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Executive Summary 
The task to design a cell culture analog system which studies the toxicity of polychlorinated 

biphenyls (PCBs) was presented by The University of Arizona department of Agriculture and 

Biosystems Engineering professor, Dr. Mark Riley. This system provides an ethical, simple, and 

quick means of determining the effects of PCBs on major organ systems. The designed analog 

system enables researchers to analyze the biotransformation, residence time, and toxicity of 

PCBs in humans. The design has minimal maintenance and should conserve resources.  The cell 

culture system would have cellular representations of at least two organs which are relevant to 

PCB biotransformation, residence time, and toxicity at medium flow.   

The system will focus on two different representative organs: barrier cells and body cells. 

Therefore, we chose to investigate with the use of two different cell lines. Buffalo Green 

Monkey Kidney cells (BGMK) were used to model barrier cells and RAW 264.7 macrophages 

were used to represent a body cell line that is very sensitive to changes in their environment. 

These cells were chosen for their ability to accurately represent the two functions of interest and 

to respond to changes in their environment. 

The design of our device is comprised of a modified T25 culture flask which is commonly used 

in cell culture research. This flask is compatible with the well insert designed to hold a porous 

membrane cultured with a confluent monolayer of the barrier cells. This monolayer of cells acts 

as the barrier of entry to the larger compartment inside the T25 culture flask where the body cells 

are cultured. The route of exposure is through this barrier, serving as a model for actual human 

exposure to an environmental pollutant, namely PCBs. 

Preliminary testing demonstrates the functionality of our device. Our device provides an 

adequate seal around the membrane to ensure that the only route of entry into the body cell 

compartment is through the monolayer of barrier cells. It has been shown that a confluent 

monolayer can be reliably cultured on the membrane in our device and in the presence of 

macrophages in the bottom compartment of the device. The cells have been shown to maintain 

vitality over a minimum duration of 8 hours when cultured on our device. This result verifies our 

ability to run tests over an 8 hour period in the presence of a toxin. Tests have been conducted 

using a preliminary, representative toxin other than PCBs to show that it is possible to see a 

cellular response to a toxin in our device over an 8 hour period.  

 

All tests have successfully verified our design and its ability to examine the effects of a toxin on 

two cell lines modeling a physiological situation of a human being exposed through ingestion or 

inhalation. The next steps are to carry out the proposed tests using PCBs and to accomplish our 

goal of testing their toxicity, residence time and biotransformation using WST-1, gas 

chromatography and Western Blot analyses, as proposed in the remainder of this report. 

 

Additionally, our design can easily be adapted to test the effects of different environmental and 

biological contaminants which have also had an enormous effect on the human population today. 

Our design and product will be highly marketable and profitable because of the ability to test the 

toxicity of PCBs as well as the adaptability to test for other compounds. This device provides a 

significant alternative to conventional animal testing, single cell culture, and clinical data to 

assess the effects of toxins on biological systems using a physiologically similar model.  
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Abstract 

 
The team designed a product that can test the effects of polychlorinated biphenyls on the human 

body. The design of our device is comprised of a modified T25 culture flask which is compatible 

with the well insert designed to hold a porous membrane cultured with a confluent monolayer of 

the barrier cells, BGMKs. This monolayer of cells acts as the barrier of entry to the larger 

compartment inside the T25 culture flask where the body cells, RAW 264.7 macrophages, are 

cultured. In order to model an acute physiological exposure by ingestion, PCB will be 

administered to the basal side of the barrier monolayer. This cell culture analog has been scaled 

down from a physiological system by a scale factor of 702,000 which is based off of the ratio of 

intestinal surface area to confluent monolayer area in the device. Functionality testing of the 

device has demonstrated its ability not to leak at the membrane seal, to culture a confluent 

monolayer on the device in the presence of macrophages, and to maintain cell vitality for a 

minimum of eight hours. Preliminary testing with a toxin shows that a strong signal can be seen 

over an eight hour period in response to a toxin. Next steps include using the device to test the 

effects of PCB on the cells using our developed WST-1 assay, gas chromatography and Western 

Blot. 
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Introduction 
 

Statement of the Problem 
A Biosystems Engineering Professor (Dr. Mark Riley) presented us with the task of designing a 

simple, inexpensive, and ethical means of testing the residence time, biotransformation, and 

toxicity of polychlorinated biphenyls (PCBs) in humans.  Cell culture analogs of a human body 

would satisfy many of these requirements.  The cell culture system would need to have tissue or 

cellular representations of at least two organs or organ systems which are important in PCB 

biotransformation, residence time, and toxicity.  The design should have minimal maintenance 

and should conserve resources.  The evaluation techniques for toxicity and quantification of PCB 

concentration should be efficient and minimally invasive to the system. 

Design Brief 
Design a cell culture analog system using transformed or immortalized cells to represent at least 

two different organs or organ systems which are connected by cell culture medium.  Using this 

analog, evaluate residence time, biotransformation, and toxicity of PCBs in humans. 

Background 

Polychlorinated Biphenyls 

Polychlorinated biphenyls (PCBs) are chlorinated hydrocarbon compounds, the backbone of 

which is comprised of two benzene rings linked by a carbon-carbon bond.  PCBs were first 

produced in 1929 and have been used commercially in a variety of applications, including 

dielectrics, transformers, capacitors, plasticizers, paints, and flame retardants, due to their 

resistance to acidic and basic conditions and high temperatures. 

Commercial Production and Environmental Exposure 

Since their initial production in the late 1920s the US EPA estimates that over 2x10
9
 kg of PCBs 

have been produced globally [US EPA 1988a].  Because of the variety of positions for 

chlorination on a PCB molecule, 209 different combinations of chlorination are possible.  These 

chemically unique molecules are referred to as congeners.  PCBs are produced commercially via 

chlorination reactions which add chlorine molecules to benzene in a fashion which produces a 

mix of PCB compounds.  These mixtures were then sold under a variety of trade names, such as 

Aroclor, Pyranol, Pyrochlor, Phenochlor, Pyralene, and others.  PCBs have been introduced to 

environment primarily from municipal incinerators and leaking from landfills. 

Due to their harmful health effects and molecular longevity in the environment, PCB production 

was banned by the United States Congress in 1979.  In 2001 the Stockholm Convention on 

Persistent Organic Pollutants followed suite and instated a global ban on PCB production.  
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Although production in the United States ceased over thirty years ago, the EPA estimates that 

2x10
8
 kg of PCBs remain in mobile environmental reservoirs [US EPA 1988a]. 

Chemical Structure and Properties 

The 209 different PCB congeners are named based on their chlorine substitution pattern.  The 

standard numbering schematic is shown in Figure 1.1.  Figure 1.1 shows an example of PCB 

105, or 2,3,3',4,4'-Pentachlorobiphenyl, which has five chlorine atoms attached.  PCB is of 

particular interest in our testing due to its high environmental concentration and negative health 

effects. 

 

Figure 1: PCB 

While different PCB congeners may look similar and show some trends in their chemical 

behavior, their exact chemical properties depend upon their substitution patterns.  The degree to 

which the two benzene rings can rotate around the carbon-carbon bond which joins them is 

dependent upon the location of the chlorine atoms.  Compounds which have chlorines at the 

ortho position (2, 2’, 6, 6’) are generally non-planar due to steric hindrance of the large 

electronegative atoms.  This makes the molecule more water soluble and thereby less toxic to 

humans.  On the other hand, congeners substituted at the meta and para positions are more likely 

to be planar and therefore are lipid soluble.  This results in their bioaccumulation in the food 

chain and health risks to humans. 

Health Affects 

Several studies have demonstrated the toxicity of PCBs.  These compounds have been found to 

disrupt the endocrine system and can accumulate in fat tissue due to their non-polar nature. 

Varying levels of health severity have been found depending on dose, species, PCB mixture, 

duration and timing of exposure, and other factors.  Some of these problems include neurological 

and immunological effects; impaired fetal growth rate and development; reproductive, hepatic 

and body weight; and cancer in digestive system, especially in liver, thyroid cancer, and 

malignant melanoma.  While the physiological harm which PCBs cause has been extensively 

studied, the molecular and cellular mechanisms that PCBs undergo have not been entirely 

elucidated. Accordingly, the goal of this design is to create a cellular model of the human body 

which will allow for the study of these mechanisms. 
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Routes of Exposure 

The three primary routes of harmful exposure to PCBs are in the air we breathe, the water we 

drink, and the food we eat. Typical outdoor air in urban areas contains 5 ng/m
3
 of PCBs and can 

be an order of magnitude higher in indoor air [Eisenreich, 1992].  Assuming the average human 

breathes 23 m
3
 air per day, the average daily exposure is 100 ng through inhalation [IPCS 1994].  

The EPA estimates that the average American in 1988 was exposed to 100 ng in drinking water, 

assuming 2 liters is consumed per day [US EPA 1988a].  However, due to bioaccumulation of 

PCBs in meat, fish, and poultry, the most significant exposure of humans comes from the 

ingestion of food.  The EPA estimates that the average American ingests around 200 ng of PCB 

per day [US EPA 1988a]. 

Affected Organs and Organ Systems 

PCBs are typically taken up by the body via the gastro-intestinal tract or the lungs.  Due to their 

non-polar chemical nature, the majority of PCBs are carried in lipoproteins in the plasma and 

accumulate in lipid rich tissues, particularly the liver and adipose tissue.  The highest 

concentrations of PCBs have been found in the liver, adipose tissue, brain, and skin.  PCBs also 

have the ability to pass through the placenta of pregnant mothers and accumulate in the fetus.  

Most congeners are excreted in fecal matter and the more polar congeners excreted in urine.  

Figure 1.2 represents these processes schematically.  

 

 

Figure 2: Schematic of Excretion 
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Tissue Concentrations 

Cadavers autopsied in 1972 and 1973 found average PCB concentrations of 5.1, 3.2 and 0.76 

mg/kg of extractable fat in abdominal fat, liver, and brain, respectively [Krual & Karlog, 1976].  

Between 1970 and 1983, 66.4% of Americans studied had PCB concentrations below 1 mg/kg, 

28.9% had concentrations above 1 mg/kg, and 5.1% had concentrations above 3 mg/kg in their 

adipose tissues [Kutz et al. 1991]. 

Exposure Levels of Concern 

The amount of PCB one must be exposed to induce harmful effects depends on the type of 

exposure.  We are interested in investigating three different forms of relevant exposure – single 

exposure, short-term exposure, and long-term exposure.  As would be expected the dose required 

to see significant negative health effects decreases as exposure time increases due to 

bioaccumulation of PCBs. 

For a single oral expose LD50 values are on the order of 2000 mg/kg body weight in rats and 

vary depending on the content of the PCB mixture [Kimbrough et al., 1972 Bruckner et al., 1973; 

Fishbein, 1974; Grant & Phillips, 1974; Linder et al., 1974; Aulerich & Ringer, 1977; Garthoff et 

al., 1981]. 

Short-term exposure can range from a week to a month in animal models.  One study found 

effects on cell proliferation, body weight and mammary gland development treated orally when 

rats were fed 25 mg Aroclor 1221/kg body weight per day.  An additional study found significant 

increases in relative liver weight and decreases in liver glucose-6-phosphatase activity and serum 

thyroxine (T4) in rats which were administered 2.5 mg/kg body weight per day of Aroclor 1254 

for 7 days [Price et al., 1988]. 

Long-term exposure can range from months to several years.  Several animal studies have been 

performed with a variety of PCB mixtures.  In a group of related studies which tested exposure to 

PCBs for a period of roughly two years, exposure to five different mixtures of PCB at around 5.0 

mg/kg body weight per day resulted in significantly increases liver cancer rates, as high as 90% 

for some mixtures [Brunner et al., 1996; Cogliano, 1998; Mayes et al. 1998; NCI, 1978]. 

The most reasonable time frame to study PCB exposure in the cell culture analog device 

described in this report is single exposure.  This is advantageous because it allows for short runs 

times during which the user of the device can analyze several cellular and tissue level effects of 

PCBs as well as their transport and transformation processes within a time frame of a couple 

days.  The single exposure model could be compared to a human eating a meal of fish which was 

highly contaminated with PCB. 

Biotransformation of PCBs 

An additional advantage of the described cell culture analog system is that it allows the user to 

study the biotransformation of PCBs to other metabolites.  PCBs are metabolized by the 

microsomal mono-oxygenase system which is catalyzed by various P450 enzymes, especially 
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CYP2B [Lutz & Dedrick, 1987].  These systems transform PCBs into hydroxy and methyl 

sulfone metabolites and occur primarily in the liver. 

At the cellular level PCBs induce a variety of effects depending on the congener a cell is exposed 

to.  More substituted PCBs accumulate in the cell and eventually cause cytotoxic effects.  

Normally, small non-polar molecules are metabolized by cytochrome p450 enzymes.  These 

enzymes are similar in structure to hemoglobin in the sense that they contain a heme cofactor.  

This heme allows the enzyme to activate an oxygen molecule and add a hydroxyl group to a 

carbon on the molecule.  This hydroxyl group can be further modified via the addition of other 

chemical groups such as sulfonic acid.  These chemical groups serve 

to make the molecule more soluble so they can be excreted.  In the 

case of PCBs, the molecule must have two adjacent unsubstituted 

carbons in order for p450 enzymes to add a hydroxyl group.  PCBs 

such as PCB-153 (shown at right) which do not have two adjacent 

unsubstituted carbons are not able to be broken down by cytochrome 

p450.  One of the several cellular response which PCBs induce is increased expression levels of 

p450 enzymes.  This is a key readout which can be analyzed to determine the extent of PCB 

effects on cells. 

Methods and Design Approach 
 

First, criteria for a successful design were established.  There were several facets of our cell 

culture analog which needed to be thoughtfully calculated and designed.  The device needed to 

be simple, inexpensive, and ethical.  We also wanted our device to model a physiological system 

as accurately as possible, because it needs to serve as a viable alternative to some of the less 

ethical methods such as animal models.  Furthermore, because human cell culture can be very 

difficult we wanted to minimize the complexity of the cell types used to represent the different 

organs. 

Therefore we decided to focus our group efforts on three main aspects of the project:  

1. Modeling the transport, storage and toxic effects of PCBs in the system to determine 

biotransformation, residence time, and toxicity 

2. Scaling the flow rates, number of cells, size of compartments, and mass of PCBs to add 

3. Designing the device which houses the cell compartments and allows for realistic flow 

Development and Modeling of General PCB Schematic 

With the goal in mind of creating a physiologically accurate, yet simple cell culture analog we 

began to develop the general schematic of our device.  Current testing methods only test using 

one cell line at a time, therefore we wanted to model two key organs or organ systems which 

PCBs affect in the body because this would allow for a variety of tests, while still remaining a 

manageable cell culture task.  We wanted a way to represent how the PCBs enter the human 

Figure 3: PCB153 



A Cell Culture Analog System to Test the Effects of Polychlorinated Biphenyls 

 16 

 

body.  From our research we knew that the most common and risky human exposures were 

through either consumption of food and water or through inhalation.   

Thus we began to look at how we could model PCB entrance through the lung or through the 

gastrointestinal tract.  Lung tissue is very complex and contains several different cell types, 

including lung epithelial cells, resident macrophages, and various endothelial tissues.  Thus, an 

accurate cell culture model would require some mix of the above cell cultures.  We therefore 

decided to use intestinal epithelial cells to model the small intestine.  This allows us to accurately 

represent the route of exposure which is the most clinically significant in a simple fashion. 

We then examined the physiological systems affected by PCBs and found that hepatic, adipose, 

and neural tissues were most affected.  Due to the extreme difficulty and cost of maintaining and 

growing neural tissues we decided to model the liver and fat, which play significant roles in the 

breakdown and bioaccumulation of PCBs, respectively. 

We then decided that to be physiologically accurate we wanted to use media flow to mimic blood 

flow.  However, because of limited resources, we decided that we would mimic the body’s 

exchange of nutrients and gas between cell lines. Thus, similar to in the human body, we decided 

to arrange our media to flow from the barrier cells to the body cells. 

Lastly, we wanted to have a reasonable run time of a potential experiment with our device.  

Therefore, we modeled the transport processes of PCBs to estimate the time it would take for a 

molecule to travel through our system.  After coming up with estimates on the range of several 

minutes to a few hours we decided to specify the initial time for running at eight hours, which 

should theoretically allow PCBs to be adequately passed through the system, stored in fat or 

transformed in liver.  The run-time length is also a reasonable choice because it will ensure that 

cells will remain viable in the device without needing fresh media in the duration of the test. This 

maintenance of the cells would complicate the experimental procedure substantially. This run-

time is also consistent with similar experiments carried out by Shuler et. al. As with several 

components of our design this decision is an estimation based on rough calculations.  Like any 

experimental product, our design needs to be tested in a lab to perfect these details. Our 

preliminary experiments show that our device is capable of maintaining cell vitality for at least 

eight hours, see the Prototype Functionality section under Experimentation. 

Scaling of Cell Culture Analog 

The next challenge our group faced was how to accurately scale down a human body onto a 

small cell culture analog device.  The key concerns in this phase were scaling physiological 

systems to a manageable and small size to reduce costs, while at the same time keeping the 

system large enough so that common analytical techniques could be performed above their limit 

of detection for the system. 

We decided to base our scale up on the relationship between the surface area of the intestinal 

epithelial growth area in our model to the surface area of an 80 kg male’s small intestine.  This 
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ratio provided us with a scale factor of 702,000 with which we were able to calculate the mass of 

the different cell types needed as well as a reasonable amount of PCB to expose the system to 

based on LD50 values.  We then were able to calculate the number of cells of each type with 

which we would seed the system.  After scaling down the human body to a size over 702,000 

times smaller than the average male we moved on to designing the device. 

Cell Culture Analog Device Design 

Lastly, with all of the pieces of the puzzle developed we began to design the actual cell culture 

analog device.  There were several goals we had for the device.  We needed the device to be 

made of a material which was biocompatible with cells and media and could be easily 

prototyped. We also wanted to create gas exchange which mimicked those in the body by 

sufficient venting of the device. Additionally, we wanted to ensure that cells did not migrate 

from one compartment to the next without traversing the barrier cells. 

We designed our device with these constraints and goals in mind.  Creatively, we decided to 

design a device which mimics that of a Transwell
®

 insert. The materials used for this device 

were Virgin Electrical Grade Teflon
®
 PTFE and polypropylene. These were chosen based on 

biocompatabily and ease of machining. Upon machining the device on a lathe, we decided that 

the Teflon provided the best material choice for the well insert because of its smooth machining; 

rough edges could cause the membrane to tear as well as provide shelter for bacteria to grow. 

This well insert would hold the barrier cells and would sit in a T25 flask. The scaled two cell 

compartments would then be separated by a confluent monolayer of barrier cells on a 

polycarbonate track etched membrane. The two cell cultures would share a common media 

which would promote gas and nutrient exchange like that in the human body. To ensure that 

there was no leakage around the edges, silicone adhesive was used to glue the membrane to the 

device. 

Scaling of System 

Tables Containing Relevant Scale-Up Data 

Scale Factor = 702,000 

Table 1: Relevant Physiological Parameters and PCB Exposure Data 

Body Mass 80 kg  LD50 for Single Exposure 2000 mg/kg 

Intestinal Surface Area 200 m²   Total Mass for Adult 20 grams 

Liver Mass 1.5 kg  Total Mass for Analog System 0.5 mg 

 

 



A Cell Culture Analog System to Test the Effects of Polychlorinated Biphenyls 

 18 

 
Table 2: Key Cell Culture Analog Parameters 

Key Cell Culture Analog Parameters 

Scale Factor 702,000 

Insert Surface Area 2.85 cm² 

BGMK Mass 30 mg 

Macrophage Mass 240 mg 

 

Visual Representation of Scaling 

 

Figure 4: Visual Representation of Scaling 

  

For an 80kg person Model 

 

Scale Factor 
702,000x  

Smaller Surface 
Area SA =  

200 

m
2

 

SA = 

2.85 cm
2

 

Mass = 
0.03 g 

Barrier to Entry 

 

Macrophages 
Mass = 
0.24 g Ave 

Mass = 
1.5 kg 

Representative 
Body System 

PCB Exposure 

LD50 = 
2000 mg/ 

kg BW 

 

Exposure = 
0.5 mg 

Barrier Cells 
BGMK 



A Cell Culture Analog System to Test the Effects of Polychlorinated Biphenyls 

 19 

 

Modeling of Transport Processes 
 

 

Figure 5: Schematic of Transport Processes 

Compartment 1 – Barrier Cells 

In the epithelial-like kidney cells portion of the cell culture analog the transport and barrier 

function of the confluent monolayer of cells are of the most interest.  This compartment will 

allow the user to analyze whether or not the intestine serves as a barrier to PCB uptake by the 

body or rather a barrier which prevents its entry.  There are five relevant transport processes 

which are considered in modeling this compartment. 

Using these modeling processes we estimate that the time it would take the average PCB 

molecule to travel through the intestinal compartment would be on the order of several minutes 

to a few hours. 

 

Table 3: Transport Modeling Parameters 

Transport Modeling Parameters 

Diffusion Coefficient of 

PCBs in Water 

10 

μm²/s 

PCB Octanol/H2O 

Partitioning Coefficient 
6.3 

Diameter of Epithelial 

Cell 
10 μm 

 

 

 

Barrier Cells (on membrane) 

Body Cells 

Figure 6: Transport Processes in the Intestinal Monolayer 
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Process 1 – Mass Transfer from Top of Fluid to Cell Membrane 

If no fluid flow is considered this process can be assumed to be a Fickian diffusion process.  The 

average time for a single molecule to move a certain distance can be estimated by the Einstein 

kinetic relationship. 



t 
x 2

2D
  ,   where Δx is the depth of the media in the compartment 

 

Process 2 – Partitioning into the Cell Membrane 

Once the PCB molecule has reached the edge of the confluent intestinal monolayer as 

partitioning process must take place in which the hydrophobic PCB molecule must pass through 

the polar head groups into the hydrocarbon tails of the lipid which comprise the cell membrane.  

For this process a partitioning coefficient of octanol to water is used to estimate the media to 

lipid partitioning. 



CMembranePOct/Water CMedia  

 

Process 3 – Diffusion within the Membrane from the Apical Side to Basolateral Side 

Once the PCB molecule has entered the cell membrane on the apical side it must diffuse within 

the membrane around the cell to the basolateral side of the cell.  This process is also modeled as 

Fickian diffusion.  The distance of this diffusion can be estimated by approximating the cell as a 

sphere and calculating half of the circumference of the cell using a known diameter. 



t 
x 2

2D
  ,   where Δx is half the circumference of a spherical cell 

 

Process 4 – Partitioning out of the Cell Membrane 

Once the PCB molecule has diffused within the membrane around the cell to the basolateral side 

of the cell.  It must perform the opposite partitioning process as that in Process 2.  The molecule 

most now exit the cell membrane and enter the media on the basolateral aspect of the cell 

monolayer. 



CMedia 
CMembrane

POct /Water
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Process 5 – Mass Transfer from Cell Membrane to Fluid Flow 

Once the PCB molecule has partitioned out the membrane on the basolateral aspect, diffusion 

and bulk fluid motion are responsible for the mass transfer of PCBs to the next compartment. 

Compartment 2 – Body Cells 

In the body cell compartment the primary process of interest is the storage of PCBs and the 

transformation of PCBs into hydroxy and methyl sulfone metabolites.  We performed a basic 

mass balance in which we account for PCB flux in and out of the macrophages as well as the 

transformation of PCBs into various metabolites and the accumulation of PCBs in the cells. 

Flux In  -  Flux Out  -  Absorption  =  Accumulation 

 

Figure 7: PCB Model for Body Cell Compartment 

Chemical Compound Selection 

Cell Culture Compounds 

The design requires culturing of two different organ systems. As previously discussed, the group 

chose to model the intestines and fat tissue and thus cell lines that adequately represent those 

organ systems must be selected. In addition, the cell lines utilized in the experiments must be 

robust and easily cultured to ensure that experiments can be conducted quickly. The below table 

lists the cell lines that the team chose to use. 

  

Body 

Cells 
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Table 4: Cell Culture Choices 

Human Organ 
Tissue Type of 

Interest 
Cell Line 

Intestine 
Intestinal 

Epithelium 
BGMK 

Body Organ  Macrophage 

 

Each selected cell line best fit the design criterion imposed by the team. The cell lines display the 

same biological functions as their intended organ representative, they grow quickly, and are cost 

effective. Immortalized cells offered an attractive alternative solution due to their growth. 

Human adipocytes were also an attractive alternative that were discounted due to their high 

price. These cell lines were chosen based on availability and similar functionality of the selected 

organ cells.  

PCB Congener 

As previously discussed, PCBs are a class of 209 compounds that have the same characteristic 

structure but display differing chemical behaviors. It is impractical to test all 209 congeners, thus 

the design team selected specific congeners to test based on their price, polarity, and known toxic 

effects. The following table provides a short list of congeners that would be appropriate choices 

for use by the final product. 

Table 5: PCB Congeners 

PCB 

Number 
Name Mass Cost 

1 2-Chlorobiphenyl 100 mg $35.30 

101 2,2',4,5,5'-Pentachlorobiphenyl 10 mg $120.00 

105 2,3,3',4,4'-Pentachlorobiphenyl 10 mg $178.50 

110 2,3,3',4',6-Pentachlorobiphenyl 10 mg $239.00 

138 2,2',3,4,4',5'-Hexachlorobiphenyl 10 mg $113.50 

14 3,5-Dichlorobiphenyl 100 mg $35.30 

149 2,2',3,4',5',6-Hexachlorobiphenyl 10 mg $225.00 

151 2,2',3,5,5',6-Hexachlorobiphenyl 10 mg $188.50 

153 2,2',4,4',5,5'-Hexachlorobiphenyl  10 mg $145.00 
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To choose which of these congeners would be chosen, we the team thought of three basic 

categories that the PCB would need to fall into. These would include safety of use, implication in 

environmental concerns, and frequency of use in literature.  Based on this list, one congener was 

chosen. PCB 153, 2,2',4,4',5,5'-Hexachlorobiphenyl, was chosen based on the safety levels from 

the MSDS and that were was ample amount of research done on this congener. The LD50 for 

this PCB was 250kg/mg. Not only is it one of the most commonly use PCB in the 1970’s, it was 

found that PCB153 is a good enzyme inducer and is lipophilic which makes it poorly 

metabolized by the body and stored in fat. This means that the body will retain the toxin in the 

body for long periods of time and will not be excreted. 

Design Results  
This section will describe the final cell culture analog system that we have designed and 

constructed to test the toxicity, residence times, and biotransformation of PCB. This system is 

composed of suspended membrane which allow for the formation of an epithelial barrier 

(BGMK cell line) which is suspended within a compartment which houses body cells 

(macrophages). The construction methods of the device structure, data collection methods, 

operation, experimental procedure, cleaning, testing and calibration will be described.  

 

Technical Description of Superstructure for Cell Culture Analog 

System 

This section of the report will describe the final cell culture analog system that we have designed 

and built. Please refer to Appendix A for detailed technical documents describing the system 

mentioned here. 

 

Figure 8: Cell Culture Device 
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Figure 9: Schematic of Device Function 

Flask and Cap 

The body cell compartment is fashioned out of a standard T25 cell culture flask.  This flask 

which measures 25 mL in volume is commonly used to culture single cell lines in biomedical 

laboratories.  We modified the flask by drilling a 1.25 inch diameter hole in the center of the top 

face to allow the transflask insert assemble to sit in the flask. 

Membrane Suspension Assembly 

The membrane suspension assembly serves the purpose of suspending the track-etched 

membrane roughly 0.11 inches or 2.8 mm above the bottom of the cell culture flask.  Typically, a 

cell culture flask is filled with media to a height of 4 to 5 mm.  This allows for an appropriate 

level of gas diffusion through the media while also giving ample nutrients to the cells.  The 

assembly is comprised of a transflask insert which holds a polycarbonate track etched membrane.  

It is important that the membrane have an appropriate pore size and be made of a material which 

allows for cells to form a confluent monolayer, while not preventing PCBs or other small organic 

molecules to pass through.  The pore size on the membrane is 0.4 microns, which fits the ideal 

size for our application as epithelial cells are on the order to 10 microns in diameter and PCBs 

are on the order of Angstroms.  The membrane retaining insert fits within the transflask insert 

and with the addition of a biocompatible silicon glue forms a tight seal around the membrane, 

provided a growth area with a diameter of 0.75 inches.  Lastly an N-butyl O-ring fits in a groove 

on the outside of the transflask insert.  This O-ring is made out of a rather stiff material and 

sticks out so the it holds the assembly in suspension. 

Steri-safe Cap 

The steri-safe cap is cylindrical cap made of polyvinyl-chloride which sits over the top of the 

membrane suspension assembly.  This prevents contamination of the cell cultures while also 

allowing for gas exchange. 

Assembly 

The assembly drawing in Appendix A provides a visual for how each of the previously described 

components fit together to create the complete superstructure for the cell culture analog system. 
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Construction Methods 

Prototyping 

Four prototypes of the final design where made and tested.  The flask was purchased from a 

laboratory supply company and a hole was bored in the top face using a drill press.   The 

polycarbonate track etched membrane and O-ring were also purchased from supply companies.  

The transflask insert and membrane-retaining insert were both machined from rods of solid 

plastic, using a lathe.  Two prototypes were machined from polytetrafluoroethylene (PTFE), 

which is commonly known as Teflon and two prototypes were machined from polypropylene.  

Both PTFE and polypropylene are chemically inert and withstand the sterilization processes of 

ethanol and ultraviolet radiation.  However, we found that PTFE was significantly easier to 

machine and gave a better surface finish which is important for sterilization and cleaning 

Large-Scale Production 

The final device is very simple in design which is beneficial because of its ease of use and 

minimal risk of contamination.  Its design simplicity also would make it very easy to 

manufacture on a large scale.  Only three pieces were machined in the prototype these could all 

be modeled in a production facility and autoclaved after they are cast. 

Cell Culture 

Alternative Design 

Three cell lines will be cultured continually and seeded into the superstructure with the correct 

cell number, according to scaling, before testing. 

Intestine 

Cell line: Caco-2 

Subculturing Protocol: 

1. Remove and discard culture medium. 

2. Briefly rinse the cell layer with 0.25% (w/v) Trypsin - 0.53 mM EDTA solution to 

remove all traces of serum which contains trypsin inhibitor. 

3. Add 2.0 to 3.0 ml of Trypsin-EDTA solution to flask and observe cells under an inverted 

microscope until cell layer is dispersed (usually within 5 to 15 minutes). 

Note: To avoid clumping do not agitate the cells by hitting or shaking the flask while 

waiting for the cells to detach. Cells that are difficult to detach may be placed at 37C to 

facilitate dispersal. 

4. Add 6.0 to 8.0 ml of complete growth medium and aspirate cells by gently pipetting. 

5. Add appropriate aliquots of the cell suspension to new culture vessels.The recommended 

inoculum is 1 X 10(4) viable cells/cm2. Subculture cells when they are about 80% 

confluent, at a cell concentration between 8 X 10(4) and 1 X 10(5) cell/cm2. 

6. Incubate cultures at 37C. 
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Media: The base medium for this cell line is ATCC-formulated Eagle's Minimum Essential 

Medium, Catalog No. 30-2003. To make the complete growth medium, add the following 

components to the base medium: fetal bovine serum to a final concentration of 20%. 

Atmosphere: 95% air, 5% carbon dioxide (CO2) 

Temperature: 37°C 

 

Before running an experiment, it is important to determine that the culture has a confluent 

monolayer. An effective means of doing so is measuring the TEER, or trans-epithelial electrical 

resistance. Measuring the TEER is a quick method that uses electrodes to measure the electrical 

resistance of the cell monolayer. A high TEER is indicative of well differentiated tight junctions 

and therefore also indicative of a confluent monolayer. 

 

Liver 

Cell line: Hep G2 

Subculturing Protocol: 

1. Remove and discard culture medium. 

2. Briefly rinse the cell layer with 0.25% (w/v) Trypsin- 0.53 mM EDTA solution to remove 

all traces of serum that contains trypsin inhibitor. 

3. Add 2.0 to 3.0 ml of Trypsin-EDTA solution to flask and observe cells under an inverted 

microscope until cell layer is dispersed (usually within 5 to 15 minutes). 

Note: To avoid clumping do not agitate the cells by hitting or shaking the flask while 

waiting for the cells to detach. Cells that are difficult to detach may be placed at 37°C to 

facilitate dispersal. 

4. Add 6.0 to 8.0 ml of complete growth medium and aspirate cells by gently pipetting. 

5. Add appropriate aliquots of the cell suspension to new culture vessels. 

6. Incubate cultures at 37°C. 

Media: The base medium for this cell line is ATCC-formulated Eagle's Minimum Essential 

Medium, Catalog No. 30-2003. To make the complete growth medium, add the following 

components to the base medium: fetal bovine serum to a final concentration of 10%. 

Atmosphere: 95% air, 5% carbon dioxide (CO2) 

Temperature: 37°C 

 

Fat 

Cell line: NCTC clone 929 

Subculture Protocol: 

1. Remove and discard culture medium. 

2. Briefly rinse the cell layer with 0.25% (w/v) Trypsin- 0.53 mM EDTA solution to remove 

all traces of serum that contains trypsin inhibitor. 

3. Add 2.0 to 3.0 ml of Trypsin-EDTA solution to flask and observe cells under an inverted 

microscope until cell layer is dispersed (usually within 5 to 15 minutes). 

Note: To avoid clumping do not agitate the cells by hitting or shaking the flask while 
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waiting for the cells to detach. Cells that are difficult to detach may be placed at 37°C to 

facilitate dispersal. 

4. Add 6.0 to 8.0 ml of complete growth medium and aspirate cells by gently pipetting. 

5. Add appropriate aliquots of the cell suspension to new culture vessels. 

6. Incubate cultures at 37°C. 

Media: The base medium for this cell line is ATCC-formulated Eagle's Minimum Essential 

Medium, Catalog No. 30-2003. To make the complete growth medium, add the following 

components to the base medium: horse serum to a final concentration of 10%. 

Atmosphere: 95% air, 5% carbon dioxide (CO2) 

Temperature: 37°C 

 

To seed cells onto the superstructure, a flow method will be utilized using a protocol based on 

the liver tissue engineering research performed by Kim et al. Isolated cells will be resuspended in 

the common growth medium at a density of 5 x 10
6
 cells/mL. Twenty-five milliliters of the cell 

suspension will be placed in the reservoir bottle, and the cells will be suspended in culture 

medium using a magnetic stir bar and stirrer at 110 rpm. Cells will be flow-seeded onto the 

superstructure unit at a flow rate of 1.5 mL/min for 4 h. After the flow-seeding period, the 

reservoir bottle containing the cell suspension will be replaced with fresh warmed culture 

medium and the loops flushed for 30 min to remove any excess cells.  

 

Cells should be switched to the common media 24 hours before the beginning of a test. There is 

a period of adjustment that the cells take when their media type is switched, and we want the 

cellular function not to be affected by anything except for the exposure to the PCB contaminant. 

Current Design 

The current, simplified design requires the continual culturing of two cell lines. Buffalo Green 

Monkey Kidney cells (BGMKs) will be used to model barrier cells, or cells that regulate the 

diffusion of PCBs throughout the body. Examples of barrier cells include the endothelial cells of 

lungs and intestines. The second cell line that was cultured was RAW 264.7 macrophages. These 

macrophages are sensitive to the environment and thus are good models for a body system. To 

subculture both of the cell lines, the following protocol was used. 

1. Place media, PBS, and 0.25% trypsin-EDTA in hot water bath. Wait 5-10 minutes for media 

and PBS to warm up. Wait for trypsin to completely thaw.  

2. Remove media from cell culture flask.  

3. Wash flask two times with 5mL PBS. 

4. Add 2.4mL PBS to flask and 0.6mL of trypsin solution to flask. 

5. Place flask in incubator and wait 10-14 minutes for cells to detach. The process can be 

monitored every few minutes by looking at the cells under the microscope. Swirl the contents 

of the flask around or gently tap the long sides of the flask against a flat surface to help 

detach the cells. 

6. Add at least 4mL of media to flask. 
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7. Transfer the liquid to a 15mL conical tube. 

8. Centrifuge at 600rpm for 8 minutes. 

9. Remove liquid contents of the tube, being careful not to throw away the pellet. 

10. Add 2.5 – 3mL of media to the tube and resuspend the cells by triturating. Be careful to not 

create bubbles. 

11. Prepare the receiving T-25 flasks by labeling with cell type, passage number, initials and 

date. Add 7mL of media to each flask. 

12. Transfer 0.6-1mL of resuspended cell fluid from Step 11 to each of the new flasks.  

Media: The base media for both cell lines is Dulbecco’s Modified Eagle Medium with L-

Glutamine. To make the complete growth medium, and new born calf serum to a final 

concentration of 20% and penicillin streptomycin to a final concentration of 2%. 

Atmosphere: 95% air, 5% carbon dioxide (CO2) 

Temperature: 37°C 

 

The BGMKs were seeded onto the membrane of the well insert by pipetting 600µL of 1.4 – 1.8 x 

10
6
 cells/mL cell suspension solution into 2mL of media. The macrophages were seeded into the 

T25 flask of the device by simply adding a 0.6-1mL aliquot of cell suspension solution to 8mL of 

media. The device was then placed in the incubator and the two cell lines were co-cultured for 3 

days before testing. 

Media Flow 
During testing Dulbecco’s Modified Eagle Medium with L-Glutamine, 20% serum, and 2% 

penicillin streptomycin will be used. This media is common to both cell lines and will ensure 

minimal media related effects on the physiological function of each cell line. Directly before the 

device is seeded, 8mL of media will be placed in the T25 flask and 2mL of media will be placed 

in the well insert. These media levels may change throughout the testing process due to fluid 

flow across the membrane. 

Exposure to PCB 
As described in the Exposure Levels of Concern section, the effects of PCB exposure are 

dependent on the duration of exposure, either single exposure, short-term exposure, or long-term 

exposure. Single exposure is the most feasible to study because of the short duration of testing of 

less than two days, and it provides a good starting point for developing the cell culture analog 

system. During this timeframe, cellular and tissue level effects of PCBs and transport and 

transformation processes can be analyzed, thus single exposure will be the main focus of our 

experimentation. Long term goals for our device include expanding its capabilities to the study 

of short-term and long-term exposures. These tests require much longer run times, up to several 

years for long-term exposure. The analysis of longer exposure would seek to analyze 

transformation of cells to cancer cells. Modifications would need to be made to the system to 

account for challenges associated with maintaining a cell culture for this increased duration. 
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Single Exposure 

At the beginning of the test, a finite volume of media contaminated with a known concentration 

of PCB will be added to the apical side of the BGMKs. The concentrations of interest correspond 

to lethal dosage of PCB for fifty percent of the population (LD50) which is 2000 mg/kg for 

single exposure. The doses we will aspire to test are half the LD50, the LD50 and twice the 

LD50. The run time after exposure to PCB, has been tentatively determined to be 8 hours based 

off similar systems used by Shuler et al.  

Short-Term Exposure 

Short-term exposure testing would require a total run time between a week to a month. Rather 

than LD50 concentrations of PCB being administered the contaminated media would have a 

lower concentration of PCB on the order of 2.5 mg/kg body weight per day, and the 

contaminated media would be introduced over the course of about a week. 

Long-Term Exposure 

Long-term exposure testing would require a run time of several months to years. Contaminated 

media would be supplied over the entire duration of the test at levels on the order of 2.5 mg/kg 

body weight per day. 

Experimentation 

Prototype Functionality 
Multiple experiments were run to test the validity of the design. Initially, the team identified two 

potential weak points that would adversely affect the functionality of the device. The team was 

concerned that the membrane would not form a proper seal with the device and that the BGMKs 

would not grow to confluency on the membrane. 

Membrane Seal 

It is essential to the design that the membrane sealed with the device to prevent leakage of media 

and cells from the well insert into the T25 flask. A leakage of cells from the well insert into the 

T25 flask would lead to BGMKs and macrophages growing in the same compartment, which 

would not serve as a good physiological model. A leakage of media would allow for the 

contaminant to simply flow around the membrane from one compartment to another, which 

would negate our efforts to study the diffusion of the contaminant through the barrier cells.  

To test the membrane seal, a confluent monolayer was grown on the membrane and the synthetic 

dye Brilliant Blue was added to the apical side of the barrier cells by injection into the well 

insert. Brilliant Blue was used because it is both easy to visualize and an aromatic hydrocarbon, 

rendering it a good model for PCBs.  

Initially, leaking was identified using the synthetic dye. In addition, BGMKs were found to be 

growing in the T25 flask when the device was viewed under a microscope. The team then 
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implemented silicone glue to the design. Silicone glue is biologically inert and was able to keep 

the membrane properly sealed to the well insert, effectively solving the leakage problem. 

Confluent Monolayer 

A basic principle of our design concept is that in order for the contaminant to be transferred from 

the well insert to the T25 flask, it must be transported through the BGMKs. Thus, it is extremely 

important that the BGMKs grow to confluency across the entirety of the membrane so as to 

eliminate the possibility of the contaminant diffusing directly across the membrane. 

A difficulty of our design is that the membrane is white, and therefore cannot be visualized under 

a microscope. Since the growing cells couldn’t be visualized, the team had to devise a method of 

confirming that there was a confluent monolayer growing on the membrane. To do this, the team 

used WST-1, a colorimetric assay that detects cell vitality. 

BGMKs were cultured to varying degrees of confluency in 12 well plates. The media was 

removed from the wells and 500µL of fresh media was added to each well. To form the proper 

dilution, 50µL of WST-1 solution was added to each well and the cells were incubated for an 

hour. A media/WST-1 sample of 50µL from each well was then added to 50µL of nanopure 

water and placed in a 96 well plate. The 96 well plate was then placed in a microplate reader and 

analyzed using a wavelength of 450nm and a reference wavelength of 630nm. The absorbance of 

each sample was recorded and directly relates to the amount of viable cells that were originally 

in the 12 well plate. The absorbance values were multiplied by a factor of 0.75 to compensate for 

the different growth areas of the 12 well plates and the membrane surface area. The transformed 

absorbance values were plotted against the known confluency values to create the calibration 

curve shown below. 

 

Figure 10: WST-1 Calibration Curve 
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From the calibration data, it can be determined that any absorbance value above 1.4 is indicative 

of a confluent monolayer grown on the device membrane.  

Once the calibration curve was constructed, the team devised a series of experiments to 

determine if a confluent monolayer could be grown on the membrane. First, we attempted to 

grow the cells independent of the device so we could limit the complexity of the system and have 

more control on the environment of the cultured cells. In this experiment, the well insert 

compartment was removed from the device and paraffin was placed around the bottom to hold 

the media in. BGMKs were then seeded to the membrane and 2mL of media was added to the 

system. In the next experiment, cells were grown on the membrane while the well insert was in 

the device, but only the BGMKs were seeded to the device. In this experiment, 8mL of media 

were placed in the T25 flask, 2mL of media and 600 µL of BGMK cell suspension solution were 

added to the well insert, the well insert was placed in the T25 flask completing the device, and 

the entire device was placed in the incubator. After success with this, we co-cultured the 2 cell 

lines in the complete device, simulating the environment the cells would be in in an actual PCB 

experiment. Two WST-1 readings were taken 8 hours apart for this experiment. The table below 

displays the results of the WST-1 confluency experiments. 
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Table 6: Functional Testing - Confluent Monolayer 

 Membrane Cultured 

Independent of Device 

Membrane Cultured in 

Device 

Membrane Co-cultured in 

Device w/Macrophages 

 Test 1* Test 2 Test 1 Test 2 Initial t = 8hrs 

Absorbance 0.1265 1.759 1.398 1.551 1.673 1.803 

% Confluency ~10 100+ 100 100+ 100+ 100+ 

*Media leaked from well insert. 

The table clearly demonstrates that the device is capable of growing a confluent monolayer. The 

only instance of incomplete growth occurred because the cells were deprived of the nutrients in 

the media and exposed to air, causing them to dry out and die. Additionally, the test  titled 

“Membrane Co-cultured in Device with Macrophages” shows the ability of the current design to 

maintain cellular vitality for a period of eight hours. 

Introduction of Toxin 
The ultimate goal of the device is to allow researchers to study the effect of PCBs. Thus, it is 

extremely important for the design to be responsive to toxins. The team introduced the toxin 

dihydrate cupric chloride (CuCl2) to the device to determine if a cellular response could be 

detected from the design.  

Procedure 

1. Seed the device with the two cell lines and co-culture for 3 days. 

2. Remove the media from the device and separate the well insert from the T25 flask. 

3. Place paraffin around the bottom of the well insert. 

4. Add 2mL and 500µL of media to the T25 flask and well insert respectively. 

5. Add 200µL and 50µL of WST-1 solution to the T25 flask and well insert respectively. 

Mix fluid contents to ensure homogenous solution. 

6. Place the flask and well insert in an incubator (5% CO2, 37°C) for one hour. 

7. For the well insert, remove a 50µL sample, mix with 50µL of nanopure water, and place 

in a 96 well plate. Repeat three times for a total of four samples. 

8. For the T25 flask, remove a 25µL sample, mix with 75µL of nanopure water, and place 

in a 96 well plate. Repeat three times for a total of four samples. 

9. Using a microplate reader, obtain absorbance values for the samples using a wavelength 

of 450nm and a reference wavelength of 630nm. 

10. Remove the WST-1/media solution from the well insert and T25 flask. 

11. Wash flask and membrane with PBS solution. 

12. Add 8mL of fresh media to the flask, 2mL of fresh media to the well insert, and place 

well insert into the flask to complete the device. 

13. Introduce desired amount of toxin by pipetting contaminated solution into the top of the 

well insert. Make sure the toxin and the media on the apical side of the BGMKs is 

thoroughly mixed. 

14. Place device in incubator for 8 hours. 
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15. Repeat Steps 2-9. 

Results 

As the procedure above dictates, each experiment involves taking four WST-1 readings; initial 

and final absorbance readings are taken for both the BGMKs and macrophages. These WST-1 

readings can be compared to determine the effects of the toxin on cell vitality in both cell lines.  

The tables below display the results of introducing cupric chloride to the device. 

Table 7: BGMK Results 

 No Toxin 

Introduced 

100µL of 4.44 mM 

CuCl2 Introduced 

100µL of 4.51 mM 

CuCl2 Introduced 

100µL of 4.45 mM 

CuCl2 Introduced 

 Initial t = 8hrs Initial t = 8hrs Initial t = 8hrs Initial t = 8hrs 

Absorbance 1.673 1.803 1.919 0.283 1.3503 0.202 1.893 0.161 

% Confluency 100+ 100+ 100+ ~22 ~99 ~16 100+ ~13 

 

Table 8: Macrophage Results 

 100µL of 4.44 mM CuCl2 

Introduced 

100µL of 4.51 mM CuCl2 

Introduced 

100µL of 4.45 mM CuCl2 

Introduced 

 Initial t = 8hrs Initial t = 8hrs Initial t = 8hrs 

Absorbance 1.112 0.280 1.000 0.540 1.031 0.343 

% Decrease 

in Cell 

Vitality 

74.8 46.0 66.7 

 

The results indicate that without the introduction of a toxin, the cells are able to stay alive for the 

run time of an experiment. This is very significant because it illustrates that the device itself and 

the analytical methods employed (WST-1) do not disrupt cellular function thus any significant 

decrease in cell vitality is due to the effects of the toxin. The tables clearly show that the 

introduction of cupric chloride to the apical side of the BGMKs kills both the BGMKs and the 

macrophages. This proves that the toxin can diffuse through the membrane to infect the T25 

flask. 

Cleaning 
In cell culture experiments, cleaning is paramount. Therefore, the entire system must be 

maintained sterile before and during all tests.  

Alternative Design 
The base and cover of the super structure will be durable enough to be reusable. In order to 

ensure sterility, these components must be autoclaved along with the silicone tubing. The 
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Transwell inserts and UltraWeb
®
 are for single use only and will arrive sterilely packaged. When 

any component of the system is open to the air, it must be in a sterile fume hood.  

Current Design 
The current design encompasses machined and reusable parts. Therefore all parts must be 

thoroughly sterilized before and after each use to avoid contaminating the cells. All parts of the 

device were placed in a 15% bleach bath for 30 minutes. The parts were then sprayed with an 

ethanol solution and placed in a sterile fume hood to dry for 5-10 minutes. The parts were 

washed with sterile media, and then sprayed with an ethanol solution again. This process of 

spraying with ethanol and washing with sterile media was repeated at least 3 times. If the device 

was not immediately seeded with cells for experimentation, the parts were stored in a fume hood 

and exposed to UV light until their use. Once ready for use, the parts were once more sprayed 

with an ethanol solution, left to dry in a hood, and washed with sterile media. 

Sampling 
The final cell culture analog device has the advantage of allowing easy access to sampling 

throughout the duration of an experiment.  This allows for the study of several PCB parameters 

such as residence time, metabolism, and toxicity.  For example, in an eight hour experiment 

modeling a short term PCB exposure samples from the media in the bottom compartment could 

be taken every hour.  There is some flexibility intrinsic to our design in our ability to collect 

samples are various compartments at desirable times.  These samples could then be analyzed by 

gas chromatography to determine the amount of PCB in the media.  The concentration of PCB in 

each fraction will be graphed versus time. This information will enable us to determine the 

residence time distribution (RTD) of PCB in the entire system. 

Additionally, the cell culture analog device allows for the determination of concentration of the 

first metabolites of PCB, hydroxyl and methyl sulfone PCB.  This would be a rather difficult test 

to perform technically.  The analysis would be easiest if the system was exposed to a radio-

labeled PCB.  This would allow for identification of the various metabolites using mass 

spectrometry and nuclear magnetic resonance.  Cell samples would have to be taken from the 

bottom compartment, lysed, and an organic extraction would need to be performed to isolate 

PCBs and their metabolites. 

Lastly, the cell culture analog device allows for the analysis of cellular response and toxicity 

studies.  By performing a Western blot on the fractioned lysate of cells from the bottom 

compartment the expression levels of p450 enzymes could be determined.  Similarly by 

performing quantitative reverse transcriptase PCR the transcription levels of these genes can be 

assayed.  Furthermore, a variety of cell vitality assays such as the WST-1 assay can be performed 

to determine if any cells have died as a result of PCB exposure. 



A Cell Culture Analog System to Test the Effects of Polychlorinated Biphenyls 

 35 

 

Calibration 
Due to the nature of cell culture experiments, there are many unknown variables in the design of 

this system and much calibration will be necessary in order to obtain the measurements that we 

are striving for. This calibration process may include multiple iterations of prototype design. The 

functionality of our current design was analyzed experimentally in the Prototype Functionality 

section of this report. 

Test Run Time 

The run time of our experiments with PCBs will need to be tested. Founded in empirical 

calculations, estimates, and research of similar systems, we have decided that 8 hours is an 

appropriate run time for a single exposure test. This run time may need to be modified after the 

preliminary experiments in this particular system. We will analyze the PCB concentrations in the 

effluent media, determine the RTD, and analyze the cellular response in order to decide whether 

our preliminary run time needs to be extended or shortened. Previous testing of our current 

design has illustrated, over a run time of eight hours, a clear cellular response as seen by the 

decrease in cell vitality over the 8 hour period (See Intoduction of Toxin). 

PCB Concentration 

Our preliminary scaling has led us to the current PCB concentrations that we will be using; 

however, in our first tests we may have to increase our PCB exposure if they are being too 

diluted in media or if there are no noticeable effects on the cellular function. Conversely, we may 

need to decrease the exposure if the contamination is too harsh on the cells in vitro. We have 

calculated the necessary PCB concentrations based off of physiological similarity, but in our 

system, the cells are much more sensitive to their artificial environment making them much less 

robust and the LD50 may actually be less in vitro. We have planned for this in that we will test 

concentrations corresponding to 0.5, 1.0, and 1.5 of the LD50. 

External Constraints 

Economic Constraints for Alternative Design 

It was of upmost importance that the design was economically feasible. To ensure that the design 

was cost effective, the team created a budget and outlined all anticipated costs.  

Table 9: Alternative Design Budget 

Materials Price Units Cost Per Run Reusable 

UltraWeb® Matrices $7/unit 4 $28.00 2 No 

Versilic® Silicone Tubing $10  1 $10.00  Yes 

Transwell Inserts $12/unit 2 $24.00 1 No 

PtOEP immobilized in poly-IBMn-co-

TFEMm 

$50/film   1 No 
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Equipment      

Syringe Pump $275   $275  Yes 

Ocean Optics Fluorescence Probe: 

QBIF200-UV-VIS 

$346   $346  Yes 

USB4000-UV-VIS Miniature Fiber Optic 

Spectrometer 

$3,061   $3,061  Yes 

Light Source: LED-518 $116   $116  Yes 

      

Fabrication      

Rapid Prototype Base $10/in
3
 0.5 $5.00  Yes 

Rapid Prototype Cover $10/in
3
 0.5 $5.00  Yes 

Flat fee $40  1 $40.00   

      

Cell-Lines      

Intestine (Caco-2) $272  1 $272   Yes 

Liver (Hep G2) $272  1 $272   Yes 

Fat (NCTC clone 929) $256  1 $256   Yes 

      

Cell Culture Materials      

Eagle’s Minimum Essential Medium $17  1 $17   Yes 

Fetal Bovine Serum $90  1 $90   Yes 

Horse Serum $17  1 $17   Yes 

Trypsin/EDTA Solution $10  1 $10   Yes 

Trypsin Neutralizing Solution $16.50  1 $16.50   Yes 

      

 

Economic Constraints for Current Design 
Table 10: Current Design Budget 

Materials Price Unit

s 

Cost Per Run Reusabl

e 

Teflon Rod $23.46/ft 1 $23.46  Yes 

Polypropylene Rod $4.42/ft 1 $4.42  Yes 

Buna O-ring $14.92/100 1 $14.92  Yes 

Polycarbonate TEM $39.20/50 1 $39.20/50 1 No 

Polyester TEM $39.20/50 1 $39.20/50 1 No 

      

Cell-Lines      

Barrier Cells (BGMK) $347  1 $347  Yes 

Body Cells (Macrophages) $353  1 $353  Yes 

      

Cell Culture Materials      
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Dulbecco’s Modified Eagle’s 

Medium 

$31/L 1 $17   Yes 

Fetal Bovine Serum $124/200ml  1 $90   Yes 

Penicillin-Streptomycin $15.45/100m

l  

1 $17   Yes 

Trypsin/EDTA Solution $31  1 $10   Yes 

Trypsin Neutralizing Solution $16.50  1 $16.50   Yes 

WST-1 
 

$143/8ml 1 $143.00 $0.11/run No 

      

Total cost of development   $1114.70   

 

Many alternatives, in terms of materials, equipment, and cell lines, were not implemented in the 

design due to their high costs. However, the team was able to design a solution that did not 

sacrifice quality for performance, yet remained within the economic constraints. 

Ethical 

It was outlined in the Problem Statement that the design must provide an ethical means of testing 

PCB effects on the human body. The final product must adhere to the Code of Ethics for 

Engineers and therefore be environmentally and politically friendly. The design provides a 

means of testing harmful health effects without the use of live subjects and would therefore 

receive social and governmental support. Additionally, the design is comprised of materials that 

do not negatively impact the environment and the protocol is safe and effective. Thus the product 

“[holds] paramount the safety, health, and welfare of the public” and is an ethical solution 

(NSPE Code of Ethics for Engineers, Fundamental Canon 1). 

Advantages of Final Design of Cell Culture Analog System 

The final cell culture analog which we designed and protyped had several advantages.  First, its 

design allowed for ample air flow within the device.  This is extremely important as gases must 

be able to diffuse freely into and out of the media so that the cells can maintain metabolism.  

This design also reduced the potential problems with air bubbles which earlier designs faced.  

Furthermore, the final design is very biocompatible as all of the materials are biologically inert.  

All of the cells showed great viability when co-cultured in the device. 

The device was also very easy and inexpensive to produce.  This is advantageous because, even 

though the device is fully sterilizable and reusable, devices can be replace frequently at low cost 

if needed.  The simplicity of the design also allows for easy sampling from both compartments. 
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Conclusion 
In this report, the team has gone over the system requirements desired for our final design. The 

task to design a cell culture analog system which studies the toxicity of polychlorinated 

biphenyls (PCBs) for Dr. Mark Riley was completed. The Cell Analog System to test 

Polychlorinated Biphenyls designed in this report meets all system requirements indicated by our 

client. This system provides an ethical, simple, and quick means of determining the effects of 

PCBs on major organ systems. More specifically, the biotransformation, residence time, and 

toxicity of PCBs in humans can be analyzed using the designed analog system. The cell culture 

system would have cellular representations of two organs which are relevant to PCB 

biotransformation, storage, and toxicity.  The design has minimal maintenance and should 

conserve resources.  Using this analog, one will be able to evaluate residence time, 

biotransformation, and toxicity of polychlorinated biphenyls in humans. 

An overview of the final complete design is represented in this report. The design was broken 

into multiple subsystems with analysis and research for supportive reasoning behind selected 

designs. Since one route of entry of PBC in the body is the digestive tract, this design focused 

mainly on one barrier cell line and one body cell line.  The system will be composed of two 

different compartments which are comprised from two different cell lines: barrier cells (BGMK) 

and body cells (Macrophages).  A T25 cell culture flask has been modified to hold a well insert 

which will suspend a membrane with a confluent monolayer of barrier cells in the larger 

compartment where the body cells are cultured. Together, these will imitate conditions of the 

body. The functionality of our current design has been tested to ensure that it is capable of 

maintaining a seal around the membrane to ensure the only route of transport to the body cells is 

through the barrier cells. Additionally, the quality of the confluent monolayer cultured on the 

device has been determined by WST-1 assay. These preliminary tests show that our current 

design is capable of culturing a vital confluent monolayer of BGMK cells. This monolayer of 

cells can be maintained in the presents of a co-culture of macrophages and over a minimum 

duration of eight hours.   

Testing with a preliminary, representative toxin shows that during an eight hour run we can 

clearly see a cellular response to a toxin. Our preliminary work demonstrates the transport of a 

toxin through the barrier cells into the body cells and causing a response; this is encouraging and 

gives us the confidence to continue with testing of our device using an actual PCB exposure and 

completing our goal for this device. 
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Recommendation 
Dr. Mark Riley presented us with the task of designing a simple, inexpensive, and ethical means 

of testing the residence time, biotransformation, and toxicity of polychlorinated biphenyls (PCB) 

in humans.  With the use of cell culture analogs, we are able to have tissue and cellular 

representations of three organ systems which are important in PCB biotransformation, residence 

time, and toxicity. These organs would include a barrier cell line and a body cell line. The design 

will have minimal maintenance and should conserve resources.   

 

Preliminary testing demonstrates the functionality of our device. Our device provides an 

adequate seal around the membrane to ensure that the only route of entry into the body cell 

compartment is through the monolayer of barrier cells. It has been shown that a confluent 

monolayer can be reliably cultured on the membrane in our device and in the presence of 

macrophages in the bottom compartment of the device. The cells have been shown to maintain 

vitality over a minimum duration of 8 hours when cultured on our device. This result verifies our 

ability to run tests over an 8 hour period in the presence of a toxin. Tests have been conducted 

using a preliminary, representative toxin other than PCBs to show that it is possible to see a 

cellular response to a toxin in our device over an 8 hour period. Next steps include using the 

device to test the affects of PCB on the cells using our developed WST-1 assay, gas 

chromatography and Western Blot using the methods outlined in this report. 

 

Although the use of polychlorinated biphenyls is banned in the United States, it has proven that it 

is a persistent organic pollutant which still poses a threat the human health. They have entered 

the environments through both use and disposal since the 1920s. This problem has quickly 

accelerated into a global scale threat to both animals and human health causing liver damage, 

ocular lesions, poor cognitive development, and cancer. These issues call to the need of this 

device. Since PCBs have affected a wide span of organisms, one will be able to use our design to 

test for the toxicity levels of PCBs. 

 

Additionally, our design can easily be adapted to test the effects of different environmental and 

biological contaminants which have also had an enormous effect on the human population today. 

For example, it can be applied to the multi-billion dollar pharmaceutical industry. Our design 

will be enable companies to test for the toxicity of chemicals and drugs before they are released 

into the public market. This will not only be able be used before clinical trials, but it will also be 

able to reduce the number of failures and unknown side effects. This will improve how 

pharmaceutical tests are run and the overall results of the drug. It can also be applied to other 

environmental contaminants such as mercury and dichlorodiphenyltrichloroethane. These 

contaminants cause developmental issues, reproductive toxicity, and cancer. Our design and 

product will be highly marketable and profitable because of the ability to test the toxicity of 

PCBs as well as the adaptability to test for other compounds. 
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Appendix A: Design Schematics 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Figure 12: Alternative Design 

  

Figure 11: Preliminary Design 
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Figure 13: Current Design 
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Appendix B: Technical Drawings 
All technical drawings are included as attachments to this report as Appendix B: Technical 

Drawings. 
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Appendix C: PCB153 MSDS 
The MSDS for PCB153 is attached to this report as Appendix C: PCB153 MSDS 
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Appendix D: Modeling of Transport Processes in 

Alternative Design 

 

Figure: General Schematic of Cell Culture Analog 

Compartment 1 – Intestinal Epithelium 

In the intestinal epithelium portion of the cell culture analog the transport and barrier function of 

the confluent monolayer of cells are of the most interest.  This compartment will allow the user 

to analyze whether or not the intestine serves as a barrier to PCB uptake by the body or rather a 

barrier which prevents its entry.  There are five relevant transport processes which are considered 

in modeling this compartment. 

Using these modeling processes we estimate that the time it would take the average PCB 

molecule to travel through the intestinal compartment would be on the order of several minutes 

to a few hours. 

Compartment 2 – Liver  

In the liver compartment the primary process of interest is the transformation of PCBs into 

hydroxy and methyl sulfone metabolites.  We performed a basic mass balance in which we 

account for PCB flux in and out of the hepatocytes as well as the transformation of PCBs into 

various metabolites and the accumulation of PCBs in the cells. 

Flux In  -  Flux Out  -  Absorption  =  Accumulation 
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Figure: PCB Model for Liver Compartment  

Compartment 3 – Fat  

In the fat compartment the primary process of interest is the storage of PCBs.  Due to the 

hydrophobic nature of PCBs they commonly accumulate in the adipocytes of animals, which are 

primarily comprised of triglycerides.  Similar to the liver compartment, a mass balance was 

performed accounting for PCB flux in and out of the hepatocytes as well as the storage of PCBs 

in the cells. 

Flux In  -  Flux Out  =  Storage 

 

Figure: PCB Model for Fat Compartment  
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Appendix E: Design Results for Alternative Design 
This section will describe the cell culture analog system that we have designed to test the 

toxicity, residence times, and biotransformation of PCB. This system is composed of a 

superstructure with three different compartments which are seeded with three different cell lines: 

intestinal cells (Caco-2), liver cells (Hep G2), and fat cells (NCTC clone 929). The construction 

methods of the superstructure, data collection methods, operation, experimental procedure, 

cleaning, testing and calibration will be described.  

Technical Description of Superstructure for Cell Culture Analog 

System 

This section of the report will describe the cell culture analog system that we have designed. 

Please refer to Appendix A for detailed technical documents describing the system mentioned 

here. 

Base Plate 

The base plate is a rectangular shape 77.3 mm long, 24.1 mm wide and 4.7 mm in height with 

features indented and protruding from it. The cylindrical vessel on the left side will hold a 

Transwell
®
 insert cultured with intestinal cells (Caco-2). The bottom of the cylindrical 

compartment is conically shaped downward to encourage media flow through the hole in the 

center. This vessel is connected by a 1.0 mm wide channel to a rectangular vessel where liver 

cells will be cultured. The entrance to this second compartment is triangularly shaped with 

rounded edges in order to maintain a well characterized flow pattern avoiding stagnant flow 

regimes. The liver compartment is connected to the fat compartment, which is identically shaped 

and sized, by an hourglass shaped channel with rounded edges. The taper in the center of this 

channel is to maintain a well characterized volumetric flow. Each rectangular compartment has a 

1.0 mm extrude into the base plate. These recessions are design to hold identically shaped 

UltraWeb
®
 Matrices, described in more detail below. The exit from the system is a mirror image 

of the entrance from the cylindrical compartment. 

UltraWeb® Matrices 

The UltraWeb
®
 Matrices are rectangularly shaped 20.0 mm long, 6.0 mm wide and 1.0 mm high. 

These are individually, sterilely packaged electrospun extracellular matrices (ECM) on optical 

grade transparent plastic. This synthetic ECM provides a closer approximation to the in vivo 

mileu minimizing affects on cellular growth and function. Cells will maintain physiological 

function because of the use of UltraWeb
®
 Matrices. An important feature of these particular 

synthetic ECM is that they do not contain animal based products which could contaminate our 

samples and create unpredictable results. This type of ECM provides the necessary extracellular 

environment for cells without the drawbacks of other types of artificial ECM products. Another 

important reason that this product is incorporated in our design is that it immobilizes the cells 

because they will proliferate and attach to the 3D construct. This will minimize cell detachment 

and transport between compartments. 
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Transwell Inserts 

The Transwell inserts will be purchased from Corning Life Sciences. They come in standard 

sizes, and the cylindrical vessel on the base is designed accordingly. The growth area we have 

chosen for our system is 4.67 cm
2
 with a diameter of 24.0 mm. The material is polycarbonate, 

and the selected pore size is 0.4 μm with a pore density of 1 x 10
8
 pores/cm

2
. Caco-2 cells will be 

grown in a confluent monolayer on the surface of the Transwell insert; this process will be 

described in more detail in the Operation section of this report. 

Cover 

The cover is rectangular in shape with a length of 79.3 mm and a width of 26.1 mm. The top 

thickness is 2.0 mm and the side thickness is 1.0 mm. The sides extend downward in order to 

ensure a snug fit over the base plate. This fit is important to contain the cellular media and to 

maintain sterility during the course of a test. There is a circular cut out in the cover in order for 

the cylindrical compartment to protrude through. There are two extraction points, one above the 

liver compartment and one above the fat compartment, for a syringe to be inserted and remove 

media samples and/or air that has accumulated. There is a cut out for an oxygen sensor in the 

liver compartment in order to monitor the metabolic rate of the hepatocytes. On the right end, 

there is a 2.0 mm diameter opening that corresponds to the outlet of the base plate. Silicone 

tubing can be inserted here to direct effluent. 

Assembly 

The assembly drawing in Appendix A provides a visual for how each of the previously described 

components fit together to create the complete superstructure for the cell culture analog system. 

Silicone Tubing  

Versilic® Silicone Tubing will be purchased from Saint-Gobain Performance Plastics. This 

tubing is biologically inert and does not inhibit cell culture. We need this kind of tubing to direct 

the effluent media flow into sample containers.  

Oxygen Sensor 

The rectangular extrude in the cover of the superstructure has a circular opening designed 

specifically for insertion of an optical probe for quantitative analysis of oxygen concentration. 

The probe is a Ocean Optics fiber optic probe (QBIF200-UV-VIS) using the Ocean Optics 

Spectrometer (USB4000-UV-VIS ) and is used to measure fluorescence. The tip of the probe 

will be covered by a chemical film of PtOEP immobilized in poly-IBMn-co-TFEMm. It will be 

inserted so as to be submersed in the media flow with minimal disruption to the flow pattern in 

order to maintain laminar flow. 

This method of oxygen detection is highly sensitive. The chemical film fluoresces at a maximum 

in the absence of oxygen; oxygen quenches the photoluminescence of the chemical film and the 

decrease in fluorescence can be calibrated to the oxygen concentration. Using this particular 

chemical film, the photoluminescence quenching and oxygen concentration relationship follows 

the Stern-Volmer relationship linearly
[Okura]

. The Stern-Volmer Relationship is below:   
  is the 
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intensity of fluorescence in the absence of a quenching agent,    is the intensity of fluorescence 

in the presence of a quencher,    is the quenching rate of diffusion,    is the fluorescence 

lifetime of the chemical film without a quencher present, and [Q] is the concentration of the 

quenching agent. 

  
 

  
           

Using this method the oxygen concentration will be monitored in real time and recorded for 

subsequent analysis and comparison to gas chromatography data. The excitation wavelength is 

535 nm and the chemical film fluoresces at 645.4 nm. The excitation source is a green (LED-

518). 

Construction Methods 

The Base Plate and Cover will need to be manufactured using a rapid prototyping machine. The 

material of these components will be Poly(methyl methacrylate) (PMMA). PMMA is a 

thermoplastic, which makes it a good candidate for rapid prototyping, and its biocompatibility 

makes it a good candidate for this application. PMMA is commonly used for medical implants. 

Additionally, it does not contain bisphenol-A which could contaminate our samples, and it is 

optically transparent between 300 nm and 25 microns. The other components in our design are 

easily assembled and do not require additional manufacturing.  

Operation 

In order to test the toxicity, residence time, and biotransformation of PCBs in a physiological 

analog, we have developed the superstructure for the cell culture analog system. The design of 

this superstructure is intimately intertwined with the operational procedure. The operation 

procedure components include cell culture, media flow, sampling, analysis, and cleaning.  

Sampling 

The effluent will be fractionated when collected. The effluent media will be fractionated every 

ten minutes, giving a sample size of 500 μL and a total of 36 samples. The concentration of PCB 

in each fraction will be determined by gas chromatography. Additionally, the concentration of 

the first metabolites of PCB, hydroxyl and methyl sulfone PCB, will be determined.  

There is some flexibility intrinsic to our design in our ability to collect samples are various 

compartments at desirable times. On the cover of the superstructure, there are access holes above 

the liver and fat compartments in order to extract samples with a syringe. The apical and basal 

fluids of the intestinal compartment are both easily accessible for sample extraction. Small 

samples will be extracted from each compartment at ten minute time increments as well. 

During the duration of the test, the oxygen concentration will be monitored in the liver 

compartment in order to monitor metabolism. The oxygen concentration will be determined by 
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optical detection. This information will serve us two fold. During calibration, we will be able to 

test the cell vitality and normal metabolism, and during PCB exposure, we will be able to test the 

cell vitality and the affect on metabolism and specifically the action of mono-oxygenase as PCBs 

are transformed into hydroxy and methyl sulfone metabolites. 

Sample Analysis  

The oxygen concentration in the liver compartment is of utmost importance for analysis of cell 

vitality, mono-oxygenase activity and ultimately toxicity of PCB to the liver. These 

measurements will be conducted continuously throughout the entire run. This data will 

correspond to the sample fractions by time. 

The concentration of PCB and hydroxyl and methyl sulfone PCB intermediates in each fraction 

will be graphed versus time. This information will enable us to determine the residence time 

distribution (RTD) of PCB in the entire system. We will be able to determine the RTD for the 

metabolites. The RTD of the metabolites will be crucial for biotransformation studies.  

It may also be of interest to analyze samples from the apical and basal sides of the intestinal 

compartment, the liver compartment and the fat compartment. This information will be very 

helpful in developing a compartment model. It may also be of great interest to take cell samples 

at the end of the test, lyse the cells, and determine the PCB concentration accumulated inside 

each of the different cell types. 
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Appendix F: Student Resumes  
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Teresa W. Lam 
6381 N Calle Campeche        Phone: (520) 615-3738 

Tucson, AZ 85750       E-mail: tlam@email.arizona.edu 

______________________________________________________________________________________ 

 

Objective:  
To obtain a Doctor of Optometry degree which will enable me optimal patient care in a private practice in the future.  
 

Education:  
  University of Arizona, Tucson, Arizona  Catalina Foothills High School, Tucson, Arizona 

 Bachelor of Science in Biosystems Engineering Graduated with Honors  

 3.3 GPA      4.1 GPA  

 Expected Graduation: May 2011   Graduation: May 2007 
 

Courses: 

Engineering – Sensors and Control, Micro and Nano Fabrication, Biological Processes, Mechanics of Solid 

Materials, Thermodynamics, Fluid Mechanics, Dynamics, Statics 

Mathematics – Engineering Analysis, Differential Equations, Calculus I/II/III, Statistics 

Sciences – Chemistry, Biology, Mechanical Physics, Electricity and Magnetism Physics, Organic Chemistry, 

Microbiology, Biochemistry, Physiology, Human Anatomy, Psychology 
 

Computer Skills:   
Proficient in Microsoft Word, PowerPoint, Excel Programming, Matlab, HTML webpage design, AutoCAD, and 

Solidworks.   
 

Work Experience: 

NextMed, Inc     Intern    (Jan 2010 – Present) 
 Shadowed a BioMedical engineer in lithotripsy repair project 

 Check expenditures 

 Generate Claim Status Reports 

 Generate Salary Analysis Report  

 Perform HR/PR work  

AutoCAD/Solidworks     Teaching Assistant  (Aug 2010 – Present)  

 Assist students to learn design programs while holding office hours 

 Assist professor in tedious grading assignments and organization of students’ grades. 

Dr. Jeong-Yeol Yoon’s Biosensors Lab Lab Assistant   (Jan 2010 – June 2010) 
 Assisted in graduate student in microbial infection (Bovine Viral Diarrhea Virus) research, absorption and 

lab-on-a-chip experiments, data taking and analysis, and creating PowerPoint presentations.   

 Fabricated PDMS silicon chips 

 Designed circuits using lasers and photodiodes 

Takamatsu Restaurant    Hostess and Server  (Aug 2007 – April 

2010) 
 Provided excellent customer service, cashier, seating and greeting 

Pima County Health Department   Intern     (May 2007 – June 

2007) 
 Helped with the distribution of immunizations to less fortunate in Southern Arizona Region 

 Made home visits for immunizations 

 Informed public on sexually transmitted diseases and safe sex 

Abercrombie and Fitch    Sales Associate   (Nov 2006 – July 2010) 
 Provided excellent customer service, answered phone calls, cashier, and greeting 

Pima County Health Department   Intern    (May 2006 – June 2006) 
 Helped with the distribution of immunizations in clinic 

 Informed public on sexually transmitted diseases and safe sex 

 

Technical Qualifications:   
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Lab Safety Training Certified, Cleanroom Certified, Ethics Training, Hazards Communications Certified 

 

Extracurricular: 
Delta Chi Lambda      (January 2008 – Present) 

A non-profit organization founded at the University of Arizona. They focus on spreading positive 

Asian awareness to the university and local community. They focus on scholastic achievements 

and performing philanthropic services to the community. They strive to become leaders and 

mature young women through various activities.  

Leadership Experience 

Parliamentarian       (May 2010 – Present) 
Elected executive board position which maintains the order of the sorority during all meetings and 

events. Attend all events and meetings to maintain order, take attendance, ensure timeliness and 

professionalism of each member. Ensure all members’ requirements are met.   

Fundraiser Chair      (Dec 2008 – Present) 
Elected position which entails raising income for the organization. This was done by organizing 

several events such as annual football and basketball tournaments, carwashes, percentage nights, 

Arizona’s Spring Fling, casino nights, and bake sales. Finding sponsors and asking companies for 

donations for our events. I have raised over $5000 as fundraiser chair. 

Academic Chair       (Jan 2010 – May 2010) 
An elected position which presents the house with several presentations on scholastic 

achievement, time management, and future career possibilities. Organized study hours and study 

sessions. Distributed several grade checks throughout each semester.   

Philanthropic Opportunities 
Annual participant in Catwalk, AIDSwalk, Race for the Cure, and Light the Night 

Active volunteer for the Tucson Chinese Cultural Center 

Volunteers at Boys and Girls Club of America, Ronald McDonald House, and soup kitchens. 

Pre-Optometry Club      (January 2010 – Present) 
Monthly vision education events at Brichta Elementary School, Tucson, AZ. 

Volunteer:  
Caring Ministries 
A Christian ministry which collects, packs, and distributes food and clothing to the needy in Tucson and 

nearby Mexico cities.  

Tucson-Pima Public Library Volunteer 
Job spans an array of assignments such as helping with the Children’s Summer Reading Program, shelving 

books, organizing the library and making sure the books are in their prospective places, removing old 

books from shelves, and decorating the library with new posters and books. 

Key Club 
An internationally recognized community service club which does numerous activities throughout the year 

by volunteering to help the community. I was treasurer of the club during 2005-2007. 

Dare To Care Club 
A club which helps the disable children at Catalina Foothills High School teaching them valuable life skills 

letting them obtain a “normal” student life. I was the treasurer for this club during 2006. 

 

Scholarships and Awards: 
Calla Lily Key Leader Award (Delta Chi Lambda) 

Arizona Wildcat Excellence Award 

APASA (University of Arizona) Scholarship   

Superior for Arizona Study Program Level 6 & Level 7 (2005, 2007) 

Tucson Music Teachers Association Ensemble Senior Award        

The University of Arizona Outstanding Seniors Award       

Advance Placement Scholar Award          

1
st
 Place Calligraphy Contest (2004, 2005)    

References: References Available Upon Request 
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Amber Pucelik 

 

Email: alp2@email.arizona.edu 

Cell Phone: (480) 213-7516 

 

Objective: To contribute to the engineering profession by obtaining an internship in the biomedical field. 

 

Education:  University of Arizona 

B.S. Biosystems Engineering  

Cumulative G.P.A.: 3.776, Major G.P.A.: 4.000 

Expected Graduation Date: May, 2011 

Relevant Courses: Vector Calculus, Differential Equations, Introduction to Biosensors and 

Controls, Organic Chemistry, Mechanical Physics, Electricity and Magnetism, Thermal 

Engineering, Introduction to CAD,  Engineering Analytical Computer Skills, Transport 

Phenomenon, Bio Micro/Nanotechnology Applications, Engineering/Biological Process 

Skills 

Microsoft Office, MATLAB, SolidWorks, AutoCAD 

 

Work Experience: Human Origins Genotyping Laboratory                           May 2009 – Present  

 Undergraduate Research Technician 

 Extracting DNA from Cheek Swabs 

 Quantifying and Normalizing DNA Samples 

 Perform Polymerase Chain Reactions 

 Mold and Run Electrophoresis Gels 

 Analyze Computational Data 

 Examine Pherograms Generated by Fragment Analysis 

Soft Tissues Biomechanics Laboratory             May 2010 – August 2010 

 Initiate and Maintain Cell Cultures 

 Cell Imaging 

 Prepare Polymer Materials 

 Mechanical Testing of Porcine Aortic Left Anterior Descending Coronary Artery 

 Sample Preparation of LAD Coronary Arteries and Sclera Tissues 

 

Professional  

Affiliations:  Theta Tau Professional Engineering Fraternity                  August 2007 – Present 

 Active Member and Committee Head/member of Chi Chapter 

 Organize social, philanthropic, academic, and fundraising events 

Tau Beta Pi Engineering Honors Society               January 2010 - Present 

 Prospective Member 

 Tutor lower classmen, Promote the engineering field on campus 

University Medical Center                                         September 2010 – Present 

 Volunteer in Emergency Department 

 Greet visitors and direct to appropriate rooms, Clerical work 

San Joaquin General Hospital                         December 2007 – January 2008 

 Intern/ Shadow Dr. Pucelik, Chief of Orthopedic Surgery 

 Observe surgeries and clinic consultations 

 File and retrieve medical folders 

 

Recognitions:  Dean’s List with Distinction                                   May 2008, December 2009, May 2010 

Dean’s List                December 2007, December 2008 

 President’s Excellence Scholarship                                              August 2007 

 



Dustin K. Harshman 
6321 N. Placita Alta Reposa  520-271-9718 

Tucson, AZ 85750 dkh@email.arizona.edu 
 

OBJECTIVE: Seeking a rewarding career in Engineering for the betterment of society. 
 

EDUCATION AND HONORS 
 

University of Arizona (UA), College of Engineering, Tucson, AZ 

Bachelor of Science in Biosystems Engineering, May 2011 

Minors in Chemistry and Mechanical Engineering 
 

 Cumulative GPA 3.97/4.0, Honors College, Dean’s List every semester 

 Biosystems Engineering Outstanding Senior; College of Engineering Highest Academic Distinction; 

Wildcat Excellence Scholarship Award; Arizona Board of Education Full Tuition; Charles P. Lake 

Rain for Rent Scholarship; Kappa Sigma Fannin-Stofft Scholarship 

 Courses: Senior Design Project, Engineering, Biology, Physiology, Chemistry, Physics, Dynamics, 

Statics, Material & Fluid Mechanics, Thermodynamics, Heat & Mass Transfer, Electrical Circuits, 

Bioprocesses, Analytical Methods, Vector Calculus, Diff. Equations, Economics, Technical Writing 
 

ENGINEERING EXPERIENCE 
 

Engineering Intern, SynCardia Systems, Inc., Tucson, AZ, February 14, 2011-Present 

 Support engineering effort of final design review for Companion 2 Driver System. 

 Assist with research, analysis and reliability testing and provide literature review. 

 Assist to complete documentation for regulatory submissions.  
 

Bioprocess Engineering Intern, Friedrich-Alexander University, Erlangen, Germany, June-Aug. 2010. 

 Developed growth and nutrient depletion relationships for a mammalian cell line. 

 Collaborated with Ph.D. student to design a bioreactor for monitoring single cell differentiation. 
 

Systems Intern, UA Lunar and Planetary Lab, NASA Mars Odyssey Mission, Jan.-May 2009. 

 Organized and archived data streaming from the Gamma Ray Spectrometer aboard the Mars Odyssey. 
 

Cruise and Landed Operations Support, UA NASA Phoenix Mars Lander Mission, Jan.-Aug. 2008. 

 Maintained security clearance and admitted visitors at the Science Operations Center. 

 Constructed mock environment for the operational test model of the lander. 

 Set up and maintained the facility to accommodate large collaborative meetings and video conferences. 
 

Manufacturing Intern, Polymer Chemistry Innovations, Inc., Tucson, AZ, June-Aug. 2007. 

 Involved with the manufacturing process of a chemical product and exposed to process scale up. 

 Created digital inventory of chemicals and reagents in stock as related to chemical safety regulations. 
 

RESEARCH EXPERIENCE 
 

Undergraduate Researcher, UA, Department of Chemistry, Dr. Oliver Monti, May 2009-May 2010. 

 Demonstrated tenacity in scanning tunneling microscopy (STM) imaging project to support graduate work. 

 Worked individually to construct a confocal microscope for single molecule fluorescence experiments. 

 Contributed to research team by utilizing techniques and skills in STM and LabView programming. 
 

Research Volunteer, UA, Department of Aerospace & Mechanical Engineering, Dr. Xiaoyi Wu, Summer 2008. 

 Fabricated coaxially electrospun and biodegradable scaffolds for tissue engineering research. 

 Characterized scaffolds using scanning electron microscopy, mechanical stress testing, and solubility 

characteristics. 
 

SKILLS 
 

Computers: Microsoft Windows, UNIX, Mac OS, LabView, Matlab, Solidworks, AutoCAD, Adobe 

Photoshop, Visual Basic, Microsoft Office, Publisher and Excel 
 

Languages: Advanced conversational Spanish, Intermediate German  
 

Laboratory Techniques: STM, Atomic Force Microscopy (AFM), Confocal Microscopy, Single Molecule 

Fluorescence Spectroscopy, Scanning Electron Microscopy (SEM), Sterile Cell Culture, Cryopreservation, 

Fluorescence Activated Cell Sorting (FCS), Infrared Spectroscopy, Basic Organic Methods, Welding, Soldering 

mailto:dkh@email.arizona.edu
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SIGMA-ALDRICH 

Material Safety Data Sheet 
Version 3.0 

Revision Date 10/20/2009 
Print Date 1210212009 

1. PRODUCT AND COMPANY IDENTIFICATION 

Product name PCB No 153 solution 

Product Number 36904 
Brand Fluka 

Company Sigma-Aldrich 
3050 Spruce Street 
SAINT LOUIS MO 63103 
USA 

Telephone +1 800-325-5832 
Fax +1 800-325-5052 
Emergency Phone # (314) 776-6555 

2. COMPOSITION/INFORMATION ON INGREDIENTS 

Synonyms 2,2',4,4',5,5'-Hexachlorobiphenylsolution 
2,2',4,4',5,5'-PCB 

CAS-No. I EC-No. I Index-No. I Concentration 

2,2,4-Trimethylpentane 
540-84-1 1208-759-1 1 601-009-00-8 199.999% 

2,2',4,4',5,5'-Hexachlorobiphenyl 
35065-27-1 I - I - 10.001 % 

3. HAZARDS IDENTIFICATION 

Emergency Overview 

OSHA Hazards 
Target Organ Effect, Irritant 

Target Organs 

Liver, Kidney 

HMIS Classification 
Health hazard: 2 
Chronic Health Hazard: • 
Flammability: 0 
Physical hazards: 0 

NFPARating 
Health hazard: 2 
Fire: 0 
Reactivity Hazard: 0 

Fluka - 36904 Sigma-Aidrich Corporation Page 1 of www.sigma-aldrich.com 



Potential Health Effects 

Inhalation 

Skin 
Eyes 
Ingestion 

4. FIRST AID MEASURES 

General advice 

May be harmful if inhaled. Causes respiratory tract irritation. Vapours may cause 
drowsiness and dizziness. 
May be harmful if absorbed through skin. Causes skin irritation. 
Causes eye irritation. 
Aspiration hazard if swallowed - can enter lungs and cause damage. May be 
harmful if swallowed. 

Consult a physician. Show this safety data sheet to the doctor in attendance. Move out of dangerous area. 

If inhaled 
If breathed in, move person into fresh air. If not breathing give artificial respiration Consult a physician. 

In case of skin contact 
Wash off with soap and plenty of water. Consult a physician. 

In case of eye contact 
Rinse thoroughly with plenty of water for at least 15 minutes and consult a physician. 

If swallowed 
Do NOT induce vomiting. Never give anything by mouth to an unconscious person. Rinse mouth with water. Consult 
a physician. 

5. FIRE-FIGHTING MEASURES 

Flammable properties 
Flash point no data available 

Ignition temperature no data available 
Suitable extinguishing media 
For small (incipient) fires, use media such as "alcohol" foam, dry chemical, or carbon dioxide. For large fires, apply 
water from as far as possible. Use very large quantities (flooding) of water applied as a mist or spray; solid streams of 
water may be ineffective. Cool all affected containers with flooding quantities of water. 

Special protective equipment for fire-fighters 
Wear self contained breathing apparatus for fire fighting if necessary. 

Further infonnation 
Use water spray to cool unopened containers. 

6. ACCIDENTAL RELEASE MEASURES 

Personal precautions 
Use personal protective equipment. Avoid breathing vapors, mist or gas. Ensure adequate ventilation. Remove all 
sources of ignition. Evacuate personnel to safe areas. Beware of vapours accumulating to form explosive 
concentrations. Vapours can accumulate in low areas. 

Environmental precautions 
Prevent further leakage or spillage if safe to do so. Do not let product enter drains. Discharge into the environment 
must be avoided. 

Methods for cleaning up 
Contain spillage, and then collect with non-<:ambustible absorbent material, (e.g. sand, earth, diatomaceous earth, 
vermiculite) and place in container for disposal according to local! national regulations (see section 13). 

7. HANDLING AND STORAGE 

Fluka - 36904 Sigma-Aidrich Corporation 
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Handling 
Avoid contact with skin and eyes. Avoid inhalation of vapour or mist. 
Keep away from sources of ignition - No smoking. Take measures to prevent the build up of electrostatic charge. 

Storage 
Keep container tightly closed in a dry and well-ventilated place. Containers which are opened must be carefully 
resealed and kept upright to prevent leakage. Store in cool place. 

Recommended storage temperature: 2 - 8 ·C 

8. EXPOSURE CONTROLS/PERSONAL PROTECTION 

Contains no substances with occupational exposure limit values. 

Personal protective equipment 

Respiratory protection 
Where risk assessment shows air-purifying respirators are appropriate use a full-face respirator with multi
purpose combination (US) or type ABEK (EN 14387) respirator cartridges as a backup to engineering controls. If 
the respirator is the sole means of protection, use a full-face supplied air respirator. Use respirators and 
components tested and approved under appropriate government standards such as NIOSH (US) or CEN (EU). 

Hand protection 
Handle with gloves. 

Eye protection 
Face shield and safety glasses 

Skin and body protection 
Choose body protection according to the amount and concentration of the dangerous substance at the work 
place. 

Hygiene measures 
Handle in accordance with good industrial hygiene and safety practice. Wash hands before breaks and at the end 
of workday. 

9. PHYSICAL AND CHEMICAL PROPERTIES 

Appearance 

Form liquid 

Safety data 

pH no data available 

Melting point no data available 

Boiling point no data available 

Flash point no data available 

Ignition temperature no data available 

Lower explosion limit no data available 

Upper explosion limit no data available 

Water solubility no data available 

10. STABILITY AND REACTIVITY 

Storage stability 
Stable under recommended storage conditions. 

Fluka • 36904 Sigma-Aidrich Corporation 
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Conditions to avoid 
Heat, flames and sparks. 

Materials to avoid 
Strong oxidizing agents 

Hazardous decomposition products 
Hazardous decomposition products formed under fire conditions. - Carbon oxides 

Hazardous reactions 
Vapours may form explosive mixture with air. 

11. TOXICOLOGICAL INFORMATION 

Acute toxicity 

no data available 

Irritation and corrosion 

no data available 

Sensitisation 

no data available 

Chronic exposure 

IARC: No component of this product present at levels greater than or equal to 0.1 % is identified as 
probable, possible or confirmed human carcinogen by IARC. 

ACGIH: 

NTP: 

OSHA: 

No component of this product present at levels greater than or equal to 0.1 % is identified as 
a carcinogen or potential carcinogen by ACGIH. 

No component of this product present at levels greater than or equal to 0.1 % is identified as 
a known or anticipated carcinogen by NTP. 

No component of this product present at levels greater than or equal to 0.1 % is identified as 
a carcinogen or potential carcinogen by OSHA. 

Signs and Symptoms of Exposure 

To the best of our knowledge, the chemical, physical, and toxicological properties have not been thoroughly 
investigated. 

Potential Health Effects 

Inhalation 

Skin 
Eyes 
Ingestion 

Target Organs 

May be harmful if inhaled. Causes respiratory tract irritation. Vapours may cause 
drowsiness and dizziness. 
May be harmful if absorbed through skin. Causes skin irritation. 
Causes eye irritation. 
Aspiration hazard if swallowed - can enter lungs and cause damage. May be 
harmful if swallowed. 
Liver, Kidney, 

12. ECOLOGICAL INFORMATION 

Elimination information (persistence and degradability) 

no data available 

Ecotoxlclty effects 

no data available 

Fluka • 36904 Sigma-Aidrich Corporation 
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Further Infonnatlon on ecology 

An environmental hazard cannot be excluded in the event of unprofessional handling or disposal. 

Very toxic to aquatic organisms, may cause long-term adverse effects in the aquatic environment. 

13. DISPOSAL CONSIDERATIONS 

Product 
Burn in a chemical incinerator equipped with an afterburner and scrubber but exert extra care in igniting as this 
material is highly flammable. Observe all federal, state, and local environmental regUlations. Contact a licensed 
professional waste disposal service to dispose of this material. 

Contaminated packaging 
Dispose of as unused product. 

14. TRANSPORT INFORMATION 

DOT (US) 
UN-Number: 1262 Class: 3 
Proper shipping name: Octanes 
Reportable Quantity (RQ): 1000 Ibs 
Marine pollutant: No 
Poison Inhalation Hazard: No 

IMDG 
UN-Number: 1262 Class: 3 
Proper shipping name: OCTANES 
Marine pollutant: No 

lATA 
UN-Number: 1262 Class: 3 
Proper shipping name: Octanes 

15. REGULATORY INFORMATION 

OSHA Hazards 
Target Organ Effect, Irritant 

DSL Status 

Packing group: II 

Packing group: II EMS-No: F-E, S-E 

Packing group: II 

This product contains the following components that are not on the Canadian DSL nor NDSL lists. 
CAS-No. 

2,2',4,4',5,5'-Hexachlorobiphenyl 35065-27-1 

SARA 302 Components 
SARA 302: No chemicals in this material are subject to the reporting requirements of SARA Title III, Section 302. 

SARA 313 Components 
SARA 313: This material does not contain any chemical components with known CAS numbers that exceed the 
threshold (De Minimis) reporting levels established by SARA Title III, Section 313. 

SARA 311/312 Hazards 
Acute Health Hazard, Chronic Health Hazard 

Massachusetts Right To Know Components 

2,2,4-Trimethylpentane 

Pennsylvania Right To Know Components 

2,2,4-Trimethylpentane 

Fluka • 36904 Sigma-Aidrich Corporation 
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N_ Jersey Right To Know Components 

2,2,4-Trimethylpenlane 

California Prop. 65 Components 
WARNING! This product conlains a chemical known in the Slate of 
Califomia to cause cancer. 
2,2',4,4',5,5'-Hexachlorobiphenyl 

California Prop. 65 Components 
WARNING! This product conlains a chemical known in the Slate of 
Califomia to cause birth defects or other reproductive harm. 
2,2',4,4',5,5'-Hexachlorobiphenyl 

16. OTHER INFORMATION 

Further infonnation 

CAS-No. 
540-84-1 

CAS-No. 
35065-27-1 

CAS-No. 
35065-27-1 

Revision Date 
2007-03-01 

Revision Date 

Revision Date 

Copyright 2009 Sigma-Aldrich Co. License granted to make unlimited paper copies for intemal use only. 
The above information is believed to be correct but does not purport to be all inclusive and shall be used only as a 
guide. The information in this document is based on the present state of our knowledge and is applicable to the 
product with regard to appropriate safety precautions. It does not represent any guarantee of the properties of the 
product. Sigma-Aldrich Co., shall not be held liable for any damage resulting from handling or from conlact with 
the above product. See reverse side of invoice or packing slip for additional terms and conditions of sale. 

Fluka - 36904 Sigma-Aidrich Corporation 
www.sigma-aldrich.com Page 6 of 



M  A  T  E  R  I  A  L     S  A  F  E  T  Y     D  A  T  A     S  H  E  E  T

AccuStandard, Inc.
125 Market Street
New Haven, CT  06513

Company: Date MSDS Printed: 7/23/2007

Information Phone Number: 203-786-5290

Hours: Mon. to Fri. 8am-5pm 
Emergency Phone Number: 203-786-5290

SECTION 2 - COMPOSITION / INFORMATION ON INGREDIENTS

2,2',4,4',5,5'-Hexachlorobiphenyl 35065-27-1 0.01
328Methanol 67-56-1 99.99 262 x 260

Component(s) CAS # Appr. %

SECTION 3 - HAZARDS IDENTIFICATION
Symptoms of Exposure:

Catalog Number:
2,2',4,4',5,5'-HexachlorobiphenylProduct Name:

N/ASynonyms:
N/AFormula: Molecular Weight: N/A

C-153S-M

Potential Health Effects:
Toxic if  inhaled, absorbed through skin, or swallowed.

May cause eye, kidney, liver, and skin damage.

May cause central nervous system damage.

POISON: May be fatal or cause blindness if swallowed.

Fetal development abnormalities and effects on embryo or fetus have been reported from prolonged exposure to methanol in
laboratory tests involving pregnant rats.

Routes of Entry:
Inhalation, ingestion or skin contact.

Carcinogenicity:
Notification of carcinogenic ingredients in quantity less than 0.1% is not required under Federal Hazard Communication Law.

Contains one or more components that are classified (ACGIH, IARC, NTP, OSHA) as a suspected cancer hazard in quantities less
than 0.1%.

Irritating to eyes, skin, mucous membranes and upper respiratory system.

Over exposure may cause dizziness, nausea, muscle weakness, narcosis and respiratory failure.

After ingestion or inhalation, initial symptoms may be only that of mild intoxication, but may become severe after 12 or 18 hours.

SECTION 1 - PRODUCT AND COMPANY IDENTIFICATION

ACGIH-TLV (mg/m3) OSHA-PEL (mg/m3)
TWA skin skinSTEL STELTWA

Preparation Date: 7/23/2007

(        )2
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C-153S-M Preparation Date: 7/23/2007

Alteration of any information contained herein without
written permission from AccuStandard strictly prohibited.



Dangerous fire and explosive hazard.

Containers can build up pressure if exposed to heat.

Vapors can travel to a source of ignition and flash back.

During a fire, irritating and highly toxic gases may be generated by thermal decomposition or combustion.

SECTION 4 - FIRST AID MEASURES
Emergency First Aid:

Get medical assistance for all cases of overexposure.

Skin contact: Immediately wash skin with soap and plenty of water.  Remove contaminated clothing.  Get medical attention if
symptoms occur.  Wash clothing before reuse.
Eye contact: Immediately flush with plenty of water.  After initial flushing, remove and contact lenses and continue flushing for at
least 15 minutes. Assure adequate flushing by separating the eyelids with fingers.
Inhalation: Remove to fresh air.  If not breathing, give artificial respiration or give oxygen by trained personnel.  Seek immediate
medical attention.
Ingestion: Drink water and induce vomiting immediately as directed by medical personnel.  Never give anything by mouth to an
unconscious person.  Get medical attention immediately.

Flash Point:

SECTION 5 - FIRE FIGHTING MEASURES

52 °F (11 °C)   (tcc)
Flammable Limits LEL (%): 6.7
Flammable Limits UEL (%): 36.5

Extinguishing Media:
Use alcohol foam, carbon dioxide, dry chemical, or water spray when fighting fires involving this material.

Fire Fighting Procedures:
As in any fire, wear self-contained breathing apparatus pressure demand, MSHA/NIOSH (approved or equivalent) and full protective
gear.

Spill Response:
SECTION 6 - ACCIDENTAL RELEASE MEASURES

Wear suitable protective equipment listed under Exposure Controls / Personal Protection. Eliminate any ignition sources until the
area is determined to be free from explosion or fire hazards. Contain the release and eliminate its source, if this can be done without
risk. Dispose as hazardous waste. Comply with Federal, State and local regulations.

SECTION 7 - HANDLING AND STORAGE
Store in a tighly closed container.
Store in a cool area away from ignition sources and oxidizers.
Avoid breathing vapors or mists.
Use with adequate ventilation.
Do not get in eyes, on skin or clothing.
Avoid prolonged or repeated exposure.
This product should only by used by persons trained in the safe handling of hazardous chemicals.

SECTION 8 - EXPOSURE CONTROLS / PERSONAL PROTECTION
Engineering Controls and Personal Protection Equipment (PPE):

Flammable Properties:

Autoignition Temperature: 385 °C

Page 2Catalog Number:
C-153S-M Preparation Date: 7/23/2007
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Respiratory Protection: If workplace exposure limit(s) of product or any component is exceeded (see TLV/PEL), a NIOSH/MSHA
approved air supplied respirator is advised in absence of proper environmental control.  OSHA regulations also permit other
NIOSH/MSHA respirators (negative pressure type) under specified conditions (see your safety equipment supplier). Engineering
and/or administrative controls should be implemented to reduce exposure.

Material should be handled or transferred in an approved fume hood or with adequate ventilation.

Protective gloves must be worn to prevent skin contact.

(Chloroprene, natural rubber, nitrile, or equivalent)

Safety glasses with side shields must be worn at all times.

General Hygiene Considerations:
Wash thoroughly after handling. Do not take internally. Eye wash and safety equipment should be readily available.

Boiling Point:

SECTION 9 - PHYSICAL AND CHEMICAL PROPERTIES

65 °C
Melting Point: -93.9 °C

Specific Gravity (H2O = 1): 0.791 g/cm3

97 mmHg (20 °C)

Percent Volatile: 99.9+

Vapor Density (Air = 1): 1.1 g/L

Evaporation Rate (BuAc = 1): 5.9

Solubility in Water (%): Very soluble

Appearance: Clear liquid
N/A

Stability:
SECTION 10 - STABILITY AND REACTIVITY

Stable

Hazardous Decomposition: Carbon oxides; Formaldehyde
Hazardous Polymerization:

Conditions To Avoid: Heat; Contact with ignition sources
Materials To Avoid: Acids

Oxidizers

Alkali metals; Reducing agents

Vapor Pressure:

Odor:
pH: N/A

Flash Point: 52 °F (11 °C)   (tcc)
Explosion Limits (%): 6.7 to 36.5
Autoignition Temperature: 385 °C

Molecular Weight: N/A
Molecular Formula: N/A

Page 3Catalog Number:
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Hazardous Polymerization: Will not occur

SECTION 11 - TOXICOLOGICAL INFORMATION

All components are listed on the TSCA Inventory.

WARNING: This product contains chemical(s) known to the state of California to cause cancer and to cause birth defects or other
reproductive harm.

See section 3 for specific toxicological information for the ingredients of this product.

SECTION 12 - ECOLOGICAL INFORMATION
By complying with sections 6 and 7 there will be no release to the environment. 

SECTION 13 - DISPOSAL CONSIDERATIONS
Recycle or incinerate at any EPA approved facility or dispose in compliance with Federal, State and local regulations. Empty
containers must be triple-rinsed prior to disposal.

SECTION 14 - TRANSPORT INFORMATION
UN1230UN Number: 3Shipping Class: IIPacking Group:DOT FLAMMABLE

SECTION 15 - REGULATORY INFORMATION
In addition to Federal and state regulations, local regulations may apply. Check with your local regulatory authorities.

SECTION 16 - OTHER INFORMATION

The statements contained herein are offered for informational purposes only and are based on technical data that we believe to be
accurate.  It is intended for use only by persons having the necessary technical skill and at their own discretion and risk.  Since

conditions and manner of use are outside our control, we make
NO WARRANTY, EXPRESSED OR IMPLIED, OF MERCHANTABILITY, FITNESS OR OTHERWISE.

This document has been designed to meet the requirements of OSHA, ANSI and CHIPs regulations.

Legend :  N/A = Not Available     ND = Not Determined     NR = Not Regulated
* * * End of Document * * *
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