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   I. SUMMARY

On March 28, 1989, the National Institute for Occupational Safety and Health (NIOSH)
received a request for a health hazard evaluation at the Andrew Jackson Junior High School in
Cross Lanes, West Virginia.  This request was submitted by the teachers and principal of the
school.  The request reported symptoms of numbness and tingling of the extremities, upper
airway irritation, eye irritation, inability to concentrate, and thermal comfort complaints.  The
requestors believed the symptoms were related to poor indoor air quality (IAQ) in the school.

On April 11 - 12, 1989, an industrial hygienist and an occupational physician conducted a
preliminary IAQ evaluation at the school.  Follow-up industrial hygiene and medical surveys
were conducted on April 16 - 17, 1989; May 9 - 11, 1989; September 13 - 14, 1989;
February 28 through March 1, 1990; and, June 8, 1990.  Results, findings, and
recommendations from each survey were provided by letter.

The Andrew Jackson Junior High School building was built in 1969 as an "open space"
classroom configuration (i.e., there were no structural barriers between classes).  During 1981 to
1983, the "open space" was converted to approximately 30 classroom areas by erecting walls. 
The heating, ventilation, and air conditioning (HVAC) systems were modified only by adding a
false ceiling return air plenum to accommodate the space conversion.  Several classroom areas
were noted to have very poor air circulation due to the inability of the HVAC system to
adequately ventilate the room areas.  The school had been treated for termite infestation by sub-
slab injection of chlordane and direct in-room application of chlorpyrifos (Dursban) and
Diazinon.  Fluorescent light ballast burn-outs over several years introduced the polychlorinated
biphenyl (PCB) Aroclor 1254 into the school building which was not effectively removed by the
ventilation system.

Carbon dioxide (CO2), temperature, and relative humidity measurements indicated that several
of the classroom areas were not adequately ventilated (insufficient fresh air) on the days when the
measurements were taken.  Direct measurement of ventilation rates for the classrooms was found
to range from 0 to 1160 cubic feet per minute (cfm), resulting in an estimated range of 0 to 13
cfm of fresh air per person in the classrooms.  The American Society of Heating, Refrigerating,
and Air-Conditioning Engineers (ASHRAE) recommends that 15 cfm of fresh air per person be
provided to classrooms.  Air samples for volatile organic chemicals (VOCs) were collected in
classrooms and verified the indication from CO2 and ventilation measurements of deficient
ventilation of the 
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classroom areas which allowed chemical contaminants to build up during occupancy.  Carpet
samples were collected to determine the extent of pesticide contamination in classrooms and
found 16% by weight of chlordane in two worst case samples, Diazinon contamination ranged
from trace to 76 micrograms per gram (ug/g) in 16 of 17 carpet samples.   Aroclor 1254 (a
polychlorinated biphenyl) was found to range from trace to 67 ug/g in 15 of 17 carpet samples. 
Detectable concentrations of chlordane, Diazinon, Dursban, and Aroclor 1254 were found on
high dermal contact surfaces.  Air sampling results for Diazinon and Dursban indicated
concentration ranges of non-detectable (ND) to 2.4 micrograms per cubic meter (ug/m3) and
ND to 0.60 ug/m3 respectively; these concentrations were considerably lower than the exposure
criteria of 200 ug/m3 and 100 ug/m3 respectively.  Air sampling results for chlordane and Aroclor
1254 ranged from ND to 55.3 ug/m3 and ND to 0.19 ug/m3 respectively.  Since these
substances are carcinogens, NIOSH recommends that exposure be reduced to the lowest
feasible level.

The medical investigation consisted of measuring blood levels of chlordane and administering
three medical questionnaires to the school employees; one by the County Health Department in
January 1989, one by NIOSH immediately following reopening of the school after renovations in
March 1990, and one by NIOSH 4 months later, just prior to the close of the school year.
Blood levels of chlordane metabolites were consistent with the range of blood chlordane
metabolites found in the general population. Over 90% of current employees answered each
questionnaire.  The Kanawha County Health Department survey found that over 30% of the
school employees had several of the health complaints.  The types of complaints mentioned most
commonly by the employees (upper airway and mucous membrane irritation, respiratory
problems, headache, muscle aches, fatigue, problems with concentration, and tension) could
have been due to a variety of causes and were not suggestive of any specific environmental
contaminant.  These complaints were, however, similar to those found in other buildings and
schools that NIOSH has investigated for IAQ problems.  The prevalence of all symptoms
decreased by 50% or more after the renovations.  Although the prevalences increased slightly
between March and June 1990, most remained much lower than prior to the renovations.  Also,
the rate of comfort complaints decreased significantly after the renovations.

Based on these findings, the school building was decontaminated for insecticides and Aroclor
1254.  Also, the building ventilation system was replaced, the roof repaired, and the interior
renovated.  Post renovation measurements indicated considerable improvements in indoor air
quality, non-detectable levels of pesticides, and background levels of Aroclor 1254. 
Questionnaire results also showed a decline in health complaints and the perceptions of improved
air quality after the decontamination and renovation of the school. 



Based on the environmental monitoring results, the investigators concluded that a
potential hazard from dermal and inhalation exposure to chlordane and the
polychlorinated biphenyl Aroclor 1254 existed in the school classroom environment. 
The investigators also concluded that an unnecessary inhalation and dermal exposure
potential to the insecticides Dursban and Diazinon existed in the classroom environment. 
Based on the ventilation evaluation, the ventilation of the classroom areas was found to
be deficient in the amount of fresh air provided per person, the amount of air supplied
to certain classrooms, and the distribution of air throughout certain classrooms.  Health
complaints, though not fully specific for poor indoor air quality, decreased in prevalence
following renovation of the ventilation system and decontamination of the building. 
Recommendations to reduce the exposure potential to chlordane and Aroclor 1254,
improve the ventilation of the classrooms, and improve the indoor air quality of the
school are provided in Section VIII.

KEYWORDS:  SIC 8211 (Educational Facilities, Elementary and Secondary), chlordane,
chlordane metabolites, chlorpyrifos, Dursban, Diazinon, indoor air quality, PCBs, Aroclor 1254.  
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  II.  INTRODUCTION

On March 28, 1989, the National Institute for Occupational Safety and Health (NIOSH)
received a request for a health hazard evaluation at the Andrew Jackson Junior High School in
Cross Lanes, West Virginia.  The request was submitted by the teachers and the principal of the
school and reported symptoms of numbness and tingling of the extremities, upper airway
irritation, eye irritation, inability to concentrate, and comfort complaints of too hot and too cold. 
These symptoms were believed by the requestors to have resulted from poor indoor air quality
(IAQ) in the school. 

A.  Environmental Monitoring and Medical Surveys

On April 11 - 12, 1989, an industrial hygienist and an occupational physician conducted a
preliminary IAQ evaluation at the school.  During the two-day site visit, several teachers,
school officials, parents, and county health department officials were interviewed to
determine the nature of the problems and what investigations had been completed. 
Preliminary air sampling was conducted to evaluate the efficiency of the school's heating,
ventilation, and air conditioning (HVAC) system.  The entire building was inspected for
potential sources of chemical pollutants (i.e., science laboratories, wood shop, home
economics, and art classroom areas) and microbiological contamination which could be
associated with the reported symptoms.  Reports of extensive use of chemical insecticides,
and the possible application of chlordane for termite control, prompted a second site visit
on April 16 - 17, 1989 to conduct surface wipe and air sampling for various insecticides,
and measure volatile organic chemicals, temperature, and relative humidity.  The medical
symptom questionnaire administered by the Kanawha County Health Department was
analyzed by the NIOSH investigators to determine the type and extent of health complaints. 
A letter (dated May 4, 1989) summarizing the observations, sampling results, and findings
from these two surveys was submitted to the principal of the school and other interested
parties.  At the conclusion of the April 1989 survey, the NIOSH investigators
recommended that classrooms 401, 402, 309, 104B, and 502 be vacated to prevent
unnecessary exposure to chlordane and Diazinon.  Based on this advise, the Kanawha
County School Board decided on April 12, 1989, to vacate these classroom areas.  Based
on the May 4th NIOSH letter report, the Kanawha County School Board voted on May 4,
1989, to vacate the school by sending the students to another building and implement the
recommendations to remove the pesticide contamination, improve the ventilation of the
school, and repair the roof.

On May 9 - 11, 1989, a follow-up survey was conducted to collect carpet samples for
determination of insecticides and polychlorinated biphenyl (PCB) contamination, obtain
additional surface wipe and air samples for insecticides and PCBs, obtain ventilation system
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measurements, and collect blood samples from the school staff for chlordane metabolite
analysis.  The results of this survey were reported by letters (dated June 8 and June 22,
1989) to the school principal.  Recommendations on how to remove the insecticide and
PCB contamination in the school were provided to Facilities Management, Kanawha
County Schools by letter (dated June 30, 1989).  The school was closed to the public in
June 1989 for clean-up and removal of pesticide contamination, renovation and
replacement of the HVAC systems for the classrooms, and repair of the roof.

On September 13 - 14, 1989, a follow-up survey was conducted to collect "clearance
samples" to verify the effectiveness of the contamination removal efforts.  Results of this
survey effort and subsequent recommendations were provided by letter (dated October 27,
1989) to Facilities Management.  The school reopened for occupancy during the week of
February 12, 1990.

On February 28 and March 1, 1990, a NIOSH survey team made follow-up ventilation
measurements, collected air samples for volatile organic compounds, pesticides, and PCBs,
and collected surface wipe samples for pesticides and PCBs.  These measurements were
obtained to characterize the ventilation and environmental status of Andrew Jackson Junior
High School upon re-occupancy after the extensive interior renovation and ventilation
changes made at the school building.  A symptom questionnaire also was administered to
the school employees to determine the occupants' perception of the air quality conditions in
the renovated school building.  A letter (dated May 10, 1990) summarizing the results of
this survey was submitted to Facilities Management and others. 

On June 8, 1990, the final site visit was conducted to administer a symptom questionnaire
to the staff of the school and to hold a closing conference.  Re-administration of the
questionnaire prior to school closing for the summer was anticipated to provide additional
follow-up information on the perceived air quality conditions within the school.  A closing
conference was held with Kanawha County School administrators, the principal of the
school, Kanawha County Health Department Officials, and representatives of the teachers,
parents, and students to summarize the results of the NIOSH evaluation and respond to any
questions concerning this effort.

This final report serves to summarize the various activities, observations, and findings of this
evaluation.  This report also serves to formally conclude and close NIOSH activity on this
request for a hazard evaluation of IAQ.
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 III. BACKGROUND

A. Description of Facility

The Andrew Jackson Junior High School building was built in 1969 as an "open space"
classroom configuration (i.e., there were no structural barriers between classes).  This
single-story building was heated, cooled, and ventilated by nine individual roof-mounted air
handling units (AHU) with ducted air supply; the false ceiling space served as the return air
duct to the HVAC.  The HVAC system was not equipped with humidification or
dehumidification components.  During 1981 to 1983, the "open space" was converted to
approximately 30 classroom areas by erecting walls.  The HVAC systems were modified
only by adding a false ceiling return air plenum to accommodate the space conversion.  The
majority of the classrooms were ventilated by four AHUs (four individual ventilation zones)
which were controlled by programmable thermostats.  The fresh air intake dampers on
each AHU were capable of supplying 0-23% fresh air, dependent upon the position of the
damper stop.  Specific structural problems of the building noted during the initial evaluation
included several areas where the roof was leaking during inclement weather, missing ceiling
tile panels due to the leaks, and cracks in the concrete floor.  Several classroom areas were
noted to have very poor air circulation.  This situation was possibly due to the inability of
the HVAC system to adequately ventilate the room areas, since it was originally designed
to ventilate an open space configuration.  Also, the poor ventilation problem was
compounded by missing ceiling tile panels which inhibited the HVAC systems' air
distribution and mixing capabilities.

As part of the building renovation, four new AHUs, equipped with 30% efficiency pre-
filters and 65% efficiency final filters on the fresh air intake, were installed in the four
classroom ventilation zones.  Thermostatically controlled re-heat boxes and new ductwork
were also installed.  The ventilation of the entire school was designed to be remotely
monitored by computer, with warning alarms for temperature extremes, fan failure, and re-
heat box failure.  The fresh air intake damper controls were capable of providing 0 to
100% fresh air depending on the minimum stop requirement programmed into the AHU
zone thermostat for specified time periods.  During this survey, the damper controls were
set to provide a minimum of 25% fresh air during occupied hours and a setting of 0% during
a heat-up period prior to occupancy.  As designed and installed, this system was viewed as
"state of the art" by the NIOSH investigators, based on the variety of air handling systems
encountered during IAQ evaluations.  New carpeting, floor tile, and a roof were also
installed during the renovation.
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B. Previous Investigation Efforts

The Kanawha-Charleston Health Department conducted a series of evaluations at
the school.  These evaluations occurred on October 17, 1986, January 21, 1987,
and January 24 - 25, 1989.  During the October 1986, IAQ survey of the
building, carbon dioxide (CO2) measurements ranged from 600 to 1100 parts per
million (ppm).  On January 21, 1987, the CO2 measurements ranged from 600 to
1000 ppm.  CO2 measurements on January 25, 1989, ranged from 200
(outdoors) to 600 ppm (indoors), and air sampling detected no pesticides.  Lead
and mineral concentrations in water samples collected on January 24, 1989, were
less than the Environmental Protection Agency's (EPA) maximum allowable
concentration.  A questionnaire was distributed to all employees in January 1989,
which inquired about health complaints.  The results of this survey are discussed in
Section VI.  Because of these medical and environmental evaluation results and
the limitations of the Department's testing capabilities, investigators from the Health
Department concluded that they were not able to identify a direct correlation
between the reported health problems and the school's environment.  The Health
Department made several prudent recommendations to improve the IAQ of the
school, reduce the potential for exposure to pesticides, and minimize the number
of health problems.

  IV. MATERIALS AND METHODS

A. Environmental

Ventilation Assessment

Measurements of CO2 were made using Drager gas detection tubes and a hand-held pump,
and with a Gastech direct reading portable CO2 Monitor (Model RI 411).  Temperature
and relative humidity readings were collected using a Vista Scientific Corporation automatic
psychrometer (model #784) and calibrated electronic thermistors.

Direct air volume measurements through ducted supply and return ceiling diffusers were
made using an Alnor Balometer (Model 6465) portable ventilation meter.  Classroom
ventilation rates were calculated based upon the volume of air delivered to the classroom
and the size of the classroom.  Estimates of the amount of outside fresh air delivered to each
classroom and amounts of fresh air per occupant in the room were calculated based upon
an estimated 23 to 25% (depending upon survey date) fresh air portion of the total supply. 
The amount of outside air per person was based on an estimated classroom occupancy of
20.
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Insecticides

Sampling for airborne concentrations of insecticides was performed using ORBO-42 solid
sorbent tubes and portable sampling pumps calibrated at 1 liter per minute (L/m).  The
sample tubes were analyzed for chlordane, Dursban, Diazinon, Baygon, and Ficam by gas
chromatography with electron capture detection (GC/ECD).  The analytical limit of
detection (LOD) of this analysis for these insecticides were 0.01, 0.004, 0.002, 3.0, and
3.0 micrograms per sample (ug/sample), respectively.  Analysis of the ORBO-42 samples
was conducted in the following manner:  The ORBO-42 tubes were prepared for analysis
according to NIOSH Method S278 with modifications.1  The samples were desorbed in 1
milliliter (ml) of toluene and sonicated for 1 hour.  The front and back sections of the tubes
were desorbed and analyzed separately.  Matrix standards were prepared and analyzed to
assure method reliability.  The samples were analyzed on a HP Model 5890 GC/ECD.  A
6 foot x 4 millimeter (mm) inside diameter (I.D.) glass column packed with 1.5%
SP-2250/1.95% SP-2401 was used isothermally at 214°C.  P-5 was used as the carrier
gas.

Technical chlordane was quantitated by summing the first three peaks in the standards and
comparing sums of the first three peaks in the samples.  The later peaks in the standards
(including alpha and gamma chlordane) did not show up in the samples.  This is probably
because of their lower volatility and interferences from the PCB Aroclor 1254.  Chlordane
and Aroclor 1254 did not quantitate in the original run which had a higher LOD.  The
samples and lower standards were re-run to produce results.  Quality control (QC)
samples were not re-run at the lower range because they were acceptable with the original
range of standards.

Surface contamination sampling for insecticides was performed using 2" x 2"
Soxhlet extracted gauze pads impregnated with 8 ml of hexane.  A 0.25 square
meter (m2) area was wiped with the pads using gloves determined not to contain
PCBs.  The gauze samples were prepared for analysis by extraction in 40 ml of
hexane with shaking for 30 minutes.  The hexane extract was transferred to a
concentrator tube and the gauze pad was rinsed twice with 10 ml of hexane.  The
concentrated hexane eluent was brought to a final volume of 2 ml.  The samples
were analyzed on a Hewlett-Packard Model 5890 GC/ECD.  A 6 foot x 4 mm
I.D. glass column packed with 1.5 percent SP-2250/1.95 percent SP-2401 was
used isothermally at 222°C.  P-5 was used as the carrier gas.  The LOD for
chlordane using this analytical procedure was 0.09 ug/sample, with a limit of
quantitation (LOQ) of 0.3 ug/sample.
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Polychlorinated Biphenyls (PCBs)

Air sampling for PCBs was accomplished using florisil as the solid sorbent sampling media
and portable sampling pumps calibrated at 1 L/m for approximately 10 hours.  Analysis of
these samples was performed according to NIOSH Method 5503 using GC/ECD.1  The
front and back section of the florisil tubes were desorbed separately in 1 ml of hexane with
sonication for 30 minutes.  The gas chromatographic analysis was performed on a
Hewlett-Packard Model 5731A GC/ECD.  A 25-foot x 0.31 mm fused silica WCOT
capillary column coated internally with DB-5 was used with temperature programming from
210°C (held for two minutes) to 310°C at a rate of 8°C/minute.  Five percent methane in
argon was used as the carrier gas.  The capillary injector was operated in the splitless
mode.

The presence of an Aroclor was determined by comparison with standard samples of
Aroclors 1016, 1221, 1232, 1242, 1248, 1254, and 1260 obtained from the EPA. 
Quantitation was performed by summing the peak heights of the standards and comparing
those sums to the sums of the same peaks in the sample.  Aroclor 1254 was the only PCB
found in the samples collected during this evaluation.  The LOD for this analysis was 0.05
ug/sample, with an LOQ of 0.2 ug/sample for Aroclor 1254.

Surface contamination sampling for PCBs was conducted using the same procedure as
described above for insecticides.  The LOD for Aroclor 1254 in this particular analysis was
0.2 ug/sample, with an LOQ of 0.6 ug/sample.

Volatile Organic Chemicals

The volatile organic chemical sampling was conducted using activated charcoal tubes and
portable sampling pumps calibrated at 1 L/m.  The charcoal tubes were submitted for
qualitative analysis of volatile organic compounds by gas chromatography/mass
spectrometry (GC/MS).  The charcoal tubes were desorbed with 1 ml of carbon disulfide
and screened by gas chromatography with flame ionization detection (GC/FID), using a
30-meter DB-1 fused silica capillary column (splitless mode).  Representative samples were
chosen for further analysis by GC/MS to identify contaminants.

C. Medical

Questionnaire Surveys

A medical questionnaire was administered to all employees at the school on three
occasions.  On January 12, 1989, the Kanawha County Health Department distributed a
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self-administered questionnaire (Questionnaire 1), which inquired about medical symptoms
and perceptions of air movement and other comfort conditions.  The NIOSH investigators
returned to the school on March 1, 1990, a few weeks following the reopening of the
school after renovations were complete.  A second questionnaire (Questionnaire 2) was
administered that asked questions very similar to those in Questionnaire 1. The major
difference between these two questionnaires was that Questionnaire 1 asked if the specific
complaints had been a problem since the person began working at the school, while the
NIOSH questionnaire asked only about complaints during the past week.  

A third questionnaire (Questionnaire 3) was administered on June 8, 1990, during the final
week of school.  The goal of this questionnaire was to determine the status of complaints
after the building had been occupied for four months.  In this final questionnaire, employees
were asked questions identical to those in Questionnaire 2.  Questionnaire 3, however,
inquired about complaints both during the past week and during the past four months.  The
two NIOSH questionnaires used a series of questions that had previously been used in two
large surveys of 9000 individuals at other worksites.2  

A medical symptom was considered present if the person experienced the complaint at
least once a week.  For the portion of Questionnaire 3 that asked about the past four
months, a complaint was considered present if it occurred sometimes, often, or always, as
opposed to never or rarely.  Although previous interim reports defined a potentially work-
related symptom as one that improved after leaving work, this requirement was not used in
the analysis for this report.  This was primarily because the local health department did not
include that question for each symptom and, therefore, the symptom prevalences before
and after renovation could not have been compared.  A comfort complaint was considered
present if the problem occurred often on Questionnaire 1 or often or always on the
Questionnaires 2 or 3. 

The symptom prevalences were compared for all respondents on all three questionnaires. 
Additionally, since there was turnover of between 25% and 30% between school year
1989 and 1990, the change in prevalences only among those employees who completed all
three questionnaires was examined.  This allowed for the determination of the change in
health complaints before and after renovation only among those who were present at all
three times.  This also allowed the examination of whether individual complaint rates had
changed in addition to changes in the rates for the group as a whole.  McNemar's test was
used to assess the statistical significance of changes in symptom prevalences among those
who completed all three questionnaires.3
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Blood Chlordane Metabolites

All current employees and two former teachers who had worked during the previous school
year were offered blood testing.  The blood samples were collected by a NIOSH
technician on May 10, 1989.  The levels of three chlordane metabolites (oxychlordane,
heptachlor epoxide, and trans-nonachlor) were measured in the blood samples of the
school staff by the Centers For Disease Control Environmental Health Laboratories using a
previously described method with a limit of detection of 0.2 nanograms/milliliter.4  

   V. EVALUATION CRITERIA

A. Environmental Evaluation Criteria

As a guide to the evaluation of the hazards posed by work place exposures, NIOSH field
staff employ environmental evaluation criteria for the assessment of a number of chemical
and physical agents.  These criteria are intended to suggest levels of exposure to which
most workers may be exposed up to 10 hours per day, 40 hours per week for a working
lifetime without experiencing adverse health effects.  It is, however, important to note that
not all workers will be protected from adverse health effects if their exposures are
maintained below these levels.  A small percentage may experience adverse health effects
because of individual susceptibility, a pre-existing medical condition, and/or a
hypersensitivity (allergy).  In addition, some hazardous substances may act in combination
with other work place exposures, the general environment, or with medications or personal
habits of the worker to produce health effects even if the occupational exposures are
controlled to the level set by the evaluation criterion.  These combined effects are not often
considered by the evaluation criteria.  Also, some substances are absorbed by direct
contact with the skin and mucous membranes, and thus potentially increase the overall
exposure.  Finally, evaluation criteria may change over the years as new information on the
toxic effects of an agent become available.

The primary sources of environmental evaluation criteria for the work place are: 1) NIOSH
Criteria Documents and Recommended Exposure Limits (RELs)5, 2) the American
Conference of Governmental Industrial Hygienists' (ACGIH) Threshold Limit Values
(TLVs)6, and 3) the U.S. Department of Labor, Occupational Health and Safety
Administration (OSHA) Permissible Exposure Limits (PELs)7.  Often, the NIOSH
recommendations and ACGIH TLVs are lower than the corresponding OSHA PELs.  The
OSHA PELs may also be required to take into account the feasibility of controlling
exposures in various industries where the agents are used; the NIOSH-recommended
exposure limits, by contrast, are based primarily on concerns relating to the prevention of
occupational disease.  In evaluating the exposure levels and the recommendations for



Page 12 - Hazard Evaluation and Technical Assistance Report No. 89-183

reducing these levels found in this report, it should be noted that industry is legally required
to meet those levels specified by an OSHA PEL.

A time-weighted average (TWA) exposure refers to the average airborne concentration of
a substance during a normal 8- to 10-hour workday.  Some substances have recommended
short-term exposure limits or ceiling values which are intended to supplement the TWA
where there are recognized toxic effects from high, short-term exposures.

B. Carbon Dioxide and Volatile Organic Chemicals

Carbon dioxide (CO2) is a normal constituent of exhaled breath that can be used as a
screening technique to determine if adequate quantities of fresh air are being introduced into
a building.  It is important to note that CO2 concentrations are normally higher indoors than
outdoors, even in buildings with few complaints.  Approximately 35% of the expired breath
of building occupants is  CO2.  It is the general consensus of IAQ investigators that if the 
indoor concentration of CO2 is more than 1000 ppm, or 3 to 4 times the outdoor level,
ventilation in the occupied space may be inadequate.8  In these situations, there may be
complaints of headache, fatigue, and eye and throat irritation.  The CO2 concentration itself
is not responsible for the complaints, but the elevated CO2 concentrations indicate that
other contaminants which can cause the symptoms may also be present at increased
concentrations.

Volatile organic chemicals (VOC) are monitored in IAQ evaluations, in addition to CO2, to
provide a qualitative understanding of the variety of chemicals which exist in the indoor
environment.  Comparison of VOCs in complaint versus non-complaint areas can indicate
elevated pollutant levels, point sources of chemical contamination, and/or inadequate
ventilation.  VOCs found in indoor environments result from the use of cleaning compounds,
perfumes, waxes, paints, furnishings, and various occupant activities.  Poor ventilation of
occupied spaces can result in increased concentrations of VOCs. 

C. Temperature and Relative Humidity

The American Society of Heating, Refrigeration, and Air-Conditioning Engineers
(ASHRAE) has published guidelines describing thermal environmental conditions
(ASHRAE Standard 55-1981, Thermal Environmental Conditions for Human
Occupancy).9  These guidelines specify conditions for which 80% or more of the occupants
will be expected to find the environment thermally comfortable.  Figure 1 was extracted
from this document and presents the acceptable ranges of temperature and humidity
according to ASHRAE (73° and 77° F, or 23° to 25° C, and 20% to 60% relative
humidity).
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D. Ventilation

The criteria used by NIOSH investigators to judge ventilation adequacy are guidelines
proposed by the ASHRAE in their ASHRAE Standard 62-1989.10  For educational
facilities, ASHRAE recommends 15 cubic feet per minute (cfm) of fresh air per person be
provided to classrooms, libraries, music rooms, and auditoriums. 

E. Insecticides

Chlordane is a chlorinated cyclodiene which is very resistant to chemical destruction.  At
room temperature, technical grade chlordane is a thick amber liquid with a chlorine-like
odor and a very low vapor pressure.  Chlordane is rapidly absorbed following dermal
contact, ingestion, or inhalation.  Once inside the body, chlordane and its metabolites are
deposited in the body fat and have a biological half-life of several weeks.  Due to the
widespread application of chlordane and its long half-life, chlordane is found in the tissue of
the general population.11  

A variety of studies have looked at the health effects of exposure to chlordane in humans
and are reviewed in detail in Appendix 1.  Acute poisoning associated with very high levels
of exposure during spraying, manufacture, or accidental ingestion of chlordane produces
central nervous system symptoms, including headache, blurred vision, dizziness, slight
involuntary muscle movements, tremor, sweating, insomnia, nausea, and general malaise.12 
Studies of workers exposed to lower levels of chlordane have not found any nervous
system effects; however, these studies have not looked for subtle early signs of neurologic
disfunction.  Animal studies indicate that the liver can be affected and may be the most
sensitive organ following chronic exposure to levels not producing overt symptoms of
toxicity.13  Human studies have not found toxic effects to the liver except in a few cases of
very high exposures.  As with the neurological effects, some subtle signs of liver damage
may have been missed because of testing that is either unavailable or too invasive (such as a
liver biopsy).  Chlordane was evaluated for carcinogenicity by the National Cancer Institute
and found to be carcinogenic in mice, with a high incidence of hepatocellular carcinomas.14 
Studies of human populations exposed to chlordane have not identified any increased
incidence of cancers as compared to national rates.15

The existing OSHA PEL for chlordane is 500 micrograms per cubic meter (ug/m3) of air.7 
The current ACGIH TLV for chlordane is also 500 ug/m3.6  Both the OSHA and ACGIH
exposure criteria address skin exposure and are intended for the control of occupational
exposures.  According to the OSHA Cancer Policy, a chemical compound found to cause
cancer in animals is to be considered a potential human carcinogen.  Therefore, NIOSH
recommends that exposure to chlordane be reduced to the lowest feasible level since safe
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levels of exposure to carcinogens have not been demonstrated.5  In 1979, the National
Research Council's (NRC) Committee on Toxicology suggested an interim guideline of 5
ug/m3 for the upper limit of airborne chlordane in military housing.12  

Chlorpyrifos (Dursban) and Diazinon are organophosphate pesticides which can be
absorbed through the skin, by inhalation, or ingestion.  The principal toxic effect of these
pesticides in humans and animals is a reduction in plasma and red-cell cholinesterase
activity.  There is no information on the chronic effects of long-term exposure of humans to
these insecticides.  The OSHA PEL and ACGIH TLV for Chlorpyrifos is 200 ug/m3 with
attention to the skin absorption potential.6,7  The OSHA PEL and ACGIH TLV for
Diazinon is 100 ug/m3, also with notation on the dermal absorption potential.6,7

F. Blood Levels of Chlordane Metabolites

As a result of the metabolic breakdown of chlordane in the human body, the levels of blood
chlordane metabolites are a more accurate reflection of chronic low-level exposure to
chlordane than is the level of blood chlordane.  Since chlordane is stored for many years in
the fat tissues, a detectable level of chlordane in fat tissues indicates exposure to chlordane
but may not indicate exposure sufficient to cause health effects.16,17  Measuring blood
chlordane metabolites is a more practical means of screening for significant exposure to
chlordane as compared to analysis of adipose (fat) tissue, which must be obtained by
biopsy.

G. Polychlorinated Biphenyls (PCBs)

PCBs are chlorinated aromatic hydrocarbons that were manufactured in the United States
from 1929 to 1977 and marketed under the trade name Aroclor.18  PCBs found wide use
because they are heat-stable, resistant to chemical oxidation, acids, bases and other
chemical agents, stable to oxidation and hydrolysis in industrial use, have low solubility in
water, low flammability and favorable dielectric properties.  Additionally, they have low
vapor pressure at ambient temperatures and viscosity-temperature relationships which were
suitable for a wide range of industrial applications.  PCBs have been used commercially for
insulating fluids for electrical equipment, hydraulic fluids, heat transfer fluids, lubricants,
plasticizers, and components of surface coatings and inks.19  The PCB mixtures marketed
under different trade names are often characterized by a four-digit code number.  The first
two digits denote the type of compound, with "12" indicating biphenyl, and the latter two
digits giving the weight percentage of chlorine.

The International Agency for Research on Cancer (IARC) has concluded that the evidence
for PCBs' carcinogenicity to animals and to humans is limited.  IARC has reported that



Page 15 - Hazard Evaluation and Technical Assistance Report No. 89-183

"certain polychlorinated biphenyls are carcinogenic to mice and rats after their oral
administration, producing benign and malignant liver neoplasms.  Oral administration of
polychlorinated biphenyls increased the incidence of liver neoplasms in rats previously
exposed to n-nitrosodiethylamine".20

In a mortality study among workers at two capacitor manufacturing plants in the United
States, a greater than expected number of observed deaths from cancer of the liver and
cancer of the rectum were noted.21  Neither increase was statistically significant for both
study sites combined.  However, in a recent update of this study, with follow-up through
1982, the excess in liver/biliary tract cancer was statistically significant (5 observed versus
1.9 expected deaths); and the rectum cancer was still elevated but not statistically
significant.  In a mortality study among workers at a capacitor manufacturing plant in Italy,
males had a statistically significant increased number of deaths from all neoplasms.22  When
analyzed separately by organ system, death from neoplasms of the digestive organs and
peritoneum (3 observed versus 0.88 expected) and from lymphatic and hemopoietic tissues
(2 observed versus 0.46 expected) were elevated.  This study was recently expanded to
include all workers with one week or more of employment with vital status follow-up
through 1982.  In the updated results, there was a statistically significant excess in cancer
among both females (12 observed versus 5.3 expected) and males (14 observed versus 7.6
expected).  In both groups there were non-significant excesses in lymphatic/hematopoietic
cancer and statistically significant excess in digestive tract cancer among males (6 observed
versus 2.2 expected).  Unfortunately, not enough information was provided to determine
the risk specifically for liver cancer.

In February 1986, NIOSH reiterated its previous recommendation that exposure to PCBs
in the workplace not exceed 1 ug/m3 (based upon the recommended sampling and
analytical method in use at that time), determined as a TWA for up to a 10-hour workday,
40-hour workweek.23  This recommended exposure limit was based on the findings of
adverse reproductive effects in experimental animals, on the conclusion that PCBs are
carcinogenic in rats and mice (and are therefore potential human carcinogens in the
workplace), and on the conclusion that human and animal studies have not demonstrated a
level of exposure to PCBs that will not subject the worker to possible liver injury.24

In 1971, based on the 1968 ACGIH TLVs, OSHA promulgated its Permissible Exposure
Limits of 1 milligrams per cubic meter (mg/m3) for airborne chlorodiphenyl products (PCB)
containing 42% chlorine and 0.5 mg/m3 for chlorodiphenyl products containing 54%
chlorine, determined as 8-hour TWA concentrations (29 CFR 1910.1000).7  The ACGIH
TLVs and OSHA PELs which have remained unchanged through 1990, are based on the
prevention of (non-carcinogenic) systemic toxicity.  The ACGIH TLVs and OSHA PEL
values include a "skin" notation, which refers to the potential contribution to the overall
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exposure by the cutaneous route, including the mucous membranes and the eyes, by either
airborne or direct skin contact with PCB.6

This "occupational" exposure criteria is not meant to be applicable to the general
population, such as this case where large numbers of young people have potential
exposures.  Definite causal relationships between exposure and carcinogenic effects in
humans remains unclear due to the inadequately defined study populations and the influence
of mixed exposures.  The overall toxicity of PCBs in humans during physiologically
developmental stages is even more uncertain.

  VI. RESULTS AND DISCUSSION

A. Environmental

Ventilation and Thermal Comfort

CO2, temperature, and relative humidity measurements were collected during this
evaluation to provide information on general ventilation effectiveness and thermal
comfort conditions.  Table 1 provides the CO2, temperature, and relative humidity
measurements by location as collected on April 11 and 19, 1989.  These
parameters provide information on the general air quality and thermal comfort
conditions for these areas on these dates.  CO2 measurements collected on April
11 ranged from 700 to 1500 ppm indoors and 200 to 250 ppm outdoors.  CO2

levels obtained on April 19 ranged from 500 to 1200 ppm indoors and 200 to
300 ppm outdoors.  The indoor CO2 levels, when compared to the outdoor
levels, indicate that several of the classroom areas were not adequately ventilated
(insufficient fresh air) on the days when the measurements were taken.  The
temperature and relative humidity measurements show that conditions in some of
the classroom areas fell outside the comfort ranges prescribed by ASHRAE in
Figure 1.  However, these are typical levels not unusual during the transition from
heating to cooling seasons.  Indoor relative humidity will change with outside
conditions, unless the building HVAC system is capable of adding or removing
moisture.  The perception of comfort is related to one's metabolic heat production,
the transfer of heat to the environment, physiological adjustments, and body
temperature.  Heat transfer from the body to the environment is influenced by
environmental factors such as temperature, humidity, and air movement, as well as
personal factors such as clothing and activity.

Table 2 provides the CO2, temperature, and relative humidity measurements
collected on March 1, 1990.  The CO2 measurements throughout the school
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building ranged from 400 to 800 ppm, with an outdoor CO2 concentration of 350
ppm on this date.  By comparison, the indoor CO2 levels measured on April 19,
1989, ranged from 500 to 1200 ppm.  The reduction in CO2 concentrations
resulting from enhanced ventilation is shown in Figure 2 by comparing pre- (April,
1989) and post-renovation (March, 1990) concentrations found in specific rooms. 
The CO2 results collected on March 1, 1990, indicate that the new ventilation
system was effectively ventilating the classrooms during occupancy.  The
temperature and relative humidity measurements were all within the comfort range
prescribed by ASHRAE.9

Direct measurement of classroom ventilation rates were made on May 10, 1989
(before renovation of the air handling systems) and March 1, 1990 (after the
renovation), using an Alnor Balometer.  The measured rates found during these
two surveys, in cfm, as well as estimates of the amount of outside air delivered to
each classroom and amount of fresh air per person in the room, are presented for
comparison in Table 3.  The amount of outside air was calculated based upon an
estimated 23% of the total supply infiltrating through the dampers for each air
handler.  The estimate was provided by representatives of the ventilation system
contractor for the school board.  The amount of outside air per person was based
upon an estimated classroom occupancy of 20.

In May 1989, the range of air supply rates for the classrooms was from 0 to 1160
cfm, resulting in an estimated range of 0 to 13 cfm of fresh air per person in the
classrooms.  The rates were quite variable throughout the classrooms surveyed. 
At the time of the May 1989 survey, the criteria used by NIOSH to judge
ventilation adequacy were the guidelines proposed by the ASHRAE in their
ASHRAE Standard 62-1981R, a proposed revision of 62-1981 later adopted as
62-1989, Ventilation for Acceptable Indoor Air Quality.10  For educational
facilities, ASHRAE recommended that 15 cfm of fresh air per person be provided
to classrooms, libraries, music rooms, and auditoriums, and 20 cfm per person for
laboratories and training shops.  As can be seen from Table 3, there were no
classrooms in May 1989 which met the ASHRAE guideline of 15 cfm per person;
although five of the 26 measurements from 1989 listed in Table 3 were between
12 and 13 cfm per person, most were well below the guideline.

Table 3 also provides the results of the classroom ventilation rates as determined
on March 1, 1990.  For these measured rates, the amount of outside fresh air was
calculated based on an estimated 25% of total supply for the March 1, 1990,
survey.  This was the minimum thermostatically controlled set point for the fresh air
dampers during occupancy and represents the worst possible operating conditions
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in this case.  Again, the amount of outside air per person was based upon an
estimated classroom occupancy of 20.

It is evident by comparing the results from both surveys in Table 3 that there was a
substantial improvement in the ventilation and amount of fresh air provided to a classroom. 
None of the classrooms met the ASHRAE requirements in May 1989 while in March 1990
there was a substantial improvement when the minimum occupied setting of the fresh air
damper was used to calculate the fresh air rate.  Figure 3 graphically presents the fresh air
ventilation rates of selected rooms for comparison of pre- and post renovation rates.

In addition to inadequate outside air supply, there were other problems with the ventilation
systems in use at Andrew Jackson Junior High School prior to the renovation.  The more
notable were the inability to provide suitably filtered air and an imbalance of the systems
that resulted in the highly variable supply flow.  The air handling units also were exceedingly
dirty and corroded, which impaired their efficiency and performance.  The excessive
number of missing ceiling tiles also impeded the circulation and distribution of air by the
ventilation system.

Volatile Organic Compounds (VOCs)
A total of eight samples for VOCs were collected in classrooms 401, 402, 203, 201, and
outdoors during the April 11, 1989, survey.  Examples of the qualitative analysis results of
the VOCs during this sampling are depicted in Figures 4, 5, and 6.  These figures represent
reconstructed ion chromatograms for samples collected in classroom 401, classroom 203,
and outdoors, respectively.  These two classrooms represent rooms in the mid-range of
ventilation rates.  Figure 4 shows that classroom 401 had the highest level of contaminants
and more variety of organic compounds as compared to classroom 203 and the outdoors. 
When compared with the outdoor VOC results, the indoor VOC sampling verified the
indication from CO2 and ventilation measurements of deficient ventilation of the classroom
areas which allowed chemical contaminants to build up during occupancy.  The VOC
results for the other areas were similar and support this conclusion.  The sources of VOCs
found in an indoor air environment include as examples: cleaning compounds, perfumes, dry
cleaned garments, paint, photocopying machines, office supplies, and furnishings.

A total of 10 samples for VOCs were collected in classrooms 101, 104A, 201, 203, 301,
303, 401, 402, 403 and the cafeteria during the March 1, 1990, survey.  The results of the
total ion chromatograms for these samples identified very low levels of toluene, limonene,
trichloroethylene, isobutane, and siloxane.  As examples, Figures 7 and 8 represent
reconstructed ion chromatograms for the samples collected in classrooms 401 and 203,
respectively, and are provided for comparison with Figures 4 and 5.  While the levels were
much lower in March 1990, the variety of VOCs found in these samples are similar to those
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found on VOC samples collected on April 1989.  The VOCs, and their respective
concentrations, found on both sample sets, are typical of those in indoor air samples
collected during other NIOSH indoor air evaluations.  There were no VOCs found in these
samples at concentrations which would be expected to result in adverse health effects.  In
consideration of the new paint, flooring, and extensive cleaning materials used, the extent
and variety of VOCs from March 1990 sampling indicates that the new ventilation system
was effectively diluting chemical contaminants in the building.

Carpet Contamination

Carpet samples collected on April 11, 1989, from classrooms 401 and 402 contained
approximately 16% by weight of chlordane.  These samples, however, were obtained at the
injection hole in the concrete slab and thus represented a worst case sample.  Table 4
presents the results of the carpet sample analyses for the pesticides chlordane, Diazinon,
and Dursban.  The carpet samples were collected to determine the extent of pesticide
contamination in classroom areas where these pesticides were reported to have been
applied by pouring and spraying on the carpet.  Also reported in Table 4 are concentrations
of the PCB Aroclor 1254 identified during the analysis for pesticides.
While these results indicate the carpeting of the school was not as extensively contaminated
with chlordane as suspected, there was considerable Diazinon contamination of carpeting
throughout the school.  Detectable concentrations of Diazinon [ranging from trace
concentrations to 76 micrograms of contaminant per gram of carpet (ug/g)] were found in
16 of 17 samples collected.  Diazinon is an organo-phosphorus pesticide with a category
III EPA toxicity rating (i.e., of low-level dermal and inhalation toxicity).  

Of more immediate concern, because of their toxicity, were the unexpected PCB
concentrations found in the carpeting.  Detectable concentrations (trace to 67 ug/g) of the
PCB Aroclor 1254 were found on 15 of 17 samples collected.  The most likely cause of
the PCBs found in the carpet appeared to be from fluorescent light ballast burnouts; there
had been no known transformer spills or fires, contaminated ceiling tiles, or other PCB
sources in the school.

       
Surface Wipe Sampling

Because of the skin absorbtion potential of pesticides and PCBs, surface sampling was
conducted throughout the classrooms for these compounds.  The results of the surface wipe
sample analyses for the pesticides chlordane, Diazinon, and Dursban collected on May 10,
1989, are presented in Table 5.  Trace concentrations of chlordane were found on high
dermal contact surfaces (student desk tops) in three classrooms (401, 402, and 502). 
Detectable concentrations (trace to 0.2 ug/ft2) of Diazinon were found on 9 of 14 high
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contact surfaces and all 5 low dermal contact surfaces.  Trace to 0.14 ug/ft2 concentrations
of Dursban were found on 5 of 14 high contact surfaces, and 0.05 ug/ft2  was found on 1 of
5 low contact surfaces.   Also reported in this table are concentrations of the PCB Aroclor
1254 identified during the analysis for the pesticides.   Aroclor 1254 was found on all 19
surfaces sampled, with concentrations ranging from 2.2 to 35.5 ug/m2.

   
Table 6 presents the results of surface wipe sampling conducted on September 13, 1989,
as a follow-up survey to verify the effectiveness of the cleanup phase prior to the next
phases of the renovation project.  There were no detectable concentrations of chlordane,
Diazinon, or Dursban found on the 19 surfaces sampled.  Aroclor 1254 was found on all
19 surfaces sampled and at concentrations (3 to 676 ug/m2) generally greater than those
found on May 10, 1989.  There were four likely reasons for these persistent levels.  First,
several of the surfaces sampled appeared to still have a residue of film left from the cleanup
procedure.  Many of the surfaces may have had several layers of wax or polish which could
absorb the PCBs and increase the difficulty in effectively removing the contaminant. 
Second, there was also a considerable amount of dust on many of the sampled surfaces
which may also have influenced the PCB surface contamination results.  Third, several
surfaces were sampled which did not appear to have been cleaned (e.g., window ledges in
rooms 401 and 402, the shelf top in room 502, and the counter top in the cafeteria). 
Finally, many of the surfaces sampled during this survey were not sampled during the May
10, 1989, survey.

To verify the effectiveness of the second decontamination cleaning effort, ten surface wipe
samples were collected on March 1, 1990, from surfaces which had been previously
sampled.  These surfaces had been previously identified as contaminated with PCBs and
the pesticide Diazinon.  Table 7 provides the PCB results of March 1, 1990, surface
sampling and, for comparison, results from the previous surveys.  The PCB surface levels
found March 1, 1990, are low-level and are considered in the "background" range.

Surface wipe sampling for pesticides on the same surfaces reported in Table 7 were
non-detectable for Dursban and Diazinon.  Trace concentrations (less than 0.1 micrograms
per sample) of chlordane were found on a student desk top in Room 402 and a counter top
in Room 105.  These surfaces had no detectable levels of chlordane in September 1989. 
Trace concentration values are between the LOD and the LOQ for the method.

The results of the surface wipe sampling indicate that rooms 401, 402, and 502 had only
trace quantities of chlordane surface contamination at the locations sampled.  Low levels of
Diazinon and Dursban were found on surfaces in these and several other rooms throughout
the school building.  Also, low level PCB concentrations were found on various surfaces
sampled throughout the school.  These PCB results, in conjunction with the carpet sample
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results previously reported, indicate the wide extent of PCB contamination in the school. 
As with chlordane, NIOSH considers PCBs to be a potential human carcinogen and
recommends that exposure be controlled to the lowest feasible level.

Air Sampling for PCBs and Pesticides

The results of the air sampling for the insecticides chlordane, Diazinon, and Dursban on
April 19, 1989, are presented in Table 8.  Sampling also was conducted for the insecticides
Baygon and Ficam; however, there were no detectable levels of these two insecticides. 
Detectable levels of chlordane and Diazinon were found in classrooms 401, 402, 309, 502,
and 104B.  Dursban was found in only classrooms 401 and 402.  Air concentrations of
chlordane were the highest (0.02 to 55.3 ug/m3) and of the most concern of the three
insecticides found.  While these levels did not exceed any occupational exposure criteria,
two of the chlordane levels (10.5 and 55.3 ug/m3) exceeded the National Research
Council's recommended residential level of 5 ug/m3 and represented an unnecessary
exposure to the teachers and students who occupied these classrooms.

Table 9 provides the results of the air sampling for chlordane and Aroclor 1254 on May
10, 1989.  The results of this air sampling indicate that the potential for low-level breathing
zone exposure to  chlordane (0.15 to 0.33 ug/m3) existed throughout the school
environment.  These levels represented conditions of typical ventilation of the building and
no activity in the school building during sampling.  Trace quantities of PCBs were found in
these air samples and were considered an indication that PCB contamination of the air was
present (because the sampling media in use at the time of this survey was more suitable for
pesticides than PCBs).  None of the air samples from this survey contained detectable
levels of Diazinon or Dursban.

On September 13 and 14, 1989, air sampling for chlordane and PCBs was conducted to
verify the effectiveness of the decontamination efforts prior to the next phases of renovation
(painting, installation of new AHUs and ventilation systems, and new carpeting).  The
results of this air sampling effort are presented in Table 10 and indicate that only trace
concentrations of chlordane and Aroclor 1254 could be found after collecting a very large
sample volume.  The range of these trace concentrations for chlordane were 0.12 to 0.36
ug/m3, and 0.09 to 0.31 ug/m3 for Aroclor 1254.  On first appearance, the high end of
these sample result ranges appear as high or higher than those reported from the May 10,
1989, survey (see Table 9).  It should be noted, however, that these are considered trace
quantities since they fall between the analytical limits of detection and quantitation, and the
sample volume was 1.5 to 2 times that collected during the May 1989 survey.  It is very
likely that had the sample volumes been similar to those collected in May there would have
been many non-detectable results from this survey.
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Air samples for PCBs and the pesticides chlordane, Diazinon, and Dursban were collected
on March 1, 1990, in 12 classrooms, the library, the cafeteria commons, and the kitchen to
verify the effectiveness of the decontamination and ventilation renovation.  Pesticides were
not detected in any air sample.  Two air samples for PCBs were found to have trace
concentrations (less than 0.04 micrograms per sample) with all other samples having
non-detectable levels.  There apparently was no substantial residual air contamination by
PCBs or pesticides in the school building.

B. Medical Results

Questionnaires

The questionnaires were completed by 43 workers in January 1989 (Questionnaire 1), 42
workers in March 1990 (Questionnaire 2), and 45 workers in June 1990 (Questionnaire
3).  Three of the respondents to Questionnaire 1 were not working at the school at the time
and were excluded from this analysis.  The exact response rate for the Kanawha County
Health Department questionnaire (Questionnaire 1) was not given, but is estimated to be
over 90%.  The response rate for Questionnaires 2 and 3 was 100% of all employees who
were present the day of the survey.  The majority of respondents were teachers
(approximately 70% of each survey) and the distribution of respondents by occupation is
shown in Table 11.  Figure 9 shows the average distribution of respondents to the
questionnaire by job title.  Of all the respondents, 25 of 59 individuals (42%) completed all
three of the questionnaires.  The major reason for not completing all three questionnaires
was leaving employment at Andrew Jackson between school year 1989 and 1990; 19%
were new employees in 1990 and 20% were employees who left the school after 1989.  

The questionnaire data collected by the Kanawha County Health Department was initially
analyzed by NIOSH investigators in June 1989 to determine if certain areas of the school
had more health complaints.  The school was divided into 6 areas based on the ventilation
zones of the school.  Custodians were considered to be in a separate area because they
spent time in all parts of the school.  These results are found in Table 12.  This table shows
that there were numerous health complaints and that these complaints were found
throughout the school.  The small number of workers in each zone makes it inappropriate to
evaluate the distribution statistically; however, the types of complaints mentioned most
commonly by the employees (upper airway and mucous membrane irritation, respiratory
problems, headache, muscle aches, fatigue, problems with concentration, and tension) can
be due to a variety of causes and are not suggestive of any specific environmental
contaminant.  These complaints are similar to those found in other buildings and schools that
NIOSH has investigated for suspected IAQ problems.
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Table 13 shows the prevalence of medical symptoms at each of the three questionnaire
times.  Prevalence rates are given both for the last week and the last 4 months for the
questionnaire administered in June 1990.  The prevalence of all symptoms decreased by
50% or more after the renovations.  Although the prevalences increased slightly between
March and June, most remained much lower than prior to the renovations.  The matched
analysis of the 25 who answered all three questionnaires (Table 14) also shows a consistent
pattern of decrease in symptom rates after renovations.  Figure 10 graphically presents the
change in symptom response rates for respondents to all three questionnaires, where
greater than 50% of the respondents in January, 1989, identified a problem.  Statistical
analysis by McNemar's test was used to compare the pre-renovation question to each of
the post-renovation questionnaires, which showed that although only a few of these changes
were statistically significant all of the changes were in the direction of improvement. 

Table 15 shows the prevalence of comfort complaints for the three questionnaires.  Table
16 shows the prevalence just for the 25 individuals who completed all three questionnaires. 
Figure 11 illustrates the changes in prevalence of environmental complaints as reported by
these 25 individuals.  There was a statistically significant decrease in complaints of too little
air, air that was dusty or stuffy, and temperature complaints.  There was some change in the
rate of temperature complaints between March and June, which reflects the change in
seasons.  Tables 17 and 18 show the prevalence for complaints related to the individual's
workspace.  There was a significant decrease in complaints related to control of
temperature and the lack of windows.  In reality, the teachers had no more control of
temperature, and no new windows were added.  This change, however, reflects the staff's
improved sense of comfort in the work environment. 

 
Blood Chlordane Measurements

Blood levels of chlordane metabolites was determined for 49 individuals employed at
Andrew Jackson Junior High School, including office staff, custodial staff, kitchen staff, and
classroom teachers.  This group included all but one of the current staff members and two
former teachers.   The results of this testing are shown in Table 19.  The tests showed that
forty-four (90%) of the staff members had levels that were below the limit of detection and
the remaining  had levels ranging from 0.23 to 1.2 nanograms per milliliter (ng/ml).  These
levels are far below any that has been shown to cause adverse health effects in medical
studies reported in the literature.  For example, a study undertaken by the Centers for
Disease Control in a community near a toxic waste site containing chlordane, found no
significant adverse health effects at blood chlordane levels up to 9 times higher than any
found in the school staff. 25
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A study conducted by the EPA in 1976 found that 4-6% of the general population had
detectable levels of blood chlordane or a chlordane metabolite.16  Among the Andrew
Jackson School employees only one person, or 2% of the school staff, had a level that was
high enough to have been detectable by the methods used during the EPA study.  There
was no relationship found between number of years working in the school and the level of
blood chlordane metabolites.  Also, those working in rooms with the highest levels of air
chlordane did not consistently have higher blood chlordane levels as compared to those
working in rooms with lower air chlordane levels.  Thus, it is believed that these results are
consistent with the variability of blood chlordane metabolites found in the general population
and cannot be related to working in Andrew Jackson Junior High School.

Individual Interviews

During the initial visit on April 11 and 12 1989, interviews were held with 14 individuals, of
whom 11 were teachers and 3 were parents.  These individuals were chosen because they
or their children were having health problems.  Medical records of 11 of the individuals
were requested from their physicians.  The medical records from 11 individuals who were
staff or students at Andrew Jackson Junior High School were reviewed.  These records do
not suggest any adverse health effects that were likely the result of direct toxic effects from
chronic low level exposure to pesticides.  Some of the medical complaints expressed by the
staff members (upper airway and mucous membrane irritation, respiratory problems,
headache, muscle aches, fatigue, problems with concentration, and tension) were similar to
those found in the questionnaires and are discussed above.  

 VII. CONCLUSIONS

Based on the results of the environmental and ventilation measurements, there was an apparent
lack of fresh air being introduced into the classroom areas of this building.  The types of health
complaints found in the questionnaire were similar to those found in other studies where there
was a lack of fresh air.  There also appeared to be poor distribution of air throughout the
classroom space.  Because of the deficiencies in the ventilation of the occupied spaces, common
air contaminants would have increased during occupancy and may not have been effectively
diluted.  Unnecessary inhalation and dermal exposure potential to chlordane, Diazinon, and
Dursban existed in classrooms 401, 402, 309, 502, and 104B.  This exposure potential was
exacerbated by the inefficiency of the ventilation system.  It is important to emphasize, however,
that other epidemiological studies which have looked at detrimental health effects of low-level
chronic exposure to chlordane, similar to levels found in this school, have not found significant
adverse health effects.  Unnecessary inhalation and dermal exposure potential to the PCB
Aroclor 1254 also existed throughout the school building.  A lack of adequate dilution ventilation
in this school building permitted elevated concentrations of this PCB.
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Based on the sampling results collected afterward, the decontamination and renovation of the
building was apparently successful in eliminating continued inhalation and dermal exposure
potential to insecticides and PCBs.

  
VIII. RECOMMENDATIONS

The following recommendations were offered to maintain  acceptable indoor air quality in this
school building.

1. The ventilation of the occupied spaces in this school building should meet the specifications
outlined in ASHRAE Standard 62-1989, Ventilation for Acceptable Indoor Air Quality.7

2. The ventilation systems should be placed on a scheduled and systematic maintenance
program to ensure the systems continue to operate as designed, are efficient, and are kept
clean.  Filter changes, fan belt changes, cleaning, and repairs should be documented by
keeping a maintenance log or work order system.

3. Because food is prepared in the cafeteria of this school, an effective sanitation program may
require the use of insecticides.  The application of insecticides should be performed by a
licensed applicator who maintains records detailing the type of insecticide used, purpose for
use, location, amount used, type of application procedure, and any health or safety
recommendations involved to complete the application.

4. To minimize the dust exposure of the custodial staff during vacuuming and changing of
vacuum cleaner bags, all vacuum cleaners should be equipped with disposable bags.  The
vacuum cleaners in use during the NIOSH survey utilized re-usable bags, which the
custodians had to "shake out", resulting in unacceptably high dust exposures.  These also
generated dust during vacuuming because of the general condition of the bags.

   
The following recommendations were offered in the May 4, 1989, letter to improve the indoor
air quality in this school building, reduce complaints regarding comfort and stale air, and prevent
unnecessary exposure to chemical contaminants.

1. The building HVAC system should be fully evaluated by ventilation experts who are
knowledgeable of the ASHRAE standards for indoor air quality and comfort.  These
experts should ensure proper ventilation balance, distribution of air, and adequate intake of
fresh air for the various ventilation zone systems and the level of occupancy for the areas
serviced by these systems.  This evaluation should be in accordance with the ASHRAE
Standard 62-1981R, "Ventilation for Acceptable Indoor Air Quality", which contains
proposed requirements of 15 to 20 cfm/person for classroom areas and 60 cfm/person for
smoking areas.  Since they were not designed to do so, it is possible that the current
HVAC systems cannot be balanced or modified to effectively ventilate the structural
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classroom space.  The ceiling tiles should be replaced, and if additional return air grids are
needed they should be positioned to effect proper mixing of room air.

2. The building custodian who adjusts the thermostats, and the building engineers who service
the AHU on the roof, should be fully trained in the operation of these specific units by the
manufacturer/installer.  This training should include methods on how to adjust the delivered
air temperature due to seasonal fluctuations in outdoor temperature.

3. The AHUs should be thoroughly cleaned.  The fiberglass sound linings in some of the units
are deteriorating and should be removed and replaced.  A log of filter changes should be
created to document the frequency of changes and any unusual events concerning the
HVAC systems.

4. The leaks in the roof should be repaired when school is not in session to avoid unnecessary
exposure to fumes, dust, and noise generated by this operation.  The ceiling tiles which
were removed due to the roof leaks should be replaced immediately to avoid compromising
the circulation and distribution efficiency of the HVAC system.  Walkways should be
constructed on the roof to prevent further damage to the roof resulting in more leaks.

5. The wood shop return air vents should be examined to determine their effect on the
circulation of air in the adjacent air handling zone.

6. A local exhaust hood is needed over the pottery kiln in the art room to effectively remove
any fumes, odors, or vapors from this operation.  The current wall mounted exhaust fan is
not capable of removing these contaminants and they may be recirculated in the HVAC
system.

7. A ventilated storage cabinet (design approved by the National Fire Protection Association)
should be used to store the various flammable compounds found in the art classroom and
the science laboratory.  This cabinet should be exhausted to the outside to prevent vapors
from these materials from entering the HVAC system.  The chemicals and solvents used in
these two classrooms should be stored in a secure manner.  The chemical storage area for
the science laboratory was unlocked and unattended during our survey.

8. The existence of fluorescent light ballasts which contain PCBs in the building was
determined during this evaluation.  The ballasts are approaching the end of their service life
(12 - 18 years) at which time they may burn out and release PCBs into the school
environment.  PCBs are considered by NIOSH to be potential human carcinogens; the
acute effects of exposure to the smoke from a ballast burnout include headache, eye
irritation, sore throat, nasal congestion, and nausea.  NIOSH recommends that all light
ballasts containing PCBs be identified, removed, and replaced with PCB-free light ballasts
before burnout occurs.  For easy identification, EPA regulations require that PCB-free light
ballasts manufactured since July, 1978, be marked "No PCBs."
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9. The vacuum cleaners should be equipped with disposable dust collection bags versus the
re-usable bags observed during this evaluation.  If these vacuum cleaners cannot
accommodate disposable bags, new vacuum cleaners should be purchased.  The practice
of shaking out re-usable bags contributes to the exposure potential of the custodial staff.

The following recommendations were offered in the May 4, 1989, letter to prevent further
exposure to residual insecticides in the school environment.

1. Classrooms 401, 402, 309, 104B, and 502 should be vacated immediately to prevent
further unnecessary exposure to chlordane and Diazinon.  The carpeting in classrooms 401,
402, 309, 104B, 502 and the hallway outside of these rooms should be removed, labeled
as containing chlordane, and disposed of properly according to State requirements.

2. The floors, walls, and horizontal surfaces in these rooms should be thoroughly wiped down
using an organic solvent such as odorless mineral spirits.  The cleanup crews should wear
half-face respirators with organic vapor canisters during this portion of the cleanup to
minimize exposure to the solvent.  This initial cleaning should be followed by cleaning with a
nonionic detergent rinse containing 5% octylphenoxypolyethoxyethanol and trisodium
phosphate.  This wash solution will remove the grease, wax, and furniture polishes which
may absorb chlordane from the air.  Finally, the cleanup should be finished with a water
rinse.  Nitrile or neoprene rubber gloves should be worn by cleanup crews to protect them
from chlordane exposure during the cleanup.

3. The cracks in the floors should be sealed with a silicone based caulk to prevent chlordane
from entering the classroom space from the subfloor area.  The cork used to seal the
injection holes should be removed and the holes resealed with silicone caulk. 

4. Prior to refurbishing the areas with new carpeting, air sampling and surface sampling for
chlordane should be conducted.  This sampling will verify the effectiveness of the cleanup
and provide a decision point for reoccupancy.

The following recommendations were offered in the June 30, 1989, letter in response to the
Kanawha County Board of Education's request on how to proceed with the cleanup of the
Andrew Jackson Junior High School.  The first set of recommendations were presented in a
sequence believed to be a logical approach.  These recommendations were provided as a guide,
not as a rigid plan, and were to be modified as conditions directed during the cleanup.

1. Remove any insulated duct work which may possibly be contaminated with PCBs or
pesticides and replace with temporary duct work.  Treat as if contaminated and dispose
according to state requirements of West Virginia.  Fully open fresh air intake dampers and
operate fan units on air handlers in continuous mode to provide as much ventilation as
possible to the space during clean up.  Check the filters on a daily basis and replace or
clean as needed.
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2. Cut carpeting at juncture of wall and floors in the rooms and hallways (no need to remove
the walls).  Roll up carpeting, remove from the school by most direct route, and dispose of
per state requirements.   This should be accomplished by blocks of rooms (i.e., 401, 402,
403, 404, 309, 308, and 307) to facilitate initiating the next phase of clean up in a block of
rooms while carpeting is removed from another area.

3. Remove dust and debris from the area by using a vacuum, not by sweeping.  A high
efficiency particulate air (HEPA) filtered vacuum may not be necessary for this job, but if
available the HEPA vacuums would be advisable.

4. As a minimum, the floors, walls, and furnishings in 401, 402, and 502 should be thoroughly
wiped down using odorless mineral spirits.  This initial cleaning should be followed by
cleaning with a nonionic detergent rinse containing 5% octylphenoxypolyethoxyethanol and
trisodium phosphate.  This wash solution will remove the grease, wax, and furniture polishes
which may absorb chlordane and PCBs.  Finally the cleanup should be finished with a
water rinse.  All areas where cracks are found in the floor after the carpet is removed
should be cleaned using the same procedure.  To fully assure that PCBs are removed from
the school, the walls, and furnishings of all rooms should be cleaned by this procedure.

5. All cracks in the floor should be sealed with a silicone based caulk.  The cork and rubber
stoppers used to seal injection holes should be driven down into the holes and concrete
used to completely seal the holes.

6. Once the carpet has been removed and the area cleaned, the electricians should identify,
remove, and replace the light ballasts.  For easy identification, EPA regulations require that
PCB-free fluorescent light ballasts manufactured since July, 1978, be marked "No PCBs." 
PCB containing ballasts should be disposed of according to state requirements.

7. NIOSH will return to conduct air and surface wipe sampling to verify the effectiveness of
the cleanup after step six has been completed throughout the school and before new
flooring is put down.

8. After improvements have been made to the ventilation system, NIOSH will repeat the
ventilation measurements to document the effectiveness of the improvements.

The following recommendations were offered in the June 30, 1989, letter, to minimize the
exposure of workers during cleanup procedures to pesticides, PCBs, contaminated dust, and
solvents.

1. Workers involved in removing the carpeting should wear disposable dust masks, disposable
Tyvek coveralls, shoe covers, and nitrile or neoprene rubber gloves.  This equipment
should be removed and disposed of with the contaminated carpeting.  This equipment will
protect against inhalation to contaminated dust and dermal exposure to the pesticides and
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PCBs.  The protective equipment should not be worn outside the building, during breaks or
lunch, or taken home.

2. New equipment should be provided to each worker at the start of each workday with
additional items available during the shift.

3. There should be no eating, drinking, or smoking in the cleanup area.  Hands should be
washed before engaging in these activities and before leaving the work site.

4. Workers involved in washing surfaces with mineral spirits should use the same protective
garments as noted above and be provided with a half face organic vapor cartridge
respirator.  The respirator cartridges should be labeled with a testing and certification
number approving its use for organic vapors (e.g., TC-23C-[40 through 734]).  The
supplier of the respirators should be consulted for the appropriate model of respirator for
this job.  The manufacturer's instructions for changing cartridges should be strictly followed. 
The selection, fitting, maintenance, and use of respirators should be in accordance with the
Occupational Safety and Health Administration regulations (OSHA CFR 1910.134).
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  XI.  DISTRIBUTION AND AVAILABILITY OF REPORT

Copies of this report are currently available upon request from NIOSH, Hazard Evaluations and
Technical Assistance Branch, 4676 Columbia Parkway, Cincinnati, Ohio  45226.  After 90
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this report are being sent to:

1.  Dr. Jack McClanahan, Principal, Andrew Jackson Jr. High
2.  Judith Y. Steurer, Teacher Rep., Andrew Jackson Jr. High
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Table 1
Indoor Air Quality Measurements
Andrew Jackson Jr. High School

Cross Lanes, West Virginia
April 11 and 19, 1989

HETA 89-183
  
                        Carbon Dioxide   Number of    Temp.   % Relative
 Location Date (ppm)* Occupants oF Humidity

 Outdoors 4/11 200-250  - 63 45
4/12 200-250  - 65 40
4/19 200-250  - 60 60

 Classroom 108 4/11  800  0 70 53
4/19  800 10 71 45
4/19 1200  9 73 42

 Classroom 106 4/11 1100 22 70 40

 Classroom 107 4/19  525  7 71 41
4/19  850  1 73 39

 Classroom 201 4/11 1100 12 74 50

 Classroom 203 4/11 1300 20 71 42
4/19 1100 20 68 54
4/19 1100 20 72 42

 Classroom 305 4/11 1100 22 70 50

 Classroom 405 4/11 1000  0 70 42

 Classroom 401 4/11 1000 15 74 26

 Classroom 301 4/11 1400 22 76 45

 Classroom 303 4/11 1500 11 76 25
4/19  850 10 73 40
4/19 1075 19 75 40

 Admin. Office 4/11  700  5 77 23
4/19  500  7 70 48
4/19  575  2 77 38

 
  *ppm - parts per million; carbon dioxide levels approaching or exceeding 1000, or 3 to 4 times the outside level, indicate that

inadequate amounts of fresh air are being introduced to the space.
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Table 2

Indoor Air Quality Measurements
Andrew Jackson Jr. High School

Cross Lanes, West Virginia
March 1, 1990
HETA 89-183

               Carbon Dioxide      Number of       Temp.       % Relative
Location  (ppm)* Occupants oF Humidity 

Outdoors   350 - 62 42

Room 101   575 14 71 52
Room 102   625 24 74 52
Room 104B   775 22 73 52
Room 105   675 14 75 52
Room 106   750 26 75 52
Room 107   700 20 75 53
Room 201   725 23 74 52
Room 202   475  0 72 50
Room 203   550 25 74 54
Room 206   800 33 75 53
Room 301   700 28 75 53
Room 302   625 17 74 52
Room 304   650 23 75 53
Room 305   650 15 76 54
Room 306   675 15 75 53
Room 307   700 22 75 55
Room 308   625 22 72 51
Room 309   600 22 74 52
Room 401   575 21 76 54
Room 402   600 22 72 52
Room 403   675 20 74 55
Room 404   675 18 74 53
Room 405   575 23 70 50
Room 502   550  2 70 50
Admin. Office   400  5 72 48

   *ppm - parts per million; carbon dioxide levels approaching or exceeding 1000, or 3 to 4 times the outside level, indicate that
inadequate amounts of fresh air are being introduced to the space.



Table 3
Classroom Ventilation Measurements
Andrew Jackson Junior High School

Cross Lanes, West Virginia
May 10, 1989 and March 1, 1990

HETA 89-183

Location Total Supply Air(cfm) Outside Air Supplied(cfm)* Outside Air Per Person(cfm)*
            May 1989   March 1990      May 1989   March 1990         May 1989   March 1990  

Room 101  410 1390  94  348   5 17

Room 102  950 1240 220  310  11 16

Room 104A  310 1050  71  263   4 13

Room 104B  290 1110  70  278   4 14

Room 105 1020 1370 235  343  12 17

Room 106  525 1350 120  338   6 17 

Room 107  385 1270  90  317   5 16

Room 108  385 1050  90  262   5 13

Room 201  465 1270 105  317   5 16

Room 202  195 1005  45  251   2 13

Room 203  700 1215 160  304   8 15

Room 204  610  720 140  180   7  9

Room 206    0 1155   0  289   0 14

Room 205 
   (Library) 1430 4965 329 1241  16 62

Room 301  920 1250 210  313  10 16

Room 302  280  905  65  226   3 11

Room 303  480 1140 110  285   6 14

Room 304  740 1110 170  278   9 14

Room 305  860 1140 200  285  10 14



Continued (Table 3) 

 Location  Total Supply Air(cfm)  Outside Air Supplied(cfm)* Outside Air Per Person(cfm)*

            May 1989   March 1990      May 1989   March 1990         May 1989   March 1990  

Room 306  900 1170 210  293  3  15

 Room 307  260 1050  60  263  3  13

 Room 309 1100 1070 250  267 13  13

Room 401  950 1090 220  273 11  14

Room 402 1000  990 230  248 12  12

Room 403 1050 1080 240  270 12  14

Room 404  850 1040  95  260  5  13

Room 405 1160 1420 270  355 13  18

Room 502  600 1090 138  273  7  14

cfm - Cubic feet per minute
  * - Outside air was calculated using an estimate of 23% (May 1989) and 25% (March 1990) of total supply, and outside
air per person was calculated using an estimate of 20 occupants per classroom.



Table 4

Pesticide & Polychlorinated Biphenyl Contamination of Carpeting
Andrew Jackson Junior High School

Cross Lanes, West Virginia
May 9, 1989

HETA 89-183

                                             ----------------Concentration (ug/g)----------- 
Sample Location Chlordane Diazinon Chlorpyrifos PCB*  

Room 102, NE Quadrant ND (0.27) ND (1.7)

Room 104A, NE Quadrant ND  2.0 ND ND

Room 104B, NE Quadrant ND  5.2 ND ND

Room 107, East Wall ND 76.0 ND (3.1)

Room 201, East Wall ND  3.7 ND (2.8)

Room 202, North Wall ND 41.0 ND (1.9)

Room 301, Center of Room
   next to crack in floor ND (0.59) ND 67.0

Room 304, near crack along
   South Wall ND  8.6 ND 25.0

Room 305, near crack along
   South Wall ND 17.0 ND 54.0

Room 307, next to Sink ND 20.0 ND 12.0

Room 308, North Wall ND  1.6 ND 11.0

Room 309, North Wall ND  0.7 ND 44.0

Room 403, East Wall ND  4.2 ND 46.0

Room 404, East Wall ND  6.3 ND 29.0

Hallway outside of
   Room 206 ND ND ND 15.0

Hallway outside of
   Room 402 ND  3.8 ND 15.0

Room 502, North Wall ND (0.5) ND 12.0

Limit of Detection (LOD) 0.1  0.18 0.02  1.7
Limit of Quantitation (LOQ) 0.3  0.61 0.07  5.9                   
      *PCB - polychlorinated biphenyls, Aroclor 1254 was the only congener found in these samples.
ug/g - micrograms per gram of carpet. 
  ND - Not Detected - Values in parentheses fall between the LOD and LOQ and should
      should be considered as trace quantities.



Table 5

Surface Wipe Sample Results
Andrew Jackson Jr. High School

Cross Lanes, West Virginia
May 10, 1989

HETA 89-183

                                          Pesticide Conc. (ug/ft2)        PCB Conc.(ug/m2)
Location, Surface Chlordane Diazinon Chlorpyrifos Aroclor 1254
Room 401, Student Desk Top (1.1) 0.09 (0.06) 35.5

Room 402, Student Desk Top (0.2) ND 0.14  7.5

Room 309, Teachers' Desk Top ND 0.05 ND  2.2

Room 309, Wall above Crack in Floor ND 0.20 0.05 11.0

Room 402, Cover of Speech Text Book ND 0.10 ND  7.2

Room 404, Teachers' Desk Top ND 0.15 ND  4.3

Room 305, Teachers' Desk Top ND ND ND  4.0

Room 301, Book Shelf ND 0.05 ND  5.1

Room 204, Student Desk Top ND ND (0.04)  9.7

Room 202, Student Desk Top ND ND ND  7.9

Room 201, Top of Storage Locker ND 0.03 ND 14.2

Room 104B, Student Table ND 0.04 (0.02)  2.4

Room 104A, Teachers' Desk ND 0.05 ND  8.6

Room 401, Text Book Cover ND (0.04) ND  3.2

Hallway outside of Room 401, 
   Tile Floor ND 0.09 ND  5.1

Room 308, Students' Desk Top ND ND ND  5.7

Room 502, Students' Desk Top (0.13) (0.02) (.05)  8.1

Room 502, Wall above Crack in Floor ND (0.01) ND  5.9

Hallway outside of Room 502, 
   Tile Floor ND 0.02 ND 16.9

LOD - Limit of Detection 0.5 0.02 0.06  0.18
LOQ - Limit of Quantitation 1.5 0.06 0.19  0.61

Surface sample results for pesticides are reported in micrograms per square foot (ug/ft2), and for polychlorinated biphenyl (PCB) the
results are reported in micrograms per square meter (ug/m2).  Aroclor 1254 was the only PCB detected in these samples by comparison
with standard samples of Aroclors 1016, 1221, 1223, 1242, 1248, 1254, and 1260.

ND = Not-detected.  Results contained in parenthesis indicate values between the LOD and LOQ for the analytical method.  These
quantities should be considered trace concentrations with limited confidence in their accuracy.



Table 6

Surface Wipe Sample Results
Andrew Jackson Jr. High School

Cross Lanes, West Virginia
September 13-14, 1989

HETA 89-183

                                              
Location, Surface Chlordane Conc. (ug/ft2) PCB Conc. (ug/m2)

Room 401, Wall Above Crack ND  20
Room 401, Window Ledge* ND 158
Room 401, Student Desk Top* ND  28

Room 402, North Window Ledge* ND  89
Room 402, South Window Ledge* ND  67
Room 402, Student Desk Top* ND   9

Room 309, Wall Above Crack ND  25

Room 306, Lab Bench Top* ND 205

Room 303, Floor Area in Doorway ND 676
Room 303, Teacher's Desk Top* ND   3

Room 104B, Sewing Machine Table Top* ND  24

Room 105, Counter Top - Food Prep Area* ND  19

Room 502, Wall Above Crack ND   3
Room 502, Shelf Top Along Wall* ND 132

Cafeteria, Counter Top - Food Prep Area* ND  64
Cafeteria, Table Top in Commons Area* ND  76

Admin. Office, Counter Top* ND  23

Mechanical Room, Electric Transformer Shroud ND   4
Mechanical Room, Electric Panel Door* ND   4

NIOSH Investigator's Office, Credenza Top* ND (1)

LOD - Limit of Detection per sample 0.09 ug/sample 0.2 ug/sample
LOQ - Limit of Quantitation per sample 0.3 ug/sample 0.6 ug/sample

*High-skin-contact surface

Surface sample results for polychlorinated biphenyl (PCB) are reported in micrograms per square meter (ug/m2).  Aroclor 1254 was the only
PCB detected in these samples by comparison with standard samples of Aroclors 1016, 1221, 1223, 1242, 1248, 1254, and 1260.

ND = Not detected.  Results contained in parenthesis indicate values between the LOD and LOQ for the analytical method.  These
quantities should be considered trace concentrations with limited confidence in their accuracy.



Table 7

PCB Surface Wipe Sample Results
Andrew Jackson Junior High School

Cross Lanes, West Virginia
HETA 89-183

                                             -------------Aroclor 1254 ug/m2------------------
Location                  May 10, 1989     Sept. 13, 1989     March 1, 1990

Room 401-Window Ledge - 158 10.6

Room 402-Student Desk 7.5   9  2.2

Room 306-Lab Bench Top - 205  1.2

Room 104A-Desk Top 2.4  24  0.6

Room 105-Counter top -  19  1.5

Kitchen Food Prep Surf. -  64  4.3

Admin. Office Counter -  23  2.6

NIOSH P.O. Desk Top - (1)  1.0

LOD - Limit of Detection 0.18 0.2  0.03
LOQ - Limit of Quantitation 0.61 0.6  0.09

ug/m2 - micrograms per square meter.

Results contained in parenthesis indicate values between the LOD and LOQ for the analytical method.  This quality
should be considered a trace concentration with limited confidence in accuracy of the result.

A line in the result column means that a sample was not collected at that location.



Table 8

Air Concentrations of Insecticides 
Andrew Jackson Jr. High School

Cross Lanes, West Virginia
April 19, 1989
HETA 89-183

                                           Sample                      ------Concentration (ug/m3)*-----
 Location Volume (L) Chlordane Diazinon Dursban
Room 401, @ Floor Level 0.217 55.3 (0.02) 0.60
          @ Breathing Zone Hgt.** 0.088 N.D. N.D. N.D.

Room 402, @ Floor Level 0.220 N.D. N.D. N.D.
          @ Breathing Zone Hgt. 0.221 10.4 2.4 0.10
          @ Breathing Zone Hgt. 0.157 N.D. N.D. N.D.

Room 403, @ Floor Level 0.232 N.D. N.D. N.D.

Room 309, @ Floor Level 0.234 0.34 0.02 N.D.

Room 104B, @ Breathing Zone Hgt. 0.320 (0.13) 0.02 N.D.

Room 502, @ Breathing Zone Hgt. 0.244 (0.08) 0.02 N.D.

Room 301, @ Breathing Zone Hgt. 0.230 N.D. N.D. N.D.

Room 107, @ Breathing Zone Hgt. 0.357 N.D. N.D. N.D.

Room 103, @ Breathing Zone Hgt. 0.363 N.D. N.D. N.D.

Room 304, @ Breathing Zone Hgt. 0.156 N.D. N.D. N.D.

Room 204, @ Breathing Zone Hgt. 0.147 N.D. N.D. N.D.

Cafeteria, @ Breathing Zone Hgt. 0.047 N.D. N.D. N.D.

Room 203, @ Breathing Zone Hgt. 0.152 N.D. N.D. N.D.

Room 206, @ Breathing Zone Hgt. 0.146 N.D. N.D. N.D.

Room 201, @ Breathing Zone Hgt. 0.131 N.D. N.D. N.D.
          @ Breathing Zone Hgt. 0.137 N.D. N.D. N.D.

Room 105, @ Breathing Zone Hgt. 0.038 N.D. N.D. N.D.

Limit of Detection 0.01 0.004 0.002
Limit of Quantitation 0.05 0.0057 0.002

ACGIH TLV 500/skin 100/skin 200/skin
OSHA PEL 500/skin 100/skin 200/skin
NIOSH REL Chlordane - Lowest Feasible Level
NRC (Air in Military Housing) 5 (air & surface)
US Air Force (Military Housing Surface 50 (walls, ceilings),
  Standards mg/ft2) 10 (floors)

 7 (walls)    when children
ND (floors)   are present

*ug/m3 - micrograms per cubic meter of air. 
N.D. - Not Detected.  Values in parentheses fall between the LOD and LOQ and should be 
       considered as trace quantities.
**Breathing zone height for seated individuals.



Table 9

Air Concentrations of Chlordane and PCBs
Andrew Jackson Jr. High School

Cross Lanes, West Virginia
May 10, 1989
HETA 89-183

                                                  Sample              ----Concentration (ug/m3)---
Location                            Volume (L)    Chlordane       Aroclor 1254   

Room 101, Center @ BZ Level 393 0.15 (0.05)

Room 102, Center @ BZ Level 328 0.15 (0.06)

Room 104A, Center @ BZ Level 331 0.15 (0.03)

Room 104B, Center @ BZ Level 332 ND ND

Room 105, Center @ BZ Level 330 0.12 (0.06)

Room 105, @ Floor level next to 
  outside door 295 0.17 (0.07)

Room 106, Center @ BZ Level 328 0.15 (0.03)

Room 107, Center @ BZ Level 272 0.18 (0.07)

Room 108, Center @ BZ Level 335 0.15 0.12

Room 201, Center @ BZ Level 330 0.18 (0.09)

Room 202, Center @ BZ Level 323 0.15 (0.06)

Room 203, Center @ BZ Level 314 0.13 ND

Room 203, Above crack along
  outside wall 303 0.13 (0.03)

Room 204, Center @ BZ Level 321 0.16 (0.03)

Room 205, Center @ BZ Level 297 0.17 (0.07)

Room 206, Center @ BZ Level 307 0.16 (0.07)

Room 301, Center @ BZ Level 307 0.16 (0.07)

Room 301, Above crack in floor 307 0.23 (0.07)

Room 302, Center @ BZ Level 306 0.13 (0.07)

Room 303, Center @ BZ Level 311 0.16 (0.06)

Room 304, Center @ BZ Level 309 0.10 (0.06)

(continued)



Continued (Table 9)

                                                Sample                 ---Concentration (ug/m3)----
Location                           Volume (L)     Chlordane       Aroclor 1254 

Room 304, Above crack in floor 309 0.13 (0.06)

Room 305, Center @ BZ Level 308 0.16 (0.06)

Room 305, Above crack in floor 309 0.13 (0.03)

Room 306, Center @ BZ Level 306 0.13 (0.07)

Room 306, Above crack in floor 306 0.10 (0.07)

Room 307, Center @ BZ Level 315 0.16 (0.03)

Room 308, Center @ BZ Level 319 0.16 (0.06)

Room 309, Center @ BZ Level 310 0.19 (0.06)

Room 401, Above crack in floor 269 0.33 (0.07)

Room 402, Center @ BZ Level 271 0.26 (0.07)

Room 402, Above crack in floor 271 0.33 (0.07)

Room 403, BZ Level @ Teachers' Desk 274 0.18 (0.07)

Room 403, Above crack in floor 274 0.11 (0.07)

Room 404, BZ Level @ Teachers' Desk 279 0.25 (0.07)

Room 404, Above crack in floor 279 0.22 (0.07)

Room 502, Center @ BZ Level 292 0.14 0.10

Room 502, Above crack in floor 308 0.11 0.11

Hallway outside of Room 107, BZ Level 247 0.16 (0.08)

Hallway outside of Room 206, BZ Level 304 0.20 0.10

Library Area, Southeast corner
  @ BZ Level 315 0.16 (0.06)

Library Area, Westside @ BZ Level 272 0.18 (0.07)

Cafeteria, Center @ BZ Level 315 (0.10) 0.19

LOD - Limit of Detection per sample 0.014 0.01
LOQ - Limit of Quantitation per sample 0.034 0.03

ug/m3 - micrograms per cubic meter of air.
ND - Not Detected.  Values in parenthesis fall between the LOD and LOQ and should be
     considered trace concentrations with limited confidence in their accuracy.



Table 10

Air Concentrations of Chlordane and PCBs
Andrew Jackson Jr. High School

Cross Lanes, West Virginia
September 13-14, 1989

HETA 89-183

                                             Sample                     Concentration (ug/m3)        
Location                                Volume (L)         Chlordane    Aroclor 1254

Room 101, Center @ BZ Level 526 - Trace
Room 102, Center @ BZ Level 525 ND -
Room 104A, Center @ BZ Level 534 - Trace
Room 104B, Center @ BZ Level 680 ND ND
Room 105, Center @ BZ Level 528 ND -
Room 107, Center @ BZ Level 440 Trace -
Room 108, Center @ BZ Level 518 - Trace
Room 108, Center @ BZ Level 690 - Trace
Room 201, Center @ BZ Level 525 Trace Trace
Room 203, Center @ BZ Level 640 - Trace
Room 203, Center @ BZ Level 536 - Trace
Room 204, Center @ BZ Level 525 Trace -
Room 205, East Side @ BZ Level 530 ND Trace
Room 205, Center @ BZ Level 653 - Trace
Room 301, Center @ BZ Level 522 Trace -
Room 302, Center @ BZ Level 530 - Trace
Room 303, Center @ BZ Level 523 Trace -
Room 304, Center @ BZ Level 525 - Trace
Room 305, Center @ BZ Level 463 Trace -
Room 308, Center @ BZ Level 271 ND -
Room 309, Center @ BZ Level 509 Trace -
Room 401, Center @ BZ Level 635 Trace Trace
Room 401, Center @ BZ Level 509 Trace -
Room 401, @ Crack next to wall 526 Trace -
Room 402, Center @ BZ Level 520 - Trace
Room 402, @ Crack next to wall 522 Trace -
Room 404, Center @ BZ Level 525 Trace Trace
Room 502, Center @ BZ Level 489 Trace Trace
Room 502, Center @ BZ Level 644 Trace Trace
Cafeteria, Center @ BZ Level 386 ND Trace
Cafeteria, Center @ BZ Level 653 - Trace
Mechanical Room, Top of Transformer 534 - Trace
Admin. Office, Top of Center Counter 495 - Trace
Entrance way, Outside of Room 401, BZ Level 495 - Trace

Range of Trace Concentrations              0.12 to 0.36    0.09 to 0.31
LOD - Limit of Detection per sample 0.06 0.05
LOQ - Limit of Quantitation per sample 0.20 0.20

ug/m3 - micrograms per cubic meter of air.
ND - Not Detected.  
A line in the column indicates a sample was not collected at that location for that compound.



Table 11 

Distribution of Job Titles for Questionnaire Respondents
Andrew Jackson Junior High School

Cross Lanes, West Virginia
HETA 89-183

                          January 1989       March 1990       June 1990 

Number 40 42                45

Teacher 70%*              74% 71%
Office Worker 15% 10% 16%
Custodial Staff 8% 10%  7%
Kitchen Worker 8%  7%  7%

* Percentages may not add up to 100% due to rounding



Table 12
Health Complaints by Ventilation Zone

 Kanawha County Health Department Questionnaire
Andrew Jackson Junior High School

Cross Lanes, West Virginia
HETA 89-183

COMPLAINT     Zone 1    Zone 2     Zone 3   Zone 4  Custodians Other   Total 

Total # of Respondents    6  4  5  8  4 16 43

Headache  3  3    1  4  3  5 19
50% 75% 20% 50% 75% 30% 44%

Throat  2  3  0  1  3  5 14
Irritation 33% 75%        12% 75% 30% 33%

Sinus  3  3  2  4  3  4 19
Problems 50% 75% 40% 50% 75% 25% 44%

Cough  1  0  0  0  1  4  6
17% 25% 25% 14%

Shortness  1  0  0  1  1  0  3
of Breath 17% 12% 25%  7%

Eye  1  1  1  1  2  4 10
Irritation 17% 25% 20% 12% 50% 25% 23%

Rash  1  0  0  0  1  0  2
17% 25%  5%

Muscle  3  1  0  2  3  1 10
Aches 50% 25% 25% 75% 6% 23%

Dizziness  3  0  0  2  1  0  6
50%  25% 25% 14%

Abdominal  1  1  0  0  0  0  2
Pains 17% 25%   5%

Fatigue  4  3  1  3  3  6 20
66% 75% 20% 37% 75% 36% 46% 

Problems with  3  2  0  4  1  3 13
Concentration 50% 50% 50% 25% 18% 30%

Problems with  3  2  0  1  2  1  9
Sleepy 50% 50% 12% 50% 6% 21%

Depression  1  0  0  1  2  0  4
17% 12% 50%  9%

Tension  4  2  1  3  1  3 14
66% 50% 20% 37% 25% 18% 30%

Zone 1 includes the following rooms: 104A, 104B, 105, 203, 204, 205
Zone 2 includes the following rooms: 303, 304, 305, 306, 307, 404, 405
Zone 3 includes the following rooms: 101, 102 106, 107, 201, 202, 206
Zone 4 includes the following rooms: 301, 302, 308, 309, 401, 402, 403



Table 13

Prevalence of Medical Complaints
Before and After Renovation 
For All Survey Respondents

Andrew Jackson Junior High School
Cross Lanes, West Virginia

HETA 89-183

                Before Renovations             After Renovations
             
                Since Starting Work During the   During the    During the
                  at Andrew Jackson    Last Week    Last Week    Last 4 Months

Date of Survey        1/11/89           3/1/90       6/8/90        6/8/90 

# of Respondents 40 42 45 45

Symptom 
  Headache 65* 31 38 36
  Sinus Congestion 62 33 24 40
  Fatigue 62 17 22 33
  Tension 50 17 27 33
  Sore Throat 47 17 13 24
  Eye Irritation 45  9  9 24
  Problems with
    Concentration 40  5  9 16
  Depression 35  2 13 22
  Cough 30 17 11 15
  Muscle Pains 30 19 22 22
  Dizziness 25  9  7  4
  Skin Irritation 15  9  9 15
  Shortness of Breath 12  5  7  6

*Percent of respondents reporting symptoms.



Table 14

Prevalence of Medical Complaints
Before and After Renovation 

For Respondents Completing All Three Surveys
Andrew Jackson Junior High School

Cross Lanes, West Virginia
HETA 89-183

                 Since Starting Work During the   During the    During the
                  at Andrew Jackson    Last Week    Last Week    Last 4 Months

Date of Survey        1/11/89           3/1/90       6/8/90        6/8/90 

# of Respondents 25 25 25 25

Symptom 
  Headache 60* 44 48 44
  Sinus Congestion 56 40 32 40
  Fatigue 60 16** 24** 40
  Tension 52 24 36 48
  Sore Throat 40 20 16** 24
  Eye Irritation 52 20 16 24
  Problems with
    Concentration 40  8** 12 20
  Depression 44  0** 20 28
  Cough 32 16 12 16
  Muscle Pains 36 24 28 32
  Dizziness 32 12  8  8
  Skin Irritation 16  8 12 16
  Shortness of Breath 16  8  8 12

 * Percent of respondents reporting symptoms.
** Statistically significant change from 1/89 by McNemar's test (p<.05)



Table 15

Prevalence of Environmental Complaints
Before and After Renovation 
For All Survey Respondents

Andrew Jackson Junior High School
Cross Lanes, West Virginia

HETA 89-183

                      On Most Days     During the   During the    During the
                  at Andrew Jackson    Last Week    Last Week    Last 4 Months

Date of Survey        1/11/89           3/1/90       6/8/90        6/8/90 

# of Respondents 40 42 45 45

Complaint 
  Too Dusty   48*  7  4  4
  Too Little Air 45  0  4  4
  Too Stuffy 43  5 11  9
  Too Noisy 25 24  9  9
  Too Hot 25  5 13 16
  Too Cold 23  7  2  2
  Too Much Air  5  7  0  7
  Too Much Humidity  5  0  7  9

* Percent of respondents reporting symptoms.



Table 16

Prevalence of Environmental Complaints
Before and After Renovation 

For Respondents Completing All Three Surveys
Andrew Jackson Junior High School

Cross Lanes, West Virginia
HETA 89-183

                      On Most Days     During the   During the    During the
                  at Andrew Jackson    Last Week    Last Week    Last 4 Months

Date of Survey        1/11/89           3/1/90       6/8/90        6/8/90 

# of Respondents 25 25 25 25

Complaint
  Too Dusty   36*  8  8**  8**
  Too Little Air 52  0**  0**  0**
  Too Stuffy 36  4** 12 12
  Too Noisy 28 28  8  8
  Too Hot 28  4** 12  8
  Too Cold 16  4  4  4
  Too Much Air  4  8  0  4
  Too Much Humidity  5  0  4  4

 * Percent of respondents reporting symptoms.
** Statistically significant change from 1/89 by McNemar's test (p<.05)



Table 17

Prevalence of Workplace Complaints
Before and After Renovation 
For All Survey Respondents

Andrew Jackson Junior High School
Cross Lanes, West Virginia

HETA 89-183

                        January 1989          March 1990      June 1990

# of Respondents            40 42  45

Are You Bothered By 
  Lack of Control of
   the Temperature 65*  2 16
  Lack of Windows 60 17 18
  Lack of Privacy 15 14  7
  Feeling Crowded 13 12 11
  Lack of Workspace 10  7 13
  Uncomfortable Chairs 10  2  4

* Percent of respondents reporting symptoms.

Table 18

Prevalence of Workplace Complaints
Before and After Renovation 

For Respondents Completing All Three Surveys
Andrew Jackson Junior High School

Cross Lanes, West Virginia
HETA 89-183

                        January 1989       March 1990      June 1990

# of Respondents 25 25 25

Are You Bothered By 
  Lack of Control of
   the Temperature 65*  4** 16**
  Lack of Windows 60 16** 20**
  Lack of Privacy 15 16  8
  Feeling Crowded 13  8 12
  Lack of Workspace 10  4 16
  Uncomfortable Chairs 10  0  4 

* Percent of respondents reporting symptoms.
* Statistically significant by McNemar's test (p<.05)



Table 19 

Blood Chlordane Metabolite Results
Andrew Jackson Jr. High School

Cross Lanes, West Virginia
May 10, 1989
HETA 89-183

                                                        Analyte Concentration (ng/mL)
           Heptachlor

Sample I.D.     Oxychlordane      Epoxide    Trans-Nonachlor

 1 ND ND ND
 2 ND ND ND
 3 ND ND ND
 4 ND ND ND
 5 ND ND ND
 6 ND ND ND
 7 ND ND ND
 8 ND ND ND
 9 ND ND ND
10 ND ND 0.41
11 ND ND ND
12 ND ND ND
13 ND ND ND
14 ND ND ND
15 ND ND ND
16 ND 0.37 ND
17 ND ND ND
18 ND ND ND
19 0.23 0.32 1.2
20 ND ND ND
21 ND ND ND
22 ND ND ND
23 ND ND ND
24 ND ND ND
25 ND ND ND
26 ND ND ND
27 ND ND ND
28 ND ND ND
29 ND ND ND
30 ND ND ND
31 ND ND ND
32 ND ND ND
33 ND ND ND
34 ND ND ND
35 ND ND ND
36 ND ND ND
37 ND ND ND
38 ND ND ND
39 ND ND ND
40 ND ND ND
41 ND ND ND
42 ND ND ND
43 ND ND ND
44 ND 0.84 0.64
45 ND ND 0.45
46 ND ND ND
47 ND ND ND
48 ND ND ND
49 ND ND ND

ND = Not Detected.  The limit for detection with this method is 0.2 ng/mL
ng/mL = nanograms/milliliter
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