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Part I: Surface Modification of Magnetic Nanoparticles for the Recovery 
of Plasmid DNA and Exclusion of Endotoxins in Recombinant DNA 
Assays 
 

Abstract 
Plasmids are small circular double- stranded DNA molecules found naturally in bacterial 

cells. The genes that bacterial plasmids carry give the bacteria certain genetic advantages, such 

as being antibiotic resistant. As a bacterium divides the plasmids that it contains are copied and 

passed on to each daughter cell. Due to this unique nature of bacterial plasmids, scientists and 

researchers have employed the use of plasmids to clone, transfer and alter genes. Although quite 

useful for various molecular techniques, plasmid DNA which is destined for use in in vivo 

research pharmaceutical applications requires additional considerations due to other bacterial 

compounds bacterial cells possess.  

 Endotoxin is a unique bacterial compound present in the outer membrane of Gram-

negative bacteria. Endotoxin serves as a protective outer membrane permeability barrier, which 

gives the bacteria a defense mechanism in its environment.  The endotoxin is released during the 

lysis of bacterial cells, as endotoxins can be hazardous and even deadly in certain concentrations. 

It is important that specialized techniques are utilized to purify plasmids. One particular 

technique developed by Ferradigm, a small Tucson, AZ based startup company, for purifying 

plasmids from bacterial cells, known as the Plasmid FlexPrep Kit, utilizes magnetic 

nanoparticles as a mode of extraction for plasmids. The Plasmid FlexPrep Kit used by Ferradigm 

involves basic DNA isolation chemistry. PEG (polyethylene glycol) is used to precipitate the 

plasmids out of solution, followed by a solid phase binding system of paramagnetic 

nanoparticles. This binding system allows the user to separate the bonded material out of 
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solution using a magnet. Since plasmids (DNA) are negatively charged along with endotoxins 

there are issues of specificity.   

 Thus for my internship project, I explored surface modification of the magnetic 

nanoparticles to increase specificity, which would in turn increase purity.  Four different avenues 

were addressed including: affinity-ligand binding utilizing adsorption chemistry, nanoparticle 

metal typing, manufacture of magnetic nanoparticles utilizing a microwave in the presence of a 

proposed ligand, and surface coating of magnetic nanoparticles with humic acid to increase the 

ability of the nanoparticles to remain colloidal in solution.  

 Results from these four different areas of investigation set the stage for further 

investigation aimed at the surface of magnetic nanoparticles and improving the specificity of the 

plasmid preparation assays. The concept of magnetic nanoparticle surface modification could 

enable scientist and researchers to specialize plasmid assays, and prepare plasmids for specific 

downstream in vivo experiments or potential pharmaceutical research applications, such as gene 

therapy.  
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Introduction 
 Lipopolysaccharide is a compound found in the outer membrane cell wall of Gram-

negative bacteria. Lipopolysaccharide (LPS), as shown in Figure 1, is utilized by bacterial cells 

as a protective permeability barrier, which is only permeable to low molecular and hydrophobic 

molecules24. This added protection barrier allows the bacteria to protect itself from bile salts and 

other gastrointestinal (GI) tract molecules that the bacteria my encounter after it is ingested by 

another organism.  LPS has three main components a lipid component, known as Lipid A, an 

immunogenicity component, known as O antigens, and polysaccharide components (which 

includes the O-specific antigens) 24. These components are vital to the protection of Gram-

negative bacterium, such as Escherichia coli (E. coli), but when these components interact in 

vivo with other organisms they can be toxic20. Due to the toxic nature of LPS, it is commonly 

referred to as an endotoxin, which is extracted along with plasmids following routine 

recombinant DNA assays24. Scientists and researchers use plasmids from Gram negative bacteria 

to clone, transfer and alter genes. Since plasmids and endotoxin are both found within Gram 

negative bacterial cells it is common to obtain endotoxin carry over during the extraction of 

plasmids. Due to this carry over it is important to understand the effects of residual endotoxin in 

plasmid extractions21.  
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Figure 1: General architecture of lipopolysaccharide (LPS) above, below LPS structure for Salmonella.  
The top structure shows the general architecture of any given Gram-negative bacterium. The structure above depicts 
the LPS structure of Salmonella. Figure taken from Todor24.  
  

Effects of Endotoxin in vivo 

Many researchers today utilize recombinant DNA techniques and purified plasmids which have 

been modified to target specific areas of research. If plasmids are destined for further clinical 

applications, such as drug discovery, gene therapy, and DNA vaccines it is important to obtain a 

highly purified plasmid preparation free of endotoxin7.  Endotoxin contamination in the end 

product of the plasmid purification is a critical safety concern in various clinical applications 

because of toxicity.  Once in vivo, endotoxin can cause systemic toxicity, or septic shock 3. A 

weakened immune system or severe infection with Gram-negative bacteria can cause a patient to 

fall victim to septic shock. Between 2003 and 2012 septic shock (sepsis) contributed to 200,000 

deaths annually17. Although sepsis is a potentially deadly outcome of endotoxin contamination, 

endotoxins can cause other side effects in vivo as well. These side effects can interfere with 

clinical studies since endotoxins are known to increase inflammation and immune responses in 

vivo, identifying clinical findings for new drug or vaccine discovery can be difficult when 



10 
 

endotoxin contamination is present27.   To meet clinical safety standards the endotoxin level in 

any specific in vivo application must be <0.1 EU (µg plasmid), where EU stands for Endotoxin 

Unit7. 

FlexPrep Kit by Ferradigm 

Ferradigm is a biotech company that focused on delivering magnetic nanoparticle based 

solutions for molecular biology workflows.  One such assay known as the FlexPrep kit 

specializes in isolation of plasmids from cultures of E. coli utilizing paramagnetic nanoparticles 

as a solid phase binding system instead of disposable columns. The FlexPrep Kit allows for the 

isolation of plasmids from bacterial cultures, specifically E. coli, and allows the user to scale the 

DNA yield for specific needs. The kit uses basic DNA alkaline lysis chemistry (flow chart 

representative of procedure shown in Figure 2) to extract the DNA with the magnetic 

nanoparticles serving as a surface for DNA binding in order to extract it from the supernatant. 

The paramagnetic nanoparticles used in the FlexPrep assay is magnetite (Fe3O4), magnetite is 

known to bind E. coli DNA along with endotoxin due to the negative nature of both 

components2. The magnetite is suspended in Polyethylene Glycol 8000 (PEG), the resulting 

mixture is known as Ferra-Bind Particles in the FlexPrep Kit.  In order to gain further 

specification within the FlexPrep assay the surface modification of the magnetite nanoparticles 

was explored. By modifying the particles surface the assay could be tailored to the specific needs 

of a research by allowing them to attach different ligands and extract plasmids, proteins, 

endotoxins, as well as other compounds.  
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Figure 2: Flow chart of FlexPrep Kit general procedure.  Illustrations of experimental modifications conducted 
are presented with the red text.  
.  

 Surface Modification of Magnetic Nanoparticles 

Polyethylenimine (PEI) is a hydrophilic polymer, as well as a polycationic ligand.  A 

polycationic ligand is a compound which has multiple positive sites available for binding of 

other molecules.  PEI is a polycationic ligand, structure shown in Figure 3, which can effectively 

absorb endotoxin from solutions, and since PEI is biocompatible at low molecular weight, PEI 

does not pose a toxic threat to biological applications, (thus trace amounts in a solution are not 

harmful) and there is no fear of contaminating the biological solution with the ligand16.  
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Figure 3: Chemical structure of Polyethylenimine (PEI).   The structure of PEI has multiple sites of positive 
charge which makes it a good polycationic ligand. Taken from Mitzner16. 
 

Endotoxin is a flexible polyanion, which means that it contains multiple negative regions and can 

bend to accommodate its surroundings12. Its flexibility and overall negative charge means 

endotoxin will be attracted to the polycationic ligand PEI, and have the ability to contort its 

structure to attach to PEI1. The interaction between PEI and endotoxin forms a polycation-

polyanion complex. The formation of this complex begins with an electrostatic interaction 

between the positively charged PEI and the negatively charge endotoxin which causes a 

structural adaptation. Water molecules are replaced during this structural adaptation, producing a 

complex that is no longer soluble in aqueous solutions. Thus flocks (a form of precipitate) are 

formed in a process known as complex cocervation1-13. If flocculation takes place while the 

ligand is immobilized more endotoxin would be extracted. Figure 4 provides a general depiction 

of this complex coacervation process where the polycation would represent PEI, and the 

polyanion would represent endotoxin.  
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Figure 4: Complex Coacervate.  This picture shows the formation of a complex coacervate. A negatively charged 
anion binds with a positively charged cation, displacing water molecules and forming a complex coacervate. Image 
obtained from http://www.intechopen.com/books/progress-in-molecular-and-environmental-bioengineering-from-
analysis-and-modeling-to-technology-applications/hydrogels-methods-of-preparation-characterisation-and-
applications  
 

 Humic Acid Coating of Magnetic Nanoparticles to Increase Colloidal Ability 

The ability of magnetic nanoparticles to stay in suspension, and colloidal in solution greatly 

increases their interaction with selected molecules and enables the magnetic nanoparticles to be 

useful in fields such as; water treatment 15, and possibly drug and vaccine discovery. Humic acid 

is a readily available compound found in soil, and can be absorbed by magnetite at low pH, 

resulting in particles coated with humic acid10. The humic acid coating results in polyanionic 

particles. This shift in charge causes the particles to repeal each other thus creating a stable 

colloidal dispersion caused by steric and electrostatic effects10.  

 Magnetic Nanoparticle Metal Type 

Magnetic nanoparticles (MNP) are of great interest in a number of different fields, such as 

magnetic fluids, biomedicine, and magnetic energy storage11. The increasing interest in MNP is 

related to their small size (dimensions between approximately 1 and 100 nanometers), their 

response to an applied magnetic field, and their susceptibility to coating with different materials 

for specific applications (coating with blood plasma proteins upon injection into the blood 

stream) 11. Different metal types; such as Zirconium (Zr), Zinc (Zn), Nickel (Ni), Cobalt (Co), 
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Cobalt ferrite (CoFe2O4), and magnetite (Fe3O4); possess unique magnetic characteristics which 

can be applied to achieve the expected results. Ferrite nanoparticles are cations (positively 

charged ions) that can be attached in 96 possible positions to the anion (negatively charged ion) 

composed of 32 O2- anions. These ferrite particles include Fe2 +, 3+ (Iron), Zn2+ (Zinc), Co2+ 

(Cobalt), Ni2+ (Nickle), among a few others11.  Ferrite particles can be combined in a variety of 

ways (such as CoFe2O4) to adjust the permeability, coercivity, and saturation of the 

magnetization11. By adjusting these characteristics one can create a MNP specific to the needs of 

the research performed.  

 Manufacture of Magnetic Nanoparticles in a Microwave 

Magnetic nanoparticles are available commercially. Some may lack the ability to purchase 

MNPs due to cost and commercial availability in the area. The need for creating magnetic 

nanoparticle in the laboratory can be addressed with the use of a microwave. The synthesis of 

magnetic nanoparticles is achieved by utilizing ferrous sulfate as a magnetic iron oxide 

precursor, then adding a matrix to coat the particle (such as chitosan).  The pH is increased 

through constant stirring to facilitate precipitation of an insoluble ferrous hydroxide/chitosan 

composite18. The solution is transferred to a microwave and irradiated converting the ferrous 

hydroxide into magnetic iron oxide coated by a chitosan matrix18. This process provides a 

researcher with many different ways to adjust and adapt the MNP for use in specific applications.  

 Magnetic nanoparticles (MNP) application to plasmid purification assays is a novel 

concept that can be tailored to meet the unique needs of many different research studies. 

Understanding the magnetic characteristics of specific magnetic nanoparticle metal types and 

how to manufacture magnetic nanoparticles in the laboratory are the first steps to creating an  

MNP for plasmid purification needs. The addition of a specific ligand into the isolation process, 
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can improve plasmid purity, ensuring the end product does not contain any residual contaminants 

from the host bacterium, particularly endotoxin.  

Endotoxin is toxic in vivo and even trace amounts can interfere with interpretation of a 

study subject’s response to therapy by triggering an immune response. Thus for my internship 

project, I explored surface modification of the magnetic nanoparticles to increase specificity for 

plasmid DNA, which would in turn increase plasmid purity and decrease endotoxin 

contamination. Four experiments were conducted; surface modification of MNPs using affinity 

ligand binding, and manufacturing MNPs in a microwave in the presence of a ligand. Magnetic 

nanoparticle metal typing, and the coating of MNPs with humic acid to increase colloidal ability.  

 

Materials and Methods 
 

Bacterial Culture 

Plasmids used in these studies were isolated from E. coli bacterial strain DH5 alpha (DH5a) 

containing the KEAP1 gene cloned into the pDONR221 vector plamsid (New England Biolabs, 

NEB, Massachusetts, United States).  Briefly, a single colony was inoculated into Luria broth 

(LB), the volume of the culture was determined by the number of plasmid preparations being 

conducted, and placed in a shaking incubator at 37C for 12 to 18 hours. A standard 10mL culture 

was used for each plasmid preparation. Bacterial concentrations were determined by optical 

density at a wavelength of 600nm (OD600), using a spectrophotometer. Bacterial concentration 

for plasmid preparations was ideal between OD600 of 2 and 4.  
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Ferra-Bind Particles-unique components within the Ferradigm Flex Prep Plasmid kit 

Ferradigm produced Ferra-Bind particles as a component to the Ferradigm FlexPrep Plasmid 

Isolation Kit. The Ferra-Bind particles were formulated into magnetic nanoparticles (MNPs) 

using magnetite Fe3O4 (Nano Structured & Amorphous Materials, New Mexico, United States) 

and suspended in Polyethylene Glycol 8000 (PEG 8000). The concentration of magnetic 

nanoparticles (MNPs) within the solution varied based on the needs of the assay.  

 

Affinity Ligand Binding – to decrease endotoxin contamination 

PEI Coated Magnetic Nano Particle 

As part of my internship, I designed two solutions to improve plasmid binding and reduce 

endotoxin binding to the MNPs. Each of these solutions contained a final concentration of 3 

mg/ml MNP (magnetite Fe3O4 (Nano Structured & Amorphous Materials, New Mexico, United 

States)) and 20mg/ml of polyethyleneimine (PEI) in H2O (Fluka, Sigma-Aldrich). Nanoparticle 

solutions generated: Solution 1 contained 61.27 mg of magnetic nanoparticles, 0.81g of PEI, and 

19.2 ml of nanopure water. Solution 2 contained 61.42 mg of magnetic nanoparticles, 0.82 g of 

PEI, 15 ml of nanopure water, and the final volume of 20 ml was adjusted to pH 10 using a pre-

made N-cyclohexyl-3-aminopropanesulfonic acid (CAPS) buffer solution. Solutions were 

sonicated for 2 minutes, then placed on a table shaker and shaken for 24 hours.  

A total of four solutions were tested to optimize surface treatment of the commercial magnetic 

nanoparticles (MNPs).  In addition to the two solutions I created detailed above (which were 

reformulated to a concentration of 30 mg/ml for the following experiment), two solutions, citric 

acid treated magnetic nanoparticles (30 mg/ml), and NaOH/NaF passivated magnetic 

nanoparticles (30 mg/ml) were provided by Ferradigm which I also tested.  
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A Ferradigm FlexPrep Plasmid Isolation Kit was used as follows: 

From an overnight bacterial culture six 1 ml aliquots were made. Samples 1 and 2 were spun in a 

microcentrifuge at 14,000 rpm for 5 minutes, to pellet the bacteria. The supernatant was 

discarded and the pellets reserved to be used as controls for the experiment. Prior to 

centrifugation, samples 3-6 were treated with100 µl of citric acid MNP, NaOH/NaF MNP, PEI 

MNP (Solution 1), and PEI-pH10 MNP (Solution 2) respectively. Samples 3 through 6 were then 

mixed by inverting the tube 10 times, and then incubated at room temperature for 5 minutes. 

Samples were mixed, by inverting tubes an additional 3 times during the 5 minute incubation 

period-then placed on a magnetic rack for 3 minutes or until the samples became clear. 

Subjective supernatant appearance was noted. The supernatant was discarded and pellets 

reserved. To each sample 150 µl of Resuspension Buffer + RNase A (10 µl/ml) was added and 

pellets were suspended by pipetting solution up and down or vortex mixing. To each sample 150 

µl of lysis buffer was added and tubes were inverted 5 times. Samples were incubated at room 

temperature for 2 minutes. To each sample 150 µl of neutralization buffer was added and tubes 

were inverted 8 times. Samples were placed in a microcentrifuge and spun at 14,000 rpm for 5 

minutes to pellet the bacterial debris. The supernatant from each sample was removed and placed 

into a clean correspondingly numbered tube. To each sample 225 µl of Ferra-Bind Particles was 

added. Samples were then mixed by vortex mixing. All sample tubes were then shaken on a table 

shaker at >1,000 rpm for 5 minutes. Samples were placed on a magnetic tube rack, and the Ferra-

Bind Particles were separated from the supernatant. The supernatant was discarded and samples 

were washed with 800 µl of wash buffer 1 (isopropynol based wash with detergent to increase 

protein solubility) to disperse the Ferra-Bind particles. Samples were placed on a magnetic tube 

rack, and the Ferra-Bind particles were separated from the supernatant, and the supernatant was 
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discarded. 500 µl of wash buffer 2 (EtOH based wash to keep DNA dehydrated and affiliated 

with MNP) was added to each sample to disperse the Ferra-Bind particles.  

Samples were placed on a magnetic tube rack, and the Ferra-Bind particles were 

separated from the supernatant, and the supernatant was discarded. The pellets of MNP were air-

dried for 5 minutes, then tubes were spun using a microfuge and excess wash buffer was pipetted 

out as needed. 50 µl of elution Buffer (Tris-EDTA, pH 8.0) was added to each tube to suspend 

the Ferra-Bind particles and samples were vortex mixed and incubated at room temperature for 5 

minutes. Samples were placed on a magnetic tube rack and the supernatant was transferred to a 

new 1.5ml tubes (see flow diagram Figure 2). 

Samples were analyzed using gel electrophoresis. A 1% agarose gel was prepared by adding 0.3g 

of agrose to 30 ml of 1xTAE (Tris-acetate-EDTA buffer) and 0.7 µl of ethidium bromide, 

solution was microwaved until agarose dissolved into solution. For each sample 10 µl was 

loaded onto the gel. The gel was run at ~100V for 30 minutes, then visualized under UV light 

(data not shown). Samples were also analyzed using spectrophotometry. Samples were diluted 

1:6 in elution buffer, samples and an elution buffer blank were read at A230, A260, A280, and A320. 

Sample concentrations and A260/A280 and A260/A230 were calculated. A reading at A230 determines 

organic compounds or chaotropic salts present, A260 indicates double or single stranded nucleic 

acids. A280 indicates proteins, and A320 assess turbidity. 

 

Magnetic Nanoparticle Metal Type – Increase specificity for plasmid DNA 

Six different magnetic nanoparticle solutions were prepared at 25 mg/ml in polyethylene glycol 

(PEG). The metal types used were Zirconium (Zr), Zinc (Zn), Nickel (Ni), Cobalt (Co), Cobalt 
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ferrite (CoFe2O4), and Ferra-Bind particles (Fe3O4 in PEG 8000). An overnight 50 ml bacterial 

culture was grown to OD600 = 3.28, pelleted then frozen for future processing. The pellet was 

thawed, resuspended in 20 ml of LB by vortex mixing then ten 2 mL aliquots were made. The 

bacterial aliquots were centrifuged and the supernatant was discarded from each tube. Six 

samples were retained while the remaining 4 were frozen for later use. Pellets were resuspended 

in 250 µl of Resuspension Buffer +10 µl/ml RNase was added to each of the 6 pellets. The tubes 

were mixed using a vortex mixer to fully resuspend pellets. The bacteria were then lysed in 250 

µl of lysis buffer and inverted to mix 5 times. Samples were incubated at room temperature for 2 

minutes. Samples were then neutralized with 250 µl of neutralization buffer and tubes were 

inverted 8 times to mix. Tubes were then centrifuged at 14,000 rpm in a table-top centrifuge for 

5 minutes. The supernatant was pipetted out of each tube and placed into a fresh corresponding 

1.5 ml tube, the remaining pellet was discarded. Finally, 46 µl of the various magnetic 

nanoparticles (MNP) at 25 mg/ml was added to each corresponding tube followed by 400 µl of 

isopropanol. 

Samples were mixed using a vortex mixer then shaken for 5 minutes at >1,000 rpm on a plate 

shaker. Samples were placed on a magnetic tube rack for 1 to 5 minutes or until clarified. The 

supernatant was discarded and 800 µl of wash buffer 1 was added to disperse particles. Samples 

were place on a magnetic tube rack for 1 to 5 minutes or until clarified and the supernatant was 

discarded. 800 µl of wash buffer 2 was added to each sample to disperse particles. Samples were 

placed on a magnetic tube rack for 1 to 5 minutes or until clarified and supernatant was 

discarded. Excess wash buffer was removed using a pipette and samples were allowed to air dry 

for 5 minutes. The MNPs were suspended in 50 µl of elution buffer and incubated at room 

temperature for 5 minutes. Samples were placed on a magnetic tube rack and the supernatant was 
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transferred to a new 1.5 ml tube. Samples were analyzed using a 1% agarose gel as previously 

described. Samples were also analyzed using spectrophotometry. Samples were diluted 1:10 in 

elution buffer, using elution buffer as a blank samples were read at A230, A260, A280, and A320. 

Sample concentrations and A260/A280 and A260/A230 were calculated as described previously. 

 

Determination of Endotoxin levels in purified plasmid preparations 

An endotoxin gel clot assay was conducted using ToxinSensor Gel Clot Endotoxin Assay Kit 

(Genscript) per manufactures instructions. Briefly, 14 glass vials were obtained from the Gel 

Clot Endotoxin Assay kit, (a positive control, a negative control and 12 samples). A 1:200 and 

1:2000 dilution of the 6 samples were made using the limulus amebocyte lysate (LAL) reagent 

water from the kit. The endotoxin standard was taped to a vortex plate mixer and shaken for 15 

minutes to ensure it was completely in solution. The lyophilized LAL reagent was reconstituted 

in 2ml of LAL reagent water. The vial was swirled to avoid foaming.  LAL reagent, 100 µl, was 

added to each vial, and 100µl of LAL reagent water was added to the negative control and 100µl 

endotoxin standard was added to the positive control. To the remaining vials 100µl of each 

sample dilution was added. Vials were capped and mixed then incubated at 37⁰C for 60 minutes. 

Tubes were inverted and checked for clotting against positive and negative controls. If clotting 

occurred (positive reaction) the sample was determined to contain endotoxin levels at 0.25 

EU/ml or greater.  If no clot was present (negative reaction) the sample was determined to 

contain endotoxin levels below 0.25 EU/ml. 
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Manufacture of Magnetic Nanoparticle in a Microwave – To decrease endotoxin 

contamination 

Three different types of magnetic nanoparticles (MNP) were formulated in a commercial 

microwave using chitosan (Sigma) acetic acid MNP, citric acid MNP, and humic acid (ACROS 

Organics) MNP. All formulations were created inside of a fume hood large enough to fit a 

microwave and mixing apparatus.  

Acetic Acid MNP  

A 5% acetic acid solution was made by mixing 2.5 ml of acetic acid with 47.5 ml of nanopure 

water. In a separate beaker 3.6% (w/v) FeSO4-7H20 solution was formulated by weighing 0.72 g 

of FeSO4-7H2O and dissolving it in 19.28 ml of nanopure water. In a 50 ml conical tube a 30% 

(w/v) NaOH solution was made by dissolving 12 g of NaOH pellets into 36 ml of nanopure 

water and shaking until dissolved. In a fume hood 0.2 g of chitosan was dissolved in the 5% 

acetic acid solution under constant mixing. Next, 50 ml of nanopure water was added to the 

dissolved chitosan under constant mixing. Finally, 20 ml of 3.6% (w/v) FeSO4-7H20 solution 

was added to the chitosan solution under constant mixing. The solution was moved to an 

automatic mixer with a paddle attachment under a fume hood. While mixing moderately 30% 

NaOH solution was added in 1 ml increments until black precipitate formed and the pH, when 

tested with a pH strip, reached ~pH10. The solution was then microwaved using a commercial 

(1,000 to 1,200 watts) microwave for 10 minutes under max power. Particles were then collect 

by magnet and the supernatant was decanted. Particles were resuspended in 100 ml of nanopure 

water and transferred to a high density polyethylene (HDPE) bottle. Particles were then washed 

with 50 ml of nanopure water 3 times, then stored in 150 ml of nanopure water.  
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Citric Acid MNP 

A 5% citric acid solution was made by mixing 2.5 ml of citric acid with 47.5 ml of nanopure 

water. In a separate beaker 3.6% (w/v) FeSO4-7H20 solution was made by weighing 0.72 g of 

FeSO4-7H2O and dissolving it in 19.28 ml of nanopure water. In a 50 ml conical tube a 30% 

(w/v) NaOH solution was made by dissolving 12 g of NaOH pellets into 36 ml of nanopure 

water and shaking until dissolved. In a fume hood 0.2 g of chitosan was dissolved in the 5% 

citric acid solution under constant mixing. Remaining formulation and wash steps mentioned 

above were repeated to complete the formulation of citric acid MNP. 

Humic Acid MNP  

A 3.6% (w/v) humic acid in 10% NaOH solution was prepared by dissolving 2 g of NaOH 

pellets in 20 ml of nanopure water. 0.72g of humic acid was weighed, then dissolved in the 20 ml 

of 10% NaOH solution. The solution was shaken until components were fully dissolved. In a 

separate beaker 3.6% (w/v) FeSO4-7H20 solution was made by weighing 0.72 g of FeSO4-7H2O 

and dissolving it in 19.28 ml of nanopure water. In a 50 ml conical tube a 30% (w/v) NaOH 

solution was made by dissolving 12 g of NaOH pellets into 36 ml of nanopure water and shaking 

until dissolved. In a fume hood 0.2 g of chitosan was dissolved in the 5% acetic acid solution 

under constant mixing. As the chitosan was dissolving the 3.6% (w/v) humic acid in 10% NaOH 

solution was added to the 3.6% (w/v) FeSO4-7H20 solution and mixed thoroughly. Finally, 40 ml 

of 3.6% (w/v) FeSO4-7H20 and 3.6% (w/v) humic acid in 10% NaOH solution was added to the 

chitosan solution under constant mixing. The solution was moved to an automatic mixer with a 

paddle attachment under a fume hood. Remaining formulation and wash steps mentioned 

previously were repeated to complete the formulation of humic acid MNP. 
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Coating Magnetic Nanoparticles with Humic Acid – to increase colloidal ability, increasing 

plasmid adsorption 

A stock solution of Citrate Buffer pH 4 was created by mixing 59 ml of 0.1M citric acid with 41 

ml of 0.1M Trisodium Citrate. A stock solution of humic acid was formulated by dissolving 

340.31 mg of humic acid (ACROS Organic) in 50 ml of pH 4 buffer. Five solutions of humic 

acid coated magnetic nanoparticles were formulated at varying humic acid concentrations. 

Solution1 (0.02 mmol/g): 60 mg of magnetite Fe3O4 magnetic nanoparticles (Nano Structured & 

Amorphous Materials, New Mexico, United States), was added to 222 µl of humic acid stock 

solution and 19.78 ml of citrate buffer pH 4. Solution 2 (0.09 mmol/g): 60mg of magnetite was 

added to 1 ml of humic acid stock solution and 19 ml of pH 4 buffer for a 0.09 mmol/g 

concentration. Solution 3 (0.16 mmol/g): 60 mg of magnetite was added to 1.778 ml of humic 

acid stock solution and 18.22 ml pH 4 buffer, for a 0.16 mmol/g concentration. Solution 4 (0.090 

mmol/g): 60 mg of magnetite was added to 10 ml of humic acid stock solution and 10 ml of pH 

4 buffer, for a concentration of 0.90 mmol/g. Solution 5 (1.80 mmol/g): 60 mg of magnetite was 

added to 20 ml of humic acid stock solution for a concentration of 1.80 mmol/g. All solutions 

were mixed using a vortex mixer for 1 minute to mix then sonicated for 30 minutes. After 

sonication, particles were washed 3 times with 20 ml of nanopure water. Particles were than 

stored in 20 ml of nanopure water and colloidal ability was assessed. Solutions were shaken to 

resuspend particles and colloidal ability was observed every 3 minutes over a total of 15 minutes.  

 
Results 
 

Affinity Ligand Binding – surface treatment of commercial magnetic nanoparticles 

(magnetite Fe3O4) 
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The ability to treat the surface of commercial magnetic nanoparticles (magnetite Fe3O4) with 

various chemicals to improve plasmid purification purity and overall recovery of plasmid DNA 

was assessed with spectroscopy using a spectrophotometer. The absorbance at A230, A260, A280, 

and A320 was measured. A reading at A230 determines organic compounds or chaotropic salts 

present, A260 indicates double or single stranded nuclei acids. A280 indicates proteins presents, 

and A320 assess turbidity in the purified plasmid solution. 

 Figure 5 summarizes the A260/A280 ratio to determine protein contamination in samples, and the 

DNA concentration obtained in each sample.  

Table 1 provides the individual absorbance data specific to each sample tested. Results are 

presented in Figure 5 and Table 1, are based on one data point per sample.  Use of PEI and PEI 

(pH10) yielded pure plasmid preparations but the overall concentration was lower than the 

current MNP formulation.  

 

A                                                                         B 
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Figure 5: Spectrophotometer assessment of A260/A280 ratio and DNA concentration. (A) Protein contamination in samples 
using an A260/A280 ratio, where the solid line represents the lower bound at 1.7 and the dashed line represents the upper bound at 
2.0. (B) DNA concentration in samples presented in ng/µL. Results are based on one data point per sample.  
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Sample A230 A260 A280 A320 

Control 1 0.096 0.193 0.108 0.010 

Control 2 0.073 0.144 0.079 0.009 

Citric Acid MNP -0.006 -0.014 -0.016 -0.017 

NaOH/NaF MNP 0.010 -0.001 -0.004 -0.009 

PEI MNP 0.066 0.057 0.029 -0.000 

PEI (pH 10) MNP 0.054 0.070 0.034 -0.010 

Table 1: Specific spectrophotometer absorbance values for A230, A260, A280, and A320 for surface 
modification.  Each magnetic nanoparticle surface modification sample is represented in this table with the Control 
samples representing Ferra-Bind particles. A negative number means the absorbance was lower than the blank 
(elution buffer) used.  
 

Nanoparticle Generation - Magnetic Nanoparticle Metal Type, Determination of Endotoxin 

The ability of different magnetic nanoparticle metal types to extract DNA and determine their 

endotoxin yield was assessed by spectrophotometer, and a ToxinSensor Gel Clot Endotoxin 

Assay Kit respectively. Figure 6 summarizes the A260/A280 ratio to determine protein 

contamination in samples, and the DNA concentration obtained in each sample.  

Table 2 details the spectrophotometer absorbance readings for A230, A260, A280, and A320, as well 

as the results of the Gel Clot Endotoxin Assay.  

If clotting occurred (positive reaction) the sample was determined to contain endotoxin levels at 

0.25 EU/ml or greater.  If no clot were present (negative reaction) the sample was determined to 

contain endotoxin levels below 0.25 EU/ml.  CoFe2O4 although having a somewhat reduced 

final DNA concentration provided and acceptable protein levels, unfortunately still contained 

endotoxin. 
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 A        B 

 

 

Sample A230 A260 A280 A320 Clot Assay 

Zr 0.176 0.391 0.184 -0.015 Positive 

Zn 0.403 0.870 0.424 0.000 Positive 

Ni 0.282 0.631 0.312 0.001 Positive 

Co 0.347 0.771 0.378 -0.004 Positive 

CoFe2O4 0.178 0.361 0.183 0.004 Positive 

Ferra-Bind 0.243 0.500 0.254 0.006 Positive 

Table 2: Specific spectrophotometer absorbance values for A230, A260, A280 and A320 and gel clot assay for 
magnetic nanoparticle metal type. This data represents six different magnetic nanoparticle metal types, with Ferra-
Bind particles serving as a control. Endotoxin gel clot assay results are also shown with positive (clot present) 
meaning the sample contained endotoxin concentrations higher than 0.25EU/ml. A negative (no clot present) result 
represents endotoxin concentrations lower than 0.25EU/ml. 
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Figure 6: Spectrophotometer assessment of different magnetic nanoparticle metal types . (A) Protein contamination in 
samples using an A260/A280 ratio, where the dashed line represents the upper bound at 2.0. The lower bound at 1.7 is not present 
on this graph since all samples were above this ratio. (B) DNA concentration in samples presented in ng/µL. Results are based on 
one data point per sample.  
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Manufacture of Magnetic Nanoparticles in a Microwave 

The ability of magnetic nanoparticles formulated in a microwave to extract purified DNA from a 

plasmid prep assay, was determined using spectrophotometry. Figure 7 (A) gives the protein 

contamination ratio for each formulated magnetic nanoparticle with Ferra-Bind particles as a 

control. This ratio was determined by calculating the A260/A280. Figure 7 (B) gives the salt and 

organic compound carry over from the plasmid prep assay. This ratio was determined by 

calculating the A260/A230. Figure 8. Presents the DNA concentration obtained by each formulated 

magnetic nanoparticle, and Table 3 details the spectrophotometer readings at A230, A260, A280, 

and A320.  Both humic acid and chitosan treatment of the magnetic nanoparticles were within the 

designated range for protein contamination, had reduced salt carry over, and a measurable 

amount of plasmid recovery. These preliminary results were quite promising, as contamination of the 

end product by proteins was well within the acceptable range, and with further investigation plasmid 

yield could be increased.   
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Figure 7: Spectrophotometer assessment of microwave manufactured nanoparticles. (A) Protein contamination in 
samples using an A260/A280 ratio, where the solid line represents the lower bound at 1.7 and the dashed line 
represents the upper bound at 2.0. (B) Residual assay salt and/or organic compound carry over. Results are based on 
one data point per sample. 
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Sample A230 A260 A280 A320 

Ferra-Bind 0.3407 0.7068 0.3774 0.0067 

Chitosan/Acetic Acid 0.0347 0.0306 0.0168 0.0048 

Humic Acid 0.0680 0.0633 0.0294 -0.0072 

Citrate 0.0446 0.0299 0.0084 -0.0139 

Table 3: Specific spectrophotometer absorbance values for A230, A20, A280 and A320 for microwave 
manufactured magnetic nanoparticles.  The absorbance for each microwave manufactured magnetic nanoparticles 
is presented in the table above with Ferra-Bind particles serving as a control. 

 
 

Discussion 
Purity of plasmid DNA is important because of the downstream in vivo cell culture, 

clinical and drug discovery applications of plasmids.  In this internship we examined several 

methods to improve purity and recovery of plasmid DNA: affinity-ligand binding utilizing 

adsorption chemistry, nanoparticle metal typing, manufacture of magnetic nanoparticles in the 
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Figure 8: DNA concentration of microwave manufactured magnetic 
nanoparticles.  Results are based on one data point per sample.DNA 
concentration obtained by each magnetic nanoparticle type is presented in 
ng/µL. Ferra-Bind particles were used as a control.  
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presence of a ligand using a microwave, and surface coating of magnetic nanoparticles using 

humic acid. We found that magnetic nanoparticle surface modification is a possible solution for 

plasmid preparation relating to downstream applications.  

Magnetic nanoparticle surface modification using citric acid, NaOH/NaF and 

Polyethylenimine (PEI), was explored to determine if the presence of a ligand would be 

beneficial in obtaining purified plasmid DNA. Ligands are important in the purification process, 

because many contaminates have almost identical structures and charge as the target molecule, as 

seen with endotoxin and DNA, thus the use of a ligand helps to maintain specificity in the end 

product purity23. PEI was chosen as the test ligand of choice due to reputation of being 

biocompatible as well as a polycationic ligand which allows for multiple attraction sites for 

negatively charged molecules, such as DNA and endotoxin1.  The PEI treated magnetic 

nanoparticles outperformed the citric acid and NaOH/NaF treated magnetic nanoparticles.  The 

two PEI treated magnetic nanoparticles had similar A260/A280 measurements. This ratio can 

represent pProtein contamination present if lower than 1.7 in the PEI treated and PEI (pH 10) 

treated magnetic nanoparticles was 1.955 and 2.074 respectively25. These spectrophotometer 

readings when compared to the control 1 and control 2 samples, 1.787 and 1.817 respectively, 

are higher which does suggest protein contamination, however all values were still within an 

acceptable purity range of 1.7 to 2.0. The DNA concentrations obtained by this Mini FlexPrep kit 

assay (smaller DNA concentration yield due to smaller volume) using PEI treated magnetic 

nanoparticles and PEI (pH 10) magnetic nanoparticles was 16.95ng/µL and 20.91ng/µL 

respectively. These DNA concentrations are low when compared to the control samples which 

were 57.52ng/µL and 43.29ng/µL. The low DNA concentration could possibly be due to the PEI 

coating of the magnetic nanoparticles and PEI’s potential to be an absorber of endotoxin16. Since 
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PEI is known for its ability to remove endotoxin from solutions with little dependence on ionic 

strength, it is possible that the PEI coated magnetic nanoparticles were not as effective with 

obtaining high DNA concentration or low protein contamination, but could be successful in 

extracting residual endotoxin from plasmid DNA solutions.  

The next steps for this PEI treated magnetic nanoparticles would be to perform a LAL 

Gel Clot Endotoxin Assay, as was performed for the metal typing experiment but not this one, 

due to low DNA concentration observed it was deemed unnecessary to perform a LAL gel clot 

endotoxin assay at the time of experimentation. With the understanding of PEI’s ability to absorb 

endotoxin it would prove beneficial to determine if these PEI treated magnetic nanoparticles 

would be a practical solution to decrease the concentration of endotoxin carried over in any kind 

of plasmid DNA assays.  

Metal typing of magnetic nanoparticles was also explored during this internship. The 

metal type of the magnetic nanoparticle being used to pull out DNA from a solution is important 

because different metals will give off different magnetic characteristics. Ferramagnetic material 

such as Fe3O4, and γ-Fe2O4, are compounds composed of different atoms that reside on different 

lattice sites with antiparallel magnetic moments. This means the magnetic moments do not count 

each other out so it has a net spontaneous magnetic moment11. Ferromagnetic material such as 

Nickel (Ni) and Cobalt (Co), show similar behavior to ferragmagnetic material as the magnetic 

moments are randomly distributed11.  Five different magnetic nanoparticle metal types: 

Zirconium (Zr), Zinc (Zn), Nickel (Ni), Cobalt (Co), Cobalt ferrite (CoFe2O4), were tested along 

with Ferra-Bind (Fe3O4 suspended in Polyethylene Glycol) particles as the control. With the 

results that were obtained it is apparent that the CoFe2O4 magnetic nanoparticles, performed very 

similarly to the Ferra-Bind control magnetic nanoparticles. With an A260/A280 measurement of 
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1.972 and 1.963 respectively for CoFe2O4 magnetic nanoparticles and Ferra-Bind (Fe3O4), 

magnetic nanoparticles, and a DNA concentration of 180.35 ng/µL and 249.6 ng/µL, 

respectively, these magnetic nanoparticle types are very similar in nature. After reviewing the 

data for the Co magnetic nanoparticles, 2.036 A260/A280 ratio and 499.23 ng/µL DNA 

concentration, we can potentially contribute the similarity of results between the CoFe2O4 and 

the Ferra-Bind particles to the fact that these are ferromagnetic particles and farramagnetic 

particles respectively which are proven to interact with a similar behavior. Future experiments 

could be done on variations of Fe3O4 and Co compounds to determine if there is an ideal amount 

of Fe3 and Co that needs to be present in the magnetic nanoparticles to make them more efficient 

at reducing protein contamination and increasing DNA concentration. A ToxinSensor Gel Clot 

Endotoxin Assay was also performed on each of the magnetic nanoparticle metal type and all 

metals tested positive which means they had an endotoxin concentration (EU) per ml of solution 

that was greater than 0.25. These results facilitate the notion that the metal type of magnetic 

nanoparticles does not play a role in endotoxin reduction in a plasmid prep assay, but may play a 

role in DNA concentration yields.  

A third avenue explored during this internship, to address the possibility of decreasing 

endotoxin contamination by creating MNPs in a microwave in the presence of a ligand. Three 

different formulations were created, chitosan/acetic acid, humic acid, and citrate magnetic 

nanoparticles, with Ferra-Bind magnetic nanoparticles acting as the control. A maxi FlexPrep kit 

(larger DNA concentration yield due to larger volume) was performed and showed that the 

chitosan/acetic acid and humic acid magnetic nanoparticles had A260/A280 ratios similar to that of 

the Ferra-Bind magnetic nanoparticles at 1.821, 2.153 and 1.873 respectively, while the citrate 

magnetic nanoparticles had a much higher A260/A280  ratio at 3.56. The A260/A230 ratio was also 
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much lower for all microwave manufactured magnetic nanoparticles, with ratios at 0.882, 0.931, 

and 0.67 for chitosan/acetic acid, humic acid and citrate. These ratios were much lower than the 

Ferra-Bind control which was around 2.075, which could indicate some kind of salt or organic 

material contamination in the final plasmid extraction for the chitosan/acetic acid, humic acid 

and citrate magnetic nanoparticles. The overall DNA concentration obtained by the microwave 

manufactured magnetic nanoparticles was much lower than that of the Ferra-Bind magnetic 

nanoparticles. The DNA yield obtained by chitosan/acetic acid, humic acid, and citrate magnetic 

nanoparticles was 15.3 ng/µL, 31.65 ng/µL, and 14.95 ng/µL respectively. All of these 

concentrations were significantly lower than the Ferra-Bind control which was 353.4 ng/µL. The 

lower yield with the microwave manufactured magnetic nanoparticles may be due to varying 

particle size throughout each formulation which could cause inconsistencies in adsorption and 

magnetic abilities. By formulating the particles in a number of different ways and varying steps 

and amount of material added and at what time, particle size may be able to be controlled. With 

all of the data presented the humic acid magnetic nanoparticles seem to be the ones that had the 

most potential of extracting DNA with a low A260/A280 ratio, when compared to the other 

particles. By testing out different concentrations or varying methods on manufacturing magnetic 

nanoparticles in a microwave using humic acid, an alternative magnetic nanoparticle type could 

be discovered.  

Humic acid was used to alter the surface of the magnetic nanoparticles in order to provide 

a more colloidal environment during plasmid prep assays, which could increase magnetic 

nanoparticle interaction with molecules of interest such as DNA or endotoxin10. Five solutions 

containing different concentrations of humic acid: 0.02mmol/g, 0.09mmol/g, 0.16mmol/g, 

0.090mmol/g, and 1.80mmol/g were used to modify the surface of magnetite, Fe3O4. The results 
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taken from this experiment were all visual; the disbursement of the humic acid coated magnetite 

in water was noted over a period of 15 minutes. After the 15 minute time period three of the five 

concentrations (0.02mmol/g, 0.09mmol/g, and 0.16mmol/g) had a majority of magnetic 

nanoparticles still suspended in solution. These results provide some evidence that humic acid 

could be a surface modification that would aid in the colloidal ability of magnetite magnetic 

nanoparticles. As the ability of humic acid to adhere to the surface of magnetite is very pH 

dependent10, the next steps to be taken would be to assess the ability of humic acid to coat 

magnetite over a broad pH range (pH 3 to 10) and from there determine which pH values provide 

the humic acid coated magnetite particles with the best colloidal ability.  

 

Conclusion 
 

In summary the ligand Polyethylenimine (PEI) shows some promise of being a good 

polycationic ligand to extract endotoxin out of solutions. More work must be done to determine 

surface modification limits as well as an endotoxin gel colt assay to determine how effective PEI 

is at absorbing endotoxin out of solution. Metal type of the magnetic nanoparticles also seems to 

play a slight role in DNA yield, with Cobalt ferrite (CoFe2O4), and magnetite (Fe3O4) showing 

the most promise. More studies surrounding the nature of both particles as well as experimenting 

with different concentrations and derivatives would provide a definite solution to the ideal 

magnetic nanoparticle for achieving a high DNA yield. The manufacture of magnetic 

nanoparticles in a commercial microwave provided data that demonstrated the potential to create 

unique MNP specific to an individual assay. The data obtained proved that it is possible to 

formulate MNP in the laboratory in-expensively and the addition of specific particle coating 

material could become a groundbreaking concept. If this avenue were to be explored further 
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more research on particle size and effective coating with the ligands would be beneficial. Humic 

acid coated magnetic nanoparticles to improve colloidal ability showed some promise that could 

be pursued further. Since humic acids ionic properties tend to change over a broad pH range it 

would be ideal for further research to try coating MNP with humic acid over different pH ranges. 

Determining the ideal pH level to create the desired polyanionic charge would increase colloidal 

ability for these particles. Overall all four experiments present the ability to change the field of 

purified plasmid prep assays using magnetic nanoparticles. Combining aspects from all 

experiments would generate two different MNPs that when used together in an assay would 

increase plasmid specificity and decrease endotoxin contamination.  

 

An endotoxin specific particle could be created in a microwave in the presence of PEI coating 

the particle with the ligand. A plasmid specific magnetic nanoparticle could be created by 

coating cobalt ferrite in humic acid. Both particles could be used in a FlexPrep kit assay together 

to provide a truly pure plasmid solution that is ready for use in clinical and in vivo applications.   
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Part II: Biosafety and Environmental Health Program Implementation 
Related to Manufacturing and Research of Medical Diagnostic Systems 
Focusing on Biopsy-Based Cancer Tests and Reagents 
 

Abstract 
 Occupational and environmental health and safety are essential factors in the public 

health field. One’s occupation is the central activity for adults, a means to earn an income, and a 

center for the advancement of society. Safety in the workplace not only provides a secure 

environment for the employee, but it also reduces costs for the employer over time by 

diminishing work related injuries, illnesses and lost work time and production delays.  

Occupational health in turn plays a unique and important part in the environmental health as 

well. With improved health and safety in a workplace, workers are more conscience of how the 

hazardous material they dispose of affects themselves as well as their environmental 

surroundings. It is our duty as inhabitants of this planet, to protect our environmental surrounds. 

By understanding our ecological footprint contributed by daily work activities we can begin to 

improve our environmental health. In order to accomplish these goals health and safety programs 

specific to the occupation and local environmental concerns are necessary.  

 Ventana Medical Systems Inc, is a cancer diagnostics company that specializes in the 

development and manufacture of primary stain, special stain, Immunohistochemistry (IHC), and 

in situ hybridization (ISH) staining platforms and reagents. These reagents and platforms are 

used in hospitals, clinical labs, and research facilities all over the world to diagnose and 

determine the proper treatment for specific cancers. With such high stakes resting on the quality 

and production of reagents and staining platforms, employee health and safety is crucial to 

maintain production of reliable products to customers. In response the Safety, Health and 
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Environmental (SHE) department at Ventana is currently employing several different 

occupational and environmental health programs.  

Thus for my internship project I participated in compiling  waste profiles, performing 

laboratory audits/walk-throughs, assisting with waste water and storm water profiling, and 

participating in risk assessments by attending risk assessment meetings and providing feedback. 

By setting these improved programs into place, SHE at Ventana can ensure that employees 

become acclimated to safety and health guidelines. Ventana Medical Systems Inc., has already 

shown progress in reducing waste by recycling, and increasing productivity by reducing 

employee injury in incident prone work areas. These programs will allow employees to conduct 

their research and manufacturing in safer and healthier work environments, as well as ensure that 

the company maintains its goals of improving the impact of business on the environment.  
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Introduction 
 In the United States there were a recorded preliminary total of 4,679 fatal work related 

injuries recorded in 201426.  Of these 88 work-related deaths were reported in Arizona in 201419, 

which is a decrease of 9 percent from the previous year. Figures 1 and 2 represent the exposures 

of fatal injuries for Arizona in 2014, and the number of work related deaths associated with 

different industries. These figures give visual evidence of how workplace health and safety is not 

something that is solved, but managed and adapted from year to year and industry to industry to 

ensure minimal work place fatalities and non-fatal injuries occur.  

 

Figure 1:  Workplace fatal injuries by event or exposure in Arizona for 2014.  Values are presented as 
percentages of the type of event or exposure for the overall fatal injuries documented in Arizona in 2014.  
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Figure 2: Number of fatal work place injuries by occupation in Arizona for 2014.  The graph represents the 
total number of fatal injuries in occupations with the largest number of fatal injuries in Arizona in 2014, with the 
actual number of fatal injuries on top of each bar.  

 

 Every work related injury however does not always result in death. In 2014 there were a total of 

16,890 non-fatal work related injuries26 reported in Arizona alone. Of these 16,890 non-fatal 

work related injuries sprains, strains, and tears were the most common accounting for 6,130 

cases, and the least common being carpal tunnel syndrome and tendonitis accounting for 20 

cases each25. These numbers are prime examples of how occupational and environmental health 

and safety are important aspects to address in any workforce to protect employees from death 

and injury as well as environmental harm.  

 In 1996 a survey was conducted to determine how health and safety resources were being 

allocated in the biotechnology industry in order to understand concerns from the health and 

safety professionals in the industry. The survey results showed that all companies which 

responded had formal and written health and safety programs to address chemical hazards, 
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biohazards and physical agents14.  Although all companies had programs in place to address 

these three areas, many employees still expressed concerns regarding chemical hazards and 

biological hazards relating to allergenic and pathogenic microorganisms. The issues of 

organizational growth and contracts, and shifts in priorities was also expressed as an issue that 

could bring a variety of  potential decreases and/or increase for hazards in manufacturing and 

research and development areas. Although biotechnology industries are not ranked on the fatal 

work place injuries charts it is still a potential source of many non-fatal workplace injuries and 

increasing environmental health concern. Workplace health and safety is important to protect and 

improve the health of the worker. A safe work environment promotes moral, economic and 

overall well-being. Employers also benefit by experiencing lower workers’ compensation 

insurance premiums and higher productivity as a result of moral boosts8. 

 

Waste and Waste Water Management 

In the United States annual waste exceed, 115 billion tons with 80% of it being waste 

water, while only 2% of this waste is recycled22.  In 2007 waste emitted into the environment 

resulted in 40% of all United States waters becoming too polluted to support designated 

functions, to avoid these issues a waste management system must be put into place.  A successful 

waste management system can be very complex as there are many moving parts which must 

work together to complete a central goal. A few factors that must be considered when developing 

a waste management and/or a waste-water management system are: the manufacturing process of 

the waste, the waste profile, transport systems, land use patterns, growth and development, and 

public health considerations22.  One major component of this system is considering waste 

treatment options that are environmentally practical, as-well-as practical for the business of 
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operation. Waste-water contamination and the impact of such contamination are key players in 

the designated treatment options. Contamination can happen at point sources, such as chemical 

spills, and non-point sources, such as air and storm water runoff 5.  Waste-water can be treated in 

a variety of ways depending on the end use for the treated water; some forms of water treatment 

include chlorination, ultraviolet disinfection, chemical additions, and biosolids5. These systems 

are important aspects of waste management that will allow a growing company or organization 

to stay compliant with environmental regulations as well as maintain a healthy work place for 

employees. 

 

 Eco-balance 

The SHE goals for Ventana’s parent company, the Roche group, include a term known as 

Eco-balance. Eco-balance is used to refer to the consumption of resources and the subsequent 

pollution caused by business activities. Each Roche site, must participate in evaluating eco-

balance points in order to assess an overall company alignment with the SHE goals of reducing 

environmental risks and negative impact on the environment. Some eco-factors, which are 

depicted in Figure 3, that contribute to the eco-balance of a company are, carbon dioxide 

emissions, landfill waste, energy consumption, and refrigerant gas emissions. In order to track 

how much eco-balance is being acquired by a specific site, points are allocated. These points are 

known as environmental impact points. The environmental impact points are calculated per 

employee and the environmental impact depends on whether things are originated or renewable 

(sustainable), or if they are non-renewable sources. A ratio made up of geogenic and 

anthropogenic flow of material is used to help determine factors. Geogenic refers to 

contamination that is generated by normal earth processes, such as erosion of rocks releasing 
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metals into water streams; anthropogenic refers to contamination that is due to a human made 

process, such as car exhaust fumes releasing carbon monoxide into the air9.  Landfill waste is 

also weighted differently depending on the nature of the waste, such as degradable or inert.  

By tracking these points the site can work to reduce its ecological footprint and thus 

contribute to improving overall global health9. Energy conservation, and waste minimization 

programs reducing waste to landfills are just a few ways any company can begin reducing their 

impact on the environment.    

 

Figure 3: Overview of Roche eco-balance factors.  Depiction of the many different eco factors that contribute to a 
Roche site’s eco-balance. There are eco-factors that lead up to receiving materials such as energy, and fossil fuels 
used to make materials, along with the air emissions that come from transport and manufacture. Once the site 
receives materials more eco-factors are present during the everyday business activities.  
 
 
 
 Ventana Medical Systems Inc.  

Ventana Medical Systems Inc., was founded in 1985 by Dr. Thomas Gorgan.  The idea of 

the company was to pioneer the automation and standardization of tissue biopsy testing. A faster 

delivery method for results and patient care was needed.  Automation of tissue biopsy testing 
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research of the chemistry of cancer biopsies was explored. This brought about tissue-based 

assays that would allow physicians to personalize diagnosis and treatment for patients afflicted 

with cancer. In 2008 Ventana was acquired by the Roche group, one of the world’s leading 

companies in biotechnology, diagnostics and pharmaceuticals. Since Roche is a major figure 

among biotechnology, diagnostic and pharmaceutical industries, it has corporate rules and 

regulations which all of its affiliated companies must adopt. Since its acquisition Ventana has 

continued to grow as a company which has started the process of cooperate compliance in many 

departments, one of which is the Safety, Health and Environmental (SHE) department.  

Today Ventana employs over 1,200 full time employees and manufactures over 220 types 

of cancer test kits on site, along with continual research and development on cancer research, 

personalized health care and translational diagnostics. With so many employees, and onsite 

manufacturing and research, Ventana Medical Systems Inc., is a prime example of a company 

that needs a stable SHE department. With each unique area of the company the approach and 

objectives of Ventana’s SHE department must be tailored to fit the needs of the employee. My 

goal for this internship project was to understand how occupational health and safety and 

environmental health programs were put together in a large biotechnology company. The 

programs that the Ventana SHE department addressed were waste profiling, laboratory 

audits/walk-throughs, waste water and storm water profiling, and risk assessments. By 

participating in improving these programs I was given the opportunity to understand the process 

of occupational health and safety and environmental health program importance and 

implementation in a large biotechnology company. Addressing these areas employee and 

environmental health and safety can be maintained which will also increase productivity and 
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reduce the negative impact that business production can have on the environment, while ensuring 

Ventana stays compliant with the Roche group.  

 

Methods 
 

Waste Profiling – Addressing environmental health 

To determine the waste profile generated by the manufacture of cancer diagnostic 

reagents at Ventana Medical Systems Inc., a determination of the type of waste generated and a 

characterization of hazardous or non-hazardous waste was performed. I compiled a list of 600 

products, including individual kit components, large bottle or bulk reagents, and special stains 

produced at Ventana Medical Systems Inc. Products were categorized by type (probes, 

antibodies, detection kits, special stain kits, primary stain reagents, bulk reagents, etc.) to aid in 

determining waste generation rate as well as organization of data. For each product a 

Manufacturing Formula (MF) was obtained from an internal document reserve (Agile) to gather 

information on individual chemicals used to formulate each specific reagent. A Safety Data 

Sheet (SDS) was also acquired for each reagent through the Global Repository of Information 

about Products and Services (GRIPS). Once all MF and SDS documents were obtained for each 

product, products were then reviewed to determine its potential to be a hazardous waste using 

four key characteristics of hazardous waste: Toxicity, Reactivity, Ignitability and Corrosivity 

(TRIC). If a reagent expressed any level of activity in any of the TRIC categories it was 

determined to be a hazardous waste. Classification for each category was determined by the 

following: the MF was reviewed to determine if any formulation chemicals were listed on the 

EPA Toxicity Characteristics list that exceeded the maximum concentration. The SDS was 

reviewed to determine ignitability which was defined as a product that has a flashpoint less than 
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140 ⁰F. The SDS was reviewed to determine corrosivity, which was defined as a product with a 

pH that is less than 2 or greater than 12.5, and the SDS was reviewed to determine reactivity, 

which was defined as a product that is explosive under normal conditions or is unstable under 

normal conditions. Example of this database can be found in Appendix 1.1. 

 

Laboratory Walk-Through/Audit – Addressing occupational health and safety 

Laboratory walk-throughs were performed to assess exposure, health hazards, safety 

hazards and site-wide compliance of good laboratory practices. I assisted in an initial biosafety 

walk through of all labs claiming biosafety level 2 (BSL 2). Labs were assessed to determine 

current BSL standing depending on the type of work performed in the lab and what kind of 

materials were being handled in the lab setting. A claim of BSL2 was valid if the material being 

worked with in the lab consisted of unfixed tissue, and human blood, either of which could have 

the potential of causing mild non fatal illness. Signage for the laboratory door was updated to 

reflect current BLS 2 labs. A self-audit sheet was assembled and delivered to employees to 

assess Personal Protective Equipment (PPE), chemical storage, flammable storage, chemical 

segregation, benchtop chemical work, biohazard work, PPE signage, and chemical fume hood 

usage (example of a walkthrough/BSL2 audit checklist sheet and flammable cabinet check sheet 

can be found at Appendix 1.2). I assisted in filling out a check-list for each lab to address site-

wide compliance with good laboratory practices as well as assess any possible chemical or 

biohazard exposures. Laboratory walk-through findings were reviewed and filled by the SHE 

representative and results complied and communicated to laboratory owners/managers by the 

SHE representative.  
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Waste-Water and Storm Water – Addressing environmental health 

Waste-water 

Waste-water was sampled from two waste water sites in the manufacturing area of 

Ventana Medical Systems Inc. Samples were collected by filling glass bottles (supplied by a 

third party analytical vendor, bottles specific for the analytical testing needed for each waste 

stream) with waste-water from the designated waste streams. After a completion of reagent 

formulation a cleaning process was run and waste-water from the process was sampled. Water 

was sampled from a large waste-water reservoir and analyzed based on parameters set in place 

for the specific locations of the waste-water collection sites. I assisted in visual assessment and 

initial pH readings, the samples collected were then sent to a third party vendor for further 

analytical analysis.  

 

Storm Water 

Although there is no EPA requirement to analyze or collect storm water data, in the state of 

Arizona there are requirements for  visual inspection of storm water run-off from both industrial 

and manufacturing facilities after a rain event.  Because Ventana is considered a manufacturing 

facility as well as biotech because they manufacture reagents and instruments on site, storm 

water is inspected. Storm water was sampled by collecting rain water run off at water drainage 

sites around the Ventana Medical Systems Inc. campus. Storm water stations were created by 

placing a collection bottle inside a Polyvinyl Chloride (PVC) pipe, a string was attached to the 

bottle to prevent the bottle from floating away under extreme water drainage conditions. A filter 

was also attached to the mouth of the bottle to eliminate debris from entering the collection 

bottle. Storm water stations were placed throughout campus.  Stations were checked after rain 
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events to assess storm water contaminants. Samples were checked for discoloration, obvious 

odors and oily sheen. Results were noted by the SHE representative and reviewed in regards to 

the area of collection. If deemed necessary by the SHE representative samples could be sent for 

further analytical analysis if contamination were suspected.  

 

Risk Assessment – Addressing occupational and environmental health and safety 

I attended on-going meetings designed to assess initial risks associated with specific areas 

of Ventana Medical Systems. These risk assessment meetings were held to comply with Safety, 

Health and Environmental (SHE) directives, specifically K9 directives.. These risk assessment 

discussions were performed to determine any occupational/environmental health risks across all 

areas of the company. Areas within the company, such as: development, manufacturing, 

cafeteria, parking lots, document retention, IT, Facilities, Electrical, Environmental, and 

Neighboring businesses were listed on a spreadsheet and each area or scope of the company was 

assessed for their degree of occupational/environmental risk, and given a rating based on worst 

case scenario for that  risk. As a group SHE representatives and I provided ratings which were 

categorized by a level 0 (low to no risk) or 1, 2, 3 and 4(high risk) over a number of categories 

(such as business liability, employee safety, environmental health, production loss, etc.) for each 

area or scope of the company. Each area or scope was tallied and scores given to each, the score 

given determined the severity of such a risk to each area or scope. The ranking given to each area 

was used to determine K9 goals for the next year.    
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Results 
 

The results presented in this section were collected between 2014, 2015, and early 2016, which is 

before this internship began, thus the results presented do not directly reflect the improved 

programs mentioned in the methods. The majority of data presented is retrospective and provided 

by Ventana Medical Systems. These results are provided to give an understanding of the kinds of 

trends that are analyzed by these programs and to give in insight into the goals that are to be 

accomplished by these improved programs as well as how the company has progressed toward 

these goals before the improved programs.  

Employee Health and Safety 

 The safety and health of Ventana employees is vital to a productive work environment 

and with the implementation of programs such as Risk Assessments and Laboratory Walk-

Throughs and waste water and waste management programs, points of concern are identified. 

Figure 4 demonstrates a 2016 year to date of injury rates, including time lost and the number of 

recordable OSHA injuries. Figure 5 represents how many injuries for 2016 year to date are seen 

in specific departments of the company The OSHA Recordable Rate is calculated by the number 

of OSHA recordable injury cases multiplied by 200,000 working hours than that number is 

divided by the number of labor hours at the company. The Roche Accident Rate (RAR) is 

calculated by the number of lost working days per employee. The Roche illness rate (RIR) is 

calculated by the number of lost days multiplied by 1,800, than that number is divided by the 

total hours worked. 1,800 represents the average working hours of a man year. The Roche Lost 

Time Accident Rate (LTAR) is calculated by the number of accidents per 200,000 working 

hours.  Bolded numbers indicate values that are within the acceptable range. Italicized numbers 

are outside of the acceptable goal range. 
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Figure 4: Table depicts the number of hours for 2016 year to date of OSHA recordable accidents and 
injuries. Data acquired from Ventana Medical Systems Inc. Recordable hours, OSHA recordable injuries, the 
rate at which the recordable are accumulated as well as the accident and illness goals for the year. The number of 
lost time cases and lost time rate as well as the lost time goal are also presented . Accident rate is calculated as lost 
working days per employee, lost time rate is calculated as number of occupational illness per 200,000 working 
hours. Lost time rate is calculated as number of accidents per 200,000 working hours.  
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Figure 5: Number of injures per department for 2016 year to date. Data acquired from Ventana Medical 
Systems Inc. Based upon self-reported injuries. 

 

Data to demonstrate the types of injuries and cause of these injuries for Product manufacturing 

and Development, which accumulated the most injuries as show in Figure 5, is depicted in 

Figure 6, and Figure 7.  In Figure 6, sprain/strain was the highest injury type for Product 

Development at 50%, Contusions were the highest injury type for Product Manufacturing at 

25%. In Figure 7, the highest cause of injuries for both Product Development and Product 

Manufacturing are tools, instruments and objects with 40% for Product Development and 45% 

for Product Manufacturing. 
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Figure 6: Injury type percentage by department. Data acquired from Ventana Medical Systems Inc.Injuries 
shown for the departments of product development and product manufacturing for 2016 year to date. Injuries are 
expressed by type in percentage.  

 

Figure 7: Cause of injury percentage by department. Data acquired from Ventana Medical Systems Inc. 
Causes of injuries are shown as a percentage for the departments of product development and product manufacturing 
for 2016 year to date.  
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Safety and Environmental trends were also recorded from 2014 to May 2016. Figure 8 shows the 

employee safety in regards to OSHA recordable injuries, accident rates, time lost, illness rates 

and occupation illness rates. The site goal ratios are listed below the rate type descriptions and 

the actual ratio per year is depicted in the table. Figure 9 shows environmental issues such as 

reduce waste to landfill, improving recycling or reuse of solid waste, and improving eco balance. 

The site goals are listed below the descriptions of the rate type, all rate types are set to improve a 

certain percentage by 2020, and a certain percentage annually.  

 

 

Figure 8: Ventana employee safety trends calculated in rates, from 2014 to May 2016.  The green background 
means that the value depicted is within the acceptable range, yellow background indicates values that are borderline, 
and red background indicates values that are outside of the acceptable or goal range. 
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Figure 9: Environmental issues relating to Ventana between 2014 and 2015.  All values are expressed as rates 
(ratios), percentage and eco balance numbers. The green background means that the value depicted is within the 
acceptable range, yellow background indicates values that are borderline, and red background indicates values that 
are outside of the acceptable or goal range.   
 

 

Discussion 
 Ventana Medical Systems Inc.’s Safety, Health and Environmental (SHE) department has 

begun to take a very active part in employee and environmental health and safety. Programs such 

as waste profiling, laboratory audits/walk-throughs, waste water and storm water profiling, and 

risk assessment, are all key factors in addressing the overall eco-balance of the company by 

monitoring ecological footprint, and reducing non-fatal work place injuries, illness and lost time.  

These programs will assist in reducing waste production 28, creating a sustainable waste 

management program 22, addressing and improving employee health and safety concerns14, and 

reducing non-fatal work place injuries26. Since Ventana is a relatively new company to comply 
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with Roche cooperate regulations, many of the programs will have to be monitored over a period 

of years as it continues to grow, to determine effectiveness and improve upon current processes. 

All results presented are retrospective meaning the data provided (data from the 2015 and 2014, 

and early 2016) have not been influenced by current programs and data was not gathered during 

the course of this internship. The results presented were collected between 2014, 2015, and early 

2016, which is before this internship began, thus the results presented do not reflect the improved 

programs mentioned in the methods. The data presented is retrospective and provided by 

Ventana Medical Systems.  Continuous company growth over time will become an important 

factor as well as SHE program establishment and employee education of SHE goals over time. 

These factors could play a role in statistic rates and number, but overall there has been a small 

decrease in accidents and injuries since 2014 and a decrease in waste to landfill between 2014 

and 2015.  Accident and injury incidents and eco-balance ecological impact points are now being 

tracked with the designated programs presented in this internship, and with these programs in 

place overtime their effectiveness will be able to be fully evaluated. By monitoring from 2016 

on, a representative data set the results will be obtained regarding the programs put into place 

during the duration of this internship. A review of the data in two to three years would be 

representative of the effectiveness of these programs.  

 
Conclusion 
 In summary, productive and environmentally responsible organizations begin with a solid 

foundation; this is done by establishing sound programs and systems. As shown by Ventana 

Medical Systems Inc., programs such as waste and waste-water management, laboratory walk-

throughs, risk assessments and lab audits will facilitate the reduction of waste and environmental 

impact, as well as reduce employee injury and ultimately time lost due to injury. Since the 
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programs presented during this internship are newly improved at Ventana Medical Systems Inc., 

it is not possible at the current time to provide a consensus of overall effectiveness and value of 

the improved programs. Further data will be gathered by tracking progress  over a period of 

years to show any positive or negative trends regarding programs improved during this 

internship and any programs which may need further improvement or adaptation in the future.  



55 
 

Appendix 
 

Appendix 1.1 

Hazardous Waste Profile Spreadsheet Example 
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EPA Toxicity Example  
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Appendix 1.2  

Walk-through/BSL2 Audit Checklist 
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Flammable cabinet checklist 
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