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Figure 9. Relationship of the average concentration measured in the exit ports at each 

temperature test. 
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Figure 10. Relationship of the average emission factor calculated from each exit port 

measurement at each temperature test. 
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Table 11 – Correlation Information of Average Measurements and Calculations 

 Average Concentration Average Emission Factor 

Linear R
2
 0.9983 0.9954 

Linear R 0.9991 0.9977 

Linear Regression Equation Y = 0.0849x – 1.712 Y = 1.3432x – 26.52 

Exponential R
2
 0.9938 0.9767 

Exponential R 0.9969 0.9883 

Exponential Regression 

Equation 
Y = 0.0557e

0.0877x 
Y = 1.0036e

0.0848x 

Logarithmic R
2 

0.9812 0.9938 

Logarithmic R 0.9905 0.9969 

Logarithmic Regression 

Equation 
Y = 2.7224ln(x) – 8.398 43.097ln(x) – 132.4 
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Discussion 

Analysis of Results 

 In total, 20 passive samples were taken using 20 Aldehyde 571 Monitors.  Four 

temperatures were tested that included a 48 hour acclimation period and a 72 hour sampling 

period.  Every temperature test included one blank used as a quality control measure.  One panel 

of MDF was tested by cutting it into 5 equal pieces and placing them in a sealed chamber.  An 

air pump flowed air through the chamber and over the monitors to capture formaldehyde 

concentrations in the air.  With the results, the goal of this study was to compare the 

concentrations and emission factors in relation to temperature from the panel of MDF.   

Four of the samples taken included a background measurement of the EC.  No MDF was 

present inside the EC at the time of the testing.  The background tests resulted in formaldehyde 

concentrations 0.0069 ppm measured in O1, 0.0067 ppm measured in O2, and < 0.0012 ppm 

measured in I1.  The MDF panels were stored inside the EC with the lid off prior to testing 

beginning.  The concentrations measured in O1 and O2 are believed to be residual formaldehyde 

left over from the storage of the panels.  The non-detectable measurement in I1 of < 0.0012 ppm 

indicates that no formaldehyde entered the EC from the outside air supplied.  The measured 

background concentrations are considered insignificant and were not subtracted from any other 

concentration measurements for this reason.   

In the study, it was found that the average emission factor increased 191% between the 

highest temperature tested of 38.9 ⁰C and the lowest temperature of 26.1 ⁰C.  This is a significant 

increase between the amount of formaldehyde emitted from the MDF and a 49% increase in 
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temperature.  A strong linear relationship with an R
2
 of 0.9954 was discovered between the 

temperature and the emission factor of MDF.  As temperature increased, the amount of 

formaldehyde emitted from the panel also increased.  This relationship is further backed by the 

concentrations measured during the study displayed in Table 10.  Formaldehyde concentrations 

increased 206% between the highest and lowest temperature tested.  The concentrations 

measured also exhibit a strong linear relationship with an R
2
 of 0.9983.  The strong correlations 

indicate that as temperature increased, the amount of formaldehyde emitted from the panels 

increased as well.  This resulted in a higher concentration of airborne formaldehyde measured 

with the monitors during each sampling period.    

The EPA’s Composite Wood Product Act and CARB-P2 standards both use the ASTM 

E1333 standard to test CWPs for compliance.  ASTM E1333 uses a controlled chamber operated 

at 25 ⁰C with an allowable fluctuation of +/- 1 ⁰C.  Emission limits in both standards for this test 

are 0.11 ppm for MDF.  The lowest average concentration measured in this study was 0.52 ppm 

at 26.1 ⁰C.  This concentration is 373% higher than the allowable concentration in the standards 

and only 0.1 ⁰C outside the allowable temperature range in ASTM E1333.  The highest average 

concentration measured at 38.1 ⁰C was 1.59 ppm which is 1345% higher than allowable by the 

standard.  As seen in Table 6, all of the samples in this study resulted in concentrations much 

higher than the allowable limits of EPA and CARB-P2 standards.            

During the sampling periods, a monitor was placed in the inlet of the EC.  The purpose of 

this monitor was to ensure that no outside formaldehyde would influence measured 

concentrations.  In every sampling event except 38.9 ᵒC, monitors placed in the inlet resulted in 

non-detectable concentrations.  This indicates that the North Defender respirator cartridge that 

was placed on the inlet successfully filtered any foreign formaldehyde from entering the EC.  
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The results also suggest that the EC was successfully sealed and a negative pressure created with 

the air pump.  The negative pressure inside the EC only allowed formaldehyde to flow through 

the exit ports.   

 During the last day of the sampling period of the 38.9 ᵒC temperature test, the Tygon 

tubing connected to the air pump folded in half.  The fold blocked air from being pulled by the 

pump and the pump turned itself off.  It is thought that the high temperature softened the Tygon 

tubing and caused a loss of rigidity.  Due to the position of the tubing coming directly up out of 

the EC connection, gravity and the heated material allowed for the folding to occur.  The 

shortened sampling time was accounted for and corrected in the results displayed in Table 6.  

This was done by using the total run time of 574 minutes which was displayed on the pump 

when it was discovered.  This was added to the pump start time and then added to the total 

sample time from the previous days.  In total, monitors 030117-40-I1, 030117-40-O1, and 

030117-40-O2 all had sample times of 3420 minutes.  The monitor sample rate was determined 

to be 0.0162 LPM from dividing the total volume and total time used in the laboratory report 

from Assay Technology. The Total Air Volume Equation, Equation 2, shows the calculation of 

the corrected total volume of air sampled.  

V = F * T 

Where; 

 

V = Volume (m
3
) 

F = Flowrate (m
3
/minute) 

T = Time (minute)     

 

  The total volume of air sampled was calculated to be 0.0554 m
3
 using a flowrate of 

0.0000162 m
3
/min multiplied by a time of 3420 minutes. 

(2) 
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 The weight of formaldehyde reported for each monitor provided by the lab report was 

then divided by the total volume of air sampled.  Results were converted into µg/m
3
 and ppm 

respectively.  These final calculated results are displayed in Table 6.  

Extrapolation of Chamber Results to Residential Concentrations  

 The results of the study provided significantly higher concentrations than allowable by 

current emission standards.  Although these results were in a small controlled chamber, it was 

questioned if these results were comparable to concentrations that would be found in a residential 

environment.  According to the United State Census Bureau, in 2015 the median floor area of a 

completed single-family home was 2467 ft
2
 and 47% had 4+ bedrooms.  Using this information, 

a representative calculation can be conducted to compare the results found in this study. 

 Using the Total Ventilation Rate Equation 4.1a from the American Society of Heating, 

Refrigerating and Air Conditioning Engineers (ASHRAE) Standard 62.1 – 2016, a representative 

emission rate can be calculated as shown in Equation 3.   

Qtot = 0.03*Afloor +7.5(Nbr +1) 

 Where; 

 Qtot = Total required ventilation rate (cfm) 

 Afloor = Dwelling-unit floor area (ft
2
) 

 Nbr = number of bedrooms 

  

 Using the data from the United States Census Bureau, a home with 2467 ft
2
 dwelling-unit 

floor area and 4 bedrooms requires 111.5 cfm, or 189.5 m
3
/hr, total ventilation rate.  Using the 

data presented in Table 10, an extrapolated concentration of formaldehyde can be calculated to 

estimate what formaldehyde concentrations would be if the boards tested were present in the 

residence with an average floor area of 2467 ft
2
. 

 

(3) 
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Table 12 – Extrapolated Concentrations from Study Results     

Average 

Temperature 

(ᵒC) 

Average 

Concentration* 

(µg/m
3
) 

Average 

Flowrate 

(m
3
/h) 

Q/A 

Ratio** 

(m/h) 

Emission 

Rate  

(µg/h) 

Extrapolated 

Concentration 

(µg/m
3
) 

26.1 638.7 0.06192 0.0138 39.2 0.21 

29.3 908.7 0.06114 0.0136 55.5 0.29 

34.1 1473.9 0.06048 0.0135 89.4 0.47 

38.9 1952.9 0.05868 0.0131 114.9 0.61 

Formulas: 

 

Average Flowrate (m
3
/h)                  = Average Flowrate in Table 7 (lpm) * (60 min) * (1 m

3
/ 

1000 L) 

Q/A Ratio (m/h)                               = Average Flowrate (m
3
/h) / Total Surface Area of MDF 

(m
2
) 

Emission Rate (µg/h)                       = Total Surface Area of MDF (m
2
) * Average Emission 

Factor in Table 10 (µg/m
2-

h) 

Extrapolated Concentration (µg/m
3
) = Emission Rate (µg/h) / Total Ventilation Rate Required 

from Equation 3 (m
3
/hr) 

 

Notes: 

 

*Values from Table 10 converted from ppm to µg/m
3
 

**Ratio of the flowrate of the chamber and the total surface area of the MDF panels 

  

 Using the extrapolated concentrations in Table 12, comparisons can be made to existing 

recommendations of formaldehyde concentrations.  Converting the extrapolated concentrations 

from µg/m
3
 to ppb result in concentrations of 0.17 ppb, 0.20 ppb, 0.38 ppb, and 0.50 ppb from 

the lowest temperature to highest temperature.  The concentrations in ppb can then be compared 

to the recommendations found in Table 1.  The extrapolated concentrations are below all of the 

existing recommendations on acceptable formaldehyde concentrations. The highest 

concentration of 0.50 ppb is well below the ATSDR Minimum Risk Level of 8 ppb for long term 

exposure.  However, it is important to remember that there are no current agreed upon standards 

for formaldehyde concentrations in residential settings.  The extrapolated result also represents 

the concentration found in an average residence with a  2467 ft
2
 floor area, which does not take 
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into account individual rooms.  Some rooms such as kitchens could have much greater quantities 

of MDF than other rooms.  The concentrations found in these rooms could be significantly 

higher than rooms which do not contain as much or any MDF.   

Extrapolation of Chamber Results using Hypothetical ASTM E1333 Specifications 

 ASTM E1333 is the standardized method to test the emission rate of formaldehyde in 

CWP for compliance (EPA, 2016).  In ASTM E1333, a minimum chamber of 22 m
3
 must be 

used with 0.5 ACH (ASTM, 2014).  Using this information, a new flowrate can be determined 

and Equation 4 used to calculate a new hypothetical emission factor using the concentrations 

found in the study.   

ACH = Q / V 

 Where; 

 ACH = Air Changes per Hour 

 Q = Flowrate (m
3
/h) 

 V = Volume of Chamber (m
3
) 

 

 Using the required ACH of 0.5 and the minimum chamber volume of 22 m
3
, a flowrate of 

11 m
3
/h is required. 

Table 13 – Hypothetical Extrapolated Concentrations using ASTM E1333 

Average 

Temperature 

(ᵒC) 

Average 

Concentration 

(µg/m
3
) 

Q/A Ratio 

(m/h) 

Emission 

Factor 

(µg/m
2-

h) 

Emission 

Rate 

(µg/h) 

Extrapolated 

Concentration 

(µg/m
3
) 

26.1 638.7 2.45 1564.8 7025.0 37.1 

29.3 908.7 2.45 2226.8 9998.3 58.8 

34.1 1473.9 2.45 3611.1 16213.8 85.6 

39.9 1952.9 2.45 4784.6 21482.9 113.4 

 

 The extrapolated concentrations in Table 13 represent a hypothetical situation where the 

concentrations found in the study are used with the much higher flowrate of ASTM E1333.  

Thus, the results represent a hypothetical extrapolated concentration if the same concentrations 

(4) 
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were measured using ASTM E1333 methodology.  As seen in Table 13, increasing the 

ventilation rate of the study drastically increases the emission factor.  The higher emission factor 

also results in a higher emission rate and ultimately a higher extrapolated concentration.  In order 

to be compliant with the 25ᵒC temperature requirement of ASTM E1333, only results at average 

temperature 26.1ᵒC were looked at for comparison.  Converting the extrapolated concentration of 

37.1 µg/m
3
 to ppb results in a concentration of 30.21 ppb.  This concentration is above the 

ATSDR Minimum Risk Level of 8 ppb for greater than 365 days of exposure and 30 ppb for 15 

to 365 days.  The concentration is also above the 8 hour NIOSH REL of 16 ppb.  If ASTM 

E1333 methodology resulted in the concentrations found in the study, these levels of 

formaldehyde would be concerning based the exposure limits in Table 1.   
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Conclusion 

 The resins used in the creation of MDF are known to emit formaldehyde into the 

environment.  With new regulations, the amount of formaldehyde allowed to be emitted from 

MDF panels is limited.  However the standard test methods used to determine the emission rate 

for compliance only include one temperature.  As seen in the study, formaldehyde emission 

factors increased as temperature also increased.  This relationship had a strong linear correlation 

(R
2
 = 0.9954).  As the formaldehyde emission factor increased, the resulting formaldehyde 

concentration in air also increased.  The relationship between formaldehyde concentration and 

temperature also showed as strong linear correlation (R
2
 = 0.9983).  These results indicate that 

MDF panels which pass emission tests may emit formaldehyde over emission limits when 

subjected to higher temperatures.  Since no agreed upon formaldehyde standards exist for 

residential buildings, it is hard to determine the extent of danger formaldehyde emissions from 

MDF pose in the indoor environment.  Further study is recommended to examine the relationship 

between temperature and emission rates in residential settings. 
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Appendix 2 – Equipment List 

Table 15 – Equipment List 

Equipment Name 
Equipment 

Manufacturer 

Part 

Number 

Serial 

Number 

Manufacturer 

Location 

Escort ELF 
Zefon 

International 
N/A 

A4-17336 

Ocala, FL 
A4-17337 

A4-17338 

A4-17339 

571 Aldehyde Monitor 
Assay 

Technology 
X571 

MB2476 

Livermore, 

CA 

MB2155 

MB1745 

MB2323 

MB1774 

MB1708 

MB2525 

MB1202 

MB3692 

MB0041 

MB0985 

MB4124 

MB4374 

MB3744 

MB3725 

MB3981 

MB2065 

MB4233 

MB2732 

MB2444 

DryCal DC-Lite 
BIOS 

International 
N/A DC-L 631 Butler, NJ 

Tygon Tubing US Plastics R3603 N/A Lima, OH 

HOBO Temperature/Relative 

Humidity/Light/External Data 

Logger 

Onset 

Computer 
U12-012 N/A Bourne, MA 

HOBOware Graphing & Analysis 

Software 

Onset 

Computer 
N/A N/A Bourne, MA 

Sponge Window Seal MD 6619 N/A 
Oklahoma 

City, OK 

North Defender Multi-

Gases/Vapors/P100 Respirator 

Cartridge 

Honeywell 75SCP100L N/A 
Morris Plains, 

NJ 

1.5” PVC Piping Unknown N/A N/A N/A 
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Appendix 3 – Data Logger Environmental Data 

25⁰C: 

 

Figure 11. Environmental Data from 25⁰C Temperature Test 

Table 16 - 25⁰C Environmental Data 

Data Logger Information 

Start Time 02/06/17 10:28 AM 

Stop Time 02/11/17 10:08 AM 

Logging Interval 1 Min 

Temperature Statistics 

Samples 7181 

Maximum Temperature 27.63 ⁰C 

Minimum Temperature 21.82 ⁰C 

Average Temperature 26.08 ⁰C 

Standard Deviation 0.748 ⁰C 

Relative Humidity Statistics 

Samples 7181 

Maximum Relative Humidity 61.70% 

Minimum Relative Humidity 25.25% 

Average Relative Humidity 44.26% 

Standard Deviation 10.37% 
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30⁰C: 

 

Figure 12. Environmental Data from 30⁰C Temperature Test 

Table 17 - 30⁰C Environmental Data 

Data Logger Information 

Start Time 02/13/17 9:13 AM 

Stop Time 02/18/17 8:24 AM 

Logging Interval 1 Min 

Temperature Statistics 

Samples 7152 

Maximum Temperature 30.04 ⁰C 

Minimum Temperature 23.57 ⁰C 

Average Temperature 29.34 ⁰C 

Standard Deviation 0.249 ⁰C 

Relative Humidity Statistics 

Samples 7152 

Maximum Relative Humidity 59.92% 

Minimum Relative Humidity 22.73% 

Average Relative Humidity 35.49% 

Standard Deviation 7.927% 
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35⁰C: 

 

Figure 13. Environmental Data Table from 35⁰C Temperature Test 

Table 18 - 35⁰C Environmental Data 

Data Logger Information 

Start Time 02/20/17 9:03 AM 

Stop Time 02/25/17 8:34 AM 

Logging Interval 1 Min 

Temperature Statistics 

Samples 7172 

Maximum Temperature 34.15 ⁰C 

Minimum Temperature 28.15 ⁰C 

Average Temperature 34.06 ⁰C 

Standard Deviation 0.259 ⁰C 

Relative Humidity Statistics 

Samples 7172 

Maximum Relative Humidity 43.06% 

Minimum Relative Humidity 28.53% 

Average Relative Humidity 31.70% 

Standard Deviation 1.488% 
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40⁰C: 

 

Figure 14. Environmental Data Table from 40⁰C Temperature Test 

Table 19 - 40⁰C Environmental Data 

Data Logger Information 

Start Time 02/27/17 9:29 AM 

Stop Time 03/04/17 8:48 AM 

Logging Interval 1 Min 

Temperature Statistics 

Samples 7160 

Maximum Temperature 38.95 ⁰C 

Minimum Temperature 31.03 ⁰C 

Average Temperature 38.85 ⁰C 

Standard Deviation 0.356 ⁰C 

Relative Humidity Statistics 

Samples 7160 

Maximum Relative Humidity 33.80% 

Minimum Relative Humidity 14.42% 

Average Relative Humidity 26.42% 

Standard Deviation 3.776% 
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Appendix 4 – Assay Technology Lab Analyses  
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