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The goal of this project is to 

examine the toxicity of fine 

particulate matter generated 

during prescribed burns of the 

Coconino National Forest in 

northern Arizona. 

Like cigarette smoke, particles 

in wood smoke contain 

compounds such as polycyclic 

aromatic hydrocarbons (PAHs), 

many of which are known 

carcinogens and mutagens.   

To date, most studies have 

focused on the toxicity of 

cigarette smoke or of urban 

particulate. This work represents 

one of the first efforts to examine 

the toxicity of fine particulate 

generated during prescribed fire. 
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PROJECT INTRODUCTION 

 

The fire-suppression policies of the past century have left national forests in an unhealthy state 

characterized by dense undergrowth and heavy fuel loads. Such conditions have increased the 

likelihood of catastrophic wildfire. To reduce this threat, federal, tribal, and state land managers 

have agreed to increase their use of prescribed (or intentional) fire to restore wildland ecosystems 

to their pre-1900 condition. Along with the benefits of prescribed fire, however, are risks 

associated with fire-generated pollutants. Foremost among these is an expected increase in fine 

particulate matter or PM2.5, airborne particles with aerodynamic diameters 2.5 m. Such 

particles are small enough to reach the alveoli in the lungs and have been linked to pulmonary 

disease, morbidity, and even death.  

 

The health effects of PM2.5 are related to both size and composition. Combustion sources of 

PM2.5 (including, for example, cigarette smoke, vehicle exhaust, and residential wood burning), 

have been shown to contain polycyclic aromatic hydrocarbons (PAHs), species known for their 

mutagenic and carcinogenic effects. Correspondingly, mutagenicity tests of combustion-

generated PM2.5 (e.g., PM2.5 in cigarette smoke, diesel exhaust, and wood smoke from residential 

wood burning) are consistently positive. The mutagenicity of wood smoke from prescribed fire, 

however, has received far less attention. Prescribed fire is different in several ways from 

residential wood burning. Most notably, prescribed fire consumes primarily pine needles and 

small diameter branches, not logs. Logs are more resinous than needles, and this resin content 

may result in higher PAH production and mutagenicity. Moreover, prescribed fires are low-

intensity burns with both smoldering and flaming stages; smoldering favors PAH production, 

whereas flaming favors more complete combustion into volatile organics, carbon dioxide, and 

water. Because of these differences, it is important to examine the mutagenicity of wood smoke 

from prescribed fire, and compare it to previous values for residential wood burning and urban 

particulate.  

 

Statement of Purpose. The goal of this canned research project is to analyze the cytotoxicity 

and mutagencity of PM2.5 generated during prescribed fires of the Coconino National Forest near 

Flagstaff, AZ. The Coconino National Forest is the largest contiguous ponderosa pine forest in 

North America and is scheduled for intensive restoration efforts through prescribed fire in the 

next decade. Few studies exist on the toxicity of wood smoke from prescribed fire, and this is 

one of the first to analyze wood smoke during prescribed burns of the Coconino National Forest.  

 

Method Overview. In this project, you will test the toxicity and mutagenicity of PM2.5 collected 

during prescribed fires of the Coconino National Forest. PM2.5 will be extracted into an organic 

solvent (dichloromethane), concentrated to 1 mL, and solvent exchanged into dimethylsulfoxide 

(DMSO). Dose-response curves using Chinese hamster ovary (CHO) cells will be used to 

evaluate the toxicity of the extract. Surviving cells will be further tested for mutagenicity using 

the HPRT forward assay.  
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METHODS 

Part 1: Previous Work 

 

Research projects are long term and typically involve many different investigators over several 

semesters or years. Your "canned" research project is no exception, and you will be joining the 

project midstream. Previous members of your group have already completed the following: 

 collected the PM2.5 samples and field blanks during three prescribed fires (ignition/ 

flaming and smoldering stages) with the PM2.5 monitor 

 extracted the organic fractions of the particulate with dichloromethane (DCM); this 

fraction is called the extractable organic content (EOC) 

 concentrated the EOC to 1 mL in DCM 

 determined the EOC mass in each PM2.5 sample 

 solvent exchanged DCM with 1 mL dimethylsulfoxide (DMSO) (DCM is toxic to cells) 

 stored the 1 mL solvent-exchanged extract in a 4 mL amber glass vial at -20 °C  

 analyzed the field blanks and lab blanks that were collected at each fire event and 

determined that there was no evidence of contamination 

 

Thankfully, these group members wrote a Methods section describing their work before they left 

(Excerpt 1). Additional information is included in their lab notebook (Excerpt 2). Read and 

analyze these excerpts to better understand the previous work and to guide you in writing your 

own Methods section.  

  

 

Excerpt 1 (describing prior work)  

Materials and Methods 

 Prescribed Burns. PM2.5 was collected during three prescribed burns conducted 

by the Peaks Ranger District of the Coconino National Forest Service in October 2007. 

The prescribed burns took place on three adjacent sites (A–C) of the A1-Mountain region 

of the Coconino National Forest, a predominantly ponderosa pine (Pinus ponderosa) 

forest near Flagstaff, AZ. All fires were broadcast burns and consumed ~100 acres of 

downed woody material, litter (dead-brown pine needles), and duff (decomposing litter). 

Each prescribed burn was sampled during two fire events, ignition/flaming (day 1) and 

smoldering (day 2).  

 PM2.5 Collection. During each fire event, ambient air was sampled using a 

battery-operated PM2.5 chemical speciation monitor equipped with a sharp-cut cyclone to 

remove particles with aerodynamic diameters >2.5 µm (MetOne SuperSASS, Grants Pass, 

Oregon). Typical flow rates were 6.5 lpm. Sampling times were 2 h. All samples were 

collected on Teflon filters (47 mm), which had been preconditioned in a control chamber 

(24 h, 20–25 ºC, and 30–40% relative humidity) and preweighed (Mettler XS105 

analytical balance, ±0.02 mg) for particulate mass analysis. One field blank and one lab 

blank were analyzed for each fire event. No evidence of contamination was observed.  

 Extraction and Concentration. Teflon filters were extracted in dichloromethane 

(DCM) using a Soxhlet apparatus (24 h) and concentrated to 1 mL in a Kuderna–Danish 

concentrator according to EPA Method 3540C. The extractable organic content (EOC) 

was solvent exchanged into 1 mL DMSO. The EOC (weighed using microbalance 
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techniques) accounted for 90–92% of the total particulate mass. The extracts were 

transferred to a 4 mL amber glass vial and stored at -20 C until analyzed. 

 

 

 

Excerpt 2 (summarizing PM2.5 filter data) 

October 30, 2007 

Concentrations of PM2.5 and EOC (mg/mL DMSO) from three prescribed fires 

during ignition/flaming (day 1) and smoldering (day 2). Field and lab 

blanks were below detection limits (<0.01 mg/mL). Error bars are estimated 

to be ±15%. 

 

Sample 

No. 

 

 

Fire(Area) 

 

 

Date 

 

 

Event 

 

PM2.5 conc. 

(mg/mL) 

 

EOC conc.  

(mg/mL)  

S1_IG/F 

S1_SM 

 

S2_IG/F 

S2_SM 

 

S3_IG/F 

S3_SM 

Rx1(A) 

Rx1(A) 

 

Rx2(B) 

Rx2(B) 

 

Rx3(C) 

Rx3(C) 

10/13/07 

10/14/07 

 

10/22/07 

10/23/07 

 

10/27/07 

10/28/07 

Ignit/flaming 

Smoldering 

 

Ignit/flaming 

Smoldering 

 

Ignit/flaming 

Smoldering 

2.11  

1.64 

 

2.42 

1.59 

 

3.23 

1.60 

1.81  

1.39  

 

2.20  

1.46  

 

2.90  

1.42  

      
 

 

 

 Before continuing . . . 

 

Strengthen your understanding of your work thus far by doing the following: 

 Reread Excerpts 1 and 2. Be sure that you understand the difference between PM2.5 and 

EOC, the results of the field blank measurements, and the units used to report EOC 

concentrations.  

 Consider collaboration. This canned research project addresses the toxicity of wood 

smoke particulate. A separate canned research project (Polycyclic Aromatic 

Hydrocarbons in Wood Smoke from Prescribed Fire) addresses PAH content in wood 

smoke particulate from the same three fires. Because PAHs may contribute to toxicity, 

you might want to collaborate with classmates who have selected the PAH project, or 

ask your instructor for information about this corresponding study.  

 

  



Page 5 of 14 

Part 2: Your Work 

 

The methods for your canned research project are described below. Note the change in format 

from Excerpt 1. Excerpt 1 is written as it might appear in a journal article. The methods below 

are written more like a “to do” list, as they might appear in a lab manual or lab notebook. As you 

write your paper, you must rewrite these methods for a journal article and an expert audience.  

 

Your work begins after the extractable organic content (EOC) in the PM2.5 has been concentrated 

into 1 mL of DMSO (see Excerpts 1 and 2). Your work involves three steps. In Step 1, you 

prepare various solutions, including positive and negative controls. In Step 2, you test for EOC 

cytotoxicity (i.e., you determine what fraction of CHO cells die due to EOC exposure). In Step 3, 

you test for EOC mutagenicity (i.e., you determine what fraction of CHO cells mutate because of 

EOC exposure).  

 

Step 1: Prepare Solutions 

1.1. Prepare modified -MEM 

Chemicals  

 minimum essential medium alpha modification ( -MEM) with 2.0 mM L-glutamine 

(Sigma-Aldrich) 

 penicillin-streptomycin (for use in cell culture media at 20 mL/L) (Sigma-Aldrich) 

 fetal bovine serum (FBS) (Hyclone, Logan, UT) 

 nanopure water (in house) 

 

Background/Procedure 

 -MEM is the cell culture medium (i.e., the liquid in which the cells are grown). You 

will prepare a 1:100 dilution (1% solution) of -MEM. The 1% solution will be fortified 

with 0.02 mM L-glutamine, 2% penicillin-streptomycin (v/v), and 5% FBS (v/v).  

 The medium is prepared as follows: to a sterilized 1 L volumetric flask add 20 mL 

penicillin/streptomycin, 5 mL FBS, 10 mL -MEM, and fill to the mark with 1 L with 

nanopure water. Filter media with sterile syringe. Store at 4 °C for up to 2 weeks.  

 

1.2. Prepare PBS solution  

Chemicals  

 phosphate buffered saline (PBS) solution 

 nanopure water 

 

Background/Procedure 

 PBS is used to rinse the cells. You will prepare a 1:10 dilution (10% solution) of PBS. 

 The solution is prepared as follows: to a sterilized 1 L volumetric flask add 100 mL PBS, 

and fill to the mark with nanopure water.  

 

1.3. Prepare trypsin EDTA 

 Chemicals 

 trypsin ethylene diamine tetraacetic acid (EDTA) 10x (Sigma-Aldrich) 

 10% PBS solution (from above) 
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Background/Procedure 

 Trypsin EDTA is used to dislodge cells from the sides of the flask or 

culture dishes. You will prepare a 1:10 dilution of trypsin EDTA 10x. 

 The solution is prepared as follows: to a sterilized 10 mL volumetric flask, 

add 1 mL trypsin EDTA 10x. Fill to the mark with 10% PBS.  Store at -20 

°C.  

 

1.4. Prepare positive and negative controls 

Chemicals 

 dimethylsulfoxide (DMSO, ACS certified, Fisher Scientific) 

 potassium chromate (K2CrO4) (MW 194.02) (Fisher Scientific) 

 nanopure water 

 

Background/Procedure 

 Pure DMSO will be used as the negative control. K2CrO4 will be used as 

the positive control. K2CrO4 dissociates in water to give Cr
6+

, which is both 

cytotoxic and mutagenic to CHO cells.  

 The 0.003 M solution of K2CrO4 is prepared as follows: weigh out 0.5826 g 

(0.003 mol), dissolve in 1 liter nanopure water.  

 

1.5. Other Reagents  

 crystal violet (for staining cells) 

 70% ethanol (as solvent) 

 6- thioguanine (6-TG, Sigma-Aldrich). Use as received. (6-TG is used to test for 

mutagenicity as described below) 

 

1.6. Equipment/supplies 

 particle counter (Beckman Coulter, Miami, FL) 

 cell culture dishes: 60  15 mm for 5 mL suspensions and 100  15 mm for 10 mL 

suspensions) (VWR) 

 5% CO2/air incubator (Bacharach Co., Pittsburgh, PA) 

 centrifuge 

 micropipettes, disposable tips (1–100 L) 

 

Step 2: Test EOC Cytotoxicity  

You will use the AA8 strain of Chinese hamster ovary (CHO) cells suspended in DMSO 

(purchased from American Type Culture Collection, Manassas, VA). Strain AA8 is the 

parental (normal) cell line. The cells are received in cryovials and are stored in liquid 

nitrogen until ready for use.  

 

2.1. Prepare cell culture of CHO AA8  

Remove cryovial containing desired CHO cell line from liquid nitrogen. Thaw in a 37 °C 

water bath. When thawed, wipe down vial with 70% ethanol (to sterilize) and place in culture 

hood. Place the cells in a 75 mL flask containing 50 mL of the modified -MEM solution. 

Centrifuge and resuspend cell pellet in fresh media three times to remove DMSO (cell 
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storage solution). Incubate the cells at 37 °C in 5% CO2 for 72 h. (This preconditions the 

cells for the culture method.) 

 

2.2. Harvest and subculture cells 

After 72 h, remove flask from incubator and place in culture hood. Rinse cells with 10% 

PBS. Use 1:10 diluted trypsin EDTA 10x to dislodge cells from sides of flask (this ensures 

that you don’t lose any cells during transfer). After 3 min, place cell suspension in a 

centrifuge tube containing fresh -MEM. Centrifuge and remove supernatant liquid. 

Resuspend cell pellet in fresh -MEM. This process is called “harvesting” the cells. Obtain a 

cell count using the Coulter counter. Maintain cells at 37 °C in 5% CO2 incubator for 72 h. 

This step allows the cells to reproduce so you have larger cell counts to begin the experiment.  

 

2.3. Seed plates 

After 72 h, harvest the cells as described above (step 2). Obtain a new cell count using a 

Coulter counter (you should have many more cells than you did in Step 2, because they’ve 

had additional time to reproduce). Use cell count to determine the volume of suspension 

needed to seed 8.0 × 10
6
 cells per 60 mm culture dish. (For example, if you had 2 × 10

5 

cells/μL, you would add 40 μL of suspension to each dish.) Add -MEM as needed, so that 

the total volume in each dish is 5 mL. Seed at least 126 dishes (to be cautious, you may want 

to seed a few extras). Incubate seeded dishes at 37 °C in 5% CO2 for 24 h. 

 

2.4. Treat cells with EOC, negative control, and positive control 

After 24 h, remove the seeded dishes from the incubator and place in a culture hood. Each 

dish is treated (“dosed”) with the EOC from the PM2.5. As shown below, dishes (each 

containing 5 mL -MEM) are treated with 5 different doses of EOC (0, 10, 25, 50, and 100 

L), a negative control (50 L pure DMSO), and a positive control (50 L of 0.003 M 

K2CrO4 per 5 mL dish, resulting in a 30 M dose). All doses are repeated in triplicate.  

 

Note: Hannigan et al. (1994) used a smaller dish size (0.1 mL compared to your 5 mL) and 

hence correspondingly smaller EOC volumes and masses. To compare your values to theirs, 

divide your volumes or masses by 50 (e.g., 18.1 µg in a 5 mL dish equals 0.36 µg in a 0.1 mL 

dish). Hannigan et al. (1994) also report results with and without PMS activation. Because you 

test toxicity without activation, compare your results to their “–PMS” (not “+PMS”) data.
 

 

PM2.5 from Rx1 Ignition/Flaming: [EOC] = 1.81 mg/mL = 1.81 g/ L  

 EOC vol EOC mass  

Dishes (µL) ( g in 5 mL susp.)  

1–3 0 0 (untreated) 

4–6  10 18.1 

7–9 25 45.3 

10–12 50 90.5 

13–15 100 181.0 

16–18 (neg. control) = 50 L pure DMSO added to 5 mL susp. 

19–21 (pos. control) = 50 L K2CrO4 (0.003 M) added to 5 mL susp. (30 M) 
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PM2.5 from Rx1 Smoldering: [EOC] = 1.39 mg/mL = 1.39 g/ L  

 EOC vol EOC mass  

Dishes ( L) ( g in 5 mL susp.)  

22–24 0 0 (untreated)  

25–27 10 13.9  

28–30 25 34.8  

31–33 50 69.5  

34–36 100 139.0  

37–39 (neg. control) = 50 L dose of pure DMSO in 5 mL susp. 

40–42 (pos. control) = 50 L K2CrO4 (0.003 M) added to 5 mL susp. (30 M)  

 

 

PM2.5 from Rx2 Ignition/Flaming: [EOC] = 2.20 mg/mL = 2.20 g/ L  

 EOC vol EOC mass 

Dishes ( L) ( g in 5 mL susp.) 

43–45 0 0 (untreated)  

46–48 10 22.0 

49–51 25 55.0 

52–54 50 110.0 

55–57 100 220.0 

58–60 (neg. control) = 50 L dose of pure DMSO in 5 mL susp. 

61–63 (pos. control) = 50 L K2CrO4 (0.003 M) added to 5 mL susp. (30 M)  

 

PM2.5 from Rx2 Smoldering: [EOC] = 1.46 mg/mL = 1.46 g/ L  

 EOC vol EOC mass 

Dishes ( L) ( g in 5 mL susp.) 

64–66 0 0 (untreated) 

67–69 10 14.6 

70–72 25 36.5 

73–75 50 73.0 

76–78 100 146.0 

79–81 (neg. control) = 50 L dose of pure DMSO in 5 mL susp. 

82–84 (pos. control) = 50 L K2CrO4 (0.003 M) added to 5 mL susp. (30 M).  

 

PM2.5 from Rx3 Ignition/Flaming: [EOC] = 2.90 mg/mL = 2.90 g/ L  

 EOC vol EOC mass 

Dishes ( L) ( g in 5 mL susp.) 

85–87 0 0 (untreated)  

88–90 10 29.0 

91–93 25 72.5 

94–96 50 145.0 

97–99 100 290.0 

100–102 (neg. control) = 50 L dose of pure DMSO in 5 mL susp. 

103–105 (pos. control) = 50 L K2CrO4 (0.003 M) added to 5 mL susp. (30 M).  
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PM2.5 from Rx3 Smoldering: [EOC] = 1.42 mg/mL = 1.42 g/ L  

 EOC vol EOC mass 

Dishes ( L) ( g in 5 mL susp.) 

106–108 0 0 (untreated) 

109–111 10 14.2 

112–114 25 35.5 

115–117 50 71.0 

118–120 100 142.0 

121–123 (neg. control) = 50 L dose of pure DMSO in 5 mL susp. 

124–126 (pos. control) = 50 L K2CrO4 (0.003 M) added to 5 mL susp. (30 M).  

 

 

2.5. Determine 24-h cell counts 

Incubate treated cells for 24 h, harvest as described in steps 2 and 3, and obtain a new cell 

count for each dish. Use these data to create a dose response curve for your paper. 

 

 

 Before continuing . . . 

 

Strengthen your understanding of your work thus far by doing the following: 

 Check that you understand the following terms and why they are important in your project: 

positive control in vivo/in vitro 

negative control CHO cells 

dose-response curve harvesting 

 

 Using keywords (e.g., CHO cells, trypsin EDTA, FBS), find journal articles that describe 

procedures similar to those above. Read the Methods sections of these articles to help you 

better understand these procedures and to examine ways in which they are described in the 

literature (e.g., consider what details are included or omitted, what subheadings are used, how 

concentrations are reported). 

 Consider how you will refer to the three fire events in your paper. Although “Rx1, Rx2, and 

Rx3” are OK to use in your notes, you should use more formal language in your paper.   

 Go to the “preparing a dose-response curve” step of the Data Analysis section (below) and 

analyze your cell culture data now. Check that there are no problems with the data before 

proceeding to the next step in the procedure.  

 

 

Step 3. Test EOC Mutagenicity (using the HPRT mutation assay) 

 

Background 

The cytotoxicity tests described above tell whether or not the organic extracts from the fire-

generated PM2,5 are toxic to cells. If cytotoxic, more treated cells will die than untreated cells. 
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Scientists also want to know if pollutants are mutagenic (cause gene mutations). One way to test 

mutagenicity is through the HPRT forward mutation assay. This assay is an in vitro mammalian 

cell gene mutation test. CHO cells have a gene which codes for the HRPT enzyme, an enzyme 

important in DNA synthesis. If the gene is normal (without mutation), 6-thioguanine (6-TG) will 

poison and kill the cells. If the gene is abnormal (with mutation), the cells can survive in the 

presence of 6-TG and form colonies. By using the HPRT assay, you can determine if the 

extracted organics mutate this gene. If they do mutate this gene, the cells will survive and 

colonize in the presence of 6-TG. If they do not mutate this gene, the cells will die when treated 

with 6-TG, and only a few naturally mutant cells will colonize. This assay is called a “forward” 

assay, because mutagenicity results in an increase in cell concentration.  

 

Procedure 

For simplicity, only the cells that were treated with the highest concentration of EOC (100 L), 

plus the untreated cells and the negative and positive controls, will be tested with the HPRT 

assay (see list below).  

 

Cell cultures that will undergo the HPRT assay 

 

 

Fire Event 

 

Untreated cells 

from dishes 

Treated cells 

(100 L dose) 

from dishes 

 

Negative controls 

from dishes 

 

Positive controls 

from dishes 

Rx1 IG/FL 

Rx1 SM 

Rx2 IG/FL 

Rx2 SM 

Rx3 IG/FL 

Rx3 SM 

1–3 

22–24 

43–45 

64–66 

85–87 

106–108 

13–15 

34–36 

55–57 

76–78 

97–99 

118–120 

16–18 

37–39 

58–60 

79–81 

100–102 

121–123 

19–21 

40–42 

61–63 

82–84 

103–105 

124–126 

 

 

Transfer 1  10
6
 surviving cells from each of these harvest tubes into 24 new 100 mm dishes, 

each containing 9 mL of the 6-TG solution. Add -MEM until the total volume is 10 mL. Label 

these dishes as day 0. Incubate seeded dishes at 37 °C in 5% CO2. Change the -MEM every 2 

days, adding small amounts of trypsin EDTA as needed to dislodge cells from the sides of the 

walls. On day 8, harvest and count the cells. (The cells will now be colonies; each living cell will 

have formed a colony, which can be stained and counted). Rinse the dishes twice with PBS and 

then stain with crystal violet solution. Count the number of colonies formed in each dish. 

Express mutagenicity as mutants per 1  10
6
 cells: 

 

 

mutants (colonies formed in treated cells colonies formed in untreated cells ) 

1 × 10
6
 cells 
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 Before continuing . . . 

Now is the time to analyze your data. Go to the Data Analysis section (below) for guidance in 

analyzing your cytotoxicity and mutagenicity data.   

 

 

 

RESULTS 

 

Once the numbers have been crunched, it is time to think about your data. Use the following 

questions to guide your presentation of the data. 

 

 What story do the data tell about the mutagenicity of wood smoke from prescribed fires 

of ponderosa pine? What “take-home” message do you want to emphasize? How can you 

present the data (consider tables, figures, and text) to emphasize this message? 

 

 There are several different ways that you can organize your results. One way is by fire 

event (Rx1, Rx2, and Rx3), another is by fire phase (ignition/flaming or smoldering). 

Think about these different ways and decide which presentation is best for your paper. 

You should limit yourself to no more than two graphics (tables, figures) in your paper.  

 

REMEMBER, THESE DATA, 

ALTHOUGH BASED ON PRELIMINARY RESULTS, 

ARE FICTITIOUS! 

HAVE FUN WITH YOUR INTERPRETATIONS, 

BUT DON’T TAKE THEM TOO SERIOUSLY! 

 

DISCUSSION 

 

How will you discuss your results? Consider the following guidelines as you interpret the 

findings for the discussion section of your paper. 

 Were the data consistent? If so, what trends can you discern? Highlight these in your 

discussion.  

 Were the data conclusive? If the extracts were toxic, was it clear what was causing the 

toxicity? If not, what further studies might you suggest? 

 If you collaborated with classmates who wrote about the polycyclic aromatic 

hydrocarbons in wood smoke, what insights (if any) did their data offer? 

 How did the data compare to literature values (e.g., Hannigan et al., 1994)? What might 

be some reasons for the similarities and differences you observed? How relevant do you 



Page 12 of 14 

think these results will be to other types of wood (e.g., hardwoods) or other types of fire 

(wildfires, catastrophic fires, residential wood-burning, etc.)? 

 What might be some broader implications or applications of your findings? 

 

DATA ANALYSIS  

 

Data analysis (calculations) is an important step in the research process, a step that links the 

collected (“raw”) data to the final results presented in the paper. This section walks you through 

the steps needed to analyze your data:  

1.  Prepare a dose-response curve  

2.  Analyze the mutagenicity data  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 Before continuing . . . 
 

 As you read through the procedures/equations below, jot down any questions 

that you may have. Share these questions with your instructor.  

 Often students first attempt to use calculators to analyze their data. We 

discourage this approach and recommend that you use a spreadsheet program 

(Excel) instead. Although the calculator approach may seem easier at first, in 

the long run, calculators are time consuming and error prone. For example, 

using a calculator for multistep calculations often leads to rounding errors. 

Moreover, calculations “by hand” do not provide a track record of your steps. 

By using a spreadsheet, you have an electronic record of your calculations; the 

spreadsheet is easily corrected and can serve as a permanent record of your data 

analysis. 

 This canned research project assumes that you have already used Excel and are 

familiar with using formulas and preparing graphs. If you are a beginner, try 

using the built-in Excel help or ask a friend or instructor to walk you through 

the spreadsheets. It will not take long before you realize how much easier it is 

to use Excel than a calculator! 
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1. Prepare a Dose-Response Curve  
 

Cytotoxicity is typically reported via a dose-response curve. For a toxic species, one expects 

cell death to increase with dose. Dose-response curves are typically non-linear, and there can 

be complicating effects, such as thresholds, where cell death suddenly turns on at a certain 

dose. Because these data are fictitious, do not be tempted to over-interpret the curves! Keep 

things simple and look only for trends that suggest increased cell death with increased dose.  

  

Step 1: Calculate percent cell survival for each dose 

 Open the data file (Toxicity Project Data File.xls). The file comprises 6 worksheets, one 

for each fire event. The worksheets are labeled by tabs at the bottom of the Excel page 

(Rx1 flam, Rx1 smold, Rx2 flam, Rx2 smold, Rx3 flam, and Rx3 smold). Clicking on a 

tab will move you back and forth between the worksheets. The left side of each 

worksheet contains raw data; the right side of each worksheet summarizes the results.  

 Go to the first worksheet, Rx1 flam(ing). (This worksheet is a sample that you can follow 

to analyze the rest of the data.) Find the area (highlighted in gray) labeled Untreated 

Cells. An Excel formula has been used to calculate the average 24-h cell count and the 

average 8-day colony count for the three dishes of untreated cells. These results will be 

used in subsequent calculations.  

 Next, find the area labeled Treated Cells. The dish number, dose (in L, g in 5 mL, and 

g in 0.1 mL), 24-h cell count, and 8-day colony count (for the appropriate dishes) have 

been entered for you. (The equivalent mass in 0.1 mL is also included, in case you are 

comparing your data with Hannigan et al. (1994), who used a 0.1 mL dish.) An Excel 

formula has been used to calculate the 24-hr percent cell survival for each dish, where 

 

 

 

(To view the formula for dishes 4 6 (10 L dose), click on 98%, 97%, and 97%, 

highlighted in blue.) 

 A second Excel formula is used to find the average and standard deviation for each set of 

triplicate dishes, including the negative and positive controls. (To view the formula for 

dishes 4 6 (10 L dose), click on 97% (average) and 1% (standard deviation), 

highlighted in blue.)  

 Excel formulas have also been used to copy these data into a summary table on the right 

hand side of the worksheet (highlighted in yellow). (Click on the values to see these 

formulas.)  

Your Turn. Click on each of the remaining worksheet tabs and determine 24-h percent 

survival for the remaining five fire events. The raw data have been entered for you.  
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Step 2. Plot a dose-response curve 

 Create a dose-response curve that presents the 24-h percent survival rate. To get you 

started, the dose data have already been copied and pasted into the worksheet entitled 

“dose-response curve”. You will need to copy and paste the “response” data and the 

standard deviations. (Note: you will need to paste using the “paste values” selection from 

the paste menu and then convert the fraction to a percent.) Plot concentration on the x 

axis versus percent survival on the y axis. (You will need to decide which concentrations 

units to plot.)  

 

 Plot all six data points for the six fire events (ignition/flaming for Rx1 Rx3 and 

smoldering for Rx1 Rx3) on a single graph. Include the standard deviation as error bars. 

Try grouping the data in two different ways: 

  by prescribed fire burn 1(fl/sm), burn 2 (fl/sm), burn 3 (fl/sm), OR 

 by fire event  flam (burns 1, 2, 3) and smold (burns 1, 2, 3)  

 

Decide on the grouping that you want to use in your paper based on the “take-home” 

message of your discussion section (i.e., the story that you think the data are telling). 

Consider plotting the data as an XY scatter graph with lines and markers. Plot one graph 

at a time, using the “source data” option in Excel (obtained by “right clicking” on the 

mouse after selecting the graph). If you are a beginner to Excel, you may need some help 

with this as well as with the Y error bars. Finally, don’t forget to look at the response 

from the negative and positive controls. Be sure to summarize these results at an 

appropriate place in the text. (You need not plot these points on your graph.) 

 

2. Analyze the mutagenicity data 

 

The mutagenicity data are also contained in the Toxicity Project Data.xls spreadsheet. 

Return to the tab Rx1 flam to see this. The 8-day colony count is given in column “G”. 

Recall HPRT assays were conducted only on cells treated with 100 L dose, negative, and 

positive controls; hence, sections of column G are blank (---).  

The formula used to calculate mutagenicity is shown below and in column “J”: 

 

 

 

Triplicate values are averaged, the standard deviation is found, and the final values (mutants 

per 1  10
6
 cells) are copied over to the Results section on the right hand side of the 

worksheet. 

 

Your Turn. Repeat these calculations for the remaining five fire events. Combine the data 

into a single table to identify trends in the data. Think about how you will share these data in 

your paper (including results from the positive and negative controls). Because the mutation 

rate of only one concentration per fire event was measured, a dose-response curve is not 

appropriate. (Dose-response curves should plot more than one dose!) A bar graph, table, or 

simply reporting the results in the text are other possibilities.  
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