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Abstract
Air monitoring stations maintained by the Ohio Environmental Protections Agency (OEPA) since
1999 in East Liverpool, Ohio (northeastern United States) revealed that metallic particulates in
ambient air were coming from uncovered stockpiles of crushed metals stored by the SH Bell
Company, rather than from the suspected WTI hazardous waste incinerator. Concentrations of total
suspended particulates (TSP) of manganese, rather than of the more toxic chromium, lead, arsenic, or
cadmium, were above inhalation health risk limits established by the United States Environmental
Protection Agency (USEPA) and the Agency for Toxic Substances and Disease Registry (ATSDR).
Limits were based on a reference concentration (RfC) of 0.05 µg/m3 and the minimal risk level
(MRL) of 0.04 µg/m3. Both values were calculated from the lowest observed adverse effect limit
(LOAEL) from epidemiological studies.
This study developed an expedient process for analysis of future samples, namely, the use of a handheld x-ray fluorescence spectrometer (XRF). The advantage of XRF over the induced coupled plasma
(ICP) analysis, which was used to date, is that the XRF is quick (2 minutes per sample), requires no
sample preparation, and does not destroy the sample in the analytical process. Data from samples
already run on ICP were compared with new XRF data from archived duplicate samples on loan from
the OEPA. Both analyses were used to calibrate the XRF using the equipment manufacturer’s
proprietary software.
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1. Site location

Fig. 1. Location of East Liverpool, Ohio.

East Liverpool (population ca.
11,000) in rural northeastern Ohio,
USA (Fig. 1) sits along the banks of
the Ohio River near the Pennsylvania
and West Virginia state borders.
East Liverpool’s industry at
present includes a hazardous waste
incinerator (WTI) and a crushed metal
warehousing and packaging facility
operated by SH Bell (SHB). The
incinerator and the crushed metal
facility are located near the river
banks (Fig. 2) and each poses air
quality concerns.

Legend:
Crushed metal piles
Air monitoring stations

Fig. 2. Location of air pollution sources and monitoring stations.
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2. Air quality concerns
Because stack emissions from the WTI raised concerns, ambient air has been monitored
by the Ohio Environmental Protection Agency (OEPA) for the past 15 years. Monitoring
stations are located at (Fig. 2): Maryland Avenue (a school, a few streets to north of WTI),
the Port Authority (at the WTI site), and the Michigan Avenue Water Plant (2.5 km ENE of
WTI).
Results showed the presence of metallic dust particles of arsenic, cadmium, chromium,
lead, nickel, zinc, and manganese, whose inhalation exposure at certain concentrations
could produce adverse health effects. It had been assumed by the OEPA that this dust came
from the incinerator.
Initial review of the concentrations indicated that all the elements were at low-enough
concentrations to dismiss concerns over the metals that usually present health risks, except
for one of them—manganese. This prompted the OEPA to consult with the U.S. Agency for
Toxic Substance and Disease Registry (ATSDR) to make further studies of all the metals
(especially manganese), the source of the dust, and the potential health risks (ATSDR,
2010).
3. Manganese, health benefits and toxicity
Manganese (Mn) is a metallic element naturally occurring in rocks and soils. Prior to
the late 1980s, manganese, as with iron, was considered a nuisance rather than a health
concern. Sinks and clothing were stained from manganese compounds in the water.
Furthermore, at low levels, manganese is an essential micronutrient in the healthy human
diet. Healthy adults daily ingest 3,800 µg in food and another 8 μg in water (ATSDR, 2012).
In the late 1980s, however, health concerns about manganese exposure were raised
after an epidemiological study in northwest Greece. The study correlated incidences of
brain and nervous disorders with elevated levels of manganese (Kondakis, 1989) in
drinking water. Geographic areas showing high incidences of neurological disorders (e.g.,
weakness/fatigue, gait disturbances, tremors, dystonia) were linked to elevated levels of
manganese in their drinking water. Bio-accumulation of manganese was identified by
finding manganese in their hair.
Inhaled manganese particulates, as well as all dusts, are never free of health risks,
especially those of diameters less than 2.5 microns. Very small particles can penetrate our
respiratory defenses (e.g., nose hairs, mucous, sneezing and coughing from irritation).
These defenses trap and discharge particles before they can reach the lungs. Fine dust that
reaches the lungs can clog its tissue and pass through the lungs into the bloodstream.
The ATSDR (2012) summarized average human exposure to manganese in air. An
adult has an inhalation daily intake of manganese of 0.46 μg from “unpolluted” air. With an
average inhalation rate of 20 cubic meters per day, unpolluted air should have a
concentration of ca. 0.023 μg/m3. Workers in metal working industries are normally subject
to higher intakes and in the metals mining industries even higher.
ATSDR (2012) also summarized the health risks to humans who might inhale
magnesium particulates with chronic exposure: NOAEL (no observed adverse effects limit)
with ≤0.1 mg/m3; 0.1 to 1.0 mg/m3 with less serious LOAEL (lowest observed adverse
effects limit), producing mostly neurologic disorders; and 1.0 to 10.0 mg/m 3 with more
serious LOAEL, producing mostly reproductive disorders. ATSDR (2012) also published
Minimal Risk Levels (MRL) for (inorganic) manganese through chronic inhalation at 0.04 μg/m3.
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The U.S. Environmental Protection Agency (USEPA) through their Integrated Risk
Information System (IRIS) published reference concentrations (RfC) for inhalation
exposure to manganese based on published studies (Roels et al., 1992, 1987).
The RfC values chosen for occupational exposure to manganese dioxide was 0.05 μg/m3
based on a LOAEL of 50 μg/m3 (Roels et al., 1992) with an uncertainty factor of 1,000.
Also for manganese dioxide, impairment of neuro-behavioral function had a LOAEL of 150
μg/m3 (three times as high). For manganese oxides and salts, the LOAEL for occupational
exposure was 340 μg/m3 and for impairment of neuro-behavioral function was 970 μg/m3
(Roels et al., 1987). Nevertheless, the USEPA’s RfC is still held at 0.05 μg/m3 rather than
being raised to 0.97 μg/m3.
4. Manganese (source of particulates)
ATSDR also noticed that the monitoring station with the highest concentrations of
metallic particulates was the water plant, farthest away from WTI. Therefore, they
conducted a meteorological study (air current directions) and pinpointed the source to piles
of crushed metals stored by SHB on the floodplain about 0.5 kilometers to the eastnortheast of the water plant monitoring station (about 3 km ENE of the other two stations).
5. On-going air quality analyses
The OEPA has collected samples from the three monitoring stations in East Liverpool
since 1999. At each site the sampling device draws air into it at a known and constant rate
(1.13 m3/min; 40 cfm) for 24 hours. The device uses total suspended particle (TSP) filter
cloths to trap particulates. The cloths are desiccated, pre-weighed, and, after sampling, are
dried and weighed again.
The OEPA analyzed half of each sample
using Inductively Coupled Plasma (ICP-AES),
which requires destructive testing (sample
material is used up in the analytical process) and
the other half was archived. Relative percentages
of each element were determined and the mass of
the element per cubic meter of air was calculated.
Six archived samples were borrowed from the
OEPA. The samples were all from the same
monitoring station, the water plant, and the
sampling dates ranged over a three-year period
(April 2009 to September 2012) in different
seasons of the year. The purpose of the loan of
samples was to develop calibration files for an xray fluorescence (XRF) spectrometer (Bruker
Fig. 3. XRF Tracer with filter cloth
Tracer III-SD) (Fig. 3) using proprietary
sample above.
software. XRF provides non-destructive testing,
so the archived samples can be returned to the OEPA.
The samples were analyzed using XRF and compared with known ICP-AES data. Data
included concentrations of eight metals: arsenic (As), cadmium (Cd), chromium (Cr), lead
(Pb), nickel (Ni), manganese (Mn), and zinc (Zn), and manganese (Mn), with manganese of
greatest interest. Calibration files were generated. Attention was focused on manganese.
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6. Analytical results
The analytical results showed manganese concentrations using ICP-AES ranged from
1.0 to 8.7 μg/m3, and using XRF ranged from 0.66 to 8.41 μg/m3 (Table 1). The XRF
concentration values were then compared with USEPA RfCs and ATSDR MRLs (Fig. 4).
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Fig. 4. Measured (XRF values) concentrations compared with risk levels.
Table 1. Concentrations of metallic particulates (TSP) in ambient air -ICP (above) and XRF (below).
Sample
OEPA
13-01
OEPA
13-02
OEPA
13-03
OEPA
13-04
OEPA
13-05
OEPA
13-06

Date

As

Cd

Cr

Pb

Ni

Mn

Zn

13Apr09
14Apr10
19Aug11
5Dec11
18May12
12Sep12

0.0043

0.0043

0.06910

0.0580

0.03510

2.500

0.810

0.01

<0.01

0.06

0.04

0.04

3.19

0.81

0.01040

0.00158

0.04550

0.03330

0.02410

8.70

0.31000

0.01

<0.01

0.05

0.04

0.02

7.97

0.30

0.00759

0.00141

0.01480

0.03200

0.01220

4.60000

0.30000

0.01

<0.01

0.01

0.04

0.02

4.66

0.31

0.00347

0.00151

0.02210

0.03570

0.01320

1.00000

0.31000

<0.01

<0.01

0.02

0.04

0.02

0.66

0.36

0.00627

0.00192

0.02170

0.03850

0.01530

4.10000

0.57000

<0.01

<0.01

0.03

0.04

0.01

3.91

0.55

0.00525

0.00251

0.02690

0.04690

0.01120

7.90000

0.34000

0.01

<0.01

0.03

0.04

0.01

8.41

0.30
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The author will analyze additional samples with the XRF and compare the results with
existing ICP data. Then, if XRF data consistently match ICP data, new samples could be
quickly analyzed using XRF exclusively, without lengthy, destructive, and labor intensive
sample preparation (e.g., ICP, atomic absorption (AA)).
Will continual manganese monitoring be advised? Concentrations higher than USEPA
reference concentrations (RfC) and ATSDR minimal risk levels (MRL) are continuing.
Consequently, continual manganese monitoring is advised. In the meantime, ATSDR
advised crush metal storage and handling operations employ dust-control measures to
mitigate further fugitive emissions of manganese dust. They also recommended continual
monitoring and studies on incidences of neurological disorders in this community that may
be linked to manganese exposure.
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