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MONITORING BIOPHARMACEUTICAL WASTE STREAMS: 

A NEEDS AND SYSTEMS ANALYSIS 

OF LABORATORY ANALYTICAL TECHNOLOGIES 

by 

Robert J. Reeves 

(ABSTRACT) 

The demand for more and better biopharmaceuticals continues to grow 

both in the U.S. and abroad. The production of biopharmaceuticals often 

involves the manipulation of genetically engineered microorganisms 

(typically those of a pathogenic nature) from production through harvest, 

sterilization, and ultimate discharge of the waste into the environment. 

The prospects of accidental and unintentional release of pathogenic 

genetically engineered microorganisms have increased the interest in 

assessing the potential risk to human health. There is an unfulfilled need to 

provide an assessment of the health risk posed by the release of 

biopharmaceutical wastes. 

Environmental sampling and analysis may provide the data necessary to 

support an assessment of the health risk due to the release of 

biopharmaceutical wastes. An important element of an environmental 

sampling and analysis capability is laboratory analysis. A need, to evaluate 

and recommend laboratory analysis technologies, was identified. In response 

to the need, user needs and requirements were developed. Via systems 

analysis, candidate laboratory analysis technologies were identified and 

evaluated for suitability in meeting user needs and requirements. A



laboratory analysis technology configuration was delineated. Finally, methods 

were proposed to guide other organizations in modifying and applying the 

evaluation process. 

Major findings are: 

e No one, single laboratory analysis technology is able to satisfy the high- 

level requirement to monitor biopharmaceutical waste streams for 

microorganisms, nucleic acids, proteins, and toxins; 

e The leading laboratory analysis technologies for monitoring 

biopharmaceutical waste streams are immunological, hybridization, and 

biosensor; and 

e Immunological, hybridization, fermentation, and staining/microscopy 

technologies comprise the laboratory analysis technology configuration.
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Chapter 1 

1.0 Introduction and Approach 

1.1 Introduction 

The commercial applications of recombinant DNA (rDNA) techniques 

are many and varied, ranging from the food to the manufacturing industries. 

One application, the production and use of biopharmaceuticals, has 

demonstrated substantial growth in recent years. A recent report, entitled 

"U.S. Biopharmaceuticals Markets,” examined the trend. 

Biopharmaceuticals are gaining significance, both medically and 

financially. According to one survey, 143 biotechnology-derived drugs 

were in the clinical trial pipeline or awaiting FDA approval in 1993, as 

compared to 132 such products in 1991, and 81 such products in 1988. 

Revenues generated by the U.S. market for biopharmaceuticals were 

almost $3 billion in 1993, compared to $1.2 billion in 1990. (12) 

Biopharmaceuticals are biologically derived entities such as vaccines, 

therapeutics, and diagnostics. (5, 12,55) Traditional microbiological, 

immunological, and biochemical techniques, as well as the newer techniques 

of molecular biology and genetic engineering (hence genetically engineered 

microorganisms, GEMs), are used in the vast majority of the research and 

production efforts associated with the development of biopharmaceuticals. It 

is important to note that the process of conducting research for, and the 

manufacture of, biopharmaceuticals often involves the direct use, production, 

and disposal to the environment of human pathogenic microorganisms and



associated microorganism debris (i.e., nucleic acids/genes, proteins, and 

toxins). 

Concern has been expressed about the possible hazards resulting from 

the emissions of GEMs (especially those derived from human pathogens) into 

the environment. These concerns originate from the possible consequences 

due to the accidental or unintended release of pathogenic GEMs to the 

environment. Once in the environment, an introduced microorganism and its 

genetic debris (i.e., nucleic acids/genes) has the potential to integrate into the 

natural microorganism communities. If integration is successful and the 

integrated factors are pathogenic, then there exists a potential for a human 

exposure pathway to the pathogenic trait. (35) The possible adverse 

consequences of this potential problem are unknown. (56) 

It is the intent of this project to assess the problem, to investigate the 

need for alternatives which address the problem, and to identify and evaluate 

candidate technologies associated with an approach that mitigates the 

potential effects of the problem. 

1.2 Project Scope 

The scope of this project is to identify and evaluate, using the structure 

of the systems engineering process, the candidate technologies associated with 

an approach - environmental sampling and analysis - which may provide data 

to support an assessment of the risk to human health posed by the release of 

biopharmaceutical wastes to the environment. A comprehensive 

environmental sampling and analysis system capability is comprised of the 

following functional segments: system requirements, sample collection, 

sample stabilization, sample transport, sample preparation, laboratory analysis



of the sample, data reporting, and quality assurance/quality control (QA/QC). 

(31) Figure 1 illustrates the system capability. 

The realization of a viable environmental sampling and analysis system 

capability requires substantial planning and development to meet the system 

requirements in an efficient and effective manner. The complexity of 

designing and developing such a capability warrants the use of a logical and 

orderly approach - systems engineering. Systems engineering, when 

properly used, can serve to mitigate system development risk areas - 

programmatic (e.g., cost and schedule), technological, and engineering. 

This project will be addressed in the context of the systems engineering 

process. Prior to stating the project constraints, it is important to understand 

the activities and tasks which compose the systems engineering process. 

1.2.1 Systems Engineering 

Systems progress from the point of need identification, through the 

processes of design, development, integration, test production, verification, 

operation and termination. This progression of systems maturity is 

accomplished via the systems engineering discipline. 

Systems engineering is an orderly and integrated process for bringing 

systems into being and can be characterized and defined in many ways. The 

definition used in this project and report is: 

The application of scientific and engineering efforts to transform an 

operational need into a description of system performance parameters 

and a system configuration through the use of an iterative process of 

definition, synthesis, analysis, design, test, and evaluation. (13)
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The primary goal of systems engineering is "the creation of a set of 

operational products to enable the accomplishment of desired tasks that fulfill 

identified needs of a client or stakeholder group." (52) 

A simplified illustration of the systems engineering process, in the 

context of the life cycle, is provided in Figure 2. (7) From Figure 2, it is 

apparent that the systems engineering process is applied to the logical 

sequence of the life cycle. That is, each step in system design and development 

is accomplished through application of the systems engineering process. 

The system life cycle is comprised of the following phases: conceptual 

design, preliminary and detail design, development, production, use and 

phaseout. During conceptual design, user needs are translated into system 

operational requirements. Likewise, a maintenance concept is developed. A 

specific approach or system architecture is recommended. 

The preliminary and detail design phases accomplish the decomposition 

of the system requirements, through an iterative process of analysis, 

optimization and synthesis. The results are detailed build-to design 

specifications. The development, testing and evaluation of the system 

elements is conducted. 

In the production and use phases, the system is manufactured and 

deployed for use in the intended operational environment. At mission 

termination, the system undergoes phaseout and disposal.
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1.2.2 Project Constraints 

The successful implementation of an environmental sampling and 

analysis capability will require the life-cycle approach to system design. 

Conceptual design, the first phase in the life cycle, becomes the point from 

which to initiate the planning and definition of such a capability. Figure 3 

depicts the systems engineering activities in the conceptual system design 

phase of the system life cycle. (7) 

During the conceptual design phase, an extensive investigation and 

delineation of the user's needs is accomplished. An analysis of the need is 

conducted. A feasibility analysis is completed to evaluate the possible 

applications of various technologies and identify areas where additional 

research is needed. Top-level system operational requirements and a 

maintenance concept are developed. A preliminary system analysis is 

accomplished and a recommended preferred system configuration is chosen. 

The conceptual design phase establishes the foundation for all subsequent 

design and development activities. 

Integral to the conceptual design of an environmental sampling and 

analysis system capability is a feasibility analysis. A feasibility analysis is 

comprised of a series of feasibility studies. These feasibility studies are 

conducted on various technology areas that are pertinent to the functional 

segments (e.g., collection, stabilization, laboratory analysis) in Figure 1. 

Collectively, these studies will determine whether the solution, environmental 

sampling and analysis, to the identified need is possible and practical. 

In order to constrain this project to manageable proportions, the scope 

will be limited to performing a needs and system analysis. The needs analysis 

will identify possible solution alternatives. Based upon the results of the
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needs analysis, a system analysis is performed on one segment (laboratory 

analysis of environmental samples) of the system capability (environmental 

sampling and analysis) to identify and recommend the best laboratory analysis 

technology(s) for implementation. The report results are intended to support 

the accomplishment of a feasibility study. Other bounding conditions are: 

° Laboratory based analysis technologies. All collected samples are 

analyzed in a controlled facility environment. 

e Depot level support - the depot is a centralized laboratory facility 

supporting a number of users for analysis of samples. 

° Case-specific operational and maintenance concepts are not 

considered. The intent is to develop a recommended laboratory 

analysis technology configuration that is applicable to a broad range of 

use scenarios. 

° Limited market survey of laboratory analysis technologies. Some 

technologies are considered so immature or non-applicable for the 

intended application that they are not introduced into the survey. The 

intent is to provide a broad survey of available and practical 

technologies. Remote sensing technologies are omitted. 

e Emphasis is placed on the critical issues (e.g., performance and 

effectiveness parameters) of sample analysis.



1.3 Project Objectives 

The goal of this project is to determine the best laboratory analysis 

technology(s) which could be implemented to provide data to support an 

assessment of the health risks due to the release of biopharmaceutical wastes. 

Objectives, which support this goal, are to: 

e Perform an analysis of the need, 

e Develop operational and maintenance concepts, a high-level 

requirement, and user needs and related evaluation criteria needed 

for sample analysis, 

° Identify a broad range of candidate laboratory analysis technologies 

(i.e., alternatives), 

e Develop a model to screen and evaluate alternative laboratory analysis 

technologies against the user needs and evaluation criteria, 

° Select the preferred laboratory analysis technology(s), and 

Recommend the preferred laboratory analysis technology 

configuration. 

This project provides a framework that may be of assistance to an 

organization (commercial or government) interested in developing and 

maintaining a sample analysis capability. The information and conclusions 

provided constitute a starting point for further development in the future. 

10



1.4 Description of Project Approach 

The approach selected to accomplish the objectives of this project 

consists of four major activities - needs analysis, requirements definition, 

analysis, and configuration selection. A diagram of this approach is presented 

in Figure 4. 

An analysis of the need was first conducted to fully define and assess the 

problem (i.e., problem in that biopharmaceutical waste streams may pose risks 

to human health). An identification and qualitative analysis of the need was 

accomplished in order to identify potential solutions. The proposed solution, 

risk assessment, was defined. An approach (environmental sampling and 

analysis) to providing data to support a risk assessment was identified. A need, 

to determine and recommend a laboratory analysis technology configuration 

that would best support environmental sampling and analysis, was identified. 

Requirements to be established evolved from the needs analysis. 

Operational and maintenance concepts, as well as characteristics, were defined 

for the laboratory analysis segment. From the concept definition, a high-level 

requirement was synthesized. A range of user needs and associated evaluation 

criteria were then generated for use in the evaluation model. User needs were 

classified as critical or non-critical. 

To assess candidate laboratory analysis technologies required the 

development of an evaluation model. User needs were weighted according to 

relative importance in meeting the high-level requirement. An evaluation 

plan and technology scoring matrix were developed to implement the 

evaluation model. 

11
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An area of research involved the identification and examination of 

available laboratory analysis technologies. Sources of information included 

journals and publications, product literature, and discussions with experts. 

Thirteen candidate laboratory analysis technologies were selected and 

summarized prior to the evaluation phase. 

Candidate laboratory analysis technologies were then evaluated using 

the developed evaluation model. First, the candidate technologies were 

screened for failures against critical requirements. Surviving technologies 

were then subjected to a quantitative evaluation against the evaluation 

criteria. An analysis of the results was conducted to determine sensitivities to 

evaluation model input changes. A laboratory analysis technology 

configuration is recommended. 

Inherent throughout the entire project approach is the systems 

engineering process. 

13



Chapter 2 

2.0 Background 

Prior to identifying and defining the problem, about which this project 

seeks to investigate the feasibility of a mitigating solution, it is important to 

provide relevant background information. This section provides a definition 

of what biopharmaceuticals are, how they are produced, and what becomes of 

the resultant biopharmaceutical wastes. Next, basic mechanisms of genetic 

transfer between bacteria in the environment are identified. The interaction 

between biopharmaceutical waste and indigenous microorganisms is 

addressed. This section includes information that will be drawn upon during 

subsequent chapters of this report. 

2.1 Biopharmaceuticals 

Biopharmaceutical technology "offers a tremendous opportunity to 

provide improved and novel health care products especially in cases where 

health care treatment has not been possible by conventional research 

approaches.” (35) Biopharmaceuticals are entities such as vaccines, 

therapeutics, and diagnostics/reagents which are produced by, or derived 

from, biological organisms such as bacteria, fungi, and viruses. (11) 

It is important to note that the process of conducting research for, and 

the generation of, biopharmaceuticals often involves the direct use, 

manipulation, and production of viable pathogenic organisms. Table 1 

provides a partial market survey of the categories of commercially available 

14



Table 1. Pathogens Involved In Biopharmaceutical Development: Partial List 

  

  

  

  

  

  

  

  

  

  

  

Vaccine Therapeutic Diagnostic/ 
Reagent 

Cholera Pseudomonas toxin | S. aureus (Prot A) 

Plague Diphtheria toxin Cholera 

Typhoid Ricin toxin Plague 

Tetanus Botulinum toxin Typhoid 

Anthrax Tetanus 

Smallpox Anthrax 

Botulinum Smallpox 

Tularemia Botulinum 

Q Fever Tularemia 

VEE Q Fever               
  

biopharmaceuticals that employ the use of human pathogens. (6, 18) In 

addition, basic biopharmaceutical research studies involve a more extensive 

list of pathogens. Examples include Rift Valley fever, Junin hemorrhagic 

fever, Ebola, Crimean-Congo hemorrhagic fever, Marburg, Lassa, and 

Machupo. (6) The aforementioned pathogens are causative agents of many 

human and animal diseases and are endemic in various regions of the world. 

Traditional techniques, as well as the newer techniques of molecular 

biology and genetic engineering are used in the vast majority of the research 

and production efforts associated with the development of effective 

biopharmaceuticals. GEMs are designed and harnessed, via biotechnology 

15



development and production processes, to express genes encoding 

biopharmaceutical products such as vaccines, therapeutics, and 

diagnostics/reagents. Recombinant DNA technology is the primary means to 

develop GEMs. (35, 56) 

Successful human pathogens must possess the ability to evade the 

human protective immune responses. Medical and epidemiological research 

demonstrates that a microorganism's ability to evade immune response and 

cause disease is determined genetically. That is, the microorganism must 

possess and make use of the proper genetic machinery to cause disease in the 

host. A microorganism's pathogenic machinery, which is comprised of the 

discrete genes/DNA sequences that encode for virulence, pathogenicity, and 

toxicity, is specific in structure and function, and is stably heritable (i.e., 

passed to future generations). This ensures a pathogenic microorganism's 

continuing success against its targeted host. 

Biopharmaceutical development and production strategies (as defined in 

2.2 , below) often focus on the manipulation and exploitation of those 

pathogenic and virulence factors which convey the organism harmful to man. 

Biopharmaceutical products (i.e., vaccines, therapeutics, and 

diagnostics/reagents) and production process byproducts are often themselves 

comprised largely of the pathogenic and virulence factors 

(i.e., microorganisms, proteins, toxins, and genes/nucleic acids). (18) 

16



2.2 Biopharmaceutical Process 

A goal of the biopharmaceutical industry is to market effective 

vaccines, therapeutics, and diagnostics/bioreagents worldwide. The 

generation of biopharmaceuticals needed to meet global demand requires 

large scale development and production facilities. When producing quantities 

of rDNA derived biopharmaceuticals, especially those employing pathogenic 

organisms of the type listed in Table 1, the safety concerns of releasing a 

pathogenic rDNA microbe must be addressed. (35) Hence, special facilities and 

processes are required to contain the microorganisms. This section describes a 

general biopharmaceutical production process design that provides for 

containment of microorganisms of the type listed in Table 1. 

The design of the biopharmaceutical production processes and 

containment depends upon the nature of the employed microorganism. Some 

biopharmaceuticals are derived from microorganisms that are harmless and 

occur naturally in the environment. When these microorganisms are used in 

the development or production process, the protection needed for personnel 

and the environment is minimal. Other microorganisms, however, are 

harmful and cause disease in humans and animals. Some of these organisms 

(i.e., listed in Table 1) are produced in large quantities for biopharmaceutical 

uses. A principal methodology for production of more and better 

biopharmaceuticals is rDNA technology. Microorganisms that are modified by 

rDNA technology do not occur naturally in the environment. When harmful 

or modified (i.e., by rDNA techniques) microorganisms are involved, the 

protection of personnel and the environment is mandatory. Therefore, 

facilities generating biopharmaceuticals from these organisms are designed 

under stringent containment guidelines. (63) 

17



A general production strategy for a biopharmaceutical product (e.g., an 

extracellular protein toxin for use as a diagnostic) includes the following 

processes: fermentation, harvest, separation, purification, and waste 

collection and treatment. Figure 5 shows the containment boundary for a 

general biopharmaceutical production process employing pathogenic 

microorganisms. (63) 

During fermentation, the product bearing microorganism is injected 

into a fermentation vessel where it is provided an environment for growth 

and replication. The microorganism undergoes several orders of magnitude 

increase in concentration. During this dramatic growth phase, the 

microorganism produces the biopharmaceutical product (i.e., extracellular 

protein toxin) into the fermenter liquid. Harvest and separation serve to 

extract the biopharmaceutical product from the surrounding microorganisms 

and fermenter liquid. Further product separation occurs during the 

purification step. The purpose of the containment boundary is to separate the 

processes involving live (i.e., viable pathogens) microorganisms from the rest 

of the facility. (20, 21, 54, 63) 

A crucial part of a biopharmaceutical production process, and the focus 

of this section, is the contained waste system. Since the biopharmaceutical 

product comprises only a small fraction of the fermenter contents at time of 

harvest, the vast majority of the vessel contents, as well as that of the harvest 

and separation, is waste and must be disposed of properly. This waste consists 

of a dense, complex mixture of viable microorganisms, microorganism debris 

(i.e., proteins, toxins, and genes/nucleic acids), and fermenter liquid. The 

waste is pumped or drained to a contained waste collection tank or kill tank. 

The kill tank can employ either thermal or chemical methods to 

18
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decontaminate (or sterilize, as used herein) the waste. During sterilization, the 

waste is exposed to the kill conditions - which can be high temperature, pH 

extremes, or a harsh chemical - for a predetermined holding time before 

being released to the environment or sewage system aS non-contained waste. 

(63) Microorganisms will be inactivated during the kill process. Proteins and 

toxins are likely to be denatured. Nucleic acids, both DNA and RNA, are likely 

to be cleaved into smaller segments. (17, 60) 

"Sterilization kinetics are stochastic, and the success of a sterilization 

attempt is only a probability. Hence, one can only speak of a probability that 

sterility will be achieved." (35) This becomes important when measuring the 

efficacy of the kill system. No kill system can guarantee 100% sterilization of 

its contents prior to release. 

Kill tank effluents are normally transferred to a waste treatment plant 

prior to discharge to the environment or sewage system. Waste treatment 

attempts to remove particulate materials, including microorganisms, and 

degrade chemical contaminants. The major microbiological objective is to 

decrease pathogen concentration. (35) 

2.3 Genetic Transfer and Fate 

Microorganisms have a natural capacity and tendency to exchange 

genetic material with one another. Genetic transfer, ubiquitous in the 

environment, "helps to increase the diversity of genetic combinations present 

among living members of a species, and therefore is an important mechanism 

assisting the adaptation of a species to changing conditions." (58) 

Three mechanisms of genetic transfer are recognized: conjugation, 

transduction, and transformation. Conjugation is a process that requires 
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direct cell-to-cell contact of donor and recipient microorganism, and involves 

the transfer of plasmid DNA. Transduction is the transfer and uptake of DNA 

by bacteria mediated by bacteriophages (bacteria viruses). Transformation is 

a process whereby a microorganism takes up free DNA from the surrounding 

environment, such that the free DNA becomes a permanent part of the 

microorganism. (15,58) These three mechanisms are complex and dependent 

upon many variables for successful transfer of genetic material. 

Investigations to quantify bacterial survival and DNA persistence of 

GEMs introduced into soil have been conducted. Results show that DNA persists 

in the soil for long periods of time (i.e., at least 40 days). (48) 

Strong evidence indicates that genetic exchange commonly occurs 

among indigenous microorganisms in aquatic, soil or sediment, and sewage 

matrices. (35) It is important to note that these matrices are the common 

recipients of the biopharmaceutical waste stream effluents. 
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CHAPTER 3 

3.0 Needs Analysis 

A needs analysis is performed to identify and assess the problem - 

biopharmaceutical waste streams may present risks to human health. A 

qualitative analysis of the need is conducted to identify possible solutions. A 

proposed solution, risk assessment is defined. An approach, environmental 

sampling and analysis, to providing data to support a risk assessment is 

identified. A need, to evaluate and recommend laboratory analysis 

technologies, is stated. The objective of this chapter, then, is to understand the 

broad problem, and to focus down to the aspect (i.e., the laboratory analysis 

segment technology configuration of the environmental sampling and 

analysis system) that this project addresses in detail. 

3.1 Problem Identification and Assessment 

The market demand for more and better biopharmaceuticals continues 

to grow both in the U.S. and abroad. "Currently, over 10,000 public and private 

laboratories are involved in biotechnology on a worldwide basis." (35) The 

potential for market growth is significant. It is estimated that the 

biotechnology industry is at a development stage equivalent to that of the 

computer industry 40 years ago. (10) 

Much of this technology deals with the development and production of 

biopharmaceuticals intended for use in preventing, treating, and diagnosing a 

variety of diseases and disorders. As previously stated, the biopharmaceutical 

product development life cycle frequently involves the development, 
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production, and disposal of large amounts of pathogenic GEMs that correspond 

to the targeted disease. 

The use of GEMs, especially of human pathogenic origin, have raised 

concerns over potential risks to humans in the scientific and regulatory 

communities and the general public. These speculative risks originate from 

potential unintended consequences due to the environmental release of 

pathogenic GEMs, either accidentally or unintentionally . In small laboratory 

experiments, such microorganisms are readily contained from release by 

physical boundaries and facilities designed to prevent their escape. (35) This 

is not necessarily the case for large-scale production: 

Large-scale production facilities in pharmaceutical and other industries 

requires the use of GEMs contained in fermenters. While it is doubtful 

that sufficient numbers of bacteria might be released from a research 

jaboratory to cause major problems, this is not necessarily the case with 

a production facility. Accidental release poses the problem of a rapid 

influx of organisms into a waste-treatment facility. These organisms 

are not likely to survive well outside the fermenter, but their immense 

number might suggest that sufficient numbers might remain viable 

long enough for genetic interaction with indigenous species. (35) 

Recorbet et alia (48) report that "the large-scale use of production strains in 

fermentation processes has raised questions about the consequences of an 

industrial accident which could result in the unwanted release into the 

environment of up to 10!’ recombinant cells (GEMs)." 

When producing a biopharmaceutical, especially in the case of using 

rDNA pathogenic organisms, the unintentional release of a pathogenic GEM to 

the environment may pose a potential risk to human health. No waste- 
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treatment facility can guarantee 100% sterilization of the microorganism 

waste, and there is little, if any, data that adequately describes the effects of 

sterilization on the microorganism debris (i.e., proteins, toxins, and nucleic 

acids). (35) It is probable that a significant amount of intact pathogen debris 

is released from the kill tank to the environment or sewage system. It is less 

likely, but possible that trace amounts of viable pathogenic microorganisms 

are similarly released. 

The prospects of accidental and unintentional release of pathogenic 

GEMs have increased the interest in predicting genetic interactions between 

introduced GEMs and indigenous (i.e., natural inhabitants of the region) 

microorganisms, and in assessing the environmental impacts and risks to 

human health. (35) 

Once in the environment or waste treatment plant, the pathogenic GEM 

and associated debris "encounters an environment that may either allow 

survival or, at the least, provides for the genetic interaction with indigenous 

organisms. These conditions include a high concentration of microorganisms 

(at least 10° per milliliter in the wastewater and several orders of magnitude 

higher in the sludge), adequate nutrition for viability, and physical 

surroundings quiescent to allow" for genetic exchange to occur. (35) 

The transfer of a pathogenic gene out of a GEM into an indigenous 

microorganism may cause the indigenous microorganism to either become 

pathogenic/toxic or to increase its pathogenicity/toxicity. (58) As previously 

noted, bacteria are sexually promiscuous and can transfer genetic 

information, especially on plasmids (typically where pathogenic genes 

reside), to representatives of many bacteria genera, including many 

pathogenic species. 
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As the genetic transfer systems of more and more bacterial species are 

investigated, it becomes clear that the potential for genetic transfer 

between cells of the same and other species and genera is much greater 

than has previously been suspected. Genetic transmission of modified 

genomes (i.e., GEMs) to natural populations of bacteria would appear to 

be a significant possibility. Few data are currently available on gene 

transfer in the environment. (35) 

Any reasonably long term persistence in the environment of microorganisms 

with pathogenic material must be expected to lead to some finite rate of 

transfer of the pathogenic genetic material to indigenous microorganisms, 

especially those with appreciable pathogenic potential. (58) 

Genetic exchange commonly occurs among indigenous microorganisms 

in aquatic, soil or sediment, and sewage matrices. (35) These matrices are the 

common recipients of the biopharmaceutical waste stream effluents. It is 

important to note that the transfer of a commercially introduced pathogenic 

gene to the indigenous species may be an important determinant of human 

environmental exposure to the pathogenic/toxic gene trait. 

The possible adverse consequences of GEMs (especially GEMs of a 

pathogenic nature), whether those that have escaped accidentally or those 

that have been released unintentionally to the environment, is not known. 

(56) The problem statement, as used herein, is identified: 

Biopharmaceutical waste streams may pose risks to human health. 
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3.2 Identification and Qualitative Analysis of the Need 

The expanding use of rDNA techniques, especially those employing 

human pathogenic microorganisms, in the production of biopharmaceuticals 

opens the door to increasing medical applications to pathogenic GEMs. As the 

applications of this technology expand, the probability of associated 

environmental releases, both accidental and unintentional, increases. (35) As 

such, environmental releases of biopharmaceutical wastes may provide 

undesirable human exposure pathways to pathogens and/or pathogenic 

debris. Given the problem statement defined above, the top-level need 

statement of this needs analysis is identified as: 

Eliminate, control, or mitigate the potential risks to human health posed by 

biopharmaceutical waste streams. 

Several alternatives exist which may be applied as possible solutions to 

meet the need. These alternatives, and associated advantages and 

disadvantages, are presented in Table 2. Each alternative is qualitatively 

assessed with respect to social and economic impacts. Although this isa 

subjective assessment, it is noted that only one alternative, risk assessment, 

has less than two disadvantages. Risk assessment is the only alternative that 

provides a foundation for the implementation of a balanced risk management 

response to the identified need. The other three alternatives are, themselves, 

risk management strategies. Prior to undertaking a remedial or corrective 

action, an assessment of the risk should be accomplished. In other words, first 

assess the risk, then manage it. 
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3.3 Recommended Alternative: Risk Assessment 

The most viable approach to addressing the need statement depends on 

an assessment of the risk involved. The risk assessment involves estimating 

the magnitude of the potential hazard posed by the substance (i.e. pathogenic 

GEM and/or GEM debris) to the public. The assessment of risk relies on the 

demonstration that the substance in question is harmful, or is potentially 

harmful, coupled with the probability of persistence in the environment. 

“When the risk is more certain, for example, when known pathogens are 

cultured, the containment and assured destruction is critical.” (35) 

3.3.1 Components of Risk Assessment 

"Risk assessment is a powerful tool that can be used to identify, on a site 

specific basis (e.g., a specific biopharmaceutical production facility),” the 

substances of concern, "their possible routes of exposure, and the probability 

of their posing risks to human health." (25) The National Academy of 

Sciences defines risk assessment in terms of four components: hazard 

identification, dose-response assessment, exposure assessment, and risk 

characterization. Hazard identification determines which substances (e.g., 

pathogenic GEM and/or GEM debris) cause adverse health effects in humans. 

Dose-response assessment establishes the relationship between the amount of 

a substance received by an exposed population, and the associated adverse 

effects. Exposure assessment identifies the pathways by which a substance 

may contact an individual, estimates the amounts of a substance that an 

individual is likely to be exposed to, and estimates the number of exposed 

individuals. Risk characterization combines the dose-response assessment and 

the exposure assessment to estimate a probability. In summary, "the 
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assessment of risk presented from any site involves determining the toxicity 

of chemicals at the site, then determining the extent to which people are 

exposed to the chemicals from the site, and then combining these results into a 

numerical estimate of the risk posed by those chemicals at that site." (40) The 

goal is to provide data sufficient to support an informed risk management 

decision regarding which remedy is most appropriate for a given site. 

A fundamental mandate of government policy is to protect human 

health from existing or potential threats posed by the release of hazardous 

substances. Government regulations form the framework for implementing 

government policy in this area. The United States Environmental Protection 

Agency predicted that the U.S. will spend more than $140 billion during 1994 

on regulatory compliance costs involving environmental risks. (37) Is that 

portion of this cost, which is attributable to the biopharmaceutical industry, 

being spent needlessly or in excess of what is required? Or are the current 

expenditures insufficient? The director of the National Institute of 

Environmental Health Sciences states: 

(Without reliable) data to provide a scientific basis for risk assessment, 

prudence would dictate regulatory actions to protect against the worst- 

case scenarios, and uncertainty about risk exacerbates public fear and 

mistrust of scientific and technical advances. The historical 

preoccupation with hazard identification has led to a state of affairs 

where risk may be either under - or overestimated with considerable 

cost in terms of human suffering or economic competitiveness. Asa 

result (of the lack of reliable data) the identification of a potential 

environmental hazard to human health is followed by an assessment of 

risk that is based more on assumption than facts. Subsequent 

regulations, control measures and environmental policies are then 

driven by inadequately qualified assessments of actual risk. (37) 
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Clearly, an objective and valid assessment of the risk is a key input towards 

developing and applying the proper risk management strategies and tools. 

A critical aspect to performing a risk assessment is the collection and 

evaluation of site-specific data. Data collection and evaluation provides an 

objective and scientific basis to assess the risk at a site. Figure 6 depicts the 

relationship of data collection and evaluation to the four components of risk 

assessment. The types of site-specific data needed to perform a risk assessment 

include the following: 

e identities of the substances in question, 

e the concentrations of the substances in the site media (e.g., water, 

sediment, soil, and sewage surrounding the site), 

e the characteristics of the surrounding environment that may 

determine the transport and persistence of the substances, and 

e the characteristics of the source (i.e., site facility and processes) of 

the substances. (49) 

The focus of this needs analysis becomes the data collection and analysis 

function of accomplishing a risk assessment. An objective of this chapter is to 

identify an approach that best provides the above types of site-specific data 

(specifically identities of the substances andconcentrations of the 

substances in the site media) to support a risk assessment. Hence, a need 

statement is identified as: 

Provide site-specific data to support an assessment of the risks to human 

health posed by biopharmaceutical waste streams. 
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3.3.2. Risk Assessment: Gaps in Data Collection and Evaluation 

The paucity of data on the survival and the growth of, and on the 

transfer of genetic information by, GEMs in the environment has impeded an 

assessment of the risk to human health of the release, either accidental or 

unintentional, of these microorganisms or associated debris. (56) Strauss et 

alia summarize current information gaps: 

There is a wealth of information about microbial ecology in general, 

and about the biochemical, genetic, and ecological characteristics of 

some individual microorganisms. However, there is relatively little 

information that is directly useful for the process of risk assessment. To 

predict the viability of any given microorganism in a new setting, one 

must be able to describe the dynamics of the microbial ecosystem into 

which organism will be introduced. One must know the forces that 

shape the ecosystem, the relative importance of the contribution of 

each force, and its variation...within the ecosystem. This is an 

exceedingly complex problem. (58) 

Therefore, predicting the ability of a GEM and its associated debris to survive 

and integrate into any given environment will be a key element in assessing 

the risk of its release into the environment. (58) 

What are the alternative approaches to predicting, or better yet, to 

determining whether any GEM and its associated debris will survive and thrive 

in any environment? Current research in microbial ecology focuses on the 

use of models. Examples of common models include laboratory studies, 

microcosms, and environmental or field studies. (35) While these models 

generate useful data about a specific microorganism-environment interaction, 

they do not lend themselves to generalization to diverse real-world situations. 
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"They often represent compromises between the controlled atmosphere of the 

laboratory and the uncontrolled conditions encountered in nature.” (35) At 

present, each situation must be assessed as an independent case and specific 

experiments must be developed to account for the unique features of each 

system under study. 

3.4 Recommended Approach: Environmental Sampling and Analysis 

The most direct and robust method of determining the survival and 

integration of GEMs and associated debris into the environment is 

environmental sampling and analysis. Environmental sampling and analysis 

involves gathering and analyzing the site data relevant to identifying the 

presence and concentration of substances. (31) Specifically, samples of the 

biopharmaceutical waste stream receiving media are collected from the site 

environment and analyzed in a laboratory for the presence and amount of the 

substances in question (i.e., facility emitted microorganisms/GEMs and 

associated specific nucleic acids, proteins, and toxins). This allows for the 

direct determination of the nature and extent of the contamination of each 

specific site. In addition, data from environmental sampling and analysis may 

support the identification of potential exposure pathways, a critical element in 

exposure assessment. (49) 

As stated previously, there exists a need to provide site-specific data to 

support an assessment of the risks to human health posed by 

biopharmaceutical waste streams. At present, this need remains unfulfilled. 

Environmental sampling and analysis has the potential to provide this type of 

data, however, there is no such established capability. Realization of an 
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environmental sampling and analysis capability would serve to make feasible 

the process of conducting, where needed, site-specific risk assessments. 

A critical element, in determining the value of site-specific data 

provided by an environmental sampling and analysis system capability, is the 

laboratory analysis segment. Selection of the optimum analytical technologies 

is one of the most important factors influencing the reliability of data. (31) 

How, then, should a laboratory analysis technology configuration be chosen? 

That is, which laboratory analysis technology or set of technologies should be 

implemented as part of the environmental sampling and analysis system 

capability? Hence, a need statement that guides the subsequent chapters in 

this project and report is provided below. 

Identify a technology configuration for the laboratory analysis segment. 

Given that there is a myriad of current and near-term potential technologies, 

what criteria should be used to select a laboratory analysis technology 

configuration? Prior to selecting a configuration, it is paramount to ascertain 

user needs and requirements. Subsequent chapters investigate and detail 

those user needs and requirements which are pertinent to identifying a 

laboratory analysis technology configuration. The systems engineering 

process provides the framework by which this is accomplished. 

In response to a defined problem - biopharmaceutical waste streams 

may pose risks to human health - this chapter accomplishes a needs analysis. 

From an assessment of the problem, the top-level need statement of this needs 
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analysis is identified as: eliminate, control, or mitigate the potential risks to 

human health posed by biopharmaceutical waste streams. A solution, risk 

assessment, to address the top-level need statement is proposed. Since site- 

specific data is integral to performing an objective risk assessment, a need is 

identified as: provide site-specific data to support an assessment of the risks to 

human health posed by biopharmaceutical waste streams. Environmental 

sampling and analysis is proposed as an approach to provide site-specific data 

to support a risk assessment. The laboratory analysis technology 

configuration is a critical element in developing an environmental sampling 

and analysis system capability that provides reliable and valid site-specific 

data. A need, therefore , is proposed to identify a technology configuration for 

the laboratory analysis segment. The top-down progression of need 

statements, above, provides a manageable scope to this project and report. 

Specifically, this chapter defines the broad problem, and then focuses down to 

the aspect (i.e., the laboratory analysis segment technology configuration of 

the environmental sampling and analysis system) that is addressed in detail in 

subsequent chapters. 
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Chapter 4 

4.0 Requirements Definition 

The objectives of this chapter are to: describe the operational and 

maintenance concepts of the capability; generate a range of user needs and 

related evaluation criteria that correspond to key performance and 

effectiveness requirements of the capability; and identify and justify those 

user needs perceived as being critical to the capability success. 

It is important to note that the focus of this and subsequent chapters is 

on the laboratory analysis segment of the environmental sampling and 

analysis system capability (Figure 1). As such, the laboratory analysis 

segment is described in context of the overall environmental sampling and 

analysis system capability. 

As previously stated, case-specific operational and maintenance 

concepts are not considered. The intent is to develop user needs that are 

applicable to any individual use scenario. 

4.1 Operational and Maintenance Concepts 

Operational Concept. Samples of the biopharmaceutical waste stream 

receiving media (e.g., water, sediment, sewage) are collected from the site 

environment, stabilized, and then transported to the sample analysis 

laboratory segment. Once at the analysis laboratory, samples are inventoried 

and prepared (i.e., extraction of target substances from the environmental 

media) for subsequent analysis. The prepared samples are then analyzed by 

the appropriate laboratory analysis technology(s) for the presence and 

amount of the target substances in question (i.e., facility emitted 
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microorganism/GEM and associated specific nucleic acids, proteins, and 

toxins). Based upon the results of the analysis of the samples, a data results 

report is prepared for the user. The user will use the data from the report to 

support a risk assessment for the site in question. Quality assurance and 

quality control procedures are maintained throughout the process to ensure 

high data reliability. 

The sample analysis laboratory segment is to provide depot level 

support. More specifically, the sample analysis laboratory segment is a 

centralized facility supporting a number of users for laboratory analysis of 

samples. All analysis technologies will operate in a controlled facility 

environment. 

Maintenance Concept. The maintenance concept evolves from the 

above definition of the operational concept. Laboratory analysis technologies 

are to be commercially available. As such, all detailed equipment maintenance 

and overhaul is to be accomplished off-site by the respective analysis 

technology vendors. Routine maintenance, operation, and calibration are to 

be accomplished on-site by the analysis laboratory segment personnel. These 

personnel are expected to be moderate to highly skilled. Supplies and 

materials are expected to be commercially available. 

Concept Characteristics. Statements which further characterize the 

needs and expectations from the laboratory analysis segment are provided as 

additional qualifiers to the above stated operational and maintenance concepts. 

These statements, or characteristics, are fundamental to providing valid and 

useful data to support an objective risk assessment. An extensive review of 

industry, government, scientific, and engineering literature, as well as 
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commercial documentation, yielded much information from which to 

construct characteristics for the environmental sampling and analysis system 

capability. The characteristics, provided below, represent a composite from 

many literature sources. (7, 14, 31, 32, 35, 49, 57)) 

e Consideration must be given to the varying natures of the different target 

class substances (i.e., viable and dead microorganisms, proteins, toxins, and 

nucleic acids) in selecting laboratory analysis technologies. Specifically, 

all must be accounted for, and identifiable by, the final technology 

configuration (i.e., the recommended laboratory analysis technology, or set 

of technologies). Note: The target class substances are the constituents 

released from the kill tank, as defined in Section 2.2. 

e The identification of any one of the target class substances must have a 

high probability of being correct. This underscores the need for assuring 

that the collected site-specific data are of uniform and known high quality. 

e The laboratory analysis technology(s) must support the measurement of 

target substance concentration. (25, 49) 

e Literature indicates that the expected environmental concentration of the 

target substances is likely to be at the trace level. (8, 26, 35, 42, 43, 48) 

Because of the potential serious consequences of not identifying a target 

substance when it is present in a sample, it is mandatory that the 

laboratory analysis technology(s) be capable of detection at very low 

levels. 

e The laboratory analysis technology(s) should meet realistic expectations of 

system effectiveness parameters such as availability, cost, supportability, 

and maintainability. Only those technologies that are now (or less than 

one year away) commercially available are acceptable. 
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4.2 High-Level Requirement Definition 

Requirements to be established for the selection of the laboratory 

analysis segment technology(s) evolve from an analysis of the need and the 

concept characteristics, above. Based upon the characteristics derived from 

the operational and maintenance concepts, the following statement becomes 

the high-level requirement for the systems analysis phase of this project and 

report: 

Monitor, with high confidence, for the environmental presence and 

concentration of pathogenic organisms/GEMs, and associated nucleic acids, 

proteins, and toxins that may be released, accidentally or unintentionally, 

from a biopharmaceutical facility. 

4.3 Definition of User Needs and Evaluation Criteria 

In turn, the user needs to be established as the evaluation criteria for 

the systems analysis evolve from the high-level requirement, above. Table 3 

provides the list and descriptions of user needs. Table 4 delineates the 

evaluation criteria associated with each user need. It is important to note that 

each of the user needs is independent of the other. This attribute facilitates 

conducting discrete tradeoffs during the systems analysis without affecting 

other discrete needs. 

Certain user needs are considered by the evaluator to be critical. More 

specifically, if a technology cannot attain the stated acceptable performance 

criteria in Table 4 for a specific user need, then that analysis technology is 

deemed unfit for further consideration. Table 5 identifies and provides 
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Table 3. Definition of User Needs 

  

      

  

  

  

USER NEED DESCRIPTION 

Identification Identification is the ability to determine the identity of 
the substances in a sample by characterizing specific 
properties of those substances. 

Specificity Specificity is the ability to distinguish one entity from 
another. 

Sensitivity Sensitivity refers to the lower limit at which a 
technology can detect a substance from other 
components in the sample. 

Quantitation Quantitation provides a measure of the amount of 
substance present. 

  

False Positive False positive is the incorrect response of a detect when a 
substance is not present. 

  

False Negative False negative is the incorrect response of a non-detect 
when a substance is present. 

  

Range Range is the ability to detect a range of target substance 
classes (i.e., nucleic acids, proteins, toxins, organisms, 
metabolites) 

  

Response Time Response time is the time required for analysis of a 
sample. 

  

Skill Level Skill level refers to the amount of training and skills 
needed by an individual who is to operate the technology. 

  

  

      Automation Automation refers to the manner in which the 
technology performs its function (e.g., manual, semi- 
automatic, automatic). 

Capacity Capacity is the ability to analyze a number of samples in a 
given amount of time. 

Availability Availability refers to the commercial availability of a   technology.   
40 

  

 



Table 4. List of User Needs and Evaluation Criteria 

  

  

  

  

  

  

  

  

  

  

  

  

      

USER NEED EVALUATION CRITERIA 

Identification Preferable: taxonomic strain 
Acceptable: taxonomic species 

Specificity Preferable: no cross-reactivity 
Acceptable: minimal cross-reactivity 

Sensitivity Preferable: sub picogram (sub parts per trillion) 
Acceptable: sub nanogram (sub parts per billion) 

Quantitation Preferable: precise concentration 
Acceptable: semi-quantitative (i.e. low, moderate, high) 

False Positive Preferable: < 10% 
Acceptable: < 15% 

False Negative Preferable: < 3% 
Acceptable: < 5% 

Range Preferable: detect more than one target substance class 
(e.g. detect nucleic acids and proteins) 

Acceptable: detect at least one target substance class 
(e.g. detect only nucleic acids) 

Response Time Preferable: minutes 
Acceptable: few hours 

Skill Level Preferable: technical training/non-degree 
Acceptable: technical training/B.S. degree 

Automation Preferable: minimal operator interface 
Acceptable: significant operator interface 

Capacity Preferable: ability to batch analyze samples (parallel 
process) 

Acceptable: serial processing required 

Availability Preferable: commercially available now & relatively 
mature product 

Acceptable: commercially available now or in very late 
development Stage (i.e. commercially 
available < 1 year)     
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Table 5. Identification and Justification of Critical User Needs 

  

CRITICAL USER NEED JUSTIFICATION 

  

Identification It is crucial that the technology be capable of 
identifying the target microorganisms. Without a 
capability for identifying a taxonomic 
classification (at least at the species level), none of 
the other user needs are of relevance. 

  

Specificity The technology must show a high degree of 
specificity to the target substance (i.e. minimal to 
no cross-reactivity with related entities). This is of 
particular importance in distinguishing the man- 
made GEMs from naturally occurring microflora - 
an important issue in risk assessment. (32) 

  

Sensitivity The technology must be capable of detecting the 
target substances at the expected or predicted 
concentration levels in the environment. If the 
technology is not able to detect the target 
substances at sufficiently low concentration, then 
the presence of a potential target substance will go 
undetected. 

  

Quantitation Quantitation is a critical factor in conducting an 
exposure assessment, a key component of a risk 
assessment. Without data on concentrations of 
target substances in the media of concern, the 
nature and extent of contamination can not be 
fully applied towards an assessment of risk. (49) 
  

False Negative Collected site-specific environmental sampling 
data must exhibit a low incidence of false negative 
results. False negative data erroneously indicate a 
target substance free, or "clean", site. This 
condition will lead to an inaccurate risk 
assessment. (19, 31) 

    Availability   Availability is a critical factor in addressing such 
issues as a technology's readiness for application 
(i.e., possible and practical) and associated cost 
effectiveness. There are cost, schedule, and 
technical risks associated with selecting unproven 
or developmental technology. Commercial 
availability of a technology will alleviate these 
risks. (7, 14, 31) 
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justification for those user needs perceived as being critical to the laboratory 

analysis segment. 
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Chapter 5 

5.0 Development of Evaluation Model 

The objective of this chapter is to develop a model to evaluate the 

candidate analysis laboratory technologies. The general approach and 

framework for developing the evaluation model are derived from several 

literature sources. (7, 13, 14, 45) Inherent throughout the entire evaluation 

approach is the systems analysis process. 

5.1 Weighting of User Needs 

User needs are subjectively weighted by the evaluator according to each 

need's perceived relative importance to meeting the high-level requirement 

(Section 4.2) and in the context of the operational and maintenance concepts 

(Section 4.1). The weight value assigned to each user need ranges from 1 to 10, 

with 1 being the least important and 10 being the most important. The weights 

assigned to the user needs are identified in Table 6. 

Several key statements, provided below, further define the point scale 

and indicate the evaluator's rationale for assigning the user need weights 

presented in Table 6. 

e The numerical weighting scores of 8 to 10 are assigned to those user needs 

judged as being critical to meeting the high-level requirement. Rationale 

for the selection of numerical weights assigned to the critical user needs 

was presented in Table 5. 
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Table 6. Weights Assigned to the User Needs 

  

      

  

  

  

  

  

  

  

  

  

  

    

USER NEED WEIGHTING 

Identification* 10 

Specificity* 9 

Sensitivity” 8 

Quantitation* 8 

False Positive 5 

False Negative* 8 

Range 4 

Response Time 3 

Skill Level 4 

Automation 3 

Capacity 5 

Availability* 8   
  

* Critical User Need 
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e Identification is perceived to be the most critical user need, and is 

therefore accorded the highest weight value, 10. If a technology is not 

capable of supporting an identification of a target substance, then the 

other user needs are of little value. 

e The numerical weighting scores of 1 to 7 are assigned to those user needs 

perceived as being non-critical, but important, to meeting the high-level 

requirement. 

e The non-critical user needs - capacity, skill level, automation, and response 

time - are considered to be important drivers and predictors of system 

effectiveness factors such as life-cycle cost, maintainability, and 

supportability. While not perceived (for the purposes of this project and 

report) as critical, they are nonetheless accounted for with mid-range (3 to 

5) value weights. 

5.2 Development of Evaluation Plan 

In order to evaluate the degree to which the identified laboratory 

analysis technologies (presented in Chapter 6) meet the user needs and 

associated evaluation criteria, an evaluation plan is developed. A technology 

scoring matrix, which implements the evaluation plan, is provided in Table 7. 

From Table 7, each user need has associated evaluation criteria. The evaluation 

criteria are defined as a range from "acceptable" to "preferable". "Preferable" 

delineates the user's desired level of performance for a particular user need. 
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"Acceptable" delineates the user's minimal acceptable level of performance 

for a particular user need. Scoring for each evaluation criterion is based on a 

ten point scale. A raw score of 1 to 3 indicates that a laboratory analysis 

technology is perceived as failing to meet the "acceptable" criterion for that 

specific user need. A raw score of 4-7 indicates that a laboratory analysis 

technology is perceived as capable of meeting the "acceptable" criterion for 

that specific user need. A raw score of 8-10 indicates that a laboratory analysis 

technology is perceived as capable of meeting the "preferable" criterion for 

that specific user need. The raw score is then multiplied by the weight 

assigned to its respective user need to yield a weighted score. The weighted 

scores associated with all the user needs are summed to produce total scores for 

each laboratory analysis technology. 

5.3 Evaluation Approach 

The methodology used to evaluate the candidate laboratory analysis 

technologies consists of a tiered approach. Figure 7 depicts the evaluation 

approach. As shown, key inputs - user needs, evaluation criteria, weight 

factors, evaluation plan, and candidate laboratory analysis technologies - are 

necessary to accomplish the systems analysis process. 

The first step in the evaluation approach involves a qualitative 

assessment of which candidate technologies are not able to meet the 

"acceptable" criterion level for the critical user needs. Any technology 

assessed as not capable of meeting the "acceptable" criterion level for any 

critical user need, as defined in Table 7, is to be disqualified from further 

48



yoeoiddy 
uoiyenjeag 

ABojouyoe; 
“2 

anbi4 

 
 

  
S
S
I
S
O
T
O
N
H
O
A
L
 
S
I
S
A
T
Y
N
V
 

AO 
N
O
I
L
V
Y
N
D
S
I
S
A
N
O
D
 

  
 
 

N 
 
 

  
S
L
I
N
S
A
Y
 

AO 
S
I
S
A
T
V
N
V
 

  
 
 

t 
 
 

  

 
 

  
  

  
 
 

 
 

 
 

  
  

 
 

 
 

  

S
G
H
4
N
 

S
S
I
D
O
T
O
N
H
O
D
S
L
 

H3ASN 
WOILIND 

OSNIAIAHNS 
AO 

TIW4 
LVHL 

SHIDOTONHOAL 
5 N
I
W
L
L
N
V
T
O
 

ALVNIWIMAa 

S
S
I
D
O
T
O
N
H
O
S
L
 

A
O
 

N
O
I
L
V
N
I
V
A
S
 

SLHOISM 
NV"Id 

SHIDO TONHOSL 
VIHALIHD 

Sagan 
gaan 

4asn 
NOILVNIVA 

SISATVNV 
v1 

| 
NOILLVMIVAZ 

uasn 

  
  

  
  

  
 
 

49



consideration. Only those technologies that meet critical user needs criteria 

will be considered during subsequent steps. 

The next step involves a quantitative evaluation (i.e., scoring) of the 

technologies that survive the critical user needs assessment. Each candidate 

laboratory analysis technology is to be evaluated, as defined in Table 7, based 

on its perceived ability in meeting all user needs evaluation criteria. As 

previously stated, a total weighted score is to be determined for each 

technology. 

Finally, those technologies that undergo quantitative evaluation, above, 

will then be subjected to further evaluation and ranking. Based on the results 

of the scoring, the number and type of technology "failures" (i.e., a raw score 

of 1 to 3 for a user need) will be tabulated for each candidate technology. An 

analysis of the results will then be conducted. The most promising 

technologies will be ranked, followed by a brief justification of the rank. 
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Chapter 6 

6.0 Market Survey of Technologies 

It is the aim of this chapter to identify those candidate laboratory 

analysis technologies which should be considered during the technology 

evaluation. To accomplish this objective, a market survey of potential 

laboratory analysis technologies was performed. 

One reference, Analytical Chemistry: Application Reviews (39), was 

invaluable in establishing a literature base. This reference, a detailed 

compendium of current and near-term technologies for a broad range of 

applications (e.g., environmental, clinical, food, water, forensic, industrial, 

process), served as a framework by which to survey and categorize a broad 

range of applicable laboratory analysis technologies. 

Numerous other sources further expanded, enhanced, and corroborated 

the information contained in the compendium. The source categories used to 

generate a list of candidate technologies are: 

e discussions with technology developers and other experts in this field, 

® manual search of journal articles and other publications, 

e product literature and specifications, and 

e several applications-oriented laboratory analysis technology seminars. 

In all, over 300 individual sources were identified, collected, and reviewed. 

These were manually screened for relevant information. Those sources 

deemed to contain pertinent information are listed as references in the 

technology summary table, introduced below. 
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A list of laboratory analysis technologies to be included in the 

technology evaluation has been compiled. The technologies selected share a 

common theme - each must be capable of detecting at least one of the target 

substances (i.e., microorganisms, proteins, toxins, or nucleic acids). The 

thirteen candidate technologies are: mass spectrometry, gas chromatography, 

liquid chromatography, nuclear magnetic resonance, optical spectroscopy, 

x-ray diffraction, electrophoresis, immunological, nucleic acid hybridization, 

staining/microscopy, fermentation, flow cytometry, and biosensor (optical 

and electrochemical). 

Within each of the candidate technologies, there may exist a myriad of 

technology variations. For example, biosensor technology can be 

implemented in at least three ways - optical, electrochemical, and 

piezoelectric. In order to constrain this market survey and technology 

evaluation to a reasonable scale, the candidate technologies will be described 

and evaluated based on the capabilities of the parent technology. For example, 

the biosensor technology, to be evaluated, will encompass the general 

capabilities found in its three specific configurations. 

It is not the intent of this chapter to provide an extensive and highly 

technical perspective of each candidate laboratory analysis technology. 

Rather, this chapter provides an overview of each technology's principles, 

pitfalls, and potentials. As such, relevant information needed to assess a 

technology's performance against the evaluation criteria (Table 7) is noted. 

Table 8 provides the detailed summaries of the candidate laboratory analysis 

technologies. 
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Table 8. Technology Summaries 

  

  TECHNOLOGY INFORMATION 
  

Mass Spectrometry 

(MS) 

-tandem MS (MS/MS) 

-FAB ionization 

-Electrospray 

-MALD ionization 

Principle: analytes in sample are converted into gaseous daughter 

ions; the ions are then separated and identified based on the 

mass-to-charge ratio; determines molecular weight of analyte 

Notes: 

-MS very mature technology; large commercial market 

-generally limited to analyzing small molecules; new efforts 

(MALD ionization) underway to analyze large (e.g., biological) 

molecules (i.e., sequence protein/DNA), but relatively immature 

-often coupled with a separation technology (e.g., LC, HPLC, GC) 

-short response times; automation possible 

-routine sub nanogram sensitivity; potential sub picogram 

sensitivity 

-usually high specificity; quantitative 

-requires spectral database for compound analysis (complex) 

References: (36, 39, 46) 

  

  
Gas Chromatography 

(GC) 

    
Principle: analytes in sample are separated based on differences 

in mobility in a gas over a stationary phase 

Notes: 

-GC very mature technology; large commercial market 

-generally limited to analyzing small molecules 

-often coupled with a detection technology to provide increased 

specificity (e.g., MS) 

-low specificity for biological molecules 

-sensitive to semi-volatile and volatile analytes 

-detection in minutes 

-requires database of chromatograms for compound analysis 

References: (39) 
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Table 8. Technology Summaries (continued) 

  

      TECHNOLOGY INFORMATION 

Liquid Principle: analytes in sample are separated based on differences 

Chromatography (LC) | in mobility in a liquid over a solid phase 

-HPLC 

Notes: 

-a dominant technology for separating large molecules 

-High-Performance Liquid Chromatography (HPLC) is technology 

of choice for separating proteins 

-frequently coupled with detector (e.g., MS, NMR, Spectroscopy) 

-modest specificity 

-detects wide range of applicable analytes 

-capable of sub nanogram sensitivity 

-detection in minutes to several hours 

-requires database of chromatograms for compound analysis 

-demonstrated automation and capacity 

References: (23, 27, 39) 

  

  
Nuclear Magnetic 

Resonance (NMR) 

  
Principle: use intense magnetic field to cause electromagnetic 

radiation coupling with nuclear spin; relaxation time of spin and 

spectra are characteristic of analyte 

Notes: 

-sophisticated technique that has recently been used as a detector 

for peptides and proteins 

-highly complex spectral analysis required for even small 

proteins-requires trained staff 

-requires spectral database for compound analysis 

-not sensitive; low specificity, especially at low concentrations 

-very long response time 

References: (2, 39) 
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Table 8. Technology Summaries (continued) 

  

TECHNOLOGY [INFORMATION 
  

Optical Spectroscopy 

-Infrared (IR) 

~Near IR 

-Raman 

-UV Visible 

-Fourier transform 

IR 

-Luminescence 

Principle: based on interaction (i.e., absorption, transmission) of 

light source of different wavelengths (e.g., Near IR is 70Onm to 

2500nm) with analyte; or based on light emissions from analyte 

Notes: 

-well established commercial base 

-low specificity for larger biological molecules (when used for 

large molecules, it provides a crude measure of presence and 

concentration) 

- is typically used to measure small molecules with good 

specificity 

-capable of sub nanogram sensitivity 

-detection in minutes; 

-requires database of chromatograms for compound analysis 

-demonstrated automation and capacity 

References: (22, 24, 29, 39, 59, 61) 

  

    
X-Ray 

-diffraction 

    
Principle: based on diffraction of X-rays during their 

interactions with electrons in crystalline compounds 

Notes: 

-advanced technique that can determine molecular structure of 

proteins (no mention of nucleic acids) 

-complex analysis requires specially trained staff 

-somewhat specific but may not be able to distinguish target 

analyte from complex background 

-technology availability limited due to equipment cost 

-does not provide quantitative data 

References: (39, 53) 
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Table 8. Technology Summaries (continued) 

  

    TECHNOLOGY INFORMATION 

Electrophoresis Principle: separation of molecules under the influence of an 

-gel electric field; used for the separation and analysis of proteins 

-capillary and nucleic acids 

Notes: 

-mature (especially gel electrophoresis) and common method used 

in the study of proteins and nucleic acids 

-often coupled with a detection technique (e.g., staining) 

-good specificity when coupled with staining 

-capable of sub nanogram sensitivity for both proteins and 

nucleic acids 

-separation and detection in minutes (capillary) to several hours 

(gel) 

-quantitative 

-significant operator interface required 

References: (3, 17, 33, 39) 
  

  
Immunological Principle: assay based on the attraction of an antibody to its 

-Immunoassay corresponding antigen (i.e., target analyte) 

(ELISA, RIA) Notes: 

-Immunodiffusion -mature and common tool used to detect both large (e.g., proteins) 

and small molecules (e.g., pesticides) 

-can be very specific, depending on the antibody to antigen (i.e., 

protein) affinity (i.e., attraction) 

-capable of sub picogram sensitivity 

-response time from a few minutes to a few hours 

-quantitative 

-operator training can be minimal 

-demonstrated excellent automation and capacity for batch 

analysis 

-capable of low false positives and false negatives 

References: (1, 19, 28, 35, 42, 50, 62)   
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Table 8. Technology Summaries (continued) 

  

  

TECHNOLOGY INFORMATION 

Hybridization Principle: assay based on the base-pairing of complementary 

-DNA:DNA strands of nucleic acid to form a double strand 

-DNA:RNA Notes: 

-DNA sequencing 

-DNA fingerprinting 

-amplification (PCR) 

of DNA/RNA 

-recently very common in most molecular biology labs 

-exquisite specificity; can track nucleic acid sequences (i.e., 

pathogenic genes); strain identification 

-exquisite sensitivity (to the femtogram level) when used in the 

Polymerase Chain Reaction (PCR) to provide amplification (x10) 

-response time from less than 1 hour to 1 day 

-requires very skilled individuals to operate 

-must know the nucleic acid sequence that is to be detected 

-capable of low false positives and false negatives 

-not very amenable to automation; batch analysis demonstrated 

-modest quantitation capability 

References: (17, 35, 38, 39, 42, 44, 48) 

  

  
Staining/ Microscopy 

  
Principle: based on the use of specific dyes to adhere to and 

"color" selected bacterial components (e.g., cell wall); visualize 

with a microscope; can be combined with immunological tagging 

to improve specificity 

Notes: 

-traditional microbiological technique; commonly available 

-only used for bacterial organisms; not applicable to proteins 

-reasonable specificity; normally used as a first cut to screen 

sample 

-modest sensitivity unless first concentrated 

-requires trained technician to visualize and compare against 

standards 

-some automation available 

References: (35) 
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Table 8. Technology Summaries (continued) 

  

| TECHNOLOGY INFORMATION 
  

Fermentation Principle: based on the specific utilization pattern of components 

(i.e., carbohydrates) by the target bacteria 

Notes: 

-traditional microbiological technique; commonly available 

-only used for viable (i.e., live) bacterial microorganisms; not 

applicable to proteins or non-viable bacteria 

-can achieve good specificity 

-fermentation profile needed for identification 

-capable of detecting a few bacteria in a sample; excellent 

sensitivity 

-requires trained technician to visualize and compare against 

standards 

-requires specified media and environmental conditions; 

incubation times vary 

-~some automation emerging 

References: (4, 35, 54) 
  

Flow Cytometry Principle: based on analysis of interaction of laser light with the 

microorganism; measures light scatter or fluorescence of 

microorganism (can label microorganism with antibody or nucleic 

acid strand); can sort microorganisms based on dynamic 

properties 

Notes: 

-commercially available, but not common in labs; expensive 

-capable of sub picogram sensitivity 

-capable of high specificity when used with nucleic acid strand 

tag 

-requires highly skilled operator; complex data interpretation 

-response time in minutes 

References: (35, 39)           
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Table 8. Technology Summaries (continued) 

TECHNOLOGY INFORMATION 

Biosensor Principle: an analytical device which converts a biological 

-Optical: response to an electrical signal 

-Surface Plasmon 

Resonance 

-Fiber Optic 

Waveguide 

-Electrochemical 

-Potentiometric 

-Amperometric 

-Conductimetric 

  

Optical Biosensor - detect spectral changes when an analyte binds 

to the biological receptor (e.g., antibody, protein , nucleic acid, 

microorganism); spectral regions include IR, Raman, UV, Visible 

Electrochemical Biosensor - detect electrical changes when an 

analyte binds to the biological receptor (e.g., antibody, protein , 

nucleic acid, microorganism); biological receptor is near an ion 

sensitive electrode 

Notes: 

-commercially available, but only recently 

-can detect a range of target analyte classes depending on the 

employed biological receptor 

-capable of sub nanogram sensitivity 

-can be highly selective 

-capable of low false positives and false negatives 

-very amenable to automation; batch analysis demonstrated 

-very good quantitation capability 

-response time in seconds to minutes 

-operator training can be minimal to moderate depending on 

technology format 

References: (9, 16, 30, 39, 41, 47) 
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Chapter 7 

7.0 Evaluation of Technologies 

The objective of this chapter is to identify the best laboratory analysis 

technology(s) to monitor biopharmaceutical waste streams, as defined by the 

high-level requirement. To accomplish this objective, the evaluation model 

(developed in Chapter 5) is used to score candidate technologies identified in 

Chapter 6. First, technologies are assessed against critical user needs to 

identify critical failures. Surviving technologies are then quantitatively 

scored against evaluation criteria. Technology failures against non-critical 

user needs are summarized. Next, an analysis of the results is conducted, 

followed by the definition of a laboratory analysis technology configuration. 

Finally, methods are proposed to guide other organizations in modifying and 

applying the evaluation process. The overall methodology used to evaluate the 

candidate laboratory analysis technologies was presented in Figure 7. 

7.1 Qualitative Evaluation Using Critical User Needs 

The candidate laboratory analysis technologies were qualitatively 

evaluated to determine those technologies that were not able to meet the 

"acceptable" criterion level for the critical user needs. The qualitative 

assessment of each technology was performed by a single evaluator, using the 

technology scoring matrix presented in Table 7. Any technology assessed to 

have one or more critical failures was removed from consideration during the 

subsequent quantitative scoring phase. Table 9 presents the results of the 

qualitative assessment. The scoring matrices for those technologies assessed to 

have one or more critical failures are provided in Appendix A. 
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Table 9. Technology Performance Against Critical User Needs 

  

  

  

  

  

  

  

  

  

  

  

  

  

      

TECHNOLOGY ASSESSMENT 

PASS FAIL 

Mass Spectrometry xX 

Gas Chromatography X 

Liquid Chromatography X 

Nuclear Magnetic Resonance X 

Optical Spectroscopy xX 

X-Ray xX 

Electrophoresis xX 

Immunological xX 

Hybridization X 

Staining/Microscopy X 

Fermentation Xx 

Flow Cytometry xX 

Biosensor xX     
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Four out of the thirteen candidate laboratory analysis technologies were 

assessed as failures against the critical user needs. The remaining nine 

candidate technologies are passed forward to the quantitative evaluation. The 

failures are described below. 

e Gas chromatography, nuclear magnetic resonance, and optical 

spectroscopy failed to meet the critical user need, specificity, at the 

“acceptable” criterion level. This was due to the limitations of these 

technologies in identifying large biological molecules - the target 

substances expected in the biopharmaceutical waste streams. 

e X-ray failed to meet the critical user needs, availability and quantitation, at 

the "acceptable" criterion level. X-ray was assessed as being research 

oriented, with limited practicality towards application. No reference to 

quantitation was found during the market survey. 

7.2 Quantitative Evaluation 

The surviving candidate laboratory analysis technologies were 

quantitatively scored by using the technology scoring matrix presented in 

Table 7. The scoring of each technology was performed by a single evaluator. 

Each candidate technology was evaluated based on a best engineering 

judgment as to whether it was capable of meeting the "acceptable" or 

"preferable" evaluation criteria for each user need. The total weighted scores 

calculated for each technology are presented in Table 10. These technologies 

are presented in descending order. The scoring matrices for the 

quantitatively evaluated technologies are provided in Appendix B. 
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Table 10. Total Scores for Laboratory Analysis Technologies 

  

      
  

  

  

  

  

  

  

  

  

  

  

  

TECHNOLOGY TOTAL SCORE 

Immunological 664 

Hybridization 577 

Biosensor 507 

Flow Cytometry 493 

Fermentation 486 

Mass Spectrometry 464 

Liquid Chromatography 459 

Electrophoresis 446 

Staining / Microsc opy 414 

Gas Chromatography * 

Nuclear Magnetic Resonance * 

Optical Spectroscopy * 

X-Ray | *             
*Not Scored: Critical Failure 
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As a result of scoring the laboratory analysis technologies at both the 

"acceptable" and "preferable" performance levels, some observations can be 

made. Observations include the following: 

e Immunological received the highest total score. There is greater than a ten 

percent point spread between immunological and hybridization. This 

suggests a significant difference may exist in assessed performance 

between immunological and hybridization. 

e Hybridization received the second highest total score. There is greater 

than a ten percent point spread between hybridization and biosensor. This 

suggests a significant difference may exist in assessed performance 

between hybridization and biosensor. 

e There appears to be a middle grouping of technologies. These include: flow 

cytometry, fermentation, mass spectrometry, liquid chromatography, and 

electrophoresis. Staining/microscopy is evaluated as least capable in 

meeting the evaluation requirements. 

7.3 Identification of Non-Critical Technology Failures 

The quantitative scoring phase provided the framework for identifying 

and analyzing the shortfalls of each technology. Based on the results of the 

scoring, the types of non-critical failures (i.e., a raw score of 1 to 3 for a non- 

critical user need) were determined for each technology. Table 11 provides a 

listing of the non-critical failures for the candidate technologies. From the 

data in this table, it is observed that few non-critical failures were noted. In 

addition, those technologies with the highest total score, in general, also have 

the fewest non-critical failures. Automation was the most frequent failure. 
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Table 11. Summary of Non-Critical Failures 

  

  

  

  

  

  

  

  

  

    

TECHNOLOGY NON-CRITICAL FAILURE 

Response 
Range Time Automation 

Immunological 

Hybridization X 

Biosensor 

Flow Cytometry X 

Fermentation X xX 

Mass Spectrometry xX 

Liquid Chromatography 

Electrophoresis X 

Staining/Microscopy X     
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In consideration of the outcome of the quantitative evaluation and the 

occurrence of few non-critical failures, the results of this technology 

evaluation support the rank order priority presented in Table 10. However, 

the quality of the technology evaluation process is dependent on the quality of 

the inputs, quality of the evaluation model, and on the skill and experience of 

the evaluator. As such, further analysis of the results is warranted to assess 

the risks associated with accepting the rank order priority in Table 10. 

74 Analysis of Results 

Prior to recommending a laboratory analysis technology configuration, 

an analysis of the results is accomplished. A sensitivity analysis is conducted 

to determine the impact of variations of key inputs (to the evaluation model) 

on the results of the technology evaluation process. Areas of risk and 

uncertainty are identified. 

7.4.1 Sensitivity Analysis 

Through analysis of the information presented, it is evident that certain 

evaluation model inputs and parameters (e.g., candidate technologies, critical 

user needs, evaluation criteria, weight values) greatly influence the final 

ranking and selection of laboratory analysis technologies. Some of these 

inputs were selected by the evaluator with confidence. Conversely, there are a 

few other key inputs and parameters about which the evaluator is uncertain. 

It is prudent to determine the sensitivity of the analysis results due to 

variations in these uncertain parameters and inputs. Several prominent 

contributors are discussed below. 
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Emphasis placed on "performance" user needs vice "effectiveness" user needs. 

The performance user needs (i.e., identification, specificity, sensitivity, 

quantitation, false positive, false negative, and range) are weighted two times 

greater than effectiveness user needs (i.e., response time, automation, 

capacity, skill level, and availability). This difference is due to the evaluator's 

emphasis on technical feasibility (performance) of laboratory analysis. If the 

emphasis were placed on effectiveness, then the rank order of recommended 

laboratory analysis technologies would change. For instance, hybridization, 

flow cytometry, and mass spectrometry would be ranked lower. 

Staining/microscopy and liquid chromatography would be ranked higher. 

The resulting technology configuration would be altered. It must be 

recognized that as the number of samples analyzed by the laboratory 

increases, effectiveness user needs become more critical. This is due to the 

direct relationship between lab utilization costs and the "effectiveness" of the 

sample analysis processing technologies. 

Uncertainty of "false positive" and "false negative" input data. There isa 

general lack of false positive and false negative data for several of the 

technologies identified in the market survey. To account for this gap in data, 

raw scores for these two user needs are determined based upon stated 

performance during validation studies and field trials (provided in technology 

product literature). An analysis of the scoring indicates that no technology is 

eliminated or substantially ranked lower due to scoring these two user needs. 

The overall impact to the technology ranking is assessed to be minimal. 
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Evaluation criteria for the user need - sensitivity. The stated evaluation 

criteria for "Sensitivity" is based upon a prediction of the anticipated 

concentration of the target substances in the biopharmaceutical waste stream 

receiving media. The predicted concentrations are at extremely low (sub 

picogram) concentration levels. Consequently, stated "Sensitivity" criteria are 

difficult to achieve for most of the candidate technologies. This bias tends to 

favor the selection of those technologies which demonstrate exquisite 

sensitivity (e.g., hybridization vs. biosensor). If the actual substance 

concentrations are greater than predicted, then other more cost effective 

technologies may be better suited. Every effort must be made to determine an 

actual concentration range of the target substances. 

7.4.2 Identification of Risks and Uncertainties 

Identification of residual uncertainties and risks is accomplished to 

further assess the results of the technology evaluation. Two key areas are 

discussed below. 

Technology category limitation. Within each technology category (e.g., 

biosensor), there may exist a myriad of technology variations (e.g., optical, 

electrochemical, piezoelectric). These variations range from mature to 

advanced research. Grouping the variations under one category helps 

constrain the market survey to manageable proportions. On the other hand, 

grouping may tend to negate the consideration of promising (and potentially 

high scoring) technology variations. Consideration of these specific 

technology variations during the evaluation process would result in changes 
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to the final technology ranking. The trade-off is that, due to project scope, 

discrete comparisons between individual technology variations are not made. 

Where applicable, future design trade-offs should be conducted between 

discrete technology variations. 

Keeping the technology rankings in perspective. The priority order 

presented in Table 10 must not be viewed as an absolute rank order of 

technologies. A relatively high score does not justify universal application. 

Conversely, a low score should not necessarily exclude a technology from 

consideration. By concentrating on technologies that have the potential to do 

everything, technologies which may have greater utility for selected use 

scenarios can be erroneously neglected. "Ultimately, the least expensive, 

easiest to use, and most reliable of methods will prevail." (35) 

75 Technology Configuration 

After reviewing the results of the technology evaluation and the user 

needs and associated evaluation criteria, a technology configuration for the 

laboratory analysis segment is synthesized. Table 12 lists the technologies - 

immunological, hybridization, fermentation, and staining/microscopy - which 

comprise the recommended laboratory analysis configuration. Included in 

Table 12 is a description of each technology's contributions to meeting the 

high-level requirement. 

From the table, it is observed that no single technology possessed the 

"silver bullet" (i.e., able to meet the high-level requirement). Instead, the 

configuration consists of four laboratory analysis technologies. When used 
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Table 12. Laboratory Analysis Technology Configuration 

  

  

  

  

    

TECHNOLOGY CONTRIBUTION TO CONFIGURATION 

identification of proteins and toxins in sample 

Immunological quantitative 

capable of excellent specificity; high confidence 

sensitive 

detection of genes/nucleic acids in sample permit 

Hybridization strain level identification 

permits "tracking" of gene transmission from GEM 

to indigenous microorganisms 

capable of excellent specificity; high confidence 

highly sensitive 

detects viable microorganism in sample 

Fermentation 

confirmatory to other technologies 

Staining/ Microscopy availability; widely used     
together, these technologies have the capability of meeting the high-level 

requirement. Although the biosensor and the flow cytometry technologies 

scored well during the quantitative evaluation, they are not included in the 

configuration. This is because biosensor and flow cytometry analysis 

functions can be accomplished by employing both immunological and 

hybridization technologies. 
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7.6 Recommendations for Evaluation Model Application 

Recommendations are provided to those organizations interested in 

applying the evaluation model. As stated previously, the quality of the 

technology evaluation process is dependent on the quality of the model inputs, 

the quality of the evaluation model, and the skill and experience of the 

evaluator. In this project and report, the evaluation model development 

(Chapters 4 and 5), market survey of laboratory analysis technologies (Chapter 

6), and evaluation (Chapter 7) were accomplished by one evaluator. The 

evaluator based this evaluation process development and execution on a 

review of the literature as well as limited discussions with experts. It is 

important to note that the evaluation process development and execution, as 

detailed in this report, is amenable to modification and application by other 

organizations. Key inputs - user needs, user need weights, evaluation criteria, 

and the survey of technologies - to the evaluation process development 

(Figure 7) were selected by the evaluator based upon perceived importance 

and applicability. Other organizations, for example, may wish to modify these 

key inputs to better reflect their individual needs and perceptions. Likewise, 

execution (i.e., technology evaluation) could be accomplished by other 

organizations to reflect a consensus of experts. Methods for accomplishing 

modifications and applications are discussed below. 

Two methods, the Delphi Technique and the panel of experts technique, 

are recommended for consideration by those parties interested in modifying 

and/or applying the technology evaluation process. Either of these two 

methods will facilitate conclusions (e.g., configuration of laboratory analysis 

technologies) based upon the consensus of the experts. The two methods are 

described below. 
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Delphi Technique. The Delphi Technique consists of a series of questionnaires 

sent to a number of experts. The expert responses to the first questionnaire 

are used to prepare the next, and so on. Therefore, information is passed on 

from one expert to another. 

In applying the Delphi Technique, for example, an organization may 

develop a sequence of questionnaires. The first questionnaire surveys the 

experts with respect to user needs, evaluation criteria, and user need weights. 

The next questionnaire ascertains which laboratory analysis technologies are 

to be included in the evaluation process. The last questionnaire, now updated 

to reflect the expert consensus from the first two questionnaires, accomplishes 

the technology evaluation (i.e., scoring). 

Panel of Experts Technique. The panel of experts technique is based on the 

belief that several experts can arrive at a more accurate and representative 

conclusion than one can alone. Group meetings are held, and the experts 

arrive at a consensus. 

In applying the panel of experts technique, for example, an 

organization may convene one or more group meetings of experts. The group 

will come to a consensus on user needs, evaluation criteria, user need weights, 

and the list of candidate laboratory analysis technologies. The process 

concludes with the technology evaluation (i.e., scoring). 

Both techniques, above, have the potential to provide reliable data. The 

Delphi Technique may take several months to complete, but may circumvent 

the logistics of convening together a group of experts. 
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Chapter 8 

8.0 Conclusions and Recommendations 

In response to a defined need, a number of candidate laboratory 

analysis technologies were evaluated for potential application to monitoring 

biopharmaceutical waste streams. This was accomplished by first 

investigating and defining those user needs and evaluation criteria assessed as 

key parameters to establishing a capability responsive to the need. An 

evaluation model was then developed to assess candidate technologies. A broad 

range of potential laboratory analysis technologies were reviewed and 

selected for subsequent evaluation by the model. From these investigations 

and evaluations, leading technologies were identified, and a technology 

configuration was delineated. Considerations for applying the evaluation 

process are provided. Recommendations for future work are proposed. 

8.1 Conclusions 

There is a need to provide site-specific data to support an assessment of 

the risks to human health posed by biopharmaceutical waste streams. 

Environmental sampling and analysis can help to do this, particularly when 

used in conjunction with other site-relevant source data (e.g., characteristics 

of the waste stream source and surrounding environment). 

The selection and implementation of a laboratory analysis segment 

configuration is a critical consideration in the design and development of an 

effective environmental analysis capability. The segment configuration, 

comprised of laboratory analysis technologies, defines the achievable 

parameter limits (e.g., specificity, sensitivity, quantitation) for the system 
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capability. Consequently, it is paramount that laboratory analysis 

technologies be evaluated, and chosen for implementation, using appropriate 

evaluation criteria and modeling techniques. This was accomplished via the 

systems analysis process. The findings of this report indicate that the leading 

laboratory analysis technologies, which could be implemented for monitoring 

biopharmaceutical waste streams, are: 

e immunological, 

e hybridization, and 

e biosensor. 

Other technologies, which could be employed to augment the leading 

candidates, include: 

e flow cytometry, 

e fermentation, 

e mass spectrometry, 

e liquid chromatography, 

e electrophoresis, and 

e staining/microscopy. 

Based on the results of the technology evaluation and the needs analysis, a 

laboratory analysis technology configuration is synthesized. The 

configuration is comprised of the following technologies: immunological, 

hybridization, fermentation, and staining/microscopy. 
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8.2 Recommendations for Future Work 

The design of a laboratory analysis segment configuration represents a 

Start in accomplishing a conceptual design of an environmental sampling and 

analysis system capability. Some suggested areas for future investigations are 

listed below. 

e Expand the study to encompass a larger number of laboratory analysis 

technologies (and technology variations) so as to incorporate a broader 

cross section of available and near term technology applications. 

e Conduct similar systems analyses for the other segments (e.g., collection, 

Stabilization, laboratory preparation) in order to support the 

accomplishment of a feasibility analysis for the system capability. A 

system conceptual design can then be formulated. 

e Perform a detailed life-cycle cost analysis. Consider system performance 

alternatives and associated cost trade-offs. 

e Identify an approach for development. Estimate the development schedule. 

e Investigate regulatory or policy controls that will affect system 

development and operation. 
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GLOSSARY 

Analyte: The substance for which a sample is analyzed. (49) 

Antigen: Substance that can elicit an immune response and that can react 

specifically with the corresponding antibodies. (50) 

Antibody: Protein that is produced in response to stimulation by antigen and 

that reacts specifically with that antigen. (50) 

Assay: A way to detect, identify, or quantitate a substance (i.e. analyte). (15) 

Biopharmaceutical: Biotechnology produced vaccines, therapeutics, reagents, 
and diagnostics. (12) 

Biotechnology: The technology that deals with the use of biological organisms 

to produce various products, typically for the pharmaceutical industry. 

Chromosome: The visible unit of heredity in which are located genes. 

Denatured: Loss of the natural molecular structure or conformation. 

Diagnostic/reagent: Broadly defined as any compound that is used during the 
course of biotechnologicial research in a chemical reaction to detect, measure, 
examine or produce other compounds. (11, 51) 

DNA: Deoxyribonucleic Acid. A long chainlike molecule that stores genetic 
information. DNA is found in all living microorganisms. (15) 

Gene: A region of DNA that encodes discrete genetic information, typically a 
protein or enzyme. 

Genetic Engineering: Techniques which alter the hereditary make-up of an 
organism to obtain different or enhanced functions. The term may also be 
used in a more limited way, for example, to encompass recently developed 
molecular biology and genetic techniques which alter the genetic make-up of 
a cell, such as recombinant DNA and cell fusion. (57) 

GEM: Genetically Engineered Microorganism. (35) 

Microbiology: The study of microorganisms. 

Microcosm: Laboratory-based simulation to obtain useful information about 

specific microorganism-environmental interactions. (35) 

Microorganism: Broadly used in this report to refer to bacteria, viruses, and 

fungi. 
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Molecular Biology: The study of biological mechanisms at the level of the DNA 
and RNA molecules. 

Nucleic Acid: DNA or RNA. (15) 

Pathogen: A virus or microorganism (including its viruses and plasmids, if 

any) that has the ability to cause disease in other living organisms. (57) 

Pathogenic: Producing or capable of producing disease. 

Plasmid: A small circle of DNA that is commonly found in bacteria. Plasmids 

can replicate independently of cell (i.e. bacteria) division and can be 
transmitted between bacteria. Plasmids often convey pathogenic 
characteristics to bacteria. (17) 

Protein: A class of long, chainlike molecules often containing hundreds of 
links called amino acids (building blocks of proteins). Proteins serve many 
functions in the cells of all organisms. (15) 

Recombinant DNA (rDNA): A hybrid DNA molecule formed by cutting and 

splicing technologies. DNA from two different sources is used. (17) 

RNA: Ribonucleic Acid. A long chainlike molecule. Cells contain a number of 
different types of RNA, which play different roles. RNA is found in all living 
microorganisms. (15) 

Species: Taxonomic level below genus. Biological classification of individuals 
having common distinguishable characteristics. 

Strain: Taxonomic level below species. 

Therapeutic: Therapeutics are a subset of biopharmaceuticals. Therapeutics 

are often referred as having the following actions: the concept of inducing 
immunity to allow the body to clear existing infections; the concept of 
employing special toxins to treat existing disease conditions. (34, 51) 

Toxin: A substance, often a protein, that causes damage to the cells of 

organisms. (15) 

Vaccine: Pathogenic microorganisms or materials derived from such 

organisms that contain antigens in an innocuous form. The vaccine provokes 
immunity to the microorganisms. (50) 

Virulence: The speed by which a microorganism penetrates a host's protective 
defenses (e.g., immune system) to cause disease. (35) 

Virus: Submicroscopic particle which contains a protein coat and DNA or RNA 

and is capable of growth and multiplication only in a living host. 
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