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Health Consultation:  A Note of Explanation  
 
 
An ATSDR health consultation is a verbal or written response from ATSDR to a specific 
request for information about health risks related to a specific site, a chemical release, or 
the presence of hazardous material. In order to prevent or mitigate exposures, a 
consultation may lead to specific actions, such as restricting use of or replacing water 
supplies; intensifying environmental sampling; restricting site access; or removing the 
contaminated material.  
 
In addition, consultations may recommend additional public health actions, such as 
conducting health surveillance activities to evaluate exposure or trends in adverse health 
outcomes; conducting biological indicators of exposure studies to assess exposure; and 
providing health education for health care providers and community members. This 
concludes the health consultation process for this site, unless additional information is 
obtained by ATSDR which, in the Agency’s opinion, indicates a need to revise or append 
the conclusions previously issued.  
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STATEMENT OF ISSUES AND BACKGROUND 
 
 

Statement of Issues 
 
The Missouri Department of Natural Resources (MDNR) has requested that the Missouri 
Department of Health and Senior Services (DHSS), in conjunction with the federal Agency for 
Toxic Substances and Disease Registry (ATSDR), complete a health consultation for the Sherrill 
Mini Mart/Health Clinic in Annapolis, Missouri.  This health consultation focuses on exposure to 
the indoor air in the building that serves as a convenience store and health clinic. 
 
Background 
 
The Sherrill Mini-Mart opened in 1992; it is located in Annapolis, Iron County, Missouri on 
State Highway 49.  The building is approximately 60 feet by 60 feet, of which the Mini-Mart 
occupies approximately 70%.  It is the local gasoline station and convenience store, which stocks 
a few grocery items.  The Sherrill Mini-Mart employs 11 people who collectively work three 
shifts, seven days a week, from 6:00 a.m. until 10:00 p.m.   
 
Since 1993, a family health clinic has leased the remaining 30% of the building (see Appendix 
A., Figure 1).  There is a separate entrance and lobby for clinic employees and patients.  Three 
employees staff the clinic (a receptionist, nurse, and nurse practitioner) five days a week.  On 
Tuesdays, a doctor is available for appointments.  The clinic is open from 8:00 a.m. until 5:00 
p.m., with appointments generally beginning at 9:00 a.m.   
 
In late January 2005, gas and diesel pumps were knocked over causing a fuel spill at the Mini-
Mart pump island, which is approximately 15 feet from the front of the building (Appendix A., 
Figure 1).  The pumps were replaced in early February.   
 
In August, clinic staff began complaining of unpleasant odors in the clinic and experiencing 
headaches that they believed were caused by the odors.  The clinic closed for business on August 
23, 2005 while the odors were investigated.  The owner of Sherrill Mini-Mart contacted a 
consultant (The Kiesel Company) and the Missouri Department of Natural Resources (MDNR).   
 
In September, MDNR staff visited the site and spoke to clinic staff as well as to Mini-Mart 
employees and patrons.  MDNR staff observed odors in the clinic but neither the nature of the 
odor nor the source of the odor was immediately identifiable.  None of the Mini-Mart staff or 
patrons complained of odors in the Mini-Mart portion of the building.  MDNR discovered that 
gasoline and diesel product from the pump spill had permeated the ground under the driveway 
and traveled under the building.  Contaminated soil was removed from under the driveway in 
front of the Mini-Mart portion of the building on September 19 and 20, 2005.   
 
Because of concern that employees and patrons may be inhaling vapors emanating from the 
contaminated soil, MDNR staff collected an air sample from inside the clinic during the site visit 
on September 17, 2005. MDNR sent the sample results to DHSS for review.  Concentrations of 
benzene and toluene, common ingredients of gasoline and diesel fuel, exceeded ATSDR’s 
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comparison values for acute (exposure that occurs for less than 14 days) inhalation exposure 
(Appendix B., Table1).  Several chemicals in the air sample were at levels that exceeded health-
based comparison values for longer-term exposure.   
 
Based on the sampling results, DHSS recommended that actions be taken to reduce or prevent 
exposure for those working in the Mini-Mart or clinic (Appendix C., Letter 1).   As a result, a 
vapor extraction and air filtration system was installed in the building to decrease the 
concentration of contaminants in the building air.  The vapor extraction system pulls 
contaminated vapors from the soil beneath the clinic and pumps them to the outside to prevent 
them from entering the clinic through the building floor.  The vapor is treated before being 
released to the outside air.  Additionally, carbon filters were placed in the interior 
heating/cooling system to remove contaminants from circulating indoor air.   
 
MDNR collected a second air sample approximately two and a half days after the system began 
operating.  It is evident from the second sample collected on October 17, 2005 that air quality in 
the clinic had improved (Appendix B., Table 2).  DHSS reviewed this sample and did not find 
any chemicals that exceeded comparison values for acute or intermediate exposure; however, 
several chemicals (benzene, hexane, xylenes, 1,3,5- trimethylbenzene, 1,2,4-trimethylbenzene, 
and tetrahydrofuran) were detected at levels that exceed values for long-term exposure 
(Appendix C., Letter 2).  Also, one chemical that was not detected in the first sampling, 
tetrahydrofuran, was detected in this second sampling at an elevated level.  DHSS recommended 
that another sample be collected for further evaluation after the systems had been operating for a 
longer duration.   
 
The Kiesel Company collected an indoor air sample on October 27, 2005 to further evaluate the 
effectiveness of the vapor recovery and air filtration systems.  The values in Table 1 illustrate the 
significant decrease in the chemical levels over time.  Although the levels are lower than in the 
previous samples, several chemicals were detected in the October 27 sample.   Five chemicals 
were detected above recommended values for long-term residential exposure. 
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Table 1.  Decrease in Contaminant Concentrations from the Sampling Events at the 

Sherrill Mini Mart/Health Clinic 
 

Sampling Date  
Contaminant 9/17/05 10/17/05 10/27/05 

Acute 
MRL† 

Residential 
Comparison 

Values 
Benzene  1400 11 9.3 160 0.1‡ 

Hexane 6700 340 110 NA 210 nc§ 
Methylene 
Chloride* 

ND ND 14 2084 3‡ 

m,p - Xylene 4100 460 47 4342 110 nc§ 

o - Xylene 1400 280 26 4342 110 nc§ 

1,3,5 - 
Trimethylbenzene 

220 97 7.1 NA 6.2 nc§ 

1,2,4- 
Trimethylbenzene 

730 290 21 NA 6.2 nc§ 

Tetrahydrofuran ND 1800 16 NA 0.99 ca§ 
 
All values are in micrograms per meter cubed (µg/m3).  
Values in boldface type exceed residential comparison values. 
Shaded values exceed occupational comparison values. 
ND = Values were non-detect. 
NA= Not available. 
*Methylene Chloride is a common laboratory contaminant.  
†MRL – ATSDR Minimal Risk Level for exposure occurring for less than 14 days. 
‡ATSDR Cancer Risk Evaluation Guides indicate that long-term exposure could cause an increased excess cancer 
risk to exposed populations. 
§U.S. Environmental Protection Agency Region 9 Preliminary Remediation Goal values designated “ca” are equal to 
the carcinogenic ambient air preliminary remediation goal (corresponding to a target cancer risk of 1 x 10-6).  Values 
designated “nc” are equal to the non-carcinogenic ambient air preliminary remediation goal (corresponding to an 
Hazard Quotient of 1).   

 
DISCUSSION 

 
Once indoor air samples were collected, MDNR contacted DHSS for assistance with evaluating 
the indoor air quality in the building. DHSS received the sampling results and compared them to 
ATSDR health based comparison values. The comparison values (CVs) are media specific and 
specify acute, intermediate, and chronic duration exposures by the inhalation and oral routes.  
Acute exposure is defined as exposure that occurs for less than 14 days.  Intermediate exposure 
occurs for more than 14 days but less than 364.  Chronic exposure occurs for more than 365 
days.  ATSDR’s Cancer Risk Evaluation Guides (CREG) are media specific CVs that can 
indicate if long-term exposure could cause an increased excess cancer risk to exposed 
populations.   
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U.S. Environmental Protection Agency Region 9 Preliminary Remediation Goal (PRG) values 
were also used to compare the sampling results to acceptable levels.  Region 9 PRGs are risk-
based concentrations that are considered to be health protective for long-term human exposures 
and correspond to fixed levels of risk for cancer or non-cancer health effects.   
 
The maximum time that employees and patrons could have been exposed to contaminants inside 
the clinic is from January, when the spill occurred, until August when the clinic closed.  
However, odors were not observed or reported until August.  The levels of benzene and toluene 
detected in the first sampling event did exceed the acute MRL.  Once the vapor extraction and air 
filtration systems were installed, the air quality inside the building began to improve.  Table 1. 
illustrates the significant decrease in the chemical levels over time as a result of the installation 
of the air filtration and vapor extraction systems.  In the second sample collected on October 17, 
the levels are less than in the previous samples; however, there were still several chemicals 
present.  Five chemicals are above recommended values for long-term residential exposure.  The 
contaminant concentrations decreased further in the October 27, 2005 sample.  As the systems 
operate in the building, the contaminant concentrations should continue to decrease, thus 
reducing potential exposures to staff in the clinic and Mini-Mart.   
 
Because the contaminant levels detected in the last sampling are significantly decreasing and 
residential exposures are not expected to occur, the employees should not experience any adverse 
health effects.  Community members who visit the mini mart or health clinic spend very limited 
time in the building.  Although some of the community members may be very old or young, or 
have compromised immune systems, the limited exposure time should not result in adverse 
health affects.  
 
Pathway Analysis 
 
To determine whether residents of the area have been or are being exposed to contaminants 
inside the Sherrill Mini Mart/Health Clinic, DHSS evaluated the environmental and human 
components that lead to an exposure pathway.  Completed exposure pathways exist when all five 
elements of a pathway link the contaminant source to a receptor population.  Potential exposure 
pathways exist if at least one of the five elements is missing or uncertain, but could exist.  An 
exposure pathway can be eliminated if at least one of the five elements is missing and will never 
be present.  Completed and potential exposure pathways could have been present in the past, 
could be present currently, or could be present in the future.   
 
1.  Contaminant source – contaminated soil and indoor air. 
2.  Environmental medium and transport – contaminated air. 
3.  Point of exposure – indoor air 
4.  Route of exposure –inhalation. 
5.  Receptor population – employees and patrons of the mini mart and health clinic. 
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Completed Exposure Pathways: 
 
Past: 
 
Prior to the remediation of the contaminated soil and the installation of the air filtration and 
vapor extraction system, the air in the Sherrill Mini Mart/Health Clinic may have posed a risk to 
employee who experienced short-term daily exposure.  Visitors or clients are not expected to 
have experienced adverse health effects because of short exposure duration. 
 
Present: 
 
The contaminant levels detected in the last sampling are significantly lower than previous 
sampling events.  Because of the type of exposure, the employees should not experience any 
adverse health effects.  Community members who visit the mini mart or health clinic spend very 
limited time in the building and should not experience any adverse health effects.   
 
 

TOXICOLOGICAL EVALUATION 
 
This section will discuss the potential adverse health effects of exposure to benzene and toluene.  
Non-cancerous health effects and the likelihood of the contaminants causing cancer are 
evaluated.   
 
Benzene 
 
Benzene is a clear, colorless liquid with a sweet odor typically found in gasoline, paints, cigarette 
smoke, glues and pesticides.  It has a fairly low odor threshold that provides adequate warning of 
acutely hazardous concentrations (odor threshold 1.5-5 ppm).  Benzene vapor is heavier than air 
and may cause asphyxiation in enclosed, poorly ventilated, or low-lying areas.   
 
Breathing benzene vapor in small amounts can cause headache, dizziness, drowsiness, or nausea.  
At higher levels of exposure, benzene may cause sleepiness, stumbling, irregular heartbeats, 
fainting, or even death (4).  Benzene vapors are mildly irritating to the skin, eyes, and lungs.  In 
most cases, people will stop feeling these effects when they stop being exposed and begin to 
breathe fresh air.  The primary long-term (365 days or longer) effect of benzene exposure is 
blood-related.  People who breathe benzene for long periods may experience harmful effects in 
the tissues that form blood cells.  Benzene may cause harmful effects to bone marrow and can 
cause a decrease in red blood cells leading to anemia.  Excessive exposure can also be harmful to 
the immune system, increasing the chance for infection.   
 
Benzene is a known human carcinogen.  Long-term exposure to high levels of benzene in the air 
can cause leukemia (cancer of the blood-forming organs).  Exposure to benzene has been 
associated with development of a specific type of leukemia called acute myeloid leukemia (4). 
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The levels of benzene found in the health clinic were originally high enough to potentially cause 
short-term health effects.  However, actions were taken that decreased the benzene concentration 
and adverse health effects are not expected to occur. 
 
Toluene 
 
Toluene is a clear, colorless liquid with a distinctive smell.  It is a solvent, which is produced 
during the refining of crude oil into gasoline and other fuels.  Toluene is a major component of 
gasoline and is used in making paints, paint thinners, fingernail polish, lacquers, adhesives, and 
rubber and in some printing and leather tanning processes.   
 
Studies have shown that exposure to toluene may affect the nervous system. Low to moderate 
levels can cause tiredness, confusion, weakness, drunken-type actions, memory loss, nausea, loss 
of appetite, and hearing and color-vision loss (5).  These symptoms usually disappear when 
exposure is stopped.  Inhaling high levels of toluene in a short time can cause light-headed-ness, 
dizziness, or sleepiness.  It can also cause unconsciousness, and even death.  Studies in humans 
and animals generally indicate that toluene does not cause cancer (5). 
 
Levels of toluene detected in the clinic were initially high enough to potentially cause short-term 
health effects.  However, actions were taken that decreased the toluene concentration and 
adverse health effects are not expected to occur. 
 
 
Children’s Health 
 
Children exposed to similar levels of benzene vapors as adults could receive a larger dose 
because they have greater lung surface area to body weight ratios and higher breathing rates.  In 
addition, because benzene vapors are found nearer to the ground, children may be exposed to 
higher concentrations than adults in the same location because of their short stature.  Children are 
likely to experience similar health affects as adults when exposed to benzene.  In addition, 
benzene exposure via inhalation has been associated with hematological effects in children (6).   
 
Children are likely to experience similar health effects as adults who are exposed to toluene.  
Some animal studies indicate that babies may be more sensitive than adults.  Breathing high 
levels of toluene during pregnancy can cause birth defects and slow developing mental abilities, 
and growth.  It is not known if exposure to low levels of toluene during pregnancy harms the 
unborn child.   
 
In this case, children’s exposure time is limited to an hour or less (doctor appointment or visit to 
mini mart) and is not expected to cause health problems. 
 
 

CONCLUSIONS 
 
Prior to the remediation of the contaminated soil and the installation of the air filtration and 
vapor extraction system, the air in the Sherrill Mini Mart/Health Clinic may have posed a risk to 
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individuals who experienced short-term daily exposure.  The potential for harmful exposure 
existed from the time of the spill in January until August, when the clinic closed.  The Sherrill 
Mini Mart/Health Clinic is considered to be a Public Health Hazard for past exposures for 
employees.  This category is used for sites where exposures to hazardous substances or 
conditions could result in adverse health affects.  Visitors or clients are not expected to 
experience adverse health effects because of short exposure duration. 
 
At this time, it appears that the air quality in the Sherrill Mini-Mart building is improving as the 
vapor recovery and air filtration systems operate.  The levels are still above what is 
recommended for long-term residential exposure.  However, because this is not a residential 
setting, it appears that the levels do not pose a health risk for this type of exposure.  The 
exposure time for community members who visit the mini mart and the health clinic is very short 
and not considered to be a health hazard. The Sherrill Mini Mart/Health Clinic site is currently 
considered to be a No Apparent Public Health Hazard.  This category is used for sites where 
exposure to contaminated media may be occurring but the exposure is not expected to cause 
adverse health affects.  These past and present categories are based on the following conclusions: 
 
1. A gasoline spill at the pump island resulted in contaminated subsurface soil and 

unacceptable air concentrations in the past.   Actions have been taken to remedy the 
situation. 

 
2. The air quality in the building is improving as a result of the vapor recovery and air 

filtration systems recently installed.   
 
 

RECOMMENDATIONS 
 
1. The building should only be used as a commercial facility, residential use should not be 

allowed. 
 
2. Regular maintenance, such as changing of the carbon filter, should be performed by 

certified professionals on the air filtration and vapor recovery system to ensure 
appropriate air quality in the building. 

 
3. Air sampling should be conducted inside the health clinic to ensure clean air before and 

after soil vapor extraction ceases and carbon filters are removed. 
 

 
 

PUBLIC HEALTH ACTION PLAN 
 

This Public Health Action Plan (PHAP) for the Sherrill Mini-Mart/Health Clinic site contains an 
explanation of the actions to be taken by the Missouri Department of Health and Senior Services 
(DHSS), the Agency for Toxic Substances and Disease Registry (ATSDR), and other 
stakeholders.  The purpose of the PHAP is to ensure that this public health consultation not only 
identifies public health hazards, but provides an action plan to mitigate and prevent adverse 
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human health effects resulting from past, present, and future exposures to hazardous substances 
at or near the site.  Below is a list of commitments of public health actions to be implemented by 
DHSS, ATSDR, or other stakeholders at the site: 
 
1. DHSS/ATSDR will address employee and community health concerns and questions as 

they arise. 
 
2. DHSS/ATSDR will review additional sampling data as it becomes available and provide 

guidance regarding possible health risk if necessary. 
 
 
 
 
 
 
 
Preparers of the Report: 
     

Kristi Campbell, Cherri Baysinger, Missouri Department of Health 
and Senior Services 
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CERTIFICATION 
 

 
This Sherrill Mini-Mart/Health Clinic, Annapolis, Missouri, Public Health Consultation was 
prepared by the Missouri Department of Health and Senior Services (DHSS) under a cooperative 
agreement with the federal Agency for Toxic Substances and Disease Registry (ATSDR).  It was 
completed in accordance with the approved methodologies and procedures existing at the time 
the health consultation was initiated.  Editorial review was completed by the Cooperative 
Agreement partner. 
 
 
 
     ______________________________________ 
     Technical Project Officer, CAT, SPAB, DHAC 
 
 
 
 
 
The Division of Health Assessment and Consultation (DHAC), ATSDR, has reviewed this health 
consultation and concurs with its findings. 
 
 
 
     _______________________________________ 
     Team Lead, CAT, SPAB, DHAC, ATSDR 
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Table 1.  Contaminants of Concern from September 17, 2005 Sampling 
of the Sherrill Mini Mart/Health Clinic 

 
 

 
Contaminant 

Sampling Result 
(ppb*) 

Acute MRL† 
(ppb) 

Chronic MRL† 
(ppb) 

Occupational 
Comparison 

Values‡ 
Benzene 440 50 Not available 100 
Toluene 1200 1000 80 100,000 
All values are in part per billion (ppb). 
†MRL = Minimal Risk Level.   

Acute exposure occurs for less than 14 days.   
Chronic exposure occurs for more than 365 days. 

‡National Institute for Occupation Safety and Health Recommended Exposure Limit.  
  (Ca = potential occupational carcinogen.) 
 
 
 
 
 

Table 2.  Contaminants of Concern from October 17, 2005 Sampling  
of the Sherrill Mini Mart/Health Clinic 

 
 

 
Contaminant 

Sampling Result 
(µg/m3) 

Chronic ATSDR CV
(µg/m3) 

Region 9 PRGs* for 
Chronic Exposure 

(µg/m3) 
Benzene  11 0.1 (CREG) 0.25 ca 
Hexane 340  210 nc 

m,p - Xylene 460 435 (chronic EMEG) 110 nc 
o - Xylene 280 435 (chronic EMEG) 110 nc 
1,3,5 - Trimethylbenzene 97  6.2 nc 
1,2,4- Trimethylbenzene 290  6.2 nc 
Tetrahydrofuran 1800  0.99 ca 
All values are in micrograms per meter cubed (µg/m3). 
*U.S. Environmental Protection Agency Region 9 PRG values designated “ca” are equal to the carcinogenic ambient 
air PRG (corresponding to a target cancer risk of 1 x 10-6).  Values designated “nc” are equal to the non-
carcinogenic ambient air PRG (corresponding to an HQ of 1).   
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Table 3.  Contaminants of Concern from October 27, 2005 Sampling  
of the Sherrill Mini Mart/Health Clinic 

 
 

 
 

Contaminant 
10/27/05  

Sampling  
(µg/m3) 

Residential 
Comparison 

Values 

Occupational 
Comparison 

Values 
Benzene  9.3 0.1† 320 Ca§ 
Hexane 110 210 nc‡ 180,000§ 

Methylene Chloride* 14 3† 87,000¶ 

m,p - Xylene 47 110 nc‡ 440,000§,¶ 

o - Xylene 26 110 nc‡ 440,000§,¶ 

1,3,5 - Trimethylbenzene 7.1 6.2 nc‡ 120,000§ 

1,2,4- Trimethylbenzene 21 6.2 nc‡ 120,000§ 
Tetrahydrofuran 16 0.99 ca‡ 590,000§,¶ 
 
All values are in micrograms per meter cubed (µg/m3).  
Values in boldface type exceed residential comparison values. 
Shaded values exceed occupational comparison values. 
ND = Values were non-detect. 
*Methylene Chloride is a common laboratory contaminant.  
†ATSDR Cancer Risk Evaluation Guides indicate that long-term exposure could cause an increased excess cancer 
risk to exposed populations. 
‡U.S. Environmental Protection Agency Region 9 PRG values designated “ca” are equal to the carcinogenic ambient 
air PRG (corresponding to a target cancer risk of 1 x 10-6).  Values designated “nc” are equal to the non-
carcinogenic ambient air PRG (corresponding to an HQ of 1).   
§National Institute for Occupational Safety and Health values.  Values designated with “Ca” are potential 
occupational carcinogens.  Values designated “C” are ceiling value that should not be exceeded at any time. 
¶Occupational Safety and Health Administration value. 
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