study was designed to fur the 
characterize Halstead’s wastestream. Objective 
include: 

1. 

2. 

3. 

4. 

5 .  
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The daily monitoring of the incoming wate 
supply over a period of several weeks in order t 
identify any background metal contaminatio: 
from well aquifers. 

Because of questions regarding the contributio 
of detergents to the toxic nature of the effluent, 
request for manufacturer’s information on han 
cleaners was made. 

Monitoring of WWTP influent and effluent for 
period of 3 weeks to establish incoming a n  
outgoing levels of metals, surfactants, and oil 
and greases. Data would help establish: 

a. Whether or not effluent copper levels wer 
due to accumulated solids in the treatmer 
basin. 

b. The extent to which surfactants and oils an 
greases were components of the influent a r  
how well they were being biotreated. 

Determination of whether m e t a l s  toxicit: 
primarily copper, was due to particulate c 
dissolved forms. 

After the establishment of the above outlinf 
database, a series of laboratory experimen 
would be designed for the removal of identifit 
toxins from Halstead’s effluent wastestrear 
Effluent samples would be checked for toxici 
before and after laboratory treatments. 



Beginning with the initiation of Phase I in November 
1986, the water flea Cerioduphnia dubidaffinis was 
used for all 48-hour acute static bioassays; those 
required by the NCDEM as monthly tests as well as 
those conducted as par t  of Halstead’s Toxicity 
Reduction Evaluation. It has been the practice of the 
NCDEM to implement a chronic static bioassay after 
a discharger meets its acute static LC50 goal. By 
utilizing Cerioduphnia for all  future acute static 
bioassay testing, differences in species sensitivity to 
toxicants could be avoided as the chronic static 
bioassay is incorporated as a n  effluent monitoring 
tool. 

In  summary,  P h a s e  I i n f l u e n t  a n d  ef f luent  
Ceriodaphnia 48-hour acute static bioassay da ta  
indicated consistent levels of toxicity a t  both 
wastestream point sources during the 3 weeks of 
testing. Chemical data indicated: 

1. Total copper effluent levels were high enough to 
account for the mortality observed in acute static 
bioassays. 

2. Effluent zinc levels were high enough to be 
contributing to effluent toxicity. 

3. Solids in the aeration basin were contributing to 
effluent copper and zinc levels. 

4. Copper levels in water from Well #8 were high 
enough to be acutely toxic. 

5 .  Influent levels of surfactants, oils and greases, 
and other organics measured a s  COD, were 
a d e q u a t e l y  t r e a t e d  s o  t h a t  e f f l u e n t  
concentrations were not considered significant 
contributors of toxicity. 

Based on results of the Phase I study, a Toxicity 
Reduction method evaluation was in i t ia ted  in  
F e b r u a r y  1987. T h e  p r i m a r y  goal  was t h e  
experimental reductiodremoval of effluent copper to 
non-toxic levels through laboratory-scale application 
of industrial metal reduction technologies. Success of 
metal reduction treatments was gauged by the extent 
to which treated effluent samples met the 48-hour 
acute static LC50 goal of 90 percent or better. Another 
goal of this work was the confirmation and further 
identification of effluent toxicants through the 
application of the newly drafted EPA Toxicity 
Characterization bioassays (Mount and Anderson- 
Carnahan 1988). 

Three metal reduction experiments were conducted, 
with the design of Experiments 2 and 3 based on 
results of the previous experiment. Experiment 1 
consisted of metal reduction through application of 
lime, 50 percent, liquid caustic, two cationic polymers, 
and combinations thereof. Experiment 2 expanded on 
Experiment 1 which indicated tha t  lime-treated 

emuent aliquots had the greatest copper reduction. 
Lime addition also represented the least expensive 
and easiest of the metal reduction treatments with 
post-treatment bioassays. Each experiment was 
conducted during consecutive months so that data 
from r e g u l a r  m o n t h l y  b i o a s s a y  a n d  copper  
determinations (zinc measurements were added in 
May 1987) could be a p p l i e d  a s  E x p e r i m e n t  
pretreatment baseline data. 

Metal and Toxicity Reduction Experiments 
Data from Experiment 1 indicated that the best 
reduction of effluent total copper was obtained by the 
addition of lime to a pH level of 12.0, resulting in a 
treated effluent copper concentration of 0.05 mg/L. In 
Experiment 2, post- t re  at me n t tot  a1 recover ab1 e 
copper levels of 0.04 mg/L for the pH 12 treatment 
and 0.14 mg/L for the pH 11 t r e a t m e n t  were 
measured and in Experiment 3, concentrations of 
0.12 and 0.04 mg/L measured for pH treatments 10 
and 12, respectively. These values closely approached 
reported 48-hour acute static copper LC50 values of 
0.017 mg/L for Ceriodaphnia and 0.053 mg/L for 
Daphnia pulex (US. EPA 1985). When compared to 
aquatic toxicity literature values, the lowest of the 
Experiment 1 and 2 post-treatment copper levels 
equaled or surpassed reported LC50 concentrations. 
Results of Experiment 3 post-treatment toxicity tests 
indicated, however, that effluent values of > 90.0 
percent could be obtained despite post-treatment 
total copper levels of 0.04 and 0.12 mg/L. (Post- 
neutralization sulfate concentrations of 73.0 and 
289.0 mg/L after pH adjustment were much lower 
than the 48-hour acute static LC50 concentration of 
1,637.6 mg/L obtained for D. pulex during BRI in- 
house studies.) This apparent contradiction brings to 
focus two points regarding the contribution of copper 
(as well as  zinc and other low-level metals) to 
Halstead’s effluent toxicity. 

First, it is not clearly understood what portion of an  
effluent metal concentration is biologically available 
to an aquatic organism and consequently capable of 
producing toxic affects. It is apparent from the results 
of Experiment 3 that not all of the copper present in 
the treated effluent samples was bioavailable 
because literature-cited toxic concentrations were 
measured in effluent which passed the acute static 
test. Further confirmation of this phenomenon is 
evidenced by the bioassay conducted on the March 25 
effluent composite. An LC50 of > 90.0 percent was 
obtained on effluent with total recoverable copper 
concentration of 0.57 mg/L. Recently drafted EPA 
Toxicity Characterization procedures assisted in 
answering the question regarding bioavailability of 
toxicants such as metals to aquatic organisms. 
(Results of Characterization toxicity tests conducted 
on Halstead’s effluent are discussed below.) Another 
factor hindering accurate correlation of metal levels 
and toxicity is the methodology by which metal  
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concentrations are routinely measured. NPDES 
permitees are required to measure effluent metals as  
‘total recoverable’ concentrations, the same method 
applied by BRI during Halstead‘s TRE. In its most 
recent criteria documentation, the EPA suggests that  
e f f luent  m e t a l s  m e a s u r e d  as ‘acid so luble’  
concentrations provide a better indication of the 
amount of a metal which is potentially toxic to 
aquatic organisms (US. EPA 1985). 

BRI conducted both ‘total recoverable’ and  ‘acid 
soluble’ copper and zinc determinations on Halstead’s 
June 1987 effluent composite to see if there was a 
measurable difference between detection methods. 
D a t a  ind ica ted  l i t t l e  d i f f e r e n c e  i n  c o p p e r  
concentrations between methods, with values of 0.85 
mg/L ‘total recoverable’ copper and 0.89 mg/L ‘acid 
soluble’ copper measured. Zinc levels, on the other 
hand, were substantially different, with 0.246 mg/L 
‘total recoverable’ versus 0.169 mg/L ‘acid soluble’ 
concentrations measured. As with any experimental 
procedure, a single set of data  is inadequate for 
drawing firm conclusions but this single comparison 
of metal determination of methodology suggested 
differences in effluent metal bioavailability. 

The North Carolina freshwater standards for copper 
and zinc are  0.015 and 0.050 mg/L, respectively. 
Based on measurements of copper in lime-treated 
effluents from laboratory and field samples, the 0.015 
mg/L standard would not be met  under  7 6 1 0  
conditions even though acute static LC50 values of 
> 9 0 . 0  percent  were measured.  T h e s e  m e t a l  
standards are considered Action Levels, however, and 
can be waived if it is demonstrated that  instream 
levels are not toxic to aquatic life. 

Field Application of Laboratory Procedures 
The use of lime as  a means by which metal levels can 
be lowered with a subsequent reduction in effluent 
toxicity was demonstrated in the laboratory. An 
application of the same chemical technique was 
demonstrated in March 1987 during a routine WWTP 
operation. On March 6,100 pounds of lime was added 
to the WWTP aeration basin and clarifier, and on 
March 11 solids were pumped from the  basin.  
Another 50 pounds was added to the aeration basin 
and clarifier on March 12. At month’s end, the 24- 
hour composite eff luent  sample  collected for 
Halstead’s monthly acute bioassay had a n  LC50 of 
>90.0 percent (Figure A5-la). The following month, 
a n  LC50 value of 73.4 percent was obtained for 
effluent collected over a 24-hour period beginning 
April 7.  These dramatic  reductions in effluent 
toxicity were obtained despi te  eff luent  t o t a l  
recoverable copper concentrations of 0.57 and 0.16 
mg/L (Figure A5-lb). 
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Figure AS-la. 48-hour daphnid acute static bioassay history, 
Halstead Metal Products. 
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Figure AS-1 b. Total recoverable copper concentrations, 
corresponding composite effluents. 
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Toxicity Characterization Procedures 
Results of timed-lethality procedures confirmed the 
contribution of metals and an  oxidant to Halstead’s 
effluent toxicity. ET50 values of c 4 8 . 0  hours  
obtained during the chelation procedure indicate that 
metals in the effluent complexed with EDTA to form 
non-toxic compounds t h a t  were not biologically 
available to test organisms. ET50 values during the 
air-stripping and solid phase extraction procedures 
(Mount  a n d  A n d e r s o n - C a r n a h a n  1 9 8 8 )  for  
t reatments  basified by the  addition of sodium 
hydroxide also showed significant reductions in  
toxicity. The addition of sodium hydroxide to pHs of 
11 and 9 during the air-stripping and solid phase 
extraction procedures, respectively, undoubtedly 
caused the formation of copper hydroxide salts which 
were not available to the Ceriodaphnia.ET50~ of 23.7 
a n d  19.8 h o u r s  o b t a i n e d  d u r i n g  t h e  
oxidationheduction procedure (Mount and Anderson- 
Carnahan 1988) indicated that a n  oxidizing agent 
was a significant contributor to the toxicity of the 
tested effluent. The minimal chemical usage a! 
Halstead pointed to chlorine as the likely oxidant 
Effluent chemistry data indicated that 0.32 mg/L 



residual chlorine was present in wastewater used in 
the Characterization tests, a concentration several 
times greater than the reported 48-hour acute static 
LC50 of 0.028 mg/L and a chronic concentration of 
0.007 mg/L for D.  magna (5). 

Beginning in February 1987, the NCDEM required 
that effluent samples for aquatic bioassay testing be 
collected after points of chlorination and  t h a t  
dechlorination not be conducted prior to toxicity test 
set-ups. Effluent residual chlorine levels since the 
change in collection points have been high enough to 
account for mortalities in acute static toxicity tests. It 
should be noted that effluent LC5os were similarly 
low when composites were collected prior t o  
chlorination; that is, before February 1987 (Figure 
A5-la). Similarly, WWTP influent was identzied to 
be equally toxic during the Phase I study. 

Receiving Stream Effluent Concentrations 
Based on effluent values for the current  year,  
projected 7610 concentrations of total recoverable 
copper and residual chlorine in Halstead’s effluent 
surpass toxicity limits reported in the scientific 
literature. Though it has been demonstrated that 
reported copper criteria limits do not necessarily 
correlate with LC50 and copper values obtained in 
this TRE, literature values can serve as valuable 
guidelines in the removal/reduction of effluent 
contaminants. 

Conclusions and Recommendations for 
Toxicity Reduction 
Data collected during Halstead’s Toxicity Reduction 
Evaluation confirmed copper a s  t h e  pr imary 
compound responsible for effluent toxicity, and zinc 
and chlorine as secondary contributors. Results of 
a c u t e  s t a t i c  t o x i c i t y  t e s t s  a n d  T o x i c i t y  
Characterization procedures indicated that effluent 
toxicity was reduced when these compounds were 
complexed or removed through chemical treatment. 
Furthermore, data indicated that the LC5o goal of 
90.0 percent or better could be met even though 
effluent total recoverable copper a n d  residual  
chlorine concentrations exceeded aquatic toxicity 
cri teria.  The following recommendations were 
submitted to Halstead for consideration: 

1. 

2. 

3. 

I t  

More frequent solids wasting in  the WWTP 
aeration basin should be practiced. 

Hals tead’s  WWTP should be modified t o  
incorporate a metal reduction treatment system. 
The use of industrial grade lime appears to be a 
practical and inexpensive approach. 

Effluent res idual  chlorine levels should be 
reduced below current levels either by additional 
aeration, cascading or chemical treatment. 

was BRI’s opinion t h a t  minor engineer ing  
modifications to Halstead’s present WWTP facility 
would accomplish the effluent metal and chlorine 
reduction needed to produce a wastestream that  is 
neither acutely nor chronically toxic to receiving 
stream organisms. 

follow-Up and Confirmation 
Halstead Metal Products is presently conferring with 
a civil and  environmental  engineering firm to 
address TRE study findings and recommendations. 
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Section A-6 
Case History: Texas Instruments Facility in Attleboro, Massachusetts 

Introduction 

In 1982, when Texas Instruments’ (TI) Attleboro, 
Massachuset ts  faci l i ty  s u b m i t t e d  a r e n e w a l  
application for i ts  National Pollutant Discharge 
Elimination System (NPDES) permit, water quality 
criteria were used to determine permit limits. The 
draft NPDES permit, issued to TI in 1984, reflected 
these water quality-based permit limits. 

The Attleboro facility was unable to meet the new 
l imi ts  with exis t ing technology. After much 
deliberation, TI chose to conduct a toxicity reduction 
evaluation (TRE) using aquatic toxicity testing to 
determine source of toxicity, and identify a means to 
reduce the source. The following sections document 
the work of the TRE. The TRE identified insoluble 
sulfide precipitation as the method for treatment of 
TI’s effluents to achieve acceptable levels of aquatic 
toxicity in the facilities’ surface water outfall. 

Initial Data and Information Acquisition 
Initially, Springborn Bionomics Inc., a consultant to 
TI, inspected the wastestreams and identified s ix  
sampling sites for acute toxicity studies to evaluate 
the effect of TI’S direct discharges to surface receiving 
waters (Figure A6-1). There were three outfalls (003, 
004, 005) which carried process water flows from TI 
to Coopers Pond via a brook. After examining the 
effluent from these outfalls, it was apparent that the 
major contribution to toxicity in the receiving stream 
was outfall 003. Most of the work focused on outfall 
003 because the runoff from the metal finishing 
processes were discharged into outfall 003. The other 
outfalls received boiler blowdown, storm water 
runoff, which had nothing to do with the product. 
Dissolved metals appeared to be the major cause of 
the observed toxicity. Table A6-1 summarizes  
toxicity results from the various sampling locations. 

Studies conducted at  outfall 003 indicated that the 
seven consecutive day flow with a recurrence interval 
of 10 years (7610) was approximately 0.15 cubic feet 
per second (cfs) or 0.0042 cubic meters per second 
(cms) while the thirty-day average flow with a 
recurrence interval of 2 years (3062) was estimated 

to be .45 cfs or 0.013 cms. EPA Region I required 
these historic low flows to be used in conjunction with 
the sensitive species criteria to assess the impacts of 
discharges on surface waters. 

TI’s process and cooling water flows were estimated 
to contribute 93 percent of the stream flow during 
acute toxicity conditions (periods of 7610 flow and 
maximum plant flow) and 73 percent of the total flow 
during chronic toxicity conditions (periods of 3062 
flow and average plant flow). 

Toxicity Identification Evaluation (TIE) 

Effluent Toxicity 

Two s tudies  conducted on Daphnia  pulex  by 
Springborn Bionomics Inc. indicated that the process 
water discharge from 003 exhibited No Observed 
Acute Effect Levels (NOAEL) of 5.6 and 14 percent 
effluent. Similar studies conducted on fathead 
minnows yielded NOAELs of 56 and 100 percent 
effluent. These results indicated that D. pulex was 
the most sensitive species and that based upon this 
species, effluent from 003 was toxic and subject to 
reduction. 

Because the final effluent exhibited high acute  
toxicity to D. pulex TI decided to conduct a second 
round of toxicity testing using acute toxicity testing 
and instream evaluation with D. pulex and chronic 
toxicity testing with ceriodaphnia affinisldubia. D. 
pulex was the  tes t  species of choice because i t  
exhibited a greater degree of sensitivity in the first 
round of testing. The second round of tes t ing  
confirmed the acute toxicity in the effluent from 
outfall 003. 

Characterization of the Effluent 
Enviro-Systems, another TI consultant, and TI’s 
MAPA Lab carried out s imilar  analysis  of the 
effluent based on EPA’s guidelines. Metals were 
suspected to be a cause of toxicity in the effluent, and 
a correlation between metals and toxicity was 
established. Analyses for metals were conducted 
using Atomic Absorp t ion  S p e c t r o m e t r y  a n d  
Spectrophotometry, and using inductivity coupled 
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Outfall Location 

Figure A6-1. Texas lnrtrumentr Attleboro outfall locations. 

T8ble A6-1. Range of Daphnla pulex LC5O's and NOAEL' 

Range of Range of 
LCSO'S NOAEL 

Sample Location (%Effluent) (96 Effluent) 

a. 

b. 

C. 

d. 

e. 

1. 

0.1 -2.5 0.1 -1 Outfall 003 
Outfall 005 35 25 

Cooling Tower Blowdown 41 1 

Unnamed Brood down-stream 1.69-5 1.1-1 

Coopers Pond Influent 1.91 1 

Cooms Pond outfall under 1.55-1 00 1.0-100 

of outfall 003 and 004 
discharge 

railroad embankment 

Table taken from Veale and Elliot (1987) 

plasma spectrometry. The team correlated the 
concentration of various parameters to acute LC50 
acute NOAEL, and chronic NOAEL. In order t c  
illustrate this correlation, acute bioassays were 
conducted using D. pulex and chronic bioassays were 
conducted using C. affinisldubia under  stable 
laboratory conditions. Five sets of effluent sample. 
were analyzed to determine acute LC50, acutc 
NOAEL and chronic NOAEL and the corresponding 
metal concentrations in each of the five sets wen 
determined. Results from these tests are summarizec 
in Table A6-2. 

The 48 hr. LC50 values for D. pulex ranged from 73.2: 
percent to 100 percent, while acute NOAELs range( 
from 50 percent to 100 percent. The results of thl 
chronic toxicity studies revealed no effect from th( 
eff luent  on production of neonates  by adul  
C e r i o d a p h n i a  (which s u r v i v e  t h e  t e s t ) ,  a 
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Table A6-2. Summary of Rerum From Representative' Acute and Chronic Effluent Toxicity TOgtE, Texas lnstrumenta 
Toxicity Reduction Evaluation, August 1985 

Test Series 
Parameter I I I  111 IV V 

Acute LC50" lOO~/O 73.29% 100% 1 OOYO 100% 

Acute NOAEL" 100% 60% 50% 100% 100% 

Chronic NOAEL- 12.5% 6.25% 20% 60% 80% 

Alkalinity (mgn) 81 73 56 71 74 

Hardness (mgt ) ,  76 0 48 51 66 

0.01 

0 

7.66 

0.005 

0.52 

0.004 

0.0005 

0.009 

0.064 

0.12 

0.001 

.01 

0.01 

0.008 

0.0005 

0.02 

0 

11.12 

0.068 

0.12 

0.006 

0.020 

0.046 

0.098 

0.25 

0.001 

0.01 

0.01 

0.013 

0.020 

0.01 

0 

7.80 

0.025 

0.52 

0.006 

0.035 

0.041 

0.23 

0.20 

0.043 

0.01 

0.045 

0.028 

0.035 

0.7 

0 

7.94 

0.0008 

0.71 

0.002 

0.0005 

0.014 

0.29 

0.12 

0.002 

0.01 

0.01 

0.004 

0.0005 

0.9 

0 

7.70 

0.0005 

0.32 

0.008 

0.0005 

0.005 

0.055 

0.09 

0.023 

0.01 

0.01 

0.005 

0.0005 

CN (mg/L) 0.06 0.07 0.21 0.09 0.06 

F (mglL) 4.7 5.4 1.8 1.1 1.1 

Pd O-tu") 0.005 0.005 0.005 0.005 0.005 

p "L) 0.69 1.2 1.8 1 .l 0.48 

"L) 0.6 0.58 0.5 0.5 0.27 

- - Table taken from Veale and Elliot (1987) 
Acute test species was Daphnra pulex 
Chronic test species was Ceriodaphnra affmrsldubra 

concentrations from 6.25 to 80 percent effluent. No 
direct correlation between any single compound and 
effluent toxicity could be found. However, when 0 Membrane microfiltration. 
silver, copper and lead levels were simultaneously 
low, there was a cor: elating reduction in toxicity 
even when the level. ."other metals were high. 

Toxicity Reduction Approaches filtration. 

To reach the goal of no toxic materials in toxic 
amounts, TI elected to evaluate advanced treatment 
technologies to determine if acceptable effluent 
quality could be attained. Selected state-of-the-art 
technologies which were tes ted included t h e  
following: 

0 Insoluble (iron) sulfide precipitation process. 

0 Chelating resin ion exchange. 

0 Soluble (sodium) sulfide precipi ta t ion and  

The treatment evaluation program required several 
months of da ta  collection, from J u n e  through 
October, 1985. As noted previously, effluent samples 
from each pilot unit were subjected to toxicity testing, 
in addition to analyses, for the constituents listed in 
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the new discharge permit. This in-depth testing, data 
collection and data analyses eventually determined: 

0 The feasibility of advanced treatment to produce 
an  effluent meeting the TRE objective. 

Estimations of full-scale chemical consumption 
rates and chemical costs. 

Operational and maintenance advantages and 
disadvantages of each process. 

Process turndown capabilities and operational 
flexibility. 

0 

0 Full-scale design parameters. 

For this specific project, the pilot testing favored the 
selection of the insoluble sulfide precipitation process 
for advanced treatment and polishing of the effluent 
from TI’s existing hydroxide precipitation treatment 
system. 

1 

1 

Pilot Testing 
In order to establish baseline toxicity, design and 
operating data for the advanced treatment processes 
required to meet TI’s new p e r m i t  l i m i t s ,  a 
comprehensive pilot testing program was developed. 
During this pilot testing program, a series of acute 
and chronic toxicity tests were conducted using 
treated effluent from the pilot units. 

Conclusions, Comments, and 
Recommendations 

In May 1985, TI contracted with United Engineers 
and Constructors Inc. (UE&C) of Boston for the  
design upgrade of the existing industrial wastewater 
t reatment  system for the i r  Att leboro facil i ty.  
Improvements to the existing wastewater treatment 
system were to include advanced  t r e a t m e n t  
technologies. 

UE&C developed a cost-effective application of a n  
Insoluble Sulfide Precipitation Process during the 
pilot studies. This method was successful in meeting 
the discharge limits and the toxicity requirements in 
the NPDES permit. This new unit has not yet been 
put into normal operation a t  the TI plant. 
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Section A-7 
Case History: Chemical Plant I 

Introduction 

This case study presents information and da ta  
gathered during a toxicity reduction evaluation 
conducted in 3985 and 1986. The facility under study 
is located in an  easkm coastal state with discharge 
to the Atlantic Ocean. The  invest igat ion was 
performed by AWARE Incorporated. A permit  
effective July 1, 1985 required the plant to conduct 
toxicity tests on Mysidopsis bahia,  a saltwater 
shrimp, to comply with a 96 hr  LC50 value > 50 
percent  eff luent  toxicity l i m i t .  T h i s  p e r m i t  
requirement was to be attained in no more than three 
years from the effective date of the permit, with 
interim improvement levels specified as well. The 
permit  a l so  required t h a t  t h e  TRE ident i fy  
technologies capable of attaining the interim and 
final toxicity limits within one year (duly 1986). 
Quarterly reports on the technological progress to 
reduce toxicity were also required. 

Initial Data and lnformation Acquisition 

Products manufactured a t  the  facility included 
organic dyes and intermediates, epoxy resins, and 
fine chemicals used for textile, paper and plastic 
industries. Figures A7-1 shows a process flow 
diagram for the waste treatment system. As of June 
1985, the biologically treated wastewater a t  the plant 
was highly toxic to M. bahia (LC50 = 5 percent). 

Toxicity ldentification Evaluation (TIE) 

Toxicity Screening 

Ammonia 

Ammonia was suspected as a causative agent due to 
levels of 20 to 30 mg/L in the treated effluent. 
Ammonia stripping was tested to determine if 
ammonia could be the major cause of the toxicity. 

Biodegradability 

Extended aeration biodegradation tes t ing  was 
performed with a seven day retention time following 
activated sludge treatment. A non-biodegradable 
fraction of 70 mg/L remained and no significant 

reduction in toxicity was observed. However, this 
method succeeded in removing the chloro-compounds 
revealed during the G C N S  analysis. 

Priority Pollutants 
Methylene chloride and methyl isobutylketone were 
used in extraction tests to determine whether organic 
priority pollutants in the effluent were causing the 
toxicity. Both tests failed to achieve the objective of 
eliminating toxicity. 

Metals 
In order to determine the role metals were playing in 
the effluent toxicity, precipitatiodfiltration tests 
were performed using sulfide, hydroxide, and alum. 
Metals removal resulted in insignificant toxicity 
reduction. 

Non-biodegradablelnon-polar Organlcs 
In  order to determine the significance of non- 
biodegradable, non-polar organics, the biologically 
treated emuent was exposed to further, complete 
biological treatment followed by contacting with 
pulverized activated carbon. This resulted in nearly 
complete removal of TOC and toxicity. 

GCIMS Analysis 
GUMS analysis revealed that benzanthracene, a 
large multiple-ring aromatic compound was the most 
probable potential toxicant. However, there was no 
known source of the compound within the plant. This 
compound was detected in the final emuent sample 
which had the lowest LC50 value. Other potentially 
toxic compounds which were occasionally detected 
included chloroform, tetrachloroethylene, 1,1,1- 
trichloroethsne, napthalene, dibutylphthalate and 
azo compounds. However, all  of these compounds 
were found in both non-toxic and toxic samples in 
similar concentrations. 

Toxicity Characterization and Source 
ldentificatlon 
A preliminary screening program investigated 
sources of toxicity from seven areas in the plant. 
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Figure A7-1. Waste treatment plant process flow diagram. 
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Relative toxicity of suspected organic and inorganic 
compounds were determined and an initial data base 
on end-of-pipe toxicity reduction was developed. 
Samples of the effluents from each of the seven 
production units were collected and analyzed before 
and after passing through the existing treatment 
system in order to determine the relative toxicity of 
suspected organic and inorganic compounds. Based 
on 48 hour LC50 tests, it was observed tha t  the 
effluent from every production unit was toxic because 
the sample failed to produce a n  LC50 value 2 50 
percent for the effluent when diluted to the level 
found in the'discharge. 

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

Source CIassification 
Studies  were begun to classify a n d  ident i fy  
wastewaters which proved toxic to M. bahia. This 
study was aimed at identifying those wastestreams 
which had the highest probability of causing toxicity 
to M. bahia, after passing through the biological 
treatment. The rate of biodegradation and biotoxicity 
(to M. bahia) for each wastestream was determined 
using the Fed Batch Reactor test method (Watkin 
1986). 

Classification of the wastestreams was done in terms 
of relative biodegradation rates and potential for 
causing toxicity to M. bahia. Based upon t h e  

.......... .......... .......... 
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evaluation, wastestreams were placed into one of four 
separate wastestream classes, as described below. 

C l a s s  A w a s t e s t r e a m s  a r e  tox ic  a n d  non-  
biodegradable. These may require treatment a t  the 
source to reduce toxicity. Class B wastestreams are 
toxic and biodegradable, and can normally be treated 
with conventional t reatment  processes. Class C 
wastestreams are non-toxic, but may contribute to 
final effluent toxicity through synergism and inplant 
reaction. Class D wastestreams are  non-toxic and are 
unlikely to contribute to toxicity in t h e  f inal  
wastestream. 

Table A7-1 summarizes typical classification results 
from the grading of the wastestreams for selected 
wastestreams. 

In total, 126 wastestreams were classified, of which 
14 wastestreams fell in  Category Class  A ,  24 
w a s t e s t r e a m s  fe l l  i n  C a t e g o r y  C l a s s  B,  29 
wastestreams fell in Category Class C, while 54 
wastestreams were classified as Class D. Based upon 
those results, source reduction or treatment projects 
were defined for Class A and B streams (Table A7-2). 
The results of these projects are  summarized in B 
later section. 



Table A7-1. Typical Classification Results of Wastewater Sources 
Biological Treatability Bioassay Toxicity Maximum Plant 

0 Max 48 hr L C ~ , ~  Loadingb 
(mg TOClgm-hr) VOC, mg/L) (TOC, mdL) 

Class A Wastestreams (nondegradable 
with suspected toxicity) 
A e1 ca 1 

B < 1  0.5 0.4 
C Cl 16 5.5 
D c1 2.4 1.7 
Class B Wastestreams (biodegradable 
with suspected toxicity) 
E 22.4 
F 30.0 
G 7.9 

16 
14 

26 

4 

a 
10 

H 5.5 7.2 3.1 
Class C Wastestreams (unlikely to induce 
toxicity) 
I 26.5 104 14 
J 5.3 319 36 
K 5.4 1 1 1  11.7 
L 14.1 375 56 

a Mysidopsis bahia 
b Contribution of the source to the combined effluent expressed in mg source TOC per liter combined effluent. 

Source of Toxicity 

A distinct relationship existed between the total 
organic carbon (TOC) and toxicity before and after 
biological and carbon t reatment .  However,  no 
correlation was detected between the influent TOC 
and the effluent toxicity level.  Data  s t rongly 
indicated that non-biodegradable organic material 
was the source of toxicity in the effluent. 

Toxicity Reduction Approaches 

Source Reduction 
This program was aimed a t  eliminating or reducing 
the discharge of raw materials, metals, inorganic and 
organic compounds. Waste profiles were established 
for each of the production units. This included process 

water description sheets and material balance sheets 
account ing for approximate ly  90  p e r c e n t  of 
production volume. This proved to be a n  excellent 
tool for  was te load  r e d u c t i o n  a n d  p r o c e s s  
improvement.  The  discharge of c e r t a i n  toxic 
materials was reduced, if not eliminated, with the aid 
of process modxcation. In addition, the following 
treatment technologies were examined. 

Metal Precipitation 
Metal concentrations were significantly lowered in 
some w a s t e s t r e a m s  by c a r r y i n g  o u t  m e t a l  
precipitation a t  the source. 

Reverse Osmosis 
This technology proved to be partially effective in 
reducing toxicity and TOC in waste liquor discharged 

Table A7-2. Treatability and Toxicity Factors from Identified Wastestreams 

Responsible 
Production Units Beodegradability Organic Removal BOD Removal Toxicants 

A Negligible Low Negligible _ - _ - _  
B High Low Moderate Organic Compounds 

C Negligible High Moderate Copper and 
Chromium 

D Very High High High _ _ _ _ _  
E High Very High High _-_.- 
F High Very High High Copper 
G Very High Very Hiqh High - _ - _ _  
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from some production units. However, there were 
several drawbacks associated with reverse osmosis 
technology. Some of the problems included disposal of 
the concentrate, limitation of available membranes 
and formation of a heavy, tarry material due to 
caustic soda addition during neutralization. 

Peroxide Treatment 
This method gave mixed results. Although it  needs to 
be studied further, no attempt to investigate this 
technology was made until November 1986. 

Carbon Adsorption 
Based on the identification of Class A streams in the 
classification system described previously, carbon 
pretreatment tests on Class A wastestreams were 
completed by September 1985. Activated carbon 
(adsorption) dosages as high as 200,000 mg/L were 
required to reduce TOC to acceptable levels. The 
carbon dosage required to obtain an LC5o value of 50 
percent or greater effluent in a batch reactor ranged 
from 10,000 to 50,000 mg/L. Investigations were 
performed on 12 Class A streams and significant 
reduction in effluent toxicity by carbon contact was 
observed. 

Wet Air Oxidation 
Wet air oxidation also was examined. Significant 
reductions in toxicity improved biodegradability and 
a 98 percent TOC removal were observed in some 
was te  s t r e a m s .  A 40  fold i m p r o v e m e n t  i n  
biodegradability was observed in some cases. 

Powdered Activated Carbon Treatment (PACT) 
Based on bench, pilot and full scale end-of-pipe 
treatment studies, it was determined that the PACT 
technology was a technically and economically 
feasible alternative. A carbon dosage of 100 mg/L was 
required (in the bench-scale units) to consistently 
meet an  interim toxicity requirement (LC50 value 2 
20 percent emuent) while a dosage of 250 mg/L was 
necessary to comply with t h e  f i n a l  toxici ty  
requirement (LC50 value 2 50 percent effluent). 
Bench scale results also indicated that a carbon 
dosage of up to 500 mg/L may be required under 
certain extreme influent conditions. 

Winter conditions did not significantly affect toxicity 
reduction performance, but did decrease the organic 
removal efficiency. 

The effect of hydraulic retention time (HRT) did not 
seem to impact treatment performance significantly. 
The system was operated a t  HRT's of 2.1 days and 1.1 
days during optimization studies to evaluate the 

effect of operating only one of the two existing 
aeration basins. 

The investigation demonstrated the  success of 
flocculent addition to remove color, and the success of 
PAC addition to remove metals, chromium i n  
particular. 

The toxicity reduction potential of the system seemed 
to be impaired when operated a t  solids retention 
times of 15 days or less. Solids retention times (SRT) 
of between 30 days and 50 days achieved optimum 
toxicity reduction. Operating the system a t  an SRT 
outside this range was found to increase effluent 
toxicity. Addition of ferrous ion to the activated 
sludge reactor was not found to reduce toxicity. 
Regeneration of powdered activated carbon was not 
found to be attractive due to loss of adsorptive 
capacity and loss of carbon in the process. For 
equivalent results approximately twice a s  much 
regenerated carbon w a s  required than virgin carbon. 
Carbon losses of 20 to 25 percent were experienced in 
the regeneration process under conditions required 
for good quality carbon. 

Granular Activated Carbon (GAC) Adsorption 
Initially, carbon isotherms were constructed on four 
alternate carbons: Calgon F-300, Calgon F-400, IC1 
HD-3000 and IC1 HD-4000. Calgon F-300 was 
selected for the GAC column operation based upon 
much superior toxicity reduction in the isotherm 
testing. 

Init ial  column studies (up to September 1985) 
indicated that GAC was very effective in toxicity 
reduct ion a n d  i n  r e m o v i n g  so luble  o r g a n i c  
compounds from the wastewater, particularly the 
high molecular weight and non-polar compounds. 
Moderately high adsorption capacities were observed 
from the operation of three GAC columns in series 
utilizing an LC50 of 50 percent as the breakthrough 
criterion. Carbon usage rates were found to be within 
acceptable ranges (1 gram carbon per 0.09 to 0.12 g 
TOC removed). Thermal regeneration of Calgon F- 
300 did not appreciably alter its effectiveness. 

Ozona tlon 
Ozonation of the secondary effluent was also studied 
during the end-of-pipe t reatment  evaluation. I t  
initially demonstrated some effectiveness but  
additional testing revealed that it was not as effective 
in reducing toxicity a s  other methods examined. 
Therefore, ozonation was abandoned as  a feasible 
treatment a1 ternative. 

Basis for Selection of Method 
Based on success with bench, pilot and full-scale 
studies, conversion of the existing biological system 
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Follow-Up and Confirmation 
Source reduction, Source treatment and treatment 
system optimization efforts were completed between 
September 1984 and June 1986. The new treatment 
modifications were designed by J u n e  1986 and 
installed by November 1986. Follow-up studies are 
presently underway a t  the facility. 

Problems Encountered 
Although there  appeared to be a relat ionship 
between residual TOC and toxicity after biological 
and carbon treatment, it was not consistent from day 
to day. Some days an LC50 of 50 percent appeared to 
correspond to a TOC of 20 mg/L. Other days, i t  might 
be 10 mg/L or 40 mg/L. 

During pilot plant s tud ies  for t h e  PACT and 
biological treatment systems it  was observed (in 
carbon regeneration) that the best condition for TOC 
removal was found to be the worst for carbon losses. 

Results of toxicity testing for 22 Class D streams 
following biological t reatment  indicated tha t  a 
synergistic effect may have existed which resulted in 
elevated toxicity. 

Recommendations, Comments and 
Conclusions 

As a result of conducting the TRE, the TOC loading 
in the treatment plant discharge was reduced by 23 
percent in 1985 as  compared to 1984. This  was 
largely due to source treatment methods, process 
modifications, wastestream treatment, and improved 
housekeeping. By 1985, as  many a s  27 Class A 
streams were treated, of which eight were treated a t  
the source; five were precipitated to eliminate copper 
and chromium and 14 sulfide containing streams 
were air oxidized to generate a less toxic emuent. The 
discharge in  s ix  w a s t e s t r e a m s  w a s  e n t i r e l y  
eliminated during the same time. 

A PACT system with a carbon dose of 250 mg/L would 
enable the company to comply with all  discharge 
criteria. 

The final results of the TRE indicated that if wet air 
regeneration of powdered carbon w a s  used, the  
dosage could well increase to as much as  double the 
virgin dose. Although ash accumulation is associated 
with it, it is believed it would be manageable, but 
carbon loss would be excessive. 

Reference 
Watkin, A. Evaluation of Biological Rate Parameters 

and Inhibitory Effects in Activated Sludge. Ph.D. 
Thesis , Vanderbil t University (1 986). 
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Section A-8 
Case History: Chemical Plant I1 

Introduction 

Treatment alternatives to reduce the emuent toxicity 
of a chemical manufacturing plant were investigated. 
The facility was issued a new wastewater discharge 
permit which included a n  effluent toxicity limit 
based on toxicity tes ts  with Mysidopsis  bahia 
(mysids). An end-of-pipe 96 hour LC50 value of 50 
percent to be achieved within 3 years, was required 
by the compliance schedule specified in the permit. 

Initial Data and Information Acquisition 
The chemical manufacturing facility is involved in 
the production of surfactants (alkylphenol, alcohol 
ethoxylates) and their derivatives and intermediates, 
and synthetic organic compounds such as aromatic 
hydrocarbon bases and tetrahydrofuran (THF). 
Effluent from the plant's process wastewater was a 
complex mixture, including "fresh water" discharges 
from chemical reactors, storage tanks, tank wagons, 
a drumming station, and  equipment  c leaning 
operations; "saltwater" discharges from cooling 
towers, fume scrubbing, and  vacuum jets ;  and  
s a n i t a r y  w a s t e w a t e r s ,  s u r f a c e  r u n o f f  a n d  
groundwater (carrying landfill leachate) also enter 
the wastewater system. Figure A8-1 depicts the plant 
wastestream schematic and the influent sources to it. 

Plant or Process Description 
The Waste Water Treatment  Facility (WWTF) 
consisted of coarse screening,  oil skimming,  
equalization, neutral izat ion,  ac t iva ted  sludge 
treatment and chlorination (Figure A8-1). The 
system was equipped with gravity thickening and 
pressure filter dewater ing  to enhance  sludge 
handling. 

Effluent Toxicity 
The new permit required the WWTF to achieve an 
end-of-pipe 96 hr,  static, daily replacement LC50 
value of 50 percent emuent based on toxicity tests 
with M. bahia (mysid shrimp). Data indicated the 

effluent 96 hr LC50 was 3 percent. Influent toxicity 
ranged from 2.1 to 3.1 percent. 

Existing performance data was not conclusive on the 
ability of the WWTF to reduce effluent toxicity. 
Therefore a toxicity reduction evaluat ion was 
conducted in  three steps. System upgrade was 
required to comply with the new permit limits. 

Evaluation of Treatment Process Optimization 
Step one included the preliminary investigation and 
was aimed a t  assessing the feasibility of using the 
activated sludge process to reduce the toxicity of the 
effluent. Operating procedures, reseeding, ultimate 
toxicity reduction potential, and influent wastewater 
characterization were all examined. 

The preliminary investigation indicated t h a t  at  
l a b o r a t o r y - s c a l e ,  a c t i v a t e d  s l u d g e  s y s t e m  
significantly reduced the effluent toxicity to M .  
bahia. Effluent from two reactors (one seeded with 
municipal seed and the other seeded with industrial 
seeds) were tested. The source of the seed in the 
municipal sludge reactor was from a local POTW. 
The source of the seed in the industrial sludge reactor 
was from a sister-facility in another state. The period 
of acclimatization for the seed ranged from 4 to 8 
weeks. 

Results of these tests indicated that the reactor 
seeded with municipal sludge was in compliance with 
the toxicity limit (50 percent effluent LC50 value) 
half the t ime, while the  reactor  seeded with 
industrial sludge did so only 25 percent of the time. 
Variation was attributed to operational parameters 
of the reactor and not the seed characteristics. 
Unsynchronized operation of the reactors, different 
feed characteristics, and higher effluent TSS were 
among the factors responsible for these variations. 

Attributes of the two reactors are summarized in 
Table A8-1. The average BOD5 removal efficiency for 
the reactor seeded with municipal sludge was 88 
percent while that seeded with industrial sludge was 
83 percent. The unit seeded with municipal sludge 
exhibited 56 percent TOC removal efficiency, 
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whereas the TOC removal efficiency for the unit 
seeded with industrial sludge was 51 percent. 

Table AB-1. Comparison of Reactor Pwtormrnce 
Municipal Industrial 
Sludge Sludge 
Reactor Reactor 

BOD, Removal Efficiency 88% 83Yo 
TOC Removal Efficiency 56% 51 yo 

Stable Mixed Liquor Volatile Suspended 2000 2000 

Zone Settling Velocity llfVhr 15fVhr 

Oxygen Uptake Rates 15m3/hr 15mQ”Ir 

Solids mo/L mgn 

Both the reactors exhibited stable mixed liquor 
volatile suspended solids a t  a design concentration of 
about 2000 mg/L with consistently good sludge 
settling characteristics. The zone settling velocity for 
the municipal sludge reactor was 11 f i r  while that 
for the industrial  sludge reactor was 15 ft/hr. 
Consistent oxygen uptake rates (approximately 15 
mg/hr) were observed for both the reactors. 

From bench scale results it was concluded that plant 
optimization may result in near compliance with 
toxicity requirements. Based upon this, al l  efforts 
were  d i rec ted  t o w a r d s  m a k i n g  n e c e s s a r y  
improvements to the treatment plant and confirming 
the bench scale results in a pilot scale system. 
Unfortunately, the pilot scale results deteriorated 
over a three month period with no apparent change in 
conventional parameters. 

Toxicity /den tifica tion Evaluation (TIE) 
The second step of the TRE was aimed at identifying 
the specific causes for effluent toxicity, investigating 

t h e  e f fec t iveness  of end-of -p ipe  t r e a t m e n t  
alternatives, testing certain plant product groups for 
their  biodegradabilityltoxicity reduction, a n d  
observing the effectiveness of several  physical- 
chemical processes to treat the plant’s products. I t  
included onsite, pilot plant investigations during 
which the activated sludge process was tested under a 
range of organic loadings and hydraulic retention 
times. 

Laboratory tes ts  were conducted to de te rmine  
whether the activated sludge process could be used to 
reduce toxicity in segregated (concentrated) process 
wastewaters without inclusion of cooling waters, 
boiler blowdowns or surface runoff. A secondary 
objective of this investigation was to assess the  
impact of *‘rare** wastewater discharges on t h e  
performance of the activated sludge process. 

Causative Agent Identification 

During the second and third steps of the study, the 
identification of emuent components responsible for 
the toxicity of the wastestream was investigated. 
Mysid toxicity tests were conducted with pilot plant 
reactors continuously fed from the equalization basin 
effluent. The results did not indicate any correlation 
between the plant production profile and effluent 
LC60 values. 

Results of paired LC50 tests indicated that toxicity 
increased with organic loading and the lowering of 
operating temperature. Filtered effluent samples 
were less toxic than those of the corresponding 
unfiltered samples. Analysis of the effluent using 
HPLC technology showed a positive correlation 
between effluent toxicity and  nonylphenol (NP)  
concentration in the effluent. 
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Continuous flow reactors were fed with aliphatic 
based compounds. Reactors #1 and #3 had TOC 
removal efficiencies of 89 percent and 86 percent 
respectively. Reactors #2, #4, and #5,  which were 
fed with a r o m a t i c  b a s e d  products  achieved  
approximately 80 percent TOC removal efficiency. 
However, reactor #6, which was fed with linear 
nonylphenol ethoxylate (NPEO) had TOC removal 
efficiency of only 74 percent. The results indicated 
that reactors fed with N P  exhibited higher toxicity 
based on TOC removal than other reactors. 

A comprehensive analysis of the TOC, NP and NPEO 
and ammonium (NH4-N) concentrations in the 
effluent was then conducted. I t  es tabl ished a 
cor re la t ion  be tween t h e  LC50 a n d  ef f luent  
concentrations of NP and NPEO. 

Batch test results from the end-of-pipe investigations 
also established a positive correlation between NPEO 
concentrations and effluent toxicity. An LC50 value 
of 100 percent  eff luent  could be reached  a t  
concentrations of NPEO below 0.07 mg/L. Even 
though NPEOs may not have been the sole cause of 
toxicity in the effluent, they were a good indicator of 
the presence of a larger class of toxic constituents. 

Confirmation of Source or Agent 
End-of-pipe and at-source treatment investigations 
concluded t h a t  NPEO was t h e  principle toxic 
component in the WWTF effluent samples. 

Treatability Evalua tions 
The last step of the toxicity reduction evaluation was 
carried out to test the effectiveness of proposed source 
and end-of-pipe treatment systems at  both bench- and 
pilot-scale. It was aimed at screening the at-source 
and end-of-pipe treatment options. It included several 
additional tasks which were aimed at evaluating 
specific causes of effluent toxicity. 

Based on the results of the plant studies during Steps 
I1 and 111, it was determined that effluent from the 
existing biological treatment unit could not meet the 
levels proposed by the new permit. To comply with a 
whole effluent toxicity limit of an LC50 2 50 percent 
effluent, a t -source t r e a t m e n t  and  end-of-pipe 
t reatment  options were identified.  These a r e  
described below. 

Source Treatment 
This was a technically and an  economically feasible 
a l te rna t ive .  I t  involved separa t ion  of highly 
concentrated, low-flow process wastewaters from the 
non-contact cooling w a t e r  a n d  some l igh t ly  
contaminated flows (fume scrubbings, vacuum jet  
s t reams,  e tc . ) .  Fol lowing p r e t r e a t m e n t ,  t h e  

wastewater was combined with other plant flows for 
conventional treatment prior to discharge. 

Seven individual products of the company were batch 
treated with activated carbon, activated alumina, 
a lum, Fuller’s E a r t h  and ion exchange resin.  
Activated carbon was identified as a feasible 
alternative as it consistently eliminated 90 percent of 
the seven products tested. The other t reatment  
methods failed to demonstrate  consistency i n  
reducing toxicity. 

End-of-Pipe Treatment 
Various tertiary treatment processes were evaluated 
which included adsorption using selective agents 
(activated carbon, Fuller’s Earth, activated alumina 
and  ion exchange resin), a lum treatment ,  and  
chemical oxidation using hydrogen peroxide. The 
feasibility of operating the Powdered Activated 
Carbon Treatment (PACT) and Granular Activated 
Carbon (GAC) treatments were also assessed. The 
PACT treatment was very efficient (approximately 
100 percent removal) in removing the NPEO a t  
dosages of 200 mg/L. Treatment with alum, activated 
alumina and ion exchange resin resulted in NPEO 
removal just over 50% at dosages of 200 mg/L. 

Activated carbon treatment was determined most 
effective based upon removal of the toxicity causing 
agents.  The cost of both t h e  PACT and GAC 
technologies were similar.  However, the PACT 
process did not require facility modification while the 
GAC treatment process required another facility for 
its operations. End-of-pipe treatment with alum was 
not seriously considered because of the limited data 
available on its capabilities. 

Final Comments, Recommendations and 
Conclusions 
This TRE proved to be of great benefit in identifying 
the cause of the effluent toxicity. The TRE also 
helped identify the feasible treatment alternatives. 
The end-of-pipe PACT treatment system was a viable 
alternative because i t  achieved effluent LC50 values 
of 2 50 percent effluent as required by the permit, 
and  could be implemented  wi thout  fac i l i ty  
modification. 

The biological source t r e a t m e n t  was another  
attractive option which appeared technically and 
economically feasible. End-of-pipe alum treatment 
and the use of GAC (following biological treatment) 
were not viable processes to introduce due to limited 
data and high capital and operating costs. 

Pilot plant (activated sludge) studies indicated that 
addition of polymer to the wastestream was effective 
in controlling effluent suspended solids. The BODS 
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Section A-9 
Case History: TRE of 1.1.1. Effluent 

Introduction 

The following is a description of t h e  toxicity 
reduction evaluation (TRE) conducted a t  the I.T.T. 
Rayonier plant (Mount and Anderson-Carnahan, 
1986). I.T.T. Rayonier, Inc., located on the Amelia 
River a t  Fernandina Beach, is one of Florida's major 
industr ia l  facil i t ies.  F i g u r e  A9-1 p r e s e n t s  a 
schematic diagram of the processes in  the I.T.T. 
Rayonier wastewater treatment system. In order to 
resolve outstanding NPDES permit issues associated 
with I.T.T.'s effluent discharge, and to implement a 
site-specific application of EPA's "Policy for the 
Development of W a t e r  Qual i ty-based P e r m i t  
Limitations for Toxic Pollutants", a number of issues 
were s t u d i e d  a t  t h e  I .T .T .  p l a n t .  T o x i c i t y  
identification and reduction was a n  important  
segment of the study. 

Initial Data and Information Acquisition 

Plant Description 
The I.T.T. plant manufactures chemical cellulose 
(pulp) from Southern pine by the sulfite process. 
Effluent control consists of red liquor evaporation 
and burning, primary, and secondary t reatment  
(standard in the industry). 

Characteristics of Effluent 
Wastewater characteristics of the treated effluent 
during May 14-21,1986 are presented in Table A9-1. 

Toxicity Identification Evaluation (TIE} 
A prel iminary eff luent  charac te r iza t ion  was  
performed with effluent samples collected during 
July 1985 and March 1986. An on-site study of the 
effluent using two mobile toxicity test laboratories 
was performed during May 13-26,1986. 

Data Collection and Methods 
For the on-site study, g r a b  and  24-hour t ime 
composited samples were collected from the aeration 
lagoon near the point of discharge. Table A9-2 shows 
a listing of the samples. These samples were coded 

according to the date of collection (montwday) and 
the number of the sample collected that day (I, 11, 
III,..). Phased testing was conducted with t h e  
collected effluent. 

The physical and chemical properties of the effluent 
toxicant(s) were first isolated and characterized 
using a parallel  series of tests. Each test w a s  
designed to remove or render biologically unavailable 
a specific group of toxicants, such as oxidants, 
organics, metals, etc. Timed lethality tests using 
Ceriodaphnia were performed before and after the 
test treatment to indicate the effectiveness of the test, 
and hence the nature of the toxicant(s). A series of 
blanks and controls were used with each test to 
insure that no toxic artifacts had been created during 
sample manipulat ion.  T h e  var iabi l i ty  of t h e  
compounds causing toxicity was assessed by 
repeating the toxicity characterization test series 
using samples collected over a period of time. Both 
the 48-hour LC50 value and average time it took to 
cause 50 percent lethality in Ceriodaphnia were used 
to measure the relative toxicity of the baseline 
effluent. Other tests employed only timed lethality 
tests to assess the change in toxicity. Five toxicant 
characterization tests were used in parallel during 
the study. 

Filtration - This procedure is used to indicate 
whether toxicants were associated with filterable 
materials. Also, since the filtered effluent was used 
in another characterization test, i t  was necessary to 
assess the effect of filtration on effluent toxicity. 

Air-stripping - This is used to characterize the 
volatility and oxidizability of causative toxicants. By 
adjusting the pH of the effluent prior to stripping, the 
acidic or basic nature of the toxic compounds can also 
be assessed. 

EDTA chelation - By adding increasing doses of 
EDTA to aliquots of effluent, toxic cationic elements, 
like lead, copper, cadmium, nickel, zinc, etc. are  
complexed with an organic ligand to produce a 
nontoxic form of the cation. The time to mortality 
should increase a s  the  EDTA dose increases 
(provided that toxic levels of EDTA are avoided). 
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Figure A9-1. A schematic diagram of the processes in the I.T.T. Rryonier wastewater treatment system. 

Table A9-1. Additional Wastewater Characteristics 
During May 14-21,1986 

Effluent Characteristics Average Value Range 

Dissolved Oxygen (mglL) 0.80 0.5-1.2 
pH (Std. Units) 7.6 7.5-7.6 
Alkalinity (mg/L) 269 21 8-334 

Hardness (mglL) 648 540-746 
Conductivity (umhos) 2616 1674-3165 

TaMe A9-2. Description of I.T.T. Rayonier On-Site 
Samplesa 

Sample 
(monthldatdcode) Description 

5/1 411 

9 1  5/l 

Composite Sampleb 5/13 - 5/14/86 
Composite Sample 5/14/86 - 5/1 5/86 

9 1  5/11 

5/1 6/1 

5/16/lll 

9 1  711 
9 1  6/11 

5/1 all 
5/18/11 
5/18/lIl 

Grab Sample 5/15/86 - 4 3 0  pm 

Composite Sample 5/15 - 5/16/86 
5/16/1 Composite spiked with NH4S04 
(as 100 mq/L NH,) 
Composite Sample 9 1  6 - Yl7/86 

Grab Sample 5/17/86 - 9:00 am 
Composite Sample 5/17 - 5/18/66 

Grab Sample 5/18/86 - 930 am 
Grab Sample 5/18/86 - 1230 pm 

5/18/111A 5/18/lIl Sample spiked with NH4S04 (as 
100 mq/L NH,) 

5/l 8/1116 5/18/lIl Sample rased to pH 11, aerated 
for 2.25 hours and returned at pH 7.5 

Y18/111C 5/18/lll Grab Sample (unaltered) 
5/18/111D 5/18/lll Sample spiked with NH,SO, (as 

100 mq/L NH,) and aerated 

* All samples collected in the aeration lagoon near the point of 

b 24 hour composite sampling from 9:00 am to 9:OO am. 
discharge. 

Aeration 

001 Effluent 
to Amelia 

River 

Oxidant reduction - This is similar to the EDTA test, 
except that EDTA is replaced by sodium thiosulfate 
(a reducing agent) The test indicates whether toxic 
levels of inorganic oxidants such  as chlorine,  
chloramines, or  electrophilic organics are present. 

solid phase extraction - This column removes 
nonpolar organics and chelated metal complexes 
fromtheeflluent. R y  ad jus t ing  t h e  pH of t h e  
effluent, information on the acidity or basicity of the 
causative toxicants can also be gained. 

Other Toxicity Tests 
Short-term chronic toxicity tests were performed 
using Ceriodaphnia reticulata and Pimephales  
promelas (fathead minnow). Acute and chronic 
toxicity tes ts  were conducted with the marine 
organisms Arbacia punctulata (sea urchin), Champia 
parvula (red algae) ,  Mysidops is  bahia (mysid 
shrimp), Menidia beryllina (silverside minnow), and 
Cyprinodon uariegatus (sheepshead minnow). The 
recently developed Lemna minor (duckweed) chronic 
toxicity test was also used. The Ceriodaphnia species 
was chosen for the timed lethality tests because of its 
sensitivity and convenience of use. 

Effluent Toxicity 
Prior to the May 1986 on-site study, several samples 
of I.T.T. effluent were subjected to a preliminary 
analysis. The first sample (July 1985) produced rapid 
lethali ty to Ceriodaphnia. Subsequent charac-  
terization tests indicated tha t  toxicity could be 
reduced by adding EDTA. Chemical analysis data for 
the effluent sample were compared to metal toxicity 
data from the literature. Copper and zinc appeared to 
be the toxic agents in this sample. This sample also 
had a very high level of suspended solids. This 
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sample was considered by I.T.T. to be very atypical of 
their effluent. 

To confirm these early results and to assess toxicant 
variability, a second sample of I.T.T. effluent was 
collected in March 1986. This sample appeared to be 
lower in suspended solids, zinc, and lead, and had an  
acute toxicity that was much lower than the July 
1985 sample. EDTA addition did not affect the acute 
toxicity. The acceptable ef'f'luent concentration of the 
sample in a chronic Cerioduphnia test was between 6 
(NOEC) and 12 (LOEC) percent. 

Previous effluent studies by the I.T.T. staff indicated 
a potential for ammonia toxicity. Hence, t h i s  
possibility was investigated for the  March 1986 
effluent. When the effluent pH was raised (effectively 
increasing the concentration of the toxic un-ionized 
form of total ammonia), it was found that the acute 
toxicity of the sample to Ceriodaphnia increased. 
Lowering the pH prevented acute  toxicity in  
Ceriodaphnia. Similar additions of acid and base to 
control water did not cause lethality in Ceriodaphnia. 
However, when control water  was spiked with 
ammonia a t  concentrat ions equiva len t  to  the  
effluent, organism lethality occurred a t  similar times 
to the effluent at the same pH. 

Characterization and Fractionation 
Because of the apparent difference in causative 
toxicants in the two preliminary samples (metals 
versus ammonia), a more in-depth characterization 
study using a number of samples collected over a 
period of time was conducted (May 13-26, 1986). A 
Phase I battery of tests was run on the samples. 

Except for the air-stripping test, the toxicity of the 
511311 effluent remained essentially unchanged. 
Raising the pH of t h e  eff luent  sample  to 11, 
modera te ly  a e r a t i n g  for  255  m i n u t e s ,  a n d  
readjusting it to the initial pH (7.4) prevented acute 
toxicity in C .  dubia. Aeration in general appeared to 
prolong the time to mortality in  the neutral and 
acidified effluent samples. These results indicated 
that the causative toxicant was volatile and basic in 
nature.  Ammonia (one of t h e  production raw 
materials) fits into this category. 

The decision was made to  focus s u b s e q u e n t  
characterization tests primarily on ammonia (air 
stripping and pH adjustment tests) and, to a lesser 
extent, on metals (EDTA chelation test). 

To fur ther  validate ammonia as the causative 
toxicant, a series of samples were split for chemical 
analysis and toxicity testing. EDTA addition to a 
portion of the samples did not reduce toxicity. It was 
also found that the sample toxicity decreased with 
decreasing pH. Had cationic metals been the cause of 
effluent toxicity, toxicity should have decreased with 

decreased pH due to the increasing concentration of 
biologically available metal cations. A chemical 
analysis of the metal content of various samples 
showed that the levels of copper, zinc, and lead in the 
May 1986 samples were much lower than the July 
1985 levels (when EDTA chelation decreased 
toxicity, probably due to copper). Again, the data 
indicated that ammonia was the primary toxicant. 

Confirmation of Causative Agent 
The main objective of this phase of the study was to 
correlate effluent sample toxicity and the NH3 
concentration (taking into account the differences in 
emuent pH). In order to prove that such a correlation 
exists, it is necessary that sample toxicity and NH3 
concentration vary. To insure that there would be 
some variability, several samples were spiked to 
i n c r e a s e  t h e  r a n g e  of NH3 c o n c e n t r a t i o n s  
encountered. One of these samples was also aerated 
with the intent of reducing the concentration of 
unionized ammonia. Following 2.25 hours of aeration 
at a relatively constant pH of 11, the total ammonia 
concentration was reduced from 90 to 67 mg/L as N. 
The results of the toxicity tes ts  and ammonia 
analyses are presented in Table A9-3. The pHs of the 
effluent sample/dilution water mixture producing the 
lowest observed effect level (LOEL) and no observed 
effect level (NOEL) were recorded at 24 and 48 hours. 
The initial pH of the solutions drifted from 7.2 - 7.4 to 
slightly higher values with time. The final pH values 
for each solution were used in the calculations for 
unionized ammonia concent ra t ions .  In  m o s t  
instances, the pH of the solution producing the LOEL 
was 0.05 units higher than the pH of the solution 
producing the NOEL. This information was used to 
estimate the pH in several LOEL mixtures. 

In  order to calculate  t h e  unionized ammonia  
concentration in the effluent mixture producing the 
sample LC50, t h e  concentrat ion of unionized 
ammonia producing LOEL and NOEL w a s  first  
calculated us ing  t h e  pH and  total  a m m o n i a  
concentration in each and a test temperature of 25°C. 
For the purpose of mass balance, i t  was assumed that 
the dilution water had a negligible concentration of 
total ammonia. Graphing the results and using 
l inear extrapolation, the approximate pH and  
concentration of unionized ammonia in the effluent 
mixture producing an LC50 was determined. 

A plot of the sample LC50 (as % effluent) versus the 
NH3 concentration in emuent sample/dilution water 
mixture producing the LC50 yielded a significant 
regression a t  P < 0.01. Thus effluent toxicity 
correlated with NH3 concentration. 

The effect of pH and temperature, both on the percent 
of total ammonia present in the unionized form and 
on the  toxicity of the  unionized form,  m u s t  
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Table A9-3. Toxicity and Ammonia lor I.T.T. Rayonier Effluent Samples 

NH, Conc. in 

., 
. .  . <.. 

EffluintiDilm ' 4'! 

Effluent PHb NH3-Wm9R.l Water Mixture 
LOEL NOEL LOEL NOEL PrcducingLCSo 

Total Ammonia 100% 
=so 

Sample (YO Effluent) mg/L 
Y141 56 62 7.9 7.85 2.68 1.20 1.35 _ . . .  

YlYl 32 72C 7.7 7.65 1 .o 0.45 0.62 L 

' I  YlYl l  39 80 7.65 7.65 0.99 0.5 0.78 

5/16/1 41 76 7.8 7.8 1.31 0.66 1.08 

Y16/11 58 79 7.85 7.75 2.28 1.25 1.68 

Y16/111 18 120 7.8 7.75 1.04 0.47 0.69 

Y 1711 53 92C 7.85 7.8 2.67 1.59 1.73 

Y17/11 58 89 7.85 7.8 2.59 1.56 1.59 

Y l  8/1 61 104 7.35 7.55 0.98 1.03 1 .o 

Y18/111A 35 144 7.55 7.55 1.43 0.71 1.02 

Y1WlIlB 43 67 7.65 7.65 0.84 0.40 0.73 

YlW111C 38 90 7.55 7.6 0.89 0.51 0.72 

Y18/111D 35 156 7.6 7.5 1.72 0.69 1.08 

a .  

I ' 1  

YlWII 53 94c 7.7 7.65 1.95 1.13 1.26 

a for a description of the sample and sample code, see Table A9-2. 
b pfl of effluenVdilution water mixture producing the LOEL and NOEL was recorded at 24 or 48 hours, depending on when 

organism mortality occurred. 
Estimated based on the pH data from other effluent'dilution water mixtures producing the LOEL. 

be recognized. This  information was pivotal in 
correlating the concentration of ammonia in samples 
with their LCsos and also allowed testing equitoxic 
concentrations of NH3 a t  different pHs in the effluent 
and spiked control water. For additional information 
on this subject, the reader is referred to EPA's report 
ITT Rayonier Toxicity Reduction Evaluation (Mount 
and Anderson-Carnahan 1986) and to EPA's TIE 
Phase I Document (US. EPA 1988). 

A final sample of the I.T.T. eflluent was taken in 
June 1986 for use in a pH adjustment test. The total 
ammonia concentration in the June  1986 effluent 
sample was 83 mg/L. Control water was spiked with 
NH4C1 to produce a solution with 80 mg/L NH3. 
Aliquots of the effluent and of control water were 
adjusted to pH 7.5, 8.0, and 8.5 .  The symptoms 
exhibited by the tes t  organisms (Ceriodaphnia) 
during the first six hours (the time during which an  
equally toxic concentration of NH3 was present in 
each sample, and before pH started drifting) gave 
strong evidence of ammonia toxicity. 

The effect of the E.T.T. effluent on C h m p i a  paruula 
reproduction ( a s  measured  by t h e  number of 
cystocarps produced) is shown in Figure A9-2. Also 
plotted is t h e  effect  of NH4C1 on C. paruula 
reproduction. As the emuent and NH4Cl solutions 
are diluted with control water, the effect is nearly 
identical. The s imilar i ty  of t h e  two curves i s  
significant for ammonia as the  likely causative 
toxicant. 

A comparison of the I.T.T. effluent toxicity data for 
three marine species (C. parvula, M .  bahia, and 
Menidia beryllina) and the fathead minnow, with 
ammonia  toxici ty  data i n  t h e  l i t e r a t u r e  a t  
corresponding pH and temperature values was also 
conducted. The I.T.T. effluent NH3 toxicity data fell 
within the range of NH3 sensitivity values in the 
literature. 

The case for confirmation of ammonia as  the cause of 
effluent toxicity is thus  based on four a reas  of 
evidence. 

(1) The effect of pH on the toxicity of the effluent. 

(2) Symptoms exhibited by test organisms exposed to 
the effluent and to standard ammonia solutions. 

(3) The relative sensitivity of four aquatic species to 
ammonia. 

(4) Good agreement with ammonia toxicity data in 
the literature. 

Also, causative toxicant tests for cationic metals, 
electrophiles, neutral and acidic volatile compounds, 
adsorbed toxicants, nonpolar organics, and metal 
chelates failed to indicate a l ternate  sources of 
toxicity. The toxicity of the  atypical Ju ly  1985 
sample, however, was obviously not caused by 
ammonia. 
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Figure A9-2.Number of cystocarps for Champla pervula (as 

The effluent data are averages from May 17 and 18. 
The ammonia chloride data are based on 70  mg NH4 
- N R  in the effluent. A stock solubon of 26.7 mg 
NH,C1/100 ml was used. 

% of control) plotted against % effluent. 
Note: 

Toxicity Reduction Approaches 

Treatability Evaluation 
T h e  TRE s tudy  conducted d u r i n g  May, 1986 
suggested strongly that  ammonia was the major 
chemical causing toxicity i n  t h e  wastewater .  
Removal of ammonia may be achieved by chemical, 
physical or biological methods. Some commonly used 
ammonia removal processes are  presented in this 
section. Each technique is briefly described with 
special features or requirements noted. 

Air Stripping 
Ammonia i n  water  is in  equilibrium with t h e  
ammonium ion. 

NH3 + H20 4 NH4’ + OH- 

When the pH is raised above 7, equilibrium shifts to 
the left to form more unionized ammonia which may 
be removed by agitating the aqueous sample in the 
presence of air. In wastewater treatment practice, 
ammonia removal is accomplished by increasing pH 
to the range 9-11 and allowing wastewater to flow 
through a packed tower equipped with an air blower. 
As the temperature of the operation falls, more air is 
required to strip ammonia. Cold temperatures can 
also cause freezing and CaC03 scaling. For the I.T.T. 
effluent, raising pH up to 11 and moderately aerating 
for 255 minutes were effective in remoying ammonia. 
After stripping ammonia, pH can be readjusted to 
desired levels. 

Nitrification - Denitrification 
Ammonia can be biologically oxidized to nitrite, and 
then to nitrate by nitrifying bacteria under aerobic 
conditions. Removal of the nitrates is accomplished 
by treating wastewater with dentrifying bacteria 
which reduce nitrate to nitrogen in an  anaerobic 
en  vi ro n men t . The ad van t a ge s a s s’oc i a t e d w i t h 
nitrification - dentrification processes are  (a) high 
potential removal efficiency, (b) process stability and 
reliability, (c) easy process control, and (d) moderate 
cost. The optimum pH range for nitrification is from 
8.2 to 8.6. For dentrification, the optimum pH is 
between 6.5 and 7.5. Another significant factor in 
this process is temperature. Effluent quality may 
deteriorate a t  lower temperatures, though the solids 
in the system could be increased to accommodate cold 
temperature operation. 

In addition to these processes, ammonia can also be 
removed by electrochemical treatment, chlorination, 
ion-exchange or bacterial assimilation. But these 
latter options may not be suitable in this case. 

Problems Encountered 
One problem encountered was that in the small  
volumes (5  ml aliquots) of effluents used for the tests, 
many of the air stripping and pH adjustment tests 
were frustrated by shif ts  in pH adjusted and  
unadjusted samples exposed to air. Larger volumes 
could not be used however, due to poor visibility in 
the highly colored effluent. Because of this problem, 
alternate strategies were also used to confirm the 
extent  of toxicity caused by ammonia.  Since 
invertebrates are  generally more tolerant of un- 
ionized ammonia than  fish, toxicity tests were 
performed using both C. dubia and Pimephales  
promelas (fathead minnow). The 5/15/I sample was 
observably more toxic to the minnow as were control 
water samples spiked at  100 and 200 mg/L as NH4+ 
(Ammonium Sulfate). 
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D. magna toxicity tests, ICP, TOC and hexavalent 
chromium analyses were also conducted a t  various 
locations along the wastewater drainage system in 
an  attempt to determine if a source of toxic agent 
could be identified. Although no correlation was 
found between toxicity and the TOC and ICP results, 
a correlation w a s  found between h e x a v a l e n t  
chromium levels 2nd toxicity. The results illustrated 
that the most upstream sample (sampling point A) 
had the  lowest concent ra t ion  of h e x a v a l e n t  
chromium (29 ppb) and exhibited the least acute 
toxicity to D. magna (48 EC50 = 80 percent effluent). 
On the other hand, samples collected at sampling 
point B and other locations along the wastestream 
exhibited increases in both effluent toxicity and  
hexavalent chromium levels.  F i n a l  u n t r e a t e d  
effluent ( c o n t a i n i n g  241 ppb of h e x a v a l e n t  
chromium) produced 100 percent mortality within 48 
hours. 

Once this relationship was observed, the ESC team 
fractioned the wastewater  by pass ing  200 ml 
subsamples of t h e  effluent th rough g r a n u l a r  
activated carbon, cation and anion exchange resins. 
They then evaluated the wastewater for acute 
toxicity to D. magna. The team also monitored the 
hexavalent chromium concentrations prior to and 
after each t reatment  to establish a correlation 
between toxicity and hexavalent chromium. The 
results of these studies indicated that there was a 
direct correlation between hexavalent chromium and 
toxicity to D. magna. 

Treatment of the wastewater with anion exchange 
resin and activated carbon, resulted in no mortality 
to D. magna. The concentrations of hexavalent 
chromium in these treatments were 10 ppb (anion 
resins) and 20 ppb (activated carbon resin), which are 
below or near the lowest reported acute level for 
Daphnia. The cation resin failed to lower t h e  
concentration of hexavalent chromium (210 ppb). 
This treatment provides fur ther  evidence t h a t  
hexavalent chromium was likely responsible for 
wastewater toxicity. 

To confirm whether the acute toxicity originally 
observed in the final effluent a t  Site No. 2 was due to 
hexavalent chromium, ESC plotted and analyzed 
dose-response curves for effluent and hexavalent 
chromium (synthetic emuent) toxicity tests. The 48 
hour EC5o for hexavalent chromium concentrations 
in the effluent (35 ppb) was compared to the 48 hour 
EC50 (41 ppb) for the hexavalent chromium in the 
synthetic emuent. The similarities between these 
two concentrations supported the hypothesis that  
hexavalent chromium was likely responsible for the 
observed toxicity. Further confirmation of chromium 
as the toxic component was supported by the fact that 
when the plant stopped using hexavalent chromium, 
the wastewater became nontoxic. 

Site 3 

To determine if salinity could be responsible for Site 
No. 3 effluent’s toxicity ESC conducted a comparative 
acute toxicity study by subjecting fathead minnows 
to the final effluent (from the plant discharge) and a 
synthetic effluent (a solution of sodium chloride, 
calcium chloride and well water). The concentrations 
of Na ,  Ca and  chloride were s i m i l a r  to those 
occurring in the natural effluent (Na = 1020 mg/L, 
Ca = 3000 mg/L, C1 = 7310 mg/L). The resuIts of this 
comparative study indicated that salinity could be 
responsible for the toxicity of the effluent since 
essentially identical 96 hr LC50 values were observed 
for the natural effluent (LC50 = 79 percent) and 
synthetic effluent (LC50 = 70 percent). 

ESC then conducted fractionation tests on effluent 
samples to verify the causative agents by passing 
effluent over four separate resins (granular activated 
carbon, cation exchange resin, anion exchange resin 
and cation followed by anion exchange resin). D. 
magna acute toxicity tests conducted before and after 
resin treatment indicated that neither the activated 
carbon, nor cationlanion exchange resins could 
eliminate effluent toxicity. No correlation existed 
between toxicity and TOC. However, a correlation did 
exist between toxicity and calcium andlor chloride 
ion concentrations since the  concentrations of 
calcium and chloride in the final effluent, activated 
carbon, and anion exchange resin treatments were 
well above the acute toxicity concentrations for D. 
magna. 

The fact that calcium was one of the toxic components 
in the emuent was further verified by a comparison 
of the calcium concentration in the effluent and  
corresponding dose response curve to reported effect 
levels (Rodgers, et al. 1987) for calcium in fathead 
minnows (96 hr LC50 values -66 mg/L). Based on 
the test data,  the 96 hour LC50 for the natural  
effluent was 79 percent. The calcium concentration in 
the 100 percent effluent was 3000 mg/L with a 
predicted nominal calcium content in the 79 percent 
effluent of 2400 mg/L indicating a correlation 
between calcium concentration and toxicity. 

Additional synthetic and natural effluent toxicity 
tests were conducted to verify calcium and chloride 
ions as the toxic components. Approximately one-half 
of these tests showed a strong correlation between the 
synthetic and final effluents. The fact that  no 
correlation was observed between some of the tests 
indicated that another factor(s) may a t  times be 
responsible for the toxicity of the effluent. 

ESC confirmed that calcium and chloride ions were 
the sources of toxicity to D. magna in the effluent by 
preparing a synthetic effluent which contained (only) 
calcium, sodium and chloride ions and compared the 
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dose response curves of the tests with dose response 
curves using the final effluent which contained the 
same concentrations of calcium, chloride and sodium 
ions. A distinct relationship was observed in these 
tes t  results and th i s  in  effect established a n d  
confirmed tha t  calcium and chloride ions were 
principally responsible for the effluent toxicity. 

Toxicity Reduction Approaches 

Site 1 
The final effluent from Site 1 was evaluated for acute 
toxi,city to D. magna af ter  passing t h e  effluent 
through granular activated carbon, cation and anion 

. resin,  combination t r e a t m e n t  a n d  t h e  zeolite 
treatment. The absence of mortality in the treated 
final effluent showed t h a t  the concentration of 
ammonia was reduced to below the acute toxicity 
threshold. 

Site 2 
The toxicity of the original effluent to D. magna was 
eliminated through treatment of the effluent with 
activated carbon and anion exchange resin. These 
techniques in effect reduced the concentration of 
hexavalent chromium which was responsible for the 
effluent toxicity. ESC also examined other treatment 
methods such as cation exchange resin. However, 
this technique failed to reduce toxicity. 

Site 3 
The TIE study indicated that a combination of anion 
and cation exchange resins eliminated toxicity in the 
final emuent. 

Follow-Up and Confirmation 

Site 2 
ESC reevaluated the effluent for acute toxicity after 
the management a t  Site 2 permanently eliminated 
the use of hexavalent chromium. On doing so, the 
toxicity of the final effluent was then monitored and 
found to be nontoxic to D .  magna.  The results 
demonstrated a useful modification in the water 
treatment practices a t  Site 2. 

Problems Encountered 

Site 1 
The hypothesis that  an  unknown toxic component 
was coming off the  cation exchange resin was 
confirmed when a 300 mg/L NH&1 stock solution in 
well water was passed through the cation column. 
Toxicity persisted af ter  t reatment  even though 
ammonia levels had been reduced to < 1 mg/L, which 
was well below 32 mg/L (48 hr EC50). No toxicity was 
observed when well water alone was passed through 
the resin. 

ESC was unable to reduce ammonia below effect 
levels in the wastewater using air  stripping methods. 
The use of zeolite resins was the only effective means 
for removing ammonia. 
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