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One of the most significant long-term trends affecting the future vitality of the petroleum industry is the 
public's concerns about the environment. Recognizing this trend, API member companies have developed 
a positive, forward-looking strategy called STEP: Strategies for Today's Environmental Partnership. This 
program aims to address public concerns by improving our industry's environmental, health and safety 
performance; documenting petformance improvements; and communicating them' to the public. The 
foundation of STEP is the API Environmental Mission and Guiding Environmental Principles. 

API ENVIRONMENTAL MISSION AND GUIDING ENVIRONMENTAL PRINCIPLES 

The members of the American Petroleum Institute are dedicated to continuous efforts to improve the 
compatibility of our operations with the environment while economically developing energy resources and 
supplying high quality products and services to consumers. The members recognize the importance of 
efficiently meeting society's needs and our responsibility to work with the public, the government, and 
others to develop and to use natural resources in an environmentally sound manner while protecting the 
health and safety of our employees and the public. To meet these responsibilities, API members pledge 
to manage our businesses according to these principles: 
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To recognize and to respond to Community concerns about our raw materials, products and 
operations. 

To operate our plants and facilities, and to handle our raw materials and products in a manner 
that protects the environment, and the safety and health of our employees and the public. 

To make safety, health and environmental considerations a priority in our planning, and our . 
development of new products and processes. 

To advise promptly, appropriate officials, employees, customers and the public of information 
on significant industry-related safety, health and environmental hazards, and to recommend 
protective measures. 

To counsel customers, transporters and others in the safe use, transportation and disposal of 
our raw materials, products and waste materials. 

To economically develop and produce natural resources and to conserve those resources by 
using energy efficiently. 

To extend knowledge by conducting or supporting research on the safety, health and 
environmental effects of our raw materials, products, processes and waste materials. 

To commit to reduce overall emission and waste generation. 

To work with others to resolve problems created by handling and disposal of hazardous 
substances from our operations. 

To participate with government and others in creating responsible laws, regulations and 
standards to safeguard the community, workplace and environment. 

To promote these principles and practices by sharing experiences and offering assistance to 
others who produce, handle, use, transport or dispose of similar raw materials, petroleum 
products and wastes. 
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FOREWORD 

API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL 
NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE, 
AND FEDEML LAWS AND REGULATiONS SHOULD BE REVIEWED. 

API IS NOT UNDERTAKING To MEET THE DUTIES OF EMPLOYERS, MANUFAC- 
TURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND EQUIP THEIR 
EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND SAFETY 
RISKS AND PRECAUTIONS, NOR U N D E R T m G  THEIR OBLIGATIONS UNDER 
LOCAL, STATE, OR FEDERAL LAWS. 

NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS 
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE MANU- 
FACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT COV- 
ERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED IN 

ITY FOR INFRINGEMENT OF LETIERS PATF". 
THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST LIABIL- 

Copytight &, 1995 American pcaoltum institute 
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PREFACE 

Preliminary findings from a presentation on MTBE made by Ted Johnson to the U. S 
Environmental Protection Agency (EPA) are included as an attachment to this report. 
The presentation was made at the EPA Conference, MTBE and Other Oxygenates: 
A Research Update, July 26-28, 1993 in Falls Church, VA. The attachment contains 
additional information - a presentation summary and copies of projection 
transparencies for inclusion in the conference proceedings. It has been included 
solely for the convenience of the reader. 
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ABSTRACT 

The compound methyl tertiary butyl ether (MTBE) is routinely added to gasoline 

during the winter driving season to reduce carbon monoxide (CO) emissions from 

motor vehicles in CO nonattainment areas. In 1992, the US. Environmental 

Protection Agency (EPA) began receiving anecdotal complaints of headaches, 

nausea, and other symptoms following alleged wintertime exposures to MTBE in 

fuels. EPA solicited estimates of typical air concentrations of MTBE that motorists 

and attendants might experience during refueling at service stations that dispense 

gasoline containing MTBE. In response, the American Petroleum Institute (API) 

funded breathing zone, pump island and station perimeter measurements of ambient 

MTBE concentrations at 10 service stations in the New York metropolitan area in 

April 1993. Air samples were also analyzed for BTEX (benzene, toluene, 

ethylbenzene, xylene), THC (total hydrocarbons), CO and formaldehyde. Field 

personnel monitored meteorological parameters, gasoline composition (oxygenate 

content, Reid vapor pressure, BTEX), and gasoline sales and deliveries during each 

sampling period. Personnel also noted the time each vehicle was refueled and 

conducted regular counts of traffic on nearby roadways. The principal findings of the 

study are summarized below: 

I. 

2. 

3. 

4. 

Mean and maximum four-hour average MTBE concentrations generally 
decrease from breathing zone to pump island to perimeter, suggesting that 
refueling activities are the principal source of MTBE measured at service 
stations, and MTBE concentrations are generally lower at stations with Stage II 
vapor controls. 

Median four-hour average MTBE concentrations for all stations are below 2 
ppm at breathing zone and pump island locations and below 0.02 ppm at the 
station perimeters. 

Maximum four-hour average MTBE concentrations are below 2.6 ppm at 
breathing zone and pump island locations and below 0.2 ppm at station 
perimeters. 

Because the canisters also sampled nonrefueling periods, breathing zone 
measurements may underestimate actual breathing zone concentrations during 
fuel dispensing by station-specific factors ranging from 1 to 3. Most factors fall 
between 1.0 and 1.4. 
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EXECUTIVE SUMMARY 

In 1992, the U.S. Environmental Protection Agency (EPA) began receiving anecdotal 

complaints of headaches, nausea, and other symptoms following alleged wintertime 

exposures to methyl tertiary butyl ether (MTBE) in fuels. In early 1993, EPA began a 

series of clinical research studies to investigate the validity of these claims. To 

properly design these studies, EPA solicited estimates of typical air concentrations of 

MTBE that motorists and attendants may experience during refueling at service 

stations that dispense gasoline containing MTBE. EPA also expressed interest in 

determining typical MTBE concentrations at the property boundaries of these service 

stations. 

In response to these needs, the American Petroleum Institute (API) funded a field 

study in which IT Air Quality Services (ITAQS) measured ambient MTBE 

concentrations at ten service stations in the New York metropolitan area. The 

stations included: 

I. Two full-service stations with Stage II vapor recovery on a commuting 
route near East Brunswick, New Jersey; 

2. Three self-service stations with Stage II vapor recovery in Westchester 
County, New York; and 

3. Five self-service stations without Stage II vapor recovery in Fairfield 
County, Connecticut. 

The selection of full-service stations in New Jersey was unavoidable, as self-service 

stations are not permitted in that state. 

Each station was sampled on a separate day between April 7, 1993 and April 23, 

1993. The monitoring activities at each station were conducted during two four-hour 

periods, nominally 9 a.m. to 12 a.m. and 2 p.m. to 6 p.m. Four-hour canister and 

impinger samples were collected at four perimeter locations (north, east, south, and 

west) and one pump location at each station, in customer breathing zones at the New 

ES-I 
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York and Connecticut stations, and in attendant breathing zones at the New Jersey 

stations. In addition, four-hour charcoal tube samples were collected in the breathing 

zones of all stations. These samples were analyzed to determine air concentrations 

of MTBE, BTEX (benzene, toluene, ethyl benzene, xylene), total hydrocarbon (THC) 

concentration, and formaldehyde. 

Continuous carbon monoxide measurements were made in the pump area of each 

station using a Metrosonics" pm-7700 monitor. Organic vapor analyzers (OVA) were 

used to continuously monitor THC concentrations in the pump areas and breathing 

zones. These measurements were made as a means of identifying individual 

refueling events which could not be distinguished in the four-hour samples collected 

by the canister samplers. 

Field personnel monitored meteorological parameters, gasoline composition 

(oxygenate content, Reid vapor pressure, BTEX), and gasoline sales as well as 

deliveries during each sampling period. Personnel also noted the time each vehicle 

was refueled and conducted regular counts of traffic on nearby roadways. Gasoline 

pumping activities were continuously recorded by a stationary video camera. 

Statistical analyses of the data obtained from the field monitoring activities support 

the following general findings. 

1. Mean and maximum four-hour average MTBE concentrations generally 
decrease from breathing zone to pump island to perimeter, suggesting 
that refueling activities are the principal source of MTBE measured at 
service stations. 

2. MTBE concentrations are generally lower at stations with Stage II vapor 
controls. 

3. Median four-hour MTBE concentrations for all stations are below 2 ppm 
at breathing zone and pump island locations and below 0.02 ppm at the 
station perimeters. 

ES2 
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4, Maximum four-hour MTBE concentrations for all stations are below 2.6 
ppm at breathing zone and pump island locations and below 0.2 ppm at 
station perimeters. 

. 5. For all stations, because the canisters also sampled nonrefueling 
periods, breathing zone measurements of MTBE concentration may 
underestimate actual breathing zone concentrations during fuel 
dispensing by station-specific factors ranging from 1 to 3. Most factors 
fall between 1 .O and 1.4. 

A series of special statistical analyses were performed to identify patterns in the 

individual component data and to compare sampling methodologies. An analysis of 

concentration ratios (the ratio of MTBE to a second component) found that ratios 

were generally larger for pump and breathing zone canister samples than for 

perimeter canister samples. This pattern suggests that refueling operations were the 

principal source of MTBE at each station, whereas other sources (e.g., local traffic) 

contributed significantly to the levels of BTEX and THC. 

The results of stepwise regression analyses performed on the four-hour canister data 

indicate that MTBE concentration can be predicted well (R2 = 0.886) as a linear 

function of simultaneously-measured concentrations of benzene, toluene, ethyl 

benzene, and THC. Of these four predictors, benzene provides the best single 

means of predicting MTBE concentration. Benzene also provides the best prediction 

of toluene and THC concentration. Toluene is the best predictor of ethyl benzene 

concentration. 

. 

Other stepwise regression analyses were performed on the four-hour canister 

measurements to identify factors that potentially affect component concentration 

values. The analyses suggest that following conditions are associated with an 

increase in MTBE concentration: 

Measurements are made at pump island or breathing zone locations 
rather than perimeter locations; 

ES-3 
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Measurements are made at a Connecticut station (Le., a station with no 
Stage I I  vapor recovery) rather than a New York or New Jersey station; 

Low wind speed; 

High traffic on nearby roads. 

Analysts also attempted to identify possible conditions that could explain fourteen 

high MTBE values. Seven of the 14 values were found to be associated with the 

combination of two unusual conditions: ( I )  average wind speed less than 3 mph and 

(2) number of serviced vehicles exceeded 115. Four of the high values were 

associated with spills or overflows, two were associated with cumulative street traffic 

exceeding i 0,000 vehicles, and three were associated with average gasoline 

dispensing rates exceeding 325 gallons/hour. Active use of garage bays may have 

contributed to two of the high values. Other potential events that may be relevant 

include a gasoline delivery and a vehicle running during refueling. 

Although the field study was conducted primarily to obtain representative air 

concentrations of MTBE at service stations, the collected data also provide a means 

for comparing canisters and charcoal tubes. These sampling methodologies are 

routinely used in chemical exposure studies. The data base contains 20 cases in 

which canister and charcoal tube samples were collected at the same location for the 

same time period. An analysis of the 14 cases in which MTBE concentrations 

exceeded the limit of detection for both sampling methodologies found that the ratio 

of canister MTBE to tube MTBE ranged from 0.52 to 9.74. Fifty percent of the 

canister-to-tube ratios were between 0.62 and 1.17; the median ratio was 1 .OO. 

Ten pairs of duplicate samples were collected using canister samplers, and ten pairs 

were collected using impinger samples. The median percent difference in 

concentration between the duplicate measurements was 21.8 percent for MTBE, 12.2 

percent for benzene, 19.4 percent for toluene, 30.5 percent for ethyl benzene, 11.8 

percent for xylene, and 19.0 percent for formaldehyde. Note that duplicate pairs 

ES4 
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containing values below the detection limit were not considered in calculating these 

values. 

During the ITAQS service station study, an independent research team headed by Dr. 

Paul Lioy of the Environmental and Occupational Health Sciences Institute (EOHSI) 

collected air samples in the passenger compartments of automobiles during typical 

home-to-work commutes (manuscript in preparation). Selected automobiles in the 

Lioy study were refueled at stations included in the service station study. Breathing 

zone MTBE concentrations measured by the EOHSI team during these refueling 

events were comparable to breathing zone measurements made by the ITAQS team. 

ES-5 
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Section 1 

INTRODUCTION 

The compound methyl tertiary butyl ether (MTBE) is routinely added to gasoline 

during the winter driving season to reduce carbon monoxide (CO) emissions from 

motor vehicles. In 1992, the U. S. Environmental Protection Agency (EPA) began 

receiving anecdotal complaints about headaches, nausea, and other symptoms 

following alleged exposure to MTBE. In early 1993, EPA began planning a series of 

clinical research studies to investigate the validity of these claims. To properly 

design these studies, EPA solicited data which could be used to estimate the MTBE 

exposures of motorists during refueling at service stations that dispense gasoline 

containing MTBE. EPA also expressed interest in determining typical "fenceline" 

concentrations of MTBE at service stations. In response to these needs, the 

American Petroleum Institute (API) supported two related studies in the New York 

Metro area: a service station study conducted by IT Air Quality Services (ITAQS) 

and a commuter study conducted by the Environmental and Occupational Health 

Sciences Institute (EOHSI). In addition to MTBE, both studies measured air 

concentrations of the four BTEX compounds (benzene, toluene, ethyl benzene, and 

xylene), formaldehyde, and carbon monoxide (CO). 

During the service station study, ITAQS collected air samples at stations located in 

East Brunswick, NJ (two stations); Mamaroneck, NY (two stations); Port Chester, NY 

(one station); Greenwich, CT (four stations); and Stamford, CT (one station). The 

samples represented four general locations: the breathing zone of customers, the 

breathing zone of attendants, the general vicinity of the pumps, and the property 

boundary. Field personnel also monitored meteorological parameters, gasoline 

composition, gasoline sales as well as deliveries during each sampling period. 

Gasoline pumping activities were recorded by a stationary video camera. 

1-1 
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In the commuter study, an EOHSI research team directed by Dr. Paul Lioy collected 

air samples in the passenger compartments of automobiles during typical home-to- 

work commutes. These automobiles were fueled with gasoline containing MTBE and 

were driven through areas in which MTBE use was mandatory. Selected automobiles 

in the commuter study were refueled at stations included in the service station study. 

The refueling operations were timed to coincide with the collection of air samples at 

the stations. Further information concerning the commuter study can be obtained 

from the Lioy research team. 

This report provides a description of the service station study and summarizes the 

results of statistical analyses performed on data collected during the study. Section 2 

of the report briefly discusses the procedures used in selecting service stations for 

the study, lists the sampling dates and times associated with each station, and 

presents the general characteristics of each station. Section 3 provides a detailed 

description of the monitoring activities performed at each station. Section 4 provides 

summary statistics for the data collected during the field portion of the study. The 

results of a series of special statistical analyses are presented in Section 5. Section 

6 provides a summary of the major findings of the study. Section 7 provides 

references for the sampling and analytical techniques employed in the study. 

Appendix A contains a schematic of each station showing sampling locations. 

Appendix B contains a record of the notable events that occurred during the study. 
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Section 2 

SELECTION OF SERVICE STATIONS AND MONITORING PERIODS 

In March of 1993, API issued a request to member petroleum companies for the 

names and locations of potential service station participants for the study. The 

resulting list of stations was combined with a list of service stations identified by the 

EOHSI research team as being located along roadways selected for the commuting 

study. After completing an evaluation of all candidate stations, API identified ten 

stations that were suitably located and willing to participate in the study. The stations 

fall into three general categories: 

1. Two full-service stations with Stage I I  vapor recovery on a commuting 
route near East Brunswick, New Jersey; 

2. Three self-service stations with Stage II vapor recovery in Westchester 
County, New York; 

3. Five self-service stations without Stage I I  vapor recovery in Fairfield 
County, Connecticut. 

The stations differ with respect to geographic location, service type (full versus self); 

and the use of vapor recovery. Note that the selection of full-service stations for New 

Jersey was mandatory, as self-service stations are not permitted in this state. Both 

New Jersey stations were located on a commuting route used by the Lioy group. The 

remaining eight stations were located in a 20-mile-long commuting corridor between 

Mamaroneck, NY, and Stamford, CT. Table 2-1 provides a general description of 

each station. The names and street addresses of the stations have been omitted to 

comply with confidentiality agreements. 

Each station was monitored on a separate calendar day between April 7, 1993 and 

April 23, 1993. The monitoring activities at each station were conducted during two 

four-hour periods, nominally 8 a.m. to 12 a.m. and 2 p.m. to 6 p.m. Table 2-1 lists 

the sampling date for each station and the actual startlstop times for each four-hour 

sampling period. 
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Section 3 

MONITORING ACTIVITIES 

Table 3-1 provides an overview of the field monitoring activities. Four-hour canister 

and impinger samples were obtained at four perimeter locations (north, east, south, 

and west) and one pump island location at each station. Four-hour canister and 

impinger samples were also obtained for customer breathing zones at the New York 

and Connecticut stations and for attendant breathing zones at the New Jersey 

stations. Four-hour charcoal tube samples were obtained for customer breathing 

zones at the New York and Connecticut stations. Attendant breathing zones were 

sampled at the New Jersey stations because customers are not permitted to refuel 

motor vehicles in New Jersey. 

To assist the EOHSI commuting study, field personnel collected special one-hour 

canister and charcoal tube samples at both of the New Jersey stations and at Station 

IONY in New York for comparison to EOHSI adsorbent tube values. The samples 

were collected at the west perimeter location of each New Jersey station. The 

sampling periods were 13:OO to 14:OO for Station INJ and 8:27 to 9:30 for Station 

2NJ. Two sets of special samples were also obtained near the pumps at Station 

IONY in New York. The sampling periods were 16:05 to 17:05 and 17:13 to 18:15. 

. 

In addition, eight-hour charcoal tube samplers were attached to attendants at 

Connecticut stations 3C and 8C. The sampling periods were 658 to 1500 (8 h, 2 

min) for Station 3C and 7:07 to 14:29 (7 h, 22 min) for Station 8C. Field personnel 

were not able to monitor the Station 8C attendant for a full eight-hour period, as his 

work shift ended at 14:30. 

Table 3-2 lists the number of individual air samples collected using canisters, 

impingers, and charcoal tubes. The listings are organized by station and location 

within station. 

3- 1 
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Tab- 3-1. Summary of principal monitoring activities. 

Property perimeter (all stations) 

Canisters (4-hour samples): MTBE, BTEX, and THC 
Impingers (4-hour samples): formaldehyde 

Vicinity of pumps (all stations) 

Canisters (4-hour samples): MTBE, BTEX, and THC 
Impinger samplers (4-hour samples): formaldehyde 
Metrosonics@ pm-7700 (continuous): carbon monoxide 
Organic vapor analyzer (continuous): THC 

Breathing zone (attendant: NJ stations, customer: NY and CT stations) 

Canisters (4-hour samples): MTBE, BTEX, and THC 
Impinger samplers (4-hour samples): formaldehyde 
Organic vapor analyzer (continuous): THC 

I Charcoal tube (4-hour samples): MTBE and BTEX 

Attendant breathing zone (two Connecticut stations) 

Charcoal tube (8-hour sample): MTBE and BTEX 

One-hour samples (see Table 3-2) 

Meteorological station (all stations) 

Wind speed - 15 minute intervals 
Wind direction - 15 minute intervals 
Temperature - 30 minute intervals 
Relative humidity - 30 minute intervals 

Gasoline samples (all stations) Il 

3-2 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



~ 

A P I  PUBLX4bL9  95 O 0732290 0545645 376 O 

m 
N 
r 

O N  

- 
O N  

- 
O N  

- 
O N  

m 
F 

(3 
r 

O I N N O  

O 0 1  o o > N N O  

- 
O F  m 

r O 0  I o 
m 
P o>"O O N  N O N  N 

- 
O N  

- 
N 

- 
O 0  

- 
O 

I 
QDNNO N - 

N 

- 
o > N O N  53 N O  T 

I I 
(3 
T N O  T O  F 

I L 
o, 

'C 
o, 5 2  
# 

c 
d 

c 
d f 

3-3 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



A P I  P U B L X 4 6 1 9  95 0732290 0545646 202 = 

Sample location 

North 

East 

South 

West 

Pump 

Breathing zone 

Continuous carbon monoxide measurements were made in the pump island area of 

each station using a Metrosonics@ pm-7700 monitor. Organic vapor analyzers 

employing flame ionization detectors were used to continuously monitor THC 

concentrations in the pump areas and breathing zones. Data obtained from these 

monitors are useful in identifying individual refueling events which cannot be 

distinguished in the four-hour samples collected by canister and charcoal tube 

samplers. 

Approximate height of sample intake port above 
the ground (feet) 

4.25 

4.25 

4.25 

4.25 

5.00 

4.75 

The approximate heights of the sample intake ports at each sampling location are 

listed in Table 3-3. Generalized station schematics, including sampling locations, are 

provided in Appendix A. 

Section 7 provides references for the sampling methods used during the field 

monitoring activities. References are also provided for the procedures used in 

analyzing the collected samples. Table 3-4 provides a summary of this material. 

Table 3-3. Approximate heights of sampling points. 
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Table 3-4. Sampling methods and analytical techniques. 

Canister (MTBE, BTEX, and THC) 

Sampling method 

Analytical method 

Charcoal tube (MTBE and BTEX) 

Six-liter SUMMA (tm) polished stainless steel canister 

Gas chromatography (GCIMS) - Method T014’ 

Sampling method 

Analytical method 

ImDinrrer (formaldehyde) 

Sampling method 

Analytical method 

Carbon monoxide monitor 

Sampling method 

Calibration 

Two charcoal tubes in series (front 400 mg, back 200 
mg) - NIOSH Method 1615 

Gas chromatography (FID) - NIOSH Method 16152 

Midget impinger containing 10 ml of DNPH reagent 

High performance liquid chromatography - Method 
T053 

Metrosonics@ pm-7700 continuous analyze? 

Carbon monoxide gas cylinder (20 ppm, 2 5%) 
traceable to National Institute of Standards & 
Technology 

Orcianic vapor analvzer (continuous THC) 

Sampling method Foxboro* Model 108 organic vapor analyzer 

Calibration U.S.E.P.A. Method 21 (40 CFR 60, Appendix A)5 

Gasoline samoles 

Sampling method One gallon metal can 

Analytical Method 1 Gas chromatography - ASTM 4815 (MTBE and 
BTEX)~ 

Analytical Method 2 High resolution capillary gas chromatography (MTBE 
 on^' 

‘-’ See References, Section 7-1. 
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Section 4 

DESCRIPTIVE STATISTICS 

Table 3-1 in Section 3 lists the principal monitoring activities performed during the field 

portion of this study. These activities can be grouped into the following general 

categories according to measurement methodology: 

Canister samples; 
Impinger samples; 
Charcoal tube samples; 
Continuous carbon monoxide measurements; 
Continuous THC measurements; 
Meteorolo ¡cal station measurements; 
Analysis o 9 liquid gasoline samples. 

This section provides descriptive statistics for the data provided by each methodology. 

CANISTER SAMPLES 

Two sets of canister samples were collected during the field study. The first set 

consisted of 130 samples collected over nominal four-hour periods; the second set 

included four, one-hour samples for comparison to EOHSI absorbent tubes. 

The four-hour samples were collected at four locations (north, east, south, and west) 

on the perimeter of each station, at one location on a pump island, and in a location 

referred to as the "breathing zone." In monitoring the breathing zone, the technician 

placed the sample collection probe near the face of each customer or attendant during 

each refueling operation. During other time periods, the probe was placed on the top 

of the organic vapor analyzer at a height of approximately four feet. The organic 

vapor analyzer was typically located on the pump island. These are the combined 

measurements that constitute the breathing zone sample values in the tables that 

follow. 

Two of the one-hour samples were collected at the west perimeter locations 

associated with the New Jersey stations (NJ1 and NJ2); the remaining two samples 

4- 1 
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were collected at the pump location of NYlO. These canister samples were collocated 

with one-hour absorbent tube samples placed by the EOHSI research team. The one- 

hour canister samples provided a means for evaluating the accuracy of the 

concentrations obtained from the one-hour tube samples. 

The canister samples were analyzed for six component species: total hydrocarbons 

(THC), MTBE, benzene, toluene, ethyl benzene, and xylene. Tables 4-1 through 4-6, 

respectively, list the concentrations for each of the six species according to station, 

time period, and monitoring location (e-g., north perimeter). The actual sampling 

period associated with each measurement is listed under "time period." Note that the 

morning sample for Station 9NY was collected during two time intervals: 7:30 to 8:OO 

and 8:43 to 10:47. 

Tables 4-7 through 4-12 provide descriptive statistics for the four-hour canister data 

according to component species, station grouping (all stations, New Jersey stations, 

New York stations, or Connecticut stations), and monitoring location. The descriptive 

statistics include total number of concentration values, number of concentration values 

below the level of detection, minimum, maximum, median, geometric mean (GM), and 

geometric standard deviation (GSD). In calculating these statistics, each value below 

the detection limit was assigned a value equal to the detection limit. (Note that a 

majority of the ethyl benzene values were below the detection limit.) Whenever the 

collection of collocated samples produced two concentration values for a particular 

location, the average of the two values was used in calculating the descriptive 

stat ist ics. 

Arithmetic means have been purposely omitted from the tables of descriptive statistics. 

Because the data distributions are often highly skewed, the arithmetic mean may 

provide a misleading representation of the central tendency in the data. In such 

cases, the median and GM statistics will provide a better indication of "average" 

concentration. 

. 
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The medians listed in Tables 4-7 through 4-12 exhibit a common pattern in that 

median concentrations are always larger for pump and breathing zone samples than 

for perimeter samples. Breathing zone medians for the New York and Connecticut 

stations are generally larger than the corresponding pump medians. The pattern is 

reversed for the New Jersey stations. 

The descriptive statistics for MTBE (Table 4-8) suggest that MTBE concentrations are 

generally lower at stations with Stage II vapor controls than at stations without 

controls. Regardless of location, the measured four-hour MTBE concentrations are 

relatively low when compared to the proposed 40 ppm threshold limit value (TLV) for 

eight-hour occupational exposures currently under consideration by the American 

Conference of Governmental Industrial Hygienists (ACGIH). The median four-hour 

MTBE concentrations are below 2.00 ppm for breathing zone and pump island 

locations and below 0.02 ppm for the station perimeters. 

Table 4-1 3 lists the concentration measurements for MTBE, benzene, toluene, ethyl 

benzene, and xylene obtained from the special one-hour canister samples. The 

samples were collected at the west perimeter locations of the two New Jersey 

stations and at the pump location at Station IONY. The maximum toluene 

concentration was measured at Station 2NJ. The maximum concentration values for 

the other components occurred during the afternoon sampling period ( I  7:13 - 18:15) 

at Station IONY. With the single exception of the ethyl benzene concentration 

measured at Station INJ, all of the one-hour values exceeded the limit of detection. 

IMPINGER SAMPLES (FORMALDEHYDE) 

Impinger samples were collected at the same times and locations as the four-hour 

canister samples. Table 4-14 lists the formaldehyde concentrations determined from 

analyses of these samples. Table 4-1 5 presents descriptive statistics for these data 

by station grouping and monitor location. These statistics were calculated using the 

same procedures applied to the canister data. 
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The individual four-hour formaldehyde concentration values listed in Table 4-14 range 

from the limit of detection (0.0085 - 0.0163 ppm) to 0.035 ppm. The largest median 

concentration listed in Table 4-15 (0.017 ppm) is associated with the breathing zone 

locations of the New Jersey stations. There is no general pattern evident in the 

formaldehyde data, possibly because a large fraction (36 percent) of the 

formaldehyde values were below the detection limit. 

CHARCOAL TUBE SAMPLES 

Three sets of charcoal tube samples were collected during the field study. The first 

set consisted of 19 four-hour samples collected in the breathing zones of attendants 

at the New Jersey stations and customers at the New York and Connecticut stations. 

The second set consisted of four special one-hour samples collected at the same 

times and locations as the one-hour canister samples; ¡.e., two samples at the west 

perimeter locations associated with the New Jersey stations (1NJ and 2NJ) and two 

samples at the pump location of 1ONY. These samples were collected at the same 

times and locations as the corresponding canister samples as a means of comparing 

measurements made by the canister and charcoal tube collection methods. 

The third set of samples were collected by placing charcoal tubes on attendants at 

two of the Connecticut stations (CT3 and CT8). These samples were collected to 

determine typical occupational exposures of attendants at stations without Stage II 

vapor controls. The principal duty of each attendant was to provide full service 

gasoline pumping to consumers. Time spent inside service bays was kept to a 

minimum. 

The charcoal tube samples were analyzed for five compounds species: MTBE, 

benzene, toluene, ethyl benzene, and xylene. Table 4-16 lists the concentrations for 

each according to station, time period, and monitoring location. 

4-1 9 
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Sixty-seven percent of the concentration measurements listed in Table 4-16 are 

below the limit of detection. One or more MTBE concentrations above 1 ppm were 

reported for each of the five Connecticut stations (3C, 5C, 6C, 7C, and 8C); the 

maximum reported value was 2.395 ppm (the afternoon four-hour sample for Station 

5C). 

CONTINUOUS CARBON MONOXIDE MEASUREMENTS 

A Metrosonics@ model pm-7700 monitor was used to continuously measure carbon 

monoxide at the pump islands of seven of the ten stations. The monitor probe was 

positioned to sample the same air being sampled by the canister at the pump island. 

The resulting carbon monoxide data were reported as one-minute averages. Table 

4-17 presents descriptive statistics for the one-minute values included in each of the 

four-hour sampling periods. The arithmetic mean statistic is comparable to a 

component concentration determined from a four-hour canister sample. The median 

and geometric mean statistics are provided as supplementary indications of the 

central tendency of the one-minute CO data. 

The arithmetic means in Table 4-17 range from 1.15 ppm (Station IONY, morning) to 

5.44 ppm (Station 2NJ, afternoon). In addition to the maximum mean value, the one- 

minute values reported by Station 2NJ for the afternoon period exhibited the highest 

degree of variability (arithmetic standard deviation = 1 I .99 ppm) and included the 

largest reported one-minute value (I44 ppm). 

CONTINUOUS THC MEASUREMENTS 

An organic vapor analyzer (OVA) was operated continuously at the pump island 

sampling location of each station. The OVA probe was positioned to sample the 

same air being sampled by the canister at the pump island. The resulting THC 

measurements were recorded continuously on a strip chart with a linear time scale 

and a logarithmic concentration scale. 

4-2 1 
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The horizontal time scale of each strip chart was marked by a vertical index line at 

regular intervals of approximately 30 seconds, the actual interval varying slightly from 

chart to chart. Analysts developed a data base from each strip chart which listed the 

following parameters for each time index mark: 

Time 
THC concentration 
Event status (event or nonevent) 
Fuel log status (refueling or nonrefueling) 
Commuter status 
Equipment status 
Miscellaneous codes. 

The time value was determined by assuming that the time index marks were equally 

spaced in time between the reported start and end times for the strip chart. The THC 

concentration was read directly from the chart at the time index mark. 

To determine event status, analysts reviewed the THC trace on each strip chart and 

identified periods during which the THC concentration exhibited a positive spike or 

was noticeably higher than the average or "background" level. These periods were 

identified as "events." Each time index mark that occurred during an event was 

labeled as event status = event. The remaining time index marks were labeled as 

event status = nonevent. 

The fuel log status was determined by reviewing technician records listing the times 

that vehicles were refueled at the pump island being monitored by the OVA. If the 

time index mark occurred during a refueling period, the fuel log status was 

characterized as "refueling." Otherwise the fuel log status was characterized as 

"nonrefueling ." 

The commuter status was determined by reviewing technician records listing the 

times that the designated "commuter" vehicles refueled at the monitored pump island. 

These commuter vehicles were operated by members of the EOHSI research team 

who collected in-vehicle air samples while driving over specified commuter routes. If 

4-23 
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a time index mark occurred during the refueling period of a commuter vehicle, the 

commuter status was characterized as "commuter refueling." Otherwise, the 

commuter status was characterized as "commuter nonrefueling." 

It is probable that some determinations of fuel log status and commuter status are in 

error. Because the refueling times listed in the technician logs were reported in terms 

of minutes rather than seconds, the start and end times reported for each refueling 

period may be uncertain by as much as one minute. In a similar manner, the start 

and stop times assigned to each strip chart may also be off by as much as one 

minute. Consequently, the times assigned to the time index marks on each strip 

chart may be shifted by several minutes with respect to the times entered in the fuel 

log. As most refueling periods were less than three minutes in duration, it is likely 

that many strip chart values which actually occurred during vehicle refueling periods 

were assigned to nonrefueling periods (and vice versa). Because of these 

uncertainties, this report omits statistics relating THC to fuel log status. 

Table 4-18 presents descriptive statistics for the THC concentration values at the time 

index marks according to station, sampling period, and category (all, nonevent/event, 

and commuter). Because the distribution of values is highly skewed, the median 

statistic is preferable to the mean as an indicator of central tendency. Ranges for the 

medians by category are listed below. 

All: I .7 ppm - 19.0 ppm 
Nonevent: 1.4 ppm - 15.0 ppm 
Event: 2.0 ppm - 34.0 ppm 
Commuter: 2.1 ppm - 30.0 ppm 

The maximum median value for the "all" category (19.0 ppm) occurs during the 

morning sampling period at Station 3C. The morning sampling period of Station 2NJ 

has the highest median (34.0 ppm) for the "event" category. The two largest 

individual THC readings (3000 ppm and 3100 ppm) were reported for the morning 
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and afternoon periods, respectively, of Station 5C. Individual THC readings above 

1000 ppm were also reported for Stations 2NJ (morning) and 6C (afternoon). 

Although the average THC concentration during refueling periods cannot be 

accurately determined from the strip chart readings because of the inherent 

imprecision in the time records, an upper bound for this quantity can be estimated 

from the average of the THC concentrations associated with "events." The event 

THC values should include most of the periods during which vehicles were being 

refueled uDwind from the OVA monitor, both at the pump island being monitored and 

at nearby pump islands. The average THC concentration calculated for the events is 

likely to be higher than the average THC concentration recorded at the monitored 

pump island during actual refueling periods, as the latter average includes some 

periods when the refueling vehicle was downwind of the OVA. 

Each four-hour canister MTBE measurement represents a weighted average of MTBE 

concentrations that occurred during refueling and nonrefueling periods. The ratio of 

the mean THC concentration for events to the mean THC concentration for the four- 

hour period should provide a rough upper-bound estimate of the ratio of the mean 

MTBE concentration during refueling periods to the mean MTBE concentration for the 

four-hour period. In Table 4-18, the ratio of (a) mean THC for event OVA readings to 

(b) mean THC for all OVA readings ranges from 1.00 to 3.00 for the four-hour 

sampling periods. Consequently, typical values for the ratio of (a) mean MTBE 

during vehicle refueling to (b) four-hour MTBE concentrations are anticipated to fall 

within this same range. 

METEOROLOGICAL STATION MEASUREMENTS 

The meteorological parameters measured at each station included wind speed, wind 

direction, temperature, and relative humidity. Technicians also reported general 

meteorological conditions (precipitation, cloud cover, haze, gusty winds, etc.) at 

regular intervals. Table 4-1 9 lists the values of selected meteorological parameters 
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for each one-hour, four-hourl or eight-hour sampling period for which concentration 

data were obtained. 

Table 4-1 9 presents three distinct wind speed parameters. The variable "mean wind 

speed - any direction" is the mean of the individual wind speed values reported for 

the sampling period without regard to wind direction. This parameter provides an 

indication of the general dispersion conditions. The parameter "mean wind speed - 
north vector" is based on wind speed and direction. It is the mean length of the wind 

vector in the northerly direction. (Note: wind direction refers to the direction from 

which the wind blows.) Similarly, the parameter "mean wind speed - east vector" is 

the mean length of the wind vector in the easterly direction. These wind vectors can 

be used to determine whether a particular emission source (e.g., an adjoining 

roadway) tended to be upwind of a particular monitor during a specified sampling 

period. 

Most of the four-hour sampling periods listed in Table 4-19 have mean wind speeds 

(any direction) below 5 mph. The four-hour periods with mean wind speeds above 5 

mph are associated with Stations INJ (morning), 4NY (morning and afternoon), and 

10 NY (morning). Very low mean wind speeds are associated with Stations 2NJ 

(morning, 2.486 mph) and 8C (morning, 2.627 mph). Precipitation occurred during 

four of the four-hour sampling periods: 5C - afternoon, 9NY - morning, 9NY - 
afternoon, and 10NY - morning. 

TRAFFIC-RELATED PARAMETERS 

Field personnel recorded the number of vehicles which were serviced at each station 

(all pumps) as one-hour totals. They also estimated the traffic volume on nearby 

roadways during each one-hour period. These data were processed to determine (1) 

the number of vehicles serviced during each multi-hour sampling period and (2) the 

cumulative traffic on nearby roadways during each sampling period. Table 4-20 

presents the results organized by station and sampling period. 
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To facilitate the regression analyses discussed later in this report, the values were 

divided by the sample duration to determine an average hourly value during each 

sampling period (not shown in Table 4-20). 

The number of vehicles serviced during each four-hour sampling period exceeded 

120 vehicles for the following stations: 2NJ, 4NY, 6C, and 8C. Field personnel 

estimated that the cumulative street traffic exceeded 12,000 vehicles during each 

four-hour sampling period at Stations 1NJ and 2NJ. 

ANALYSIS OF LIQUID FUEL GASOLINE SAMPLES 

Field personnel collected a sample of each gasoline grade dispensed at each station. 

Samples were collected at the pumps by filling a one gallon metal can using a 

sampling apparatus provided by APL The samples were subsequently analyzed by 

Sun Oil using two tests: the ASTM 4815 oxygenate method (calibration span = 15 

percent volume) and "the infra-red (MTBE filter) method" using a Hewlett Packard 

Model 5890 Series II gas chromatograph. 

Table 4-21 presents selected results of these analyses by station and gasoline grade. 

The table lists values for percent composition by volume for benzene, toluene, 

xylene, and MTBE as determined by the ASTM 4815 method. The table also lists 

MTBE values determined by the infra-red method. The MTBE values determined by 

the two methods show close agreement when compared by sample, with the infra-red 

method generally producing the higher of the two values. The range of values 

associated with each compound is listed below. 

Benzene (ASTM 4815): 0.3 percent to 2.8 percent 

Toluene (ASTM 4815): 2.1 percent to 10.9 percent 

Xylene (ASTM 481 5): 1.4 percent to 1 1 .O percent 

MTBE (ASTM 4815): 13.4 percent to 15.7 percent 

MTBE (Infra-red method): 14.5 percent to 15.7 percent 
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Table 4-21 also lists values for Reid Vapor Pressure (RVP) and T90. RVP is the 

vapor pressure of a liquid determined at 100°F and expressed in pounds per square 

inch. T90 is the temperature in degrees Fahrenheit (F) at which 90 percent of a 

gasoline mixture will enter the vapor phase. RVP and T90 provide indications of 

gasoline volatility. RVP values range from 7.3 psi to 11.8 psi, with the Connecticut 

stations tending to have larger values than the New Jersey and New York stations. 

The T90 values range from 295 to 353 degrees F. 

VOLUME OF GASOLINE DISPENSED 

Field personnel requested station records listing the total volume of gasoline 

dispensed at all pumps during the sampling activities at each station. In most cases, 

the available data spanned time periods that did not exactly coincide with the 

specified sampling periods. Analysts matched the data as closely as possible to 

develop the estimates presented in Table 4-22. 

Note that each entry in Table 4-22 lists two time periods: the specified sampling 

period and the most similar time period for which gasoline records are available. The 

value listed under "volume of gasoline dispensed" is the volume dispensed during the 

latter time period. The value listed under "average dispensing rate" is the average 

hourly volume dispensed during this period. For example, the morning sampling 

period for 2NJ was 8:30 to 12:30. Gasoline records were available for the 3.5 hour 

period from 9:00 to 12:30. The total volume of gasoline dispensed between 9:00 and 

12:30 was 3275 gallons. Consequently, gasoline was dispensed at an average rate 

of 935 gallondhr (¡.e., 3275 gallons divided by 3.5 hours) between 9:00 and 12:30. 

The hourly average dispensing rate for the morning period at 2NJ (935 gallondhr) is 

the maximum rate listed in Table 4-22. All other rates are less than 400 gallondhr. 

Stations with dispensing rates less than 250 gallons/hr include 5C, 6C (morning only), 

7C, 9NY, and 10NY. 
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NOTABLE EVENTS 

Appendix D presents a listing of the notable events reported by field personnel. 

Table 4-23 provides an abbreviated summary of the Appendix D material in which the 

time of each event is categorized by station, sampling period, and event type (e.g., 

gasoline delivery). 
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Section 5 
SPECIAL STATISTICAL ANALYSES 

This section presents the results of a series of special statistical analyses performed 

on the data obtained from the service station study. An overview of the significance of 

these results is presented in Section 6. 

POLLUTANT RATIOS BASED ON CANISTER DATA 

Tables 5-1 through 5-5 present descriptive statistics for ratio values calculated as 

RATIO = (MTBE concentration)/( SECOND concent ration). 

The MTBE concentration is the value obtained from a canister sample for a particular 

four-hour sampling period. The SECOND concentration is THC or one of the BTEX 

compounds (benzene, toluene, ethyl benzene, or xylene) measured at the same 

location during the same time period. Each table presents results for one SECOND 

component based on four-hour canister data only. In calculating values of RATIO, 

analysts replaced pollutant concentrations below the detection limit with values equal 

to the detection limit. 

The median values of RATIO for all locations (based on 120 samples) are listed below 

by pollutant. 

RATIO Median value 

MTB Elbenzene 10.99 
MTB Eholuene 4.37 
MTBUethyl benzene 24.33 
MTBEíxylene 6.85 
MTBE/THC 0.08 

The location-specific median values of RATIO are generally larger for pump and 

breathing zone samples than for perimeter samples. For example, the median 
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I I Locations 

values for the MTBE-to-benzene ratios are 7.80 for perimeter locations, 14.95 for 

pump locations, and 25.28 for breathing zone locations. This general pattern suggests 

that refueling operations are the principal source of MTBE at each station, whereas 

other sources (e.g., local traffic) contribute significantly to the levels of BTEX and 

THC. 

~ Perimeter 

Pumps 

BZ" 

Table 5-1. Descriptive statistics for MTBE-to-benzene ratios based on four-hour 

canister samples. 

~ Minimum 
I 

Sample description 
I 

Maxim um Stations Mean 

5.65 
14.06 

14.60 

7.80 
16.06 
32.78 

NJ 

S.D. 

2.50 
4.38 

3.40 

5.62 
5.28 
7.15 

.. NY 

10.69 
16.52 
25.13 

CT 30.0 
27.8 
44.0 

Perimeter 

Pumps 

BZ 

Perimeter 

Pumps 

BZ 

n 

16 
4 

4 

24 

6 
6 

40 

10 
10 

Ratio 

2.20 
10.00 

10.00 

2.50 

9.33 
25.00 

10.96 
15.49 

13.64 

Median 

5.70 
12.99 
15.27 

5.68 

14.83 
31.13 

10.6 
20.3 
17.9 

23.8 
22.5 
45.9 

"Breathing zone sampler values are a station-specific composite of pump island and 

breathing zone concentrations (see discussion at pages 4-1 and 6-3). 
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Median 

2.57 
7.55 
8.08 

2.91 
5.76 
20.47 

Maximum 

7.1 
22.9 
10.5 

8.1 
11.3 
23.0 

1.64 
9.39 
1.77 

0.94 
3.08 
6.30 

2.01 
3.15 
3.95 

0.79 
3.78 
12.50 

3.22 
6.15 
7.07 

0.43 
0.59 
4.59 

4.18 
6.98 
20.71 

17.4 
20.3 
29.5 

Mean 

15.61 
94.94 
47.78 

16.61 
42.27 
156.95 

28.09 
94.31 
222.01 

S.D. Minimum Median Maximum 

15.42 2.20 6.80 51.4 
118.80 12.94 50.07 266.7 
13.71 33.33 45.98 65.8 

12.41 3.20 13.93 46.1 
21.88 23.33 31.45 72.7 
68.85 92.59 138.33 269.0 

24.70 2.40 22.56 133.3 
122.28 2.50 47.19 400.0 
141.26 37.69 242.51 41 6.7 

Table 5-2. Descriptive statistics for MTBE-to-toluene ratios based on four-hour 
canister samples. 

Sample description I Ratio 

Stations 1 Locations I n I Mean S.D. I Minimum 

NJ Perimeter 
Pumps 

BZ" 

16 
4 
4 

2.79 
10.26 
8.25 

NY Perimeter 
Pumps 

BZ 

24 
6 
6 

3.32 
6.95 
18.88 

CT Perimeter 
Pumps 

BZ 

40 
10 
10 

4.54 
8.35 
19.62 

"Breathing zone sampler values are a station-specific composite of pump island and 
breathing zone concentrations (see discussion at pages 4-1 and 6-3). 

Table 5-3. Descriptive statistics for MTBE-to-ethyl benzene ratios based on four-hour 
canister samples. 

Sample description Ratio 

Stations I Locations I n 

NJ Perimeter 
Pumps 

BZ" 

16 
4 
4 

NY Perimeter 
Pumps 

BZ 

24 
6 
6 

CT Perimeter 
Pumps 

BZ 

40 
10 
10 

"Breathing zone sampler values are a station-specific composite of pump island and 
breathing zone concentrations (see discussion at pages 4-1 and 6-3). 
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4.26 
8.80 
42.29 

9.42 
22.00 
109.12 

Table 5-4. Descriptive statistics for MTBE-to-xylene ratios based on four-hour canister 
samples. 

2.51 0.73 
4.64 4.38 
23.52 20.16 

7.67 2.00 
20.13 0.03 
116.38 10.63 

Sample description I Ratio 

Perimeter 
Pumps 

BZ 

~ 

St at ions 

40 
10 
10 

NJ 

Mean 

0.04 
0.22 
0.17 

0.06 
0.13 
0.22 

0.08 
0.16 
0.24 

NY 

S.D. Minimum Median 

0.04 4.55~10~ 0.02 
0.10 0.10 0.23 
0.17 0.02 0.14 

0.05 5.16~10-~ 0.04 
0.05 O. 08 0.13 
0.07 0.16 0.20 

0.07 1.55~10~ 0.07 
0.13 0.01 0.1 1 
0.10 0.1 1 0.2 1 

CT 

NJ 

NY 

CT 

Locations 

Perimeter 
Pumps 

Perimeter 
Pumps 

Perimeter 16 
Pumps 4 

BZ" 4 

Perimeter 24 
Pumps 6 

BZ 6 

Perimeter 40 

BZ 10 
Pumps 10 

n 

16 
4 
4 

24 
6 
6 

T;; i 2c;4 i Min¡tn;om 

21.12 26.22 3.33 
14.02 7.28 7.25 

11.05 
12.36 

4.00 
6.84 
36.77 

9.2 
15.1 
81.1 

6.85 
14.38 
88.98 

36.4 
55.9 
41 6.7 

"Breathing zone sampler values are a station-specific composite of pump island and 
breathing zone concentrations (see discussion at pages 4-1 and 6-3). 

Stations I Locations I n Maximum 

0.1 1 
0.31 
0.40 

0.20 
0.20 
0.35 

0.26 
0.33 
0.42 

"Breathing zone sampler values are a station-specific composite of pump island and 
breathing zone concentrations (see discussion at pages 4-1 and 6-3). 

5-4 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



REGRESSION ANALYSES OF CANISTER DATA TO DEVELOP PREDICTIVE 

RE LATI ON S H I PS 

A series of stepwise regression analyses were performed on the four-hour canister 

data with the goal of determining which factors significantly affected the measured 

concentrations of MTBE, benzene, toluene, ethyl benzene, xylene, and THC. Each 

analysis was initiated by selecting a dependent variable (indicating pollutant 

concentration) and a candidate set of predictive parameters (possible causal factors) 

from the list of parameters in Table 5-6. These parameters included both continuous 

variables (e.g., temperature) and binary "dummy" variables (e.g., PUMP = 1 for pump 

locations, PUMP = O for other locations). 

The result of each stepwise regression analysis is a regression equation and an 

associated coefficient of determination (R2). The regression equation contains only 

those predictive parameters that make a significant contribution to explaining the 

variation in the dependent variable. The general form of each regression equation is 

where Y is the dependent variable (pollutant concentration expressed in ppb), m is the 

number of variables selected for the regression equation, X, is the i-th variable 

selected for the regression equation, and a, is the coefficient associated with variable 

X,. The a, term is a constant which corresponds to the Y intercept of the regression 

equation. 

5-5 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



Category 

PERIM 
PUMP 

BRZONE 

NJSTAT 
NYSTAT 
CTSTAT 

Component 
concentrations 

1 = perimeter sample, O = other 
1 = pump sample, O = other 
1 = breathing zone sample, O = other 

1 = New Jersey station, O = other 
1 = New York station, O = other 
1 = Connecticut station, O = other 

Sampling 
location 

State 

Meteorological 
parameters 

Duration and 
time of day 

Traffic and 
gasoline 
dispensing 

Acronym I Explanation 

MTBE1 DL 
BENZ1 DL 
TOLU 1 DL 
ETBE1 DL 
XYLE1 DL 
THCI DL 

MTBE concentration, ppb" 
Benzene concentration, ppb" 
Toluene concentration, ppb" 
Ethyl benzene concentration, ppb" 
Xylene concentration, ppb" 
THC concentration, ppb" 

WSPEED 
INVWSP 
NWVEC 
EWVEC 
TEMP 

RELHUM 
PREC 

DURHR 
AM4H 
PM4H 

Mean wind speed (mph) regardless of direction 
Inverse of WSPEED 
Mean wind speed in the northerly direction 
Mean wind speed in the easterly direction 
Mean temperature, degrees Fahrenheit 
Mean relative humidity, percent 
1 = precipitation occurred, O = no precipitation 

Duration of sampling period (hours) 
1 = morning 4-hour period, O = other 
1 = afternoon 4-hour period, O = other 

SELFHR 
FULLHR 
TOTHR 

TRAFHR 
GALLON H R 

Average vehicleshour at self-service pumps 
Average vehicleshour at full-service pumps 
Average vehicleshour at all pumps 
Average vehicleshour on nearby roadways 
Average gasoline dispensing rate, gallons/hour 

"Values below the detection limit replaced with detection limit. 
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A P I  PUBL*4619  95 = 0732290 0545b92 192 = 

Table 5-7 provides the results of five stepwise regression analyses of MTBE data. 

The entries for each analysis include data subset (perimeter, pump island, or 

breathing zone), the set of candidate parameters considered by the regression 

analysis, the set of parameters selected for the regression equation, the coefficients 

of the regression equation, the level of significance (p value) associated with each 

selected parameter, and the R2 value. Note that parameters with small p values are 

more powerful predictors than those with large p values. 

The first four analyses presented in Table 5-7 were performed on a set of 14 

candidate parameters (“Group A) selected from Table 5-6. Each of the remaining 

parameters listed in Table 5-6 was omitted from Group A because preliminary 

analyses of the data indicated that (1) inclusion of the parameter would cause 

colinearity, (2) the parameter was not significantly correlated with concentration, 

and/or (3) there were a large number of missing values associated with the 

parameter. 

When all samples with complete data are considered (n = 114), a regression equation 

containing the parameters PUMP, BRZONE, and INVWSP explains approximately 44 

percent of the variation in the MTBE concentration (as indicated by the R2 value of 

0.4392). These variables are related to sample location (PUMP and BRZONE) and 

wind speed (INVSPD). 

The regression analysis of MTBE data from the perimeter samples yields a 

regression equation containing INVWSP and SELFHR that explains 15 percent of the 

variation in MTBE concentration (n = 76). The variables relate to wind speed 

(INWSP) and number of motor vehicles served at self-service pumps (SELFHR). 
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n 

114 

Table 5-7. Results of stepwise linear regression analyses in which four-hour MTBE 
concentration is the deDendent variable. 

~ ~ 

Regression ei 

Parameter Coefficient 

Constant -398.38 
PUMP 273.71 
BRZONE 831.57 
INVWSP 1496.36 

Data subset 
- Candidate 

parameters 

76 

~ 

All samples 

Constant -24.91 0.1 119 0.1495 
INVWSP 106.31 0.0283 
SELFHR 0.97 0.0021 

19 

19 

Constant -1 127.86 0.0082 0.51 O0 
INVWSP 3649.71 0.0081 
TRAFHR 0.21 0.0184 

Constant 297.44 0.1791 0.4334 
CTSTAT 1055.16 0.0022 

luation 

0.0048 
0.0000 
0.0050 

120 

Perimeter 
samples 

Constant -17.46 0.3548 0.8860 
BEN21 DL 9.73 0.0000 
TOLU 1 DL 16.08 0.0000 
ETBE1 DL -78.41 0.0000 
THCl DL 0.02 0.0108 

Group A 

Pump 
samples 

~~ 

Breathing 
zone 
samples 

~~ ~~ 

All samples 

Group A 

Group A 

BENZ1 DL 
TOLU1 DL 
ETBE1 DL 
XYLElDL 
THCl DL 

"Group A: PUMP, BRZONE, NYSTAT, CTSTAT, WSPEED, INWVSP, TEMP, 
RELHUM, PREC, AM4H, SELFHR, FULLHR, TOTAL, TRAFHR. 
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The regression equation obtained from the regression analysis of pump data (n = 19) 

contains two variables, one related to wind speed (INVSPD) and one to traffic on 

nearby road ways (TRAFHR). The regression equation explains 51 percent of the 

variation in MTBE concentration. 

The regression equation for breathing zone contains only one variable (CTSTAT). 

This variable indicates whether or not the station is located in Connecticut; it explains 

43 percent of the variability in MTBE concentration (n = 19). Note that the 

Connecticut stations were the only stations in the study which did not have Stage II 

vapor recovery systems. 

The BTEX and THC parameters were purposely omitted from the above regression 

analyses to permit the identification of other significant predictive parameters. In the 

fifth and last analysis presented in Table 5-7, the set of candidate parameters includes 

only the BTEX and THC parameters. The resulting regression equation contains four 

of the five candidate parameters (BENZ1 DL, TOLU1 DL, ETBE1 DL, and THC1 DL) and 

explains 89 percent of the variation in MTBE concentration. of the four compounds, 

benzene concentration is the best single predictor of MTBE concentration. Benzene 

explains over 82 percent of the variation in MTBE when considered as the sole 

predictive parameter. 

Tables 5-8 through 5-12 present stepwise regression results for benzene, toluene, 

ethyl benzene, xylene, and THC, respectively. Each table follows the same format 

used in Table 5-7. 

The Group A parameters selected for the benzene regression equations include 

PUMP, BRZONE, and INWVSP when all samples are considered, TEMP and AM4H 

for perimeter saniples, INWVSP and TRAFHR for pump samples, and CTSTAT for 

breathing zone samples (Table 5-8). When the candidate parameters include 

MTBE1 DL, THC1 DL and the remaining BTEX compounds, the resulting regression 

equation includes MTBElDL, TOLUlDL, and THClDL (R' value = 0.8805). 
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Data subset 

All samples 

Perimeter 
samples 

Pump 
samples 

Breathing 
zone 
samples 

All samples 

Regression equation 
Candidate 
parameters n Parameter Coefficient P R2 

Group A" 114 Constant 5.13 0.01 08 0.4527 
PUMP 15.88 0.0001 
BRZONE 33.07 0.0000 
INVWSP -1 0.51 0.0008 

TEMP 0.08 0.001 8 
AM4H 0.97 0.0034 

Group A 76 Constant -3.15 0.0322 0.1780 

Group A 19 Constant -49.1 9 0.0070 0.5955 
INVWSP 151.82 0.0094 
TRAFHR 0.13 0.001 8 

CTSTAT 40.58 0.0030 
Group A 19 Constant 13.52 0.1301 0.4137 

MTBElDL 120 Constant -0.53 0.5008 0.8805 
TOLU1 DL MTBE1 DL 0.19 o. O000 
ETBE1 DL TOLU1 DL 0.35 0.0000 
XYLElDL THC1 DL 0.00 0.0343 
THC1 DL 

"Group A: PUMP, BRZONE, NYSTAT, CTSTAT, WSPEED, INVWSP, TEMP, 
RELHUM, PREC, AM4H, SELFHR, FULLHR, TOTAL, TRAFHR. 
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Candidate 
parameters 

Group A" 

Group A 

Group A 

Group A 

MTBElDL 
BENZ1 DL 
ETBE1 DL 
XYLE1 DL 
THCI DL 

Table 5-9. Results of stepwise linear regression analyses in which four-hour toluene 
concentration is the dependent variable. 

n 

114 

76 

19 

19 

120 

Data subset 

All samples 

Perimeter 
samples 

?ump 
samples 

Constant 
PUMP 
BRZONE 
NYSTAT 

Constant 
TEMP 
TRAFHR 

Constant 
NYSTAT 
CTSTAT 

Breathing 

samples 

All samples L 

-9.50 0.0002 0.4786 
22.63 0.0000 
42.57 0.0000 

-14.39 0.0002 

-16.55 0.0087 O. 1775 
0.43 O. 0003 

-0.00 0.0340 

65.33 0.0000 0.5083 
-58.1 O 0.0009 
-36.85 0.01 37 

Constant 
CTSTAT 

Regression equation 

23.82 0.0417 0.3493 
45.05 0.0077 

Parameter I Coefficient I p I ~2 

Constant 
MTBE1 DL 
BENZlDL 
ETBE1 DL 

0.20 0.7659 0.9480 
0.02 0.0000 
0.27 0.0003 
4.37 0.0000 

I I I 

"Group A: PUMP, BRZONE, NYSTAT, CTSTAT, WSPEED, INWVSP, TEMP, 
RELHUM, PREC, AM4H, SELFHR, FULLHR, TOTAL, TRAFHR. 
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Candidate 
Data subset parameters 

~ 

Table 5-10. Results of stepwise linear regression analyses in which four-hour ethyl 
benzene concentration is the dependent variable. 

I Coefficient I p I ~2 

1.30 0.0000 0.4490 

4.29 0.0000 
-1 -58 0.0005 

~ 3.25 0.0000 

n F Parameter 

All samples Group A" 114 

Perimeter 
samples 

Constant 
PUMP 
BRZONE 
NYSTAT 

Pump 
samples 

~ Group A 76 

Group A 

Constant 
TEMP 
TRAFHR 

o. 1001 
0.001 3 
0.0217 

0.0000 
0.0000 
0.0001 
0.001 8 

0.1513 

0.7377 19 

NYSTAT 

Constant 
NYSTAT 
CTSTAT 
FULLHR 

Breathing 
zone 
samples 

Group A 

I I 

6.62 
-4.86 

0.25 
-0.00 
0.15 
0.01 

Regression equation 

0.0000 0.4485 
0.0017 

0.0346 0.8626 
0.0000 
0.0000 
0.01 34 

All samples MTBElDL 
BENZ1 DL 
TOLU 1 DL 
XYLE1 DL 
THC1 DL 

-1 .O5 
0.04 

-0.00 

120 

18.89 
- 1 6.22 
-13.14 
-0.29 

Constant 
MTBE1 DL 
TOLU1 DL 
XYLE1 DL 

I 1 

"Group A: PUMP, BRZONE, NYSTAT, CTSTAT, WSPEED, INVWSP, TEMP, 
RELHUM, PREC, AM4H, SELFHR, FULLHR, TOTAL, TRAFHR. 
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Data subset 

All samples 

Candidate 
parameters n 

Group A" 114 

Perimeter 
samples 

Group A 76 

Breathing 
zone 
samples 

Group A 

All samples MTBElDL 120 
BENZ1 DL 
TOLU1 DL 
ETBE1 DL 
THC1 DL 

Table 5-1 1. Results of stepwise linear regression analyses in which four-hour xylene 
concentration is the dependent variable. 

~~ ~~~~ 

Regression equation 

Parameter Coefficient P R2 

Constant 
PUMP 
BRZONE 

2.90 
26.73 
13.89 

0.3384 
0.0001 
0.0420 

O. 1352 

Constant 
TEMP 
PREC 
AM4H 
SELFHR 

-1 1.31 
0.21 
2.17 
1.64 
0.07 

0.0005 
0.0001 
0.0072 
0.0052 
0.01 58 

0.2625 

samples I l9 
Constant 29.63 0.0562 o. O000 

Constant 
NYSTAT 

21.44 
-14.72 

0.0000 
0.0494 

0.2084 

0.7555 
0.0000 

0.201 4 Constant 
ETBE1 DL 

0.86 
4.26 

"Group A: PUMP, BRZONE, NYSTAT, CTSTAT, WSPEED, INVWSP, TEMP, 
RELHUM, PREC, AM4H, SELFHR, FULLHR, TOTAL, TRAFHR. 
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Data subset 

All samples 

Perimeter 
samples 

Table 5-12. Results of stepwise linear regression analyses in which four-hour THC 
concentration is the dependent variable. 

Candidate 
parameters 

Group A" 

Group A 

Pump 
samples 

Breathing 
zone 
samdes 

Group A 

Group A 19 

Regression equation 

Constant -51 60.5 1 
INVWSP 33297.20 

n 

All samples 

114 

MTBElDL 
BENZIDL 
TOLU1 DL 
ETBE1 DL 
XYLE1 DL 

Parameter 

Constant 
BRZONE 
INVWSP 
TOTALHR 

Coefficient 

-2945.92 
3341.61 
9397.75 

42.99 

WSPEED 
SELFHR 

INVWSP 
TRAFHR 

1 123.60 

46.76 
-339.25 

-3348.01 
12969.30 

0.63 

120 Constant 
BENZ1 DL 

528.33 
80.32 

0.0008 
0.0000 
0.0005 
0.0393 

0.0671 
0.0318 
0.0033 

0.0299 
0.01 14 
0.0509 

0.071 9 
0.0024 

0.4001 

o. 1 357 

0.4503 

0.4261 

-iöiGLL 
0.0000 

"Group A: PUMP, BRZONE, NYSTAT, CTSTAT, WSPEED, INVWSP, TEMP, 
RELHUM, PREC, AM4H, SELFHR, FULLHR, TOTAL, TRAFHR. 
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The results for toluene are presented in Table 5-9. The selected Group A parameters 

include PUMP, BRZONE, and NYSTAT for all samples, TEMP and TRAFHR for 

perimeter samples, NYSTAT and CTSTAT for pump samples, and CTSTAT for 

breathing zone samples. The results of the fifth analysis presented in the table show 

that a regression equation containing MTBE1 DL, BENZ1 DL, and ETBE1 DL can 

explain 95 percent of the variation in toluene concentration. 

Table 5-10 presents regression results for xvlene. The selected Group A parameters 

are PUMP and BRZONE for all samples; TEMP, PREC, AM4H, and SELFHR for 

perimeter samples; and NYSTAT for breathing zone samples. The regression analysis 

of pump samples did not identify any significant predictive parameters and thus has an 

R2 value equal to zero. The fifth regression analysis in Table 5-10 indicates that 20 

percent of the variation in xylene can be explained by ETBElDL. Note that all R2 

values in Table 5-10 are below 0.27. The low values are likely the result of a large 

number of xylene concentrations below the detection limit. 

Regression results for ethvl benzene are presented in Table 5-1 1. From Group A, the 

regression equation includes PUMP, BRZONE, and NYSTAT for all samples; TEMP 

and TRAFHR for perimeter samples; NYSTAT, CTSTAT, and FULLHR for pump 

samples; and NYSTAT for breathing zone samples. Three pollutant parameters 

(MTBElDL, TOLUlDL, and XYLElDL) are included in the final regression equation in 

the table. The resulting R2 value is 0.8626. 

Table 5-12 contains the regression results for THC as determined by the four-hour 

canister samples. The selected Group A parameters are BRZONE, INVWSP, and 

TOTALHR for all samples, WSPEED and SELFHR for perimeter samples, INVSPD 

and TRAFHR for pump samples, and INWVSP for breathing samples. The R2 values 

of these analyses vary from 0.1357 to 0.4503. Only one component parameter 

(BENZlDL) is included in the final regression equation in the table. The associated R2 

value is 0.4844. 
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EVALUATION OF MAXIMUM MTBE CONCENTRATION VALUES OBTAINED FROM 
CANISTERS 

Table 5-1 3 lists the maximum MTBE concentrations obtained from four-hour canister 

samplers located at perimeter, pump, and breathing zone locations. The six highest 

perimeter values range from 0.140 ppm to 0.071 ppm. The four highest pump island 

values range from 1.600 ppm to 0.330 ppm. The range of the four highest breathing 

zone values is 2.600 ppm to 1.500 ppm. The table also indicates various reported 

conditions which may have contributed to these values. The conditions include: 

Occurrence of a gasoline spill or overflow; 

Poor dispersion as indicated by a wind speed below 3 mph; 

Heavy traffic on nearby roadways as indicated by a cumulative traffic 
count exceeding 10,000 vehicles for the nominal four-hour period; 

A relatively high emission rate as indicated by an average gasoline 
dispensing rate exceeding 325 gallonshour over the four-hour period; 

Heavy station traffic as indicated by the number of serviced vehicles 
exceeding 1 15. 

Analysts selected the numerical values for these criieria (3 mph, 10,000 vehicles, etc.) 

by examining the distribution of the values reported for all four-hour sampling periods. 

The far right-hand column in Table 5-13 lists miscellaneous factors which may have 

contributed to the high concentration values. 

Seven of the 14 high concentration values in Table 5-13 are associated with the 

combination of two conditions: (1) average wind speed less than 3 mph and (2) 

number of serviced vehicles exceeded 115. Four of the values were 
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associated with spills or overflows, two were associated with cumulative street traffic 

exceeding 10,000 vehicles, and three were associated with average dispensing rates 

exceeding 325 gallons/hour. Active use of the garage bays may have contributed to 

two of the high values (perimeter - 0.140 ppm and breathing zone - 2.600 ppm). 

Other potential explanations include a gasoline delivery and a vehicle running during 

refueling. 

In summary, analysts have identified at least one plausible explanation for each of 

the concentration values in Table 5-13. The combination of low wind speed and 

heavy station traffic is associated with half of the listed high values. The reader 

should note that the factors listed in Table 5-13 provide potential rather than proven 

explanations for the high values. Other unreported factors may be associated with 

these high values. 

COMPARISON OF CANISTER AND CHARCOAL TUBE DATA 

Table 5-14 lists 20 cases in which canister and charcoal tube samples were collected 

at the same location for the same time period. The table presents concentration 

values for MTBE, benzene, and toluene obtained from these samples. As most of 

the charcoal tube measurements for ethyl benzene and xylene were below the 

detection limit, these components have been excluded from the table. THC does not 

appear in the table because the charcoal tube samples were not analyzed for THC. 

Table 5-1 5 presents descriptive statistics for the tube-to-canister ratios of the 

component concentrations obtained from the collocated samples. The median (50th 

percentile) value listed for each component provides an indication of the average 

tube-to-canister ratio. The median ratios for MTBE, benzene, and toluene are 1-00, 

0.56, and 0.80, respectively. Note that the median values are based on relatively 

small sample sizes and that there is a wide range of ratios associated with each of 

the three components. 
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Pollutant 

MTBE 
Benzene 
Toluene 

REPLICATE SAMPLES 

One replicate pair of canister samples and one replicate pair of impinger 

(formaldehyde) samples were collected at each station. Table 5-16 lists the values of 

the component concentrations obtained from these samples by station. All 

concentration values are associated with nominal four-hour samples, and all were 

obtained from perimeter monitoring locations. 

Ratio of tube to canister concentrations 

Percentiles 
Num ber of 

data pairs (n) Minimum 25th 50th 75th Maximum 

14 0.52 0.62 1 .o0 1.17 9.74 
5 0.51 0.53 0.56 2.22 3.58 
7 0.43 0.54 0.80 1 .O4 2.1 1 

Analysts calculated a "percent difference" statistic for each replicate pair using the 

equation 
percent difference = (100 percent)[ABS(A - B)Y(O.S)(A + B) 

where A and B are the replicate concentrations, ABS(A - B) is the absolute value of 

the difference between A and B, and (0.5)(A + B) is the average value of A and B. 

Table 5-1 7 presents descriptive statistics for this quantity by component. Note that 

replicate pairs with value(s) below the detection limit were not considered in 

calculating these statistics. 

The median values provide a good indication of the average percent difference value. 

The medians are 21.8 percent for MTBE, 12.2. percent for benzene, 19.4 
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percent for toluene, 30.5 percent for ethyl benzene, 1 1.8 percent for xylene, and 19.0 

percent for formaldehyde. Note that the relatively high median for ethyl benzene (30.5 

percent) is based on only four duplicate pairs. 
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Section 6 

SUMMARY AND DISCUSSION 

In 1992, the U.S. Environmental Protection Agency (EPA) began receiving anecdotal 

complaints of headaches, nausea, and other symptoms following alleged wintertime 

exposures to MTBE in fuels. In early 1993, EPA began a series of clinical research 

studies to investigate the validity of these claims. To properly design these studies, 

EPA solicited estimates of typical air concentrations of MTBE that motorists and 

attendants may experience during refueling at service stations that dispense gasoline 

containing MTBE. EPA also expressed interest in determining typical MTBE 

concentrations at the property boundaries of these service stations. 

In response to these needs, API funded a field study in which ITAQS measured 

ambient MTBE concentrations at 10 service stations in the New York metropolitan 

area. The stations included 

1. Two full-service stations with Stage II vapor recovery on a commuting 
route near East Brunswick, New Jersey; 

2. Three self-service stations with Stage II vapor recovery in Westchester 
County, New York; and 

3. Five self-service stations without Stage II vapor recovery in Fairfield 
County, Connecticut. 

The selection of full-service stations in New Jersey was unavoidable, as self-service 

stations are not permitted in that state. 

Each station was sampled on a separate day between April 7, 1993 and April 23, 

1993. The monitoring activities at each station were conducted during two four-hour 

periods, nominally 9 a.m. to 12 a.m. and 2 p.m. to 6 p.m. Four-hour canister and 

impinger samples were collected at four perimeter locations (north, east, south, and 

west) and one pump location at each station, in customer breathing zones at the New 
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York and Connecticut stations, and in attendant breathing zones at the New Jersey 

stations. In addition, four-hour charcoal tube samples were collected in the breathing 

zones of all stations. These samples were analyzed to determine air concentrations 

of MTBE, BTEX (benzene, toluene, ethyl benzene, xylene), total hydrocarbon (THC) 

concentration, and formaldehyde. 

Continuous carbon monoxide measurements were made in the pump area of each 

station using a Metrosonid' pm-7700 monitor. Organic vapor analyzers (OVA) were 

used to continuously monitor THC concentrations in the pump areas and breathing 

zones. These measurements were made as a means of identifying individual 

refueling events which could not be distinguished in the four-hour samples collected 

by the canister samplers. 

Field personnel monitored meteorological parameters, gasoline composition 

(oxygenate content, Reid vapor pressure, BTEX), and gasoline sales and deliveries 

during each sampling period. Personnel also noted the time each vehicle was 

refueled and conducted regular counts of trafic on nearby roadways. Gasoline 

pumping activities were continuously recorded by a stationary video camera. 

Statistical analyses of the data obtained from the field monitoring activities support 

the following general findings. 

1. Mean and maximum four-hour average MTBE concentrations generally 
decrease from breathing zone to pump island to perimeter, suggesting 
that refueling activities are the principal source of MTBE measured at 
service stations. 

2. MTBE concentrations are generally lower at stations with Stage II vapor 
controls. 

3. Median four-hour MTBE concentrations for all stations are below 2 ppm 
at breathing zone and pump island locations and below 0.02 ppm at the 
station perimeters. 
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4. Maximum four-hour MTBE concentrations for all stations are below 2.6 
ppm at breathing zone and pump island locations and below 0.2 ppm at 
station perimeters. 

5. For all stations, because the canisters also sampled nonrefueling 
periods, breathing zone measurements of MTBE concentration may 
underestimate actual breathing zone concentrations during fuel 
dispensing by station-specific factors ranging from 1 to 3. Most factors 
fall between 1.0 and 1.4. 

A series of special statistical analyses were performed to identify patterns in the 

individual component data and to compare sampling methodologies. An analysis of 

concentration ratios (the ratio of MTBE to a second component) found that ratios 

were generally larger for pump and breathing zone canister samples than for 

perimeter canister samples. This pattern suggests that refueling operations were the 

principal source of MTBE at each station, whereas other sources (e.g., local traffic) 

contributed significantly to the levels of BTEX and THC. 

The results of stepwise regression analyses performed on the four-hour canister data 

indicate that MTBE concentration can be predicted well (R2 = 0.886) as a linear 

function of simultaneously-measured concentrations of benzene, toluene, ethyl 

benzene, and THC. Of these four predictors, benzene provides the best single 

means of predicting MTBE concentration. Benzene also provides the best prediction 

of toluene and THC concentration. Toluene is the best predictor of ethyl benzene 

concentration. Other stepwise regression analyses were performed on the four-hour 

canister measurements to identify factors which potentially affect component 

concentration values. The analyses suggest that following conditions are associated 

with an increase in MTBE concentration: 

Measurements are made at pump island or breathing zone locations 
rather than perimeter locations; 

Measurements are made at a Connecticut station (Le., a station with no 
Stage II vapor recovery) rather than a New York or New Jersey station; 
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Low wind speed; 

High traffic on nearby roads. 

Analysts also attempted to identify possible conditions that could explain fourteen 

high MTBE values. Seven of the 14 values were found to be associated with the 

combination of two unusual conditions: (1) average wind speed less than 3 mph and 

(2) number of serviced vehicles exceeded 115. Four of the high values were 

associated with spills or overflows, two were associated with cumulative street traffic 

exceeding 10,000 vehicles, and three were associated with average gasoline 

dispensing rates exceeding 325 gallons/hour. Active use of garage bays may have 

contributed to two of the high values. Other potential events that may be relevant 

include a gasoline delivery, a vehicle running during refueling. 

Although the field study was conducted primarily to obtain representative air 

concentrations of MTBE at service stations, the collected data also provide a means 

for comparing canisters and charcoal tubes. These sampling methodologies are 

routinely used in chemical exposure studies. The data base contains 20 cases in 

which canister and charcoal tube samples were collected at the same location for the 

same time period. An analysis of the 14 cases in which MTBE concentrations 

exceeded the limit of detection for both sampling methodologies found that the ratio 

of canister MTBE to tube MTBE ranged from 0.52 to 9.74. Fifty percent of the 

canister-to-tube ratios were between 0.62 and 1.17; the median ratio was 1.00. 

Ten pairs of duplicate samples were collected using canister samplers, and ten pairs 

were collected using impinger samples. The median percent difference in 

concentration between the duplicate measurements was 21.8 percent for MTBE, 12.2 

percent for benzene, 19.4 percent for toluene, 30.5 percent for ethyl benzene, 1 I .8 

percent for xylene, and 19.0 percent for formaldehyde. Note that duplicate pairs 

containing values below the detection limit were not considered in calculating these 

values. 
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During the ITAQS service station study, an EOHSI research team headed by Dr. Paul 

Lioy collected air samples in the passenger compartments of automobiles during 

typical home-to-work commutes (manuscript in preparation). Selected automobiles in 

the Goy study were refueled at stations included in the service station study. 

Breathing zone MTBE concentrations measured by the EOHSI team during these 

refueling events were comparable to breathing zone measurements made by the 

ITAQS team. 
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APPENDIX A 

GENERALIZED STATION SCHEMATICS 
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APPENDIX B 

NOTABLE EVENTS LOG 
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Table B-1 
Significant Event Log for Service Station 1NJ 

4nn3 

I Specific Events 

Event II 

Il A gasoline delivery occmeá. 

The strip chart for the breathing zone OVA measurements ran out of 
paper. 

5 1  
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Table B-2 
Significant Event Log for Service Station 2NJ 

4/8/93 

II General Events 

Weather: AM - Clear and approximately 48°F; Noon - Clear and approximately 
62°F; PM - Clear and approximately 40°F 

in operation. As a consequence, the 

Specific Events 

Time I Event 

1800 A spill of approximately 50Oml occurred, while collecting a bulk 
sample. 

Approximately 25Oml of gasoline and water mix remained in front of 
the breathing zone and pump sampling areas. 

A car was left running while parked at the pump island. 

1815 

1858 

B-2 
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Table B-3 
Significant Event Log for Service Station 3C 

4/12/93 

I General Events 

Weather: AM - Clear and approximately 49°F; PM - Clear to cloudy, approximately 
~ 55T, and light rain 

~ The W i c  rush period appeared to be from 7:OO to 8:30, while the sampling team is 
setting up. 

Time 

825 

1035-1 O48 

1117 

1550 

1630 

1720 

Specific Events 

Event 

The CO monitor battery was recharged. 

The strip chart recorder for the breathing zone OVA measurements 
ran out of paper. 

The strip chart recorder for the pump OVA measurements ran out of 
Paper. 

Light rain began. 

Light rain ended. 

Observation: The OVA background readings are high when the service 
station garage bay doors are open. 
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Table B-4 
Significant Event Log for Service Station 4NY 

4/13/93 

General Events 
~~ 

Weather: AM - Clear, cold, and windy; PM - Clear, cool, and windy 

The service station is near an operating bus stop. 

Time 

900-904 

925-926 

1017-1020 

1053 

1100-1 104 

1433 

Specific Events 

Event 

A spiil of approximately 50Oml occurred. 

One car was refueled. One gas wntainer was filled and a spill of 
approximately 4Oml occurred. 

The EOSHI car was refueled. 

Two pieces of equipment were refueled. 

Two cars were refueled. One car had a minimal fuel overflow. 

The curbs near the monitorhg area were painted. 
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Table B-5 
Signifcant Event Log for Service Station 5C 

4/15/93 

Specific Events 

Event 

General Events 

Weather: AM - Cool and cloudy; PM - Cool and iight rain 

A car battery was charged near the east site between 8:OO and 13:OO. 
4 

Time 

805 

83 7 

935-945 

939 

1 O01 -1 002 

12 1 O- 14 17 

1500 

1509 

1803 

The fomaidehyde pump at the east site was replaced. 

One car refueled and spilled approximately 50ml. 

The breathing zone OVA was turned off. 

One car refueled and spilled approximately 1Omi. 

The EOSHi car was refueled. 

The curbs near the monitoring area were painted. 

A slight drizzle began. 

A painter was painting in the northeast comer of the station lot. 

A CO peak was recorded when a car started its engine. 
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Specific Events 

Table B-6 
Significant Event Log for SeMce Station 6C 

4/16/93 

Event 

The CO monitor went offline. 

Two c m  refueled and spilled approximately 1Oûmi. 

The EOSHi car was refueled. 

The tube to the south station formaldehyde sampler was lost at an 
unknown time. The error was discovered and the tube was reattached. 

B-6 
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Table E 7  
Significant Event Log for Service Station 7C 

4/19/93 
~ 

General Events 

Weather: AM - Clear and approximately 65°F; Noon - Clear and approximately 
70T; PM - Clear and approximately 75°F 

A sewage vent was located near the west station in front of the building. 

A car wash with an outdoor pressure sprayer was located near the south site. 
As a consequence, excessive moisture may have been sampled at that location. 

Ail three garage bays were open and busy. In the bay farthest fiom the office a 
- cleaning 'solvent' pan was present. 

Specific Events 

Time 

848 

1727-1732 

1740 

1 820- 1 825 

Event 

The breathing zone formaldehyde pump was replaced due to low flow. 

The breathing zone OVA was replaced. 

The refueling hose leading from the regular unleaded gas pump #5 
caticorner to the monitored pump, broke. 

Station attendant disposed of used motor oil approximately five feet 
away from the south site. 
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Table B-8 
Significant Event Log for Service Station 8C 

4/20/93 

I General Events 

1 Weather: Clear and approximately 55°F 

Four of the five garage bays were open. 

Suecific Events 

Time Event 

630 

1022-1 030 

I 1415-1435 

A city work truck sprayed the trees across from îhe station. 

The battery in the breathing mne OVA was replaced. 

A worker painted the hub caps of a vehicle with black spray paint. 
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Table B-9 
Significant Event Log for Service Station 9NY 

4/22/93 

General Events 

Weather: AM - Cloudy and approximately 55°F; PM - Cloudy and approximately 
50°F 

The service station is a remediation site. Monitoring wells were located around the 
underground gasoline tanks to check for possible tank leaks. 

Formaldehyde samplers were not in operation during the morning test period. 

Time I Event 

800-843 

1407-1432 

Shut down sampling due to rain. 

The breathing zone OVA was off, while the strip chart recorder was 

5 9  
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Table B-10 
Significant Event Log for Service Station 1ONY 

4/23/93 

Weather: AM - Rain/sleet and amroxbately 43°F; PM - Cloudy and li& rain 

Time 

91 7-934 

1145 

1530-1 539 

1605 

1648 

1705 

1713 

1815 

Specific Events 

Event 

The OVA Strip charts were off. 

A gasoline delivery occurred. 

The breathing zone OVA battery was replaced. 

Special study #1 began. 

"he pump OVA battery was replaced. 

Special study #1 ended. 

Special study #2 began. 

Special study #2 ended. 

&i0 
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SERVICE STATION MONITORING STUDY 

American Petroleum institute 
Washington, DC 

Ted Johnson 
I T  Corporation 

Durham, North Carolina 

Abstract 

The compound methyl tertiary butyl ether (MTBE) is routinely 

MTBE i s  also added to gasoline during other 

added to gasoline during the winter driving season to reduce 
carbon monoxide (CO) emissions from motor vehicles in CO 
nonattainment areas. 
seasons to increase octane rating. I n  1992, the U.S. Environ- 
mental Protection Agency (EPA) began receiving complaints of 
headaches, nausea, and other symptoms following alledgeä 
winter the  exposures to MTBE. In early 1993, EPA began planning 
a series of clinical research studies to investigate the validity 
of these claims. To properly design these studies, EPA required 
estimatea of typical air concentrations of MTBE that motorists 
and attendents may experience during refueling at service 
stations that dispense gasoline containing MTBE. 
expressed interest in determining typical MTBE Concentrations at 
the property boundaries of these service stations. 

EPA also 

In response to these needs, the American Petroleum I n s t i t u t e  
(API) funded a field study i n  which IT A i r  Quality Services 
(ITAQS) measured ambient MTBE concentrations at i 0  service 
stations i n  the New York metropolitan area, The stations 
included 

1. 

2 .  

Two full-service stations w i t h  Stage II vapor recovery 
on a commuting route near EaBt Brunswick, N e w  Jersey; 

Three self-service stations w i t h  Stage II vapor 
recovery in Westchester County, New York; and 

Five self-service stations without Stage II vapor 
recovery i n  Fairfield County, Connecticut. 

The selection of full-service s t a t i o n s  in New Jersey was 
mandatory, as self-service stations are not permitted in that 
s t a t e .  

3 .  

Each station was monitored on a different day between April 
7, 1993 and April 23, 1993. The monitoring activities at each 
station w e r e  conducted during two four-hour periods, nominally 8 
a.m. to 12 a.m. and 2 p.m. to 6 p.m. Four-hour canister and 
impinger samples were collected at four perimeter locations 
(north, east, s o u t h ,  and west)  and one pump location at each 
station, in customer breathing zones at the New York and 
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Connecticut stations, and in attendent breathing zones at the New 
Jersey stations. In addition, four-hour charcoal tube samples 
were collected in the breathing zones of all stations. 
samples were analyzed for MTBE, BTEX (benzene, toluene, 
ethylbenzene, xylene), and formaldehyde. 

area of each station using a Metrosonics pm-7700 monitor. 
Organic vapor analyzers (OVA) were used to continuously monitor 
total hydrocarbon (THC) concentrations i n  the pump areas and 
breathing zones. These measurements were made as a means of 
identifying individual refueling events which could not be 
dietinguiehed in the four-hour samples collected by t h e  canister 
samplers . 

Field personnel monitored meteorological parameters, 
gasoline composition (oxygenate content, Reid vapor pressure, 
BTEX), and gasoline sales and deliveries during each sampling 
period. 
and conducted regular counts of traffic on nearby roadways. 
Gasoline pumping activities were continuously recorded by a 
stationary video camera. 

These 

Continuous carbon monoxide measurments were made in the pump 

Personnel also noted the time each vehicle was refueled 

Research f indings presented on July 27, 1993, n t  the MTBE 
Workshop were lhited to the results of analyzing (1) MTBE data 
collected by canisters and (2) continuous TBC data collected by 
OVA. The principal findings are summarized below. 

1. 

2 .  

. 3 .  

4 .  

5 .  

Mean and m x h u m  four-hour average MTBE concentrations 
generally decrease from breathing zone ta pump island 
to perimeter, suggest ing  that refueling act ivit ies  are 
the principal source of MTBE measured at service 
stat ions.  

MTBE concentrations are generally lower at stations 
with Stage 11 vapor controls. - 

Mean four-hour MTBE concentrations are below 1 ppm at 
breathing zone and pump island locations and below 0.02 
pprn at the station perimeters. 

Maxhum four-hour MTBE concentrations are below 2.6 ppm 
at breathing zone and pump island locations and below 
0.2 ppn at station perimeters. 

The canister breathing zone measurements may 
Underestimate actual breathing zone concentrations 
during f u e l  dispensing by station-specific factors 
ranging from 1 to 3 .  Most factors fall between 1.0 and 
1 . 4 .  

During the ITAQS service station study, a research team headed by 
Dr. P a u l  Lioy collected air samples in the passenger compartments 
of automobiles during typical home-to-work comutes. Automobiles 
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in this companion study were refueled a t  stations i n c l u d e d  in t h e  
8 e n i C e  s t a t i o n  atudy. Breathing zone MTBE concentrations 
measured by t h e  Lioy team during these refueling events were 
generally comparable to breath ing  zone measurements made by t h e  
ITAQS team. 
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Related API Publication ... 
Publication 4553, GasoZine Vapor Exposure Assessment at Service Stations, May 1993 i 

To order, call API Publications Department (202) 682-8375 I 
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