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United States Environmental Protection Agency (U.S. EPA), USA 
 
The U.S. EPA inhalation reference concentration (RfC) for chronic exposure to mercury vapor is 
300 ng/m3. An RfC is defined as “an estimate of a daily inhalation exposure of the human 
population (including sensitive subgroups) that is likely to be without an appreciable risk of 
deleterious effects during a lifetime.” The RfC was calculated using a LOAEL derived from the 
same studies of adult occupational exposure to mercury vapor as those used to derive the 
OEHHA chronic REL (see above). The U.S. EPA used a lower uncertainty factor than OEHHA, 
but similar to that used by ATSDR. The combined uncertainty factor was 30. A factor of 10 was 
applied for protection of sensitive subpopulations and the use of a LOAEL, and an uncertainty 
factor of 3 was applied for lack of information and in particular a lack of developmental and 
reproductive studies (IRIS, 1995).  

World Health Organization (WHO) and International Programme on Chemical Safety 
(IPCS) 
 
Concise International Chemical Assessment Documents (CICADs) are the latest in a family of 
publications from the International Programme on Chemical Safety (IPCS) — a cooperative 
program of the World Health Organization (WHO), the International Labor Organization (ILO) 
and the United Nations Environment Program (UNEP). CICADs join the Environmental Health 
Criteria documents (EHCs) as authoritative documents on the risk assessment of chemicals.  
Several studies (Ngim et al., 1992)are in agreement that mild subclinical signs of central nervous 
system toxicity can be observed among people who have been exposed occupationally to 
elemental mercury at a concentration of 20 μg/m3 or above for several years. Extrapolating this 
to continuous exposure and applying an overall uncertainty factor of 30 (10 for interindividual 
variation and 3 for extrapolation from a LOAEL, with slight effects to a NOAEL), a tolerable 
concentration of 0.2 μg/m3 was derived. 

Risk Characterization 
 
Data from the various exposure scenarios (Stahler et al., 2008) were used in the comparison to 
selected human health toxicity benchmarks noted above.  The human health toxicity benchmarks 
were selected based primarily on matching the appropriate exposure duration.  For example, 
even though dose response assessment values of ATSDR, EPA and WHO are available for 
chronic exposure, these values were not used in this risk characterization because other dose 
response assessment values of more appropriate exposure duration (acute) were available.  Each 
exposure scenario with appropriate comparison benchmarks are described below. 
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Scenario 1 – No Clean­up and No Ventilation 
 
Scenario 1 is the “no clean-up” scenario.  As discussed in the Exposure Section, the exposure 
data from scenario S1 reported in Stahler et al. (2008) were used, and specifically the mercury 
vapor concentrations measured at the one-foot (0.3 m) and five-foot (1.5 m) sampling heights 
directly above the CFL breakage site.  Three separate trials were run for scenario S1.  
Concentrations at 15, 30 and 60 minutes are listed in Table 2 above.  The maximum 
concentrations occurred within seconds of the CFL breakage.  Data for 1-hour average values are 
listed in Table 3.  Please note the use of log scales for the y-axes in these and other Figures. 
 

 
Figure 1. Average mercury vapor concentrations at 1ft and 5 ft from floor for 3 different 
exposure durations after breakage. 

Figure 1 shows the average mercury vapor concentrations from the Maine study Scenario S1 
(Stahler et al., 2008) at one-foot and five-foot heights from the floor, for 3 different exposure 
durations (see Table 3).None of the average concentrations exceed the AEGL-2s (10, 30, or 60 
min at 3.1 mg/m3, 2.1 mg/m3, and 1.7 mg/m3 respectively) or the one-hour average exposure 
OEHHA acute REL (1-hour at 1800 ng/m3).  The one-foot average concentrations exceed the 
300 ng/m3 level that represents one estimate of a “safe” level for a lifetime of exposure (in this 
case EPA’s RfC) (not shown in Figure 1).  The average one-foot concentration declines more 
rapidly than the five-foot measurements.  
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Figure 2.  The maximum mercury vapor concentrations at 1ft and 5 ft from floor (average 
of three trials). 

Figure 2 illustrates how the averaged maximum mercury vapor concentrations from the Maine 
study Scenario S1 (Stahler et al., 2008; and shown here in Table 3), taken at one-foot and five-
foot heights from the floor, compare with short term toxicity values (see Table 4).  The one-foot 
average maximum concentration exceeds the one-hour average exposure OEHHA acute REL (1-
hour at 1800 ng/m3), but does not exceed the AEGL-2 1-hour value (1.7 mg/m3).  However, the 
highest one-hour average concentration at 1 foot was 624 ng/m3 (see Table 2), well below the 
OEHHA acute REL of 1800 ng/m3.  In all the trials, these maximum values rapidly declined, 
with the 15-minute average concentrations well below 1000 ng/m3 for both heights.  Other 
investigators (e.g., Johnson et al., 2008; Aucott et al., 2003) also measured high peak 
concentrations that rapidly declined to much lower levels in a matter of seconds or minutes.  The 
average maximum concentrations at the five-foot height for this no clean up scenario exceeded 
several of the agency “safe” exposure values listed in Table 7 after chronic exposures.   
 
The experimental data from Johnson et al. (2008), Aucott et al. (2003) and others support the 
Stahler et al. (2008) results that the initial concentrations decline very rapidly as the mercury 
vapor dissipates.   

Scenario 2 
 
The mercury concentration data reported in Stahler et al. (2008) were also used for Scenario 2.  
Mercury vapor concentrations were measured continuously until concentrations fell below 300 
ng/m3, or at least one hour after the initial CFL breakage.  Air was continuously sampled at one-
foot (0.3 m) and five-foot (1.5 m) heights directly above the CFL breakage site.  Scenarios S2-S6 
are appropriate to use for our Scenario 2 here.  All five of these scenarios used the exact same 
brand and wattage (Brand A, 14w) CFL and initial clean up measures.  Each scenario had a 
window open.  Three types of flooring were used (wood, short nap, and long pile carpet).  Two 
of these scenarios (S5 and S6) also included vacuuming as part of the clean-up procedure.  
Details on the different scenarios are found in Appendix B.  Figure 3 displays the maximum 
concentration (average of three trials for each scenario) and the average 1-hour concentrations 
for scenarios S2 through S6 from the Maine study.  These concentrations are compared with the 
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one-hour average exposure OEHHA acute REL (1-hour at 1800 ng/m3) and theAEGL-2 1-hour 
value (1.7 mg/m3). 

 

Figure 3. Maximum and 1-hour average concentrations for Scenarios 2-6 compared with 
the short term values of OEHHA and the U.S. AEGL. 

 
The results for these five scenarios are remarkably similar even with the use of different types of 
flooring and the addition of vacuuming to the clean up.  Only the averaged one-foot maximum 
concentrations exceed the one-hour average exposure OEHHA acute REL (1-hour at 1800 
ng/m3) and the 300 ng/m3 level that represents a “safe” level for a lifetime of exposure, but none 
of them exceeds the AEGL-2 1-hour value (1.7 mg/m3).  No other average concentrations 
exceeded either “safe” value.  Note that the one-hour average concentrations at one-foot all fell 
below, and sometimes far below, the one-hour average exposure OEHHA 1-hour REL of 1800 
ng/m3.  In all of these scenarios, these maximum values rapidly declined, with all but the 15-
minute average concentrations below 500 ng/m3 for either height. 
 
Figures 4 and 5 show the variation in mercury vapor released across a variety CFL brands with 
varying wattages.  For each of these scenarios, the same clean up method was used as scenario 
S2 (wood flooring) and only the type of bulb was varied (see Tables 5 and 6 for data).   
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Figure 4.  Comparison of maximum and 1-hour average mercury concentrations at one 
foot from scenarios that tested a variety of CFL Brands and Wattages. 
 

 
Figure 5.  Comparison of maximum and 1-hour average mercury concentrations at five feet 
from scenarios that tested a variety of CFL Brands and Wattages. 

As one would expect, the one-foot concentrations were greater than concentrations measured at 
the five–foot height (compare Figure 4 to Figure 5).  The one-foot maximum concentration 
(average of all trials within the scenario) exceeds the one-hour average exposure OEHHA acute 
REL (1-hour at 1800 ng/m3) for all the scenarios.  However, the results here are similar to other 
scenarios, in that the maximum concentrations may have exceeded the one-hour average 
exposure OEHHA REL, but the one-hour average concentrations were all below this benchmark 
value, which is designed to protect humans from adverse effects from one-hour exposures.  
Neither the maximum values, nor the average concentrations exceeded the AEGL-2 1-hour value 
of 1.7 mg/m3.  Only a slight variation is seen between brands with the same wattage CFL, 
however the 13W and 26WCFLs appear to release higher mercury concentrations when broken 
than the 14WCFLs. 
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Stahler et al. (2008) utilized additional scenarios with larger wattage bulbs and repeated 
vacuuming over a seven-day period.  The results from this scenario would be representative of 
what mercury emissions from carpeting might occur after an adequate clean up.   Figures 6 and 7 
show the mercury concentrations from a larger, 26W, CFL broken on a short pile carpet with no 
room ventilation on the initial day of clean-up and with vacuuming 4, 5 and 6 days after initial 
clean-ups.  For the final vacuuming (7 days after initial clean-up), the room was ventilated.  
Figure 6 shows concentration at the five-foot height and Figure 7 shows concentrations at the 
one-foot height.  See Appendix D for the data used for Figures 6 and 7 (extracted from Stahler et 
al., 2008 Appendix A). 

 

Figure 6.  Mercury concentrations at 5 feet from a scenario (SL) with multiple vacuuming 
sessions over a seven-day period. 
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Figure 7.  Mercury concentrations at 1 foot from a scenario (SL) with multiple vacuuming 
sessions over a seven-day period. 

For this scenario, involving repeated vacuuming and a higher wattage bulb, none of the 
maximum or one-hour average concentrations exceeded the AEGL2 8-hour value of 0.33 mg/m3.  
However, several of the concentrations exceed the one-hour average exposure OEHHA Acute 
REL (1-hour) of 1800 ng/m3.  These data demonstrate that repeated vacuuming over several days 
decreases the mercury concentrations at both measured heights, but that exposures in excess of 
the 1 hour REL are possible, and even likely.  Decreases were enhanced on Day 6 and Day 7, 
when ventilation was added to the final day of vacuuming.   

Hazard Quotients 
 
To evaluate the safety of a particular exposure level to a non-carcinogenic hazard, the hazard 
quotient or hazard index concept is generally used.  The hazard quotient is typically developed 
for one chemical and one exposure; the hazard index is typically developed for multiple 
chemicals and/or multiple exposures.  In either case, the quotient or index is computed by 
dividing the exposure estimate by a risk value corresponding to the duration of exposure.   In this 
screening level risk characterization, we develop hazard quotients using averaged-maximum and 
averaged one-hour exposures and dividing these averaged exposures by conservative health risk 
values.  Table 8 shows hazard quotients for Scenario 1, which compares averaged concentrations 
found in Table 3 and selected risk values.  Risk values were selected primarily to match the 
exposure duration of interest.  Other choices may be reasonable, such as lifetime health risk 
values, but such choices would need sufficient justification.   
 
A hazard quotient greater than 1 suggests the need to examine exposure scenario more closely as 
the exposure is approaching the “safe” dose.   For the no clean up, Scenario 1, all hazard 
quotients were less than one (see Table 7), some well below 1.  This demonstrates that even 
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without adequate ventilation (an open window in the case of Scenario 2), the averaged one-hour 
concentrations are not likely to be a health risk, even if the broken bulb was not cleaned up 
immediately.   
 
Using concentrations appropriate for Scenario 2 (summarized in Table 4), hazard quotients are 
approximately equal or less than those calculated for Scenario 1.  This indicates that adequate 
ventilation and clean up results in lower mercury concentrations, and like results from Scenario 
1, human health risk is unlikely. 
 
A likely “no risk” statement is also possible based on the hazard quotients from various types of 
bulbs, because even though some bulbs yield up to 9-fold higher mercury releases, the 
corresponding hazard quotients would still be less than 1 (see Table 6 for exposure information).  
 
Table 8. Hazard Quotient for Scenario 1. 

Agency Risk Value 
Agency 
Value 

(ng/m3) 

Avg. of1 
ft Max 

1ft 
1 hr 
Avg

Avg. 
of5ft 
Max

5ft 1hr 
Avg 

AEGL-2 (10 minutes) 3,100,000 <0.01 NA <0.01 NA 

AEGL-2 (30 minutes) 2,100,000 0.01 NA <0.01 NA 

AEGL-2 (1-hour) 1,700,000 NA <0.01 NA <0.01 
OEHHA Acute REL 
OEHHA (1-hour) 1800 NA 0.2 NA 0.09 

a. Hazard Quotient = Exposure estimate (or measurement) / Appropriate risk value.  Values greater than 1 call for 
additional investigation. Exposure data found in Table 3. NA = Not applicable 

 

Conclusion 
 
This screening assessment concludes that inorganic mercury vapor is the mercury form of 
concern from CFL breakage, and that releases of this mercury vapor vary within reasonably 
narrow bounds based on age, size and manufacturer of the bulb.  Investigators have studied or 
measured the release of mercury vapor from CFL bulb breakage scenarios.  Several of these 
scenarios closely match those of interest to the government of New Zealand as outlined above.  
A review of the data on mercury releases from these studies, along with conservative and length-
of-exposure matching health risk benchmark values indicates that few situations with breakage 
of CFLs will result in releases that are at levels that may likely generate a health concern, but 
that some cleanup scenarios results in exposure estimates that exceed some risk characterization 
targets and should be further studied.  Uncertainties in this conclusion are briefly discussed. 

General Uncertainties 
 
Several general areas of uncertainty are evident in this preliminary screening risk 
characterization.  Specifically, since actual test data have been used in this risk characterization, 
uncertainties include: 
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• Mercury concentrations are higher the closer one is to the broken CFL, concentrations are 
not uniformly distributed in the room, and measurements at one-foot and five–foot 
heights may underestimate the occasional higher concentration elsewhere; 

• The brands of CFL tested contained generally from 1 to 3mg of mercury, other bulbs 
might have greater or smaller levels of mercury; 

• These tested CFLs were new bulbs and likely have greater mercury vapor available for 
immediate release versus spent bulbs; 

• Stahler et al. (2008) illustrated that variability exists between trials within a scenario and 
between scenarios. This variability was not so great, however, as to affect the overall 
results. 

 
Real life conditions will likely vary in some or many ways from the experimental design used to 
develop these data.  For example, the room size used in the Stahler et al. (2008) was 39 m3, 
which is larger than the 22.5 m3 size recommended by New Zealand.  However, this 
approximately 40% smaller room size for New Zealand will not affect the overall results, that is, 
this reduction only results in an increase in the maximum hazard quotient to about 0.5, which is 
still less than the target no-action value of 1. 
 
Other uncertainties, such as room temperature, Stahler et al. (2008)’s use of cold bulbs and 
intense vacuuming, and type of floor covering are likely to result in little change to the hazard 
quotients discussed above.  For example, the room temperature in the Stahler et al. (2008) study 
varied from 17.2°C to 27.7° C.  The authors determined that correcting temperature for 23° C 
(73°F) would not significantly affect the study conclusions.  However, they also concluded that 
if the study had been conducted at 90° F (32°C), the mercury concentrations would have been 
about 2-fold higher.  This increase, while likely to happen at higher temperatures, only 
marginally affects the hazard quotients found in Table 8. Aucott et al. (2005) also determined 
that concentration increased with temperature, presumably because warmer room temperatures 
will result in faster evaporation of mercury.  
 
Stahler et al. (2008) found that breaking one bulb on wood, short pile or shag carpet results in 
almost immediate high mercury concentrations, but if a window is opened and the broken lamp 
cleaned up, the concentrations fall below 300 ng/m3 in 10 minutes or less (for the initial 
scenarios tested).  It also appears that variations in exposure levels are primarily due to wattage.  
Brand A was used for the 6 original scenarios and it has lowest average concentrations (except 
brand F, which is also a low wattage bulb), but other brands with higher wattages generally 
resulted in greater concentrations at 15, 30 and 60 minutes.  Insufficient data also exist on the 
exposure scenario due to spent bulbs. There is data that show spent bulbs release less mercury 
than new bulbs, which is the reason why exposure scenarios were limited to new bulbs as they 
represent the worst case scenario. Spent bulbs are not likely to be of health risk when compared 
to the risk from new bulbs. 
 
Perhaps the largest uncertainty in this risk characterization, however, is in the choice of the dose 
response assessment value used in the development of the hazard quotients.  Our choices of 
AEGLs of various durations for comparison with the averaged maximum one-foot and five-foot 
exposures, and of the established 1-hour average exposure REL from OEHHA for comparison 
with the average 1-hour exposures seem reasonable because: 
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• The AEGLs and California REL are well developed and have been through an external 
peer review. Both sets of risk values purport to protect sensitive individuals, including 
children; 

• A properly developed hazard quotient closely matches lengths of exposures in both the 
exposure and dose response assessments.  For example, it is generally not appropriate to 
match a one-hour exposure with a “safe” concentration for lifetime exposure, if a shorter-
term value, which protects sensitive individuals, is available; 

 
However, the California RELs are now being revised, with the possibility that lower values may 
be adopted in the near future.  Moreover, a large disparity exists between the 1-hour AEGL2 of 
1,700,000 ng/m3 and the 1-hour REL of 1800 ng/m3 (~900 fold).  Additional investigation of this 
disparity should be considered a high priority.  Finally, alternative dose response assessment 
values might be contemplated, if the existing choices for the appropriate exposure duration of 
concern have irresolvable issues.  For example, choices such as the EPA RfC, the ATSDR MRL 
or the WHO TC, are possible, but if considered, some allowance for differences in exposure 
duration would be needed.  
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Appendix A – Simplistic Exposure Model 
 
 
To estimate exposure of humans to mercury from broken CFLs) one could construct a model to 
illustrate mercury emissions.  Upon receiving this assignment TERA subcontracted to EQM 
(Fred Hall and John Kominsky) to construct a simple mathematical model to estimate the 
concentration of mercury over time within a small room. They assumed a fraction of the mercury 
is released immediately on breakage of the CFL and the remainder evaporates into the room over 
a period of time.  In the short time available, a simple mathematical model is all that could be 
developed. We realized that a simple model would have difficulty predicting actual exposure 
concentrations given the complexity of the exposure situations. A number of investigations of 
emissions from broken CFLs and other fluorescent lights (e.g., Johnson et al., 2008; Aucott et al., 
2003) and the work by Stahler et al. (2008) demonstrate the wide range of variability of results 
and number of variables found in real life situations.  We present the model and some initial 
results here. 
 
Overall the simple model shows that the concentration of mercury (Hg) peaks shortly after the 
CFL breaks and decreases gradually over time as the Hg remaining behind evaporates.  The 
model assumes that upon breaking a CFL, a portion of Hg from the CFL is released into the 
room and is immediately dispersed. It is also assumed that the remaining mercury is in liquid 
form and the evaporation rate is calculated using the vapor pressure of liquid Hg at room 
temperature. 
 
The model predicts that the immediate dispersion of gaseous Hg results in an initial peak 
concentration of several thousand nanograms per cubic meter.  Over time, the Hg not 
immediately released into the room gradually evaporates in a manner proportional to the exposed 
surface area of the Hg.  As the initial Hg release dissipates, the model shows that the evaporation 
of the Hg, the mixing of the Hg vapor in the room air, and room ventilation result in much lower 
concentrations of Hg.  As the surface area of the Hg is reduced over time due to evaporation, the 
model predicts that the concentration in the room also decreases (assuming constant air flow 
through the room) until the Hg is totally evaporated. 
 
This simple box model uses a small number of variables and makes some simplifying 
assumptions to provide an estimate of the concentration that would result from breakage of a 
single CFL in a room.   
 
Simplifying assumptions: 
 

• A portion of the mercury is totally sublimed (is in vapor phase) upon breakage of the bulb 
and that the mercury vapor will reach equilibrium in the room immediately;  

• Concentration is at equilibrium, no part of the room has higher or lower concentrations. 
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Initially, there is no ventilation in the room, so no mercury escapes (providing the peak 
concentration).  A typical ventilation rate for a room with closed door and window is then added. 
 
The model also uses the following values for elemental mercury: 
 
      

 
Molecular Weight 
Hg =   200.6    

      
 Density Hg =   13.5 g/cm3   
      

 
Vapor Pressure Hg 
=         0.0018 mm at 298 °K  

      

 
Hg equilibrium in air 
=   

 
0.0000024 

Mole fraction at atmospheric 
pressure 

      

 
Hg equilibrium in air 
=               2.4 ppm   

      
Equation 1 calculates the equilibrium concentration of mercury using the following equation:   
 
 
Equation 1. 
 

    
     
     
     
Where: PHg = equilibrium concentration of Hg (mole fraction) 
     
 Pvap=  vapor pressure of Hg  
     
 Patm = atmospheric pressure  

 
The model allows the user for vary several key parameters: 

• the amount of mercury in the CFL; 
• the percentage of mercury immediately released; 
• the box dimensions. 

 
Using these simplifying assumptions and an air tight room, one would simply divide the total 
mercury by the volume of the room for an equilibrium concentration. 
 
However, rooms in homes are not totally sealed and the model provides for some air flow and 
mixing within the room.  The model allows the user to input the following:  

• air velocity in the room; 
• air flow through the room; 
• a mixing factor. 

atm

vap
Hg

P
PP =
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With the introduction of air flow resulting in some air leaving the room, we can then model 
mercury concentration over time with Equation 2: 
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Equation 2. 
 

    
     
     
     
Where: C =   Concentration at time t  
 Ci =      Initial concentration  
 t =   time   
 k =   Mixing factor   

 Qin=   Ventilation 
rate   

 V =   Volume of room or imaginary box 
     

 
The mixing factor (k) is 1 for perfect mixing and generally 2 to 10 for practical situations (10 
results in the highest concentrations).   
 
Using the model one could vary the parameter values and see how the concentration changes.  
For example, to consider a child who is low to the ground, a worst case assumption that all the 
mercury is lower to the floor could be made and the height of the box could be shortened.  If one 
opened a window or door, the air flow would increase and the concentrations would reduce more 
quickly. 
 
Ongoing Mercury Release 
 
Sheet 2 of the Excel file models ongoing evaporation of remaining mercury after clean up using 
the Equation 3: 
 
 
 
Equation 3. 
 

   
   

       
       
       
       

 Qm = evolution rate of volatile material, 
ng/minute   

 M = molecular weight of Hg    
 K = mass transfer coefficient    
 A = area of exposure    

  Assume number of spheres of liquid Hg to calculate surface 
area 

 Psat saturation pressure of  Hg    
 Rg ideal gas constant    
 TL temperature of the liquid    

kV
tQ

i

in

eCC
Δ−

=

Lg

sat

m TR
MKAPQ =
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The user can enter the total mercury in the CFL, the fraction remaining after clean up, and the 
density of the mercury in the table below.  The model will calculate the surface area of the 
remaining mercury with time.  
 

Time, 
min 

Hg in 
CFL, 
 mg 

Fraction 
Remaining 
After 
Clean Up 

Hg 
Density, 
gm/cm3 

Hg 
Remaining, 
mg 

No. of 
Spheres 

Volume of 
Each 
Sphere, 
cm3 

Radius of 
Each 
Sphere, cm 

Surface 
Area for all 
Hg, cm2 

0 
              
5.0            0.67            13.50                3.35 

                   
1  

       
0.000248  0.0390 0.0191 

5               13.50                3.30 
                   
1  

       
0.000245  0.0388 0.0189 

10               13.50                3.26 
                   
1  

       
0.000241  0.0386 0.0187 

15               13.50                3.21 
                   
1  

       
0.000238  0.0384 0.0186 

 
Then mercury concentration as a unit of time is calculated and plotted.  The mixing factor is 
entered by the user.  The model assumes a constant evaporation rate even though it will 
become less over time due to decreasing surface area.  For mercury concentration as a unit of 
time, Equation 4 (from, "Calculation Methods for Industrial Hygiene") is used. 

 
 
Equation 4. 
 

        
         
         
         
         
         
 C2 is Airborne concentration at time equal 1     
 C1 is Airborne concentration at time equal 2     
 G is Generation rate of contaminant      
 Qin  is rate of ventilation into the room or imaginary box    
 K is the mixing factor, which may vary from 1 to 10 (1 is perfect mixing, 10 is poor mixing) 
 V is volume of the room or space      
 t1 is time 1       
 t2 is time 2       
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The model predicts the Hg concentration in a room after breaking a CFL.  The major variables 
are the amount of gaseous mercury immediately released into the air, the evaporation properties 
of the Hg remaining, the room ventilation, and the mixing efficiency of the gaseous Hg within 
the room (this is estimated by applying the mixing factor described above).  The results shown 
above assume that a significant portion of the Hg is released as a gas (a third or greater); the 
remaining Hg evaporates following the properties of liquid Hg, a typical ventilation rate, and an 
average mixing factor.  These variables can be changed to better reflect the actual situation and 
improve the predicted Hg concentrations.  One of the variables that is difficult to predict is the 
evaporation rate of the Hg not initially released.  The model assumes that the Hg is in liquid form 
but in actuality, the Hg is in other forms (e.g., combined with the phosphor on the glass coating) 
and the vapor pressure of Hg in these forms does not appear to be well defined based on 
available literature.   
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Appendix B – Maine Report Clean­up Measures and Flooring Types 
 
Table B-1 below describes the cleanup measures and types of flooring used for the initial six 
scenarios.   
 
Table B-1. Six Planned Scenarios (taken from the Maine Report (Stahler et al., 2008)) 
 
Scenario Floor Type Cleanup Hg Measurementsa 
S1 Wood No lamp cleanup/ no ventilation Measure air 

concentrations 
continuously until 
highest concentration 
is reached 

S2 Wood Pre-study cleanup guidance with 
modification for 3/8” hardware 
cloth as per Appendix D 

Measure continuously 
 

S3 Short Pile 
Rug 

Pre-study cleanup guidance with 
modification for 3/8” hardware 
cloth as per Appendix D 

Measure continuously 

S4 Long Pile 
“shag” 
Rug 

Pre-study cleanup guidance with 
modification for 3/8” hardware 
cloth as per Appendix D 

Measure continuously 

S5 Short Pile 
Rug 

Ventilate room. Clean up glass 
over 3/8” by hand, vacuum, and 
remove waste pieces and 
vacuum bag from room 

Measure 
continuously/ take 
discrete 
measurements at 
vacuum locations 
 

S6 Long Pile 
“shag” 
Rug 

Ventilate room. Clean up glass 
over 3/8” by hand, vacuum and 
remove waste from room 

Measure 
continuously/ take 
discrete 
measurements at 
vacuum locations 
 

aAll measurements were taken at one foot and five foot above site of lamp break. 
Note: All six scenarios used the same “Brand A” soft white A19 14 watt lamp type. 
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Table B-2 below summarizes the steps followed for each trial in the initial six Maine scenarios.  
 
Table B-2. Summarizes the steps followed for each trial in the initial six Maine scenarios 
(taken from the Maine Report (Stahler et al., 2008)) 
 
All trials for cleanup scenarios (S2-S6) included the following basic steps: 
1. Set up room with flooring in position adjacent to Lumex intake hoses, intakes set at 1’ 
height from flooring and 5’ height from flooring. 
2. Close window and door. Record room temperature on the Project Daily Temperature 
Record each day. 
3. Place CFL on hardware cloth over flooring surface and cover with vinyl plastic coverlet. 
4. Begin monitoring room mercury concentrations.  
5. Thoroughly break CFL by striking plastic covered CFL with hammer & move cover 
plastic to one side of box. 
6. Ventilate room by opening the 30” x 38” window to the outside of the building. 
7. Clean up lamp using chosen scenario cleanup. 
8. Bag and properly dispose of broken lamp and cleanup materials outside study room. 
9. Record mercury concentrations until measurements stabilize under 20 ng/m3. 
10. Close outside window and let mercury concentrations equilibrate to check for rebound. 
11. Measure and record mercury vapor concentrations outside room door during study to 
confirm that levels do not exceed ambient air guidelines. 
12. Bag and properly dispose of any remaining mercury contaminated materials and 
decontaminate room by venting. Room mercury concentrations must stabilize under 50 
ng/m3 before proceeding to the next trial. 
Scenario 1 included all of the above steps except that the room was not vented (step 6 in list) and 
the cleanup steps (steps 7, 8, 10 and 12 in list) were not completed. 
The usual time between break and cleanup was one to five minutes. 
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Table B-3 below describes the cleanup measures and types of flooring used for the remaining 
scenarios tested. 
 
Table B-3.  Additional Scenarios (taken from the Maine Report (Stahler et al., 2008)) 
 
Scenario CFL Type∗ Floor Type Cleanup 
SA “Brand B” 

26w=90watts 
Wood 
 

Same as scenario 2 
 

SB “Brand C” 
13w=60watts 

Short pile rug 
 

Same as scenario 2 
 

SC “Brand D” 
14w=60watts 

Wood 
 

Same as scenario 2 
 

SD “Brand A” 
14w=60watts 

Wood 
 

Same as scenario 2, 
except CFL 
turned on for approx. 
1 hr before 
break to be “hot” 

SE “Brand B” 
26w=100watt 

Wood 
 

Same as scenario 2 
 

SF “Brand B” 
26w=100watt 

Wood 
 

Same as scenario 2, 
except vent 
for 46 minutes before 
cleanup. 

SG “Brand D” 
23w=100watt 

Wood 
 

Same as scenario 2, 
except vent 
for 11 minutes before 
cleanup 

SH “Brand E”, 
15w=60watt 

Wood 
 

Same as scenario, 
except vent for 
7 minutes before 
cleanup 

SI “Brand F” R30 
15w=50watt 

Wood 
 

Same as scenario 2, 
except vent 
for 5 minutes before 
cleanup 

SJ “Brand A” 
14w=60watt 

Wood 
 

Same as scenario 2 
except CFL 
cracked instead of 
thoroughly 
broken. 

SK “Brand B” 
26w=90watts 

Long pile “shag” 
rug 

Same as scenario 6 
 

S5T3 Revacuum Previously cleaned up 
“Brand A” 
14w=60watt 

Short pile rug 
from S5T3 
 

No venting 
Re-vacuum once 
 

SB Vac1 Previously cleaned up Short pile rug No venting 
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SB Vac2 “Brand C” 
13w=60watts 
 

from SB 
 

Vacuum four times. 
 SB Vac3 

SB Vac4 
SB Vac1 “Brand B” 

26w=100watt 
 

Short pile rug 
 

No venting, clean up 
big pieces 
and put in room trash, 
vacuum 
rest of debris and 
leave in room. 
Vacuum four times. 

SB Vac2 
SB Vac3 
SB Vac4 

∗ “Brand A” soft white, 14w=60watts, ave. lumens=800, ave. life=8,000hrs. 
∗ “Brand B” = Energy Choice, 26w=90watts, ave. lumens=1500, ave. life=10,000hrs. 
∗ “Brand B” 26w=100watt, ave. lumens=1700, ave. life=8,000hrs 
∗ “Brand C” = Soft White, 13w=60watts, ave. lumens=800, ave. life=8,000hrs. 
∗ “Brand D” soft white, 14w=60watts, ave. lumens=900, ave. life=10,000hrs., model EDXO-14 
∗ “Brand D” soft white, 23w=100watt, ave. lumens=1600, ave. life=10,000hrs. 
∗ “Brand E”, 15w=60watt, ave. lumens=1050, ave. life=10,000hrs, model H150275 
∗ “Brand F” R30 soft white reflector (dimmable), 15w=50watt, ave. lumens=500, ave. 
life=6,000hrs, “amalgam 
technology” 
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Appendix C – Repeated Vacuuming Data 
 
 
Data extracted from table Appendix A for all SL Scenarios from the Maine Report (Stahler et al., 
1008). 

 




