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The primary purpose of this staff paper is ‘to share the mos&ﬁﬂé‘rﬁ”iﬁ%aﬁon about amblent
concentrations of air toxics with decision-makers inside and outside the Minnesota Pollution -,
Control Agency (MPCA). We believe we must begin to share our knowledge of air toxics in the
environment on a regular and routine basis, so that business and 3001ety at large can use the SERRE
1nformat10n to help plan future development. R T T T TR

This paper suggests the need to re-examine how MPCA resources are directed at air toxics issues
as well as the need to influence national efforts to reduce risks associated with-air toxics.. This
staff paper is a first step to characterizing our concerns by using data on air toxics (e.g., toxics
monitoring data, toxics emissions mventory data, knowledge of health impacts, toxics modelmg
studies, etc.) _ : ‘ o . : caved

Currently, the majority of the MPCA’s air toxics resources goes to individual air:toxics review of
new or expanding facilities. Since air toxics reviews are time intensive, only a handful of facilities
are reviewed each year in Minnesota. CO Lw

This paper suggests that we make our resource decisions with knowledge of the areas ofgvcatebt
risk. For example, mobile sources (cars, trucks, buses, etc.) account for more than half the total
risk attributed to air toxics. We need to develop a state strategy to address this risk.

This staff paper has certain limitations, which will be bette_: addte_és,ed 111,iuturc ‘:e(;li_'tio“n's:; :

o The distinction between cancer and non-cancer health effects of tox1c pollutants is only .-
touched on in this paper. Some believe that, in fact, it is more likely that non-cancer is the 3
primary issue with toxics, rather than cancer. More work is needed to clarify this. i R

e Cancer and non-cancer health benchmarks were used as the criteria to judge whethera * -
problem may exist with a given pollutant. Further explanation and justification fof this i .
approach is needed.

o Health risks described in this paper are limited by inherent uncertainties. Health benchmarks ,
are not definitive lines or absolute boundaries. Unknowns such as gaps in data, dlfferenees i
individual susceptibility, and extrapolation of animal studies to humans are accounted for by
incorporating a margin of safety when establishing a health benchmark. Assessments of nsk
to human health are often limited to availabte emissions data. - A poHutat that. tums into -
another toxic pollutant cannot be adequately addressed when risk is based only ont *emtssmn
data. _ -

e In the paper, we examined only outdoor concentrations and did not take into ac’count indoor:
sources/concentrations/exposures from sources such as off-gassing of carpets or second-hmd
smoke. : Gl :

e Individual choices about where people live, work and play, as well as hfestyle ch01ces were
not addressed in this paper, although those choices significantly affect exposure.

e We have characterized risk in terms of individual risk, not risk to the population. We did not
include the size of the Minnesota population likely to be affected. Where we have an
assessment of risk at specific monitoring sites, we did not include information about the size of
the population near the sites.
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e The paper does not include epidemiological data about the trend in number of cancer cases,
asthma and other conditions that may result from exposure to air toxics.

e The paper does not cover ecological damage caused by air toxics.

o Information on the sources of these pollutants is based primarily on the 1990 CEP data and
therefore is not as detailed nor as up-to-date as desired. Some databases used to determine the
sources of toxics are limited. For example, the Toxics Release Inventory (TRI) contains

-, information from facilities only over a certain size that perform certain processes and emit

. more than a threshold quantity of a specific list of toxic pollutants.
¢ Diesel particulate (from both trucks and generators) is considered by California to be a bigger
, contributor to risk than all other toxic air pollutants combined. ThlS pollutant is only briefly
- ””"lOUC‘lCd upon in this document.
° ThlS dowment only bneﬂy discusses a major and h1ghly complex issue that could be a staff
o paper by itself: ‘the ef] fect of exposure to multiple pollutants.
e This document does not cover hydrogen sulfide, although the MPCA has devoted many
- resources to this pollutant _ .
°, Wlthm the time avatiable, staff were unable to resolve and answer some questions raised by
= the data, such as the reason for the recent slight decline in benzene concentrations or the
;v reason for high ethylene dibromide concentrations in Pipestone in western Minnesota.

o \; Health effects that result from the combined effects of air toxics and criteria pollutants were

* not within the scope of this paper, although we believe this point is significant. In partlcular
.+ health effects from emissions of PM2.5, ozone, NOx and SO2 are related to toxics issues.

Seme reviewers of early drafis ef this document felt that concentrations above a health benchmark
merely suggests a need to look more closely at that pollutant, not that there is a potential problem.
We did not agree with this approach and chose to share what we know right now, along with our
professional opinions of the data. At that point, we will learn what others think and use the whole
of this mformatlon fo help deterrnine actions that may be necessary.

Throughout this paper the term “we” refers to the authors of this paper.
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Executive Summary
Air toxics: the invisible threat

The U.S. Environmental Protection Agency’s (EPA’s) recent national study, the Cumulative”
Exposure Project (CEP), alerted the nation to the possible risk of cancer faced by Americans over
a lifetime of breathing toxic air pollutants in outdoor air. This risk is in addition to other risks, for
instance, lifestyle choices such as smoking. The CEP’s conclusions resulted from computer
modeling to estimate air toxics emissions and, therefore, potential exposure, for each state. The
CEP predictions for Minnesota parallel their predictions for other states with similar population
centers. :

The CEP marked the first time that the EPA had attempted comprehensive modeling to predict
ambient concentrations at a census-tract level for each of the 48 contiguous states. The study used
1990 emissions data and a computer model to calculate air toxics concentrations. Few actual
measurements of these pollutants are available nationally. Unlike criteria air pollutants, such as
carbon monoxide and sulfur dioxide (which have been monitored since the 1970s), there is no
national air toxics monitoring system. Minnesota is fortunate to have one of the best toxics
monitoring systems in the nation in terms of number of pollutants monitored, duration of
monitoring and diversity of monitoring locations.

The Minnesota Pollution Control Agency’s (MPCA’s) ambient (outdoor) monitoring data
generally supports the CEP’s conclusion. According to both CEP models and the MPCA’s
monitoring data, ambient concentrations of 10 toxic compounds exceed health benchmarks' in
some or all regions of Minnesota. Most of the increased cancer risk that can be attributed to these
compounds are due to motor vehicle emissions. In fact, a comparison of the CEP’s modeled
average concentrations with Minnesota’s monitored concentrations indicates that, for almost two-
thirds of the air toxics with both modeled and monitored data, the CEP’s model actually
underestimated current concentrations. In other words, the situation appears to be even more
serious than the CEP indicates.

This staff paper is intended to encourage further dialog and research on air toxics, and provides the
first comprehensive analysis of the air toxics data collected from Minnesota’s monitoring system.
This analysis points to the need to re-examine MPCA resources and how they may be directed to
air toxics issues, and to the need to influence national efforts to most effectively reduce public
health risks associated with air toxics.

' A health benchmark is a concentration of the pollutant below which there is likely to be no
public health concern. If the Minnesota Department of Health (MDH) has drafted a health risk
value for a pollutant, that value was used as the health benchmark in this paper.



)

MPCA Staff Paper on Air Toxics ___November- 1999

Shown are the locations where monitoring data for this paper were collected.

MPCA Air Toxics Monitoring Sites

Pollutants of concern

The CEP evaluated 148 toxic air pollutants using computer models. The MPCA monitors
(actually measures in the air) 75 air toxics. When compared against health benchmarks, 10
pollutants exceeded health benchmarks in either modeled or monitored concentrations or both.

AlL 10 of Minnesota’s pollutants of concern appear on the list of 33 hazardous air pollutants that

the EPA judged to pose greatest threat to public health in urban areas. Taking into account current
information, the 10 pollutants fall into two.groups: '

1. current information warrants action. Enough information exists now to say we are
concerned about levels in the ambient air and the potential adverse long-term health effects
posed by formaldehyde, benzene, carbon tetrachloride and chloroform. The first action
recommended 1s sharing information about the chemicals in this group with our partners and
the public. : o

2. current information highlights need for more study. Current data suggest that ethylene
dibromide, 1,3-butadiene, acrolein, arsenic, nickel and chromium are pollutants of
concern, but additional information is necessary to confirm their significance. Of the six
pollutants in this group, it appears likely that, with additional data, nickel will fall from the list.
In addition, diesel particulate matter and/or polycyclic organic matter (POM) may be added
after further study.
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Group 1: current information warrants action

» Formaldehyde: The mean ambient air concentration of formaldehyde measured at
every site (25 sites total, both urban and rural) exceeded the cancer health benchmark
of 0.8 micrograms (pg) per cubic meter (m*). Concentrations appear to be stable over
the past four years. The widespread exceedances of health benchmarks for
formaldehyde, which is a respiratory irritant and probable carcinogen, suggest that a
public health issue exists. Roughly two-thirds of the formaldehyde in the ambient air is
due to mobile sources — cars and trucks.

» Benzene: Both monitoring and modeling data show benzene concentrations above the
lower range of the health benchmark in the Twin Cities metropolitan area and in the
state’s smaller cities, including Duluth, Rochester, Mankato and St. Cloud. About two-
thirds of benzene emissions can be attributed to mobile sources. In the metropolitan
area, there has been a slight decrease in benzene concentrations since 1991, for which
the reason is unclear. Given the magnitude of the measured concentrations, it would
appear that bénzene, a known human carcinogen, presents a potential health problem in
both the Twin Cities metropolitan area and in smaller population centers.

= Carbon tetrachloride: Although production of carbon tetrachloride has been banned
in the United States since 1996, both monitoring and modeling data show that carbon
tetrachloride concentrations in the air exceed cancer health benchmarks everywhere in
Minnesota (as well as throughout the nation, according to the CEP). Minnesota’s
monitoring data do not show a decrease in concentrations since the ban. Carbon
tetrachloride is very persistent in the atmosphere and can take decades to degrade.
Carbon tetrachloride is a probable human carcinogen and also causes damage to the
liver and kidneys.

»  Chloreform: According to monitoring data, chloroform concentrations pose a concern
~ at one location in Minnesota (the CEP did not predict any exceedances of the health
benchmark). This location is in International Falls, adjacent to a U.S. paper mill and
across the river from a Canadian paper mill, both of which are likely sources of the
chloroform emissions. In addition to being classified as a probable carcinogen,
chloroform may be involved in reproductive and developmental disorders. Target
organs for chronic chloroform toxicity are the liver and the central nervous system.

Group 2: current information highlights need for more study

s Ethylene dibromide: Monitored ethylene dibromide concentrations exceed health
benchmarks is some rural locations of Minnesota (the CEP did not predict any
exceedances). Measured concentrations were highest in Pipestone, in western
Minnesota. More investigation is needed to determine the reasons for the high
concentrations in that location. Ethylene dibromide was formerly used as a fumigant-
for agricultural purpose, but has been banned for this purpose since the 1980s.

1,3-butadiene: Because the CEP model predicted that this chemical would exceed
health benchmarks in the Twin Cities metropolitan area and smaller cities, the MPCA
has begun to develop the capacity to monitor 1,3-butadiene (the agency currently has
no such capacity). Monitoring data will help confirm the reliability of the CEP model
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for this pollutant. About two-thirds of 1;3-butadiene emissions are predicted to come
from mobile sources.

= Acrolein: The CEP estimates that acrolein concentrations exceed the health benchmark
" in the Twin Cities metropolitan area and in many smaller cities across Minnesota. As
- with 1,3-butadiene, the MPCA currently has no monitoring data to confirm the
accuracy of this prediction, but is studying resources available to begin monitoring.
Acrolein is a respiratory irritant emitted mostly by area (64 percent) and mobile (36
percent) sources.

»  Arsenic: The method used for measuring arsenic concentration in the ambient air is
more of a screening tool, as the lower detection limit of the method is greater than the
health benchmark. It appears that arsenic concentrations may exceed health
benchmarks at some locations, but more refined measurement is needed to confirm
this.

= Nickel: The'CEP predicts nickel to exceed the health benchmark in two census tracts
in the Twin Cities metropolitan area. Monitoring data from all locations were well
below the health benchmark and, in some cases, even lower than model predictions.
More work is needed to measure nickel concentrations in the air in different locations,
such as those near suspected point sources. More sensitive techniques might also
confirm whether this chemical should be of concern.

* Chromium: Minnesota’s monitoring data indicate that chromium concentrations may
exceed the health benchmark at some locations, but not necessarily those predicted by
the CEP. The health benchmark for chromium is less than the lower detection limit for
the chromium measurement method used. Most of the monitoring data are below the
lower detection limit of this method. More work is needed to be able to better quantify
chromium concentrations and to speciate chromium, so that it is possible to determine
how much of the most toxic form of this chemical exists in the ambient air.

= Diesel particulate matter/POM: Another group of pollutants may be added as a
pollutant of concern in Minnesota after more study. Diesel particulate matter contains
a “soup” of chemicals, most of which are organic (carbon-based) substances generated
from the incomplete combustion of diesel fuel. Polycyclic organic matter (POM)
consists of more than 100 compounds, including the group of organic compounds
known as polycyclic aromatic hydrocarbons (PAHs). The California Air Resources
Board (CARB) lists POM, PAHs and their derivatives as toxic air contaminants.
CARB has identified diesel particulate matter as the primary air toxic pollutant of
concern and a significant contributor to the overall cancer risk from air toxics. EPA is
considering diesel particulate matter for classification as a hazardous air pollutant.

Additive effects of air toxics

It 1s important to remember that compounds modeled in the CEP and monitored by the MPCA are
just a fraction of the anthropogenic (human-caused) pollutants emitted into the air each day. In
other words, ambient air contains very many pollutants, of which the MPCA monitors only a few.
These pollutants can have synergistic effects, each compound having its own toxicity and, in
addition, having more complex toxicities when combined with other air pollutants.

4
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There is little research available on risk to public health from exposure to multiple ambient air
toxics. The additive effects of pollutants or the characteristic of a local emission source may make
other pollutants, including those not singled out in this paper, a concern.

Currently, the primary health concern from exposure to multiple air pollutants is increased cancer
risk. Cancer is the toxicological endpoint of concern for nine of the 10 air toxics targeted in this
paper. More work needs to be done to determine the significance of noncancer endpoints, such as
cardiopulmonary, neurologic, immunologic and reproductive/developmental systems effects.

Majority of risk is from mobile sources

The majority of the risk posed by all the pollutants modeled in the CEP comes from mobile
sources (cars, trucks, buses, etc.). Area and point sources account for about equal portions of the
remainder of the risk. In the past, the MPCA has focused most of its resources on regulating point
sources. The EPA’s recently-published Urban Air Toxics Strategy focuses on regulation of area
and point sources, and gives less emphasis to specific regulation of toxics from mobile sources.
While point sources have an impact at a local level and it remains important to ensure that their
emission levels are protective of health, mobile sources impact a much wider geographic area. We
believe this is important and must be reflected when the MPCA designs its five-year work plans.

Shown are the contributions by source to excess lifetime cancer risk based on CEP data.

Point

Sources
(pemmitted sources,
such as:
manufacturing
facilities, utllities,
waste Inclnerators,

refineries)

14%

Mobile

Sources
{such as cars, trucks,
planes, trains,
construction
equipment, off-road
vehicles, lawn and
garden equipment)

61%

Area Sources
(such as home
fumnaces,
woodstoves,
fireplaces, gas
statlons, drycleaners,
solvent and paint use)

25%
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Urban areas most affected

Air pollution is not evenly distributed geographically (except for certain pollutants, such as carbon
tetrachloride, which is very persistent and relatively uniform in concentration across the state). A
pattern exists for many of the toxics emitted in significant amounts from mobile and area sources
(e.g., acrolein, formaldehyde, benzene and 1,3-butadiene). The highest concentrations of toxics
tend to be found in the center of the Minneapolis=St. Paul metropolitan area, with concentrations
decreasing as one moves away from the urban center. In the rest of the state, most areas have
lower concentrations than the metropolitan area. However, many smaller cities (e.g., Duluth, St.
Cloud, Rochester, Mankato and Moorhead) also have elevated concentrations of these pollutants
that come from mobile and area sources. Quite clearly, where an individual chooses to live, work
and play affects exposure. '

This map shows predicted acrolein concentrations based on modeling data. Other pollutants in the

- paper show a similar pattern. The map illustrates the fact that air toxics are not just a metropolitan

area issue.

acrolein
health risk benchmark
=0.02 ugm3

acrolein conc. (ug/m3)
;0,001 - 0.02
0.02-0.2

R 02-04
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Public sees air toxics as priority environmental issue

The MPCA recently completed extensive public participation efforts aimed at learning about the

environmental values of Minnesota citizens. These efforts included seven locations around the

state for the “Governor’s Forum: Citizens Speak Out on the Environment,” a telephone survey to

800 households, and a project called “Comparing Environmental Risks.” In each of the three, air
toxics issues ranked as a high priority with the public.

» In the Governor’s Forums: Citizens Speak Out on the Environment, 100 citizens from the
Twin Cities metropolitan area ranked air-quality-related issues as two of their three most
important environmental issues. The forums were held in the spring of 1999.

= In the public values survey, also conducted in the spring of 1999, two of the top four
environmental threats as ranked by the 800 respondents were related to toxic air emissions
(exhaust from cars, trucks and buses and emissions from manufactunng facilities and
refineries).

= In the Comparing Environmental Risks project, conducted in 1996 and 1997, the citizens jury,
stakeholder and MPCA staff groups all ranked the three sources of air pollution (industrial,
mobile and area) at the top of the list in the risk-based environmental priorities project.

Based on this information, it appears that the public, especially in the Twin Cities metropolitan
area, is concerned about air toxics and air-quality-related issues. However, results from the public
values survey also indicate that members of the public feel that air quality in their own
communities is good to excellent and likely to remain so for the next 10 years. These differing
perceptions may present a challenge to creating solutions, especially for mobile source issues,
which may involve asking individuals to make changes in driving habits.

What’s next?

The MPCA has created an Air Toxics Lateral Team, which began work in September 1999. This
lateral team consists of three subteams:

1. Technical Team,

2. Communications and Reduction Strategies Team and

3. Mobile Source Reduction Strategies Team.

The overall goals of this lateral team are:

= to identify, communicate and, when possible, address problems associated with toxic air
pollutants, and

= to protect human health and the environment from the effects of air toxics.

The Technical Team continues to study the pollutants themselves. The initial focus of the
Communications and Reductions Strategies Team will be on sharing the information contained in
this staff paper with the public, and on identifying partners to work with. Communication pieces
will be developed for various audiences using information from this paper as well as other
information. The Mobile Source Reduction Strategies Team is beginning to develop a work plan
that will encompass all of the MPCA’s activities directed at mobile sources of air toxics.
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1.0 WHAT IS THE PURPOSE OF THIS PAPER?

This paper intends to:

o further define the air toxics issues in Minnesota; and
e provide a blueprint for actions needed to learn more about air toxics and to address the

... problems identified.

This information.is.necessary for managers to determine the priority that air toxics issues merit
for action by the Minnesota Pollution Control Agency (MPCA) and the resources that need to be
devoted to air toxics issues in the future. This paper also serves as a resource from which
communication pieces may be prepared. '

1.1 Why did we start this project?

This paper was prepared as an initial step in addressing air toxics issues highlighted by (1) the
modeling results in the U.S. Environmental Protection Agency’s (EPA’s) Cumulative Exposure
Project (CEP) and (2) a preliminary look at the MPCA’s own data, which showed that some air
toxics are above the Minnesota Department of Health’s proposed draft health risk values.

The CEP is a national study designed to describe human exposures to a wide variety of
environmental hazards, including contaminants in food and drinking water, as well as air

pollution.

The air pollution part of the CEP is the only part with results at this time, and it indicates that
there is reason to be concerned about human health throughout the country due to certain air
toxics concentrations. The study suggests that concentrations of air toxics were above levels of
concern in many areas of the country, including Minnesota. Seven of the 148 air pollutants
modeled and evaluated by the EPA were indicated to be at levels higher than the health-risk
cancer benchmark in some areas of Minnesota. The health risk level for cancer set by the
Minnesota Department of Health is one additional case of cancer per 100,000 people over a
lifetime. The group of seven compounds that were found to be at levels higher than the health-
risk cancer benchmark includes formaldehyde, benzene, 1,3-butadiene, arsenic, chromium,
nickel and carbon tetrachloride. One other compound — acrolein — was indicated to be at
concentrations higher than benchmark levels for noncancer serious health effects.

The CEP used computer models to estimate air toxics, rather than actually measuring air toxics at
specific points across the country. A preliminary comparison of the CEP results to Minnesota's
statewide air toxics monitoring data, suggests, overall, that the modeled concentrations are
relatively accurate. The CEP model was run using 1990 emissions data. Although the MPCA
believes that more accurate emission data were available in some circumstances than the data the
EPA used, the EPA's overall findings are consistent with information the MPCA has and with
studies that the MPCA has conducted. The EPA is currently working on using 1996 emissions
data to run the model, and hopes to release the results of this work in spring of 2000. The model.
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results using 1996 data will be released under a new name, the “National Air Toxics
Assessment;” the EPA will no longer use the “Cumulative Exposure Project” name.

The food component of the CEP estimates average exposures to 37 contaminants in 34 foods for
110 population subgroups, characterized by age, gender, income, geographic region and race.
The EPA expects to complete the analysis in late 1999 as part of the National Air Toxics
Assessment.

The drinking water component of the CEP estimates national exposure levels for 23 chemical
contaminants found in public and private drinking water supplies. The study also characterizes
how different groups in the population are exposed to those contaminants. EPA expects to
complete this part of the study in late 1999 as part of its National Air Toxics Assessment.

1.2 How was this summary prepared?

Two teams were formed at the MPCA to address the air toxics issue: a technical team and a
consent-building team. (Team membershlp may be found in Appendix O.) The Technical Team
was charged to: :

e further refine our knowledge of issues in Minnesota associated with air toxics using existing
data to determine pollutants of concern, sources of pollutants, geographic areas of concern,
and trends.

e put the information into perspective (How big a deal is this? What are the concentrations and

- risks involved?). '

e identify: data gaps, additional activities and resources needed to further define the issues and
to put the information into perspective, and a broad range of possible emission-reduction
strategies.

Given the short time frame to accomplish the purpose, some technical work (such as further
analyzing ambient monitoring data) has begun, but the focus of the team was to summarize
existing air toxics information and identify actions for the future.

The cbnsent—Building team was charged with designing a citizen participation program based on
issues identified by the CEP study. Due to numerous scheduling conflicts, the work of this team
was postponed. ‘
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2.0 WHAT ARE THE PRIMARY POLLUTANTS OF CONCERN?

This section describes pollutants that, based on current information, are of primary concern in
Minnesota. The pollutants are broken into two groups:

1. those that exceed inhalation health benchmarks elther based on momtormg data, modeling
data, or both (section 2.1) and - '
2. persistent, bioaccumulative toxic (PBT) pollutants (section 2.2).

A third group of additional chemicals is not covered in this paper, but has been identified as
being of potential concern in the 1999 Toxic Air Pollutant Update to the Minnesota Legislature.
MPCA staff developed an indexing system that takes the toxicity and environmental persistence
~ofa pollutant into account (Pratt, G. C. et. al, 1993). Using emissions data and the index value
for a given pollutant a weighted emissions value can be derived. The top 10 pollutants emitted
from point sources in 1996 based on weighted emissions were methylene chloride
(dichloromethane), methyl bromide (bromomethane), manganese, antimony, cadmium, copper,
lead, nickel, arsenic and chloroform. All of these pollutants except copper were modeled in the
CEP. ‘Additional future activities are recommended to further investigate these pollutants and
others that may be identified through tools used to rank risks from air toxics (see section 6.1).

Some background of the MPCA toxics-monitoring program is important to understanding how
the pollutants of concern were selected. The MPCA has been monitoring toxic air pollutants
since 1991. The monitoring sites are shown in Figure 2.0.1. The times monitoring was
conducted at each site are shown in Figure 2.0.2. Over the course of the next two years,
monitoring will be conducted at 14 additional sites. Table 2.1.1 lists the chemicals monitored as -
part of the MPCA air toxics-monitoring program. Appendix G contains additional information
about monitoring methods used. Appendix H describes the specific location of monitors.

10
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Figure 2.0.1 Map showing the locations of the air toxics-monitoring sites in Minnesota
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Figure 2.0.2 Timeline of measurements at each monitoring site

1991 1992 1933 1994 1995 1996 1997 1998
site pollutant 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
260 Plymouth VOCs+metals : A b
|_420 Koch420 VOCs
423 Kochi23 VOCs
426 Kochd26 VOCs
436 StPaulPark ~VOCs
438 Ashland VOCs
816 HolmanFid __VOCs
820 BushSt- VOCs
871 HerdingHi  VOCs+metals
45 Mplslibrary  VOCs Ll
: ___metals
958 MhahaAcad VOCsHmetals
1240 | Falls1240  VOCs
1241 | Fells1241  VOCs+metals
1400 Sandstone  VOCs+metals
2005 FergusFalls VOCstmetals
| 2010 Alexandria _VOCs+metals
2103 Moorhead  VOCs+Hmetals
2302 Bemidji VOCstmetals
2401 Warroad VOCs+metals
3049 LitleFalls VOCs+metals
3050 HkRiver VOCs+metals
3052 St. Cloud VOCs+metals
| 4002 Pipestone  VOCs+metals
4003 Granitefalls VOCs+metals
4500 Holloway VOCsHmetals
5008 Rochester  VOCs+metals
5210 Winona VOCstmetals
5356 Zumbrota-  VOCs+metals
7014 Hibbing VOCs+metals
7549 Duluth7549  VOCs
metals
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Table 2.1.1 Tabulation of toxic air pollutants considered in this report

Carbonyls are a class of chemical substances characterized by the presence of a carbon-
oxygen double bond. “VOCs” refers to volatile organic carbon compounds. TO-11A and TO-15
are U.S. Environmental Protection Agency (EPA) reference methods for monitoring these
substances. Personal monitoring is a special study done using personal organic vapor monitors
(OVMs). Health benchmarks for individual pollutants may be found in Appendix D. “CEP”

refers to the EPA’s Cumulative Exposure Project.

: Exceed Exceed
Monitored | Monitored | Personal | Personal health health
-Substance CAS# |carbonyls| VOCs |monitoring| particle |benchmark|benchmark
' (TO-11A) | (TO-15) | with OVMs |monitoring| in CEP in
model | monitoring
data
Acetaldehyde 75-07-0 y
Acetone 67-64-1 y
Acrolein 107-02-8 Y
Benzaldehyde 100-52-7 y
Benzene 71-43-2 y y y y
Bromomethane 74-83-9 y .
Butadiene (1,3~) -| 106-99-0 o y y
Butyraldehyde 123-72-8 y
Carbon Tetrachloride 56-23-5 y y y . y
Chlorobenzene ‘ 108-90-7 y
Chloroform 67-66-3 y y y
Chloroprene 126-99-8 y
Crotonaldehyde 4170-30-3 y
Dichlorobenzene (1,2- or 0-) 95-50-1 y y
Dichlorobenzene (1,3- or m-) 541-73-1 y
Dichlorobenzene (1,4- or p-) 106-46-7 y
Dichlorodigluoromethane (CFC12) 75-71-8 y
Dichloroethane (1,1-) 75-34-3 y
Dichloroethane (1,2-) 107-06-2 y
Dichloroethylene (cis-1,2-) 156-59-2 y
Dichloromethane 75-09-2 y
Dichloropropane (1,2-) 78-87-5 y
Dichloropropene (cis-1,3-) 10061-01-5 y .
[Dichlorotetrafluoroethane (CFC114) 76-14-2 y
Ethylbenzene - 100-41-4 y y
Ethylene Dibromide 106-93-4 y y
Formaldehyde 50-00-0 y y y
Hexachloro-1,3-Butadiene 87-68-3 y
Methyl Chloride 74-87-3 y -
Methyltertiarybutylether (MTBE) 1634-04-4 y
PM10/PM2.5 (XRF for metals) #N/A y
Arsenic 7440-38-2 y y y*
Chromium ‘ 7440-47-3 y y y*
Nickel 7440-02-0 y y

13
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Table 2.1.1 (cont:) Tabulation of toxic air polltitants considered in this report

Exceed Exceed
Monitored | Monitored | Personal | Personal health health
Substance CAS No. |carbonyls| VOCs |monitoring| particle |benchmark|benchmark
(TO-11A) | (TO-15) | with OVMs |monitoring| in CEP in
model | monitoring
data
Propionaldehyde - 123-38-6 y
Styrene 100-42-5 y y
Tetrachloroethane (1 1,2,2- ) o 79-34-5).° y
Tetrachloroethylene - 127-18-4 y y
Toluene 108-88-3 y y
Xylenes (total) 1330-20-7 y y -
Trichloroethanes 25323-89-1 y y
Trichlorofluoromethane (CFC11) 75-69-4 y
Trichlorotrifluoroethane (CFC113) 76-13-1 y
Trimethylbenzene (1,2,4-) 95-63-6 y
Trimethylbenzene (1,3 5-) 108-67-8 y
Vinyl Chloride 75-01-4 y
Vinylidine Chloride 75-35-4 y
Xylene (m-) 108-38-3 y
Xylene (0-) 95-47-6 y
trans-1,3-Dichloropropene 10061-02-6 y
number in category 50 7 35 14 4 8 7

* The data for As and Cr are mostly below the minimum quantifiable level, but there is an
indication that concentrations may be above health benchmarks.
** Initial steps are being taken to try to monitor 1,3-butadiene.

2.1 Which pollutants exceed health benchmarks?

A health benchmark is, for the purposes of this paper, a concentration of the pollutant in the
ambient air below which there is likely to be no:public health concern. Health benchmarks are
based upon a combination of scientific data and policy judgments. They are generally a
conservative estimate based primarily upon occupational and animal studies. A health
benchmark concentration is, in essence, a concentration of a pollutant below which it is unlikely
to cause an adverse health effect to the general public over a lifetime exposure. '

Health benchmarks for cancer-causing and noncancer-causing chemicals are derived using two
distinct methods. Historically, the reason for this difference has been that, for noncarcinogens, it
is assumed that there is a safe or “threshold” level of exposure below which various protective
mechanisms within the body act to prevent adverse health effects. No such thresholds have been
assumed for cancer-causing chemicals. :

The Minnesota Department of Health (MDH) uses the term “draft health risk values” (draft
HRYV). The cancer draft HRV is a 1 in 100,000 excess probability of contracting cancer over a
lifetime of exposure. MDH policy defines negligible risk as one cancer per 100,000 persons,
which is consistent with the policy of the EPA, pursuant to which negligible risk ranges from one
cancer in 10,000 persons to one carcer in 1 million persons. If the MDH has proposed a draft

14
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health risk value for a pollutant, that value was used as the health benchmark. Draft HRVs were
the first order of preference because these values have already undergone extensive review by
the MDH. If a draft HRV for inhalation did not exist for a particular compound, benchmarks
were selected in the following order of preference:

o U.S. Environmental Protection Agency IRIS and Health Effects Assessment Summary
Tables (HEAST) databases.

¢ Califomia Reference Exposure Levels (RELs)

° Agency for Toxic Substances and Disease Registry Minimal Rlsk Levels

Eight substances exceeded the health benchmarks in the CEP modeling study, and seven
substances exceeded the health benchmarks in the monitoring data. Exceeding the health
benchmark is defined as (1) the model-predicted concentration exceeded the health benchmark in
at least one census tract or (2) the monitored annual average concentration at one or more
monitoring sites exceeded the health benchmark. Ten substances exceeded health benchmarks
either in the modeling analysis and/or the monitoring data. Health benchmarks for these 10
substances may be found in Appendix D of this paper. These substances are:

. Exceeded Health Exceeded Health
POLLUTANT Benchmark Based Benchmark Based
on CEP Modeling on Monitoring
e Formaldehyde (2.1.1) X X
e Benzene (2.1.2) X X
e Carbon tetrachloride (2.1.3) X X
e Chloroform (2.1.4) : X
o Ethylene dibromide (2.1.5) X
e 1,3-butadiene (2.1.6) ‘ X No monitoring data .
e Acrolein (2.1.7) X No monitoring data
e Arsenic (2.1.8) X X*
e Nickel (2.1.9) X
e Chromium (2.1.10) X X*

*Data for arsenic and chromium are mostly below the minimum quantifiable level, but there is an indication (see
sections 2.1.8 and 2.1.10) that concentrations may exceed health benchmarks at some sites.

In the sections that follow (2.1.1 through 2.1.10), the following information is provided about
each of these 10 substances:

o the information that indicates the pollutant is a concern,

 health effects of exposure to the pollutant,

» how people are exposed to the pollutant,

e what happens to the pollutant in the atmosphere

e which sources emit the pollutant, and

o conclusions.

After further study, diesel particulate matter may be added to the list of primary pollutants of
concern in Minnesota. Additional information on this pollutant may be found in Section 5.1.1.

15
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2.1.1 Formaldehyde

Formaldehyde (CAS 50-00-0), HCHO, is a nearly colorless, combustible gas with a
pungent, suffocating odor. It dissolves easily in water, alcohols and other polar solvents.
It is very reactive with many substances. In the presence of air and moisture,
formaldehyde readily polymerizes to paraformaldehyde at room temperature.
Formaldehyde is-also formed from the photooxidations of other organic compounds in
the atmosphere. Therefore, the removal and formation of formaldehyde occur at the
same time. :

2.1.1.1 What information indicates formaldehyde isa cohcem?

Ambient data: A summary of the monitoring data is given in Table 1 of Appendix A and in
Figure 2.1.1.1.1, which shows a boxplot with the median, 25" and 75" percentile values and
information about the range of values. The data show that the median concentration at every
monitoring site except International Falls site 1240 was above the health benchmark of 0.8
micrograms per cubic meter (ug/m’). Sites near the center of the Twin Cities metropolitan area
had the highest concentrations. Figure 2.1.1.1.2 is a map showing mean concentrations at each

“monitoring site.

- In May 1995, the monitoring technique was changed by adding ozone scrubbing to the carbonyl

sampling method (EPA federal reference method TO-11A). This change resulted in
systematically higher measurements from that point forward. Ozone present in ambient air will
react with and destroy formaldehyde in the sample, so scrubbing the ozone will lead to higher
and more accurate measurements. Thus, formaldehyde concentrations can be considered to have
a bias toward low values in the monitoring data before May 1995. Only data obtained since May
1995 should be used to characterize a site, since some sites have data from before ozone
scrubbing was instituted (and no sites have only pre-ozone- scrubbmg data). Figure 2.1.1.1.1
presents only data obtained since May 1995.

Frequency distributions showed that there is some skewedness in the data. For this reason, the
mean value may not be the best indicator of the central tendency (see Appendix B). The
question arises, “What is the most appropriate statistic to represent the data for comparison to
health benchmarks, which represent acceptable exposure concentrations?” An arithmetic mean
concentration best represents exposure over a long period of time. Therefore, although the mean
may not be the best indicator of the central tendency of the data, it may be a good value for
comparison with a health benchmark.

16
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Figure 2.1.1.1.1 Boxplot showing formaldehyde concentrations by site

The plot includes only data collected since May 1, 1995, when ozone-scrubblng was instituted.
The center line within each box represents the median for the site. The box itself encompasses
the 25" percentile to the 75" percentile. The bars at each end of the box represent the highest
and lowest values that are not considered outliers. The horizontal dotted line is located at the
formaldehyde health benchmark (0.8 pg/m?).
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Figure 2.1.1.1.2 Map showing the mean formaldehyde concentrations (1995-98) at
each monitoring site in Minnesota
The monitored values are indicated by the dots with the attached numerical values. They are

superimposed over background maps showing the results of the CEP modeling for
formaldehyde (see modeling section below).

1.97

1257

(.L 360

Modeling data: According to the EPA’s Cumulative Exposure Project (CEP), which is based on
1990 emissions data, the average modeled concentration of formaldehyde exceeded the health
benchmark in areas of higher population density. Figure 2.1.1.1.3 shows the areas of the Twin
Cities metropolitan area that exceeded the health benchmark. Table 2.1.1.1.1 compares the
concentrations of formaldehyde measured by the MPCA with modeled values from the CEP. On
average, measured values were 0.58 pg/m’® higher than the CEP estimates. Model
underestimates were greatest in rural areas.
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Figure 2.1.1.1.3 Map of the Twin Cities metropolitan area showing mean
formaldehyde concentrations predicted by EPA’s Cumulative Exposure Project
for a given census tract

This map can be seen in color at http://www.pca.state.mn.us/air/at-cep.html.

formaldehyde
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Table 2.1.1.1.1 -MPCA-measured-formaldehyde concentrations (ug/m3, 1995-98

Project model

Site No.

260
420
423
426
436
438
816
820
871
945
958
1240
1241
1400
2005
2010
2401
3049
3050
4002

4003

5008
5356
7014
7549

Site Name

Plymouth
Koch420
Koch423
Koch426

. StPaulPark

Ashland
HolmanFlid
BushSt
HardingHi
MpilsLibrary
MhahaAcad
|_Falls1240
|_Falls1241

Sandstone -

FergusFalls
Alexandria
Warroad
LittleFalls
ElkRiver
Pipestone
GraniteFalls
Rochester
Zumbrota
Hibbing
Duluth7549

monitored mean U.S. EPA CEP

- average) versus concentrations estimated in the EPA Cumulative Exposure

difference

value (1995-1998) modeled value (model —monitor)

1.243 .
1.409
1.385
1.404
1.717
1.995
1.959
4.430
1.682
2.695
2477
0.914
1.284
1.169
1.660
1.418
1.218
1.112
1.434
1.257
1.975
1.360
1.165
.1.566
1.296

1.523
1.199
1.199
1.199
1.683
1.135
1.718
1.643
2781
2.034
2.638
0.523
0.523
0.290
0.549
0.504
0.287
0.482
0.560
0.417
0.300
1.094
0.364
0.931
1.075

0.280
-0.210
-0.186
-0.205
-0.033
-0.860
-0.241
-2.787
1.099
-0.661
0.161
-0.392
-0.761
-0.879
-1.111
-0.914
-0.931
-0.630
-0.874
-0.840
-1.675
-0.266
-0.801
-0.635
-0.221

Trend: There are 25 formaldehyde-monitoring sites. Formaldehyde concentrations have been
measured since 1991 at the Minneapolis Public Library, Holman Field in St. Paul and in Pine
Bend (Koch sites 420, 423 and 426), and since 1993 in St. Paul Park. Plots of the data (e.g.,
Figure 2.1.1.1.4) appear to show that the measured concentrations have increased since
measurements were begun; however, upon closer analysis, there is neither an increase nor a
decrease in formaldehyde concentrations over time. The figure also shows that the data are
seasonal, with maximum concentrations occurring in the summer and minimums in the winter.
Figure 2.1.1.1.4 shows data from the Minneapolis Public Library site, but the data are similar in
terms of the seasonal and trend components to the other sites listed above.
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Figure 2.1.1.1.4 Trend in formaldehyde measurements at site 945, the
Minneapolis Public Library site

The solid line shows monthly average concentrations. The dotted line is a deseasonalized,
smoothed trend line. The horizontal dashed line is at the health benchmark for formaldehyde
(0.8 ug/m®). The vertical dotted line is at May 1, 1995, the date when the measurement
technique was changed to add ozone scrubbing.

Minneapolis Library Site

Formaldehyde (ug/m3)

Since Figure 2.1.1.1.4 shows an apparent increase in formaldehyde concentrations over time, and
since the formaldehyde measurement technique changed during the course of the apparent
increase, it is important to understand whether there has indeed been an increase, or whether the
apparent increase can be attributed to other factors. Over the period of record, two changes
might have influenced formaldehyde levels. First, the measurement technique was changed to
include ozone scrubbing in May 1995 (ozone present in the ambient air will react with, and
destroy, formaldehyde in the sample; scrubbing the ozone will lead to higher and more accurate
measurements). Second, oxygenated fuel use has increased from about 15 percent in 1991 to
over 90 percent in 1998. There is speculation that increased use of oxygenated fuel may lead to
higher emissions of certain VOCs, such as formaldehyde (see Figures 2.1.1.1.5 and 2.1.1.1.6).
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Figure 2.1.1.1.5 -A brief historyof clean fuels improvements in the
Twin Cities, 1990-99

Year 1990 1991 1992 1993 1994 1995 1996 1997, 1998 1999
Qtr. T G T T T > G I TR 11D G I TR T 11D B T 1T D G TV S I T [T TP G T 17 S

Low RVP
Oxygenated
Low S Diesel .

r

Low RVP gasoline Oxygenated gasoline Oxygenated Oxygenated Gasoline
Ozone Season Winter/CO Season Gasoline Year-round Statewide
. Year-round
Low Sulfur | - Twin Cities
Diesel Fuel

Figure 2.1.1.1.6 Percentage of oxygenated fuel sold i‘n Minnesota, 1990-98.

To investigate the influence of these changes, a trend analysis was conducted on the
formaldehyde data. First the data were “deseasonalized” (seasonal component was removed).
Next, two additional variables (in addition to the time, or trend, variable) were included in the

analysis, one to account for the change in measurement technique and a second to account for the
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percentage of gasohol sold each month since 1991. Multiple linear regression showed that the
only variable that was a statistically significant predictor of deseasonalized formaldehyde
concentrations was measurement technique. The trend over time and the percentage of gasohol
were not significant. This finding was true for all sites. Thus, we conclude that formaldehyde
concentrations have not increased over time in our measurements. We can further conclude that
the increased use of ethanol-containing fuel does not appear to have led to an increase in
formaldehyde concentrations.

The importance of the change in measurement technique can be seen from Figure 2.1.1.1.4.
Measurements are systematically lower before ozone scrubbing. After May 1995, the
measurements are not only systematically higher, but the seasonal component is much more
apparent. The masking of the seasonal component in the non-ozone-scrubbed data occurs
because ozone concentrations are higher in summer, leading to greater formaldehyde destruction
during the times concentrations would otherwise be expected to be highest. As can be seen in
Figure 2.1.1.1.4, the deseasonalized data (dotted line) still show some seasonality in the years
1995-98. This is because the deseasonalization was done for the entire time series, including
data obtained before 1995 , when seasonality was masked. An alternative method would be to
treat data obtained from May 1995 onwards separately.

2.1.1.2 What are the health effects of formaldehyde?

Short-term and chronic inhalation exposure to formaldehyde can cause irritation to the eyes,
nose, throat and respiratory system in humans. Higher levels of formaldehyde exposure in
humans have caused coughing, wheezing, chest pains and bronchitis. Long-term repeated
exposure to formaldehyde may result in cancer of the nasal passages. This is supported by
animal inhalation studies and limited human studies, which report an association between
formaldehyde exposure and lung and nasopharyngeal cancer. The EPA has classified
formaldehyde as a probable human carcinogen. The MPCA uses the Minnesota Department of
Health draft HRV as the health benchmark for formaldehyde. This value is 0.8 pg/m> and
corresponds to an excess lifetime cancer risk of 1 in 100,000. California EPA Office of
Environmental Health Hazard Assessment (OEHHA) has adopted a cancer unit risk of 6.0 x 10
for fomaldehyde, which corresponds to 1.67 pg/m’ at 1-in-100,000 risk level. OEHHA is

proposing a chronic noncancer (REL) of 3.0 pg/m” to protect from respiratory system effects and
. eye lrritation.

Uses of formaldehyde: Formaldehyde is used in manufacturing plastics, urea-formaldehyde
insulation foam, and resins used in making paper, paint, carpet, construction materials, textiles
and furniture. Formaldehyde is used also to disinfect animal housing and to control bacteria and
fungi on hospital equipment, floors and walls.

2.1.1.3 How are people exposed to formaldehyde?

Most formaldehyde exposure among humans is due to-direct inhalation of formaldehyde in air.
Persons living in heavily populated industrial areas are likely to be exposed to higher levels of

23



S

N

MPCA Staff Paper on Air Toxics November 1999

formaldehyde than these living in lightly populated areas. Because formaldehyde is released
from various consumer products and indoor levels exceed outdoor levels, indoor air can
significantly contribute to overall formaldehyde exposure. Persons with potentially high
exposures to formaldehyde include those living in mobile homes and homes less than one year
old. Persons who work in the medical profession and as embalmers might also be exposed to
higher amounts of formaldehyde. People can also be exposed to formaldehyde from tobacco
smoke.

2 1;1.4 What happens to formaldehyde in the atmosphere?

Formaldehyde is removed from the atmosphere through direct photolysis and oxidation by
photochemically produced hydroxyl radicals (OH). Formaldehyde reacts with the hydroxyl

- radicals to form carbon monoxide, water and formyl radicals. Because hydroxyl radicals are the

dominant reactive species in the transformation of organic compounds, formaldehyde has a
longer half-life in areas where the air is cleaner, such asrural areas, than in areas that have more
polluted air, such as urban areas. During winter, rain or snow can be important in removing
formaldehyde from the atmosphere.

Many air toxics undergo atmospheric transformation, in which the parent compound is removed
from the atmosphere only to produce secondary products. Because virtually all atmospheric
reactions of VOCs will eventually produce some formaldehyde, secondary formation becomes
the major source of formaldehyde in the atmosphere. In the report, Modeling Cumulative
Outdoor Concentrations of Hazardous Air Pollutants, 23 precursor species were considered for
their contribution to formaldehyde formation. The 23 precursor species are listed in Table
2.1.1.4 below.

Table 2.1.1:4 Precursors species contributing to formaldehyde formation*

Ethene 1,3-butadiene

Propene 3-methyl-1-butene
1-butene - " 3-methyl-1-pentene
1-pentene 2,3-dimethyl-1-butene
1-hexene Isoprene

1-heptene 2-ethyl-1-butene
1-octene 2-methyl-1-pentene
1-nonene 4-methyl-1-pentene
1-decene : 2,4,4-trimethyl-1-pentene
Isobutene Acetaldehyde
Methanol MTBE
2-methyl-1-butene

*Systems Applications International, Iﬁc., February 1998

In addition to the precursors listed above, several other hazardous air pollutants known to react in

the atmosphere and result in formaldehyde formation include acrolein, acrylonitrile, styrene,
vinyl chloride and xylene. ' ‘ '
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' 2.1.1.5 Which sources emit formaldehyde?

Formaldehyde in the atmosphere is from two routes: (1) direct emissions and (2) secondary
formation.  The secondary formation of formaldehyde from its precursors is the major route for
formaldehyde to enter the ambient air.

Direct emissions of formaldehyde: As a product of incomplete combustion, motor vehicle
exhaust is a primary source of direct formaldehyde emissions. Other emission sources include
petroleum industry, chemical production, electrical services, and manufacturing processes that
involve fuel combustion. Solid waste incineration and sewage treatment also emit formaldehyde.

Figure 2.1.1.5.1 shows Minnesota direct emissions of formaldehyde by source category. This
figure is based on 1990 emissions data from EPA’s CEP study. Overall, mobile sources (on-road
and nonroad) account for about 58 percent of direct formaldehyde emissions, area sources are
responsible for about 33 percent and point source contributionstotal less than 10 percent. The
definition of each source category is shown in Appendix C.

Figure 2.1.1.5.1 -Direct emissions of formaldehyde by source category
- (Data are from the EPA CEP study for the State of Minnesota.)
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According to the preliminary results of the 1996 Minnesota air toxics emission inventory for
point sources (including TRI, metal mining and electric services), about 57 percent and 23
percent of the direct emissions from point sources are attributed to the manufacture of lumber
and wood products and paper and allied products, respectively (Figure 2.1.1.5.2).
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Figure 2.1.1.5.2 1996 Formaldehyde emissions by principal source category for
point sources
(Data are from the preliminary 1996 Minnesota emission inventory.)
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The 1989-t0-1996 trend in direct emissions of formaldehyde for the Minnesota TRI point sources

is shown in Figure 2.1.1.5.3. Formaldehyde emissions had a slow reduction trend after 1990,
with a small fluctuation from 1994 to 1995.

Figure 2.1.1.5.3 Trend in direct formaldehyde emissions
Based on TRI point source data
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Figure 2.1.1.5.4 shows 1990 direct emissions of formaldehyde by principal source categories for
area sources. The data are from the EPA’s CEP study for Minnesota. Waste disposal, treatment
and recovery dominate the area source direct emissions, with a contribution of 59 percent. The
other notable sources are industrial processes and stationary source fuel combustion. Solvent
utilization and miscellaneous area sources also have some contributions.

Figure 2.1.1.5.4 1990 direct emissions of formaldehyde by principal source
category for area sources '
(Data are from the EPA’s CEP study for the State of Minnesota.)

Industrial
Processes Miscellaneous
13% Area Sources
9%
Solvent Utilization
S 4%
“Waste Disposal, Stationary Source
Treatment and | Fuel Combustion
Recovery 15%
59% -

Secondary formation of formaldehyde: The formation of formaldehyde from photochemical
oxidation is the largest source of formaldehyde concentrations. Studies in California indicated
that photooxidation could account for as much as 88 percent of formaldehyde concentrations in
air. Analysis of the 1990 EPA CEP data shows that about 75 percent of formaldehyde emissions
were from photooxidation of its precursors.

Figure 2.1.1.5.5 shows emissions of formaldehyde precursors by source category based on the
1990 EPA CEP data for all of the United States, not just Minnesota. Overall, mobile sources
(on-road and nonroad) account for about 64 percent of secondary-formed formaldehyde
emissions. Area sources contribute about 28 percent of the precursor pollutants that result in
formaldehyde formation. Point source contributions are less than 10 percent.
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Figure 2.1:1:5.5 ‘Emissions of formaldehyde precursors by source category
(Data are from the EPA CEP study for the United States.)
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2.1.1.6 Formaldehyde summary

Statewide air monitoring data (1991-98) showed that the mean ambient air concentrations of
formaldehyde at 25 sites were above the health benchmark of 0.8 pg/m’ everywhere in
Minnesota. The highest values were observed at the sites in and near.the Twin Cities
metropolitan area. The EPA’s Cumulative Exposure Project modeling study showed a similar
pattern of formaldehyde concentrations in Minnesota, as well as comparable concentrations.
However, the CEP study suggested that air concentrations would be below health benchmarks in
most of Minnesota outside the metro area. The monitoring data show that the CEP modeling
analysis underestimated formaldehyde concentrations in nonmetro areas. On average, the
measured values were 0.58 pg/m® higher than the CEP estimates. Model underestimates were
greatest in rural areas. Formaldehyde concentrations appear to be stable over the past four years.

Formaldehyde is a strong irritant to mucous membranes and the respiratory system. The EPA
has classified formaldehyde as a probable human carcinogen and Minnesota Department of
Health has established a draft HRV at 0.8 ug/m’. California’s OEHHA is also proposing to
adopt chronic noncancer reference exposure level (REL) of 3.0 pg/m®. Widespread exceedances
of health benchmarks for formaldehyde suggest that a public health issue exists.

- Formaldehyde is a byproduct of combustion. It can be emitted directly into the atmosphere from
chemical processes or from combustion (primary formaldehyde), or it can be formed in chemical
processes in the atmosphere (secondary formaldehyde) beginning with precursor chemicals that
also typically come from combustion processes. Mobile sources are the main source (58
percent) of primary formaldehyde emissions. Mobile sources are also believed to be the main
source of precursor emissions that lead to secondary-formaldehyde formation, although the exact
percentage cannot be stated with certainty.
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2.1.2 Behzene

Benzene (CAS 71-43-2), C6HB, is a clear, volatile, colorless, highly flammable liquid
with a characteristic, sweet odor. It evaporates easily, and its vapor mixes with air very
quickly. It breaks down in air within a few days, but more slowly in water. Benzene does
not accumulate to high levels in plants and animals.

2.1.2.1 What information indicates benzene is a concern?

Ambient data: A summary of the monitoring data is given in Table 2 of Appendix A and in
Figure 2.1.2.1.1, which shows a boxplot with the median and 25™ and 75" percentile values for
each site. The health risk benchmark for benzene, unlike other pollutants, is given as a range
(1.3-4.5 pg/m’). The data show that mean benzene concentrations at most of the monitoring
sites in the Twin Cities metropolitan area exceeded the lower value in the range. The mean value’
also exceeded 1.3 pg/m’ at Duluth and at one of the International Falls sites. The boxplot shows
that median concentrations exceeded 1.3 pg/m’ at most of the metro area sites and at the Duluth
site. The median concentrations are uniformly lower than the means. Figure 2.1.2.1.2 is a map
showing mean concentrations at each of the monitoring sites. The upper bound on the benzene
health benchmark (4.5 pg/m?) was not exceeded by the mean or median values at any of the
sites.

29



MPCA Staff Paper on Air Toxics ' November 1999

) Figure 2:1.2.1.1 Boxplot showing benzené concentrations (ug/m®) by site
The center line within each box represents the median for the site. The box itself encompasses
the 25™ percentile to the 75" percentile. The bars at each end of the box represent the highest
and lowest values that are not considered outliers. The horizontal dotted lines are located at the
values of the benzene health benchmark range (1.3-4.5 pg/m®).
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Figure 2.1.2.1.2 Map showing the mean benzene concentrations at each
monitoring site in Minnesota
The monitored values are indicated by the dots with the attached numerical values. They are

superimposed over background maps showing the results of the CEP modeling for benzene
- (see modeling section below).

Modeling data: According to the EPA’s CEP modeling analysis, which is based on 1990
emissions data, the modeled concentration of benzene exceeded the lower bound of the health
benchmark in areas of higher population density. Figure 2.1.2.1.3 shows areas of the Twin Cities
metropolitan area that exceeded the health benchmark according to the model. Table 2.1.2.1.2
gives a comparison of the concentrations of benzene measured by the MPCA compared to the
modeled values from the CEP. On average, measured mean values were 0.15 pig/m’ lower than
the CEP estimates.

r
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Figure 2.1.2,1.3 Map ofthe Twin Cities metropolitan area showing benzene
concentrations predicted by the EPA Cumulative Exposure Project for each
census tract.

This map can be seen in color on the Internet at http://www.pca.state.mn.us/air/at—cep.html.
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Table 2.1.2.1.1 MPCA-measured benzene concentrations (ug/m®, see Figure 2.0.2
for period of record for each site) versus concentrations estimated for 1990 in the
EPA Cumulative Exposure Project model

, difference

Site No.  Site Name monitored U.S. EPA CEP {model -

mean value modeled value monitor)
260 Plymouth 1.309 1.660 0.351
420 Koch420 1.723 1.447 -0.276
423 Koch423 1.059 1.447 0.388
426 Koch426 2.593 1.447 -1.146
436 StPaulPark - 2.618 3.429 0.811
438 Ashland 3.084 2.655 -0.429
816 HolmanFlid 1.720 2.649 - 0.929
820 BushSt 3.185 2.348 . -0.837
871 HardingHi 2.741 2.935 ©0.194
945 MplsLibrary 2.533 3.306 0.773
958 MhahaAcad 1.444 2.860 1.416
1240 |_Falls1240 1.147 1.207 0.060
1241 |_Falls1241 ' 1.366 1.207 . 0.1589
1400 Sandstone 0.681 0.549 . -0.132
2005 FergusFalls - 1189 1.221 0.032
2010 Alexandria ‘ 1.220 1.465 0.245
2401 Warroad 0.640 0.545 -0.095
3049 LittleFalls 0.903 0.993 ~0.090
3050 ElkRiver 0.946 0.848 -0.098
4002 Pipestone 0.821 0.927 0.106
4003 GraniteFalls 0.928 0.568 -0.360
5008 Rochester 1.113 2.128 1.015
5356 Zumbrota 0.649 0.623 -0.026
7014 Hibbing 1.016 2.031 1.015
7549 Duluth7549 1.744 1.653 -0.091

Trend: Benzene concentrations have been measured since 1991 at the Minneapolis Public
Library, Holman Field in St. Paul and near Koch Refinery in Pine Bend. At each of these long-
term monitoring sites, plots of the data over time (e.g., Figures 2.1.2.1.4 and 2.1.2.1.5) show that
measured concentrations appear to have decreased slightly since measurements were begun. A
seasonal decomposition analysis was unable to show a significant seasonality in the data;
however, concentrations were generally slightly higher in winter than in summer (e.g.,

1.82 pg/m3 in November through March versus 1.57 ug/m3 for April through October at Koch
site 420).

A regression analysis was done with the data from each of the long-term monitoring sites. These
analyses showed that the decrease in benzene concentrations over time were statistically
significant, although small. The regression coefficients (R* values) ranged from 0.02 to 0.03,
meaning that the change over time accounts for little of the variation in the data. The regression
equations show that the benzene concentrations have been decreasing by 0.02 pg/m’ per year
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(Koch423) to 0.07 pg/m® per year-(Holman-Field)to 0.11 pg/m’ per year (Minneapolis Library
and Koch420). Possible reasons for the decrease in benzene concentrations are uncertain. Over
the period 1991-1998, there have been changes in the vehicle fleet toward generally cleaner
vehicles. In addition, the metro-area vehicle inspection and maintenance program was operative
over that period. Finally, there have been changes in fuel composition. Any or all of these
factors, or some combination of them, may be involved in the trend toward lower benzene
concentrations in the atmosphere. '

Figure 2.1.2.1.4 Trend in benzene measurements at site 945, the Minneapolis
Public Library site

All measured values are plotted. The horizontal dashed lines are at the bound of the health
benchmark range for benzene (1.3 and 4.5 ug/m®).
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Figure 2.1.2.1.5 Trend in benzene measurements at Kbch Site 420

Monthly mean values are plotted and a smoothed trend line is shown. The horizontal dashed
lines are at the bounds of the health benchmark range for benzene (1.3 and 4.5 pug/m®).
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2.1.2.2 What are the health effects of benzene?

Short-term inhalation exposure to benzene affects the central nervous system and may cause
drowsiness, dizziness, headaches and unconsciousness in humans. Death may result from
exposure to very high levels of benzene. Once inhaled, benzene enters the bloodsteam and is
temporarily stored in bone marrow and fat. It is then metabolized by the liver and in the bone
marrow, altering cell populations in the bone marrow and causing different types of toxicities of
the blood and immune systems. It has been clearly established and accepted that long-term
exposure to benzene causes various blood-related disorders in humans, including anemia and
leukemia. The EPA has characterized benzene as a known human carcinogen for all routes of
exposure. The MPCA uses the draft HRV established by the Minnesota Department of Health as
the health benchmark for benzene. This value is a range from 1.3 ug/m’ to 4.5 pg/m’ and
corresponds to an excess lifetime cancer risk of 1 in 100,000. The draft HRV is based upon the
EPA’s evaluation of the carcinogenic effects of benzene, in which the magnitude of risk was
calculated using more than one exposure measurement, hence, a range of risk values. California
EPA Office of Environmental Health Hazard Assessment (OEHHA) has adopted a cancer unit
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risk of 2.9 x 10 for benzene, which corresponds to 0.3 l,tg/m3 at 1-in-100,000 risk level. A
chronic noncancer REL of 60 pg/m’ is being proposed to protect against cardiovascular,
developmental, nervous and immune system effects.

The risk of leukemia and other toxic effects could be greater for children. Because children are
generally more active and have higher respiratory and metabolic rates than adults, they may have
higher exposures per unit of body weight. Furthermore, infants and children may be more
vulnerable to the toxic effects of benzene exposure because their blood cell populations are
differentiating and undergoing maturation.:

Uses of Benzene: Benzene is a widely used industrial chemical, used in the manufacture of
products such as medicinal chemicals, shoes, dyes, detergents, explosives, linoleum, oil cloth and
artificial leather. Benzene is also used as a solvent for waxes, fats, resins, paints, plastics and
fast-drying inks. It also can be used as a raw material in the synthesis of organic compounds,
such as cyclohexane, styrene, phenol and rubber. Benzene is not present in household products
except in small amounts in some automotive and cleaning products.

2.1.2.3 How are people exposed to benzene?

The general population is exposed to benzene primarily by breathing air contaminated with
benzene. People are exposed to benzene via motor vehicle exhaust, evaporation at gasoline
service stations, exposure to tobacco smoke and industrial emissions. Exposure to higher levels
of benzene in the air may occur for people who live around hazardous wastes sites, petroleum
refining operations, petrochemical manufacturing sites or gas stations. Benzene has been
detected in some bottled water, liquor and food; however, air is the primary exposure pathway
unless people are exposed to benzene-contaminated well water. People who have benzene-
contaminated tap water can be exposed by drinking it, eating foods prepared with it and
breathing vapors while they shower, bathe or cook with it.

2.1.2.4 What happens to benzene in the atmosphere?

The structure of benzene is the aromatic ring, which is extremely stable and resistant to chemical
attack. Reaction of benzene with the hydroxyl radical is the only important reaction in the lower
atmosphere, and even this reaction is relatively slow. The primary reaction products are phenol,
nitrophenol and glyoxal. Because of its low solubility in water, benzene will not be removed to
any large degree through destruction in clouds or by rain. The calculated residence times of
benzene ranged from two days under clear-sky summer conditions to several months under
cloudy winter conditions. Hence, one can expect a significant carryover of benzene
concentrations in ambient air from one day to the next.
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~ 2.1.2.5 What sources emit benzene?

Emissions of Benzene: Benzene emissions occur primarily from fossil fuel combustion, solid
waste incineration and petroleum refining. Its emissions are also from agricultural burning,
forest management burning, wildfires and tobacco smoke. Use of oil and gasoline is the main
source of benzene to the environment. Benzene occurs naturally in crude oil. Benzene imparts
desirable properties to gasoline, such as raising the octane level. In the past, lead was added to
gasoline because of its desirable properties, but the use of lead has been discontinued because of
its toxicity. Some refineries have raised benzene concentrations in gasoline to make up for the
loss of lead. A

Figure 2.1.2.5.1 shows emissions of benzene by source category in Minnesota. This figure is
based on the 1990 emission data from the EPA’s CEP study. According to the study,
approximately two-thirds of benzene emissions are attributed to mobile sources, area sources
contribute 28 percent of benzene emissions, and point sources contribute only 5 percent. In
Minnesota, on-road motor vehicles contribute about 82 percent of mobile source benzene
emissions, with the remainder coming from nonroad mobile sources. The definition of each
source category is shown in Appendix C.

Figure 2.1.2.5.1 1990 emissions of benzene by source category
(Data are from the EPA CEP study for the State of Minnesota.)
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Benzene emissions by principal source category for point sources are shown in Figure 2.1.2.5.2.
According to the preliminary results of the 1996 Minnesota air toxics emission inventory for

- point sources, about 81 percent of benzene emissions from point sources are attributed to
manufacturing petroleum and coal products. Metal mining, iron ores, contributes about 18
percent of emissions. '
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Figure 2.1.2.5.2 1996-benzene emissions by principal source category for point
sources :
(Data are from the preliminary 1996 Minnesota emission inventory.)
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The 1989-t0-1996 trend in benzene emissions for the Minnesota TRI point sources is shown in
Figure 2.1.2.5.3. Benzene emissions reduced significantly after 1993. The reduction was about
40 to 50 percent per year from 1993 to 1995, then was relatively stable from 1995 to 1996. It is
important to remember that TRI point sources, including refineries, contribute only 2 percent of
benzene emissions, according to the data from the 1990 CEP study.
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Figure 2.1.2.5.3 Trend in benzene emissions based on TRI
point source data
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Benzene emissions for Minnesota area sources are shown in Figure 2.1.2.5.4, where the data are
from the EPA’s CEP study for 1990. A variety of sources contribute to benzene emissions:
stationary squrce fuel combustion; storage and transport; waste disposal, treatment and recovery;
industrial processes; solvent utilization; and miscellaneous area sources. Each of the first three
categories contributes more than 20 percent of total area source emissions. The total
contribution of the other sources is 17 percent.

Figure 2.1.2.5.4 1990 benzene emissions by principal source category for area
sources
(Data are from the EPA CEP study for the State of Minnesota.)
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2.1.2.6 Benzene suminary

Monitoring data and modeling studies show that benzene concentrations in Minnesota are
elevated above the lower bound of the health benchmark (1.3 pg/m?®) in the Twin Cities
metropolitan area and in other smaller population centers (e.g., Duluth, St. Cloud, Rochester,
Mankato). At least 67 percent of benzene emissions can be attributed to mobile sources (this
does not include emissions from petroleum transport and storage at such places as gas stations).
Since 1991, it appears that benzene concentrations in the metropolitan area have decreased '
slightly. The reason for the decrease is unclear, but it may be associated with cleaner vehicles,
vehicle inspection and maintenance and/or changes in fuel composition.

~ Long-term exposure to benzene is known to cause blood-related disorders in humans, including

anemia and leukemia. The EPA has characterized benzene as a known human carcinogen.
Given the magnitude of the measured concentrations, especially in the metropolitan area and
other smaller population centers, it would appear that benzene in the air presents a potential
public health problem in Minnesota.

40






)

MPCA Staff Paper on Air Toxics November 1999

-2.1.3 Carbon Tetrachloride

Carbon tetrachloride (CAS 56-23-5), CCl4, is a colorless, nonflammable liquid with a

characteristic odor. Carbon tetrachloride may take many years to degrade in air, but

much less time in soil and water. Production by developed countries has been banned

internationally under the Montreal Protocol on substances that degrade the stratospheric
-ozone layer. - | I '

2.1.3.1 What information indicates carbon tetrachloride is a concern?

Ambient data: A summary of the monitoring data is given in Table 3 of Appendix A and in
Figure 2.1.3.1.1, which shows a boxplot with median and 25™ and 75" percentile values for each
site. The boxplot shows that the median concentrations exceeded the carbon tetrachloride health
benchmark of 0.7 pg/m” at all sites except Koch 426, Koch 420 and International Falls 1240.
The median concentrations are generally higher than the means. The boxplot shows that the
concentrations appear to be lower at the sites in the Twin Cities metropolitan area. However,
upon closer inspection, the duration of measurement rather than site location seems to be the
more important factor, with longer records of measurement resulting in lower carbon
tetrachloride concentrations. This observation suggests that carbon tetrachloride concentrations
may have increased over time, an issue that will be addressed in the section on trends below.
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Figure 2.1.3.1.1 Boxplot showing carbon tetrachloride concentrations
by site
The center line within each box represents the median for the site. The box itself encompasses
the 25" percentile to the 75™ percentile. The bars at each end of the box represent the highest
and lowest values that are not considered outliers. The horizontal dotted line is located at the
carbon tetrachloride health benchmark (0.7 pg/m?).
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Modeling data: According to the EPA Cumulative Exposure Project (CEP) modeling analysis,
which is based on 1990 emissions data, the modeled concentration of carbon tetrachloride
exceeded the health benchmark throughout the state. Table 2.1.3.1. gives a comparison of the
concentrations of carbon tetrachloride measured by the MPCA compared to the modeled values
from the CEP. On average, measured mean values were 0.10 pg/m” lower than CEP estimates.
The CEP model tended to overpredict most at sites with a long period of record. In other words,
the CEP model results are most comparable with the most recent MPCA measurements. Color
maps of carbon tetrachloride concentrations in Minnesota can be viewed at
http://www.pca.state.mn.us/air/at-cep.html.
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) Table 2.1.3.1..MPCA-measured carbon tetrachloride concentrations (Hg/m®)
versus concentrations estimated in the EPA Cumulative Exposure Project model
' difference
Site No.  Site Name monitored U.S. EPA CEP (model -
mean value modeled value monitor)
260 Plymouth 0.91 0.882 -0.032
420 Koch420 - 0.67 0.882 0.217
423  Koch423 v 0.67 0.882 0.210
426 Koch426° 061 0.882 - 0.274
436 StPaulPark 0.74 0.884 0.147
438 Ashland 0.76 0.884 1 0.126
816 HolmanFld 0.71 ' 0.895 0.184
820 BushSt 0.72 0.903 0.186
871 HardingHi 0.78 0.958 0.176
945 MpisLibrary 1068 0.886 " 0.207
958 MhahaAcad 0.80 0.927 0.126
1240 |_Falls1240 0.63 0.881 0.248
1241 |_Falls1241 0.91 0.881 -0.026
1400 Sandstone 0.91 0.881 -0.031
2005 FergusFalls 0.78 0.881 0.106
2010 Alexandria 0.92 0.881 -0.038
2401 Warroad 0.82 0.881 0.065
N 3049 LittleFalls , 0.91 0.881 -0.025
) 3050 ElkRiver 081 0.881 0.073
4002 Pipestone 0.92 0.881 -0.037
4003 GraniteFalls 0.79 0.881 0.093
5008 Rochester 0.81 0.881 0.067
; 5356 Zumbrota 0.93 0.881 -0.049
7014  Hibbing 0.79 0.884 0.095
7549 Duluth7549 0.77 0.884 ~0.118

I Trend: Carbon tetrachloride concentrations have been measured since 1991 at the Minneapolis

‘ Public Library, Holman Field in St. Paul and near Koch Refinery in Pine Bend (Figures

0 2.1.3.1.2,2.1.3.1.3 and 2.1.3.1.4). At each of these long-term monitoring sites, plots of the data

- over time show that the measured concentrations appear to have increased during the first few
years of measurements. In the later years, the concentrations clearly show a decline. The
increasing trend in the early years is somewhat different from measurements at other sites (e.g.,
the California state system and the National Oceanic and Atmospheric Administration (NOAA)
at several remote sites), where there has been a consistent decrease in carbon tetrachloride
concentrations in the 1990s: The Duluth site (Figure 2.1.3.1.4), where data collection began in
1994, clearly shows a decreasing trend

A consistent feature in the Minnesota data that confounds the trend issue is a drop in
~ concentrations from about August 1995 to about May 1996. This period of low concentrations
) can also be found in some of the California and NOAA sites although the Minnesota
- concentrations appear to reach lower values. There was an analytical change that occurred in
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November 1995, when new cryogenic focusing equipment was installed. There is a clear
difference in the data before and after this analytical change, with the earlier data showing more
scatter. This analytical change is bracketed by low concentrations both before and after the
change and thus is unlikely to account for the 1995-96 dip in concentrations. There were no
other changes in field or laboratory methodology or in data management that would account for
the differences found between Minnesota and elsewhere.

Carbon tetrachloride is a persistent gas that lasts a long time in the atmosphere (atmospheric
lifetime about 50-100 years). It is one of the “ozone-depleting” substances responsible for
damaging the stratospheric ozone layer. Under the international agreement known as the
Montreal Protocol, developed countries agreed to, phase out production of carbon tetrachloride
by the end of 1995 (developing countries are required to phase out the chemical by 2015).

Figure 2.1.3.1.2 Trend in carbon tetrachloride measurements
at Koch site 420

All measured values are plotted. The solid vertical line is at November 23, 1995, the date new

cryogenic focusing was installed. The curved solid diagonal line is a smoothed (Loess) trend
line. ' ’
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Figure 2.1.3:1.3" Trend in carbon tetrachloride measurements
at the Holman Field site
All data points are plotted and a smoothed trend line is shown. The horizontal dashed line is at
the carbon tetrachloride health benchmark of 0.7pg/m®. The solid vertical line is at November
23, 1995, the date new cryogenic focusing equipment was installed. The horizontal dashed line

is at the health benchmark of 0.7 ug/m®. The curved solid line represents a smoothed (Lowess)
trend line. :
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Figure 2.1.3.1.4 Trend in carbon tetrachloride measurements
at the Duluth site

The horizontal dashed line is at the carbon tetrachloride health benchmark of 0.7 pg/m®. The
solid vertical line is at November 23, 1995, the date new cryogenic focusing equipment was
installed. The horizontal dashed line is at the health benchmark of 0.7 pg/m?®,
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2.1.3.2 What are the health effects of carbon tetrachloride?

Acute and chronic inhalation and oral exposure to carbon tetrachloride cause damage primarily
to the liver and kidneys. Some of the carbon tetrachloride entering the body temporarily
accumulates in body fat and some may change to chloroform and hexachloroform. The liver is
especially sensitive to carbon tetrachloride due to fat buildup inside the organ. Exposure to high
levels of carbon tetrachloride affects the nervous system; symptoms of intoxication, including
headache, dizziness, sleepiness, nausea and vomiting, are experienced. No information is
available on the reproductive or developmental effects of carbon tetrachloride in humans. While
animal studies indicate that carbon tetrachloride does not cause birth defects, reproductive '
effects, such as degenerative changes in testes and decreased fertility, have been observed.
Although human data on the carcinogenic effects of carbon tetrachloride are limited, animal
studies have shown that ingestion of carbon tetrachloride increases the risk of liver cancer. The
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EPA has classified carbon tetrachloride as a probable human carcinogen. The MPCA uses as the
health benchmark the cancer-risk level established by the EPA of 0.7 pg/m’, corresponding to an
excess lifetime cancer risk of 1 in 100,000. California EPA Office of Environmental Health
Hazard Assessment has adopted a cancer unit risk for carbon tetrachloride and an acute REL to
protect for potential reproductive and developmental effects.

Uses of Carbon Tetrachloride: In the past, carbon tetrachloride was produced in large
quantities for making refrigeration fluid and propellants for acrosol cans. It was used as a
cleaning agent in dry cleaning and degreasing. It was also used as a fire-extinguishing agent and
as a pesticide. The production of carbon tetrachloride in the United States was phased out by
1996. As a result, the manufacture and use of carbon tetrachloride have also declined.

2.1.3.3 How are people exposed to carbon tetrachloride?

Although many uses of carbon tetrachloride are now banned, it is still found in air, water and soil
because of past releases. The general population is most likely to be exposed to carbon
tetrachloride through ambient air and drinking water. When carbon tetrachloride is inhaled, the
body absorbs about 40 percent of the chemical. Exposure to carbon tetrachloride in excess of
that of the general population is likely to occur near a chemical waste site where emissions into
air, water or soil are not properly controlled. Exposure at such sites could occur by breathing -
carbon tetrachloride in the air, by drinking contaminated water or by children handling or
ingesting contaminated soil.

2.1.3.4 What happens to carbon tetrachloride in the atmosphere?

Nearly all carbon tetrachloride released to the environment exists in the atmosphere. Carbon
tetrachloride released to soil and water evaporates within a few days due to its relatively high
rate of volatilization. Because carbon tetrachloride does not readily degrade in the atmosphere,
significant global transport of this pollutant has occurred. Since carbon tetrachloride does not
react with hydroxyl radicals that initiate breakdown and transformation reactions, it is very stable
in the troposphere. The rate of oxidation is so slow that the estimated half-life of carbon
tetrachloride in the troposphere exceeds 330 years. Carbon tetrachloride eventually diffuses into
the stratosphere, where it is photodegraded by shorter-wavelength ultraviolet light, which is
prevalent in this region of the atmosphere. The transformation products are the trichloromethyl
radical and chlorine atoms. Chlorine atoms catalyze reactions that destroy ozone. The estimated
atmospheric lifetime of carbon tetrachloride in the troposphere and stratosphere combined ranges
from 50 to 100 years.

2.1.3.5 Which sources emit carbon tetrachloride?

Emissions of Carbon Tetrachloride:

Due to its extremely stable characteristic, carbon tetrachloride in the atmosphere is primarily
from an accumulation of past emissions. Therefore, the measured ambient concentration does
not correlate with current emissions. Carbon tetrachloride emissions occur from chemical-
manufacturing processes, wastewater-treatment processes, waste incineration, disposing of
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wastes in landfills and petroleum refining. The emissions were reduced significantly after a
1996 ban on carbon tetrachloride production, but still exist. Figure 2.1.3.5.1 shows emissions of
carbon tetrachloride by source category in Minnesota. This figure is based on the 1990
emissions data from the EPA’s CEP study. According to the CEP study, area sources dominate
carbon tetrachloride emissions (58 percent), point sources contribute 39 percent of emissions and
the remalnmg 3 percent of emissions are attributed to reﬁnenes The definition of each source
category is shown in Appendix C.

Figure 2.1.3.5.1 1990 emissions of carbon tetrachloride by source category
(Data are from the EPA CEP study for the State of Minnesota.)
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Carbon tetrachloride emissions by principal source category for Minnesota area sources are
shown in Figure 2.1.3.5.2, where the data are from the EPA’s CEP study for 1990. Waste
disposal, treatment and recovery contribute 85 percent of emissions from area sources and
industrial processes account for the remaining 15 percent.
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Figure 2.1.3.5.2 1990fcarbon*tetrachlofide emissions by principal source

category for area sources
(Data are from the EPA CEP study for the State of Minnesota.)
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The 1989-t0-1996 trend in carbon tetrachloride emissions for TRI point sources is shown in
Figure 2.1.3.5.3. The emissions were solely from refineries. Carbon tetrachloride emissions
tended to increase before 1991 and to decrease after 1991; the reduction was significant from
1993 to 1994. Reported emissions dropped to zero in 1996 because of the phaseout of this

chemical’s production. It is important to remember that refineries contribute only 3 percent of
carbon tetrachloride emissions according to the 1990 CEP study data.

Figure 2.1.3.5.3 Trend in carbon tetrachloride emissions based
on TRI point source data
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2.1.3.6 Carbon tetrachloride summary

Both monitoring data and modeling analyses show that carbon tetrachloride exceeds health
benchmarks throughout Minnesota. Carbon tetrachloride production by developed countries has
been banned internationally under the Montreal Protocol treaty, which limits production and.
emission of substances that destroy the stratospheric ozone layer. Despite the ban and the end of
U.S. production in 1996, the monitoring data do not yet show a clear trend toward decreasing
concentrations. Carbon tetrachloride is a very stable gas that can pérsist for decades in the
atmosphere. Therefore, concentrations now being measured are likely due to historical
emissions.

The primary target organs for carbon tetrachloride toxicity are the liver and kidneys. ‘The EPA
has classified carbon tetrachloride as a probable human carcinogen. The high measured
concentrations suggest a potentlally important public health issue from carbon tetrachloride in
the atmosphere.
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2.1.4 Chloroform -

Chloroform (CAS 67-66-3), CHCI3, is a clear, colorless, nonflammable liquid with a
characteristic odor. Chloroform degrades in several months in air, soil and surface
water. It may take several years to degrade in ground water.

2.14.1 What‘information indicates chloroform is a concern?

Ambient data: A summary of the monitoring data is given in Table 4 of Appendix A and in
Figure 2.1.4.1.1, which shows a boxplot with median and 25™ and 75" percentile values for each
site. The data show that the mean and median concentrations exceeded the chloroform health
benchmark of 0.4 pg/m’ at International Falls site 1240, but were well below the health
benchmark at all other sites. Median concentrations are generally higher than the means. The
boxplot shows that concentrations appear to be higher at sites in the Twin Cities metropolitan
area. In the metropolitan area, there were numerous measurements that exceeded the health
benchmark, although the mean and median values did not. In contrast, aside from International
Falls site 1240, only four measurements exceeded the health benchmark outside the metro area.
Figure 2.1.4.1.2. is a map showing mean concentrations at the International Falls monitoring
sites.
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Figure 2.1.4.1.1 Boxplot showing chloroform concentrations by site

The center line within each box represents the median for the site. The box itself encompasses
the 25" percentile to the 75" percentile. The bars at each end of the box represent the highest
and lowest values that are not considered outliers. The circles represent outliers and the stars
represent extreme values. The horizontal dashed line is located at the chloroform health
benchmark (0.4 ug/m?®). :
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Figure 2.1.4.1.2 Map showing the mean chloroform concentrations
at the International Falls monitoring sites

v

Jengtion

Modeling data: According to the EPA Cumulative Exposure Project (CEP) modeling analysis,
which is based on 1990 emissions data, the modeled concentration of chloroform did not exceed
the health benchmark anywhere in the state. Table 2.1.4.1.1 gives a comparison of the
concentrations of chloroform measured by the MPCA compared to the modeled values from the
CEP. On average, measured mean values were 0.046 pg/m’ higher than the CEP estimates.
Color maps of chloroform concentrations in Minnesota can be viewed at
http://www.pca.state.mn.us/air/at-cep.html.
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Table 2.1.4.1.1 MPCA measured chioroform concentrations (ug/m?, see Figure
2.0.2 for the period of record for each site) versus concentrations estimated for
1990 |n the EPA Cumulative Exposure Project model

4 difference
Site No.  Site Name monitored U.S. EPA CEP (model -
mean value modeled value monitor)
260 Plymouth 0.129 0.087 -0.042
420 Koch420 0.100 0.085 -0.015
423 Koch423 0.083 0.085 0.003
426 Koch426 ' 0.127 0.085 -0.041
436  StPaulPark 0.114 0.086 . -0.028
438 Ashland 0'.1’55 0.087 -0.067
816 HolmanFid 0.138 . 0.099 -0.039
820 BushSt 0.162 0 106 -0.055
871 HardingHi 0.141 0 152 0.011
945 MplsLibrary 0.143 0.092 -0.051
958 MhahaAcad 0.105 0.125 0.020
1240 |_Falls1240 1.031 0.283 -0.747
1241 | _Falls1241 0.153 0.283 0.131
1400 Sandstone 0.101 0.083 -0.017
2005 FerguskFalls 0.085 0.086 0.000
2010 Alexandria 0.169 0.084 -0.085
2401 Warroad 0.102 0.083 . -0.019
3049 LittleFalls 0.110 0.084 -0.026
3050 ElkRiver 0.073 0.084 : 0.011
4002 Pipestone 0.126 0.084 -0.042
4003 GraniteFalls 0.084 0.083 -0.001
5008 Rochester 0.089 0.085 -0.004
5356 Zumbrota 0.108 0.083 -0.025
7014 Hibbing 0.082 0.084 : 0.002
7549 Duluth7549 . 0.108 0.095 -0.013

Trend: Chloroform concentrations have been measured since 1991 at the Minneapolis Public
Library, Holman Field in St, Paul and near Koch Refinery in Pine Bend. At each of these long-
term monitoring sites, plots of the data over time (e.g. Figure 2.1.4.1.3) show that the measured
concentrations have remained nearly constant, although there appears to have been some
tendency for a slight increase since measurements began.

Linear regression analyses of the trend over time were done with the data from each of the long-
term monitoring sites. Analyses were done individually for each site. These analyses showed
that the increase in chloroform concentrations over time were small (on the order of 0.009 ug/m3
for the penod 1991-1998) but statistically significant, accounting for 1 -2 percent of the variance
in the data (r*=0.01 to 0.02).

The time series of measurements at site 1240 in International Falls is shown in Figure 2.1.4.1.4.
The chart shows that most measurements were above the health benchmark of 0.4 pg/m’. The
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slope of the linear regression was not significantly different from zero, suggesting that
concentrations have not significantly increased or decreased over time. '

Figure 2.1.4.1.3 Trend in chloroform measurements at the Minneapolis Library
site _

All measured values are plotted. The horizontal dashed line is at the chioroform health
benchmark of 0.4 ug/m®.
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Figure 2.1.4.1.4 Trend in chloroform measurements
at International Falls site 1240
The horizontal dashed line is at the chloroform health benchmark of 0.4 pg/m®.

International Falls Site 1240

CHLOROFORM (ug/m3)

2.1.4.2 What are the health effects of chloroform?

Acute inhalation exposure to chloroform in humans affects the central nervous system, causing
dizziness, headache, fatigue and other effects. Exposure to very high levels of chloroform will
cause death. Chronic exposure to chloroform by inhalation affects the liver, including hepatitis
and jaundice, and the central nervous system, causing depression and irritability. It is not known
whether chloroform causes harmful reproductive or developmental effects. However, animal
studies have reported developmental effects, such as miscarriages, decreased fetal body weight
and birth defects, and reproductive effects, such as abnormal sperm and decreased conception
rates. Based on animal studies, the EPA has classified chloroform as a probable human
carginogen. The MPCA uses as the health benchmark the cancer-risk level established by the
EPA of 0.4 pg/m3, corresponding to an excess lifetime cancer risk of one in 100,000. California
EPA Office of Environmental Health Hazard Assessment has adopted a cancer unit risk and an
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acute REL to protedt for potential reproductive/developmental effects. A chronic noncancer
REL of 300 pg/m’ is being proposed to protect the alimentary system and against kidney effects.

Uses of Chloroform: In the United States, 93 percent of the chloroform manufactured is used to
produce fluorocarbon-22. The remaining 7 percent is produced either for export or for
miscellaneous uses. In the past, chloroform was used in various products, including fire
extinguishers, dry cleaning spot removers, solvents, as a fumigant and as an anesthetic. -
However, chloroform has now been phased out in these products.

'2.1.4.3 How are péople exposed to chloroform?

Chloroform formation is the direct result of chlorination of drinking water or chlorination to
eliminate pathogens in discharged wastes or other process waters. Hence, most people are being
exposed to small amounts of chloroform in their drinking water and in beverages and food made
with water that contains chloroform. The Agency for Toxic Substances and Disease Registry
reports that concentrations of chloroform are greater in drinking water than in air. Chloroform

can also be absorbed through skin contact with water (e.g., while showering, bathiﬁg, cleaning,

washing and swimming). Higher exposures to chloroform might occur to workers at drinking
water-treatment plants, waste water-treatment plants, paper and pulp mills, chemical plants and
factories that make or use chloroform, and from drinking well water contaminated with
chloroform-containing leachate from a hazardous waste site.

2.1.4.4 What happens to chloroform in the atmosphere?

Based upon its vapor pressure, chloroform is expected to exist almost entirely in the vapor phase
in the atmosphere. Because chloroform is significantly soluble in water, large amounts may be
removed from the atmosphere by rain or snow; however, it is likely to reenter the atmosphere by
volatilization. Chloroform is relatively nonreactive in the atmosphere, making long-range
transport possible. Evidence supports this in that trace amounts of chloroform have been
detected in samples from remote, often relatively pristine, areas of the world. Degradation of

chloroform occurs primarily through reaction with photochemically-generated hydroxyl radicals.

Transformation products are primarily phosgene, which is more toxic than the parent compound,
and hydrogen chloride. The estimated atmospheric lifetime of chloroform is two to three

months. Chloroform is more reactive in photochemical smog conditions where the half-life is
estimated to be 11 days. '

2.1.4.5. Which sources emit chloroform?

Emissions of Chloroform: Chloroform can be man-made or occur naturally. Most of the
chloroform in the environment is from human activities. The primary sources of chloroform
emissions are pulp and paper mills, pharmaceutical manufacturing plants, chemical
manufacturing plants and chlorinated wastewater treatment plants. Minor sources of chloroform
emissions include automobile exhaust, use of chloroform as a pesticide, burning of tobacco
products treated with chlorinated pesticides; evaporation during shipping and transport of
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chloroform, decomposition of trichloroethylene, evaporation from chlorinated tap water during
showering and from chlorinated swimming pool water, biological production of chloroform from
marine algae, reaction of chlorinated pollutants with decayed vegetation, and burning of plastics.

- Figure 2.1.4.5.1 shows Minnesota emissions of chloroform by source category. This figure is
based on the 1990 emissions data from the EPA’s CEP study. According to the CEP study,
about 80 percent of chloroform emissions are attributed to TRI point sources, area sources are
responsible for 17 percent, the contributions of other point sources and municipal waste
combustors are 2 percent and 1 percent, respectively. The definition of each source category is
shown in Appendix C.

Figure 2.1.4.5.1 1990 Emissions of chloroform by source category
(Data are from the EPA CEP study for the State of Minnesota.)
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Chloroform emissions by principal source category for Minnesota area sources are shown in
Figure 2.1.4.5.2, where data are from the EPA’s CEP study for 1990. More than 99 percent of
area source emissions are from waste disposal, treatment and recovery; industrial processes
contribute the reminder. ‘
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Figure 2.1.4.5.2 1990 Chloroform emissions by principal source category for
area sources
(Data are from the EPA CEP study for the States of Minnesota.)

Industrial Processes
1%
Waste Disposal,
Treatment and
Recovery
99%

The 1989-t0-1996 trend in chloroform emissions for the Minnesota TRI point sources is shown
in Figure 2.1.4.5.3. Chloroform emissions dropped significantly from 1988 to 1991, then -
increased from 1991 to 1993. Reported emissions in 1994 were almost the same as those in
1993. After 1994, chloroform emissions declined rapidly, from 194,100 Ib. in 1994 to 8,600 1b.
in 1996. According to the 1990 and 1996 TRI databases, pulp and paper mills are the only
sources reporting chloroform emissions in Minnesota.

Figure 2.1.4.5.3 Trend in chioroform emissions based
on TRI point source data
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2.1.4.6 Chloroform summary

Ambient air monitoring data show that chloroform concentrations are below health benchmarks
at all sites in Minnesota except one. The mean and median chloroform concentrations at the
customs station site in International Falls exceeded the health benchmark. This site is adjacent to
the Boise Cascade paper mill and across the river from the Stone Consolidated paper mill in Fort
Francis, Ontario. It would appear that emissions from one or both of these facilities is causing
the elevated chloroform concentrations at the customs station monitoring site. Chloroform
concentrations at a second International Falls monitoring site about one mile southwest of the
customs station are below the health benchmark.

The targets for chronic chloroform toxicity are the liver and the central nervous system.
Chloroform may also be invalved in reproductive and developmental disorders. It is classified as
a probable human carcinogen.

‘The vast majority of chloroform emissions (80 percent) come from point sources. The only point

sources reporting chloroform emissions in Minnesota under the Toxics Release Inventory are
pulp and paper mills. ‘

60



MPCA Staff Paper on Air Toxics November 1999

Ethylene dibromide (CAS 106-93-4), BrCH2CH2Br, is a colorless, nonflammable liquid
with a chloroform-like odor. Ethylene dibromide may perszst for several months in the
atmosphere and longer in soil and water.

2.1.5.1 What information indicates ethylene dibromide is a concern?

Ambient data: A summary of the monitoring data is %iVen in Table 5 of Appendix A and Figure
2.1.5.1.1, which shows a boxplot with median and 25" and 75" percentile values for each site.
The data show that the mean and median concentrations exceeded the ethylene dibromide health
benchmark of 0.05 ug/m’ at the Pipestone site, but were below the health benchmark at all other
sites. In contrast, the mean ethylene dibromide concentrations (over all monitoring times, see
Table 5 of Appendix A) exceeded the health benchmark at Koch sites 423 and 426, Sandstone,
Alexandria, Little Falls, Pipestone and Zumbrota. Individual yearly means exceeded the health
benchmark in Fergus Falls (1997), International Falls sites 1240 (1994) and 1241 (1996),
Minneapolis Library (1991), Holman Field (1996 and 1997), Ashland (1996 and 1997), St. Paul
Park (1997), Koch site 420 (1991, 1996 and 1997), and Plymouth (1996). The boxplot (Figure
2.1.5.1.1) shows that the concentrations appear to be higher at sorhe rural sites. In addition, sites
with longer periods of record appear to have lower concentrations. This might suggest that
concentrations have increased over time. This will be discussed in the section on trends below.
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Figure 2.1.5.1.1 Boxplot showing ethylene dibromide concentrations by site

The center line within each box represents the median for the site. The box itself encompasses
the 25" percentile to the 75" percentile. The bars at each end of the box represent the highest
and lowest values that are not considered outliers. The horizontal dotted line is located at the
ethylene dibromide health benchmark (0.05 ug/m?®).
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Modeling data: The EPA Cumulative Exposure Project (CEP) modeling analysis did not predict
any ethylene dibromide in Minnesota. That study indicated that concentrations throughout the
state would approximate “background” concentrations found in monitoring data from remote
sites (i.e., 0.0077 pg/m’). Table 2.1.5.1.1. gives a comparison of the concentrations of ethylene
dibromide measured by the MPCA compared to the modeled values from the CEP. On average,
measured mean values were 0.03 pg/m’ higher than the CEP estimates. Color maps of ethylene
dibromide concentrations in Minnesota can be viewed at htip.://www.pca.state.mn.us/air/at- -
cep.html.
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Table 2.1.5.1.1 MPCA-measured ethylene dibromide concentrations (ngim®)
versus concentrations estimated in the U.S. EPA Cumulative Exposure Project

Site No.

260
420
423
426
436
438
816
820
871
945
958
1240
1241
1400
2005
2010
2401
3049
3050
4002
4003
5008
5356
7014
7549

- Site Name

Plymouth
Koch420
Koch423
Koch426
StPaulPark
Ashland
HolmanFid
BushSt
HardingHi
MplsLibrary
MhahaAcad
I_Falls1240
I_Falis1241
Sandstone
FergusFalls
Alexandria
Warroad
LittleFalls
ElkRiver
Pipestone
GraniteFalls
Rochester
Zumbrota
Hibbing
Duluth7549

model

Monitored
mean value

0.0493
0.0426
0.0771
0.0649
0.0239 |
0.0337
0.0272
0.0207
0.0154
0.0243
0.0267
0.0337
0.0445
0.0705
0.0247
0.0554
0.0196
0.0698
0.0261
0.0695
0.0242
0.0203
0.0532
0.0238
0.0303

Difference

EPA CEP modeled (model -

value

0.00769
0.00769
0.00769
0.00769

0.00769

0.00769
0.00769
0.00769
0.00769
0.00769
0.00769
0.00769
0.00769
0.00769
0.00769
0.00769
0.00769
0.00769
0.00769
0.00769
0.00769
0.00769
0.00769
0.00769
0.00769

monitor)

-0.0416
-0.0349
-0.0694
-0.0572
-0.0162
-0.0260
-0.0195
-0.0130
-0.0077
-0.0166
-0.0190

©-0.0260
-0.0368
-0.0628
-0.0170
-0.0477
0.0119
-0.0621
-0.0184
-0.0618
-0.0165
-0.0126
-0.0455
-0.0161
-0.0226

Trend: Ethylene dibromide concentrations have been measured since 1991 at the Minneapolis

Public Library, Holman Field in St. Paul and near Koch Refinery in Pine Bend. At each of these

long-term monitoring sites, plots of the data over time (e.g., Figure 2.1.5.1.2) show there were
some high concentrations measured early in the record. In addition, the early years of
monitoring (before 1996) show the presence of many low or nondetectable values. Later data
seem to show an improved capability to detect low concentrations, which may be a result of a
changeover to new cryogenic focusing equipment in the laboratory. The result of better
detection of low values in recent data is that mean values may show a slight bias toward lower
values in the early data. Figure 2.1.5.1.3 shows a time series of measurements from the

Pipestone site.
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Figure 2.1.5.1.2 Trend in ethylene dibromide measurements
. at the Holman Field site ' ‘
All measured values are plotted. The horizontal dashed line is at the ethylene dibromide health
benchmark of 0.05 pg/m®.
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Figure 2.1.5.1.3 Trend in ethylene dibromide measurements (pg/m®)
at the Pipestone site v '
The horizontal dashed line is at the ethylene dibromide health benchmark of 0.05 pg/m°.

| Pipestone Site
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2.1.5.2 What are the health effects of ethylene dibromide?

Ethylene dibromide is extremely toxic to humans, and exposure to high concentrations through
inhalation, ingestion or skin contact can result in death. Ethylene dibromide is a severe skin

irritant and is capable of causing chemical burns and blistering at high exposures. Ethylene

dibromide is a respiratory tract, eye and skin irritant. Inhalation can produce delayed-onset

pulmonary edema and lesions as well as central nervous system effects. Long-term exposure to
ethylene dibromide is toxic to the liver, kidney and the testes, regardless of route of exposure.
Reproductive and developmental effects from ethylene dibromide exposure have been

demonstrated in animal studies in which short- and long-term exposure resulted in decreased

fertility or abnormal sperm. Pregnant animals sick from exposure to ethylene dibromide have ﬁ
borne offspring with birth defects. Male workers exposed to ethylene dibromide have had =
impaired reproduction due to damaged sperm cells in the testicles. Long-term exposure to

ethylene dibromide increases the incidence of a variety of tumors in both female and male rats.
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The EPA classifies ethylene dibromide as a probable human carcinogen. The MPCA uses the
draft HRV established by the Minnesota Department of Health as the health benchmark for
ethylene dibromide. This value is 0.05 pg/m’ and corresponds to an excess lifetime cancer risk
of one in 100,000. California EPA Office of Environmental Health Hazard Assessrnent has
adopted a cancer unit risk.

Uses of ethylene dibromide: The primary use of ethylene dibromide is as a scavenger for lead
in anti-knock gasoline mixtures in aviation fuel. Other uses are as a solvent for resins, gums and
waxes; in waterproofing preparations; as a chemical intermediate in the synthesis of dyes and
pharmaceuticals; and as an insecticide. Ethylene dibromide was used as a fumigant for soil,
grains and fruits, but the EPA banned these uses in 1984.

2.1.5.3 How are people exposed to ethylene dibromit_le?

Historically, past releases to the atmosphere were primarily due to fugitive emissions of leaded
gasolines, automobile exhaust and the former use of the compound as a fumigant. Before 1984,
ethylene dibromide was used as a pesticide in citrus, vegetable and grain crops, and a common
exposure was through consumption of foods that contained residues of this pesticide. Since the
EPA has banned ethylene dibromide’s use as a soil and grain fumigant, exposure to the general
population is primarily from breathing air and drinking contaminated water, particularly
groundwater. Persons with potentially higher exposures than the general population include
those living near induystries that produce or use ethylene dibromide. Higher exposures could

occur from contact with contaminated hazardous waste sites, particularly in soil and ground
water.

2.1.5.4 What happens to ethylene dibromide in the atmosphere?

Ethylene dibromide has a high vapor pressure, high water solubility and low sorption potential.
Volatilization is the most important removal process for ethylene dibromide released to surface
waters. These properties suggest that ethylene dibromide readily partitions to the atmosphere
following release to surface waters and soils. Once in the atmosphere, direct photolysis of
ethylene dibromide is not likely to occur. Degradation of ethylene dibromide occurs mainly
through reaction with hydroxyl radicals in the atmosphere. Transformation products include
formyl bromide, CHOCH,Br and CBr(O)CH,Br. The estimated atmospheric lifetime of ethylene
dibromide is 58 days.

2.1.5.5 Which sources emit ethylene dibromide?

Emissions of Ethylene Dibromide: Ethylene dibromide is evaporated from the use, storage and
transport of leaded gasoline. It is also identified in exhaust of mobile sources using leaded
gasoline. Ethylene dibromide was emitted when it was used as a fumigant for soil, grains and
fruits; from wastewater and from its other uses. However, the EPA’s CEP study estimated zero
emissions for ethylene dibromide in Minnesota for 1990. MPCA staff are working on a
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comprehensive emission inventory for point, area and mobile sources for 1996. This emission
inventory has identified ethylene dibromide emissions from the above sources, but the emission
estimates are in a quality-control and quality-assurance process at this time. Further analysis will
be performed after the emission inventory is completed.

2.1.5.6 Ethylene dibromide summary

Ambient air measurements of ethylene dibromide concentrations are mostly below health
benchmark values. However, the measured values were higher at rural sites, and in Pipestone,
Minnesota, the mean and median ethylene dibromide concentrations exceeded health
benchmarks.

Ethylene dibromide has been used in petroleum production and may be emitted from such
processes. It was also used as a fumigant for soil, grains and fruits, although the EPA banned
these agricultural uses in the 1980s. It is possible that some stockpiled ethylene dibromide is still
being used in agriculture. The reason for the high concentrations in Pipestone and other rural
areas is uncertain at present.

Ethylene dibromide is very toxic and irritating to the skin, eyes and respiratory tract. It has been
implicated in chronic toxicity to the liver, kidneys and testes, and in reproductive and
developmental abnormalities. The EPA has classified ethylene dibromide as a probable human
carcinogen. : '
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2.1.6 L3-butadiepe

1,3-butadiene (CAS 106-99-0), C4HG, is a colorless, flammable gas with a mild,
gasoline-like odor. It evaporates very easily and moves quickly from water or soil to air.
It also breaks down quickly in air by sunlight.

2.1.6.1 What information indicates 1,3-butadiene is a concern?

Ambient data: The MPCA currently has no ambient monitoring data for 1,3-butadiene, but is
evaluating monitoring methods and plans to conduct monitoring for 1,3-butadiene in the future.

Modeling data: According to the CEP, which is based on 1990 emissions data, the average
modeled concentration of 1,3-butadiene exceeds the health benchmark (0.04 (g/m’) in areas of

higher population density. Figures 2.1.6.1.1 and 2.1.6.1.2 show those areas that exceed the
benchmark according to the model.

Trend: Since there are no ambient data, the ambient concentration trend cannot be analyzed.

Figure 2.1.6.1.1 Modeling resulits for 1,3-butadiene
This map can be seen in color at http://www.pca.state.mn.us/air/at-cep.htmi.

1,3-butadiene
health risk benchmark
=0.04 ug/m3

1,3-butadlene conc. (ugim3)
... 0-0.04
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Figure 2.1.6.1.2 Modeling results for 1,3-butadiene
This map can be seen in color at http://www.pca.state.mn.us/air/at-cep.html.

1,3-butadiene
health risk benchmark
= 0.04 ug/m3

1,3;butadiene conc. (ug/m3)
. 0-0.04

[ 0.04 - 0.1

2.1.6.2 What are the health effects of 1,3-butadiene?

Short-term exposure to low levels of 1,3-butadiene by inhalation may result in irritation of the
eyes, nose and throat. Short-term exposure to higher levels of 1,3-butadiene affects the central
nervous system, causing blurred vision, fatigue, headache and possibly unconsciousness. Low-
level and long-term exposure to 1,3-butadiene may cause heart and lung damage in humans, but
this effect has not been fully studied. Animal studies show that inhalation of 1,3-butadiene can
cause kidney and liver disease, lung damage and birth defects. The EPA has classified 1,3-
butadiene as a probable human carcinogen. However, review is currently underway at the EPA
that would reclassify this compound as a known human carcinogen based on evidence of
leukemia in humans. Furthermore, sufficient data exist on reproductive and developmental
effects in animals for the EPA to propose a reference concentration for 1,3-butadiene. The
MPCA uses the draft HRV established by the Minnesota Department of Health as the health
benchmark for 1,3-butadiene. This value is 0.04 ug/m’ and corresponds to an excess lifetime
cancer risk of one in 100,000. California EPA Office of Environmental Health Hazard
Assessment has adopted a cancer unit risk of 1.7 x 10™* for 1,3-butadiene, which corresponds to
0.06 pg/m’ at one-in-100,000 risk level.

7
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Uses of 1,3-butadiene: The largest use of 1,3-butadiene in the United States is in the production
of synthetic rubber for use in vehicle tires. It is also used in copolymers, including acrylics.

2.1.6.3 How are people exposed to 1,3-butadiene?

Most of the 1,3-butadiene that people are exposed to is due to direct inhalation of contaminated
air. 1,3-butadiene is mostly present in suburban/urban air due to the exhaust of cars and trucks,
and the smoke from wood fires and cigarettes. The amount of 1,3-butadiene in the air may be
much higher near high-traffic areas, oil refineries, chemical manufacturing plants and plastic and
rubber factories, where this chemical is made or used. ‘Persons who live near, or work at, these
types of facilities or who live near high-traffic areas may have higher exposures than the general
population. While 1,3-butadiene has been found in drinking water and in plastic and rubber food
containers, it is either at very low or nondetectable concentrations in the water and food samples.

2.1.6.4 What happens to 1,3-butadiene in the atmosphere?

The structure of 1,3-butadiene contains two double bonds that make it react rapidly with
hydroxyl radicals, ozone and nitrate radicals. Although it breaks down quickly in the
atmosphere, 1,3-butadiene transforms into two species which are themselves toxic —
formaldehyde and acrolein. While 1,3-butadiene is not expected to significantly contribute to
secondary production of formaldehyde, it can be considered to be the major precursor species for
atmospheric formation of acrolein. At night, when concentrations of hydroxyl radicals are low,
1,3-butadiene reacts with NO;, producing much less acrolein and primarily nitrates. Due to its
low solubility and rapid reaction with hydroxyl radicals, rain is not an important removal process
of 1,3-butadiene from the atmosphere. The residence times of 1,3-butadiene depend upon the
season, time of day and cloud conditions. 1,3-butadiene is not expected to have day-to-day
carryover during clear-sky, summer conditions. However, day-to-day carryover is possible
under cloudy, nighttime conditions, and carryover of 1,3-butadiene is expected to be significant
during cloudy conditions in winter.

2.1.6.5 | Which sources emit 1,3-butadiene?

Emissions of 1,3-butadiene: 1,3-butadiene emissions are primarily from incomplete combustion
of gasoline and diesel fuels. According to California estimates, mobile sources contribute about
96 percent of the total emissions for quantified sources. Other sources of 1,3-butadiene include
vehicle tire wear, petroleum refining, plastic or synthetic rubber production, chemical
manufacturing and secondary metal production. 1,3-butadiene emissions are also released from
biomass burning, including sewage treatment, wood combustion, agricultural burning and forest
fires. '

Figure 2.1.6.5.1 shows emissions of 1,3-butadiene by source category. This figure is based on
1990 national emissions data from the EPA’s CEP study. According to that study,
approximately two-thirds of 1,3-butadiene emissions are attributed to mobile sources. Area
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sources contribute 32 percent of 1,3-butadiene emissions, and the contribution of other point
sources is only 2 percent. In Minnesota, on-road motor vehicles contribute about 71 percent of
mobile source 1,3-butadiene emissions, with the remainder attributed to nonroad mobile sources.
The definition of each source category is shown in Appendix C. .

Figure 2.1.6.5.1 1990 emissions of 1,3-butadiene by source category
(Data are from the EPA CEP study for the State of Minnesota.)

: Other Point
Non-Road 2% Area

O Road
47%

1,3-butadiene emissions by principal source category for Minnesota area sources are shown in
Figure 2.1.6.5.2, based on 1990 emissions data from the EPA’s CEP study. Stationary source
fuel combustion contributes 52 percent to 1,3-butadiene emissions. Waste disposal, treatment
and recovery is responsible for 42 percent of area source emissions. '
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Figure 2.1.6.5.2 1990 1,3-butadiene emissions by principal source category for
' area sources
(Data are from the EPA CEP study for the State of Minnesota.)

. Miscellaneous Area
Waste Disposal, Sources
Treatment and 6%
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Fuel Combustion
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Petroleum refineries are the only source category in Minnesota which reported 1,3-butadiene to
the TRI in both 1990 and 1996. ' ‘

The 1989-t0-1996 trend in 1,3-butadiene emissions for the Minnesota TRI point sources is
shown in Figure 2.1.6.5.3. 1,3-butadiene emissions were relatively stable from 1989 to 1993.

There was a big drop of reported 1,3-butadiene emissions between 1993 and 1994. Emissions
again tend to be stable after 1994.

Figure 2.1.6.5.3 Trend in 1,3-butadiene emissions based on TRI! point source data
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2.1.6.6 1,3-butadiene summary

Model predictions from the EPA Cumulative Exposure Project show 1,3-butadiene
concentrations exceeding the health benchmark over much of the Twin Cities metropolitan area,
as well as in other, smaller population centers throughout the state. Due to this finding, the

'MPCA has started developing the capacity to monitor 1,3-butadiene.

In acute exposures, 1,3-butadiene irritates the eyes, respiratory system and central nervous
system. Chronic exposures may adversely affect the kidneys, lungs, liver and heart. 1,3-
butadiene has been implicated in reproductive abnormalities. Although it is now classified as a
probable human carcinogen, it may be reclassified as a known human carcinogen.
Approximately 66 percent of 1,3-butadiene emissions are attributed to mobile sources and result
from fuel combustion.
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2.1.7 Acrolein

Acrolein (CAS 107-02-8), CH2CHCHO, is a clear, yellowish liquid with a piercing,
disagreeable odor. It reacts to heat, light and air.

2.1.7.1 What information indicates acrolein is a concern?

Ambient data: The MPCA currently has no ambient monitoring data for acroléin.

Modeling data: According to the EPA CEP study, which is based on 1990 emissions data,
average modeled concentration of acrolein exceeds the health benchmark (0.02 pg/m®) in areas
of higher population density. Figures2.1.7.1.1 and 2.1.7.1.2 show those areas that exceed the
benchmark according to the model.

Trend: Since there are no ambient data, the ambient concentration trend cannot be analyzed.

Figure 2.1.7.1.1 Modeling resuilts for acrolein
This map can be seen in color at http://www.pca.state.mn.us/air/at-cep.html.

acrolein
health risk benchmari
=0.02 ug/m3

acrolein conc. (ug/m3)
e 0.001 - 0,02
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Figure 2.1.7.1.2 Modeling results for acrolein
This map can be seen in color at hitp://www.pca.state.mn.us/air/at-cep.html.

" acrolein | -
health risk benchmark
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2.1.7.2 What are the health effects of acrolein?

Acrolein causes intense irritation to the eyes and mucous membranes of the respiratory tract and
is extremely toxic to humans. Prolonged or repeated contact may result in skin burns and
dermatitis. Short-term and long-term inhalation exposure will cause congestion in the upper
respiratory tract and irritate the eyes, nose, throat and respiratory system. Acrolein is considered
to have high acute toxicity based on short-term animal tests. Hence, short-term exposure to high
levels of acrolein in humans may result in death. The EPA rates acrolein as a “high-concern”
pollutant based on its acute and chronic toxicity. There is limited evidence of carcinogenicity in.
animals; however, acrolein is structurally similar to substances possibly carcinogenic to humans,
and one of its metabolites has potential carcinogenicity. EPA classifies acrolein as a possible
human carcinogen. The MPCA uses the reference concentration (RfC) established by the EPA
as the health benchmark for acrolein. The RfC is set at 0.02 pg/m’ to protect for chronic upper
respiratory effects. California EPA Office of Environmental Health Hazard Assessment has
adopted an acute REL for acrolein to protect for potential eye irritation.

Uses of Acrolein: Acrolein is used as an intermediate to make other organic chemicals, such as
glycerine, methionine and glutaraldehyde. Acrolein is also used as a pesticide for control of
fungi and bacteria in secondary oil recovery injection systems. It is also used as a herbicide to
control algae and water-borne weeds in lakes, ponds, reservoirs and other aquatic areas.
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2.1.7.3 How are people exposed to acrolein?

Acrolein can enter the human body through inhalation of vapor, absorption through the skin,
ingestion or eye contact. Exposure to acrolein is mainly due to breathing contaminated air.
Acrolein is a product of burning gasoline, coal, wood and tobacco. Persons with potentially
higher exposure to acrolein than the general population would include those who come in
frequent or prolonged contact with tobacco or marijuana smoke, those who are occupationally
exposed, and those who live or work near high-traffic areas or downwind from an industrial
point source. Acrolein forms during the heating of fats. It can be found in foods, such as roasted
coffee, fried foods and cooking oils. Consumption of these types of food is the cause of

widespread exposure to small amounts of acrolein. Acrolein is not commonly found in surface
or drinking water.

2.1.7.4 What happens to acrolein in the atmosphere‘?

In addition to being emitted directly into the atmosphere, acrolein is also a photooxidation
product of various hydrocarbon pollutants emitted into the air. Two such pollutants are
propylene and 1,3-butadiene. Atmospheric transport of acrolein is expected to be limited, since
acrolein is relatively unstable in the atmosphere. With its relatively high vapor pressure, it is
expected that acrolein will not partition from the vapor phase into the particulate phase. The
dominant removal mechanism for acrolein in ambient air is predicted to be the reaction with
photochemically generated hydroxyl radicals. The estimated lifetime of acrolein in the
atmosphere is 10 to 17 hours. Transformation products include formaldehyde, glyoxal, glyoxyhc

acid, formic acid and carbon dioxide, which are all toxics except for carbon dioxide, a primary
greenhouse gas.

2.1.7.5 Which sources emit acrolein?

Emissions of Acrolein: Acrolein is emitted directly from sources where it is manufactured and
processed. Acrolein has been identified in motor vehicle exhaust, paper mills, sewage treatment,
asphalt concrete, sugar beet processing, secondary metal production and organic chemical
manufacturing. It is also found in fossil fuel combustion, tobacco smoke and forest fire
emissions. Acrolein can be photooxidated from various hydrocarbons, including 1,3-butadiene.

Figure 2.1.7.5.1 shows emissions of acrolein by source category in Minnesota. This figure is
based on the 1990 emission data from the EPA’s CEP study. According to the study, the
primary sources of acrolein emissions are area sources, contributing approximately 64 percent of
acrolein emissions in the state. Mobile sources contribute the remaining 36 percent, and the
contribution of point sources is less that 1 percent (not shown in the figure). The definition of
each source category is shown in Appendix C.
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\ Figure 2.1.7.5.1--1990 emissions of acrolein by source category
} (Data are from the EPA CEP study for the State of Minnesota.)

Non-Road

Area
-64%

Acrolein emissions by principal source category for Minnesota area sources are shown in Figure
2.1.7.5.2, where the data are from the EPA’s CEP study for 1990. Waste disposal, treatment and
recovery are responsible for the majority (65 percent) of area source acrolein emissions. Solvent
utilization and miscellaneous area sources contribute 16 percent and 10 percent of acrolein

) ~ emissions from area sources, respectively. Other contributors are stationary source fuel _
combustion and industrial processes. However, the Minnesota air toxics emission inventory does
not show high emissions from waste disposal, treatment and recovery. The CEP study used
generic speciation profiles for the emission estimation. These profiles may not represent
Minnesota emissions. Therefore, work is needed to identify emission sources of acrolein when
more information becomes available.
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Figure 2.1.7.5.2 1990 acrolein emissions by principal source category
for area sources
(Data from the EPA CEP study for the State of Minnesota)
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2.1.7.6 Acrolein summary

Model predictions from the EPA Cumulative Exposure Project show acrolein concentrations
exceeding the health benchmark over much of the Twin Cities metropolitan area, as well as in
other smaller population centers. The MPCA does not currently monitor acrolein concentrations
in the ambient air, but is evaluating the feasibility of monitoring in the future.

In acute exposures, acrolein is irritating to the eyes, nose, throat, and respiratory system.
Primary emissions of acrolein come mainly from area sources (64 percent) and mobile sources
(36 percent). Itis a product of combustion and also may be emitted from manufacturing
processes. Acrolein may also be formed in the atmosphere (secondary formation) in chemical
reactions involving precursor chemicals such as 1,3-butadiene and other hydrocarbons.

e
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2.1.8 Arsenic -

Arsenic (CAS 7440-38-2), As, is a gray metal. Arsenic is usually combined with one or
more other elements. The majority of arsenic in air exists as inorganic arsenic
particulate matter smaller than 2.5 micrometers that are highly respirable. When arsenic
is combined with oxygen, chlorine and sulfur, it is referred to as “inorganic arsenic.”

2.1.8.1 What information indicates arsenic is a concern? =

Ambient data: Figure 2.1.8.1.1 shows a boxplot of arsenic concentrations with median and 25™
and 75" percentile values for each site. The data show that the vast majority of the
measurements fall below the lower detection limit (LDL = 0.0053 pg/m’) for arsenic.
Specifically, of 717 valid measurements, only 27 (or 3.8 percent) were higher than the LDL (see
Table 6 of Appendix A and Table 2.1.8.1.1 below). Arsenic (and other metals) are measured
using energy dispersive X-ray fluorescence analysis of PM,q samples collected according to the
federal reference method. This procedure is used as a screening method to determine whether
problems with specific elements might exist. The fact that the LDL exceeds the health
benchmark, together with the fact that a considerable number of measurements appear to exceed
the health benchmark, but only a few exceed the quantifiable level, suggest that the measurement
technique for arsenic should be refined to better quantify lower concentrations. Table 6 of
Appendix A lists the descriptive statistics for arsenic at each site.

Although ther¢ is an indication that a significant number of measurements may exceed the health
benchmark at several sites, this conclusion cannot be stated with great certainty, because the vast
majority of measurements fall below the LDL. Figure 2.1.8.1.2 shows trend lines for arsenic at
the Bush Street site.
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Figure 2.1.8.1.1 Boxplot of arsenic concentrations for each monitoring site

The dashed horizontal line is located at the arsenic health benchmark of 0.002 g/m®. The solid
horizontal line is located at the LDL (0.0053 g/m®). The center line within each box represents
the median for the site. The box itself encompasses the 25" percentile to the 75" percentile.
The bars at each end of the box represent the highest and lowest values that are not considered
outliers. The circles represent values that are more than 1.5 bos-lengths from the 75"
percentile (outliers). The stars represent values more than three box-lengths from the 75"

percentile (extreme values).
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Table 2.1.8.1.1 Measurements above the LDL

Hibbing 2

Site No. of valid No. above LDL
: measurements
Plymouth 31 1
Bush Street 92 11
Harding High 13 4
Minneapolis Library 89 3
Fergus Falls 39 1
Elk River 40 6
Hibbing 40 1
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Figure 2.1.8.1.2 Time line of measurements at the Bush Street site

The dashed horizontal line is located at the arsenic health benchmark of 0.002 g/m®. The solid

horizontal line is located at the LDL (0.0053 g/m®).
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Modeling data: According to the EPA’s CEP study, which is based on 1990 emissions data, the
average modeled concentration of arsenic exceeds the health benchmark on the Iron Range in

" northeastern Minnesota and in a few census 4racts in the Twin Cities metropolitan area. Figures

2.1.8.1.3. and 2.1.8.1.4. show those areas that exceed the benchmark according to the model.
Table 2.1.8.1.2. gives a comparison of the CEP modeling results with the MPCA monitoring
results. This comparison should be viewed cautiously since the bulk of the measurements were
below the reliably quantifiable level. Nevertheless, it appears that the monitoring data show
generally higher concentrations than were predicted by the model.
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Figure 2.1.8.1.3 Modeling results for arsenic
This map can be seen in color at http://www.pca.state.mn.us/air/at-cep.html.
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Figure 2.1.8.1.4 Modeling results for arsenic
This map can be seen in color at http://www.pca.state.mn.us/air/at-cep.html.
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Table 2.1.2.1.2 MPCA-measured arsenic concentrations (ug/m®) versus
concentrations estimated in the EPA Cumulative Exposure Project model

Difference
Site No.  Site Name Monitored EPA CEP (Model -
Mean Value Modeled Value  Monitor)
260 Plymouth 0.00170 0.00036 -0.00134
820 BushSt 0.00250 0.00104 - -0.00146
871 HardingHi 0.00290 0.00215 -0.00075
945 MplsLibrary 0.00170 0.00137 -0.00033
" 958 MhahaAcad 0.00140 0.00087 -0.00053
1241 |I_Falls1241 0.00120 0.00008 - -0.00112
1400 Sandstone 0.00110 ‘ 0.00001 -0.00109
2005 FerguskFalls 0.00160 0.00017 -0.00143
2010 Alexandria 0.00110 - 0.00009 -0.00101
2401 Warroad 0.00090 0.00001 ~-0.00089
3049 LittleFalls 0.00130 0.00007 -0.00123
3050 ElkRiver © 0.00260 0.00009 - -0.00251
4002 Pipestone 0.00070 0.00006 -0.00064
4003 GraniteFalls 0.00080 0.00010 -0.00070
5008 Rochester 0.00010 0.00015 ) 0.00005
5356 Zumbrota 0.00120 0.00003 -0.00117
7014 Hibbing 0.00200 0.00270 0.00070
7549 Duluth7549 0.00110 0.00016 -0.00094

2.1.8.2 What are the health effects of arsenic?

Short-term inhalation exposure to inorganic arsenic affects the gastrointestinal system and may
cause nausea, diarthea and abdominal pain. It may also result in disorders to the blood system
and to the central and peripheral nervous systems. These systems, as well as the cardiovascular
system, liver and kidneys, are also impacted by acute and chronic oral exposure to inorganic
arsenic. Long-term inhalation exposure to inorganic arsenic can irritate the skin, mucous
membranes and lungs. Of much greater concern from long-term inhalation exposure to inorganic
arsenic is the increased risk of lung cancer. This is supported by human studies, primarily those
exposed to arsenic in or around smelting operations. Arsenic crosses the placenta and some
studies suggest that arsenic exposure may cause low birth weight and spontaneous abortions.
The EPA classifies inorganic arsenic as a known human carcinogen. The MPCA uses the draft
HRYV established by the Minnesota Department of Health as the health benchmark for inorganic
arsenic. This value is 0.002 pg/m’ and corresponds to an éxcess lifetime cancer risk of 1 in
100,000. California EPA Office of Environmental Health Hazard Assessment has adopted a
cancer unit risk of 3.3 x 107 for inorganic arsenic, which corresponds to 0.003 pg/m’ at 1-in-
100,000 risk level.
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Uses of Arsenic: Arsenic is used as a hardening alloy and in glass manufacturing.
Semiconductor manufacturers use arsine and arsenic compounds in manufacturing printed
circuits and microchips.

2.1.8.3 How are people exposed to arsenic?

Arsenic is a natural part of the environment and low levels are present in soil, water and food.
Therefore, people are exposed to arsenic in the food and water they consume and by breathing
air and dust containing arsenic particles. While soil usually has the highest concentrations of
arsenic, food is the largest source of exposure. Persons who live in areas that have unusually
high levels of arsenic in rock may be exposed to higher levels of arsenic. In such areas, there are
above-average amounts of arsenic in the surrounding soil and water. Persons who live near
hazardous waste sites may be exposed to above-average levels of arsenic also. Occupations,
such as copper or lead smelting, pesticide application and wood treating, can result in above-
average arsenic €Xposures. '

Children are exposed to arsenic in many of the same ways as adults and exhibit the same effects.
Some children may receive significant exposure if they ingest food, juice or infant formula made
with arsenic-contaminated water. In addition, because children often play in the dirt and put
their hands in their mouths, ingestion of contaminated soil can be an important source of arsenic
exposure.

2.1.8.4 What happens to arsenic in the atmosphere?

Arsenic is emitted into the atmosphere from both natural and anthropogenic sources. Large
cities generally have higher arsenic air concentrations than smaller ones due to emissions from
coal-fired power plants. Arsenic exists in the atmosphere as particulate matter mostly less than 2
microns in diameter. Particles are transported and then removed from the atmosphere by dry and
wet deposition. Although atmospheric residence time depends on the particle size and
meterological conditions, a typical time is about nine days. Arsenic is released to the atmosphere
primarily as arsenic trioxide or, in specific areas of pesticide application, as methyl arsines.
Trivalent arsenic and methyl arsines undergo oxidation in the atmosphere to the pentavalent
state, so arsenic in the atmosphere is usually a mixture of trivalent and pentavalent forms.

2.1.8.5. What sources emit arsenic?

Emissions of Arsenic: Arsenic is usually combined with one or more other elements. When
arsenic is combined with oxygen, chlorine and sulfur, it is referred to as “inorganic arsenic.”
The majority of arsenic in air exists as inorganic arsenic particulate matter smaller than 2.5
micrometers that are highly respirable. The primary sources of inorganic arsenic emissions to
the atmosphere are combustion and high-temperature processes. Other sources include the
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pnmary metal industry; secoridary metal industry, and mineral product mdustry Agncultural
burning, waste incineration and tobacco smoking also release arsenic emissions.

Figure 2.1.8.5.1 shows emissions of arsenic by source category in Minnesota. This figure is
based on the 1990 emission data from the EPA’s CEP study. According to that study,
approximately 94 percent of arsenic emissions are attributed to other point sources, area sources
contribute 4 percent of arsenic emissions, and the contribution of mobile sources is only 2
percent. Refineries, municipal waste combustors and TRI point sources emit insignificant
amounts of arsenic; the total contribution of these three:sources to the statewide arsenic
emissions is less than 1 percent (this is not shown in the figure). The definition of each source
category is explained in Appendix C.

Figure 2.1.8.5.1 1990 Emissions of arsenic by source category
(Data are from the EPA CEP-study for the State of Minnesota.)
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Arsenic emissions by principal source category for point sources are shown in Figure 2.1.8.5.2.
According to the preliminary results of the 1996 Minnesota air toxics emission inventory for

- point sources, about 90 percent of arsenic emissions from point sources are attributed to metal
mining/iron ores. Electric services contribute 9 percent. Primary metal industries are
responsible for the remaining 1 percent of arsenic emissions.
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Figure 2.1.8.5.2 1996 arsenic emissions by principal source category
for point sources
(Data are from the preliminary 1996 Minnesota emission inventory.)
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Arsenic emissions by principal source category for Minnesota area sources in 1990 are shown in
Figure 2.1.8.5.3. About 71 percent of area source arsenic emissions are attributed to industrial
processes. The remainder is attributed to stationary source fuel combustion and waste disposal,
treatment and recovery. ’ :

Figure 2.1.8.5.3 1990 Arsenic emissions by principal source category
e for area sources :
(Data are from the EPA CEP study for the State of Minnesota.)
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The 1989-t0-1996 trend in arsenic emissions for the Minnesota TRI point sources is shown in
Figure 2.1.8.5.4. The emissions of arsenic have been less than 400 Ib. for many years, and have
dropped to less than 200 Ib. after 1989. It should be noted that metal mining/iron ores and
electric services are not included in the TRI report, and that the TRI point sources contribute
only 1.3 percent of point source emissions.

Figure 2.1.8.5.4 Trend in arsenic emissions based on TRI point source data
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2.1.8.6 Arsenic summary

Model predictions from the EPA Cumulative Exposure Project show arsenic concentrations
exceeding the health benchmark on the Iron Range and in a few census tracts in the Twin Cities
metropolitan area. Monitoring data are mostly below the lower detection limit of the method
used, but there is an indication that concentrations may exceed health benchmarks at some sites.
More refined measurement methods are needed to confirm this conclusion.

Arsenic has been implicated in both acute and chronic effects on the cardiovascular system, liver,
kidneys, gastrointestinal system and nervous system. It is classified as a known human
carcinogen by the EPA. Arsenic exists in the atmosphere as small particles, which are emitted
from metal extraction and processing, waste combustion, agricultural burning, and entrainment
of crustal materials.
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Nickel (CAS 7440-02-0), Ni, is a hard, silver, nonflammable metal. However, its dust or

- powder is combustible and can form explosive mixtures in air. Nickel is insoluble in
water. It also combines with other chemicals, such as chlorine, sulfur and oxygen, to
form nickel compounds. When released to the air, nickel attaches to small dust particles
and stays in the air for. months. -This nickel dust may settle to the ground or be washed
from the air by rain and snow; then, it becomes attached to soil or sediment particles.
Nickel will not build up in fish, but may accumulate in plants and land animals.

2.1.9.1 What information indicates nickel is a concern?

Ambient data: Figure 2.1.9.1.2 shows boxplots of the nickel measurements at individual sites.
The data show that the majority of the measurements-fall below the lower detection limit (LDL =
0.053 ug/m3). In addition, all of the measurements fall below the health benchmark

(0.02 pg/m?). This figure also shows that only a few measurements at a few sites exceeded the
LDL and virtually no measurements exceeded the health benchmark. For these reasons, further
details of the nickel monitoring data are not included.
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Figure 2.1.9.1.2 Boxplot of nickel concentrations for each monitoring site

The dashed horizontal line is located at the nickel health benchmark of 0.02 ug/m®. The solid
horizontal line is located at the LDL (0.0022 ug/m®). The center line within each box represents -
the median for the site. The box itself encompasses the 25™ percentile to the 75™ percentile.
The bars at each end of the box represent the highest and lowest values that are not ‘
considered oultliers.
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Modeling data: According to the CEP, which is based on 1990 emissions data, the average
modeled concentration of nickel exceeded the health benchmark in two census tracts in the

- Minneapolis-St. Paul metropolitan area. The highest concentrations were predicted in the census
tract in which Gopher Smelter is located. No monitoring data are available for that area. No
model-predicted concentrations were higher than the health benchmark in the areas outside the
metro area. Figure 2.1.9.1.2 is a map showing the parts of the metropolitan area with model- -
predicted nickel concentrations greater than the health benchmark. At most sites, the model
predictions exceed monitored values, sometimes by a wide margin, although this conclusion
should be tempered by the recognition that most of the measurements are near or below the LDL.
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Figure 2.1.9.1.2 Map showing model-predicted concentrations of nickel
This map can be seen in color at http://www.pca.state.mn.us/air/at-cep.htmi.

“U.S. EPA Cumulative Exposure Project
Modeled Air Concentrations of Nickel
in the Twin Cities Metropolitan Area
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2.1.9.2 What are the health effects of nickel?

While very small amounts of nickel may be essential to humans, high-level exposure to nickel
can harm human health. Acute exposure to nickel carbonyl targets the lungs and kidneys.
Symptoms, such as headache, vomiting, chest pains, dry coughing and visual disturbances, have
been reported due to acute inhalation exposure. The most common effect from long-term
exposure in humans is an allergic reaction to nickel and nickel compounds. Allergic skin
reactions result in contact dermatitis, causing itching of the fingers, wrists and forearms.
Chronic inhalation exposure can result in direct respiratory effects, causing chronic respiratory
tract infections and asthma due to primary irritation or an allergic response. Animal inhalation
studies have reported effects on the lungs, kidneys and immune system. Occupational studies
have reported an increased risk of lung and nasal cancers among nickel refinery workers exposed
to nickel refinery dust (Minnesota has no nickel refineries). This dust is composed of a mixture
of many nickel compounds, including nickel subsulfide. Animal inhalation studies also report
lung tumors from exposure to nickel refinery dusts. The EPA classifies nickel refinery dust and
nickel subsulfide as human carcinogens, and nickel carbonyl as a probable human carcinogen.
The MPCA uses the draft HRVs for nickel refinery dust and nickel subsulfide established by the
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Minnesota Department of Health as the health benchmarks for nickel exposure. These values are
0.04 ug/m3 and 0.02 pg/m’, respectively, and correspond to a excess lifetime cancer risk of one
in 100,000, California EPA Office of Environmental Health Hazard Assessment (OEHHA) has
adopted a cancer unit risk of 2.6 x 10 for nickel and nickel compounds, which corresponds to
0.04 ug/m3 at one-in-100,000 risk level. OEHHA is proposing a chronic REL of 0.05 ug/m3 to
protect against respiratory and immune system effects from nickel exposure.

Uses of nickel: The primary use of nickel is for the production of various metal alloys, cast
irons and electroplated goods. Other uses are for the production of catalysts and nickel-cadmium
batteries and as a catalyst in the petroleum, plastic and rubber industries.

2.1.9.3 How are people exposed to nickel?

Nickel can enter the human body through inhalation, ingestion and skin contact. Skin contact

" with soil, water or metals containing nickel as well as nickel-plated metals can result in
exposure. Nickel is so strongly attached to soil dust and particles that it is not readily taken up
by plants and animals and does not easily affect health by this route of exposure. However, food
does contain nickel and is a source of exposure for the general population. Foods naturally high
in nickel include chocolate, soy beans, nuts and oatmeal. Exposure to higher levels of nickel
would be a concern for persons living near or working in facilities that produce stainless steel
and other nickel-containing alloys. Persons living near or working in oil-fired power plants,
coal-fired power plants and refuse incinerators may be exposed to high levels of nickel in
airborne dust, soil and vegetation or by handling the bottom ash or fly ash from these facilities.
Nickel from waste sites, particularly electroplating waste, can contaminate groundwater and
people who drink the contaminated groundwater may be exposed to higher nickel concentrations.

2.1.9.4 What happens to nickel in the atmosphere?

Nickel is released to the atmosphere in the form of particulate matter or adsorbed to
particulate matter and is removed by dry and wet deposition. Although specific
information is lacking, nickel oxide has been identified in industrial emissions and is
assumed to be the form of nickel emanating from combustion sources. Nickel is presumed
to oxidize in the atmosphere in the presence of sulfur dioxide and form nickel sulfate.
Studies indicate that nickel has a broad range of particulate sizes (e.g., approximately 1.0
to 7.2 microns). Removal of particles larger than 5.0 microns is governed by gravitational
settling, whereas smaller particles are removed by wet and dry deposition. Removal of
coarse particles may occur in a matter of hours, while very small particles may have an
atmospheric half-life of 30 days and be transported over long distances. Emission sources
in North America, Greenland and Europe have been shown to be responsible for the
elevated atmospheric nickel concentrations in the Norwegian arctic, demonstrating the
long-range transport of nickel.
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2.1.9.5. Which sources emit nickel?

Emissions of nickel: Fuel combustion (oil and coal) is responsible for the majority of nickel
emissions. Nickel is also identified in motor vehicle exhaust. Figure 2.1.9.5.1 shows emissions
of nickel by source category in Minnesota. This figure is based on the 1990 emission data from
the EPA’s CEP study. According to the CEP study, a variety of sources contribute to nickel
emissions.- However, point sources, including other point sources, TRI emitters, refineries and
municipal waste combustors, dominate nickel emissions, with a contribution of 77 percent. Area
sources contribute 19 percent of nickel emissions; and the contribution of mobile sources is only
4 percent. The definition of each source category is shown in Appendix C.

Figure 2.1.9.5.1 1990 Emissions of nickel by source category
(Data are from the EPA CEP study for the State of Minnesota.)
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Nickel emissions by principal source category for point sources are shown in Figure 2.1.9.5.2.
According to the preliminary results of the 1996 Minnesota air toxics emission inventory for
point sources, about 60 percent of nickel emissions from point sources are attributed to electric
services. Other sources include manufacturing petroleum and coal products, metal mining/iron
ores, manufacturing transportation equipment, and primary metal industries. These sources each
contribute from 6 to 12 percent to point source nickel emissions in the state.

- Nickel emissions by principal source category for Minnesota area sources are shown in Figure

2.1.9.5.3, where the data are from the EPA’s CEP study for 1990. Stationary source fuel
combustion is the primary source of nickel emissions, contributing 92 percent. Waste disposal,
treatment and recovery and industrial processes are responsible for the remaining 8 percent of
nickel emissions from area sources. |
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Figure 2.1.9.5.2 1996 nickel emissions by principal source category
. for point sources
(Data are from the preliminary 1996 Minnesota emission inventory.})
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Figure 2.1.9.5.3 1990 nickel emissions by principal source category
for area sources

(Data are from the EPA CEP study for the State of Minnesota.)
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The 1989-to-1996 trénd in nickel emissions for the Minnesota TRI point sources is shown in
Figure 2.1.9.5.4. Reported nickel emissions dropped about three-fourths from 1991 to 1992,
then remained at about 6,000 Ib. per year. '

Figure 2.1.9.5.4 Trend in nickel emissions based on TRI point source data
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2.1.9.6 Nickel summary

Model predictions from the EPA Cumulative Exposure Project show nickel concentrations

- exceeding the health benchmark in two census tracts in the Twin Cities metropolitan area. All

monitoring data were below the health benchmark, and the data from most sites were lower than
the model predictions, although most measurements were near or below the lower detection
limit.

~ Although humans may need very small amounts of nickel, higher-level exposures can cause

toxicity to the lungs and kidneys, among other target organs. The EPA classifies nickel as a
known human carcinogen. Most nickel emissions (about 77 percent) come from point sources,
such as refineries, metal processing and waste combustion. The level of public health concern
about air emissions of nickel in Minnesota is uncertain at present. The data appear to show
concentrations below levels of concern, but in combination with other pollutants and/or adjacent
to certain industries, nickel concentrations may be of concern. More work is needed to measure
nickel concentrations in different locations and with more sensitive techniques.
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- 2.1.10 Chromium

Chromium (CAS 7440-47-3), Cr, exists in the environment in one of three major states:
chromium metal, chromium (III) and chromium (VI). Chromium (III) and chromium (VI)
are in the trivalent form and hexavalent form, respectively. Chromium (IlI) compounds
are stable, and a very small amount of chromium (I1l) is an essential nutrient. A daily
ingestion of 50-200 ug per day has been estimated to be safe and adequate. Chromium
(VI), which is almost always bound to oxygen, is the most toxic form of chromium.

2.1.10.1 What information indicates chromium is a concern?

Ambient data: Figure 2.1.10.1.1 shows a boxplot of total chromium concentrations for each
monitoring site. The data show that the majority of the measurements fall below the lower
detection limit (LDL = 0.0022 pg/m’). Since a large fraction of the measurements fall below the
LDL, other measurement techniques should be evaluated for quantifying chromium.

Although there is an indication in the measurements that a significant number of measurements
may exceed the health benchmark for hexavalent chromium at several sites, this conclusion
cannot be stated with great certainty because the majority of the measurements fall below the
LDL. This health benchmark is for hexavalent chromium [Cr(VI)]. Thus, the implicit
assumption in comparing monitored values to this benchmark is that the measured chromium is
all in the hexavalent form.

Table 7 of Appendix A lists the descriptive statistics for chromium at each site. Figure

2.1.10.1.2 shows the concentrations over time for total chromium at the Bush Street site, which is
one of the sites with the longest period of record.
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Figure 2.1.10.1.1 Boxpilot of total chromium concentrations for each monitoring
site

The dashed horizontal line is located at the hexavalent chromium health benchmark of 0.0008
ug/m®. The solid horizontal line is located at the LDL (0.0022 ug/m®). The center line within
each box represents the median for the site. The box itself encompasses the 25" percentile to
the 75" percentile. The bars at each end of the box represent the highest and lowest values
that are not considered outliers. The circles represent values that are more than 1.5 box-
lengths from the 75" percentile value (outliers).
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Figure 2.1.10.1.2 Time line of total chromium measurements at the Bush Street
site

The dashed horizontal line is located at the hexavalent chromium health benchmark of 0.0008
ug/m®. The solid horizontal line is located at the LDL (0.0022 pg/m®).
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Modeling data: According to the EPA Cumulative Exposure Project (CEP) modeling analysis,
which is based on 1990 emissions data, the average modeled concentration of chromium
exceeded the health benchmark for hexavalent chromium in some areas of the state. Figures
2.1.10.1.3 and 2.1.10.1.4 are maps showing the areas in Minnesota where the CEP modeling
shows the chromium concentration to exceed the health benchmark for hexavalent chromium.
Table 2.1.10.1.1 gives a comparison of the CEP model predictions with monitored values.
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Figure 2.1.10.1.3 Map of model-predicted chromium concentrations
This map can be seen in color at http://www.pca.state.mn.us/air/at-cep.html.

U.S. EPA Cumulative Exposure
Project - Modeled Air Concentrations
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Figure 2.1.10.1.4 Map of model-predicted chromium concentrations
This map can be seen in color at http://www.pca.state.mn.us/air/at-cep.html.
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Table 2.1.10.1.1 MPCA-measured total chromium concentrations (ug/m®) versus
concentrations estimated in the EPA Cumulative Exposure Project

. Difference % difference
Monitored EPA CEP (model- (difference/
Site No. Site Name mean value modeled value monitor) monitor*100)

260  Plymouth 0.0010 0.0013 0.0003 3327

820 BushSt 0.0015 0.0036 0.0021 138.26
871 HardingHi 0.0014 0.0056 0.0042 297.50
945  MplsLibrary 0.0015 0.0036 0.0021 143.15
958 MhahaAcad 0.0011 0.0040 0.0029 261.75
1241  |_Falls1241 0.0009 0.0002 -0.0007 -79.73
1400 Sandstone 0.0011 0.0000 -0.0011 -96.17
2005 FergusFalls 0.0011 0.0005 -0.0006 -58.36
2010 Alexandria 0.0010 0.0002 - -0.0008 -80.59
2401 Warroad 0.0005 0.0000 -0.0005 -95.27
3049 LittleFalls 0.0011 0.0001 -0.0010 -88.11

3050 ElkRiver 0.0010 0.0002 -0.0008 -82.06
4002 Pipestone 0.0011 0:0001 -0.0010 -90.22
4003 GraniteFalls 0.0006 © 0.0001 -0.0005 -81.86
5008 Rochester 0.0005 0.0004 -0.0001 -14.22
5356 Zumbrota 0.0010 0.0003 -0.0007 -67.37
7014  Hibbing 0.0009 0.0006 -0.0003 -33.37
7549 Duluth7549 0.0010 0.0003 -0.0007 ~ -73.90

Average over all sites ©  0.0010 - 0.0012 0.0002 -3.74

2.1.10.2 What are the health effects of chromium?

Chromium may exist in several chemical forms in the environment. The most commonly
occurring forms in the environment are chromium metal (0), trivalent Cr(III) and hexavalent
Cr(VI). Scientific studies support that hexavalent chromium is much more toxic than trivalent
chromium. In addition, trivalent chromium is an essential element for animals and humans and
potentiates the action of insulin in peripheral tissues. Ingested hexavalent chromium is '
efficiently reduced to Cr(IIl), although a small amount may be absorbed. Inhaled hexavalent
chromium may be absorbed into the circulation system, transferred to the gastrointestinal tract or
remain in the lungs. Following inhalation, a number of factors influence the absorption, but once
absorbed, significant amounts are taken up in the bone, liver, kidneys and spleen. However, the
respiratory tract is the major target organ from inhalation exposure to chromium. Chronic
inhalation exposure may cause perforations and ulcerations of the septum, bronchitis, decreased
pulmonary function, pneumonia, asthma and nasal itching and soreness. Chreonic dermal
exposure may cause contact dermatitis and sensitivity and ulceration of the skin. Results of
occupational epidemiologic studies clearly establish that chromium is a carcinogen by the
inhalation route. Workers are exposed to both Cr(III) and Cr(VI); however, animal data support
the human carcinogenity data only for hexavalant chromium. The EPA classifies Cr(VI) as a
Group A, human carcinogen and Cr(III) as a Group D, not classifiable as to human
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carcinogenicity.- The MPCA ‘uses the draft HRV-established by the Minnesota Department of
Health as the health benchmark for Cr(VI). This value is 0.0008 pg/m3, and corresponds to an
excess lifetime cancer risk of one in 100,000. The EPA has established inhalation reference
concentrations for chromic acid mists [and dissolved Cr(VI) aerosals] and Cr(VI) particulates, at
0.008 pg/m and 0.1 pg/m’, respectively.

Uses of Chromium: The metal chromium is used mainly in steel and other alloy production.
Chromium compounds are used for chrome plating, leather tanning and wood treatment. They
are also used in manufacturing pigment for paints, rubber and plastic products. Chromium used
to be used in treatment of cooling tower water, but that use is now prohibited.

2.1.10.3 How are people exposed to chromium?

Chromium is a naturally occurring element. It is released to the air, water and soil mostly in the.
form of Cr(III) and Cr(VI) as a result of anthropogenic and natural sources. Chromium binds
strongly with soil, and only small amounts move to groundwater. In air, chromium compounds
are present mostly as fine dust particles. Persons who live near or work in industries that process
chromium or chromium compounds can be exposed to higher-than-normal levels of Cr(VI).
These include stainless steel welding, chromate production, chrome plating, ferrochrome
industry and chrome pigments. Persons living near cement-producing plants (Minnesota does

" not have any cement plants) and busy roadways may be exposed to higher-than-normal levels of
chromium because cement contains chromium as do emissions from automobile brake linings
and catalytic converters. Persons living near landfill sites with chromium-containing wastes or
waterways that receive industrial discharges from electroplating may be exposed to higher-than-
normal levels of chromium if drinking water sources become contaminated. Tobacco products
also contain chromium; thus, persons who use tobacco products are exposed to higher-than-
normal levels of chromium. A major source of chromium emissions to the atmosphere is being
eliminated through the EPA National Emission Standards for Industrial Cooling Towers, which
prohibit the use of chromium as a rust inhibitor in industrial cooling towers.

2.1.10.4 What happens to chromium in the atmosphere?

Because chromium is present in the atmosphere mainly in particulate form, the transport and
partitioning of chromium in the atmosphere depends largely on particle size and density. The
mass median diameter of ambient chromium particulates is quite small (approximately 1.0
micron), which means particles will remain airborne and transported over distances. The
expected residence time of atmospheric chromium is expected to be less than 10 days.
Chromium is removed from the atmosphere by dry and wet deposition, and acid rain may

~ facilitate removal of acid-soluble chromium compounds. In the atmosphere, Cr(VI) may be
reduced at a significant rate to Cr(IIl) by vanadium (V2*, V" and VO**), Fe**, HSO> and As>*.
In converse, Cr(IIl) can be oxidized to Cr(V]) in the presence of manganese oxide; however, this
is not a very likely atmospheric transformation.
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2.1.10.5 Which sources emit chromium?

Emissions of Chromium: Chromium is emitted from ferroalloy and steel production, secondary
aluminum and lead production, gray iron foundries, and manufacturing mineral products. It is
also emitted from fossil fuel combustion and solid waste incineration. Chromium is detected in
motor vehicle exhaust and tobacco smoke. Chrome plating is a major source of chromium (VI)
emissions. However, the available data are not adequate to quantify source contributions for
chromium (VI). The following analysis is performed for the total chromium, including
chromium (IIT) and chromium (VI).

Figure 2.1.10.5.1 shows emissions of chromium by source category in Minnesota. This figure is
based on the 1990 emission data from the EPA’s CEP study. According to the study, the
primary emission sources are point sources (including TRI, refinery, other point and (municipal
waste combustor (MWC) sources), contributing approximately 83 percent of chromium
emissions. Area sources contribute 12 percent of chromium emissions, and the contribution of

mobile sources is only 5 percent. The definition of each source category is shown in Appendix
C. "

Figure 2.1.10.5.1° 1990 emissions of chromium By source category
(Data are from the EPA CEP study for the State of Minnesota.)

12% On;’lol/o ad . Non-Road
0 2%
TRI MWC
44%, 3%
—— Other Point
Refineries 33%
" 3%

Chromium emissions by principal source category for point sources are shown in Figure
2.1.10.5.2. According to the preliminary results of the 1996 Minnesota air toxics emission
inventory for point sources, electric services, manufacturing transportation equipment and metal
mining/iron ores each contributes about 20 percent of chromium emissions from point sources.
Manufacturing fabricated metal products and primary metal industries have about 10 percent

contributions each. The remaining 20 percent of chromium emissions are attributed to other
point sources.
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Chromium emissions-by principal source category for Minnesota area sources are shown in
Figure 2.1.10.5.3, where the data are from the EPA’s CEP study for 1990. Industrial processes
are the primary area sources to chromium emissions, with a contribution of 54 percent. Waste
disposal, treatment and recovery contribute 25 percent of chromium emissions from area sources.
Other contributors are stationary source fuel combustion and miscellaneous area sources.

Figure 2.1.10.5.2 1996 chromium emissions by principal source category
for point sources
(Data are from the preliminary 1996 Minnesota emission mventory )
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Figure 2.1.10.5.3 1990 Chromium emissions by principal source category
: for area sources
(Data are from the EPA CEP study for the State of Minnesota.)
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The 1989-t0-1996 trend in chromium emissions for the Minnesota TRI point sources is shown in
Figure 2.1.10.5.4. Chromium emissions reduced from 38,680 1b in 1989 to 7,903 Ib in 1996.
The most significant reduction — about 61 percent — occurred from 1993 to 1994, due to the
prohibition of chromium compounds in treatment of cooling tower water.

Figure 2.1.10.5.4 Trend in chromium emissions based
on TRI point source data
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) 2.1.10.6 Chromium summary

Model predictions from the EPA Cumulative Exposure Project show chromium concentrations
exceeding the health benchmark on the Iron Range, in the Twin Cities metropolitan area and in a
few other places in Minnesota. Monitoring data are mostly below the lower detection limit, but
there is a good indication that concentrations exceed health benchmarks at some sites. The
health benchmark is for hexavalent chromium [Cr(VI)], so the implicit assumption is that the
measured chromium is in the hexavalent form. If this is not the case, the health implications may
be overstated. . - . - ‘ :

Humans need very small amounts of elemental chromium. On the other hand, hexavalent
chromium is classified as a known human carcinogen, and trivalént chromium [Cr(II)] is
considered not classifiable as to human carcinogenicity. Both hexavalent and trivalent
chromium have been linked to a variety of health effects, although hexavalent chromium is the
more toxic of the two forms. The majority of chromium emissions to-the air (about 83 percent)
come from point sources, including metals production and processing and chrome plating. The
extent of public health concern in Minnesota from air emissions of chromium is uncertain at

present. More work is needed to quantify chromium concentrations and to speciate chromium
among the various Valence states.

Nz
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2.2 Priority Persistent, Bioaccumulative Toxics (PBTs)

This report describes two groups of air toxic pollutants of primary concern in Minnesota. In the
first section (2.1), 10 chemicals were identified as pollutants of concern. For these chemicals,
the monitoring concentration, modeling concentration or both exceeded the health benchmarks in
some areas of Minnesota.

In this section, a number of persistent, bioaccumulative toxic (PBTs) chemicals of potential
concern in Minnesota are introduced. We address PBTs separately because of differences that
exist between PBTs and the 10 pollutants discussed in section 2.1.

PBTs are a unique group of chemicals that demonstrate varying degrees of three properties:

1. They are persistent (P) in ecosystems and break down slowly, if at all, in the environment.
They are bioaccumulative (B), are not easily metabolized and are collected in the tissues of
fish, other animals and plants, often becoming more concentrated as they move up the
ecological food chains/webs through consumption or uptake.

3. They are toxic (T) and may be hazardous to human health or ecological receptors in a variety
of ways, depending on the chemical and the organism that is exposed. The symptoms of
contamination may not be immediate, and dramatic health effects may show up in subsequent
generations.

PBTs are long-lasting pollutants that are noticeable due to their ability to travel long distances,
transfer and partition among environmental media, and bioaccumulate in aquatic and/or
terrestrial organisms. PBTs are pollutants of concern on national and international levels.

Persistence, bioaccumulation and toxicity (the PBT criteria) are three characteristics of PBTs
considered to be important determinants of potential adverse health effects to human, wildlife
(birds and mammals) and aquatic life associated with actual or potential releases of chemicals.

-In the standard risk-assessment practices, toxicity is a characteristic reflecting the nature and

severity of adverse effects in response to a given exposure, while persistence and
bioaccumulation potential are two of the characteristics that influence the extent of exposure to
(or contact with) chemicals. The health benchmark used for the pollutants in section 2.1 was
based on the toxicity and adverse health effect on the general public, not other biological
receptors. Persistence and bioaccumulation potential are not as important for the pollutants in
section 2.1 as they are for PBTs in evaluating the adverse health effects on human and other
biological receptors.

Unlike the chemicals discussed in section 2.1, PBTs are not of primary concern solely based on
their concentrations in the ambient air. Even though they may be emitted directly into the
atmosphere, their health benchmarks (if any have been established) do not necessarily directly
relate to their concentration in the air. Often, even if not detected in the ambient air, they can
adversely affect humans, wildlife or aquatic life in other environmental media. In addition,
routine ambient air monitoring does not exist for the PBTs of most concern.
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Pollutants with these characteristics remain in the environment for decades, often moving from
one medium to another (e.g., from air or water to soil and sediment). Additionally, they enter
and are distributed through the food web, accumulating in the tissues of animals, including
humans. PBTs may be present at harmful levels in the environment and remain for generations
in humans, wildlife and aquatic life. They may interfere with the normal functioning of
endocrine or hormone systems, central nervous systems and immune systems. They may cause a
variety of problems with development, behavior and reproduction (i.e., birth defects in humans
and/or reduced populations and altered community structures within ecosystems) as well as
cancer. ‘

For the reasons listed below, PBTs raise unique, often difficult, management challenges that we
feel require separate attention from the 10 pollutants previously discussed.

o The priority PBTs listed in this section have all three characteristics of a PBT, while the
chemicals discussed in section 2.1 do not necessarily have all, but may have one or two of
the three characteristics.

e There is no ambient air monitoring program for these chemicals, but there is for most of the
chemicals discussed in section 2.1. :

e In order to evaluate PBTs, there is a need for environmental monitoring in multiple media
(both biotic and abiotic samples throughout the food web).

e The immediate concern with the chemicals discussed in section 2.1 is the direct health impact
on the exposed population. With PBTs, not only are we concerned with the direct impact on
the first generation, but also the impact on their offspring and later generations.

e  Although many PBTs are banned and have not.been produced or consumed for many years,
they are still present in environmental samples.

e In order to control the emissions or release of PBT's into Minnesota’s environment, not only a
multimedia approach within the MPCA and between the state’s agencies is required, but
there should also be national and international strategies to deal with these ubiquitous
chemicals. Therefore, the PBT problem is more of a global and international concern,
whereas the pollutants discussed in section 2.1 tend to be more state and local issues.

. The PBT chemical pfoducts and byproducts are not generated by a sirigle process, do not

originate from the same source, and their distribution is not limited to a single medium. Because
PBTs easily cross boundaries between environmental media, they are regulated by a variety of
laws, regulations and programs. Thus, the MPCA needs a comprehensive and variable strategy
for addressing these chemicals. |

The recommended PBTs of concern: Both anthropogenic and natural PBTs cause environmental
problems. Anthropogenic PBTs have existed for a relatively short time, while other PBTs, such
as mercury and cadmium, occur naturally. PBTs also can be grouped as historical problem
chemicals (e.g., DDT and PCBs), as PBTs currently in production (e.g., hexachlorobenzene and
mercury) and as new PBTs that may enter the environment in the future.
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In order to identify the PBTs that should be a priority for the MPCA, we applied the following

criteria:

e The chemical in question should demonstrate all three characteristics of a PBT: persistence,
bioaccumulation and toxicity.

e The PBT must transfer easily between media — from air and water to the soil and the
sediment — thereby facilitating accumulation through food webs. ‘

e The PBT must be present in Minnesota’s abiotic and biotic environments (including human,
wildlife and aquatic life).

Also, because this paper focuses on air toxics, we ranked the PBTs that are released primarily
into the atmosphere as a higher priority.

Following is a list of persistent, bioaccumulative, toxic chemicals of special concern in
Minnesota. As shown in Table 2.1, the list was derived from a combination of the Level I
substances under the Binational Toxic Strategy, the U.S. Great Lakes Water Quality Guidance,
Tier I and Tier II substances that form the baseline commitment under the Canada-Ontario
Agreement, and the Resource Conservation and Recovery Act PBTs. All listed chemicals meet
the criteria mentioned above. This list is the starting point for implementing Minnesota’s PBT
strategy. The list will be revised as more information becomes available, and as we receive
comments from MPCA managers and staff, and Minnesota Department of Health and other
experts. Table 2.2 provides more information about some of the primary sources of the listed
priority PBTs.

PBTs of special concern in Minnesota include:

1. Dioxins (PCDD) / furans (PCDF) and dioxin-like compounds (i.e., coplaner PCBs)
2. Mercury and mercury compounds

(%]

(POM)

Polychlorinated biphenyls (PCBs)

Hexachlorobenzene (HCB)

Cadmium and cadmium compounds

Toxaphene ‘

Other chlorinated pesticides (e.g., chlordane, mirex, aldrin/dieldrin, DDT)
Alkyl-lead (tetraethyl lead and tetramethyl lead)

e A

Mercury is the subject of a special MPCA initiative. Mercury has been studied intensively, and
its emissions have been quantified separately. Appendix M contains a summary of the initiative,
why mercury is a problem in the environment, mercury sources, trends and monitoring.
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Table 2.1 Recommended Priority Persistent, Bioaccumulative Toxic (PBT)
Chemicals :

—’

oL - US. EPA
_ . Blnan?nal Great 'Great Lake§ Priority | RCRA
PBT Chemical Toxic W Bioaccumulative B PBT
Strategy - | . aters Chemicals PBTs S
. _ Pollutants ~ - (Level 1)
1. Dioxins (i.e. 2,3,7,8-TCDD)/ - :
farans ie. 2378TcDR) | X | X X X X
2. Mercury & mercury X X X X X
compounds , .
3. Polycyclic aromatic
hydrocarb'ons (PAHs) or X X X X
polychlorinated organic
matter (POM) . .
4. Polychlorinated biphenyls
(PCB) X X X X X
5. Hexachlorobenzene (HCB) X X X X X
6. Cadmium and cadmium
X X
compounds
7. Toxaphene X X X - X X
8. Other chlorinated pesticides:
DDT (DDD,DDE), X X X X X
chlordane, mirex,
aldrin/dieldrin
9. Alkyl-lead compounds: :
tetraethyl lead, tetramethyl X X X X
lead
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Table 2.2 Sources of Priority Persistent, Bioaccumulative Toxic (PBT) Chemicals

PBT Chemical

CAS #

Sources

. Dioxins (i.e. 2,3,7,8-TCDD)
furans (i.e. 2,3,7,8-TCDF)

1746016
30402143

Formed as a byproduct in waste incineration, pulp
and paper industry, power generation; cement
kilns, cigarette combustion, metallurgical
processes, chemical manufacturing and forest fires.

Mercury and its compounds

7439976

Incidental emissions during energy production
from coal, petroleum, wood and natural gases
(about 21% of total state emissions), volatilization
during product disposal and incineration (about
69%) and emissions incidental to other activities,
such as taconite processing, soil roasting and pulp
and paper manufacturing (about 10%).

Polycyclic aromatic
hydrocarbons (PAHs) or’

polychlorinated organic matter .

(POM)

N590

Result from incomplete combustion of organic

“compounds (e.g., coal, petroleum, gasoline and

diesel-engine exhaust), residential wood
combustion, cigarette smoke, product of petroleum
refining processes and iron/steel mill with coke
oven. Transportation accounts for 1% of national
PAH emissions and may account for 50% of urban
PAH exposure .

Polychlorinated biphenyls
(PCBs)

1336363

Used in insulation for electrical cables and wires;
production of condensers; used in epoxy, adhesive,
calk, plasticizers, additive for lubricants. Improper
management, storage and disposal of PCB waste
(i.e., transformers). Banned — manufacture and use
prohibited.

Hexachlorobenzeng (HCB)

118741

Used to manufacture chlorinated solvents, as a
fungicide, in dye manufacturing, as a degreasing
agent. Formerly used as a pesticide.

. Cadmium and its compounds

7440439

Industrial uses and product sources, such as
electroplating, deoxidizer in nickel plating, metal
alloys, paints and batteries. Emitted hazardous
waste combusters.

. Toxaphene

8001098

Insecticide for cotton, soybeans, peanuts and
maize; used on livestock, vegetables, and for fish
management.

. Other chlorinated pesticides:
DDT (DDD, DDE), chlordane,
mirex, aldrin/dieldrin

50-29-3

57-74-9

£ 2385-85-5

309-00-2

Control insects that carry disease (e.g., malaria and
typhus).

Control termites and insecticide for maize.

Flame retardant, antioxidant, paint additive.

Soil insecticide to control rootworms, beetles.

All are banned.

. Alkyl-lead compounds:

NA

Leaded gasoline in aviation fuel, other fuels used
by military, and possible use in steel making.

tetraethyl lead, tetramethyl lead
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3.0 WHAT ARE THE PRIMARY SOURCES OF THE POLLUTANTS OF
CONCERN?

3.1 What are point, area and mobile sources?

Depending on the source of the emissions data, the definition used for a point, area or mobile
source can vary. We looked at the EPA National Air Pollutant Trends report, the EPA
Cumulative Exposure Project (CEP) and the Minnesota Air Toxics Emission Inventory: ‘Each of
these resources grouped emissions into point, area and mobile sources. Source definitions from
each of these reports were reviewed to determine their consistency in the use of the terms
“point,” “area” and “mobile.” It is important to understand any differences, because inconsistent
definitions can introduce errors into estimated source contributions.

The anesota Air Toxics Emission Inventory compiles information for the pomt source
inventory from two sources. The first source is the annual criteria pollutant emission mventory
(MCEI) compiled by the MPCA. MCEI sources are required to obtain an air emissions permit
and are often large facilities with relatively high emissions. Toxics data are also collected from
facility permit applications. Area sources are defined as any stationary sources not required to
submit criteria pollutant inventories. Examples of area sources are dry cleaning, gasoline service
stations, halogenated solvent cleaners, landfills, agricultural pesticides, publicly-owned treatment
works, residential fuel combustion, residential woodburning, and marine vessel loading. A full
list of area sources is included in Appendix C. Mobile sources are broken down into on-road
vehicles, aircraft, locomotives and nonroad sources. Examples of nonroad sources include
construction vehicles, lawn mowers and recreational vehicles, such as snowmobiles, all-terrain
vehicles and personal watercraft.

The CEP’s source definitions are similar to those used for the Minnesota Air Toxics Emission
Inventory. Point sources include facilities reporting to the Toxic Release Inventory (TRI) and
point sources from the national Interim VOC or PM;, Inventories. Examples of point sources
include manufacturing facilities; refineries; municipal waste combustors; hazardous waste
treatment, storage and disposal facilities; and combustion sources. CEP area sources are divided
into two categories: manufacturing and nonmanufacturing. Chemical manufacturing, degreasing,
wood products and industrial surface coating are included in the manufacturing sources. The
nonmanufacturing source definition includes dry cleaning, wastewater treatment, gasoline
service stations, small stationary combustion and other sources. Mobile sources are comprised
of on-road and nonroad sources.

The EPA Trends report defines point, area and mobile sources in a similar way. Large facilities
are point sources. Smaller facilities with lower emissions are area sources. However, mobile
sources are a subcategory of area sources. The Trends report relies more on a “tier” system to
define the emission sources. Each source falls under two tiers. The first tier is a general
description, such as solvent utilization, metals processing and industrial fuel combustion. The
second tier is more descriptive. Examples include dry cleaning (solvent utilization), nonferrous
metal processing and coal combustion (industrial fuel combustion).
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The Minnesota Air Toxics Inventory is derived from the state criteria pollutant inventory.
Minnesota state law requires point sources in the criteria inventory to report their emissions. The
CEP study bases its point source emissions on the TRI and national criteria inventories, which
are regulated by their own, different, federal rules. Appendix C includes more specific source
definitions.

3.2 What sources are primary contributors to multiple pollutants?

We analyzed available emission information in Minnesota, including the pr