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EXECUTIVE SUMMARY 

The use of ceramic particulate traps, in conjunction 

with manganese fuel additives, has been viewed as a way to 

reduce emissions of particulate matter from diesel-fueled 

vehicles. This report focuses on the potential health 

effects from increased public exposure to manganese emissions 

from such a use. 

Manganese is the 12th most abundant element on earth. 

Ambient levels of manganese rarely exceed 0.1 Mgfm 3 . 

Manganese is classified as an essential element for physi

ologic functions. Average daily intake of manganese, which 

is mostly from food, is about 3 to 4 mgjday (range 2 to 9 

mgjday) . Homeostatic mephanisms (primarily by regulation of 

intestinal absorption and biliary excretion) maintain the 

body burden of manganese between 12 and 20 mg. 

The health effects of major concern from manganese 

exposure are neurotoxic and respiratory. Numerous studies, 

mostly in occupational groups exposed to very high levels of 

manganese (in the mgjm 3 range), have demonstrated that 

prolonged exposure to relatively high levels of manganese 

leads to manganism (a Parkinson-disease like syndrome) and 

other symptoms of central nervous system toxicity, as well as 

to pneumonitis, bronchitis, and increased susceptibility to 

pulmonary infections. Pulmonary effects of manganese have 

been observed to occur at lower levels of exposure than 

neurotoxic effects. 

The health effects of exposure to low levels of 

manganese have not been well characterized. An epidemiologic 
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study (Saric et al. 1977) has reported neurotoxic effects of 

manganese 

Mg Mnjm 3 . 

at exposure levels that were between 300 and 5,000 

Another epidemiologic study (Nogawa et al. 1973), 

which focused on respiratory symptoms in children attending a 

school near a ferromanganese plant, has reported health 

effects at levels as low as 3 to 11 Mg Mnjm 3 . However, 

serious problems with the study (such as poor characteriza

tion of exposure, failure to blind observers and to randomize 

students, and a lack of control for the confounding factors) 

suggest that the results of the study are not reliable. All 

other studies have reported adverse effects at levels that 

are one to two orders of magnitude greater. 

A modeling study by Volkswagen (1984) for emissions of 

manganese suggests that the worst-case ambient concentration 

of manganese in an urban street canyon is likely to be less 

than 0.5 Mg/m 3 (the assumptions include 6.6 percent penetra

tion of the manganese technology into the vehicle fleet, 

emissions of 100 percent of the manganese added to the fuel 

in the emissions, high manganese consumption, and worst-case 

traffic conditions). HEI has independently verified the 

Volkswagen calculations. If an individual, such as a traffic 

policeman, worked outdoors all day in a street with the 

worst-case levels of manganese, his daily intake of manganese 

by inhalation from ambient sources would be 3.6 Mg. This is 

a very small amount compared to the daily dietary intake of 

manganese (3 to 4 mgjday), and is not expected to tax the 

body's homeostatic mechanisms that regulate manganese. 

On the basis of the information in the literature, and 

the exposure and dose of manganese estimated in this report 

and summarized above, it appears very unlikely that exposure 

to airborne manganese from mobile sources (worst-case level 

0.5 Mg/m 3 ) would produce adverse neurologic effects. 
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Regarding respiratory effects, the difference between 

estimated exposure (worst-case level Oo5 Mg Mnjm3 ) and the 

lowest level at which health effects have been reported in 

the Nogawa et alo (1973) study (3 to ll Mg Mn/m3 ) is not very 

largeo However, in view of the concerns regarding the Nogawa 

study, it appears unlikely that the increased ambient levels 

of manganese from trap-equipped diesel vehicles would produce 

adverse respiratory effectso 

Given the paucity of information at the anticipated low 

levels of manganese from its use in diesel-powered vehicles, 

if manganese were to be used as a fuel additive, it is very 

important that the emissions of manganese be characterized in 

terms of their physical form and chemical species, the 

assumptions made in estimating the emissions, exposure, and 

dose of manganese be suo.stantiated, and the results of the 

Nogaw~ study be reviewed and evaluated in greater depth than 

attempted in this reporto 

INTRODUCTION 

Combustion of diesel fuel results in the formation of 

fine carbonaceous particles, a number of organic compounds 

that can adsorb to the particles, and a number of gaseso 

Because of concerns with the health effects of diesel emis

sions, the UoSo Environmental Protection Agency (EPA) has 

promulgated regulations that are aimed at reducing the emis

sion of particulate matter from diesel-powered vehicleso The 

EPA has also mandated that the emissions of nitrogen oxides 

from diesel-powered automobiles be reducedo However, because 

of the nature of the combustion process, technologies for 

reducing particulate emissions tend to increase emissions of 

oxides of nitrogen, and vice versao The general approach 

adopted in the automobile industry to meet these regulations 
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is to reduce the generation of nitrogen oxides during combus
tion and to remove the particlulate matter from the exhaust 
stream. 

Some of most promising devices for removing the particu
late matter employ a filter to trap the particles; loaded 
traps are then regenerated by burning off (oxidizing) the 
accumulated particles. A number of different traps have been 
developed for filtering diesel exhaust; among these, the 
ceramic monolith trap appears to have the most useful charac-
teristics. Several approaches have been used for 
regenerating the ceramic filters; the most promising among 
these appears to be the use of metallic fuel additives, such 
as organomanganese compounds. Such compounds reduce the 
combustion temperature of the particles trapped on the 
filter, so that they burn off at the temperature of the 
exhaust. The use of such fuel additives is likely to 
increase the ambient levels of manganese (Mn), particularly 
in urban areas. 

This report focuses on health issues in the context of 
increased public exposure to manganese from diesel-fueled 
vehicles using a trap and manganese fuel additive to reduce 
particulate emissions. The objectives of this report are 
(1) to review information on the health effects associated 
with manganese, (2) to review information on the likely 
exposure to manganese from its intended use, and (3) to 
evaluate whether or not the increased ambient levels of 
manganese might be expected to produce adverse health 
effects. 

As far as the Health Effects Institute (HEI) has been 
able to determine, no automobile or engine manufacturer is 
planning to implement manganese-based technology to reduce 
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particulate emissions in the near future; an earlier attempt 

by Volkswagen in this direction has been abandoned. There

fore, at this time, HEI has not reviewed and analyzed the 

manganese issue as extensively and exhaustively as it did in 

the case of methanol and gasoline vapors. HEI efforts in 

this direction were hampered by the paucity of information on 

the nature of manganese products emitted from the tailpipes 

of vehicles using the manganese technology. If the use of 

manganese fuel additives in the United States becomes a 

reality, and if more information on manganese emissions 

becomes available, HEI will be ready to undertake a more 

comprehensive analysis of the information and, if necessary, 

undertake appropriate research. 

HEI Involvement 

In a letter to the Health Effects Institute (HEI), dated 

June 29, 1984, Volkswagen of America, Inc., requested the HEI 

to undertake an evaluation of potential health issues related 

to emissions from diesel automobiles using manganese

containing fuel additives for particle-trap regeneration 

(Attachment A). On October 7, 1985, the Health Effects 

Institute responded to the Volkswagen request in a letter 

(Attachment B) . 

The HEI letter concluded: "The available data do not 

indicate that currently anticipated levels of manganese emis

sions from diesel automobiles using Lubrizol 8220 are associ

ated with increased public health risks." This conclusion 

was based on an analysis that followed the tenets for 

environmental health assessments. Thus, modeling data on 

projected scen~rios of exposure to manganese emissions were 

evaluated together with the available data base on the health 

effects of manganese to determine whether exposures would 
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occur at or near hazardous levels. The discussion of health 

effects was based on both human epidemiologic and available 

toxicologic data. 

In May 1986, the EPA asked HEI to clarify and amplify 

certain specific findings of HEI's report. The EPA also 

suggested that HEI undertake a research program on the health 

effects of low levels of manganese. The general issues of 

HEI's role in assessing the health effects of unregulated 

pollutants were elaborated in a memorandum to the record from 

Gray, Grumbly, and Maxwell, dated August 11, 1986 (Attachment 

C) • 

In the winter of 1986, HEI heard from Volkswagen that it 

was abandoning the use of manganese fuel additives and 

planned to switch to fuel additives containing other metals. 

In May 1987, the EPA reiterated its interest in receiving 

from HEI an evaluation of the health effects of manganese. 

This report has been prepared in response to that request. 

Prior to the technical summary, we briefly discuss the 

statutory and institutional frameworks for our response. 

Framework and Process 

The evaluation of health effects of manganese is 

relevant both to the compliance of automobile manufacturers 

with the Clean Air Act and to the chartered role of the 

Health Effects Institute. Section 202 (a) (4) of the Act 

states that "no emission control device, system, or element 

of design shall be used in a new motor vehicle or new motor 

vehicle engine for purposes of complying with standards pres

cribed under this subsection if such device, system, or 

element of design will cause or contribute to an unreasonable 
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risk to public health, welfare, or safety in its operation or 

function." The manganese additive in question is a key 

ingredient in a new technology designed to lower diesel 

particulate emissions in compliance with federal and Cali

fornia state laws. As such, this technology is covered by 

Section 202(a) (4) of the Clean Air Act. 

The Health Effects Institute operates under the joint 

sponsorship of the EPA and the motor vehicle industry, and is 

structured to define, support, and review scientific research 

aimed at improving understanding of the possible health 

effects of mobile source emissions. In a letter dated March 

20, 1984, to all motor vehicle and engine manufacturers, 

Joseph Cannon, the EPA Assistant Administrator for Air and 

Radiation, and Bernard Goldstein, the EPA Assistant 

Administrator for Research and Development, jointly reaf

firmed the Health Effects Institute as "the primary mechanism 

through which participating motor vehicle manufacturers 

discharge their health testing responsibilities under Section 

202(a) (4) of the Clean Air Act.'' They further urged ''that 

unregulated emissions of potential importance be brought to 

the Health Effects Institute's attention in a timely manner.'' 

It is in the context of meeting its obligation to its 

sponsors, and its role in helping to implement Section 

202(a) (4) of the Clean Air Act, that the HEI has conducted an 

evaluation of the anticipated levels of ambient manganese 

from its use as a fuel additive, and of potential adverse 

health effects from such exposure. 
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BACKGROUND INFORMATION ON MANGANESE 

Ambient Levels of Manganese 

Manganese is the 12th most abundant element on earth and 

is found mainly in oxide or carbonate form as a natural 

constituent of soil and water. As such, manganese is a 

component of background aerosol that winds, waves, and other 

natural processes generate. 

Monitoring of ambient manganese in the United states 

started in 1953. As a general trend, ·manganese levels have 

decreased since that time and have remained relatively stable 

since 1972. Improved industrial control processes are 

believed to account for much of the decrease. Quarterly data 

collected by the National Air Surveillance Network show that 

between 1972 and 1982 in urban sites, the highest median 

level of manganese for any year was 0.034 Mgjm3 (1978), and 

the highest 95th percentile level was 0.12 Mg/m 3 (1972); 

corresponding values for non-urban NASN 

0.009 Mgjm3 (1977) and 95th percentile 

197 7) (U.s. Environmental Protection 

sites are a median of 

of o. 030 Mgjm3 (1976, 

Agency 1984) . These 

data, though valuable, are regional and tend to obscure the 

higher local manganese levels that may result, for example, 

from industrial activity, quarrying processes, or 

foundries, manganese levels can 

and near ferromanganese plants, 

farming. 

typically 

they can 

For example, near 

reach 0. 3 Mg/m 3 , 

exceed 1 Mgfm3 . EPA Storage and Retrieval of Aerometric Data 

(SAROAD) collected from 1980 to 1982 (Table 1) show that many 

areas experience peak 24-hour manganese levels in excess of 

0.1 Mgjm 3 , and that locations in Indiana, Maryland, and 

Pennsylvania registered mean 24-hour averages greater than 
3 0.1 Mgfm . 
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The highest exposures to airborne manganese occur 

occupationally in mining operations, ore-processing plants, 

and ferromanganese plants (Table 2). The levels in these 

settings may be higher by a thousand times or more than the 

ambient urban levels discussed earlier. In recognition of 

the potential toxicity of manganese at these extreme occupa

tional levels, workplace standards have been set (Table 3). 

At 300 ~g;m3 time-weighted average, the World Health Organi-

zation has the most stringent standard. In interpreting the 

meaning of this level, it is important to bear in mind that a 

workplace standard applies to a workforce that is presumed 

healthy and more resilient to environmental insults than the 

population at large. Workplace standards are not applicable 

to the general public and should not be construed as protec

tive of the public's health. 

Dietary Intake and Body Burden 

Manganese is classified as essential for normal physi

ologic functions, such as skeletal development and reproduc

tion. It is a necessary activator or cofactor of numerous 

enzymes and is especially concentrated in tissues rich in 

mitochondria. Average adult dietary intake of manganese is 

about 3 to 4 mg per day (usual range 2 to 9 mgjday) resulting 

in a steady-state body burden of 12 to 20 mg for a 70 kg 

person (National Research Council 1973). This manganese is 

distributed throughout the body's tissues as shown in Table 

4. Manganese-deficient states have been described for 

several mammalian species. 

Manganese is found in a wide variety of foods (Table 5), 

and food accounts for at least 98 percent of an adult 

person's daily intake of manganese, with practically all the 

remainder in beverages. Inhalation, in all but the most 
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polluted occupational settings, contributes negligibly to the 

body burden of manganese. 

Despite the variability in the daily ingestion of 

nutrients, homeostatic mechanisms maintain 

concentrations at relatively stable levels. 

tissue manganese 

This control is 

exercised primarily by regulation of intestinal absorption 

and biliary excretion of manganese (Abrams et al. 1976; 

Klaasen 1974). 

Under normal circumstances, humans absorb roughly 3 

percent of ingested manganese across the intestinal wall, 

with the rest passing into the feces (Mena et al. 1969); 

similar uptake has been reported in experiments on animals 

(Greenberg et al. 1943; Pollack et al. 1965). Once across 

the intestinal wall, manganese is cleared rapidly (within 

several minutes) from the bloodstream and distributes 

throughout the body, the largest fractions usually delivered 

to liver and kidney (Cotzias et al. 1968; Cahill et al. 

1980). Clearance of manganese from the body occurs in two 

phases: fast and slow. A study of humans injected 

intravenously with radioactive manganese chloride reports 

that approximately 70 percent of the injected activity was 

cleared in a slow phase with a half-time of 39 days; the fast 

component half-time was four days (Mahoney and Small 1968). 

Studies of mice have also shown two-phase clearance kinetics 

(Britton and Cotzias 1966). These phases may represent the 

dynamics of manganese utilization within tissues, but prob

ably also reflect the highly variable turnover of manganese 

among tissues. For example, turnover of manganese is consid

erably slower in the brain than in the liver (Cotzias et al. 

1968; Cahill et al. 1980; Rehnberg et al. 1980, 1981). 

Elimination of previously absorbed manganese is almost exclu

sively in the feces and is principally associated with 

biliary secretions (Klaasen 1974). 
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HEALTH EFFECTS OF MANGANESE 

Being an essential element, manganese exhibits the 

deficiency-sufficiency-toxicity spectrum; the discussion in 

this report is focused on the toxicity end of this spectrum. 

The adverse health effects of manganese have been reviewed by 

several authors (Cooper 1981; Fraunhofer-Institut 1984) 

including an in-depth review by the EPA (U.S. Environmental 

Protection Agency 1984). 

Administration of manganese compounds by subcutaneous, 

intraperitoneal, or intramuscular routes has induced tumors 

in some animal studies, but not in others (reviewed in u.s. 
Environmental Protection Agency 1984). There are no studies 

which have investigated whether inhaled manganese is 

carcinogenic in laboratory animals, and there is no 

epidemiologic information that sheds light on the 

carcinogenicity of manganese in humans. 

The adverse health effects of greatest concern are 

neurotoxic and respiratory, and these have been reported over 

the past several decades in studies of occupational exposure 

to manganese. The vast majority of animal work has been 

conducted with oxides of manganese (which are insoluble), or 

Mncl 2 (soluble) administered by subcutaneous, 

intraperitoneal, or intramuscular routes; relatively little 

work has been done on the effects of exposure via the inhala

tion route. 

Modifying Factors 

Before discussing the neurotoxicity or pulmonary 

toxicity of manganese, it is important to discuss briefly 
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several factors that modify the uptake and subsequent 

disposition of manganese. These factors are divided into six 

categories: the first two concern the quantities of 

manganese in the exposure and already in the subject; the 

next two involve the state of the subject; and the final two 

focus on the chemical and physical aspects of exposure, 

particularly the route of exposure. Though identified sepa

rately, they are, by nature, interrelated. 

Dose administered: As the dose of manganese given 

orally (in oxide form) to laboratory animals increases, the 

percentag·e of absorption across the intestinal wall decreases 

(Cahill et al. 1980). Furthermore, as the dose of manganese 

given intraperitoneally or intravenously increases, the rate 

of biliary excretion also increases (Greenberg and campbell 

1940; Klaasen 1974). Thus, aS mentioned previously, 

controlled absorption and excretion function to stabilize the 

body burden of manganese in the face of varying dose. 

Preexisting Body Burden of Manganese: 

animals and humans show that subjects with 

Experiments on 

elevated dietary 

levels of manganese, or an occupational history of exposure 

to manganese, eliminate a radiolabeled intravenous or oral 

dose of manganese with shorter half-times than subjects with 

normal body burdens (Cotzias et al. 1968; Suzuki 1974; Abrams 

et al. 1976). Therefore, both incoming dose and existing 

body burden of manganese constitute important inputs to the 

mechanisms responsible for regulation of manganese levels in 

the body. 

Age of Subject: The barriers to manganese transport 

that operate in adult rats at the intestinal wall, and at the 

blood-brain and blood-testes interfaces, are not yet fully 

developed in preweanling subjects. Consequently, manganese 
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accumulates in brain, testes, and other tissues of very young 

rats fed manganese-rich diets to a greater extent than it 

accumulates in the tissues of older animals (Kostial et al. 

1978; Rehnberg et al. 1982). Homeostasis of manganese in the 

rat starts to become apparent during the third week of life, 

and over time, manganese levels return to normal (Cahill et 

al. 1980; Rehnberg et al. 1981). These findings suggest that 

human infants may accumulate manganese from dietary or other 

sources at rates higher than those observed for adults. 

Diet and Nutritional Status: The whole body retention 

of manganese given orally as chloride to adult rats is over 

100-fold higher when administered in a milk diet than when 

given in a standard diet (Kostial et al. 1978). Milk appar

ently stimulates manganese absorption and, in this regard, 

plays a "normal" role in its uptake during weaning. Another 

important factor that affects manganese uptake is iron 

deficiency. Interrelationships between this condition and 

manganese uptake are described in humans, but in more detail 

in laboratory animals (Pollack et al. 1965; Mahoney and Small 

1968; Mena et al. 1974; Rehnberg et al. 1982). Briefly, 

iron-deficient states lead to increased absorption and 

distribution of manganese, and this effect may be especially 

pronounced in very young animals. 

Manganese Species: Practically all experiments on 

manganese have employed either its oxide or its chloride 

form. Both forms are absorbed and distributed to the body's 

tissues but not necessarily in quantitatively equivalent 

manners. For example, in 8 to 12-day-old rats, the 

percentage of uptake of intubated Mn 3o 4 decreases dramati

cally with dose (down 17-fold when dose increases 50-fold) 

whereas the regulation of Mncl 2 is relatively moderate (down 

by 25 percent when dose increases 20-fold) (Cahill et al. 
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1980). Furthermore, the dispositions of the chloride and 

oxide forms differ following intratracheal administration, 

the chloride-associated manganese leaving the lung faster and 

appearing sooner in the feces (Drown et al. 1986). These 

differences are probably due, to a great extent, to the high 

aqueous solubility of manganese chloride and the relative 

insolubility of the oxide forms of manganese. One study 

shows that manganese oxides may partially solubilize within 

the acidic environment of lung macrophage phagosomes (Lund

borg et al. 1984). 

Route of Exposure: The preponderance of knowledge 

concerning the pathways leading from manganese uptake to 

excretion is based largely on feeding studies and to a lesser 

extent on studies using parenteral routes of exposure with 

particularly little information available on the inhalation 

~oute. One might expect that, since parenteral routes escape 

the initial "checkpoint" at the intestinal epithelium and 

subsequent direct entry into the portal circulation, the 

percentage of absorption and distribution of manganese 

following intraperitoneal injection or inhalation exceeds 

that following oral ingestion; on the basis of a limited 

number of studies, this, in fact, appears to be plausible 

(Mauri 1973; Kostial et al. 1978; U.S. Environmental Protec

tion Agency 1984). 

In summary, the total body burden of manganese is 

maintained by the regulation of intestinal absorption and 

biliary excretion; this equilibrium is affected by factors 

such as age (the young accumulate more), diet and nutritional 

status (iron-deficient individuals are more vulnerable), the 

chemical form of manganese, and the route of exposure. 
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Fate of Inhaled Manganese 

The EPA's Health Assessment Document for Manganese 
states: "There are no quantitative data on absorption rates 
for inhaled manganese either in humans or in animals" (U.S. 
Environmental Protection Agency 1984). Up to that time, 
several inhalation studies using manganese aerosols had been 
performed on humans and animals, but had shed little light on 
subsequent disposition of the metal. In one study, humans 

exposed for 10 minutes to either chloride or oxide aerosols 
of radioactive manganese excreted between 40 and 70 percent 
of the activity within four days (Mena et al. 1969). Mice 
exposed to Mn 3 o 4 aerosol for two hours cleared over 80 
percent of the aerosol from the lung within a day, with 
increases of manganese in kidney and spleen noted by 48 hours 

(Adkins et al. 1980a). 

For manganese inhaled as an insoluble oxide, the rela
tive amounts of aerosol depositing in ciliated airways versus 

pulmonary regions will influence the characteristics of 
manganese clearance from the lung (Brain and Valberg 1979; 
Raabe 1982). Relatively "coarse" aerosols ( 3 to 5 ,um) 
deposit primarily in the nose and upper airways and clear 
within a day directly to the gastrointestinal tract via the 
mucociliary lining; finer aerosols deposit in deeper lung 

regions--nonciliated bronchioles and alveoli--and are subject 
to slower clearance processes (weeks to years). A portion of 
the material deposited in the distal lung is sequestered into 

macrophages that eventually exit the lung on the mucociliary 
escalator; a fraction of macrophage-associated Mn oxides may 

also solubilize (Lundborg et al. 1984). The remainder stays 
associated with lung tissue or eventually enters the blood or 
lymph. The model of the Task Group on Lung Dynamics predicts 

that, for particles with long-term lung retention (weeks to 

- 15 -



years), 5 to 20 percent of the material initially deposited 

in the pulmonary region will ultimately enter the circulation 

(in Stuart 1984). 

The fate of radiolabeled manganese in both oxide and 

chloride forms after intratracheal instillation in rats was 

followed in a study by Drown and coworkers (1986). 

Intratracheal instillation is a method that probably favors 

delivery of material to the lung's alveolar region, and thus 

optimizes particle entry into compartments with long-term 

retention (Brain et al. 1976). For manganese instilled as an 

oxide, roughly 50 percent cleared the lung by three days 

after instillation, 70 percent by seven days, and over 90 

percent by 14 days; after 14 days the lung burden of 

instilled manganese remained relatively constant. Consistent 

with its much higher aqueous solubility, manganese instilled 

as a chloride cleared from the lung four times as fast as the 

oxide in the first week, and from 14 days forward it remained 

in the lung at about the same concentration as manganese 

given as oxide. Accordingly, the radioactivity from 

manganese as chloride reached peripheral tissues more rapidly 

than from manganese as oxide. Despite apparently different 

kinetics of initial absorption, manganese instilled in 

soluble (chloride) and insoluble (oxide) forms attained 

remarkably equivalent tissue-specific levels, suggesting 

that, for the conditions of the experiment, both forms of 

manganese were subject to quantitatively (if not qualita

tively) similar regulatory mechanisms. Half the manganese 

given as oxide was excreted in the feces in seven days and 

half given as chloride was excreted in three days. At two 

weeks 60 percent of the "oxide'' and 70 percent of the 

"chloride" were excreted. By the fifth day, however, daily 

excretions of the two forms were equivalent, a trend that 

continued to 90 days, the final time point recorded. 
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Clearance rates of manganese from tissue were characteristic 

of individual tissue type; for example, clearance from brain 

was much slower than clearance from liver or kidney. 

The experiments described together with the discussion 

of lung clearance indicate that, within days to several weeks 

of exposure, a substantial portion (at least 60 to 70 

percent) of manganese particulate entering the respiratory 

tract is destined for clearance directly into the gastroin

testinal tract. Under normal circumstances, 3 percent of 

this manganese is absorbed across the intestinal wall. The 

remainder undergoes processes with longer time constants, 

either clearing within macrophages to the gastrointestinal 

tract, entering the pulmonary circulation, or remaining 

indefinitely in lung tissue. 

Neurotoxic Effects 

The neurotoxic effects of manganese have been described 

in occupationally exposed populations. The neurotoxic 

effects may appear after a few months of manganese exposure, 

although they generally require two to three years of 

exposure. The early stages of manganese intoxication are 

accompanied by anorexia (loss of appetite), by asthenia 

(weakness), and occasionally by psychotic behavior. 

Headaches and leukopenia (decrease in the number of 

leukocytes in the blood) may also be found. At later stages, 

slurred speech, stolid mask-like appearance of the face, 

spastic gait-like disorder, tremor, lack of coordination, and 

emotional disturbance are also found. The symptoms of 

manganism resemble those of Parkinson disease and other 

diseases involving the extrapyramidal motor system (a func

tional unit of the central nervous system that is involved in 

the control of certain motor functions, such as posture, 
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support, and locomotion). However, manganism can be 

distinguished from Parkinson disease in that the former 

affects mainly the striatum and pallidum while the latter 

affects the substantia nigra (Mena et al. 1967; Cooper 1984; 

U.S. Environmental Protection Agency 1984). 

Most reports from human clinical and epidemiologic 

studies suggest that the neurotoxic effects are not obvious 

until exposure exceeds 5 mg Mnjm 3 (or 5,000 ~g Mnjm3). A few 

studies have reported neurologic effects of manganese at 

lower levels of exposure. In a recent cross-sectional 

epidemiologic study, composed of 141 manganese-exposed 

workers and 104 control workers, Roels et al. (1987a) studied 

numerous indicators of the workers' health. The investi-

gators reported significant alterations in several 

psychomotor tests (visual reaction time, audio-verbal short

term memory capacity, and hand tremor), and concluded that "a 

time-weighted average exposure to airborne manganese dust of 

about 1 mg;m3 (1,000 ~g;m3 ) or less for 20 years or less may 

present preclinical signs of intoxication." 

To date, Saric et al. (1977) have reported adverse 

neurologic effects at the lowest levels of exposure. They 

compared the neurologic symptoms among 369 workers from a 

ferroalloy plant (ambient concentration 0.3 to 20.4 mg 

Mnjm 3 ), 190 workers from an electrode plant (2 to 30 ~g 

Mnjm 3), and 204 workers from an aluminum rolling mill (0.05 

to 0.07 ~g Mnjm 3 ), the last to serve as control subjects. 

The subjective symptoms reported by the workers, such as 

bad mood, sleepiness, irritability, tremor, and stiff and 

tired legs, were not very specific and were found in a rela

tively high percentage of workers in all groups including the 

control group from the aluminum rolling mill. The smokers 
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from the ferroalloy group appeared to report some of the 

subjective symptoms more often than the smokers from the 

other groups. 

An analysis of the neurologic signs among the workers 

showed that 17 percent of the workers in the ferroalloy plant 

had neurologic symptoms, as compared to 6 percent of the 

workers in the electrode plant and O% of those in the 

aluminum plant. The most commonly observed neurologic sign 

was tremor at rest. The neurologic symptoms were not corre

lated with smoking. The workers from the ferroalloy plant 

were also subdivided into three groups according to the mean 

workplace manganese concentration. Although a statistically 

significant relationship between manganese concentration and 

neurologic signs was not found, the authors reported that 

"the number of neurological signs was •.. rather numerous'' in 

the least exposed group of workers (manganese concentrations 

between 0.301 and 4.933 mg;m 3). It should also be noted that 

the authors did not report whether or not there was an asso

ciation between symptoms and the duration of exposure. 

Thus, the study by Saric et al. (1977) 

effect of manganese between 0.3 and 4.9 mg;m 3 . 

suggests an 

This study, 

however, suffers from several shortcomings. The most 

prevalent neurologic symptom, namely, tremor at rest, is not 

attributable solely to manganese. Possible confounding 

factors such as lead or other metals, or alcoholism, were not 

examined. In addition to manganese compounds, carbon 

monoxide, carbon dioxide, and coal dust were present in the 

factories. The study also suffers from other problems such 

as insufficient documentation of occupational histories and 

duration of exposure, and the methods applied for neurologic 

examination. There is also an unexplained inconsistency in 

the results: while the subjective symptoms appeared to be 
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correlated with a smoking habit, the neurologic signs were 

not. 

Animal studies shed little additional light on the 

subject. The rat and other rodents do not develop the full 

spectrum of symptoms of manganese toxicity and, therefore, 

are not appropriate for such studies. Primates develop the 

manifestations of extrapyramidal disease and can be used for 

experimental studies. 

studies reported in the 

However, the chronic neurotoxicology 

literature have been inconsistent in 

themselves, and it is not possible to obtain reliable dose

response information from them (U.S. Environmental Protection 

Agency 1984). 

In conclusion, neurotoxic effects of manganese have been 

extensively documented in individuals exposed to high levels 

uf manganese. The use of manganese as a fuel additive is 

expected to result in fairly low ambient levels of manganese. 

An epidemiologic study has reported neurotoxic effects of 

manganese at low levels (Saric et al. 1977). While serious 

concerns remain regarding the interpretation of this study, 

it suggests that the lowest level at which the neurotoxic 

effects of manganese are observed may be in the range of 0.3 

to 4.9 mg;m3 . 

Pulmonary Toxicity 

The respiratory effects of manganese involve an 

inflammatory effect or pneumonitis, which may lead to 

diminished pulmonary function, bronchitis, and altered 

susceptibility to infection. The respiratory effects of 

manganese are considered to be the health effect of most 

concern because respiratory effects have been observed at 

levels lower than those reported for neurotoxicity. 
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Human Studies: The effects of manganese on the 

respiratory system have been extensively documented in 

occupationally exposed populations. Workers exposed to high 

levels of manganese (1 mgjm 3 or greater) are at risk of 

developing pneumonia and chronic bronchitis. Effects of low 

levels of manganese (less than 0.4 mgjm3 ) are not as well 

characterized, but it appears that workers exposed to such 

levels may not be at increased risk of pulmonary symptoms. 

Unfortunately, most studies in the literature do not describe 

the exposure levels in sufficient detail or precision to be 

useful in establishing an exposure-response relationship. 

Populations living in the vicinity of manganese mines or 

factories have been studied to explore the health effects of 

exposure to lower levels of manganese. One such study has 

reported respiratory symptoms in children at very low levels 

of exposure. Nogawa et al. (1973) 

toms and pulmonary functions in a 

studied subjective symp

population of junior high 

school students in Kanazawa city in Japan. The source of 

manganese was a ferromanganese plant. A cohort of 1,258 

students classified as "exposed" attended a school 100 meters 

from the plant; 648 students in a school 7 km from the plant 

served as control subjects. Relative exposures of the two 

groups to manganese were determined by the amount of 

manganese in the dust fall at the two locations. Manganese 

concentrations were substantially higher around the plant 

than they were in the city; average levels around the plant 

were about 200 kgjkm2;month as compared to 8 kg/km2;month or 

less in the city. The EPA estimated that the ambient levels 

of manganese in the vicinity of the Japanese plant were 

between 3 and 11 Mgjm3 (this was based on a comparison of the 

data from the Nogawa study with data from a ferromanganese 

plant in the Kanawah Valley in West Virginia) (U.S. Environ

mental Protection Agency 1984). 
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Participation of the students in the survey was nearly 

complete (98 percent). The authors concluded that students 

in the "polluted school" had a greater prevalence of sputum, 

nose, throat, and eye symptoms, and past history of 

pneumonia, than the students in the "control school." This 

observation was based on an analysis of subjective reporting 

of symptoms in the British Medical Research Council question

naire. There were no reports of chronic bronchitis in either 

school. Several indicators of ventilatory functions (the 

forced expiratory volume, the one-second capacity, the one

second ratio, and the maximum expiratory flow) were lower in 

the students of the "polluted school" than in the students of 

the ''control school.'' Also the one-second ratio of the 

students from the ''polluted school'' was lower the longer the 

students had been living in the polluted area and the nearer 

their homes were to the plant. Furthermore, the decline in 

the one-second ratio was comparatively greater among the 

students who had been attending the "polluted school" for a 

longer period of time (the upper grades) . This suggested 

that the students were influenced both by the school atmo-

sphere and by their home atmosphere. On the basis of these 

findings, the authors reached the conclusion that increases 

in subjective symptoms and decrements in pulmonary function 

seen in the students of the ''polluted school" were associated 

with emissions from the ferromanganese plant, and that these 

effects could be readily explained in terms of manganese 

dust. 

Several shortcomings in the 

doubts on the conclusions of 

Nogawa study cast serious 

the study. First, the 

reportedly greater prevalence of subjective symptoms among 

children at the polluted school is relatively modest; it is 

based on increased response to five questions out of more 
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than 40. Although the authors do not provide the details of 

the statistical methods they used, at 2 less than o.o5, the 

response to two out of 40 questions will be expected to be 

greater based on chance alone. Second, Nogawa et al. state 

that the pulmonary function of the students was measured at 

the "polluted school" during July 13-17,1970, and at the 

"control school'' during July 22-24, 1970. Thus, it appears 

that the students were not randomized for testing, and the 

individuals performing the pulmonary function tests were not 

blinded with respect to the students• school and, therefore, 

to the exposure group. In addition, there is no indication 

in the report whether or not the pulmonary function measure

ments were adjusted for sex, age, height, and weight of the 

children. Because of both of these problems, the pulmonary 

function observations as reported in the Nogawa study may be 

biased seriously. 

A third problem with the Nogawa study is that the 

exposure levels in the study were very poorly defined. Total 

dust fall is a poor measure of individual exposure; the 

investigators also did not comment on the size of the dust 

particles. It should also be noted that the accuracy of the 

EPA's calculations regarding the manganese levels in the 

Nogawa study have not been validated. Finally, the authors 

did not take into account several factors that are known to 

affect the health status of children; for example, parental 

smoking, socioeconomic status, and exposure to other 

pollutants emitted from the plant. The failure to take such 

confounding factors into account may have also affected the 

outcome of the study. 

The Nogawa study was performed in 1970. Subsequently, 

dust collectors were installed in the factory, which led to a 

dramatic decline in the emissions of manganese (the actual 
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levels of manganese are not reported) (Kagamimori et al. 

1973). In a follow-up study, Kagamimori et al. (1973) 

studied the prevalence of subjective symptoms and ventilatory 

functions in the same schools and in many of the same chil

dren. Both the subjective symptoms and the ventilatory func

tion of the students of the school in the vicinity of the 

plant were reported to have improved in comparison to those 

of students of the "control school," and in comparison to 

results obtained in the original survey. The improvements 

were less marked among students of higher grades, who had 

also shown a greater effect on the ventilatory function 

during the original study. 

The Kagamimori study suffered from most of the same 

problems as the Nogawa study. The results of the Kagamimori 

study were seen by its authors as providing support for the 

validity of the Nogawa study. However, the problems with the 

design, analysis, and reporting of the Nogawa study, as well 

as the Kagamimori study, are serious, and therefore their 

conclusions are not reliable. Although we do not know 

whether or not there are any differences in the responsive

ness between children and adults, the Nogawa study stands 

alone in reporting respiratory health effects of manganese at 

levels as low as 3 to 11 ~gjm 3 ; the results of all other 

studies, which have focused on adults, suggest pulmonary 

effects at or between one to two orders of magnitude greater 

exposure. 

Animal studies: A number of animal studies have been 

performed to explore the respiratory toxicity of manganese. 

Exposure to high levels of manganese appears to produce an 

inflammatory response and decreases the number and phagocytic 

activity of alveolar macrophages. If exposure to manganese 

is performed in conjunction with bacterial challenge, an 
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enhancement in the susceptibility to bacterial infections is 
also observed; this is believed to be a consequence of the 
decrease in the number and activity of alveolar macrophages. 

Many of the early studies on respiratory effects of 
manganese used protocols in which the animals were exposed to 
high levels of manganese for short durations; such studies 
are not very helpful in understanding the effects of 
prolonged exposure at low levels. In several recent studies, 
animals have been exposed to relatively 

manganese (Table 6) Suzuki et al. (1978) 

monkeys to 700 and 3,000 ~g;m 3 of Mn0 2 dust 

low levels of 

exposed Rhesus 

for 22 hrjday, 
for 10 months, and reported that morphologic and inflammatory 
changes occurred earlier in animals exposed to higher levels 

of manganese. Adkins et al. (1980b) exposed CD mice for two 
hours to 220 to 2,650 ~gjm3 of Mn 3o 4 in conjunction with 
Streptococcus pyrogenes. They reported a dose-related enhan
cement in mortality; based on regression analysis, a 7.5 
percent increase in mortality was predicted, with 95 percent 
confidence, at 0.38 mg Mnjm3 . 

Two other studies, which employed lower levels of 
manganese, reported negative results. Ulrich et al. 

(1979a,b,c) exposed SD rats and squirrel monkeys to Mn 3o4 
particles at 0, 11.6, 112.5, and 1152 ~g;m3 for 24 hrjday for 
9 months, and reported no morphologic or functional changes. 
Coulston and Griffin (1976) exposed Rhesus monkeys to 100 
~gjm3 of Mn 3o4 for 24 hrjday, for 66 weeks, and reported no 
manganese-related effects. 

Other investigators have studied the cells isolated from 

lung lavage fluid from animals exposed to manganese 
compounds. camner et al. (1985) exposed rabbits to 1,100 and 

3,900 ~g;m3 MnCl 2 for 6 hrjday, 5 daysjweek, for 4 weeks, and 
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reported no effects on the number or phagocytic activity of 

alveolar macrophages; the only significant effect in this 

study was an increase in the diameter of alveolar macro

phages. In rabbits exposed under the same conditions, 

Bergham et al. (1987) reported no change in the levels of 

fibronectin or lysozymal activity in the lung lavage fluid. 

Thus, the animal literature on the effects of low-level 

exposure to manganese is not very extensive. It is clear 

that exposure to high levels of manganese produces an 

inflammatory response in the lung of laboratory animals, a 

decrease in the number and activity of alveolar macrophages, 

and an increase in the susceptibility to infections; however, 

these responses have not been unequivocally demonstrated at 

the low levels of exposure that are of interest in the 

context of this report. Although the available information 

does not allow us to draw a definite conclusion regarding the 

lowest observable adverse effect level, the animal studies 

have been used by the EPA to calculate the human equivalent 

exposure levels (HEEL) for studies indicating no observed 

effect levels (NOEL) , and the lowest observed adverse effect 

level (LOAEL) (U.S. Environmental Protection Agency 1984). 

After applying a correction factor of 10 to account for 

potentially sensitive individuals, the EPA derived a HEEL of 

5 gg Mn/m 3 based the NOEL reported in the rat, and 8.7 Mg 

Mnjm 3 based on the NOEL reported in the squirrel monkey 

(Ulrich et al. 1979a,b,c); the EPA also derived a HEEL of 

36.5 Mg Mnjm3 based on the LOAEL in the Rhesus monkey (Suzuki 

et al. 1978). 
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EXPOSURE TO MANGANESE 

Anticipated Exposure Levels of Manganese from Automotive 

Sources 

Without the use of manganese fuel additives, the contri

bution of motor vehicle emissions to ambient manganese levels 

is probably very small. In the 1970s, a manganese-containing 

fuel additive, methylcyclopentadienyl manganese tricarbonyl 

(MMT) was included in the United States in some unleaded 

gasolines to improve octane ratings for a limited period of 

time. Consequently, some efforts were made to estimate and 

measure the increased manganese concentrations in air associ-

ated with the additive's use. Ter Haar et al. (1975) 

estimated that the median urban increment would be 0.05 ~g 

Mnjm3 if MMT was used in all vehicles and fuel concentrations 

of manganese were 0.125 gjgal. Pierson et al. (1978), with. 
the use of aerosol sampling, determined manganese levels in 

the Allegheny and Tuscarora Tunnels of the Pennsylvania Turn

pike for several one-week intervals between 1975 and 1977. 

(In this period, the use of MMT was at its peak; however, in 

1978, the use of MMT as an additive to unleaded gasoline was 

terminated.) The highest average weekly level inside the 

tunnels was 0.13 ~g Mnjm3 , and the average for the measure

ment periods was 0.11 ~g Mnjm3 . The peak use of MMT during 

the study (1977) resulted in an average value of 16 mg 
manganese per gallon of gasoline in vehicles traveling 

through the tunnels; corresponding manganese-emission rates 

were 0.13 mgjmile. These data suggest that in locations with 

a heavy flow of traffic emitting MMT-derived manganese into a 

confined space, increased manganese levels at roadside may be 

discriminated from background levels. One of the important 

unknowns, and a possible confounding factor in roadside 

measurements, is the extent to which traffic resuspends road 
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dusts that contribute to the manganese content of the road
side aerosol. Since the use of MMT has been phased out in 
the United states, this report does not focus on manganese 
emissions from MMT added to fuel. 

The use of manganese fuel additives to reduce particu
late emissions has been contemplated in conjunction with 
ceramic particulate traps. Manganese is added to the fuel to 
act as a catalyst in order to burn off the particles that 
would accumulate on the trap, and thus regenerate the trap. 
Lubrizol 8220, a proprietary manganese fatty acid compound, 
is a likely fuel additive for such applications. 

The emission rates of manganese from vehicles so 
equipped are expected to be considerably higher than those 
associated with MMT use. For urban highway driving, 
Volkswagen estimated that emission rates would range from an 
expected value of 1.38 mg Mnjmile to a worst-case value of 4 
mg Mn/mile; for urban street driving, expected emissions will 
be 3.13 mg Mn/mile with a worst-case value of 10 mg Mn/mile 
(Volkswagen 1984; Wiedemann 1985). The worst-case estimates 
are based on the assumption that all of the manganese in the 
fuel stream is emitted, while the expected values reflect 
retention of a fraction of manganese in the engine and 
particulate filter (the latter is the more realistic case). 

Direct measurement of the emissions of manganese is not 
possible because the technology is not yet implemented in the 
active vehicle fleet. Therefore, we have to rely on modeling 
calculations to estimate the worst-case and the likely 
ambient levels of manganese. The data obtained from such 
modeling calculations are necessary and important for placing 
the health questions in perspective of expected human 
exposure, and they help anticipate whether situations may 
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arise in which manganese concentrations achieve levels that 
are associated with known health effects. 

Volkswagen (1984) used modeling techniques to project 
the emission rates into manganese concentrations at the side 
of freeways and within street canyons. Assuming 100 percent 
penetration of the trap into the automobile fleet, worst-case 
traffic conditions, a crossroad wind, manganese consumption 
of 4 mgjmile on highways and 10 mgjmile in street canyons, 
and using the EPA HIWAY-2 model, Volkswagen calculated the 
manganese concentrations indicated in Table 7. The Health 
Effects Institute has independently verified the results from 
the HIWAY-2 model. The results of HEI's 

general agreement with Volkswagen's results 

analyses are in 

except that, for 
highways, the most conservative values occur with the wind 
parallel to the roadway (Table 8). With a parallel wind (5 
degrees to the roadway) Volkswagen's worst-case highway 
manganese level would be 3.60 ~gjm3 instead of 2.00 ~g;m3 . 

These modeling exercises produce ceiling estimates based 
on hypothetical situations. These estimates serve a valuable 
purpose in that they provide a reference for applying correc
tion factors. Perhaps the most important correction factor 
is penetration of the trap and manganese technology in the 
diesel-vehicle fleet. The California Air Resources Board 
(1984) estimated that by 1990, between 2.6 percent and 6.6 
percent of the vehicle fleet will have particle traps (values 
derived from Table 1). Using these values, one may adjust 
the worst-case street canyon value of 7.6 ~g Mnjm 3 to between 
0.2 and 0.5 gg Mn/m3 for upper-bound emission rates of 10 mg 
Mnjmile, 

emission 

and between 0.06 and 0.16 ~g Mn/m 3 

rates of 3.13 mg Mnjmile. Likewise, 

for expected 

for highways 
with parallel winds, manganese values at roadsde will be 
between 0.09 and 0.24 gg/m3 for upper-bound emission rates of 
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4 mgjmile, and between 0.03 and 0.08 ~g/m3 for expected emis
sion rates of 1.38 mgjmile. 

It seems highly unlikely, therefore, that under the 
conditions described, automobiles equipped with the proposed 
particle regenerator system will contribute more than 0.5 ~g 
Mnjm3 to ambient air. A number of factors, however, still 
require attention to provide a more complete picture of 
manganese emissions from these automobiles. At present there 
is very little information on the size distribution of 
manganese-containing particles in the exhaust or the species 
of manganese compounds that are emitted (see below). Also, 
the modeling performed to date does not consider the vehicle 
operation conditions such as acceleration and steady-state 
driving. If the properties of manganese emissions are 
similar to those of lead, then the percentage of manganese 
exhaust may vary with the vehicle's operating condition and 
will increase when vehicles accelerate from a stop or a low 
cruise (20 mph) to a much higher speed (60 mph). This occurs 
because particles can build up in the exhaust system during 
steady-state driving and are released during high-load 
accelerations. If this is the case, then the roadside levels 
of manganese at a section of road where vehicles accelerate 
may be higher than the above calculations indicate. 

Characteristics of the Manganese Emissions 

Lubrizol 8220 contains a manganese compound that is a 
carboxylate salt of naturally occurring fatty acids in a 
complex mixture of petroleum distillate hydrocarbons. The 
concentration of manganese in Lubrizol is 4.5 weight percent. 

The only information on the species of manganese present 
in exhaust from vehicles equipped with a ceramic trap is from 
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a report by Fritsche (1986). In a study sponsored by 

Volkswagen, he analyzed the material collected on the ceramic 

trap and reported that manganese was present as Mn(II)

Mn(III) oxides of composition similar to Mn 3 o 4 • It also 

appeared that only 1 percent of the manganese may be present 

in organic form. 

Fritsche was not able to analyze the material that comes 

out of the trap and becomes airborne because these samples 

were collected and supplied to him by Volkswagen on glass 

fiber filters, which interfered with the analysis. In addi

tion, the report does not detail the vehicles, fuel, or 

driving conditions under which the samples were collected; 

therefore, it is not possible to tell how representative the 

Volkswagen samples were. Finally, the report does not 

contain any information on the fraction of manganese in the 

fuel that is emitted f~om the tailpipe. 

Thus, very little is known about the physical and 

chemical characteristics of manganese emissions. Based on 

the Fritsche (1986) study, and information on MMT (Cooper 

1984), it appears likely that the manganese emissions would 

mostly be in the oxide form, and would be associated with 

fine particulate matter. 

Determination of the Inhaled Dose of Manganese 

an 

Most investigators have 

indicator of the inhaled 

relied on ambient air levels as 

dose of manganese. Efforts at 

determining 

difficult. 

personal exposure to manganese have proved very 

It is desirable to estimate both the recent 

exposure and the long-term exposure to manganese. Irrespec

tive of the route of exposure, fecal excretion is the domi-

nant route of elimination of manganese. Although excretion 
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in urine is low, some authors have investigated the rela

tionship between urinary manganese and recent exposure. 

Blood manganese levels are thought to reflect cumulative 

exposure over long periods or the body burden. 

In a recent study, Roels et al. ( 19 8 7b) studied 141 

workers from a plant producing manganese oxide and salt 

(median airborne manganese levels: 1 mg;m 3 , range 0.07 to 

8.61 mg;m 3), and 104 workers from a chemical plant who served 

as the control group. The authors reported that on an indi-

vidual basis, there was no relationship between manganese 

levels in the urine and the blood, and neither was correlated 

with the manganese levels in the air, or with the duration of 

exposure, for an individual. Therefore, the determination of 

personal dose, or the body burden, based on the levels of 

manganese in blood or urine does not appear to be feasible. 

0n a group basis, however, urinary manganese was slightly, 

but not significantly, correlated with recent exposure, and 

blood manganese was correlated with integrated past exposure 

(Roels et al. 1987b). 

The Roels et al. studies (1987a,b) appear to have been 

well planned and carefully executed. Their results raise 

questions regarding the relevance of ambient levels of 

manganese to human dose and health effects. It should be 

pointed out that other studies attempting correlations 

between manganese levels ln body fluids and exposure have 

given inconsistent results (discussed in Roels et al. 

1987a,b). More research is needed to establish the rela-

tionships between ambient exposure, personal dose, and health 

effects of manganese. 
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DISCUSSION AND CONCLUSIONS 

In order to reduce particulate emissions from diesel

fueled vehicles, the use of ceramic particulate traps, in 

conjunction with a manganese fuel additive, has been viewed 

as promising. This report has focused on the health effects 

of manganese and on the anticipated public exposure to 

manganese emissions. The preceding discussion provides the 

background for the following perspective on potential health 

risks from inhalation of manganese in automotive exhaust. 

Estimation of the Worst Case Inhaled Dose 

Maximum exposure to manganese-containing exhaust is 

likely to occur in heavily trafficked urban street canyons. 

Individuals such as traffic policemen, construction workers, 

and street vendors, who may work in a street canyon environ

ment, are likely to receive the greatest exposure to 

manganese exhaust. To estimate worst-case inhaled dose, we 

adopt the following assumptions: 

1. These individuals are exposed for eight hours each 

working day to worst-case manganese levels (0.5 ~g;m3 ). 

2. For the entire eight hours, they breathe at a rate of 15 

liters per minute, which for a 70 kg person, is roughly 

twice resting ventilation. 

3. All the inspired manganese aerosol deposits in the 

respiratory tract. 

4. Manganese is emitted from the tailpipe as an oxide. 

5. Airborne manganese from other sources is small compared 

to 0.5 ~g;m3 . 
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Based on these assumptions, a total of 3.6 ~g of 

manganese deposits in the respiratory tract each working day. 

At least 60 percent of the deposited manganese is swept 

within days to several weeks into 

from which a negligible fraction, 

the blood--a total of 0.065 ~g. 

the gastrointestinal tract, 

3 percent, is absorbed into 

For the purpose of worst-

case considerations, assume all of the remainder, 1.4 ~g, is 

absorbed eventually through the lung and into the circula

tion. Thus, for each working day's worst-case manganese

aerosol exposure of 3.6 ~g, roughly 1.5 ~g of manganese is 

absorbed over time into the circulation. Dietary intake of 

manganese, in most cases, ranges from 2 to 9 mgjday; with 3 

percent absorption, at least 60 ~g of manganese enters the 

portal blood daily. Therefore, under the worst-case assump

tions, the contribution of manganese from automobile exhaust 

is not anticipated to be greater than 2.5 percent of the 

dietary intake. This small contribution of manganese from 

mobile sources is not expected to tax the homeostatic mechan

isms that regulate the levels of manganese throughout the 

body's tissues. 

Two potential high-risk groups that were identified 

previously include iron-deficient individuals and the very 

young. These groups have been studied mostly in chronic 

animal experiments in which dietary manganese is increased by 

a factor of 7 or more above normal, or manganese is intubated 

daily at even higher levels (Rehnberg et al. 1980; Laskey et 

al. 1982). While the susceptibility of these groups may be 

observed in such studies, the actual doses inhaled from 

automobile-derived, airborne manganese will remain 

exceedingly small compared to the normal range of dietary 

intake. 
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Potential Health Effects 

Is exposure to the estimated worst-case ambient level of 

manganese, 0.5 Mgjm 3 , likely to produce neurotoxic effects? 

High levels of manganese produce a Parkinson-disease-like 

neurologic disorder. Studies on neurotoxic effects in 

appropriate animal models have been limited and do not 

provide reliable dose-response information. Most human 

studies suggest that neurotoxic effects occur after prolonged 

exposure to concentrations of manganese that are 1 mgjm3 or 

greater. Saric et al. (1977) have 

neurologic effects in workers exposed 

However, as discussed earlier, this 

reported adverse 

to 0.3 to 5 mg;m3. 

study suffers from 

several deficiencies that make its interpretation difficult. 

In any event, the levels of manganese expected from mobile 

sources (0.5 Mg/m 3 ) will be very low as compared to the 

lowest level in the Saric study (300 Mg/m3 ). Therefore, it 

appears very unlikely that exposure to the levels of airborne 

manganese derived from automobile fuel additive as estimated 

in their report would produce adverse neurologic effects. 

Respiratory effects of manganese include bronchitis, 

pneumonitis, and an increase in the susceptibility to 

respiratory infections. Pulmonary effects of 

been observed at levels that are lower than 

manganese have 

those at which 

neurotoxic effects have been reported. Based on the results 

of animal studies, the lowest, human-equivalent, no observed 

effect level, calculated by the u.s. Environmental Protection 

Agency (1984, p. 14) is 5 Mg Mnjm 3 . Studies of occupa

tionally exposed workers show that adverse pulmonary effects 

of manganese follow exposure in the mgjm3 range. However, a 

study by Nogawa et al. ( 197 3) suggests that adverse 

respiratory effects of manganese may be produced at levels as 

low a:s 3 to 11 Mg/m 3 . Nogawa et al. ( 1973) based their 

- 35 -



conclusion on a study of subjective symptoms and pulmonary 

function tests in children who attended a school near a 

ferromanganese plant. However, several serious problems with 

the Nogawa study (such as poor characterization of exposure, 

failure to blind observers and to randomize students, and a 

lack of control for the confounding factors) lead us to 

believe that its results are not reliable. The results of 

all other studies suggest that adverse respiratory effects 

are produced at exposure levels that are one or two orders of 

magnitude greater than the levels in the Nogawa study. 

The worst-case estimated level of manganese from its 

intended use in reducing particulate emissions is 0.5 Mgjm3 . 

As compared to the no observed effect levels from animal 

studies (5 Mg Mn/m 3 or higher), the estimated airborne 

manganese levels are lower. As compared to the levels at 

which adverse health effects have been observed in reliable 

epidemiologic studies, the manganese emissions from mobile 

sources are expected to be much lower. Therefore, it appears 

that the levels of airborne manganese derived from fuel addi

tives in trap-equipped diesel-powered automobiles are not 

likely to produce adverse respiratory effects in the general 

public. 

If the objections to the Nogawa study are ignored, and 

its results are taken prima facie, the difference between the 

lowest observed adverse effect level in the Nogawa study (3 

Mg Mnjm 3 ), and the worst-case manganese level from trap

equipped vehicles (0.5 Mg/m 3 ) is not very large. The 

estimated worst-case manganese level is also only 10-fold 

lower than the no observed effects level calculated from 

animal studies. There.fore, if manganese were to be used as a 

fuel additive at some time in the future, it would be impor

tant to review the Nogawa study in greater depth than we have 
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done for this analysis. As discussed earlier, it would also 

be crucial that the emissions of manganese be characterized 

in terms of their physical form and chemical species. In 

addition, it would be important to make an intensive effort 

to ensure that the assumptions made in this report regarding 

the ambient levels of manganese, public exposure and dose of 

manganese, and disposition of the inhaled manganese are all 

valid. 

The EPA issued a decision on August 13, 1985 not to 

regulate manganese as a hazardous air pollutant under Section 

112 of the Clean Air Act (U.S. Environmental Protection 

Agency 1985}. However, the EPA also intends to continue to 

monitor research activities, "and will reinstitute assessment 

if warranted by the results of that research." The Health 

Effects Institute endorses such flexibility and stands ready 

to reevaluate this issue as new relevant scientific and 

engineering data emerge or the use of the manganese tech

nology expands beyond currently anticipated levels. 
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TI'IBLE 1 

Ac.J:ent Manganese Concentrations by State from EPA'~ SAROAD Date 

1980-1982 SAROAD Data (ug/~) 
Number of ( 24 hour averages) Site 

State Sa moles range mean Ch2racteristics• 

AJ.abam2 i64 0-0.360 0.065 urban/suburb2n -
Einningham 

30 0.005-0.046 0.028 urban, rural 

Arizona 1214 0-0.220 0.059 urban, rur2l 

64 0.003-0.070 0.025 rural, urban 

38 0-0.011 0.003 na tiona:!. park 

ArkanS2s Z7 0.002-0.038 0.009 r.a tiona:!. forest 

Z7 0.009--0.037 0. 019 urban/suburban 

Cal iforni2 65 0-0.080 0.028 rural/suburban, 
na tiortal forest 

97 0.004-0.060 0.024 urban, national 
forest/desert 

104 0-0.050 0.020 urban, rural 

78 0-0.070 0.025 urban -
Los Angeles, 
San Francisco 

Colorado 290 0-0.170 0.057 urban, rural 

79 0-0.060 0.028 na tiona:!. forest, 
rural, urban 

54 0-0.180 0.077 rural, na tiooal 
forest 

57 0-0.030 0.005 national forest 

Connecticut 25 0.003-0.026 0.015 urban, rural 

Del~are 21 0.002-0.050 0.018 urban/suburban 

DC 24 0.010-0.'032 0.019 urban 

Florida 110 0-0.030 0.007 Everglades/ 
national park, 
urban 

206 0-0.032 0. 011 urban, rural 

Georgia 49 0-0.107 0.025 urban/suburban 

55 0-0.051 0.016 military 
reservation 



TABLE 1 (continued) 

Amb:cc: Kanganese Concentrations by State frcm EPA's SAROAD Data 

1980-1982 SAROAD Data ( ug/n?) 

Nunber of (24 hour averages) Site 

State Sarnol es range mean Characteristic0• 

Ha,.aii 107 0-0.024 0.006 urban/suburban, 
national park 

Indiana 77 0.004--0.103 0.019 urban 

164 0-0.045 0.024 rural, crban 

58 0.009-0.759 0. 151 rural, urban-
Gary 

Iwa 14 2 0-0.130 0.034 rural, u.rban 

Kansas 84 0. 008-0.097 0.037 ·urban, rural -
Kansas City -
Topeka 

Kentuc!<y 66 0. 004--0.299 0.042 suburban, rural 

4 1 0.009-0.133 0.047 rural 

354 0-0. 182 0.026 urban 

Louisiana 13 1 0-0.039 0.017 urban 

70 0.004--0.081 0.029 suburban 

36 0-0.021 0.009 rural 

Haryland 21 0.018-0.261 0.107 urban -
Bal ti<DOre 

25 0.010-0.220 0.069 urban, rural -
Bal til!lOre Co. 

P.assachusetts 42 0-0.029 0.010 urban 

28 0.006-0.032 0.017 rural 

Hichigan 35 0. 004--0.050 0.017 rural 

46 0-0.140 0.036 urban/suburban -
Flint 

Minnesota 25 0-0.050 0.022 urban/suburban 

Hississippi 25 0.007-0.058 0.023 urban, rural 



TABLE l (continued) 

Ambieot Kanganese Concentrations by State fr= EPA's SAROAD Data 

1980-1982 SAROAD Data (ug/n?) 

Nurr.be r of (24 hour averages) Site 

State Samoles range mean CharacteristiGS* 

Kontana 98 0-0. 190 0.026 rural, urban 

78 0-0.080 0.029 national forest 

1~6 0-0.350 0.065 national forest, 

suburban/ 
military 
reservation 

Nebraska 40 0. 005-0. 073 0.029 urban/suburban 

Nevada 46 0.004--0.041 0.019 national forest, 

urban -
Las Vegas 

114 0-0.066 0.015 forest, 
DXlUnt.ains 

Ne~,~ Jersey 189 0-0. 129 0.024 urban/suburban 

He.~ Hexico 43 0.007-0.069 0.031 urban 

Ne'>J York 45 0.002-0.079 0.023 rural/suburban, 
state park 

314 0-0.580 0.029 urban/suburban 

oor th Carol i~.a 48 0-0.0284 0.004 national fore:;t 

133 0-0.071 0.015 urban 1 
rural 

Ohio 34 0.018-0.183 0.073 urban -
Cleveland 

46 0-0.050 0.020 urban- Toledo, 
rural 

291 0-0.170 0.036 urban/suburban 

23 0. 003-0. 173 0.045 suburban, rural 

Oklahana 39 0.005-0.061 0.022 rural, suburban 

41 0.005-0.035 0.017 urban/suburban 

Pennsylvania 58 0.010-0.960 0.120 urban -
Philadelphia 

22 0.004--0.040 0.019 urban, rural 

65 0.005-0.184 0.049 rural, suburban 



TABLE 1 (continued} 

Ambie."t Kanganese Concentrations by State fran EPA's SAROAD Data 

1980-1982 SAROAD Data ( ug;,;l} 

Nunber or (24 hour averages) Site 

s· ate Samoles range mean Characteristics• 

South Carol i.:--:a 132 0-0.039 0.013 rural, urban 

South Dakota 30 0-0.010 0.005 national forest 

Tennessee 111 0.003-0.070 0.028 urban 

72 0. 005-0.290 0.051 national forest, 
rural -
Sullivan County 

115 0.002-0.190 0.052 rural, urban 

Texas 1519 0-0.457 0.021 urban/suburban 

339 0-0.07 2 0.015 rural 

636 0-0.343 0.023 suburban 

805 0-0.397 0.022 rural, urban 

Virginia 48 0-0.027 0.006 national forest 

45 0-0.026 0. 011 urban, rural 

21 O-D.014 0.007 urban - Danville 

130 0-0.050 0.017 urban/suburban 

Washington 207 0-0.129 0.027 national forest, 
rural, urban 

\lest Virginia 22 0.010-0.090 0.036 rural, urban 

Wisconsin 49 0-0.020 0.005 rural 

94 0.004-0.255 0.044 urban/suburban -
Hil\./aukee 

80 0-0.140 0.021 rural, urban 

Wyaning 24 0-0.010 0.002 national fares t 

• Site characteristics are listed in order of predominance. 



Table 2: Examples of Levels of Occ.up;~.uonoitl Exposure to Airborne Ma.nga.ne~ea 

Range of ave:r.li§C~ Ra.n&e: of peal( level~ 
Operation (,g Mn/m') (~! Mn/m') References 

On: cruUtinc mill 10,400-173,000 Flinn et al. (1940) 

Ore cru:Utina: 62,500-250,000 Ansola et a.l. (1944) 

Permans;anar.e manufacture 300-250,000 Lloyd Davies ( 194 7) 

Mtnlnx, mine "1 187,000-926,000 Rodier (1955) 

Minin1, mine w2 65,000-814,000 Rodier (1955) 

Mining, 1954 500-16,300 Schuler et oJ. (1957) 

Mining, 19SS , ,8()0-46,000 Schuler et aJ. (1957) 

f erromanga11e:se production 2,300-4. 700" Whitlock. et aJ. (1966) 

Mn ore process.ing 5,030-11,100 5,250-31,500 Tanaka and Lie ben ( 1969) 

ferromanga11e:se production 1 ,600-8,600 4,430-20,130 Ta.nalc.a and Lieben (1969) 

Dry battery manufacture 6,800-42,200 Emara et al. (1971) 

ferromU1Ra.nese produc:;tion 
Old prepan.t10n plant 27,000-1 '122,000 52,000-l,iSO,OOO Smyth et at. (1973) 

Blast furnAce ana pig castinr' 120-13,300 1,900-206,000 Smyth et al. (1973) 

Mn proccu1ng 2,100-12,900 5,000-61 .soo Smyth et at. (1973) 

Ferroallov production 301-20,440 ~>ril ot al. (1977) 

Ferromanganese production 
(after controls) 

Blast furnace cast housed 230-820 1,100-22,600 Ruhf (1978) 

Pi1 casting 390-620 3,960-5,200 Ruhf ( 1 978) 

Mn processing 390-2,260 1,000-24,300 Ruhf (1978) 

"All studies prior to 1978 were associated with evidences of mU~ea.nese toxicity in some individuals. 

bMethods of s.ample collection differ, i.e., thermal precipitation, electrostatic pre:cipiution, millipore 

fll&er sampling. 
'Values later found to be too low. 
df Ill& fume. 

from: Cooper, 1984. 



Table j: Guidelines a.nd Standards for Man~Janese in the Workolace.J 

Source 

ACGIHTLV 

OSHA 

WHO 

Applicable 

dates 

1946-1959 
1960-1962 
1963-
1978-
1979-

1972-

1980-

Gl'ideline or standard 

6000 ~g/ml (TWA) 

5000 •I!Jm' (TWA) 
5000 J.JF,/m 3 (Ceiling valuej 

1000 ~A8/m 3 {TWA for Mn tetroxide) 

1000 ~Agfm 3 {TWA for Mn fume) 

3000 iJ.&/mJ (STEL for Mn fume) 

5000 ~A&/m 3 (Ceiling value) 

0Abbrevtations: ACGIH, American Conference of Governmenu.l Industrial Hygienists; OSHA, 

Occup;lt!onal S.afety and Health Administration; WHO, World Health Organization; TLV, threshold 

limit va1ue; TWA, time-we1ghte:d average; STEL, short-term exposure level. 

from: Cooper, 1984. 



Tiuue 

· Ad.nrul 

AO<l' 
BOn&li (len&) 

Bnin 
HCUl 
O,Sney 

Li'l"ef 

L""' 
Muscle 
Q.-uy 

Panat:2J: 
PUuiu..ry 
Ptas.Utc 

Sploon 
TutU. 
Hail 

Table 4 

Conc:enlrations of Manganese in Tissues of Man and Animais-

Mansa11e:w: Concenuation, ppm ({ret.h·tiUll.e buLsl 

A vensr;e lor 

Men R;~bbits Seveu.t Species 

0.20 0.67 0.40 

0.19 
3.30 

0.34 0.36 0.40 

0.23 0.28 0.34 

0.93 1.20 1.20 

1.68 :!.10 2.50 

O.l4 

O.D9 O.!l a.u 
0.!9 0.60 0.55 

l.l! l.60 1.90 

2.40 2.50 

0.24 
0.22 0.22 0.40 

0.19 0.36 0.50 

0.99 0.80 

Source: NRC, 1973 



Table J: Man ganeS!! 1n Foods 

Manganese 

Food (wet weight, 1-!g/g) 

Wtlolt whea.t, seed 11.32 

Bread, white 1.78 

Bread, whoje wne.H 1.43 

Oatmeal 2.72 

Corn me.a.J 2.05 

M~roni, dry 10.56 

Gn.penuts 30.76 

Milk, whoh: 0.19 

Milk, dry skimmed 0.00 

Butter 0.96 
Eggs, wnole 0.53 

Beef, roasttng 0.05 
Lamb cnops, tean 0.34 

Chic;k.en breast 0.21 

Halibut stea.k. 0.12 

Scallops, fresh 0.11 

avns, fresh frozen 0.00 

Cod liver oil 4.95 

Com oil 1.00 
Safflower oil 0.00 

from: Cooper, 1984 

Food 

Railins, pa~;k.age 
Apple 
Orange 
Peach 

Pecans 
Peanuts, salted 

SpinOJc.h, fresh 
Beets, fresh 
Buns, c;..J.nned 
Pe:as, fresh 
Tomatoes, ~;an ned 

Black pepper 
Cloves 
G.ulic powder 
Coffee, ground 
Coffee, infusion · 
Tea, leaves 
Tea, infusion 

Manganese 
( we:t weight, IJg/e;} 

4.68 
0.31 
0.35 
1.02 

35.09 
6.91 

7.77 
0.41 
0.24 
0.64 
0.30 

4 7.48 

262.86 
0.45 

20.65 
0.85 

275.58 
6.9 



Spec\es 

M1ce. Charles 
Inver, CO-l 
(20-1~5/group} 

PUce, Charles 
Rhrer. CO-l 
(10-41/group) 

Rah. Sprague
Oawley (30/group) 

Monkeys. squ\rrel 
(Bigroup) 

Monkeys. Rhesus 
{1 exposed, 

5 controh) 

Monkey. Rhesus 
A) l exposed 
B} 2 exposed 

Rats 
{H/group) 

Hamsters, golden. 
(60/group I 

NS ~ Not stud\ed 

Compound 

Rn304 
aerosol 

An304 
aerosol 

An304 
part \culiQh 

""304 
part \culale 

nnoz 
dust 

Autooot he 
em\u\ons 
conta1n\ng 
Rn 

TA8l£ 6 
hu"" U 

Resp\ratory Effects wtth Aanganese Exposure: lnhalat1on Exposures at lo~ Doses 

Concentratlon 
(particle site) 

691 }.lgfm» 
!1-3 .... ) 

110-1&50 "g/m' 
!1-3 •• , 

Contrt~l 

11.& •9 
111.5 •9 

1151 •9 
(<1 •"'} 

100 t.~911118 

A) 3000 •g/m' 
B) 700 •g/m3 

117-131 •g/m' 
(0.3 ""'' plus 
other part\cu
late and gases 

b.posure 

2 hours 

2 hours 

24 hours/day. 
g months 

11 hou"/day 
to 66 weeks 

"" Only 

NS 

22 hours/day. 
10 I'QOnths 

6 hours/dlly. 
56 days 

Hfects 

An • 
Bacter1a 

NS 

.. 

NS 

NS 

NS 

NS 

··~· ·--·~---------

Bacter\a 
Only 

NS 

NS 

NS 

HS 

NS 

Conrnents 

Normal cell concenlratton (macro
phages. PMNs. lymphocytes). No 
\ncrease \n extracellular prote1n 
{no ede~}. No effect on phago
cyt\c capabil1ty. 

{Bacler\a only= control) 
"ean mortal\ty rate \ncreases 
over controls as An concentrat\on 
increases. Enhanced growth of 
streptococc\ over control$. 

Ho exposure related gross or 
m\croscop\c alterat,ons or effects 
on mechan\cal or vent\latory prop
ert\es of the lung. {No exposure 
related effect on EMG or 11mb 
tremor. 

No abnormal changes seen an gross 
or m\croscop\c exam\nat1ons. ln~ 

crease of "" 1n lung. 8/12 had 
acarlas\s. 

Infla~tory changes ear11er \n A 
than Bi granular rather than \n
f\ltrattve shadows. After 10 
months hyperplas\a of lympho\d 
ttssue, pulmonary emphysema. 
Oepos\ts of dust \n macrophages. 

No gross or mlcroscop\c changes 
1n the lung. 
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Table 7* 

RESULTS OF VOLKSWAGEN MODELING 

Roadway 

Highway 

Street Canyon 

Emission rates 
(m Mn/mi) 

4.00 

l. 38 

~0.00 

3. 13 

* From Volkswagen (1984). 

Roadside concentration 
(u Mn/m 3 ) 

l. 98 

0.64 

7.60 

2.20 



Wind Direction 
to Roadway 

90° 
90° 

4S 0 

4S 0 

so 
so 

':'able 8 

ESTIMATED AMBIENT Mn CONCENTRATIONS 
DOWNWIND OF A HIGHWAY 

(100% penetration) 

Emission 
Rates 

Estimated Concentrations 

(mg Mn/mile) 
4m Dnwnd l~0m Dnwnd 

(ug Mn/m ) 

Volkswagen Analysis 

4.00 
l. 38 

4.00 
l. 38 

4.00 
l. 38 

4.00 
l. 38 

HEI Analysis 

l. 98 
0.64 

2.00 
0.68 

2.S0 
0.87 

3.60 
1.14 

0.84 
0.22 

0.80 
0.29 

l. 20 
0.39 

2. s 0 
0.87 







June 29, 1984 

Charles W. Powers 
Health Effects Institute 
215 First Street 
Cambridge, Massachusetts 

Dear Mr. Powers: 

02142 

ATrACHMENT A 

VC:II .. KSWAGEN 
OF AMERICA, INC. 

888 W, Big Beaver 
P.O. Box 3951 
Troy, Michigan 48007·3951 
Tal. 313/362·6000 
Western Union Telex 230 628 

As you are well aware, the U~SG Environmental Protection Agency 
(EPA) and California Air Resources Board will require manufacturers 
to meet reduced diesel particulate em1ss1on standards in future 
model years. The imposition of these low emission standards will 
requ1re the installation of new, sophisticated emission control 
hardware capable of reducing engine-out diesel particulate levels. 
The favored approach for control of the engine-out emissions 1s the 
use of a diesel particulate trap and a system to regenerate the 
trap after it has become filled with particulate matter~ A variety 
of rege~eration systems are under consideration~ Their function 1s 
to burn the particulate matter that has been deposited on the trap. 
This may be accomplished us1ng a number of methods including 
external burners, catalytically coated traps, and fuel additivesq 
Volkswagen's most prom1sing system uses the fuel additive methodo 
A fuel additive injected into the fuel system has the effect of 
lowering the ignition temperature of the diesel particulate matter 
collected on the trap and aids in the burning process. Volkswagen 
has found that for our systems, manganese compounds (manganese
containing fuel additives) provide a suitable means for 
regeneration. 

As an unregulated substance, it 1s necessary~ according to the 
Clean Air Act, to make an assessment of whether manganese emissions 
pose a risk to public health. Volkswagen, therefore, has compiled 
an analysis of the manganese concentrations in ambient air which 
may be expected with the introduction of manganese-containing 
additives for diesel fuelo The estimated concentrations are 
compared to the threshold values for possible health effects. 
Further, under contract with Volkswagenwerk AG, the Fraunhofer 
Institute conducted a literature search to evaluate the health 
effects associated with the use of a manganese additive for diesel 
particulate trap regeneration~ Both the ambient a1r analysis and 
health effects literature search are contained 1n the enclosed 
research report. 

Porsche Aud1 Volkswag•,~n 



Mr ~ C. Powers 
June 29, 1984 

Page 2 

A review of the report reveals a comprehensive determination of 
estimated amb1ent levels of manganese and that available health 
effects data has been summarized. There is some concern however, 
that there 1s a paucity of inhalation health data of ma_ng_;u1ese at 
the lower levels <e. 10. 0.01 m.g/mD ~ In view of this lack of 
1n!ormation~ Volkswagen is requesting the assistance of the Health 
Effects Institute (HEll. 

More specifically, we request that the REI address our concerns by 
d e I; e r m i n i n g w he t he r t h e as s e s s rn en t o f h e a_Lt..h d.a t.a a .. t 1 o"' 1 e..v u s o f 
manganese is warranted. The research report enclosed provides a 
summary o[ the data available thus far and therefore indicates the 
point above wh1ch the health effects are known. These implied 
limits may be useful ~n the assessment. It should be noted that 
the more stringent diesel particulate standards, those which make 
the control systems 1n question necessary, are applicable beginning 
with the 1985 model year in California and 1987 model year 
Federally. The urgent need for an assessment is therefore 
obvious. 

Volkswagen would greatly appreciate your presentation of our 
request to the Health Research Committee. The emission control 
system, and particularly the use of fuel additives described above 
certainly represents new developments in automotive technology. As 
such, a change 1n the unregulated substances emitted may be 
expected, albeit at low levels. HEI has stated 1n the past, and 
most recently at the last HEI sponsors meeting in Ann Arbor that 
new development in technology and the resultant change ln 
substances emitted lS justification for future REI consideration. 
Based on that prem1se, Volkswa~en believes that an assessment, by 
HEI, of the need for health data associated with lower level 
concentr;;Jrjo...n~ of. .mangane&s usQS as. a. diesel fuel add"i:tive is both 
necessary and warranted. 

Your assistance 1n this matter is greatly appreciated. 

Best regards, 

W-i~~ 
Wolfgang ~;:th-
Manager 
Emissions & Fuel Economy 
LWK/cs 

Enclosure 
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Mr. Wolfgang Groth 

October 7, 1985 

Manager, Emissions and Fuel Economy 
Volkswagen of America, Inc. 
888 W. Big Beaver 
P.O. Box 3951 
Troy, Michigan 48007-3951 

Dear Mr. Groth: 

Chairmen 
Gareth M. Green 
Millicent W. P. Higgms 
Paul Meier 
Sheldon 0. Murphy 

Arthur C. Upton 

In a letter to the Health Effects Institute (HEI) dated June 

29, 1984, Volkswagen Of America, Inc. requested that the HEI 

Health Research Committee undertake an evaluation of potential 

health issues related to emissions from diesel automobiles using 

manganese(Mn)-containing fuel additives for particle trap 

regeneration. As indicated in our initial response of July 23, 

1984, your request was brought to the Research Committee at its 

next meeting, which occurred in September 1984. Since then, 

significant work has been underway. 

This letter summarizes the HEI's response to Volkswagen and 

includes a discussion of the known health effects of manganese in 

the context of increased ambient levels of Mn expected with 

implementation of the trap technology. Prior to the technical 

summary, we briefly discuss the statutory and institutional 

frameworks for our response and the process leading to this 

evaluation. 

Framework and Process 

The Volkswagen (VW) request is relevant to both compliance 

of automobile manufacturers with the Clean Air Act (CAA) and to 

the chartered role of the Health Effects Institute. Section 

202 (a) (4) of the Act states that "no emission control device, 

system or element of design shall be used in a new motor vehicle 

or new motor vehicle engine for purposes of complying with 

standards prescribed under this subsection if such device, 

system, or element of design will cause or contribute to an 

unreasonable risk to public health, welfare, or safety in its 

operation or function." 

The manganese additive in question is a key ingredient in a 

new technology designed to lower diesel particulate emissions in 



compliance with Federal and California State law. As such, this 

technology is covered by Section 202 (a) (4) of the Clean Air 

Act. Volkswagen's concern to remain in compliance and its 

request to the HEI is appropriate. 

The Health Effects Institute operates under the joint 

sponsorship of the Environmental Protection Agency (EPA) and the 

motor vehicle industry to support health research on automotive 

emissions. The HEI undertakes research and evaluations in an 

attempt to develop an objective and commonly accepted database. 

In a letter dated March 20, 1984 to all motor vehicle and engine 

manufacturers, Joseph Cannon, the EPA Assistant Administrator for 

Air and Radiation, and Bernard Goldstein, the EPA Assistant 

Administrator for Research and Development, jointly reaffirmed 

the Health Effects Institute as "the primary mechanism through 

which participating motor vehicle manufacturers discharge their 

health testing responsibilities under Section 202(a) (4) of the 

Clean Air Act.'' They further urged ''that unregulated emissions 

of potential importance be brought to the Health Effects 

Institute's attention in a timely manner.'' 

In order to meet its obligation to its sponsors, and fulfill 

its role in helping to implement Section 202 (a) (4) of the Clean 

Air Act, the HEI conducted an evaluation of manganese under the 

supervision of the Health Research Committee. In its September 

1984 meeting, the Committee discussed the VW request and received 

a preliminary briefing on the toxicology of manganese from Dr. 

Carl Shulz (COSAR, Inc.). The Committee accepted the VW request 

and decided that further analyses were necessary to determine if 

the tailpipe emissions of Mn were of public health concern and 

whether the HEI should sponsor research in this area. Following 

this meeting, the HEI commissioned Roth Associates (Dr. Neil 

Roth, PI) to conduct an in-depth review of the relevant 

literature on manganese. This review included actual replication 

of Volkswagen's modeling predictions on potential Mn-exposure 

levels from the regenerator, additional modeling of other 

emission scenarios not analyzed by VW, plus analyses of the 

health effects literature. The Committee evaluated all of this 

information at its June 1985 meeting. A final review of the 

information in this letter was conducted at the Committee's 

meeting on September 26, 1985. 

Summary of Evaluation 

The evaluation first places projected Mn emissions in the 

context of ambient Mn levels across the United States, and then 

examines the health literature on Mn to establish whether the 

expected incremental levels of airborne Mn from regenerator

equipped automobiles are of health-related concern. Finally, we 

identify a number of areas in which our knowledge concerning 

exposure and potential effects can be improved. 

To summarize our findings, increased air concentrations of 

Mn resulting from the use of VW's particle trap will not, under 
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any realistic scenario, reach the lowest concentrations that have 

been reported in the literature to be associated with adverse 

chronic health effects. Despite this conclusion, certain gaps 

remain in our knowledge of Mn emissions and effects. These gaps 

primarily involve the particle size distribution and chemical 

species (e.g., Mno 2 , Mn 3o 4 ) in which Mn is emitted and how they 

might affect toxic1ty. The gaps in emissions characterization 

are best dealt with by the manufacturers directly as more 

experience is obtained. 

Manganese: Ambient Levels and Automobile Emissions 

Manganese is the twelfth most abundant element on earth, and 

is found mainly in oxide or carbonate form as a natural 

constituent of soil and water. As such, Mn is a component of 

background aerosol that winds, waves, and other natural processes 

generate. Manganese is also found in a wide variety of foods 

(Table l), and is considered essential for normal health. Food 

accounts for at least 98% of an adult person's intake of 

manganese (2-9 mg Mn/day) with practically all the remainder in 

drinking products; inhalation, in all but the most polluted 

occupational settings, contributes negligibly to the body burden 

of Mn. 

Monitoring of ambient manginese in the United States started 

in 1953. As a general trend, Mn levels have decreased since that 

time and have remained relatively stable since 1972. Improved 

industrial control processes are believed to account for much of 

the decrease. Quarterly data collected by the National Air 

Surveillance Network (NASN) show that between 1972 and 1982 in 

urban sites, the highest median level of Mn for any year was 

0.034 ug Mn/m 3 (1978), and the highest 95th percentile level was 

0.12 ug Mn/m 3 (1972); correspondin~ values for nongrban NASN 

sites are a mJdian of 0 .009~~ Mn/m (1977) and 95t percentile of 

0.030 ug Mn/m (1976,1977). These data, though valuable, are 

regional and tend to obscure the higher local Mn levels that may 

result, for example, from industrial activity, quarrying 

processes, or farming. For Jxample, near foundries, Mn levels 

can typically reach 0.~ ug/m , and near ferromanganese plants, 

they can exceed l ug/m . EPA Storage and Retrieval of Aerometric 

Data (SAROAD) collected from 1980 to 1982 (Table 2) show that 

many areas experience peak 24-hour Mn levels in excess of 0.1 

ug/m 3 , and that locations in three states (Indiana, Maryland, and 

Pennsylvani~) registered mean 24-hour averages greater than 

0.1 ug Mn/m • 

The highest exposures to airborne manganese occur 

occupationally in mining operations, ore processing plants, and 

ferromanganese plants (Table 3). The levels in these settings 

may be a thousand times or more greater than the higher ambient 

urban levels discussed earlier. In recognition of the potential 

toxicity of manganese at these extreme occupational levels, 

workplace standards have been set (Table 4). The Wor13 Health 

Organization's is the most conservative at 300 ug Mn/m time-
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weighted average. In interpreting the meaning of this level, it 

is important to bear in mind that a workplace standard applies to 

a workforce that is presumed healthy and more resilient to 

environmental insult than the population at large. Workplace 

standards are not applicable t~ the general public, and should 

not be construed as protective of the public's health. 

Without the use of manganese fuel additives, the 

contribution of motor vehicle emissions to ambient manganese 

levels is probably very small. In the 1970's, MMT, a Mn

containing additive was included in some unleaded gasolines to 

improve octane ratings. Consequently, some efforts were taken to 

estimate and measure the increased Mn concentrations in air 

associated with the additive's use. Ter Haar et al (1975) 

estimated that the mean urb~n increment would be 0.05 ug Mn/m 3 

with a peak of 0.25 ug Mn/m if MMT wa~ in all vehicles and fuel 

concentrations of Mn were 0.125 g/gal. Pierson et al (1978) 

with the use of aerosol sampling, determined Mn levels in the 

Allegheny and Tuscarora Tunnels of the Pennsylvan~a Turnpike for 

several one-week intervals between 1975 and 1977. (In this 

period, the use of MMT was at its peak; however, in 1978, the use 

of MMT as an additive to unleaded gasoline was terminated.) The 

high~st average weekly level inside the tunnels was 0.13 ug 

Mn/m , and the average for the measurement periods was 0.11 ug 

Mn/m 3 . The peak use of MMT during the study (1977) resulted in 

an average value of 16 mg Mn per gallon of gasoline in vehicles 

coursing through the tunnels; corresponding Mn-emission rates 

were 0.13 mg Mn/mile. These data suggest that in locations with 

a heavy flow of traffic emitting MMT-derived manganese into a 

confined space, increased manganese levels at roadside may be 

discriminated from background levels. One of the important 

unknowns, and a possible confounding factor in roadside 

measurements, is the extent to which traffic resuspends road 

dusts that contribute to the manganese content of the roadside 

aerosol. 

Volkswagen has proposed to equip its diesel automobiles with 

a particle regenerator system that uses Lubrizol 8220, a 

manganese-containing additive. The system is designed to help 

model 1986 and future automobiles comply with U.S. and California 

regulations for particulate emissions. The emission rates of 

manganese from vehicles so equipped are expected to be 

considerably higher than those associated with MMT use. For 

highway driving, VW estimates that emission rates will range from 

an expected value of 1.38 mg Mn/mile to a worst-case value of 

4 mg Mn/mile; For street driving, expected emissions will be 

3.13 mg Mn/mile with a worst-case value of 10 mg Mn/mile.l7,l 8 

(VW had previously estimated that 5onservatively, Mn emissions 

from MMT could be 0.58 mg Mn/mile. ) The worst-case numbers are 

based on the assumption that all of the manganese metered into 

the fuel stream is emitted while the expected values reflect 

realistic Mn retention in the engine and particle filter. 
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Volkswagen has used modeling techniques to project these 

emission rates into mang~nese concentrations at the side of 

freeways and within street canyons. Assuming 100% penetration of 

the regenerator into the automobile fleet, worst-case traffic 

conditions, and a crossroad wind, VW calculated,using the EPA 

HIWAY-2 model, the Mn concentrations indicated in Table 5. 

The data obtained from such modeling calculations are 

necessary and important for placing the health questions in the 

perspective of expected human exposure. The necessity derives 

from the fact that direct measurements of manganese are not now 

possible since the technology is not yet implemented in the 

active fleet. The modeling results are important because they 

help anticipate whether situations may arise in which manganese 

concentrations achieve levels that are associated with known 

health effects. Given these considerations, the HEI felt it 

appropriate to independently verify the results from the HIWAY-2 

model. The HEI analyses basically agree with VW's results except 

that, for highways,the most conservative values occur with the 

wind parallel to the roadway (Table 6). With a parallel wind (5 

degrees to the roadway) VW's worst-ca~e highway Mn level would be 

3.60 ug Mn/m 3 instead of 2.00 ug Mn/m 3 • 

These modeling exercises produce ceiling estimates based on 

hypothetical situations. These estimates serve a valuable 

purpose in that, once accepted, they provide a reference for 

applying correction factors. Perhaps the most important 

correction factor involves fleet penetration of the manganese 

technology. The California Air Resources Board (CARB) estimates 

that by 1990, between 2.6% and 6.6% of the vehicle fleet will 

have particle traps (values derived from reference #1, Table 

l). Thus, for 1990, one may adjust the worst-case street canyon 

value of 7.6 ug Mn/m 3 to between 0.2 and 0.5 ug Mn/m 3 for upper

bound emissi~n rates of 10 mg Mn/mile, and to between 0.06 and 

0.16 ug Mn/m for expected emission rates of 3.13 mg Mn/mile. 

Likewise, for highways with parallel ~inds, Mn values at roadside 

will be between 0.09 and 0.24 ug Mn/m for upper-bound e~ission 

rates of 4 mg Mn/mile, and between 0.03 and 0.08 ug Mn/m for 

expected emission rates of 1.38 mg Mn/mile. 

It seems highly unlikely, therefore, that, under the 

conditions described, automobiles equipped with the proposed 

particle regenerator system will contribute more than l ug Mn/m 3 

to ambient air. A number of factors, however, still require 

attention to provide a more complete picture of manganese 

emissions from these automobiles. At present there is no 

information on the size distribution of Mn-containing particles 

in the exhaust or the species of manganese compounds that are 

emitted. Also, the modeling performed to date does not consider 

the mode of vehicle operation such as acceleration and steady 

state driving. If the properties of Mn emissions are similar to 

those of lead, then the percentage of Mn exhaust may vary with 

the vehicle operating condition and will increase when vehicles 

accelerate from a stop or a low cruise (20 mph) to a much higher 
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speed (60 mph). This occurs because particles can build up in 

the exhaust system during steady state driving and are released 

during high load accelerations. If this is the case, then the 

roadside levels of Mn at a section of road where vehicles 

accelerate will be higher than the above calculations indicate. 

Health. Effects of Manganese 

At present, there is no indication that health effe)ts are 

associated with chronic exposures of less than 2 ug Mn/m , a 

value we believe exceeds the highest ambient levels expected with 

use of the regenerator. The effects of greatest concern are 

neurotoxic and respiratory and these have been reported over the 

past several decades in studies of occupational exposure to 

manganese. There are no studies which have investigated whether 

inhaled manganese is carcinogenic in laboratory animals or human 

beings. Manganese administered by subcutaneous, intraperitoneal, 

or intramuscular routes has induced tumors in some studies but 

not in others (reviewed in reference #12). Inhalation studies 

have concentrated primarily on neurotoxic and respiratory 

effects. 

Neurotoxicity: The neurotoxic effects in humans require at 

least several months of exposure and progress from an early 

reversible stage characterized by psychological disturbances to a 

more advanced and irreversible stage marked by a neuropathy that 

has been labeled manganism. This condition resembles 

Parkinsonism in its overt manifestations of a motor disorder, and 

like Parkinson's disease, does involve neural pathways in the 

brain that utilize the neurochemical transmitter, dopamine. 

However, the specific regions of the brain relevant to each of 

the two diseases are different. 

The human clinical and epidemiologic literature suggests 

that neurotoxicit~ is not strongly i~dicated until exposure 

exceeds 5 mg Mn/m (or 5,000 ug Mn/m ) , but that n3urological 

symp5oms may occur at levels as low as 0.3 mg Mn/m (300 ug 

Mn/m ) . A possible exception is a study in which Saric et al 

(1977) compared neurolo~ic symptoms among workers in a ferr5alloy 

plant (0.3-20.4 mg Mn/m ) 1 an electrode pla~t (2-30 ug Mn/m) and 

an aluminum r~lling mill (0.05-0.07 ug Mn/m ) , the last to serve 

as a control. Their findings show an excess of symptoms in the 

ferroalloy plant and a smaller excess in the electrode plant, 

suggesting an effect between 2 and 30 ug/m3. This study, 

however, sufZers from serious inadequacies. The symptom of major 

importance in the electrode plant, tremor at rest, is not 

attributable solely to manganese and possible confounding factors 

were not studied. Secondly, a number of subjective symptoms did 

not follow a dose-response relation across the three plants, and 

also failed to do so when the ferroalloy cohort was sub-divided 

into three exposure groups. Finally, statistical analyses of the 

published data were conducted for the HEI (Roth Assoc.) and show 

that smoking alone may explain the differences in symptoms 

between plants. 
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Animal studies shed little additional light on the 

subject. Only two studies have attempted to study neurological 

or behavioral effects following inhalation of manganese 

aerosol. In neither case were effects rep~r1e~ i~ monkeys at 

concentrations of Mn 3o4 rangin~ over lmg/m . • 4- 6 

Respiratory Toxicity: The respiratory effects of manganese 

involve an inflammatory effect or pneumonitis, which may lead to 

diminished pulmonary function, bronchitis, or altered 

susceptibility to infection. The animal research literature 

suggests that chronic pulmonary effects may occur between 100 and 

700 ug/m 3 . As with the research on neurotoxicity, the literature 

is limited and difficult to extrapolate to manganese emissions 

from automobiles. 

The U.S. EPA, in its Health Assessment Document for 

Manganese, considers respiratory symptoms to be the ''critical 

effect" for manganese because respiratory effects are reported at 

levels lower than those reported for neurotoxicity. Based on 

studies in rats and monkeys, the EPA calculated Human Equivalent 

Exposure Levels (HEEL) for studies indicating No Observed Effect 

Levels (NOEL) and the Lowest Observed Adverse Effect Level 

(LOAEL). After applying a correction factor of 10 to account for 

potentially sensitive individuals, the EPA derived a human 

equivalent NOEL of 5 ug Mn/m 3 based on rats and 8.7 ug Mn/m 3 

based on monkeys; the LOAEL, based on monkeys is 36.5 ug Mn/m 3 . 13 

These levels are much lower than those associated with 

respiratory effects in occupational settings. The studies of 

workers exposed to manganese generally show tha~ respiratory 

effects follow exposures in excess of 5 mg Mn/m • There are 

data, however, from a Japanese study (Nogawa et al, 1973) of 

junior high school students that apparently associate increased 

respiratory symptoms and diminished pulmonary function with 

manganese levels in the NOEL-LOAEL range that EPA calculated. 6 

The major variable in the study was proximity of the student's 

school to a source of ambient manganese. The source was a 

ferromanganese plant and the students classified as ''exposed'' 

attended a school 100 meters from the plant. Students in a 

school 7 km from the plant served as controls. Relative exposure 

of the two groups to manganese was primarily determined by the 

amount of manganese in the dustfall at the two locations. The 

investigators estimate that exposure near the plant was 20 or 

more times higher near the plant than at the control site. Air 

samples that were taken 100 m from thJ plant indicated airborne 

manganese concentrations of 4 ug Mn/m . EPA estimated, on the 

basis of analyses of dustfalls near a ferromanganese plant in the 

Kanawha Valley in West Virginia, that the dustfQll in the Nogawa 

study may translate to between 3 and ll ug Mn/mJ.ll 

Although participation of the student bodies in the survey 

was nearly complete, several problems remain which prevent this 

study from being conclusive. First, dustfall was used by the 

investigators as the principal index of exposure rather than 
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direct air sampling. It is thus difficult to ascertain the 

amount of dust that, when suspended, contained respirable 

manganese. The quality of exposure information, therefore, is 

less than desirable. Also, the authors failed to adjust for 

potential socio-economic factors. Frequently, poorer populations 

with inferior health and medical care are located in more heavily 

polluted areas. Associated environmental conditions may include 

increa~ed crowding at home and increased exposure to indoor 

pollutants, particularly, cigarette smoke. Such factors may bias 

resulting health data and produce inappropriate conclusions. 

Furthermore, pulmonary function was not tested in a blind 

fashion, nor did the investigators appear to have a full 

appreciation of the difficulty in administering pulmonary 

function tests to school children. In addition, there are 

problems with the study's medical questionnaire, an adaptation of 

the British Medical Research Council's Questionnaire (1966 

version). It primarily probed for subjective responses, an 

approach that is difficult to control even in studies of adults. 

Thus, despite the relevance of the exposure levels in this 

study to worst-case manganese levels expected from automobile 

emissions, we believe the data are subject to question. 

Nonetheless, the study stands as the only one on record that 

addresses potential chronic effects of low levels of manganese in 

a potentially sensitive segment of the non-occupationally exposed 

population. The criticism given above suggest that the study 

suffers from methodologic deficiencies, but they do not 

invalidate the reported results. The ambient concentrations of 

manganese apparently associated with respiratory effects in this 

study are, according to estimates and limited measurements, 3 to 

4 times higher than the the maximum concentrations expected from 

diesel automobiles under realistic scenarios. However, there are 

no epidemiologic data from the general population that have 

examined for respiratory effects at lower levels. 

Conclusion 

The available data do not indicate that currently 

anticipated levels of manganese emissions from diesel automobiles 

using Lubrizol 8220 are associated with increased public health 

risks. It appears unlikely that implementation of the 

regenerator, as currently proposed by Volkswagen, will result 1n 

an increase of more than l ug Mn/m 3 in ambient air; airborne 

manganese concentrations from other sources rarely exceed 

0.1 ug Mn/m 3 • Inhaled manganese is capable of producing health 

effects, specifically neurotoxic and respiratory, but none of 

these have been demonstrated at the maximum ambient levels 

expected with implementation of the trap technology into the 

light duty fleet. Despite an apparent margin of safety between 

maximally expected manganese concentrations and the lowest levels 

at which effects may occur, additional information is necessary 

to reinforce a conclusion that no health effects are expected. 
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We presently lack data on the size distribution of particles 

emitted from the tailpipe and the amount and species of manganese 

they contain" According to VW analyses, the manganese is likely 

to be in oxide form (e"g", Mno 2 , Mn 3o 4 ), but measured values of 

species-specific manganese levels in diesel exhaust are not yet 

available" These data are important because particle size 

distribution helps predict the extent and region of pulmonary 

particulate deposition, and a description of the chemical form of 

emitted manganese is important in case its toxic effects are a 

function of its valence state" The Health Research Committee 

believes that Volkswagen must continue its efforts to 

characterize tailpipe emissions over a range of engine operating 

modes, and to communicate the data to all interested parties" 

As discussed in this letter, the data base on the health 

effects of manganese is not as complete as one would prefer" 

Because manganese is essential for normal health, it is 

reasonable to expect that there are threshold levels below which 

health effects are not expected" The range of that threshold and 

how it may vary for different subpopulations are not currently 

known with any accuracy" With the exception of the study by 

Nogawa et al, the available evidence does not implicate manganese 

in adverse effects until it achieves levels between 100 and 1000 

micrograms per cubic meter; using CARB estimates for fleet 

penetration of the tra~ technology, ambient levels of Mn will 

remain below l ug Mn/m " As mentioned, the Nogawa study cannot 

be overlooked despite its methodological problems, and perhaps a 

reanalysis of the study design and raw data would clarify its 

results" 

The EPA issued a decision on August 13, 1985 not to regulate 

manganese as a hazardous air pollutant under Section 112 of the 

Clean Air Act" 4 However, the Agency also intends to continue to 

monitor research activities, "and will reinstitute assessment if 

warranted by the results of that research"" The Health Effects 

Institute endorses such flexibility and stands ready to 

reevaluate this issue as new relevant scientific and 

engineering data emerge or the use of the manganese technology 

expands beyond currently anticipated levels" 

Please feel free to 
questions concerning the 
concerns that may arise" 

contact the HEI if you have further 

issues in this letter or any new 

We thank you for your interest" 

Sincerely, 

Thomas Po Grumbly 
Executive Director 

cc: HEI Health Research Committee 

Mro Stanley Blacker 

-9-



REFERENCES 

1. California Air Resources Board, Memorandum-''Modeling 

Analysis of Potential Impacts of Manganese as a Diesel Fuel 

Additive", Sacramento, CA, September 20, 1984. 

2. Cooper, W.C. 1984. The health implications of increased 

manganese in the environment resulting from the combustion 

of fuel additives: A review of the literature. J. Toxicol. 

Environ. Health 14:23-46. 

3. Coulston, F., and Griffin, T. 1976. Inhalation toxicology of 

airborne particulate manganese in rhesus monkeys. Institute 

of Comparative and Human Toxicology, International Center of 

Environmental Safety, Albany Medical College, Holloman Air 

Force Base, New Mexico. EPA Contract No. 68-02-0710. (Also 

EPA-600/l-77-026, May 1977.) 

4. Environmental Protetion Agency. Decision Not to Regulate 

Manganese Concentrations as Hazardous Air Pollutant Under 

Section 112 of Air Act. Federal Register 50: 32627-32628, 

August 13, 1985. 

5. Fraunhofer-Institut fur Toxikologie und Aerosolforschung 

Institutsteil, Hannover/Munster. Evaluation of Health 

Effects Associated with the Diesel Trap Oxidizer 

Regeneration, A Literature Search. Under contract with 

Volkswagenwerk AG. February 1984. p.l3. 

6. Nogawa, K., Kobayashi, E., Sakamoto, M., Fukushima, N., 

Ishizaki, A., Makino, N., Kagamimori, S., Hiramaru, Y., 

Kawano, s., Kate, T., Kanekawa, KJ., Shozo. 1973. Studies 

of the effects on the respiratory organs of air pollution 

consisting of dusts composed mainly of manganese. (First 

Report) Effects on the respiratory organs of junior high 

school students. Nippon Koshu Eisei Zasshi (Jap. J. Public 

Health) 20:315-325. 

7. Pierson, W.R., McKee, D.E., Brachaczek, W.W., and Butler, 

J.W. 1978. Methylcyclopentadienyl manganese tricarbonyl: 

Effect on manganese emissions from vehicles on the road. J. 

Air Pollut. Control Assoc. 28:692-693. 

8. Saric, M., Markicevic, A., and Hrustic, 0. 1977. 

Occupational exposure to manganese. Br. J. Ind. Med. 34: 

114-118. 

9. TerHaar, G.L., Griffing, M.E., Brandt, M., Oberding, D.G., 

and Kapron, M. 1975. Methylcyclopentadienyl manganese 

tricarbonyl as an antiknock: Composition and fate of 

manganese exhaust products. J. Air Pollut. Control Assoc. 

25:858-860. 



10. United States Environmental Protection Agency, Environmental 

Criteria and Assessment Office. Health Assessment Document 

for Manganese. Final Report. EPA-600l8-83-0l3F. August 

1984. pp. 3-67 to 3-68. 

ll. Ibid p. 6-52. 

12. Ibid pp. 7-l to 7-ll. 

13. Ibid pp. A-l to A-5. 

14. Ulrich, C.E., Rinehart, W., and Busey, W. 1979. Evaluation 

of the cronic inhalation toxicity of a manganese oxide 

aerosol. I. Introduction, experimental design and aerosol 

generation methods. Am. Ind. Hyg. Assoc. J. 40:238-244. 

15. Ulrich, C.E., Rinehart, W., Busey, W., and Dorato, M.A. 

1979. Evaluation of the cronic inhalation toxicity of a 

manganese oxide aerosol. II. Clinical observations, 

hematology, clincial chemistry and histopathology. Am. Ind. 

Hyg. Assoc. J. 40:322-329. 

16. Ulrich, C.E., Rinehart, W., and Brandt, M. 1979. Evaluation 

of the cronic inhalation toxicty of a manganese oxide 

aerosol. III. Pulmonary function, electromyograms, limb 

tremor, and tissue manganese data. Am. Ind. Hyg. Assoc. J. 

40:349-353. 

17. Volkswagen, Manganese Concentrations in Air Resulting from 

the Possible Use of Manganese Compounds as a Diesel Fuel 

Additive and Health Effect Aspects of Manganese, Wolfsburg, 

West Germany, March 13, 1984. 

18. Wiedemann B., and Neumann, K.H. 1985. Vehicular experience 

with additives for regeneration of ceramic diesel filters, 

Volkswagenwerk AG, Wolfsburg, West Germany, SAE Technical 

Paper Series No. 850017, Warrendale, PA. 



Table l 

Manganese 1n Foodsa 

MJ.ng:ancse Mang:~.ncsc 

Food {wet weight, ,~.~gjg) Food (wet weight, J.l&/&) 

Whok -.·:,c.Jl, Stcd 11.32 R.Jisins, package 4.68 

Ottl..!, while 1.78 Apple 0.31 

Brel.:!, "'hole whta: 1.43 Orange: 0.)5 

OHr..ol 2.72 Pe:~.ch 1.02 

Corn l.l<=.lf 2.05 

/illc.aroai, dry 10.56 Pec:r.ns 35.09 

Grapcnuts 30.76 Peanuts, salted 6.91 

Milk., whole 0.19 Spinach, fresh 7.77 

Milk., dry skimmed 0.00 Beeu, fre:s.h 0.41 

Butter 0.96 Be:~.ns, canned 0.24 

Es.gs. "hole 0.53 Potas, fresh 0.64 

Tomatoe<;, Clnned 0.30 

Beef, ;olSting o.os 
Umb .::hops, lean 0.34 Bl.a.ck pepper 47.48 

Chicken breJ.st 0.21 Cloves 262.86 

G.lrlic powder 0.45 

H.ltib•.:: steak 0.12 Coffee, ground ::20.65 

Sca!!o:>>, fre~h 0.11 Ccffe~, infusion 0.85 

Cllm>, fresh froun 0.00 Tea, le.lves 275.58 

Tea, infusion 6.9 

Cod li,cr oil 4.95 

Corn oil 1.00 

Safflo" cr oil 0,00 

riSckctcd from Schroeder et .ll. {1966). Table 6,1Jp, 551-552. 

from Coo~er, 1984 



Table 2 

Anbient Manganese Concentrations by State [rom EPA's SAROAD Date 

1980-1982 SAROAD Data ( ul'/~) 
NLZllber of (24 hour averages) Site 

State Samoles range mean Characteristics• 

Alabama 164 0-0.360 0.065 urban/suburban -
Birmir.gham 

30 0.005-0.0116 0.028 urban, rural 

Arizona 1 2111 0-0.220 0.059 urban, rurcl 

611 0. 003-0.07 0 0.025 rur2l, urban 

38 0-0.011 0.003 national park 

Arkansas 27 0.002-0.038 0.009 r.a tional forest 

27 0.009-0.037 0.019 urba rv' suburban 

Californi2 65 0-0.080 0.028 rural/suburban, 
na t.ional forest 

97 0.004-0.060 0. 0211 urban, national 
forest/desert 

104 0-0.050 0.020 urban, rural 

78 0-0.070 0.025 urban -
Los Angeles, 
San Franciscc 

Colorado 290 0-0.170 0.057 urban, rural 

79 0--0.060 0.028 national forest, 
rural, urban 

54 0-0.180 0.077 rural, national 
forest 

57 0-0.030 0.005 na tioncl forest 

Connecticut 25 0.003-0.026 0.015 urban, rural 

Del3\.lare 21 0.002-0.050 0.018 urbarv' suburban 

DC 24 0.010-0."032 0.019 urban 

Florida 110 0-0.030 0.007 Everglades/ 
national park, 
urban 

2o6 0-0.032 0. 011 urban, rural 

Georgia 49 0-0. 107 0.025 urbarv'suburban 

55 0-0.051 0.016 military 
reservation 



Table 2 (continued) 

Arobi.cn~ Manganese Concentrations by State fran EPA's SAROAD Data 

State 

Hawaii 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Haryland 

Hassachusetts 

Michigan 

Minnesota 

Hississippi 

Nll1lbe r or 
Samoles 

107 

77 
164 
58 

14 2 

84 

66 
4 1 

35!! 

131 
70 
36 

21 

25 

42 
28 

35 
46 

25 

25 

1980-1982 SAROAD Data (ug/~) 
( 24 hour averages) 
range 

0-0.024 

0.004--0.103 
0-0.045 

0.009-0.759 

0-0.130 

0.008-0.097 

0. 004--0.299 
0.009-0.133 

0-0.182 

0-0.039 
0.004--0.081 

0-0.021 

0.018-0.261 

0. 010-0.220 

0-0.029 
0.006-0.032 

0. 004--0.050 
0-0. 140 

0-0.050 

0.007-0.058 

mean 

0.006 

0.019 
0.024 
0. 151 

0.034 

0.037 

0.042 
0.047 
0.026 

0.017 
0.029 
0.009 

o. 107 

0.069 

0.010 
0.017 

0.017 
0.036 

0.022 

0.023 

Site 
Characteri sties• 

urban/suburban, 
national park 

urban 
rural, L:rban 
rural, urban
Gary 

rural, urban 

·urban, rural -
Kansas City -
Topeka 

suburban, rural 
rural 
urban 

urban 
suburban 
rur2.1 

urban -
Baltimore 
urban, rural -
Baltimore Co. 

urban 
rural 

rural 
urban/suburban -
Flint 

urban/suburban 

urban, rural 



Table 2 (continued) 

Ambie"t Hanganese Concentrations by State from EPA's SAROAD Data 

1980-1982 SAROAD Data ( ug/n?) 

Number of (24 hour averages) Site 

State Samrl es range mean Characteristics• 

Hontana 98 0-0. 190 0.026 rural, urban 

78 0-0.080 0.029 national forest 

1~6 0-0.350 0.065 national rarest' 
suburban/ 
roil i tary 
reservation 

Nebraska 40 0. 005-0. 073 0.029 urbarJ suburban 

Nevada 46 0.004-0.041 0.019 national rarest, 

urban -

114 0-0.066 0.015 
Las Vegas 
forest, 
rr.ount.ains 

Ne>~ Jersey 189 0--0. 129 0.024 urban/suburban 

Ne>~ He xi co 43 0.007-0.069 0.031 urban 

Ne>~ York 45 0.002-0.079 0.023 rur2l/suburban, 

314 0--0.580 0.029 
state park 
urban/suburban. 

North Carolina 48 0--0.0284 O.OOIJ national forest 

133 0--0.071 0.015 urban, rural 

Ohio 34 0.018-0.183 0.073 urban -
Cleveland 

46 0--0.050 0.020 urban - Toledo, 
rural 

291 0-0.170 !].036 urban/suburban 

23 0.003-0.173 0.045 suburban, rural 

Oklahoma 39 0. 005-0. 06 1 0.022 rw-al, suburban 

41 0.005-0.035 0.017 urban/suburban 

Pennsylvania 58 0.010--0.960 0.120 urban -
Philadelphia 

22 0.004-0.040 0.019 urban, rural 

65 0.005-0.184 0.049 rw-al, suburban 



Table 2 (continued) 

Arobie~t Kanganese Concentrations by State [rem EPA's SAROAD Data 

198071982 SAROAD Data ( ug/~) 
NLI1lber or (2~ hour averages) Site 

State Samoles range mean CIJar·acterist ics • 

South Carolina 132 0-0.039 0.013 rw-21, urban 

South Dakot.s 30 0-0.010 0.005 national forest 

Tennessee 111 0.003-0.070 0.028 urban 

72 0.005-0.290 0.051 national forest, 
rur2.l -
Sullivan County 

115 0.002-0.190 0.052 rw-al, urban 

Texas 1519 0-0 .~57 0.021 urban/suburban 

339 0-0.072 0.015 rural 

636 0-0.343 0.023 suburban 

805 0~0.397 0.022 rural, urban 

Virginia ~8 0-0.027 0.006 national forest 

~5 0-0.026 0. 011 urban, rur2.l 

21 O-D.014 o. ocn urban - Danville 

130 0-0.050 0.017 urban/suburban 

Washington 207 0-0.129 O.OZ7 na tion2l forest, 
rural, urban 

West Virginia 22 0.010-0.090 0.036 ruroJ., urban 

Wisconsin 49 0-0.020 0.005 rural 

94 0.004-0.255 0.0~4 urban/suburban -
Hil1-1aukee 

80 0-0.140 0.021 rural, urban 

Wyaning 24 0-0.010 0.002 national fares t 

• Site characteristics are listed in order of predominance. 



Table 3 

Examples of Levels of 
to Airborne 

Range of aveugesb 

Operation ("g Mn/m') 

Ore crushing mill 10,400-173,000 

Ore crushing 62,500-250,000 

Pcrnll!1SJn.ttc manufacture 300-250,000 

Minins. mine #1 187,000-926,000 

Minins, mine #2 65 ,000-81< ,000 

Minins:, 1954 500-16,300 

Minins:. 1955 1,800-46,000 

FerromJ.ng::anese production 2,300--4,700c 

Mn ore processing 5,030-11,100 

FcrromJngam::se production 1,600-8,600 

Dry blt~ery m:anuf:acture 6,800-42,200 

Ferro:nJ.lg:&nese production 

Old prepJ.rJtion plant 27,000-1,122,000 

BIJH furnace and pig castingd 120-13,300 

Mn processing 2,100-12,900 

Fcrrol!ioy production 301-20,<40 

Ferroi.\J.ngJnesc production 

(afta controls) 

SLut furnJce c:ast housed 230-820 

Pig cJ.sting 390-620 

,\ln processing 390-2,260 

Occupational 
Manganesea 

R;,.nge of pe:ak levtlsb 

(iJZ Mn/m,) 

5,250-31,500 

4,430-20,130 

52,000-1,750,000 
1,900-206,000 
5,000-61 ,5 00 

1,100-12,600 
3,960-5,200 

1,000-2;,300 

Exposure 

References 

Flinn et al. (1940} 

Anso!a ct a!. (1944) 

Lloyd D:avit:s {1947) 

Rodier {1955} 

Rodier (1955) 

Schuler ct al. (1957) 

Schuler eta!. (1957} 

Whitlock ct a!. (1966) 

T~naK:1. and Liebcn {1969) 

TJ.nak:~ and Liebcn (1969) 

Em.ua et al. ( 1971) 

Smyth et al. {1973) 

Smyth eta!. ( 197 3) 

Smyth et al. {1973) 

SariC et at. (1977) 

Ruhf (1978) 
Ruhf{1973) 
Ruhf (1978) 

a A!! s:udics prior to 1978 were J.ssociated with evidences of manganese toxicity in some individuals. 

bMc:hods of Slmp!e collection differ, i.e., thermal precipitation, electrostatic precipitation, millipore 

filter SJ.mp!ing. 

cVJiucs IJ.ter found to be too low. 

d<f::::: fume. 

from Cooper, 1984 



Source 

Table 4 

Guidelines and Standards for Manganese 

1n the Workplacea 

Applicable 

dJ.tcs. Guideline or stand.ud 

A(LilH TLV 1946-1959 
1960-1962 

1963-
1978~> 

1979-

6000 JJg/m' (TWA) 

5000 pgfm l (TWA) 

OSHA 1972-

WHO 1980-

5000 pgfm' (Ceiling value) 

1000 ;.~g/m 1 {TWA for Mn tetroxide) 

1000 pg/m) (TWA for Mn fume) 

3000 pgjm' (STEL for 1\oln fume} 

5000 JJS/m' {Ceiling value) 

300 pgfm' (TWA) 

t:Abt:orcvi.ltions.: ACGIH, American Conference of Government.ll lndustri.1l H~·gicnists: OSHA, 

Oc~~;:o.ltion.1l S:dety 3nd Hc:llth Administr.:aion; WHO, World He:dth Organiz.ation; TLV, threshold 

lirr.i~ v.l!uc; TWA, time-weighted aver.lgc; STEL, short·term exposure level. 

from Cooper, 1984 



Roadway 

Highway 

Street Canyon 

Wind Direction 
to Roadway 

90° 
90° 

90° 
90° 

4 5° 
45° 

50 
50 

Table 5 

RESULTS OF VOLKSWAGEN MODELING 

Emission rates 
(mg Mn/mi) 

4.00 
l. 38 

10.00 
3 .13 

Table 6 

Roadside conce~tration 
(ug Mn/m ) 

1. 98 
0.64 

7.60 
2.20 

ESTIMATED AMBIENT Mn CONCENTRATIONS 
DOWNWIND OF A HIGHWAY 

(100% penetration) 

Emission Estimated Concentrations 

Rates 4m Dnwnd 1~0m Dnwnd 

(mg Mn/mi le) (ug Mn/m ) 

Volkswagen Analysis 

4.00 l. 98 0.84 
1. 3 8 0.64 0.22 

HEI Analysis 

4.00 2.00 0.80 
1. 38 0.68 0.29 

4.00 2.50 1. 20 
1. 38 0.87 0.39 

4.00 3.60 2.50 
l. 38 1.14 0.87 









ATTACHMENI' C 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

ANN ARBOR. MICHIGAN 48105 

OFFICE OF 
AIR AND RADIATION 

AUG 11 1986 

MEMORANDUM 

SUBJECT: HEI's Role 
Unregulated 
Evaluation 
"Conclusive 

in Assessing the Health Effects of 
Pollutants: (l) EPA's Request for an 

of Manganese and (2) the Meaning of 
Data" in Maxwell letter of March 24, 1986 

FROH: 

TO: 

- 7 //d! ~7~~;~~/· Gray, Jr._____.-.<~~/)7~/'_ 
Emission Control Technology Divis'dn 
United States Environmental Pr~ 

Thomas.P. Grumbly~~ 
Execut1ve D1rector 
Health Effects Institute 0 

/"' 

Robert Maxwew /),y· u/ 
D1rector ~;;-~ 
Certificati """'DiviS! 
United Stat s Envirdnmental Protection Agency 

The Record 

This memorandum summarizes, 
information, concerning a telephone 
among the following participan~s. 

and prov1des background 
discussion on June :J, 1986 

Thomas P. Grumbly, Executive Director 
Health Effects Institute 

Dr. Ken Sexton, Director 
Scientific Review and Evaluation 
Health Effects Institute 

Dr. Robert Kavet, Senior Staff Scientist 
Health Effects Institute 
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Mr. Charles Gray, Director 
Emission Control Technology Division 
Office of Mobile Sources 
Environmental Protection Agency 

Mr. Phil Lorang, Chief, 
Technical Support Staff 
Emission Control Technology Division 
Office of Mobile Sources 
Environmental Protection Agency 

Mr. Robert Maxwell, Director 
Certification Division, Office of Mobile Sources 
Environmental Protection Agency 

Dr. Joseph Somers, 
Office of Mobile Sources 
Environmental Protection Agency 

Ms. Penny Carey 
Office of Mobile Sources 
Environmental Protection Agency 

Mr. Matthew Wagner 
Office of Mobile Sources 
Environmental Protection Agency 

The discussion dealt with HEI's response to Volkswagen's 

request of June 1984 on manganese, the general role of HEI in 

the unregulated pollutant evaluation process, and the meaning 

of "conclusive data" as expressed in Mr. Robert Maxwell's 

letter of March 24, 1986 to Volkswagen and more genecal 

S'J.iC.ar-.ce prov:.CeC to manufacturers by Mr. Ma:0.vell in a le::<;:er: 

of April 2, 1986. The telephone call was init:iateC. in res;>cnse 

to a prior request by Mr. Grumbly to Mr. Ric~ard ~Nilso~, 

Director of the Office of Mobile Sources. 

I. Introduction: The Statutory F~amework 

Section 202 (a)(4) of the Clean Aic Act, 42 U.S.C. 7521 

(a)(4) 1983 states: 

(4) (A) Effective with respect to vehicles and er:g~:oes 

manufactured after model year 1978, no emission control device, 

system, or element of design shall be used in a ne•..; mota rc 

vehicle or a new motor vehicle engine for purposes of complying 

with standards prescribed under this subsection if such device, 

system, or element of design would cause or contribute to an 

unreasonable risk to public health, welfare, or safety in the 

operation or function. 
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(B) In determining 
exists under subparagraph A the 
consider among other factors: 

whether an unreasonable risk 
Administrator (of EPA) should 

( i) whether: and to what extent the use of any 

device, system or element of design causes, increases, reduces 

or eliminates emissions of any unregulated pollutant; 

( i i) available methods for reducing or 

eliminating any risk to public health, welfare or safety which 

may be associated with the use of such device, system or 

element of design and; 

(iii) the availability of other devices, 

systems or elements of design which may be used to conform to 

the standards prescribed under this subsection without causing 

or contributing to such an unreasonable risk. The 

Administr:ator shall include in the consideration required by 

this paragraph all relevant information developed pursuant to 

Section 7458 of this title. [Section 7458 which codifies 

Section 214 requires that the Administrator conduct a study and 

analysis of particulate emissions of motor vehicles cover:ed by 

202(a)(4), which characterizes and quantifies such emissions 

and analyzes the relationship of such emissions to fuels and 

fuel additives used.] 

A companion statute, 
(A)(3)(1983) states: 

Section 206(a)(3), 42 usc 7525 

''3(A) a certificate of conformity may be issued 

under this section only if the Administrator determines the 

manufacturer. has established to the satisfaction of the 

Administrator that any emission control device, system, or 

element of design installed on, or incorporated in, such 

vehicle or engine, conforms to the applicable requ1remen1:s a:: 

Section 7521 (a) (4) of this title. 

(B) the Admistrator may conduct such tests a:c.d may 

require the manuEactu::::er. . to conduct such tes'cs anC. pr:oviCe 

such informatior:t as is r:tecessary to carry out subparagrat:h A of 

this paragraph." 

Section 206 (b), 42 USC 7525 (b) (1983), which govec:>s the 

testing procedures and judicial revie•" of cer::ification 

decisions by the Adrninistratbr under this statute, provides 

that the Administrator is authorized to direct manufacturers to 

conduct tests to determine whether vehicles do conE orrr. to the 

regulations, and that manufacturers may file a petition with 

the appropriate United States Court of Appeals for judicial 

review of such determination. The court shall review this 

order in accordance with the "substantial evidence" standard of 

the Administrative Procedure Act. See 5 USC 706 (1977) 
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II. The Role of the Health Effects Institute 

The Health Effects Institute was created in part to 

provide a mechanism for satisfying the statutory health testing 

obligations under sect ion 202-( a) ( 4). The Health Effects 

Institute functions to organize, fund, conduct, and evaluate 

research on the health effects of motor vehicle emissions. The 

EPA has stated that it would fully expect the Institute to 

become the primary mechanism by which participating motor 

vehicle manufacturers discharge their health testing 

·responsibilities under 202 (a)(4) in a memorandum to the Motor 

Vehicle Manufacturers from Joseph A. Cannon, Assistant 

Administrator for Air and Radiation, and Bernard Goldstein, 

Assistant Administrator for Research and Development, EPA, 

March 20, 1984 (hereinafter the Cannon/Goldstein memorandum. 

Attached as Appendix A). In the Cannon/Goldstein memorandum, 

EPA further stated: "the EPA position on the Institute 

wi 11 remain unchanged providing each manufacturer continues to 

identify in an annual written needs submission to (HEI) that 

health effects research which the manufacturer deems most 

important." 

III. The HEI Manganese Report and the Maxwell Letter 

Relying on the EPA's statement in the Cannon/Goldstein 

memorandum, Volkswagen of America, Inc. (VW) requested in June 

1984 that HEI undertake an evaluation of potential health 

issues related to emissions from diesel automobiles using 

manganese-containing fuel additives for particle trap 

regeneration. By permitting regeneration to occur at exhaust 

temperatures which are reached naturally in normal operation, 

the manganese additive avoids the need for more expensive or 

othen;ise less attractive regeneration approaches. Therefore 

within the context of the vrtl system, the manganese additive in 

question is essential to the control function of the trap and 

lowers emissions to levels that comply with Federal and 

California state environmental statutes. A.."ly such emissions 

control device must meet the requirements of section 202(a)(4), 

that is, it must not pose an "unreasonable risk" in operation. 

To fulfill its role in helping to implement 202(a)(4), HEI 

conducted an evaluation of manganese through its Health 

Research Committee. In September 1984, the Corr.mittee met, 

discussed the VW request and received a preliminary briefing on 

the toxicology of manganese. The Committee agreed to accept 

the request by VW and it decided that fur:ther analysis was 

necessary to determine whether tail pipe emissions of manganese 

are a public health problem, and whether: HEI should sponsor 

research in this area. HEI subsequently commissioned Roth 

Associates (Dr. Neil Roth, Principal Investigator:) to conduct 

an in-depth review of the relevant literature and studies on 

manganese. This review included actual replication of VW 
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modeling predictions of potential manganese exposure levels 

from use of the manganese additive and additional modeling of 

other emissions scenarios not analyzed by VW, plus analysis of 

the health effects literature. The Committee evaluated all of 

this information in June 1985, and conducted a final review 1n 

september 1985. 

In a letter report to VW dated October 7, 

(hereinafter "HEI Report", HEI summarized its evaluation: 
1985 

"The evaluation first places projected Mn emissions in the 

context of ambient Mn levels across the United States, and 

then examines the health literature on Mn to establish 

whether the expected incremental levels of airborne Mn 

from regenerator-equipped automobiles are of 

health-related concern. Finally, we identify a number of 

areas in which our knowledge concerning exposure and 

potential effects can be improved." 

"To summarize our findings, increased air 

concentrations of Mn resulting from the use of VW's 

particle trap will not, under any realistic scenario, 

reach the lowest concentrations that have been reported in 

the literature to be associated with adverse chronic 

health effects. Despite this conclusion, certain gaps 

remain in our knowledge of Mn emissions and effects. 

These gaps primarily involve the particle size 

distribution and chemical species in which Mn is 

emitted and how they might affect toxicity. The gaps in 

emissions characterization are best dealt with by the 
manufacturers directly as more experience is obtained." 

(HEI report, pages 2-3) 

vw submitced the HEI report to the EPA in compliance with 

its obligations under section 202(a) (4). In response, in a 

letter dated March 24, 1986 (hereinafter the "Maxwell leetter" 

in !\pnendix B), Robert MaX'.o~ell, Directot: of the Cet:tification 

Division, Office of Mobile Sources, EPA, stated to VW that 

although VW' s submission of the HEI report had "in part" rr.et 

the recruirements of section 202(a)(4), vr< had not completed 

adequately the necessary submission to address the issue of 

unreasonable ::isk. The 1'\aX'.oiell letter asked VW to submit a 

detailed time schedule for providing the information on 

particle composition and size distribution that the HEI report 

noted (at p. 8) was needed to "reinforce the conclusion that no 

health effects are expected" at the low ambient levels likely 

to result from its proposed use. 

During the June 5, 1986 conference call, EPA staff members 

raised several quest ions about pass ible ambiguities in HEI 's 

letter to Volk••agen. Taken together, these ambiguities raised 

doubts among EPA staff about the health effects research base 

for manganese. Mr. Grumbly indicated that the HEI staff had 
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already performed further analyses of the one Japanese study 

that seemed to have been conducted at exposures that 

approximated those thought to be of potential health concern. 

They had concluded that this study was quite unreliable and was 

probably not even a measure of manganese. 

Mr. Grumbly and the HEI staff agreed with an EPA request 

to submit another letter on this issue and to be as 

unambiguious as possible in assessing the health effects data 

base. As part of this effort, the HEI Research Committee had 

asked the staff to develop an updated paper based upon the new 

information. Mr. Grumbly also stressed that Volkswagen still 

had responsibility for characterizing emissions, and that any 

new emissions characterization data would be carefully analyzed 

so that EPA had the most complete information base possible. 

With respect to HEI's general role in the review of new 

technologies requiring certification under section 202(a) (4), 

EPA reiterated that it was looking to HEI to play the primary 

health effects research role, and to provide the Agency with 

HEI's views about the adequacy of the existing data base 

concerning new technology. HEI and EPA understand and agree 

that only the Agency and the manufacturers can perform the 

actual certification required by the standard of 202(a)(4). 

HEI and EPA also agreed that HEI should provide the most 

complete evaluation of existing evidence reasonably possible, 

and should provide the manufacturer with the clearest possible 

interpretation of that evidence, consistent with the underlying 

uncertainties in the scientific data base. HEI will not 

nor;nally engage in quantitative risk assessment, but it will 

evaluate ar.d array che available data so that E?A and the 

manufacturer(s) can undertake such an assessment, if the data 

are sufficien~ to warrant the effort9 

IV .. The Problem of uConclusive Evidence" or 11 Conclusive Data" 

Although i c appears from the Maxwell letter that EPA will 

be sacisfied if Volkswagen produces che information on particle 

composition and size distribution requested specifically, the 

text of the Maxwell letter went further, and HEI was concerned 

that its tenor could potentially create problems for HEI's role 

as spelled out: in the Cannon/Goldstein memorandum. The letter 

st:ates that section 202(a)(4) requires the manufactuLer to 

present ''conclusive evidence'' or ·~conclusive data'' that an 

emission control system will not cause or in any way contribute 

to an unreasonable risk. Both HEI and EPA agreed that 

''conclusive evidence'" or ''conclusive data'' requires further 

explanation. 
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V. Summary of Positions 

EPA and HEI staff agree that the following restatements 

accurately describe each group's position and that they are 

essentially compatible with each other and with all prior 

correspondence including the 'Maxwell letters of March 24 and 

April 2, 

EPA 

1. EPA wi 11 continue to accept manufacturer statements 
during Certification regarding the absence of 
unreasonable risk, for "current" technologies with a 
history of characterization. 

2. EPA expects manufacturers to continue to report 
annually on their: developing technologies and the 
emissions characteristics thereof. Manufacturers 
are also expected to request from HEI assessment of 
the current state of knowledge with respect to a 
particular pollutant, or new testing of the health 
effects of the pollutant, for pollutants which may 
be newly emitted or emitted in larger amounts from a 
technology with commercial potential. By doing so, 
they will increase the information available at the 
time they might seek certification of the 
technology, and thereby decrease the likelihood that 
EPA will be unable to decide in favor of 
certification due to lack of sufficient information. 

3. Manufacturer fulfillment of these two expectations 

does not by itself guarantee that EPA will grant a 
certificate for a new technology when one 1s 
re~~ested. EPA must be able to make a finding or 
conclusion that there will be no unreasonable risk 
to public health from the technology. If. despite 
the manufacturer's annual reoorts to EP;\ and 
requests to HEI, EPA is lacking-information to make 

a finding or conclusion without being arbitre.ry or 
capricious, a certificate will not be gr:anted. In 
the sense of permitting EPA to reach a 
non-arbitr:ary/capricious conclusion, the evidence on 
heal1:h effects must be "conclusive". 

4. As in the case of Volkswagen's request, EPA may 

agree to grant a certificate for a small m:.rnber: of 
model year:s if the curnmulative produc1:ion will be so 
small that a finding of no unreasonable r:isk 1s 
possible, to allow for more information to be 
provided. Manufacturers should not rely upon this 
possibility, however. 
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5. In the case of manganese emissions from 
trap-equipped 1 ight-duty vehicles, the October 7, 
1985 HEI response to Volkswagen was inadequate for 
EPA to reach a long-term decision in favor of 
certification. As noted by HEI, VW had not 
performed characterization testing to rule out the 
possibility that the manganese is emitted in an 
unusual form, i.e., other than as an oxide or 
elementally. Also, although HEI concluded that 
there was an absence of studies showing a health 
effect at expected levels, it provided no 
affirmative evidence or reasoning as to why an 
effect was unlikely nor even any clearly stated 
conclusion or scientific opinion that effects were 
unlikely. When clear health effects have been 
demonstrated at higher levels and been accepted by 
the scientific community, EPA believes that the mere 
existence of a sizeable difference in concentrations 
is not enough. Credible inference regarding the 
lower levels must be based on some additional 
evidence, such as: 

0 

0 

0 

0 

a scientifically valid and relevant 
intermediate-level study with no effect 

comparison to dietary intake, or to 
current inhalation exposures from other 
sources 

studies on similar compounds 

knowledge of metabolic pathway or clearance 
mechanis~s. 

6. Expert opinion provided through the HEI Ccmmi ttee 
structure in the absence o£ definitive data •...ri ll be 
highly respected by EPA. EPA expects that s~ch 

opinions will be clearly stated, •.vith a clea:c 
eX2lanation of any computations, ass~~pticns, or 
judgments used to evaluate the substance 1n 

question. Also, the degree of uncertainty should be 
described, as well as the research program which 
would better resolve any uncercainty. Of course, 
EPA and not HEI must make the findings required by 
the statute. 

7. The degree of uncertainty which can be tolerated in 
making a finding regarding the presence or absence 
of unreasonable risk depends in part on the cost and 
time required to remove that uncertainty through 
additional research. 



HEI 
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Infecence is often a vital part of the 

the health effects of a substance 

exposure level. The term. "conclusive 

therefore a misnomer. 

evaluation of 
at a given 
evidence 1

' is 

2. Science cannot provide "conclusive" proof for an 

absence of health ef fee ts. Reliable data on 

relevant compounds, levels, exposure routes, 

exposure times, and species accompanied by credible 

expert inference as to the presence or absence of 

human health effects under expected exposure 

conditions can be provided. HEI sees this as part 

of its role under Section 202 (a} (4}, since HEI must 

necessarily consider the available data and form 

these same inferences when deciding whether and 

what type of new testing to perform. 

3. In addition to being unable to provide "conclusive" 

proof, science generally does not even yield 

"conclusive" data. The observations that count as 

support are themselves dependent on theoretical 

structures that are subject to change. Furthermore, 

the sciences that search for adverse health effects 

(e.g., toxicology and epidemiology) do not yield 

"conclusive" data that will with total certainty 

predict that an effect will not occur. With respect 

to any experiment or study, the risK of a false 

negative or a false positive is never zero. Nor are 

there sufficient resources to test for every 

theoretical possible toxic effect at every pass ible 

exposur:e level under all conceivable sets of 

experimental conditions. Even if it were possible 

to achieve all this in animals, extrapolation to 

humans would still be fraught with some uncertainty. 

4. HEI has the responsibility, in evaluating evidence 

and in deciding whether to undertake research, to 

provide a clear explanation of any computations, 

assumptions or judgments used to evaluate the 

particular substance or technology in question, 

under the intended conditions of use. H2I will 

clearly distinguish in any analysis between those 

research recommendations which could refine specific 

uncertainties about human risk, and those which are 

important to pursue in order to reach a 

scientifically defensible judgment about the 

fundamental nature and extent of human risk. 










