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PREFACE - DESCRIPTION OF THE STATEN ISLAND/NEW JERSEY URBAN AIR
TOXICS ASSESSMENT PROJECT REPORT

This report describes a project undertaken by the States of
New York and New Jersey and the United States Environmental
Protection Agency with the assistance of the College of Staten
Island, the University of Medicine and Dentistry of New Jersey
and, as a contractor, the New Jersey Institute of Technology.

Volume I contains the historical basis for the project and a
summary of Volumes II, III, IV, and V of the project report.

Volume II of the report lists the objectives necessary for
achieving the overall purpose of the project, the organizational
structure of the project, and the tasks and responsibilities
assigned to the participants.

Volume III of the report presents the results and discussion
of each portion of the project for ambient air. It includes
monitoring data, the emission inventory, the results of the
source identification analyses, and comparisons of the monitoring
results with the results of other studies. Volume III is divided
into Part A for volatile organic compounds, and Part B for
metals, benzo[a]pyrene (BaP), and formaldehyde. Part B includes
the quality assurance (QA) reports for the metals, BaP, and
formaldehyde.

Volume IV presents the results and discussion for the indoor
air study performed in this project. It contains the QA reports
for the indoor air study, and a paper on the method for sampling
formaldehyde.

: Volume V presents the results of the detailed statistical
analysis of the VOCs data, and the exposure and health risk
analyses for the project.

Volume VI, in two parts, consists of information on air
quality in the project area prior to the SI/NJ UATAP; quality
assurance (QA) reports that supplement the QA information in
Volume III, Parts A and B; the detailed workplans and QA plans of
each of the technical subcommittees; the QA reports prepared by
the organizations that analyzed the VOC samples; descriptions of
the sampling sites; assessment of the meteorological sites; and a
paper on emissions inventory development for publicly-owned
treatment works.

The AIRS database is the resource for recovery of the daily
data for the project. The quarterly summary reports from the
sampling organizations are available on a computer diskette from
the National Technical Information Service.
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1. INTRODUCTION

The Staten Island/New Jersey Urban Air Toxics Assessment
Project (SI/NJ UATAP) included sampling for airborne particulate
matter and for formaldehyde at four sites, two in Staten Island
and two in New Jersey. The sampling period included October 6,
1988, through September 19, 1989. The work was intended to
provide data for use in estimating the health risks arising from
inhalation exposure to the toxic substances transported by the
particles, and to formaldehyde.

The particulate samples were prepared and analyzed at two of
the participating laboratories; and the formaldehyde samples, at
an EPA contract laboratory. The results were compiled, then
reviewed for validation.

The elements and compounds (analytes) selected for the
project were regarded as potentially hazardous materials likely
to be present at measurable concentrations in the samples, and
measurable with the methods available to the laboratories. The
potential sources of the materials include resuspended soils,
industrial emissions, incinerators, autos and trucks, power
plants, and home heating systems. While some of the analytes
selected may be characteristic of particular source categories,
it was not an objective of the project to fully characterize the
potential sources.

The data, summaries of which are available on computer
diskettes through the National Technical Information Service
(NTIS), are useful for (1) determining the average airborne
concentrations for various time periods, such as annual averages;
(2) seeking patterns in the concentrations versus time, space,
source emissions, or meteorological parameters; and (3)
estimating possible health risks resulting from inhalation
exposure.

This volume of the project report presents the
concentrations and patterns observed, and possible relations to
other variables. A risk assessment is presented in Volume V of
the project report.



2. SAMPLING AND ANALYSIS

2.1 Particulates

The particulate samples were taken with Hi-Vol (high=-volume)
samplers. These machines collect the particulate matter on
highly efficient filters and collect all particles up to about 50
microns (micrometers) in diameter. The respirable portion of the
samples is contained in particles with aerodynamic diameters of
about 10 microns or less; based on literature data!, the
respirable portion often constitutes approximately 30 to 60% of
the total sample concentration.

The initial stage in sample preparation was dissolution of
the analytes from the particulate matter on the filter in an acid
solution for metals analysis, or, for benzo{a]pyrene (BaP), in a
solvent. There were differences between the acid dissolution
methods of the two laboratories. The solutions obtained were
analyzed by either the atomic absorption or Inductively Coupled
Plasma-Optical Emission methods.

A summary of the results of the quality assurance (QA)
evaluation of the submitted data follows; it states whether the
data have been included in or excluded from the project data
base, and, if included, if there is an attending caveat on use of
the data. A more detailed QA discussion of the data is in an
appendix of this volume.

The NJIT and NYSDOH data for cadmium, copper, lead,
manganese, and zinc were accepted.

The NJIT data for chromium, iron, and nickel were accepted.

The NYSDOH data for arsenic and barium were accepted; NJIT
did not provide data for these.

The NJIT data for mercury were accepted; there is no
standard to assess accuracy, however. NYSDOH did not
provide mercury data.

The NYSDOH data for beryllium, cobalt, and molybdenum were
accepted, but there is no standard to assess their accuracy:
recoveries were good for solution spikes. Beryllium was
never detected by NYSDOH. NJIT did not provide data for

! This assertion is based on information provided in an EPA
criteria document addressing the development of the PM-10
standard (for respirable-size particles) from the TSP standard
(for total suspended particulates) (U.S. EPA, 1986).
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beryllium or molybdenum; reported data for cobalt were
insufficient.

The NYSDOH data for chromium were rejected; recovery was
18%. The NYSDOH data for iron and nickel were accepted; but
with a caveat that they be regarded as minimum values since
recoveries were less than 80%.

NJIT data for BaP were accepted. NYSDOH data for BaP were
accepted but with a caveat, since recoveries averaged 49%.

2.2 Formaldehyde

The formaldehyde samples were collected by NJIT and NYSDEC
on 2,4-dinitophenylhydrazine-coated silica cartridges prepared
and analyzed by NSI, an EPA contract laboratory. Ozone
interferes with quantitation of formaldehyde by the method used;
no correction factor is available for use of the reported
concentrations as other than minimum values.

Formaldehyde data from the samples analyzed by NSI were
included in the project data base. Samples analyzed by NJIT were
not included due to the unavailability of QA information.

3. RESULTS AND DISCUSSION

3.1 Concentration Data

Quarterly and annual average concentration data are
presented in Tables IIIB-1 through 16. Tables in the appendix of
this volume order the sites by annual average concentration and
by quarterly average concentration.

3.2 Comparisons to Concentration Data from Other Locatjons

Ranges and medians for annual average concentrations for
selected chemicals? from the SI/NJ UATAP and the U.S. EPA Urban
Air Toxics Monitoring Project (UATMP) studies (U.S. EPA, 1989)

2 Generally, the metals selected for these comparisons were those
for which information for quantitative risk assessment was
available.



are provided in Tables IIIB-17a and l8a. Minimum detection
limits (mdls) for the metals and BaP for the two studies are
listed in Table IIIB-17b. The annual average concentrations for
each compound at each of the 17 UATMP sites are listed in Tables
IIIB-17c and 18b, and compared graphically to the median annual
average concentration for the SI/NJ UATAP sites, or to
concentrations for individual SI/NJ UATAP sites, in Figures IIIB-
1 through 14. On the basis of these annual averages, the SI/NJ
UATAP data are comparable largely to the data for the UATMP
study. 1Interlaboratory comparisons with samples of known
composition would be necessary before any conclusions could be
drawn regarding possible differences in the data sets.

For copper, iron, lead, manganese, zinc, and BaP, the SI/NJ
UATAP annual average concentrations are at or below the median
concentration for the UATMP sites.

Cadmium concentrations at the SI/NJ UATAP sites are higher
than those at all but four of 17 UATMP sites. SI/NJ UATAP
chromium concentrations, available only for the three New Jersey
sites, were higher than those for all but three of 17 UATMP
sites.

The annual average concentrations of nickel and vanadium at
the SI/NJ UATAP sites data are, respectively, higher than those
at all but one of the UATMP sites, and higher than those at all
the UATMP sites. Vanadium and nickel are emitted by large oil-
burning sources in the northeastern United States, a region which
uses crude oils containing these elements.?

The graphs for cobalt and molybdenum show two unusual
characteristics. The SI/NJ UATAP data are unusually high
compared to the UATMP results; and identical concentrations are
reported for a number of the UATMP sites. These are likely to be
consequences of the differences in detection limits for the two
studies. The UATMP mdl for cobalt is 1.8 ng/m?; while the SI/NJ
UATAP mdl is 5 ng/m®. The UATMP mdl for molybdenum is 2.3 ng/m®;
while the SI/NJ UATAP mdl is 24 ng/m’. The reporting convention
for this project was that if the measured concentration was below
the mdl, the sample concentration was to be reported as half the
mdl. The combination of higher detection limits with readings
less than the mdl might account for the apparent higher
concentrations in the SI/NJ UATAP study area. 1In addition, the
chemical analyses for these two elements may be the cause for
apparent differences in concentrations at the SI/NJ UATAP sites

° The airborne concentrations of nickel and vanadium decreased
markedly in New York City from the late 1960s to the mid-1970s as
the sulfur content of oils was reduced to meet SO, standards
(Kleinman et al., 1977).



and the UATMP sites; cobalt and molybdenum are difficult to
dissolve and to analyze with accuracy. Thus, the reported
concentrations for these two elements should be given very
cautious consideration.

The data for arsenic appear to place the SI/NJ UATAP results
in the midrange of the UATMP data; again, however, a difference
in mdls might account for the apparent difference in
concentrations for the two studies. The mdls were 30, and later,
2 ng/m® for the SI/NJ UATAP sites; and 5.5 ng/m® for the UATMP
sites.

While the results for formaldehyde at two SI/NJ UATAP sites
are in the midrange of the annual average concentrations reported
for the UATMP sites, the consequence of the ozone interference
affecting both sets of data is that little information can be
derived regarding actual site-to-site differences in formaldehyde
concentration.*

3.3 Temporal Patterns

Concentration versus sampling date was plotted for multiple
analytes at single sites in a search for covariation of
particulate concentrations, and hence, suggestion of common
sources. The results are Figures IIIB-15 through 25.

Figures IIIB-~15 to 18 for Carteret, NJ, exhibit the normal
variation in concentration with time found in data of this
nature. Variations in source emission rates and in
meteorological variables such as wind speed and direction affect
the airborne concentrations and cause the apparently irregular
variations in concentration. Visual comparisons of the results
for the ferrous metals in Figure IIIB-15 (nickel, chromium,
manganese, iron) with those for the non-ferrous metals in Figure
IIIB-16 (cadmium, copper, zinc, lead) indicate that they are not
closely related in their patterns. The dissimilarity of the
concentration patterns for lead and BaP (a polynuclear aromatic
hydrocarbon) in Figure IIIB-17 suggests that these two substances
are not from a common source.

Similar conclusions can be drawn from the results for the
Elizabeth site in Figures IIB-19 through 22, the Susan Wagner

“ samplers in use for more recent years of the UATMP studies were

modified to reduce/remove the ozone interference regarded as not
amenable to use of a correction factor, and leading to an
underreporting of formaldehyde concentrations.
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site in Figures IIIB-23 and 25, and the PS-26 site in Figures
IIIB-26 through 28. 1In the latter two cases, some similarity in
patterns for some of the elements indicates that a complete
statistical analysis would be necessary to determine whether any
correlations did or did not exist in the results.

The complexity of the variables that create and disperse the
particles in the atmosphere has been known for many years.
Statistical methods can be applied to the data with the aid of a
computer to obtain an understanding of the impacts of
meteorological variables and source emissions on the airborne
concentration patterns of the particles. However, because of the
cost of the computer analyses, the statistical approaches are
usually reserved for cases where significant health risks or
potential regulatory violations must be addressed.

3.4 Spatial Patterns

Figures IIIB-29 through 42 provide a comparisons of
concentration patterns (concentration versus sampling date) for a
single analyte at multiple sites. The graphs have been sorted
into the order of barium, ferrous metals, non-ferrous metals, and
BaP. 1In cases for which two laboratories generated the reported
concentrations, graphs representing another level of sorting are
provided lest interlaboratory differences confound the
observation of similarity in patterns.

3.4.1 Barium

The data for barium at Susan Wagner and PS-26 in Figure
IIIB-29 suggest the likelihood of a relationship between
concentrations at these two sites.

3.4.2 Iron

Figures IIIB-30 through 32 for iron show that the patterns
for the four sites are similar and no major difference exists
between the data for the sites in the two states. The results
are the same for manganese (Figures IIIB-33 through 35); note
that the scales for the x- and y-axes in Figures 34 and 35 differ
by a factor of 2, resulting in an apparent visual difference that
does not appear in Figure IIIB-33.

3.4.3 Nickel

The results for nickel are different in that the two sites
in each state are similar, but the seasonal trends differ for the
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two sets of monitors. See Figures IIIB-36 through 38. Peak
concentrations in New Jersey occur in the period from April to
August 1989, while the peak concentrations in New York occur in
the period from January to February 1989. While insufficient
information is available to provide a definitive explanation of
these patterns, rationalization of the observations might involve
such variables as seasonal variations in wind direction or
velocity, number of sources and their locations relative to the
monitors, and interlaboratory differences.

3.4.4 Cobalt

No conclusions can be drawn for cobalt (New York sites
only), for which concentrations were less than the mdl of 5

ng/m’.

3.4.5 Vanadium and chromium

For vanadium and chromium there are data for only one state
in each case--vanadium for New York, and chromium for New Jersey.
For both cases, Figures IIIB-39 and 40, the pairs of sites appear
to show the same temporal variations. The period of higher
concentrations for chromium occurs from April to June of 1989;
source emissions, source versus sampler locations, and/or
meteorological variations are possible causes of the
concentration differences.

While average wind speeds are lower in the summer and higher
in the winter in the region, it is possible that the drying of
soils in the spring could permit resuspension of contaminated
soil with increased airborne concentrations of chromium as seen
in Figure IIIB-40. The concentrations would decrease when
vegetative cover grows over the soil, or when the soil is wet or
frozen and less easily resuspended. Resuspension occurs mostly
for the larger particles, with a relatively small fraction in the
respirable-size range which may reach the deep lung (alveoli).

3.4.6 Lead

The patterns for lead in Figures IIIB-42 through 44 show
distinct differences between the data for the two states. The
concentrations in New Jersey are about 40 ng/cu.m from October to
December of 1988, followed by a drop to about 20 ng/cu.m from
January to mid-March of 1989, and a return to about 40 to 50
ng/cu.m from late March to early June. The data for New York are
around 40 ng/cu.m from October 1988 to March of 1989, decreasing
to around 20 ng/cu.m from April to mid-June.



Drops in average concentrations are often related to
seasonal shifts in average wind speeds; however, an average
windspeed variation would be regional in nature and affect all
stations in a similar manner. Thus the shifts in lead
concentrations in these data must be related to variables that
are not regional in nature, but more local to the sampling sites.
Such variables could be a combination of the geometry of source
and sampler locations with the average wind direction for the
various sites and time periods. Note also that the time period
of the higher chromium concentrations does not coincide with the
return of higher lead concentrations, nor do the other changes in
the concentrations of these two elements show any similarities.

3.4.7 Copper and zinc

The data for copper and zinc (Figures IIIB-44 through 49)
show little or no difference between the two states, and suggest
no apparent relationships to potential emission sources, sites,
or time periods.

3.4.8 Cadmium

For the New Jersey sites in Figure IIIB-50, there appears to
be a trend towards higher cadmium concentrations over the one-
year sampling period. The concentration increased from about 10
ng/m3 in October 1988, to about 50 ng/m3 in September 1989.

3.4.9 Mercury

Mercury data were available only at the New Jersey sites,
where there was an apparent decreasing trend in concentrations to
less than 0.5 ng/cu.m for the period from January to September
1989. See Figure IIIB-51.

3.4.10 BaP

BaP was measured at five sites including the background
site. The ranges of concentrations and temporal variations are
essentially the same for all five sites (Figures IIIB-52 through
55). This compound serves as an indicator compound for all of
the polynuclear aromatic hydrocarbons--a class of compounds
emitted by all fossil fuel burning sources, with auto and truck
traffic often the predominant factors. The similarity in the
data for all five sites indicates that the mobile sources
predominate in this area and reflects the regional influences of
traffic variation with season, as well as regional meteorological
effects.



The lack of similarity of the patterns of lead and BaP
indicates that the mobile sources are no longer significant in
the overall lead emissions in the area.

4. CONCLUSIONS

The data sets for analytes found in the particulate matter
samples for the SI/NJ UATAP show that many of these toxic
substances are in the same concentration ranges as those found
for a number of sites in the EPA UATMP program during the same
time period. Where the SI/NJ UATAP data appear to be high, as is
the case for cadmium, vanadium (New York sites only, no valid
data for New Jersey sites), and nickel, there is an unfortunate
lack of certainty regarding accuracy of the reported SI/NJ UATAP
results. Vanadium and nickel concentrations have been higher in
the northeast than in other regions of the U.S. for many years.
There is little indication of unusual impacts from industrial
sources in the area, with only cadmium showing an increasing
concentration trend. Chromium concentrations were generally
higher at the New Jersey sites than at most of the UATMP sites;
no valid data were available for the New York sites.

There are a number of interesting and potentially useful
temporal and spatial patterns in the data, with some substances
showing differences between the sampling sites in the two states,
but not between sites within the states. Determination of the
likely causes of the patterns in the results would require a
major effort using multivariate statistical methods. Separating
source and meteorological effects might require concentration
data for additional chemical species, and meteorological data not
currently in the data base. Such a complex, costly program might
be justified in cases where the likelihood of a significant
health risk or of a regulatory violation has been demonstrated.

Since an ozone interference negatively biased the
formaldehyde results, little information is derived from the
apparent site-to-site differences for this compound.
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Table I11IB-1

ARSENIC

SITE

CARTERET
ELIZABETH
HIGHLAND PARK
SUSAN WAGNER HS
PS 26

ARSENIC

SITE

CARTERET
ELIZABETH
HIGHLAND PARK
SUSAN WAGNER HS
PS 26

SITE

|
#

N=m>»®

SITE

N-=mMm>»®m

QUARTER BEGINNING QUARTER BEGINNING QUARTER BEGINNING QUARTER BEGINNING FIRST YEAR
OCTOBER 1987 JANUARY 1988 APRIL 1988 JuLY 1988 OCT 1987 - SEPT 1988
# OF ARITH. MEAN # OF ARITH. MEAN # OF ARITH. MEAN ¥ OF ARITH. MEAN # OF ARITH. MEAN

SAMPLES {ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3)

1" 1.9 14 2.6 14 9.5 10 12.9 49 6.5
13 2.7 14 3.5 14 1.1 1A 11.6 52 7.4
QUARTER BEGINNING QUARTER BEGINNING QUARTER BEGINNING QUARTER BEGINNING SECOND YEAR
OCTOBER 1988 JANUARY 1989 APRIL 1989 JULY 1989 OCT 1988 - SEPT 1989

# OF ARITH. MEAN # OF ARITH. MEAN ¥ OF ARITH. MEAN ¥ OF ARITH. MEAN # OF ARITH. MEAN
SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3)
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Table IIIB-2

CADMIUM

SI1TE

CARTERET
ELIZABETH
HIGHLAND PARK
SUSAN WAGNER HS
PS 26

CADMIUM

SITE

CARTERET
ELIZABETH
HIGHLAND PARK
SUSAN WAGNER HS
PS 26

SITE

N-=m>»m

SITE

N—m>»o

QUARTER BEGINNING

OCTOBER 1987
# OF ARITH. MEAN
SAMPLES (ng/m3)
13 1.6
1" 2.7
13 3.0
QUARTER BEGINNING
OCTOBER 1988
# OF ARITH. MEAN
SAMPLES (ng/m3)
15 9.3
15 0.8
9 2.5
10 2.0

QUARTER BEGINNING
JANUARY 1988

# OF
SAMPLES

ARITH. MEAN
(ng/m3)

12.6

2.5
3.0

QUARTER BEGINNING
JANUARY 1989

# OF
SAMPLES

15
15
15
13

9

ARITH. MEAN
(ng/m3)

NN - -
OWwWwvm

12

QUARTER BEGINNING

APRIL 1988
# OF ARITH. MEAN
SAMPLES (ng/m3)
10 4.5
3 1.6
14 2.9
14 3.2

QUARTER BEGINNING
APRIL 1989

# OF
SAMPLES

15
13
15
1
12

ARITH. MEAN

(ng/m3)

1.
1.
1.
2.
2.

VIVIi~NG O

QUARTER BEGINNING

JuLy 1988

# OF
SAMPLES

14
13

10
1

ARITH. MEAN
(ng/m3)

2.7
2.4

3.2
2.2

-

QUARTER BEGINNING

JuLY 1989

# OF
SAMPLES

15
LA
12
15
15

ARITH. MEAN
(ng/m3)

FIRST YEAR
OCT 1987 - SEPT 1988
# OF ARITH. MEAN
SAMPLES (ng/m3)
52 5.6
16 2.3
49 2.8
52 2.9

SECOND YEAR
OCT 1988 - SEPT 1989

# OF
SAMPLES

ARITH. MEAN
(ng/m3)

NNN-‘.‘*
NS e O W



Table IIIB-3

CHROMIUM

SITE
CARTERET

ELIZABETH
HIGHLAND PARK

CHROMIUM

SITE

CARTERET
ELIZABETH
HIGHLAND PARK

QUARTER BEGINNING QUARTER BEGINNING

QUARTER BEGINNING

QUARTER BEGINNING FIRST YEAR

OCTOBER 1987 JANUARY 1988 APRIL 1988 JuLy 1988 OCT 1987 - SEPT 1988
SITE # OF ARITH. MEAN # OF ARITH. MEAN ¥ OF ARITH. MEAN # OF ARITH. MEAN # OF ARITH. MEAN
SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3)
] 13 2.7 15 37.9 10 82.7 14 3.1 52 22.2
A 3 33.9 13 2.3 16 8.2
E

QUARTER BEGINNING QUARTER BEGINNING QUARTER BEGINNING QUARTER BEGINNING SECOND YEAR

OCTOBER 1988 JANUARY 1989 APRIL 1989 JULY 1989 OCT 1988 - SEPT 1989
SITE # OF ARITH. MEAN * OF ARITH. MEAN # OF ARITH. MEAN ¥ OF ARITH. MEAN # OF ARITH. MEAN
# SAMPLES {ng/m3) SAMPLES {ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3)
B 15 13.3 15 51.8 15 16.5 46 26.8
A 15 3.9 15 12.9 " 35.8 1" 8.4 56 15.6
E 15 9.5 12 20.5 12 5.2 42 12.3
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Table IIIB-4

COBALT

SITE

SUSAN WAGNER HS
PS 26

COBALT

SITE

SUSAN WAGNER HS
PS 26

QUARTER BEGINNING QUARTER BEGINNING QUARTER BEGINNING QUARTER BEGINNING FIRST YEAR
OCTOBER 1987 JANUARY 1988 APRIL 1988 JULY 1988 OCT 1987 - SEPT 1988

SITE # OF ARITH. MEAN # OF ARITH. MEAN # OF ARITH. MEAN # OF ARITH. MEAN # OF ARITH. MEAN
# SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3)

1 n" 2.7 14 2.5 1% 2.9 10 2.6 49 2.7
2 13 3.0 14 3.0 14 3.2 11 2.2 52 2.9
QUARTER BEGINNING QUARTER BEGINNING QUARTER BEGINNING QUARTER BEGINNING SECOND YEAR
OCTOBER 1988 JANUARY 1989 APRIL 1989 JuLY 1989 OCT 1988 - SEPT 1989
SITE # OF ARITH. MEAN # OF ARITH. MEAN # OF ARITH. MEAN  # OF ARITH. MEAN  # OF ARITH. MEAN
# SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3)
1 9 2.5 13 2.5 1" 2.5 15 2.5 48 2.5
2 10 2.0 9 2.0 1" 2.5 15 3.0 45 2.5
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Table IIIB-5

COPPER

SITE

CARTERET
ELIZABETH
HIGHLAND PARK
SUSAN WAGNER HS
PS 26

COPPER

SITE

CARTERET
ELIZABETH
HIGHLAND PARK
SUSAN WAGNER HS
PsS 26

SITE
]

Nam>»>m

SITE
#

N=m>®m

QUARTER BEGINNING

OCTOBER 1987
# OF ARITH. MEAN
SAMPLES (ng/m3)
13 47.0
1 83.8
13 59.2

QUARTER BEGINNING

OCTOBER 1988
# OF ARITH. MEAN
SAMPLES (ng/m3)
15 26.6
9 79.64
10 39.6

# OF

SAMPLES

15

# OF
SAMPLES

15
15
15
13

QUARTER BEGINNING
JANUARY 1988

ARITH. MEAN
(ng/m3)

78.4
90.

7
45.9

QUARTER BEGINNING
JANUARY 1989

ARITH. MEAN
(ng/m3)

83.7
42.8
22.6
7.1
47.4

15

QUARTER BEGINNING

APRIL 1988

# OF
SAMPLES

10
3

14
14

ARITH. MEAN
{ng/m3)

113.5
76.4

121.1
50.5

QUARTER BEGINNING
APRIL 1989

# OF
SAMPLES

15
13
15
n
11

ARITH. MEAM
(ng/m3)

69.1
5.6
32.2
86.3
38.9

QUARTER BEGINNING

JuLy 1988

# Of
SAMPLES

14
13

10
1

ARITH. MEAN
(ng/m3)

105.4
22.9

95.3
75.4

QUARTER BEGINNING

JuLy 1989

# OF
SAMPLES

15
1
12
15
15

ARITH. MEAN
(ng/m3)

88.1
44.3
49.6
91.3
39.4

FIRST YEAR
OCT 1987 - SEPT 1988
# OF ARITH. MEAN
SAMPLES (ng/m3)
52 84.6
16 32.9
49 98.8
52 56.7
SECOND YEAR
OCT 1988 - SEPT 1989
# OF ARITH. MEAN
SAMPLES (ng/m3)
45 80.3
54 34.5
42 33.8
48 83.3
45 40.9



Table IIIB-6

TROM

SITE

CARTERET
ELIZABETH
HIGHLAND PARK
SUSAN WAGNER HS
PS 26

IRON

SITE

CARTERET
ELIZABETH
HIGHLAND PARK
SUSAN WAGNER HS
PS 26

QUARTER BEGINNING QUARTER BEGINNING

OCTOBER 1987 JANUARY 1988

SITE # OF ARITH. MEAN # OF ARITH. MEAN
» SAMPLES (ng/m3} SAMPLES (ng/m3)

8 13 519.7 15 752.6
A

€

1 1" 511.9 14 522.8
2 13 1168.0 14 875.7

QUARTER BEGINNING QUARTER BEGINNING

OCTOBER 1988 JANUARY 1989
SITE # OF ARITH. MEAN ¥ OF ARITH. MEAN
# SAMPLES (ng/m3) SAMPLES (ng/m3)
8 15 426.0 15 508.1
A 15 308.4 15 401.5
E 15 376.4
1 9 537.3 13 690.0
2 10 738.0 9 970.0

QUARTER BEGINNING

APRIL 1988
# OF ARITH. MEAN
SAMPLES (ng/m3)
10 805.4
3 661.0
14 807.8
14 1468.0

QUARTER BEGINNING

APRIL 1989
# OF ARITH. MEAN
SAMPLES (ng/m3)
15 689.7
13 493.1
13 656.7
1" 610.0
1 800.0
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QUARTER BEGINNING

JULY 1988
¥ OF
SAMPLES

13

10
11

QUARTER BEGINNING

JuLy 1989

# OF
SAMPLES

15
1
12
15
15

FIRST YEAR

OCT 1987 - SEPT 1988
ARITH. MEAN ¥ OF ARITH. MEAN
(ng/m3) SAMPLES (ng/m3)
38 686.8
495.6 16 526.6
888.0 49 676.3
1433.0 52 12261
SECOND YEAR
OCT 1988 - SEPT 1989
ARITH. MEAN # OF ARITH. MEAN
(ng/m3) SAMPLES (ng/m3)
795.4 60 604.8
552.8 54 428.5
406.3 40 476.5
710.0 48 649.3
1110.0 45 923.6



Table IIIB-7

LEAD

SITE

CARTERET
ELIZABETH
HIGHLAND PARK
SUSAN WAGNER HS
PS 26

LEAD

SITE

CARTERET
ELIZABETH
HIGHLAND PARK
SUSAN WAGNER HS
PsS 26

SITE

N=am>>»w

SITE

¥

N =m»wm

QUARTER BEGINNING

OCTOBER 1987
# OF ARITH. MEAN
SAMPLES (ng/m3)
13 69.0
1" 58.2
13 82.5

QUARTER BEGINNING

OCTOBER 1988
# OF ARITH. MEAN
SAMPLES (ng/m3)
15 38.1
15 38.1
9 36.1
9 35.7

QUARTER BEGINNING
JANUARY 1988

# OF
SAMPLES

15

ARITH. MEAN
(ng/m3)

118.7

QUARTER BEGINNING
JANUARY 1989

# OF
SAMPLES

15
15
15
13

9

ARITH. MEAN
(ng/m3)

26.4
22.6
91.1
39.5
40.1

QUARTER BEGINNING
APRIL 1988

# OF

SAMPLES

10
3

14
14

ARITH. MEAN
(ng/m3)

QUARTER BEGINNING

APRIL 1989

# OF ARITH. MEAN

SAMPLES (ng/m3)
15 42.8
13 38.1
13 26.6
1 14.4
11 24.5
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QUARTER BEGINNING

JUuLY 1988

# OF
SAMPLES

ARITH. MEAN
(ng/m3)
31.3

49.3
55.3

QUARTER BEGINNING

JUuLY 1989

# OF
SAMPLES

15
11
12
15
15

ARITH. MEAN
(ng/m3)

38.3
23.5
20.5
33.7
45.7

FIRST YEAR
OCT 1987 - SEPT 1988
# OF ARITH. MEAN
SAMPLES (ng/m3)
38 78.6
16 29.5
49 44.7
52 56.9

SECOND YEAR
OCT 1988 - SEPT 1989

# OF
SAMPLES

60
54
40
48
44

ARITH. MEAN
(ng/m3)

36.4
30.8
49.0
31.3
37.2



Table IIIB-8

MANGANESE

QUARTER BEGINNING QUARTER BEGINNING QUARTER BEGINNING QUARTER BEGINNING FIRST YEAR

OCTOBER 1987 JANUARY 1988 APRIL 1988 JuLy 1988 OCT 1987 - SEPT 1988

SITE # OF ARITH. MEAN # OF ARITH. MEAN ¥ OF ARITH. MEAN # OF ARITH. MEAN ¥ OF ARITH. MEAN

SITE # SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3)
CARTERET 8 13 29.5 15 27.0 10 32.2 38 29.2
ELIZABETH A 3 23.1 13 17.9 16 18.9
HIGHLAND PARK E
SUSAN WAGNER HS 1 1 15.1 14 15.1 14 21.8 10 22.1 49 18.5
PS 26 2 13 26.6 14 21.0 14 33.6 1" 34.5 52 28.7
MANGANESE

QUARTER BEGINNING QUARTER BEGINNING QUARTER BEGINNING QUARTER BEGINNING SECOND YEAR

OCTOBER 1988 JANUARY 1989 APRIL 1989 JULY 1989 OCT 1988 - SEPT 1989

SITE # OF ARITH. MEAN ¥ OF ARITH. MEAN # OF ARITH. MEAN # OF ARITH. MEAN # OF ARITH. MEAN

SITE # SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3)
CARTERET B 15 18.9 15 20.3 15 25.7 15 22.1 60 21.8
ELIZABETH A 15 14.9 15 15.6 13 15.0 11 13.4 54 14.8
HIGHLAND PARK E 15 12.4 15 15.6 12 11.2 42 13.6
SUSAN WAGNER HS 1 9 13.9 13 18.6 n 12.2 15 15.2 48 15.2
PS 26 2 10 15.9 9 22.3 1 15.5 15 21.1 45 18.8
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Table IIIB-9

MERCURY

SITE

CARTERET
ELIZABETH
HIGHLAND PARK
SUSAN WAGNER HS
PS 26

MERCURY

SITE

CARTERETY
ELIZABETH
HIGHLAND PARK
SUSAN WAGNER HS
PS 26

SITE

N-=m>»>»m

SITE

N=m>wm

QUARTER BEGINNING QUARTER BEGINNING QUARTER BEGINNING QUARTER BEGINNING FIRST YEAR

OCTOBER 1987 JANUARY 1988 APRIL 1988 JuLY 1988 OCT 1987 - SEPT 1988
# OF ARITH. MEAN # OF ARITH. MEAN # OF ARITH. MEAN # OF ARITH. MEAN # OF ARITH. MEAN
SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3)
15 0.5 10 0.6 25 0.5
3 0.9 13 1.2 16 141
QUARTER BEGINNING QUARTER BEGINNING QUARTER BEGINNING QUARTER BEGINNING SECOND YEAR

OCTOBER 1988 JANUARY 1989 APRIL 1989 JuLY 1989 OCT 1988 - SEPT 1989

# OF ARITH. MEAN # OF ARITH. MEAN # OF ARITH. MEAN # OF ARITH. MEAN  # OF ARITH. MEAN
SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3)

15 0.8 15 0.4 15 0.4 15 0.4 60 0.5

15 0.7 15 0.3 13 0.5 14 0.4 57 0.5

15 0.5 15 0.5 15 0.3 45 0.4
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Table IIIB-10

MOLYBDENUM

SITE

SUSAN WAGNER HS
PS 26

MOLYBDENUM

SITE

SUSAN WAGNER HS
PS 26

QUARTER BEGINNING QUARTER BEGINNING QUARTER BEGINNING QUARTER BEGINNING FIRST YEAR

OCTOBER 1987 JANUARY 1988 APRIL 1988 JULY 1988 OCT 1987 - SEPT 1988
SITE # OF ARITH. MEAN # OF ARITH. MEAN # OF ARITH. MEAN # OF ARITH. MEAN # OF ARITH. MEAN
] SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3)
1 n 1.4 14 10.8 14 1.0 10 10.8 49 10.9
2 13 12.4 14 12.3 14 12.9 1" 8.9 52 11.8

QUARTER BEGINNING QUARTER BEGINNING QUARTER BEGINNING QUARTER BEGINNING SECOND YEAR

OCTOBER 1988 JANUARY 1989 APRIL 1989 JULY 1989 OCT 1988 - SEPT 1989
SITE # OF ARITH. MEAN ¥ OF ARITH. MEAN # OF ARITH. MEAN ¥ OF ARITH. MEAN # OF ARITH. MEAN
¥ SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3)
1 9 10.7 13 9.2 N 9.5 15 9.5 48 9.6
2 10 7.9 9 7.7 1" 9.8 15 12.1 45 9.7
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Table IIIB-11

NICKEL

SITE

CARTERET
ELIZABETH
HIGHLAND PARK
SUSAN WAGNER HS
PS 26

NICKEL

SITE

CARTERET
ELIZABETH
HIGHLAND PARK
SUSAN WAGNER HS
PS 26

SITE

N -m>»>m

SITE

NaMmM>»>®

QUARTER BEGINNING

QUARTER BEGINNING

OCYOBER 1987 JANUARY 1988
# OF ARITH. MEAN # OF ARITH. MEAN
SAMPLES (ng/m3) SAMPLES (ng/m3)
13 30.6 15 76.3
11 15.6 14 26.4
13 29.4 14 7.7

QUARTER BEGINNING

QUARTER BEGINNING

OCTOBER 1988 JANUARY 1989

# OF ARITH. MEAN # OF ARITH. MEAN

SAMPLES (ng/m3) SAMPLES (ng/m3)
15 13.9
15 13.5
15 17.3
9 13.4 13 32.2
10 15.1 9 33.7
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# OF
SAMPLES

10
3

14
14

QUARTER BEGINNING
APRIL 1988

ARITH. MEAN
(ng/m3)

29.3
13.6

13.6
16.6

QUARTER BEGINNING
APRIL 1989

¥ OF
SAMPLES

15
13
13
1"
1"

ARITH. MEAN
(ng/m3)

32.4
30.2
29.0
12.3
18.0

# OF
SAMPLES
13

10
1

QUARTER BEGINNING
JuLy 1988

ARITH. MEAN
(ng/m3)
44.5

14.7
16.6

QUARTER BEGINNING

JuLY 1989

# OF
SAMPLES

ARITH. MEAN
(ng/m3)

32.1
30.7
22.2
16.1
17.1

FIRST YEAR
OCY 1987 - SEPT 1988
# OF ARITH. MEAN
SAMPLES (ng/m3)
38 48.3
16 38.7
49 17.9
52 22.8

SECOND YEAR
OCT 1988 - SEPT 1989

# OF
SAMPLES

ARITH. MEAN
(ng/m3)

26.1
23.9
22.6
19.1
20.2



Table I11IB-12

VANADIUM

SITE

SUSAN WAGNER HS
Ps 26

VANADIUM

SITE

SUSAN WAGNER HS
PS 26

QUARTER BEGINNING QUARTER BEGINNING QUARTER BEGINNING QUARTER BEGINNING FIRST YEAR
OCTOBER 1987 JANUARY 1988 APRIL 1988 JuLY 1988 OCT 1987 - SEPT 1988

SITE # OF ARITH. MEAN # OF ARITH. MEAN # OF ARTTH. MEAN # OF ARITH. MEAN # OF ARITH. MEAN
# SAMPLES (ng/m3) SAMPLES (ng/m3} SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3)

1 1 12.8 14 19.4 14 11.6 10 9.3 49 13.6
2 13 14.8 14 23.9 14 15.5 n 14.9 52 17.5
QUARTER BEGINNING QUARTER BEGINNING QUARTER BEGINNING QUARTER BEGINNING SECOND YEAR
OCTOBER 1988 JANUARY 1989 APRIL 1989 JuLY 1989 OCT 1988 - SEPT 1989

SITE # OF ARITH. MEAN # OF ARITH. MEAN # OF ARITH, MEAN # OF ARITH. MEAN ¥ OF ARITH. MEAN
# SAMPLES (ng/m3) SAMPLES {ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES {ng/m3)

1 9 9.3 13 22.5 n 10.1 15 16.2 48 15.2
2 10 15.2 9 19.8 n 16.0 15 17.¢ 45 16.9
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Table IIIB-13

ZINC

SITE

CARTERET
ELIZABETH
HIGHLAND PARK
SUSAN WAGNER HS
PS 26

ZINC

SITE

CARTERET
ELIZABETH
HIGHLAND PARK
SUSAN WAGNER HS
PS 26

N m>®

SITE

{
»

N—=-m>®

OUARTER BEGINNING

OCTOBER 1987
# OF ARITH. MEAN
SAMPLES (ng/n3)
13 182.0
" 112.4
13 145.5

QUARTER BEGINNING

OCTOBER 1988
# OF ARITH. MEAN
SAMPLES (ng/m3)
15 93.0
15 117.9
9 88.4
10 83.8

QUARTER BEGINNING
JANUARY 1988

# OF

SAMPLES

15

14
14

ARITH. MEAN
(ng/m3)

89.8

89.5
107.8

QUARTER BEGINNING
JANUARY 1989

# OF
SAMPLES

15
15
15
13

9

ARITH. MEAN
(ng/m3)

101.5
88.1
77.8

117.5

120.2

QUARTER BEGINNING
APRIL 1988

# Of

SAMPLES

10
3

14
14

ARITH. MEAN
(ng/m3)

90.3
78.4

95.1
106.8

QUARTER BEGINNING
APRIL 1989

# OF

SAMPLES

23

15
13
15
1
1

ARITH. MEAN
(ng/m3)

93.2
105.9
134.9

54.2

70.4

QUARTER BEGEIMWNING

JULY 1988
# OF
SAMPLES

13

10
1"

ARITH. MEAN
(ng/m3)
83.8

176.1
160.8

QUARTER BEGINNING

JULY 1989

¥ OF
SAMPLES

ARITH. MEAN
(ng/m3)

1731
131.3

76.5
194.7
109.3

FIRST YEAR
OCT 1987 - SEPT 1988
# OF ARITH. MEAN
SAMPLES (ng/m3)
38 121.5
16 82.8
49 113.9
52 128.2
SECOND YEAR
OCT 1988 - SEPT 1989
# OF ARITH. MEAN
SAMPLES (ng/m3)
40 115.2
S4 109.5
42 97.8
43 113.2
45 96.3



Table I1IB-14

BENZO(A)YPYRENE

SITE
CARTERET

ELTZABETH
HIGHLAND PARK

BENZO(A)PYRENE

SITE

CARTERET
ELIZABETH
HIGHLAND PARK

SITE
*

]
A
E

SITE
¥

B
A
E

QUARTER BEGINNING

OCTOBER 1987
# OF ARITH. MEANM
SAMPLES {ng/m3}
13 0.36

QUARTER BEGINNING

OCTOBER 1988
# OF ARITH. MEAN
SAMPLES (ng/m3)
15 0.24
15 0.22
10 0.31

QUARTER BEGINNING

QUARTER BEGINNING

JANUARY 1988 APRIL 1988
# OF ARETH. MEAN # OF AR{TH. MEAN
SAMPLES (ng/m3) SAMPLES (ng/m3)
14 0.15 10 0.07
3 0.06

QUARTER BEGINNING

QUARTER BEGINNING

JANUARY 1989 APRIL 1989
# OF ARITH. MEAN # OF ARITH. MEAN
SAMPLES (ng/m3) SAMPLES (ng/m3)
15 0.35 15 0.07
15 0.29 14 0.1
15 0.15 15 0.06
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QUARTER BEGINNING
JuLy 1988

# OF
SAMPLES

ARLITH.

14
13

MEAN

(ng/m3)

0.09
0.03

QUARTER BEGIKNING
JuLy 1989
¥ OF ARITH. MEAN
SAMPLES (ng/m3)
15 0.15
1 0.12
13 6.07

FIRST YEAR
OCT 1987 -

¥ OF
SAMPLES

51
16

SECOND YEA
OCT 1988 -

# OF
SAMPLES

60
55
S3

SEPT 1988

ARITH. MEAN
(ng/m3)

0.17
0.04

R
SEPT 1989

ARITH. MEAN
{ng/m3)



Table ITIB-15

FORMALDEHYDE - HCHO (METHANAL)

QUARTER BEGINNING QUARTER BEGINNING QUARTER BEGINNING QUARTER BEGINNING FIRST YEAR
OCTOBER 1987 JANUARY 1988 APRIL 1988 JULY 1988 OCT 1987 - SEPT 1988
SITE # OF ARITH. MEAN # OF  ARITH. MEAN # OF  ARITH. MEAX # OF  ARITH. MEAN # OF  ARITH. MEAN
SITE #  SAMPLES (ppb) SAMPLES (ppb) SAMPLES (ppb) SAMPLES (ppb) SAMPLES (ppb)
CARTERET B 8 2.91 10 3.38 7 4.81 25 3.63
ELIZABETH A
PISCATAWAY ) 10 3.30 10 3.30
SUSAN WAGNER HS 1 1 4.05 1 4.05
PORT RICHMOND PO 5

FORMALDEHYDE - HCHO (METHANAL)

QUARTER BEGINNING QUARTER BEGINNING QUARTER BEGINNING QUARTER BEGINNING SECOND YEAR
OCTOBER 1988 JANUARY 1989 APRIL 1989 JuLY 1989 OCT 1988 - SEPT 1989
SITE # OF ARITH. MEAN # OF  ARITH. MEAN # OF  ARITH. MEAN # OF  ARITH. MEAN # OF  ARITH. MEAN
SITE #  SAMPLES (ppb) SAMPLES (ppb) SAMPLES (ppb) SAMPLES (ppb) SAMPLES (ppb)
CARTERET 8
ELIZABETH A 6 2.89 6 2.89
PISCATAWAY D 7 1.78 7 1.78
SUSAN WAGNER HS 1 8 1.62 14 1.98 10 2.13 13 2.06 &4 2.02
PORT RICHMOND PO 5 9 2.03 14 1.80 [ 1.69 ) 1.04 35 1.71
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Table IIIB-16

BARIUM

SITE

SUSAN WAGNER HS
PS 26

BARIUM

SITE

SUSAN WAGNER HS
PS 26

QUARTER BEGINNING QUARTER BEGINNING QUARTER BEGINNING QUARTER BEGINNING FIRST YEAR

OCTOBER 1987 JANUARY 1988 APRIL 1988 JuLy 1988 OCT 1987 - SEPT 1988
SITE # OF ARITH. MEAN # Of ARITH. MEAN  # OF ARITH., MEAN ¥ OF ARITH. MEAN ¥ OF ARITH. MEAN
# SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3)
1 n 15.8 14 14.4 14 13.2 10 17.8 49 15.1
2 13 28.4 14 21.7 14 24.2 " 27.5 52 25.3

QUARTER BEGINNING QUARTER BEGINNING QUARTER BEGINNING QUARTER BEGINNING SECOND YEAR

OCTOBER 1988 JANUARY 1989 APRIL 1989 JuLy 1989 OCT 1988 - SEPT 1989
SITE # OF ARITH. MEAN # Of ARITH. MEAN  # OF ARITH. MEAN ¥ OF ARITH. MEAN  # OF ARITH. MEAN
# SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3) SAMPLES (ng/m3)
1 9 14.5 13 22.5 n 13.4 18 4.9 51 12.9
2 10 22.2 9 29.8 1" 16.8 15 27.8 45 23.5
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e 111B-17a: Comparison of 1988 UATMP and 1989 SI/NJ UATAP metals and benzolalpyrene

Tabl

Concentrations, ng/m’

Range for SI/NJ UATAP annual avgs., SI/NJ UATAP for Range for 1988 UATMP
10/88-10/89 (excluding Highland Park) Kighland Park, annual averages
(Ref: Data summaries of 1/90/92.) 1/89-10/89 for 17 urban_areas
min. max. median (# of sites) annual avg. min. max. median
Lead 14 .44 45.7a 34672 (&) min. 20.5/max. 91.1a 10* 440* 40*
31.3 37.2 33.9 47.
Chromium 15.6 26.8 21.2 (2)** 12.3%* 1.5 25.0 5.6
Nickel 19.1 28.2 21.9 (L)*** 22.4 2.8 34.0 3.8
Arsenic 3.7 4.3 4.0 ) - 2.8 8.4 3.3
Cadmium 1.8 4.2 2.1 %) .1 0.5 13.3 0.9
Mercury 0.5 0.5 0.5 ) 0.4 - - -
Manganese 14.8 21.6 15.0 %) 13.3 20.4 491.7 28.8
Cobalt 2.5 2.5 © 2.5 (2) - 0.9 1.5 0.9
Copper 36.0 83.3 60.1 %) 34.5 2.0 1913.0 77.5
Iron 445.6 923.6 6264.1 4) 476.3 554.9 9154.0 1182.0
Mol ybdenum 9.6 9.7 9.6 2) - 1.2 3.6 1.2
Vanadium 15.2 16.9 16.0 (2) - 4.9 14.3 5.2
2inc 96.3 116.1 113.6 ) 97.8 24.8 1084.0 89.1
Benzolalpyrene 0.15 0.21 0.17 €4) 0.14 0.032 5.212 0.183

*»

_h
L 2 2

Quarterly averages, not annual averages.

Not annual averages; based on 50 quarterly averages.

Annual average was computed without having data for 10/88 to 1/89.

The annual averages for two of the four sites were computed without having data for 10/88 to 1/89.
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Table 111B-17b: Detection limits for the metals and benzolalpyrene in the 1988 UATMP and the S1/NJ UATAP

Chemical Minimum detection lLimit, ng/m3

1988 UATMP SI/NJ UATAP
NYSDOH  NJIT

Lead
Chromium, total
Nickel
Arsenic
Cadmium
Mercury
Manganese
Cobalt
Copper
Iron

Mol ybdenum
Vanadium
Zinc

-
-

.
oo
.

30, 2*

. .
- N O
'
Wi 1 ONTON ~NO
ow wv
-

»

»

N
O WONOW=O I =2UVNVNO
1] LI )
Vtuaw o 0
n

.
~nN WOWWMN DD
- N =
OWVId =

-

-
.
v

Benzolalpyrene

- Not available.
* The minimum detection limit changed in mid-1988. Ref: Personal communication of S. Koblenz, NYSDOH to C. Bellizzi, U.S. EPA Region 11, ca. February 1992.

a The minimum detection limit was not constant; sometimes it was lower than 5 ng/m".
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Table 1118-17c:

18)

Cleveland, OH

Lead, quarterly avgs., ng/m3

1st qtr 150
2nd qtr 410
3rd qtr 440
4th qtr -
Annual _avg.**, ng/m3
Chromium 25.0
Nickel 8.8
Arsenic 7.0
Cadmiun 10.0
Mercury -
Manganese 194.6
Cobalt 1.3
Copper 102.5
Iron 4279.0
Mol ybdenum 3.6
Vanadium 7.0
Zinc 459.8
Benzo[al)pyrene 5.212

*  AIRS database print-out of 8/22/90.

Metals and benzolalpyrene data from 1988 UATMP*

20) (20) (19)
Sauget, IL Lansing, Ml Midtand,
100 30 20
270 20 10
270 20 20
9.8 5.2 (1.5)*** 5.2
3.5 3.5 2.8
8.4 2.9 2.8
13.3 0.5 0.7
49.2 23.8 23.1
0.9 1.1 0.9
520.9 49.3 10.0
1182.0 824.1 (431.8)*** 554.9
1.6 1.2 1.2
4.9 5.2 4.9
506.1 61.0 (B1.4)*** 33.8
0.183 0.434 0.1

Hamwond, IN, and Portland, OR, data were not available.

** Arithmetic mean
#+% aAs measured by another organization.

Example of how to read this table:

Total number of valid samples

Cleveland, OH <---Monitor site name

(18) <
Chromium 25.0 <
Nickel 8.8
Arsenic 7.0
Cadmium 10.0
Mercury - <=

Annual average concentration of chromium

Chemical was not included at this site.

29

(20)

Port Huron, Ml

40
30
40

Data coded as 1988, organization code 800 (USEPA Monitoring Support Lab).

a9

60
70
80

1]
3 WW S~
o e e MR
N -~

Ruw
.
oONwWOoOWwWwVN

(343.7)*** 2

w
-

w NV O -
.

[~]
N

-
-}

Detroit, Ml

9
Dearborn, MI

70 (110)***

80 (110)***
130 (100)***
- (90)***

~nN
SN W

(0.3)tit

©
ANy S
ouwfJ-2
whNm
VaoOwmwo~ ~N O &0

7

0.374



Table 1118-17c, continued: Metals and benzol(alpyrene data from 1988 UATMP*, continued

(16) @1
Jacksonville, FL Miami, FL

Lead, quarterly avgs., ng/m3

ist qtr 40 40
end qtr 30 40
3rd qtr . 30 20
4th qtr - -

Chromium 6.0 5.6
Nickel 6.1 4.7
Arsenic 4.3 3.1
Cadmium 0.7 0.5
Mercury - -

Manganese 20.4 20.4
Cobalt 1.1 0.9
Copper 50.1 49.3
Iron 721.7 556.0
Mol ybdenum 1.2 1.2
vanadium 14.3 5.3
2inc 88.2 89.1
Benzo{alpyrene 0.222 0.100

20 (40)1‘*
20 (70)***
20 (30)**+
- 40y

oo

B n
nSowv
JooPE,
NN WOO® O~

B o

)
-
-—h
N

(22)

Dallas, X

30
20
20

R
OONS O BOOOON

o
-t
o
o

(23)

Atlanta, GA

50
50
30

- NN,
.
sViewn

n

-
Zo

O~J-—-.o~\ﬁca

VONODOOVR

he]

3

*  AIRS database print-out of 8/22/90. Data coded as 1988, organization code 800 (USEPA Monitoring Support Lab).

Hammond, IN, and Portland, OR, data were not available.

** Arithmetic mean
=** A5 measured by another organization.

30

23)

Burlington, VT

(

11)

Chicago, IL

-

-

- NN
.
- W

©
~oN
b

§—l
N'ON.ONON

-
[+ JE WY
o . .

-
»

0.357

(13-1)ti*

(862.0)***



Jable 1118-17c, continued: Metals and benzolalpyrene data from 1988 UATMP*, continued

1N
21 22) Baton
Birmingham, AL Louisville, KY Rouge, LA

80 20
2rd qtr S0 90 20
60 10

Chromium 6

Nickel 2

Arsenic 3

Cadmium 0
Mercury -

34

0

3

.
.

.
wmworonNVMW VWVNoO ke
- W

.

N

Manganese

Cobalt

Copper 1913.
Iron 10
Mol ybdenum
Vanadium
Zinc 244 .2 m.

-
o

N =
.

~
7‘?’."8

§
WeNNOLVURr bwLun

-l
:

L ad
&~
™
o
w
e}
N
o
b

-

Benzo[alpyrene

*  AIRS database print-out of 8/22/90. Data coded as 1988, organization code 800 (USEPA Monitoring Support Lab).
Hammond, IN, and Porttand, OR, data were not available.

** Arithmetic mean
*=* Ac measured by another organization.
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Jable 1{18-18a: Comparison of 1989 UATMP and SI/NJ UATAP formaldehyde data*

Range for SI/NJ UATAP annual avgs.,

SI/NJ UATAP for

Range for 1989 UATMP

10/88-10/89 (S.M. and Port Rich) Piscataway, annual averages
(Ref: Data summaries of 1/90/92.) 1789-10/89 for 14 urban areas
min. max. median (# of sites) annual avg. min. max. median
Formaldehyde, ppbv 1.7 2.02 1.86 ) - W 1.41 3.81 2.04
Table II1IB-17b: Formaldehyde data from the 1989 UATMP*
(32) (30) (28) (30) an (7 (32)
Camden, NJ Sauget, IL Washington,D.C.-1 Washington,D.C.-2 St. Louis, MO Pensacola, FL Miami, FL
Formaldehyde, ppbv 2.419 1.45 3.768 3.148 2.465 1.674 1.763
(38) (29) 32) (30) (30) (36) (&1}
Houston, TX Dallas, TX Ft. Lauderdale, FL. Chicago, IL Wichita, KS-1 Wichita, KS-2 Baton Rouge, LA
Formaldehyde, ppbv 2.319 2.010 2.243 2.073 1.471 1.409 1.525

* From EPA-4507/4-91-006, January 1991, 1989 Urban Air Toxics Monitoring Program Aldehyde Resutts. U.S. EPA/Office of Air Quality Planning and Standards. Research

Triangle Park.

Both the UATMP and S1/NJ UATAP acknouledge an ozone interference with the sampling method.

The ozone interference results in the reporting of concentrations as lower than actual.
** Insufficient data; the average for seven samples during 10/88 to 1/89 was 1.78 ppbv.

32



FIGURE IIIB-1
Comparison of SI/NJ UATAP Data (10/88-10/89)
with 1988 UATMP Data (10/87-10/88)
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* Highland Park NJ (SI/NJ UATAP background site)
** Median for Carteret, Hizabeth, PS-26, and
Susan Wagner H.S.
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FIGURE IIIB-2
Comparison of SI/NJ UATAP Data (10/88-10/89)

with 1988 UATMP Data (10/87-10/88)
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FIGURE ITIB-3
Comparison of SI/NJ UATAP Data (10/88-10/89)
with 1988 UATMP Data (10/87-10/88)
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FIGURE II11IB-4
Comparison of SI/NJ UATAP Data (10/88-10/89)
with 1988 UATMP Data (10/87-10/88)
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Susan Wagner H.S.
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FIGURE IIIB-5

Comparison of SI/NJ UATAP Data (10/88-10/89)
with 1988 UATMP Data (10/87-10/88)
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Susan Wagner H.S.
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FIGURE IIIB-6

Comparison of SI/NJ UATAP Data (10/88-10/89)

with1988 UATMP Data (10/87-10/88)
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* Highland Park NJ (SI/NJ UATAP background site)
** Median for Carteret, Hzabeth, PS-26, and
Susan Wagner H.S.
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FIGURE IIIB-7

Comparison of SI/NJ UATAP Data (10/88-10/89)
with 1988 UATMP Data (10/87-10/88)
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FIGURE IIIB-8
CHROMIUM

Comparison of SI/NJ UATAP Data (10/88-10/89)
with 1988 UATMP Data (10/87-10/88)
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FIGURE IIIB-9

Comparison of SI/NJ UATAP Data (10/88-10/89)

with 1988 UATMP Data (10/87-10/88)
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B-10
Comparison of SI/NJ UATAP Data (10/88-10/89)

FIGURE III

with 1988 UATMP Data (10/87-10/88)
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FIGURE IIIB-12
Comparison of SI/NJ UATAP Data (10/88-10/89)

with 1988 UATMP Data (10/87-10/88)
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FIGURE IIIB-14

Comparison of SI/NJ UATAP Data (10/88-10/89)

with 1989 UATMP Data for
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CONCENTRATION (NG/M3)
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Figure IIIB-15

Nickel, Chromium, Manganese, and lron
at Carteret, NJ
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CONCENTRATION (NG/M3)
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Figure llIB-16

Cadmium, Copper, Zinc, and Lead
at Carteret, NJ
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CONCENTRATION (NG/M3)

Figure IlIB-17

Benzo[a]pyrene and Lead
at Carteret, NJ
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CONCENTRATION (NG/MB3)
- o

o
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Fiqure 111B-18

Mercury
at Carteret, NJ
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CONCENTRATION (NG/M3)

100

Figure 1lIB-19

Nickel, Chromium, Manganese, and Iron
at Elizabeth, NJ
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CONCENTRATION (NG/M3)

100

Figure llIB-2

Cadmium, Copper, Zinc, and Lead
at Elizabeth, NJ
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CONCENTRATION (NG/M3)
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Figure 11IB-21

Benzo[a]pyrene and Lead
at Elizabeth, NJ
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CONCENTRATION (NG/M3)
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Figure [1IB-22

Mercury
at Elizabeth, NJ
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CONCENTRATION (NG/M3)

Figure 111B-23

Molybdenum, Nickel, Cobalt, Iron, and Manganese
at Susan Wagner H.S.
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CONCENTRATION (NG/M3)
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Figure lIIB-24

Arsenic, Cadmium, Copper, Zinc, and Lead
at Susan Wagner H.S.
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CONCENTRATION (NG/M3)

Fiqure |lIB-2

Benzo[a]pyrene, Vanadium, and Lead
at Susan Wagner H.S.
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CONCENTRATION (NG/M3)
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Figure [1IB-26

Molybdenum, Nickel, Copper, Iron, and Manganese

at PS-26
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CONCENTRATION (NG/M3)
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Figure |lIB-27

Arsenic, Cadmium, Copper, Zinc, and Lead
at PS-26
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APPENDIX A

QUALITY ASSURANCE SUMMARY FOR METALS, BENZO[a]PYRENE,
AND FORMALDEHYDE

1. INTRODUCTION

Each sampling organization was responsible for its own
Quality Assurance (QA). However, to ensure that appropriate
quality assurance methods were selected and followed, the QA
procedures of the organizations submitting monltorlng data for
the project were reviewed by the QA Subcommittee.

2. METALS

Quality Assurance reports were received from both the New
Jersey Institute of Technology (NJIT) and the New York State
Department of Health (NYSDOH). NJIT's samples were collected by
its own staff, whereas the NYSDOH samples were collected by the
New York State Department of Environmental Conservation (NYSDEC).

2.1 Sample Collection

2.1.1 NYSDEC/NYSDOH

Sample collection and sampler calibration were conducted by
NYSDEC under the guidelines and procedures established in its

Ambient Air Quality Assurance Manual.

2.1.2 NJIT

NJIT's samplers were calibrated by the New Jersey Department
of Environmental Protection according to the methods outlined in
its Ambient Air Monitoring Quality Assurance Manual. Sample
collection was done by NJIT staff,

2.2 Analvtical Results

Table IIIB-Al provides a summary of the QA disposition of
the metals data from NYSDEC/NYSDOH and from NJIT.



2.2.1 NYSDOH/NYSDEC

The analytical QA data provided by NYSDOH showed excellent
precision and recovery results for all compounds tested.
However, these data were generated using dilute solutions of
metals spiked onto filters. Field samples, however, consist of
particulates and not liquids, and the % recovery of metals from
particulates may be lower than % recoveries from liquid
standards.

To ascertain percent recoveries for particulate metals, an
urban dust Standard Reference Material (SRM) can be run. This
SRM, obtainable from the National Institute for Standards and
Technology (NIST), contains known trace amounts of many of the
metals monitored in the SI/NJ UATAP. However, NYSDOH did not run
these standards until recently.

NYSDOH results with the NIST urban dust SRM showed
recoveries of cadmium, copper, zinc, and lead to be 95% of the
SRM concentration. Barium and manganese recoveries were within
82% of the standard. Iron and nickel recoveries were within 75%
of the standard, and vanadium was within 63% of the NIST SRM.
Chromium recoveries were only 18% of the standard. Prccision of
analysis for all compounds was uniformly excellent.

As a result of these findings, the data were treated as
follows:

1. All NYSDOH chromium data were rejected and removed from the
project data base.

2. The vanadium, iron, and nickel data were accepted, but were
caveated since their recoveries were below 80%. The values
reported for these compounds should be viewed as the minimum
values known to be present.

3. The cadmium, copper, zinc, barium, lead, and manganese data
were accepted. The results for arsenic, beryllium, cobalt,
mercury, and molybdenum were approved with the understanding
that their accuracy can not be verified with NIST
particulate SRMs because the SRMs do not exist.

The percent recovery data for NYSDOH results with SRMs are
presented in Table IIIB-A2, % Recovery From Urban Dust -
Ultrasonic Bath Digestion.



2.2.2 NJIT

NJIT submitted QA data for 10 compounds: cadmium, chromium,
cobalt, copper, iron, lead, mercury, manganese, nickel, and zinc.
A serious concern with the NJIT report was the lack of specific
information pertaining to background contamination levels in
blank samples or the results of calibration checks. Also, data
to support estimates of precision were provided only for mercury.
Furthermore, NJIT asserted that absorbance vs. response curves
were generated for all compounds analyzed, but only provided
these curves for mercury and lead.

Mitigating these concerns, however, were NJIT's acceptable
analytical results for EPA particulate lead standards and the
NIST urban dust particulate SRMs. The NIST samples were analyzed
for 8 compounds: cadmium, chromium, copper, iron, lead, nickel,
manganese, and zinc. Recoveries using these standards were
typically in the range 85-100%. Therefore, NJIT's QA, though
somewhat lacking in documentation, was regarded as sufficient for
inclusion of data for the eight compounds named above into the
project data base.

Cobalt, although present in the NIST standard, was reported
py NJIT as below its detection limit. Since no other data,
including precision, calibration, and blank level data, were
included in the NJIT report, the cobalt data were excluded from
the project data base.

The submitted mercury data, although somewhat lacking in
detail, did include acceptable precision and calibration curve
data. Therefore, the mercury data were accepted for use in the
project data base. No standard was available from NIST or EPA
for mercury.

NJIT collected and reported data for vanadium, selenium, and
molybdenum during the course of the project. As stated in its Qa
report, NJIT was unable to provide QA information for vanadium.
selenium and molybdenum were not mentioned in NJIT's QA report at
all. Therefore monitoring data for these three compounds were
excluded from the project data base.

3. BENZO[a]PYRENE

Benzo[a]pyrene (BaP) sampling in the project was conducted
by NJ;T and NYSDEC. Sample analysis was done by NJIT and the
NYSDOH.



3.1 Sample Collection

3.1.1. NYSDEC/NYSDCH

Calibration of BaP samplers was done by NYSDEC in accordance
with the NYSDEC guidance for flow calibration of high-volume
particulate samplers as outlined in its Ambient Air Monitoring
Quality Assurance Manual.

3.1.2 NJIT

Calibration of B(a)P samplers was done by the NJDEP
according to the procedures outlined in its Ambient Air
Monitoring Quality Assurance Manual.

3.2 Analytical Results

3.2.1 NYSDOH

Analysis of all NYSDEC BaP samples was done by NYSDOH. The
results of NYSDOH's analyses are summarized below.

1. Filters spiked with 100 ng of BaP had percent recoveries
averaging 49%, a sample standard deviation of 15.0, and a
coefficient of variation of 30.6.

2. Filters spiked with 200 ng of BaP had percent recoveries
averaging 84%, a standard deviation of 19.0, and a
coefficient of variation of 22.6.

3. The detection levels for BaP were not presented.

BaP concentrations for the summer months were reported by
NYSDOH to average 0.10 ng/m’. Assuming a 1600-m® sample, typical
for a hi-vol sampler, there would be 160 ng of BaP collected on a
filter during an average summer day. In its procedure, NYSDOH
digests half of each filter; therefore, the total BaP extracted
from the half-filter would be 80 ng. Since NYSDOH's recoveries
at this level averaged 49%, it appears that NYSDOH's results are
negatively biased by at least 51% on average.



Furthermore, NYSDOH's results are derived from liquid
standards spiked onto filters. The hi-vol/glass fiber filter
collection method used in the SI/NJ UATAP, however, gathers
particulate matter, where BaP recovery is often less than that
obtained when using liquid standards. Results with particulate
standards, such as the NIST Urban Dust Standard Reference
Material, were not provided by NYSDOH.

As a result of these findings, the NYSDOH BaP data is
included in the project data base with a caveat that the data
provided reflect the minimum concentration of BaP present.

3.2.2 NJIT

The QA data submitted by NJIT showed * 20% recoveries of BaP
from the Urban Dust Standard Reference Material (SRM's - obtained
from the National Institiute for Technology and Standards).

NJIT's detection limits were well into the sub-part per trillion
range. Recoveries at these low concentrations were >95% using
liquid SRM's. Simulated samples using liquids spiked onto
filters at concentrations of approximately 0.05 ppt yielded 87-
90% recovery.

Duplicate sample analyses showed standard deviations of
1.12%.

In view of these results, the NJIT BaP data were accepted
for inclusion in the project data base.

4. FORMALDEHYDE

Formaldehyde sampling in the project was conducted by the
New Jersey Institute of Technology (NJIT) and the New York State
Department of Environmental Conservation (NYSDEC). Sample
analysis was done by NSI, an EPA contractor, and by NJIT.



4.1 Sample Collection

4.1.1 NYSDEC

Calibration of formaldehyde sample flow was done in
accordance with the NYSDEC procedures for flow calibration as
outlined in its Ambient Air Monitoring Quality Assurance Manual.

4.1.2 NJIT

Calibration of NJIT formaldehyde samplers was done in
accordance with the same protocols used for its volatile organic
compound samplers.

4.2 Analytical Results

4.2.1 NYSDEC samples

Analysis of all NYSDEC formaldehyde samples was done by NSI
under contract with EPA at Research Triangle Park. Quality
Assurance data were provided by Dr. Silvestre Tejada at
EPA/AREAL, who had the oversight responsibility for formaldehyde
analysis conducted by NSI for EPA. NSI analyzed SI/NJ UATAP
samples concurrently with other samples as part of a national EPA
formaldehyde monitoring effort. The QA data presented by Dr.
Tejada did not come from SI/NJ UATAP samples directly, but rather
from NSI's results for the national studies that were done
concurrently with the SI/NJ UATAP.

Since the analytical protocols, personnel, instrumentation,
management, and EPA oversight were the same for these national
projects as for the SI/NJ UATAP, this QA information is
considered valid for assessing the quality of the analytical data
provided for the SI/NJ UATAP. Direct QA information for the
SI/NJ UATAP formaldehyde data is unavailable due to unresolved
sample log number difficulties.

The QA information provided by Dr. Tejada shows the
following:

1. Blank levels in formaldehyde tubes were always below 0.15
ppb.



2. NSI analytical accuracy was assessed by EPA/AREAL in a cross
check with 2 other laboratories. Results of the study showed
a 2.1 % relative standard deviation among the laboratories.

3. Precision was estimated by evaluating collocated samples
from field studies. In most cases, the collocated samples
were within 10% of each other. 1In cases where this was not
the case, EPA concluded that the results were due to sampler
miscalibration or sample misidentification. The data
provided lends support to this view.

As a result of these findings, all of the NYSDEC-
collected/NSI-analyzed formaldehyde data were accepted for
inclusion in the project data base.

4.2.2 NJIT samples

Analyses of NJIT's formaldehyde samples were conducted
partly by NSI and partly in-house by NJIT. NSI's analytical QA
was addressed in detail above; the same findings apply to the
NJIT-gathered/NSI-analyzed samples. However, no QA information
was provided for samples analyzed in-house by NJIT.

Therefore, (1) the NJIT-gathered/NSI-analyzed samples were
accepted for inclusion in the project data base; however, (2)
samples analyzed by NJIT were rejected from inclusion in the
project data base since appropriate QA information is not
available.



Table IB-Al:

SI/NJ UATAP Metals Data QA Status as of 12/4/91

1

QA Status
Metal NJIT NYSDOH/NYSDEC |

Arsenic! No analysis for Approved
this compound

Barium No analysis for Approved
this compound

Beryllium! No analysis for Approved?
this compound

Cadmium Approved Approved

Chromium Approved Rejected

Cobalt! Insufficient data Approved

Copper Approved Approved

Iron Approved Approved?

Lead Approved Approved

Manganese Approved Approved

Mercury! Approved No analysis for
this compound

Molybdenum! Insufficient data Approved

Nickel Approved Approved®

Vanadium Insufficient data Approved?®

Zinc Approved Approved

| Benzo(a]pyrene Approved Approved*

No particulate Standard Reference Material (SRM) was

available.

This compound was not detected in samples.

Recoveries of these compounds from the SRM were in the 63%-

76% range. They were acceptable for use in the project,
however they represent a minimum of the amount that may
actually have been present.
Recoveries of this compound from the SRM averaged 49%.
reported concentrations are acceptable for use in the

project, however they represent a minimum of the amount that

may actually have been present.




Table IIIB-A2

% RECOVERY FROM URBAN DUST - ULTRASONIC BATH DIGESTION

CADNIUM COPPER 2INC IRON BARTUN
SANPLE % RECOVERY % RECOVERY % RECOVERY % RECOVERY % RECOVERY

i 9§ 9.5 97.1 74,8 82.4

2 951 97.0 98.4 6.6 83.8

1 9L 9.7 96.6 76.0 82.2

& 95,0 9.1 98.3 %.1 81.7

S 109.2 95.7 98.0 7.4 83.5

b 9.9 95.0 97.1 74.8 81.7

7 9.5 9.6 97.3 75.7 81.9

g 97.1 97.1 97.9 76.0 8e.3

9 9.3 9.6 98.2 75.5 82.9

1 7.2 9.9 100.5 75.8 81.8

NEAN 97.0 95.8 97.9 75.7 82.4

GT0. DEV.  4.40 0.94 1,03 0.53 0.71

§9shCL 997 96.4 98.6 76.0 82.9

L9S% CL 9.2 95.2 97.3 75.4 82.0
NICKEL VANADIUM LEAD CHROMIUN NANGANESE
GAMPLE % RECOVERY % RECOVERY % RECOVERY % RECOVERY % RECOVERY

1 7.3 62.7 100.4 18.6 ' 86.4

2 80.5 64,7 101.4 18.1 87.4

3 .2 85.2 101.1 18.2 84.8

4 b s2.8 102.4 18,3 86.3

s 75.8 62.4 102.4 18.8 87.2

6 W7 62.7 100.6 18.4 85.4

7 73.9 62.2 101.5 18.2 86.4

B 79.0 63.2 102.4 18.1 85.9

9 7.3 b3.5 102.3 18.8 87.1

10 7.9 62.7 101.7 18.2 87.0

WEAK 76.2 53,2 101.7 18.4 86.5

¢TD. DEV.  2.12 0.94 0.7 0.25 0.%

L9SK Ol TAS b2.6 101.2 18.2 86.1



APPENDIX B

DATA SUMMARIES BY QUARTERLY AVERAGE



Table 111R-B)

ARSENIC

SITE

PS-26

SUSAN WAGNER HS
HIGHLAND PARK
CARTERET
ELIZABETH

PORT RICHMOND PO

SITE

SUSAN UAGNER HS
PS 26

CARTERET
ELIZABETH
HIGHLAND PARK
PORT RICHMOND PO

QUARTER BEGINNING

OCTOBER 1987
ARITH. MEAN
(ng/m3) SITE
2.7 PS 26
1.9 SUSAN WAGNER HS
HI1GHLAND PARK
CARTERET
ELIZABETH

PORT RICHMOND PO

QUARTER BEGINNING

OCTOBER 1988
ARITH. MEAN
(ng/m3) SITE
14.5 PS 26
1.4 SUSAN WAGNER HS
HIGHLAND PARK
CARTERET
ELIZABETH

PORT RICHMOND PO

QUARTER BEGINNING

JANUARY 1968
ARITH. MEAN
(ng/m3) SITE
3.5 PS 26
2.6 SUSAN WAGNER HS
HIGHLAND PARK
CARTERET
ELIZABETH

PORT RICHMOND PO

QUARTER BEGINNING
JANUARY 1989

ARITH. MEAN
(ng/m3) SITE
5.1 PS 26
1.4 SUSAN WAGNER HS
HIGHLAND PARK
CARTERET
ELIZABETH

PORT RICHMOND PO

B-2

QUARTER BEGINNING

APRIL 1988
ARITH. MEAN
(ng/m3) SITE
1.1 SUSAN WAGNER HS
9.5 PS 26
CARTERET
ELIZABETH

QUARTER BEGINNING
APRIL 1989

ARITH. MEAN
(ng/m3)

1.4
1.1

HIGHLAND PARK
PORT RICHMOND PO

SITE

SUSAN WAGNER HS
Ps 26

CARTERET
ELIZABETH
HIGHLAND PARK
PORT RICHMOND PO

QUARTER BEGINNING
JULY 1988

ARITH. MEAN
(ng/m3}

12.9
11.6

QUARTER BEGINNENG
JuLy 1989

ARITH. MEAN
(ng/m3)

1.0
1.0



Table I1IB-B2

SITE

CARTERET

PS 26

SUSAN WAGNER HS
HIGHLAND PARK

CADMIUM
"QUARTER BEGINNING
OCTOBER 1987
ARITH. MEAN

SITE (ng/m3)

PS 26 3.0

SUSAN WAGNER HS 2.7

CARTERET 1.6

HIGHLAND PARK

ELIZABETH

PORT RICHMOND PO

ELIZABETH
PORT RICHMOND PO

QUARTER BEGINNING

OCTOBER 1988

ARITH. MEAN
SITE (ng/m3)
CARTERETY 9.3
ELIZABETH" 0.8

HIGHLAND PARK
SUSAN WAGNER HS
PS 26

PORY RICHMOND PO

SITE

SUSAN WAGNER HS
HIGHLAND PARK
PS 26

CARTERET
ELIZABETH

PORT RICHMOND PG

QUARTER BEGINNING
JANUARY 1988

ARITH. MEAN
{(ng/m3) SITE
12.6 CARTERET
3.0 PS 26
2.5 SUSAN WAGNER HS

ELIZABETH
HIGHLAND PARK
PORT RICHMOND PO

QUARTER BEGINNING
JANUARY 1989

ARITH. MEAN
(ng/m3) SITE
2.3 PS 26
2.3 SUSAN WAGNER
2.0 CARTERET
1.8 ELIZABETH
1.5 HIGHLAND PARK

PORT RICHMOND PO

B-3

QUARTER BEGINNING

APRIL 1988
ARITH. MEAN
(ng/m3) SITE
4.5 SUSAN WAGNER HS
3.2 CARTERET
2.9 ELIZABETH
1.6 PS 26

HIGHLAND PARK
PORT RICHMOND PO

QUARTER BEGINNING

APRIL 1989
ARITH. MEAN
{ng/m3) SITE

2.5 CARTERET
2.5 PS 26
1.9 ELIZABETH
1.8 SUSAN WAGNER HS
1.7 HIGHLAND PARK

PORT RICHMOND PO

QUARTER BEGINKING
JuLy 1988

ARITH. MEAN
(ng/m3)

NN oW
)
NSy

QUARTER BEGINNIKNG
JuLy 1989

ARITH. MEAN
(ng/m3)



Table 111B-B}

COBALY

SITE

PS 26
SUSAN WAGNER NS
PORT RICHMOND PO

SITE

SUSAN WAGNER HS
PS 26
PORT RICHMOND PO

QUARTER BEGINNING

OCTOBER 1987
ARITH. MEAN
{ng/m3) SITE
3.0 PS 26
2.7 SUSAN WAGKER HS

PORT RICHMOND PO

QUARTER BEGINNING

OCTOBER 1988
ARITH. MEAN
(ng/m3) SITE
2.5 SUSAN WAGNER HS
2.0 PS 26

PORT RICHMOND PO

QUARTER BEGINNING
JANUARY 1988

ARITH. MEAN
(ng/m3) SITE
3.0 PS 26
2.5 SUSAN WAGKER HS

PORT RICHMOND PO

QUARTER BEGINNING
JANUARY 1989

ARITH. MEAN
(ng/m3) SITE
2.5 SUSAN WAGNER HS
2.0 PS 26

PORT RICHMOND PO

B-4

QUARTER BEGINNING

APRIL 1988
ARITH. MEAN
(ng/m3) SITE
3.2 SUSAN WAGNER HS
2.9 PS 26

PORT RICHMOND PO

QUARTER BEGINNING

APRIL 1989
ARITH. MEAN
(ng/m3) SITE
2.5 PsS 26
2.5 SUSAN WAGHER HS

PORT RICHMOND PO

QUARTER BEGINNING
JULY 1988

ARTTH. MEAN
(ng/m3)

2.6
2.2

QUARTER BEGINNING
JULY 1989

ARITH. MEAN
(ng/m3)

3.0
2.5



Table ITIB-B4

COPPER

QUARTER BEGINNING

OCTOBER 1987

ARITH. MEAN
SITE (ng/m3) SITE
SUSAN WAGNER HS 83.8 SUSAN WAGNER HS
PS 26 59.2 CARTERET
CARTERET 47.0 PS 26
ELIZABETH HIGHLAND PARK
HIGHLAND PARK ELIZABETH

PORT RICHMOND PO PORT RICHMOND PO

QUARTER BEGINNING

OCTOBER 1988
ARITH. MEAN
SITE (ng/m3) SITE
SUSAN WAGNER HS 9.4 CARTERET
PS 26 39.6 SUSAN WAGNER HS
ELIZABETH 26.6 PS 26
CARTERET ELIZABETH

HIGHLAND PARK
PORT RICHMOND PO

HIGHLAND PARK
PORT RICHMOND PO

QUARTER BEGINNING

JANUARY 1988
ARITH. MEAN
(ng/m3) SITE
9.7 SUSAN WAGNER HS
78.4 CARTERET
45.9 ELIZABETH
PS 26

HIGHLAND PARK
PORT RICHMOND PO

QUARTER BEGINNING
JANUARY 1989

ARITH. MEAN
(ng/m3) SITE
a3.7 SUSAN WAGNER HS
74 .1 CARTERET
47.4 PS 26
42.8 HIGHLAND PARK
22.6 ELIZABETH

PORT RICHMOND PO

QUARTER BEGINNING
APRIL 1988

ARITH. MEAN
(ng/m3)

121.1
113.5
76.4
50.5

QUARTER BEGINNING
APRIL 1989

ARITH. MEAN
(ng/m3)

B6.3
69.1
38.9
32.2
25.0

SITE

CARTERET

SUSAN WAGNER HS
PS 26

ELIZABETH
HIGHLANG PARK
PORT RICHMOND PO

SETE

SUSAN WAGNER HS
CARTERET
HIGHLAND PARK
ELIZABETH

PS 26

PORT RICHMOND PO

QUARTER BEGINNING
JULY 1988

ARITH. MEAN
(ng/m3)

105.4
95.3
75.4
22.9

QUARTER BEGINNING
JULY 1989

ARITH. MEAN
(ng/m3)

91.3
88.1
49.6
44.3
39.4



Table 111B-B5

1RON
QUARTER BEGINNING
OCTOBER 1987
ARITH. MEAN
SITE (ng/m3) SITE
PS 26 1168.0 PS 26
CARTERET 519.7 CARTEREY
SUSAN WAGNER HS 511.9 SUSAN WAGNER HS

HIGHLAND PARK
ELIZABETH
PORT RICHMOND PO

HIGHLAND PARK
ELIZABETH
PORT RICHMOND PO

QUARTER BEGINNING

OCTOBER 1988

ARITH. MEAN
SITE (ng/m3)
PS 26 738.0
SUSAN WAGNER HS 537.3
CARTERET 426.0
ELIZABETH 308.4

HIGHLAND PARK
PORT RICHMOND PO

SITE

PS 26

SUSAN WAGNER HS
CARTERET
ELIZABETH
HIGHLAND PARK
PORT RICHMOND PO

QUARTER BEGINNING

JANUARY 1988
ARITH. MEAN
(ng/m3) SITE
875.1 PS 26
752.6 SUSAN WAGNER HS
522.8 CARTERET
ELIZABETH

HIGHLAND PARK
PORT RICHMOND PO

QUARTER BEGINNING

JANUARY 1989

ARITH. MEAN
(ng/m3) SITE
970.0 PS 26
690.0 CARTERET
508.1 HIGHLAND PARK
401.5 SUSAN WAGNER HS
376.4 ELIZABETH

PORT RICHMOND PO

QUARTER BEGINNING

APRIL 1988

ARITH. MEAN
(ng/m3) SITE
1468.0 PS 26
807.8 SUSAN WAGNER HS
805.4 ELIZABETH
661.0 HIGHLAND PARK

CARTERET

PORT RICHMOND PO

QUARTER BEGINNING

APRIL 1989
ARITH. MEAN
(ng/m3) SITE
800.0 PS 26
689.7 CARTERET
656.7 SUSAN WAGNER HS
610.0 ELIZABETH
493.1 HIGHLAND PARK

PORT RICHMOND PO

QUARTER BEGINNING
JuLY 1988

ARITH. MEAN
(ng/m3)

1433.0
838.0
495.6

QUARTER BEGINNING
JuLy 1989

ARITH. MEAN
(ng/m3)

1110.0
795.4
710.0
552.8
406.3



Table IIIB-B6

LEAD

QUARTER BEGINNING

OCTOBER 1987

ARITH. MEAN
SITE (ng/m3) SITE
PS 26 82.5 CARTERET
CARTERET 69.0 PS 26
SUSAN WAGNER HS 58.2 SUSAN WAGNER HS
HIGHLAND PARK HIGHLAND PARK
ELIZABETH ELIZABETH

PORT RICHMOND PO

PORT RICHMOND PO

QUARTER BEGINNING

OCTOBER 1988
ARITH. MEAN
SITE (ng/m3)
CARTERET 38.1
ELIZABETH 38.1
SUSAN WAGNER HS 36.1
PS 26 35.7

HIGHLAND PARK
PORT RICHMOND PO

SITE

HIGHLAND PARK

PS 26

SUSAN WAGNER HS
CARTERET
ELIZABETH

PORT RICHMOND PO

QUARTER BEGINNING

JANUARY 1988
ARITH. MEAN
(ng/m3) SITE
118.7 PsS 26
46.4 SUSAN WAGNER HS
31.1 CARTERET
ELIZABETH

HIGHLAND PARK
PORT RICHMOND PO

QUARTER BEGINNING
JANUARY 1989

ARITH. MEAN
(ng/m3) SITE
9.1 CARTERET
40.1 ELIZABETH
39.5 HIGHLAND PARK
26.4 PS 26
22.6 SUSAN WAGNER HS

PORT RICHMOND PO

QUARTER BEGINNING

APRIL 1988
ARITH. MEAN
(ng/m3) SITE
44.8 PS 26
44.6 SUSAN WAGNER HS
30.8 ELIZABETH
21.6 HIGHLAND PARK

CARTERET
PORT RICHMOND PO

QUARTER BEGINNING

APRIL 1989
ARITH. MEAN
(ng/m3) SITE
42.8 PS 26
38.1 CARTERET
26.6 SUSAN WAGNER HS
24.5 ELIZABETH
14.4 HIGHLAND PARK

PORT RICHMOND PO

QUARTER BEGINNING
JULY 1988

ARITH. MEAN
(ng/m3)

55.3
49.3
31.3

QUARTER BEGINNING
JuLY 1989

ARITH. MEAN
(ng/m3)

5.7
38.3
33.7
23.5
20.5



Table TITR-B}

MANGANESE
QUARTER BEGINNING
OCTOBER 1987
ARITH. MEAN
SITE (ng/m3) SITE
CARTERETY 29.5 CARTERET
PS 26 26.6 PS 26
SUSAN WAGHER HS 15.1 SUSAN WAGNER HS
HIGHLAND PARK HIGHLAND PARK
ELIZABETH ELIZABETH

PORT RICHMOND PO PORT RICHMOND PO

QUARTER BEGINNING

OCTOBER 1988

ARITH. MEAN
SITE (ng/m3) SITE
CARTERETY 18.9 PS 26
PS 26 15.9 CARTERET
ELIZABETH 14.9 SUSAN WAGNER HS
SUSAN WAGNER HS 13.9 ELIZABETH

HIGHLAND PARK
PORT RICHMOND PO

HIGHLAND PARK
PORT RICHMOND PO

QUARTER BEGINNING
JANUARY 1988

ARITH. MEAN
(ng/m3) SITE
27.0 PS 26
21.0 CARTERET
15.1 ELIZABETH

SUSAN WAGNER HS
HIGHLAND PARK
PORT RICHMOND PO

QUARTER BEGINNING
JANUARY 1989

ARITH. MEAN

(ng/m3) SITE
22.3 CARTERET
20.3 HIGHLAND PARK
18.6 PS 26
15.6 ELIZABETH
12.4 SUSAN WAGNER HS

PORT RICHMOND PO

QUARTER BEGINNING

APRIL 1988

ARITH. MEAN
(ng/m3)

33.6
32.2
23.1
21.8

SITE

PS 26

SUSAN WAGNER HS
ELIZABETH
HIGHLAND PARK
CARTERET

PORT RICHMOND PO

QUARTER BEGINNING

APRIL 1989

ARITH. MEAN
(ng/m3}

5.7
15.6
15.5
15.0
12.2

SITE

CARTERET

Ps 26

SUSAN WAGNER HS
ELIZABETH
HIGHLAND PARK
PORT RICHMOND PO

QUARTER BEGINNING
JULy 1988

ARITH. MEAN
(ng/m3)

34.5
22.1
17.9

QUARTER BEGINNING
JULY 1989

ARITH. MEAN
(ng/m3)

2.1
21.1
15.2
13.4
11.6



Table I1IB-B8

MERCURY

SITE

CARTERET
ELIZABETH
HIGHLAND PARK
SUSAN WAGNER HS
PS 26

PORT RICHMOND PO

SITE

CARTERET
ELIZABETH
HIGHLAND PARK
SUSAN WAGNER HS
PS 26

PORT RICHMOND PO

QUARTER BEGINNING

OCTOBER 1987
ARITH. MEAN
(ng/m3) SITE
CARTERET
ELIZABETH

HIGHLAND PARK
SUSAN WAGNER HS
PS 26

PORT RICHMOND PO

QUARTER BEGINNING

OCTOBER 1988
ARITH. MEAN
(ng/e3) SITE
0.3 HIGHLAND PARK
0.7 CARTERET
ELIZABETH
SUSAN WAGNER HS
PS 26

PORT RICHMOND PO

QUARTER BEGINNING
JANUARY 1988

ARITH. MEAN
(ng/m3) SITE
0.5 ELIZABETH
CARTERET

SUSAN WAGNER HS
HIGHLAND PARK

PS 26

PORT RICHMOND PO

QUARTER BEGINNING
JANUARY 1989

ARITH. MEAN
(ng/m3) SITE
0.5 HIGHLAND PARK
0.4 ELIZABETH
0.3 CARTERET
SUSAN WAGNER HS
PS 26

PORT RICHMOND PO

QUARTER BEGINNING

APRIL 1988
ARITH. MEAN
(ng/m3) SITE
0.9 ELIZABETH
0.6 CARTERET

HIGKLAND PARK
SUSAN WAGNER HS
PS 26

PORT RICHMOND PO

QUARTER BEGINNING

APRIL 1989
ARITH. MEAN
(ng/m3) SITE
0.5 CARTERET
0.5 ELIZABETH
0.4 HIGHLAND PARK
SUSAN WAGNER HS
PS 26

PORT RICHMOND PO

QUARTER BEGIKNING
JuLy 1988

ARITH. MEAN
(ng/m3)

1.2

QUARTER BEGINNING
JULY 1989

ARITH. MEAN
(ng/m3)

0.4
0.4
0.3



Table 111R-R9

MOLYBDENUM

SITE

PS 26
SUSAN WAGNER HS
PORT RICHMOND PO

SITE

SUSAN WAGNER HS
PS 26
PORT RICHMOND PO

QUARTER BEGINNING

OCTOBER 1987
ARITH. MEAN
(ng/m3) SITE
12.4 PS 26
11.1 SUSAN UAGNER HS

PORT RICHMOND PO

QUARTER BEGINNING

OCTOBER 1988
ARITH. MEAN
(ng/m3) SITE
10.7 SUSAN WAGNER HS
7.9 PS 26

PORT RICHMOND PO

QUARTER BEGINNING

JANUARY 1988
ARITH. MEAN
(ng/m3) SITE
12.3 PS 26
10.8 SUSAN WAGNER HS

PORT RICHMOND PO

QUARTER BEGINNING
JANUARY 1989

ARITH. MEAN
(ng/m3) SITE
9.2 PS 26
7.7 SUSAN WAGNER HS

PORT RICHMOND PO

B~10

QUARTER BEGINNING
APRIL 1988

ARITH. MEAN
(ng/m3)

12.9
11.0

QUARTER BEGINNING
APRIL 1989

ARITH. MEAN
(ng/m3)

9.8
9.5

SITE

SUSAN WAGNER HS
PS 26
PORT RICHMOND PO

SITE

PS 26
SUSAN WAGNER HS
PORT RICHMOND PO

QUARTER BEGINNING
JULY 1988

ARITH. MEAN
(ng/m3)

10.8
8.9

QUARTER BEGINNING
JuLy 1989

ARITH. MEAN
(ng/m3)

121
9.5



Table IIIB-B10

NICKEL

SITE

CARTERET

PS 26

SUSAN WAGNER NS
HIGHLAND PARK
ELIZABETH

PORT RICHMOND PO

SITE

PS 26

SUSAN WAGNER HS
HIGHLAND PARK
CARTERET
ELIZABETH

PORT RICHMOND PO

QUARTER BEGINNING

OCTOBER 1987
ARITH. MEAN
(ng/m3) SITE
30.6 CARTERET
29.4 PS 26
15.6 SUSAN WAGNER HS

HIGHLAND PARK
ELIZABETH
PORT RICHMOND PO

QUARTER BEGINNING

OCTOBER 1988
ARITH. MEAN
(ng/m3) SITE
15.1 PS 26
13.4 SUSAN WAGNER HS
HIGHLAND PARK
CARTERET
ELIZABETH

PORT RICHMOND PO

QUARTER BEGINNING
JANUARY 1988

ARITH. MEAN

(ng/m3) SITE
76.3 CARTERET
27.7 PS 26
26.4 ELIZABETH

SUSAN WAGNER HS
HIGHLAND PARK
PORT RICHMOND PO

QUARTER BEGEINNING
JANUARY 1989

ARITH. MEAN

(ng/m3) SITE
33.7 CARTERET
32.2 ELIZABETH
17.3 HIGHLAND PARK
13.9 PS 26
13.5 SUSAN WAGNER HS

PORT RICHMOND PO

B-11

QUARTER BEGINNING

APRIL 1988
ARITH. MEAN
(ng/m3) SITE
29.3 ELIZABETH
16.6 PS 26
13.6 SUSAN WAGNER HS
13.6 HIGHLAND PARK

CARTERET
PORT RICHMOND PO

QUARTER BEGINNING

APRIL 1989
ARITH. MEAN
(ng/m3) SITE
32.4 CARTERET
30.2 ELIZABETH
29.0 HIGHLAND PARK
18.0 PS 26
12.3 SUSAN WAGNER HS

PORT RICHMOND PO

QUARTER BEGINNING
JuLY 1988

ARITH. MEAN
(ng/m3)

44.5
16.6
14.7

QUARTER BEGINNING
JULY 1989

ARITH. MEAN
(ng/m3)

32.1
30.7
22.2
17.1
16.1



Table T11IR-B1L

VANAD1UM

SITE

PS 26
SUSAN WAGNER NS
PORT RICHMOND PO

SITE

PS 26
SUSAN WAGNER HS
PORT RICHMOND PO

QUARTER BEGINNING

OCTOBER 1987
ARITH. MEAN
(ng/m3) SITE
14.8 PS 26
12.8 SUSAN MWAGNER HS

PORT RICHMOND PO

QUARTER BEGINNING

OCTOBER 1968
ARITH. MEAN
(ng/m3) SITE
15.2 SUSAN WAGNER HS

9.3 PS 26
PORT RICHMOND PO

QUARTER BEGINNING

JANUARY 1988
ARITH. MEAN
(ng/m3) SITE
23.9 Ps 26
19.4 SUSAN WAGNER HS

PORT RICHMOND PO

QUARTER BEGINNING
JANUARY 1989

ARITH. MEAN
{ng/m3) SITE
22.5 PS 26
19.8 SUSAN WAGNER HS

PORT RICHMOND PO

QUARTER BEGINNING

APRIL 1988
ARITH. MEAN
(ng/m3) SITE
15.5 PS 26
11.6 SUSAN WAGNER HS

PORT RICHMOND PO

QUARTER BEGINNING

APRIL 1989
ARITH. MEAN
(ng/m3) SITE
16.0 Ps 26
10.1 SUSAN WAGNER HS

PORT RICHMOND PO

QUARTER BEGINNING
JuLy 1988

ARITH. MEAN
(ng/m3)

14.9
9.3

QUARTER BEGINNING
JULY 1989

ARITH. MEAN
(ng/m3)

17.0
16.2



Table 1IIIB-Bl2

ZINC
QUARTER BEGINNING
OCTOBER 1987
ARTITH. MEAN
SITE (ng/m3) SITE
CARTERET 182.0 PS 26
Ps 26 145.5 CARTERET
SUSAN WAGNER NS 112.4 SUSAN WAGKER HS

HIGHLAND PARK
ELIZABETH
PORT RICHMOND PO

HIGHLAND PARK
ELIZABETH
PORT RICHMOND PO

QUARTER BEGINNING

OCTOBER 1988

ARITH. MEAN
SITE {ng/m3) SITE
CARTERET 117.9 PS 26
ELIZABETH 93.0 SUSAN MAGNER HS
SUSAN WAGNER HS 88.4 CARTERET
Ps 26 83.8 ELIZABETH

QUARTER BEGINNING

JANUARY 1988
ARITH. MEAN
(ng/m3) SITE
107.8 PS 26
89.8 SUSAN WAGNER HS
89.5 CARTERET
ELIZABETH

HIGHLAND PARK
PORT RICHMOND PO

QUARTER BEGINNING
JANUARY 1989

ARITH. MEAN

HIGHLANO PARK
PORT RICHMOKD PO

HIGHLAND PARK
PORT RICHMOND PO

(ng/m3) SITE
120.2 HIGHLAND PARK
17.5 ELIZABETH
101.5 CARTERET
88.1 Ps 26
77.8 SUSAN WAGNER HS

PORT RICHMOND PO

B-13

QUARTER BEGINNING

APRIL 1988
ARITH. MEAN
{ng/m3} SITE
106.8 PS 26
95.1 CARTERET
90.3 SUSAN WAGNER HS
8.4 ELIZABETH

QUARTER BEGINNING

HIGHLAND PARK

PORT RICHMOND PO

APRIL 1989
ARITH. MEAN
(ng/m3) SITE
134.9 SUSAN WAGNER HS
105.9 CARTERETY
93.2 ELIZABETH
70.4 Ps 26
S4.2 HIGHLAND PARK

PORT RICHMOND PO

QUARTER BEGINNING
JULY 1988

ARITH. MEAN
(ng/m3)

128.2
121.5
113.9

82.8

QUARTER BEGINNING
JULY 1989

ARITH. MEAN
(ng/m3)

194.7
173.1
131.3
109.3

76.5



Table T11B-B\}

CHROMIUM

SITE

CARTERET
HIGHLAND PARK
ELIZABETH

SITE

ELIZABETH
HIGHLAND PARK
CARTERET

QUARTER BEGINNING

OCTOBER 1987
ARITH. MEAN
(ng/m3) SITE
2.7 CARTERET
HIGHLAND PARK
ELIZABETH

QUARTER BEGINNING

OCTOBER 1988
ARITH. MEAN
{(ng/m3) SITE
3.9 CARTERET
ELIZABETH

HIGHLAND PARK

QUARTER BEGINNING

JANUARY 1988
ARITH. MEAN
(ng/m3) SITE
37.9 ELIZABETH

CARTERET
HIGHLAND PARK

QUARTER BEGINNING
JANUARY 1989

ARITH. MEAN
(ng/m3) SITE
13.3 CARTERET
12.9 ELIZABETH
9.5 HIGHLAND PARK

B-14

QUARTER BEGINNING

APRIL 1988
ARITH, MEAN
(ng/m3) SITE
33.9 CARTERET
24.7 ELIZABETH

HIGHLAND PARK

QUARTER BEGINNING

APRIL 1989
ARITH. MEAN
(ng/m3) SITE
51.8 CARTERET
35.8 ELIZABETH
20.5 HIGHLAND PARK

QUARTER BEGINNING
JULY 1988

ARITH. MEAN
{ng/m3)

3.1
2.3

QUARTER BEGINNING
JUuLY 1989

ARITH. MEAN
{ng/m3)

16.5
8.4
5.2



Table IIIB-Bl4

BENZO(A)PYRENE

SITE

CARTEREY
ELIZABETH
HIGHLAND PARK
PORT RICHMOND PO

SITE

HIGHLAND PARK
CARTERET
ELIZABETH

PORT RICHMOND PO

QUARTER BEGINNING
OCTOBER 1987

ARITH. MEAN
(ng/m3)

0.36

SITE

CARTERET
ELIZABETH
HIGHLAND PARK
PORT RICHMOND

QUARTER BEGINNING

OCTOBER 1988

ARITH. MEAN
(ng/m3)

0.31
0.24
0.22

SITE

CARTERET
ELIZABETH
HIGHLAND PARK
PORT RICHMOND

QUARTER BEGINNING

JANUARY 1988

ARITH. MEAN
(ng/m3)

0.15

PO

SITE

CARTERET
ELIZABETH
HIGHLAND PARK
PORT RICHKMOND PO

QUARTER BEGINNING

JANUARY 1989

ARITH. MEAN
(ng/m3)

0.35

0.29

0.15
PO

SITE

ELIZABETH
CARTERET
HIGHLAND PARK
PORT RICHMOND PO

B-15

QUARTER BEGINNING
APRIL 1988

ARITH. MEAN
(ng/m3)

0.07
0.06

QUARTER BEGINNING
APRIL 1989

ARITH. MEAN
(ng/m3)

0.11%
0.07
0.06

SITE

CARTERETY
ELIZABETH
HIGHLAND PARK
PORT RICHMOND PO

SITE

CARTERET
ELIZABETH
HIGHLAND PARK
PORT RICHMOND PO

QUARTER BEGINNING
JULY 1988

ARITH. MEAN
(ng/m3)

0.09
0.03

QUARTER BEGINNING
JULY 1989

ARITH. MEAN
(ng/m3)

0.15
0.12
0.07



Table 111R-B\S

FORMALDEHYDE - HCHO (METHANAL)

SITE

CARTERET
ELIZABETH
PISCATAWAY

SUSAN WAGNER HS
PORT RICHMOND PO

SITE

PORT RICHMOND PO
PISCATAUAY

SUSAN WAGNER #S
CARTERET
ELIZABETH

QUARTER BEGINNING

OCTOBER 1987
ARITH. MEAN
(ppb) SITE
2.91 CARTERET
ELIZABETH
PISCATAMAY

SUSAN WAGNER HS
PORT RICHMORD PO

QUARTER BEGINNING

OCTOBER 1988
ARITH. MEAN
(ppb) SITE
2.03 ELIZABETH
1.78 SUSAN WAGNER HS
1.62 PORT RICHMOND PO
CARTERET
PISCATAWAY

QUARTER BEGINNING

JANUARY 1988
ARITH. MEAN
(ppb) SITE
3.38 CARTERET
ELIZABETH
PISCATAVAY

SUSAN WAGNER HS
PORT RICHMOND PO

QUARTER BEGINNING
JANUARY 1989

ARITH. MEAN
{ppb) SITE
2.89 SUSAN WAGNER HS
1.98 PORT RICHMOND PO
1.80 CARTERET
ELIZABETH
PISCATAWAY

B-16

QUARTER BEGINNING

APRIL 1988
ARITH. MEAN
(ppb) SITE
CARTERET
SUSAN WAGNER HS
PISCATAWAY
ELIZABETH

PORT RICHMOND PO

QUARTER BEGINNING

APRIL 1989
ARITH. MEAN
(ppb) SITE
2.13 SUSAN WAGNER HS
1.69 PORT RICHMOND PO
CARTERET
ELIZABETH
PISCATAWAY

QUARTER BEGINNING
JULY 1988

ARITH. MEAN
{ppb)

4.81
4£.05
3.30

QUARTER BEGINNING
JuLy 1989

ARITH. MEAN
{ppb)

2.06
1.04



Table IIIB-B16

BARIUM
QUARTER BEGINNING
OCTOBER 1987
ARITH. MEAN
SITE (ng/m3) SITE
PS 26 28.4 PS 26
SUSAN WAGNER HS 15.8 SUSAN WAGKER HS

PORT RICHMOND PO

PORT RICHMOND PO

QUARTER BEGINNING

OCTOBER 1988
ARITH. MEAN
SITE (ng/m3)
PS 26 22.2
SUSAN WAGNER HS 14.5

PORT RICHMOND PO

SITE

SUSAN WAGNER HS
PS 26
PORT RICHMOND PO

QUARTER BEGINNING
JANUARY 1988

ARITH. MEAN
(ng/m3) SITE
21.7 PS 26
14.4 SUSAN WAGNER HS

PORT RICHMOND PO

QUARTER BEGINNING

JANUARY 1989

ARITH. MEAN
(ng/m3) SITE
25.8 PS 26
22.5 SUSAN WAGNER HS

PORT RICHMOND PO

B-17

QUARTER BEGINNING

APRIL 1988
ARITH. MEAN
(ng/m3) SITE
24.2 PS 26
13.2 SUSAN WAGNER HS

PORT RICHMOND PO

QUARTER BEGINNING

APRIL 1989
ARITH. MEAN
(ng/m3) SITE
16.8 PS 26
13.4 SUSAN WAGNER HS

PORT RICHMONRD PO

QUARTER BEGINNING
JuLY 1988

ARITH. MEAN
(ng/m3)

27.5
17.8

QUARTER BEGINNING
JuLY 1989

ARITH. MEAN
(ng/m3)

27.8
4.9



APPENDIX C

DATA SUMMARIES BY ANNUAL AVERAGE

Cc-1



Table IIIB-Cl

ARSENIC

SITE

PS 26

SUSAN WAGNER HS
ELIZABETH
CARTERET
HIGHLAND PARK
PORT RICHMOND PO

SITE

PS 26

SUSAN WAGNER HS
ELIZABETH
CARTERET
HIGHLAND PARK
PORT RICHMOND PO

FIRST YEAR
OCT 1987 - SEPT 1988

SITE # OF ARITH. MEAN
# SAMPLES (ng/m3)
2 52 7.1
1 49 6.5
A
B
E
5

SI
#

OEHEPEN

SECOND YEAR
OCT 1988 - SEPT 1989

TE # OF ARITH. MEAN
SAMPLES (ng/m3)

44 4.3

48 3.7

C=-2



Table IIIB-C2

CADMIUM

SITE

CARTERET

PS 26

SUSAN WAGNER HS
ELIZABETH
HIGHLAND PARK
PORT RICHMOND PO

SITE

CARTERET

PS 26

SUSAN WAGNER HS
HIGHLAND PARK
ELIZABETH

PORT RICHMOND PO

FIRST YEAR
OCT 1987 - SEPT 1988

SITE # OF ARITH. MEAN

# SAMPLES (ng/m3)

B 52 5.6
2 52 2.9
1 49 2.8
A 16 2.3
E

5

SECOND YEAR
OCT 1988 - SEPT 1989

SITE # OF ARITH. MEAN

# SAMPLES (ng/m3)

B 60 4.3
2 46 2.5
1 48 2.5
E 42 2.1
A 54 1.6
5



Table IIIB-C3

CHROMIUM

SITE

CARTERET
ELIZABETH
HIGHLAND PARK

SITE

CARTERET
ELIZABETH
HIGHLAND PARK

FIRST YEAR
OCT 1987 - SEPT 1988

SITE # OF ARITH. MEAN

# SAMPLES (ng/m3)

B 52 22.2
A 16 8.2
E

SECOND YEAR
OCT 1988 - SEPT 1989

SITE # OF ARITH. MEAN

# SAMPLES (ng/m3)

B 46 26.8
A 56 15.6
E 42 12.3

C-4



Table IIIB~-C4

COBALT

SITE

PS 26
SUSAN WAGNER HS
PORT RICHMOND PO

SITE

SUSAN WAGNER HS
PS 26
PORT RICHMOND PO

FIRST YEAR
OCT 1987 - SEPT 1988

SITE # OF ARITH. MEAN

# SAMPLES (ng/m3)

2 52 2.9
1 49 2.7
5

SECOND YEAR
OCT 1988 - SEPT 1989

SITE # OF ARITH. MEAN

# SAMPLES (ng/m3)

1 48 2.5
2 45 2.5
5



Table IIIB-C5

COPPER

SITE

SUSAN WAGNER HS
CARTERET

PS 26

ELIZABETH
HIGHLAND PARK
PORT RICHMOND PO

SITE

SUSAN WAGNER HS
CARTERET

PS 26

ELIZABETH
HIGHLAND PARK
PORT RICHMOND PO

SI
#

amE > oD

SI
#

(G B S

FIRST YEAR
OCT 1987 - SEPT 1988

TE # OF ARITH. MEAN
SAMPLES (ng/m3)
49 98.8
52 84.6
52 56.7
16 32.9
SECOND YEAR
OCT 1988 - SEPT 1989
TE # OF ARITH. MEAN
SAMPLES (ng/m3)
48 83.3
45 80.3
45 40.9
54 34.5
42 33.8



Table IIIB-C6
IRON

SITE

PS 26

CARTERET

SUSAN WAGNER HS
ELIZABETH
HIGHLAND PARK
PORT RICHMOND PO

SITE

PS 26

SUSAN WAGNER HS
CARTERET
HIGHLAND PARK
ELIZABETH

PORT RICHMOND PO

FIRST YEAR
OCT 1987 - SEPT 1988

SITE # OF ARITH. MEAN
# SAMPLES (ng/m3)
2 52 1226.1
B 38 686.8
1l 49 676.3
A 16 526.6
E
5
SECOND YEAR
OCT 1988 - SEPT 1989
SITE # OF ARITH. MEAN
# SAMPLES (ng/m3)
2 45 923.6
1 48 649.3
B 60 604.8
E 40 476.5
A 54 428.5
5



Table IIIB-C7

LEAD

SITE

CARTERET

PS 26

SUSAN WAGNER HS
ELIZABETH
HIGHLAND PARK
PORT RICHMOND PO

SITE

HIGHLAND PARK

PS 26

CARTERET
ELIZABETH

SUSAN WAGNER HS
PORT RICHMOND PO

SITE

#

um>» oD

SITE

#

= oNI

FIRST YEAR
OCT 1987 - SEPT 1988

# OF

SAMPLES

38
52
49
16

ARITH. MEAN
(ng/m3)

78.6
56.9
44.7
29.5

SECOND YEAR
OCT 1988 - SEPT 1989

# OF

SAMPLES

40
44
60
54
48

ARITH. MEAN
(ng/m3)

49.0
39.2
36.4
30.8
31.3



Table IIIB-C8

MANGANESE

SITE

CARTERET

PS 26

ELIZABETH

SUSAN WAGNER HS
HIGHLAND PARK
PORT RICHMOND PO

SITE

CARTERET

PS 26

SUSAN WAGNER HS
ELIZABETH
HIGHLAND PARK
PORT RICHMOND PO

SITE

#

e oW

SITE

#

(S e B ol S v o)

FIRST YEAR

OCT 1987 - SEPT 1988

# OF

SAMPLES

38
52
16
49

ARITH. MEAN
(ng/m3)

29.2
28.7
18.9
18.5

SECOND YEAR
OCT 1988 - SEPT 1989

# OF

SAMPLES

60
45
48
54
42

ARITH. MEAN
(ng/m3)

21.8
18.8
15.2
14.8
13.5



Table IIIB-C9

MERCURY

SITE

CARTERET
ELIZABETH
HIGHLAND PARK
SUSAN WAGNER HS
PS 26

PORT RICHMOND PO

SITE

CARTERET
ELIZABETH
HIGHLAND PARK
SUSAN WAGNER HS
PS 26

PORT RICHMOND PO

SITE
#

(N S s N e ]

SITE
#

oM

FIRST YEAR
OCT 1987 - SEPT 1988

# OF

SAMPLES

25
16

ARITH. MEAN

(ng/m3)

5.4
2.7

SECOND YEAR

OCT 1988 -~ SEPT 1989

# OF

SAMPLES

c-10

60
57
45

ARITH. MEAN

(ng/m3)

0
0
0

5
5
4



Table IIIB-C10

MOLYBDENUM

SITE

PS 26
SUSAN WAGNER HS
PORT RICHMOND PO

SITE

PS 26
SUSAN WAGNER HS
PORT RICHMOND PO

FIRST YEAR
OCT 1987 - SEPT 1988

SITE # OF ARITH. MEAN

¥ SAMPLES (ng/m3)

2 52 11.8
1 49 10.9
5

SECOND YEAR
OCT 1988 - SEPT 1989

SITE # OF ARITH. MEAN

# SAMPLES (ng/m3)

2 45 9.7
1l 48 9.6
5

C-11



Table IIIB-Cll
NICKEL

SITE

CARTERET
ELIZABETH

PS 26

SUSAN WAGNER HS
HIGHLAND PARK
PORT RICHMOND PO

SITE

CARTERET
ELIZABETH
HIGHLAND PARK

PS 26

SUSAN WAGNER HS
PORT RICHMOND PO

SITE

#

(S I S e ]

SITE

#

uENEY D

FIRST YEAR
OCT 1987 - SEPT 1988
# OF ARITH. MEAN
SAMPLES (ng/m3)
38 48.3
16 38.7
52 22.8
49 17.9

SECOND YEAR
OCT 1988 - SEPT 1989

# OF

SAMPLES

c-12

45
39
40
45
48

ARITH. MEAN
(ng/m3)

26.1
23.9
22.6
20.2
19.1



Table IIIB-Cl2

VANADIUM

SITE

PS 26
SUSAN WAGNER HS
PORT RICHMOND PO

SITE

PS 26
SUSAN WAGNER HS
PORT RICHMOND PO

SITE
#

2
1
5

SITE
#

2
1
5

FIRST YEAR

OCT 1987 - SEPT 1988

# OF

SAMPLES

52
49

ARITH. MEAN
(ng/m3)

17.5
13.6

SECOND YEAR
OCT 1988 - SEPT 1989

# OF

SAMPLES

Cc-13

45
48

ARITH. MEAN
(ng/m3)

16.9
15.2



Table IIIB-C13

ZINC

SITE

PS 26

CARTERET

SUSAN WAGNER HS
ELIZABETH
HIGHLAND PARK
PORT RICHMOND PO

SITE

CARTERET
ELIZABETH

SUSAN WAGNER HS
HIGHLAND PARK

PS 26

PORT RICHMOND PO

FIRST YEAR
OCT 1987 - SEPT 1988

SITE # OF ARITH. MEAN
#

SAMPLES (ng/m3)

2 52 128.2
B 38 121.5
1 49 113.9
A 16 82.8
E

5

SECOND YEAR
OCT 1988 - SEPT 1989

SITE # OF ARITH. MEAN

# SAMPLES (ng/m3)

B 60 115.2
A 54 109.5
1l 43 113.2
E 42 97.8
2 45 96.3
5

c-14



Table IIIB-Cl4

BENZO (A) PYRENE

SITE

CARTERET
ELIZABETH
HIGHLAND PARK
PORT RICHMOND PO

SITE

CARTERET
ELIZABETH
HIGHLAND PARK
PORT RICHMOND PO

SITE
#

oY w

SITE
#

umy> w

FIRST YEAR

OCT 1987 - SEPT 1988

# OF

SAMPLES

51
16

ARITH. MEAN
(ng/m3)

SECOND YEAR
OCT 1988 - SEPT 1989

# OF

SAMPLES

C-15

60
55
53

ARITH. MEAN
(ng/m3)

0.20
0.19
0.14



Table IIIB-Cl15

FORMALDEHYDE - HCHO

SITE

SUSAN WAGNER HS
CARTERET
PISCATAWAY
ELIZABETH

PORT RICHMOND PO

SITE

ELIZABETH

SUSAN WAGNER HS
PISCATAWAY

PORT RICHMOND PO
CARTERET

c-16

(METHANAL)
FIRST YEAR
OCT 1987 - SEPT 1988
SI # OF ARITH. MEAN
# SAMPLES (ppb)
1l 1 4.05
B 25 3.63
D 10 3.30
A
5
SECOND YEAR
OCT 1988 -~ SEPT 1989
SITE # OF ARITH. MEAN
# SAMPLES (ppb)
A 6 2.89
1 44 2.02
D 7 1.78
5 35 1.71
B



Table IIIB-Cl6

BARIUM

SITE

PS 26
SUSAN WAGNER HS
PCRT RICHMOND PO

SITE

PS 26
SUSAN WAGNER HS
PORT RICHMOND PO

FIRST YEAR
OCT 1987 - SEPT 1988

SITE % OF ARITH. MEAN

# SAMPLES (ng/m3)

2 52 25.3
1l 49 15.1
5

SECOND YEAR
OCT 1988 - SEPT 1989

SITE # OF ARITH. MEAN

# SAMPLES (ng/m3)

2 55 19.2
1 51 12.9
5



APPENDIX D ’
QUALITY ASSURANCE REPORT FROM NEW JERSEY INSTITUTE OF TECHNOLOGY
METALS IN AIRBORNE PARTICULATE

Joseph W. Bozzelli, Dept. of Chemistry and Chemical Engineering
New Jersey Institute of Technology, Newark, NJ 07102.

Quality Assurance Report

Submitted to

Steven Quan
Air Quality Division
New Jersey Department of Environmental Protection
State St
Trenton, NJ 08625
609 633 1110

Submitted by:

Joseph W. Bozzelli,

Dept. of Chemistry and Chemical Engineering
New Jersey Institute of Technology,
Newark, NJ 07102.

201 596 3459



METALS IN AIRBORNE PARTICULATE

Joseph W. Bozzelli, Dept. of Chemistry and Chemical Engineering
New Jersey Institute of Technology, Newark, NJ 07102.

The sample preparation and analysis procedures are designed
to provide optimum collection efficiency and accuracy in deter-
mining levels of toxic metals in the ambient airborne particulate
sampled. Atomic Absorption spectrometry utilizing air acetylene
flame was used for all metals except Mercury, where Cold Vapor AA

was used.

ANALYTICAL PROCEDURES

The analysis of the airborne particulate sample was per-
formed by dissolving (digesting) the particulate from the filter
paper in an acid solutionl, quantitatively transferring the solu-
tion into a volumetrié flask, and diluting it to exactly 50 ml
volume. The analysis was then performed by atomic absorption
spectroscopy. The spectrometer was set to the optimum opérating
parameters for the analysis of each specific metal before analy-

sis of that metal was performed.

A group of samples (usually 6 plus 1 blank filter for filter
and acid background correction) were all digested during the
same time period., Analyses for the metals in this digestion batch
were then done within three days after digestion. The analytical
techniques used in these determinations are similar to those

described in references 13.



The analysis of metals from airborne particulate consists of

several steps. These include:

1 - Preparation - Mounting of the Filter

2 - Particulate collection

3 - Digestion of the particulate to dissolve metals of interest
4 - Calibration of the AA instrument using standards

S - Analysis of Metal

1 - Preparation - Mounting of the Filter

Filters were supplied by NJDEP. They were kept in a desic-
cator prior to weighing on an analytical balance capable of 100
microgram measurements. The balance was serviced once per yeér
and calibrated with weights traceable to the National Bureau of

standards. The weighing was only useful for total particulate

measurement.

The filters were placed in the desiccator for a minimum of
3 days prior to weighing after sample collection to eliminate

errors in particulate weights from moisture.

The desiccant was monitored with color indicating silica gel

and was regenerated when required via heating to 200 C in a

vacuum oven.



2 - Particulate Collection

The 8 x 10 inch glass fiber filter (Whatman) was placed
into a sampler filter holder assembly and mounted onto the sam-
pling blower motor assembly at 0900 five days prior to automatic
sampler turn on. The sampler was manually checked at 0900 hours
on the day of sampling (midnight to midnight sampling) for flow
calibration. The manual check verified and served to calibrate

the continuous flow (pressure monitor) recorder measurements.

The sampler / filter holder assembly was removed from the Hi
Vol blower motor assembly at 0900 hours on the day after the
sampling midnight turn-off. The total time (hours, minutes) of

sample collection was recorded by NJIT and reported to NJDEP.

The filter holder assembly was then returned to the labora-
tory. The filter was removed from the filter holder and placed

into the desiccator prior to weighing.

NJDEP calibrated the Hi Vol samplers versus Flow monitor
(pressure) and provided the total flow to NJIT, after total time.

of operation were reported to NJDEP by NJIT.

3 - Digestion of the Particulate to Dissolve (DIGEST) the Metals

The analysis of the metals in the particulate consists of
the digestion and the second stage, which is the guantitative

analysis of the specific metals in the solution.
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A section which represents 50 percent of the 8 x 10 inch
filter paper was digested, 8 by 5 inch piece. This piece was cut
up into small (less than 2 cm x 2 cm) pieces and placed into a

250 ml round bottom flask for digestion.

Six sample filters and 1 blank filter were digested during
the same time period. Analysis for metals in the digestion batch
was always performed within 3 days of the digestion to minimize

sample loss of the analyte on the container walls.

The digestion acid, 50 ml per filter sample, consists of 50%
nitric, 10% hydrochloric acids and 40% high purity super water
(deionized and then doubly distilled), plus 3 ml of 30% hydrogen
peroxide. The hydrogen peroxide volume was adjusted to eliminate
(oxidize) carbon solids so that no metals remained adsorbed
within the carbon particulate. The Peroxide was added dropwise
after the solution was boiling and then allowed to cool to just

below boiling. Boiling was then continued after completion of

the clarification of the carbon soot.

The solution was held at or near boiling in round bottom
flasks with water cooled condensers for approximately 8 hours.
some filters were digested for 16 hours, but it was discerned
that the longer digestion time did not improve the analysis. All
quality assurance data on the EPA and NBS (NIST) standard fil-
ters and urban dust particulate ﬁaterials respectively, were

performed using the 8 hour digestion time period.



Upon completion of the heating digestion period the solution
was removed from the digestion flasks and diluted to 50 ml vol-
ume. It was poured into a volumetric flask through a filter paper
- funnel assembly to remove glass fibers from the solution, which
Qould serve to block or partially obstruét the liquid flow into
the aspirator of the AA, if not removed. The 50 ml volume was

made up with rinse from the digestion flasks and condensers and

then from distilled water.

Commercial standards for each metal were purchased (Baxter
Health Care Inc.) either in 1000 ppm concentration or in high
purity solid form and then dissolved in acid solution to a known
concentration. The standards were diluted with doubly distilled
deionized water using calibrated pipets and volumetric flasks.
Typical levels of standard solution were between 0.1 and 10
mg/ml. A least squares fit to absorbance vs. concentration line
was calculated using the standards data and the point (0,0) The
slope from this least squares calculation was then used to deter-
mine the concentration (mg/ml) from the sample absorbance read-

ings. A typical plot for Lead standards is shown in Figure 1.

Minimum Detection Limits (MDL's) were determined by two
methods. One method was that used at NJIT routinely, the second
was a method provided by the USEPA Region II. The NJIT method was
simply a signal required to provide 4 times the Signal to noise
of the AA instruement absorbance reading for standard solutions.

The EPA provided method yielded somewhat lower MDL's and the
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reader should be referred to MDL reporting requirements for this
Project, supplied by the USEPA Region II for further specific

information on this method.

These EPA - MDL values are determined from the Standard
Curve run on each day of analysis -- each metal. They provide,
quality assurance data as per EPA requirement. this includes
quality assurance to specific evaluation on each set of values
supplied to EPA in the data report. These MDL's incorporate
values of the absolute values (responses), of the standards for
each metal for each set of analysis (standards run before and
after each set of analysis for each metal on the AA instruments -
Each batch of 6 runs plus blank). The MDL's are therefore calcu-
lated and reported separately for each batch of analysis and
incorporated into the data sheets and data format disks provided
to USEPA as required part of the EPA data reporting format. Since
this method was developed reviewed and recommended by EPA it is

not further discussed here.
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TABLE I MINIMUM DETECTABLE QUANTITIES

METAL Concentration EPA*” Air L?vels
(ug/ml) (ug/ml) (Ng/M~) *

P oz To.oaz 10

Mn 0.1 0.017 5

Ni 0.15 0.027 7.5

cd 0.05 0.0035 2.5

Hg 0.05(ng/ul) 0.057 (ng/ul) 0.01*

Co 0.2 0.48 10.

Zn 0.07 0.26 3.5

Cr 0.2 0.13 10.0

Fe 0.2 0.14 10.

Cu 0.15 0.28 7.5

* Assuming a 2000 m3 sample volume collected, with half (1000

m~) being analyzed and the NJIT detection limits. (Nanogram/m-)
# Cold Vapor Technique (all units - nanograms)

** Determined by methods provided by USEPA (Region II). These
lower MD1l values are determined from the Standard Curve run on
each day of analysis of each metal. They provide, as per EPA
requirement, quality assurance data - specific evaluation on each
set of values supplied to EPA in the data report. These MDL's
incorporate values of the absolute values - responses, of the
standards run before and after each set of analysis for each
metal on the AA instruments. Each batch of 6 runs plus blank.

NJIT - The total amount (concentration in ug/ml) of each
metal is required to give a signal of 4 times the noise level for
a 50 ml volume of analyte solution. Occasionally, a value less
than this minimum is reported. These low values, due to spec-
trometer readings of less than 4 x noise or due to subtraction of
a large blank, have a larger margin of error than discussed (see
later).

This table only represents minimum detection limits as
evaluated by NJIT. The separate Quality assurance minimum detec-
tion limits as determined using the USEPA supplied formula were
rigorously reported with all of the sample data supplied to NJDEP
and to the USEPA.



Mercury Analysis by Cold Vapor Atomic Analysis

The Hatch and Ott Cold Vapor technique used for mercury
analysis on an AA has been modified in order to improve both
precision and accuracy. The drying filter for elimination of
water vapor has been removed from the Hg vapor inlet line absorp-
tion cell and the activated charcoal mercury removal trap has
been eliminated. A diagram of the present mercury cold vapor
apparatus is shown in Figure 2. It consists of an air supply pump
an impinger and an impinger pass line, an inlet to the absorption

cell and exhaust from the cell directly to a fume hood.

A constant fraction, 20 percent, of the air flow from the
pump by-passes the impinger assembly and flows directly into the
absorption cell. This is a sufficient flow of dry air to prevent

water vapor from condensing on the cell windows, body, or tubing

lines.

The digestion of the filter containing the pérticulate,
storage under acidified conditions, and treatment of the diges-
tion solution with stannous chloride just prior to analyses,
remain identical to the previous method. bsing this method the
absorbance reading peaks about ten seconds after the air supply
pump is turned on, and the peak width is approximately 15 sec-
onds. The sample flows through the absorption cell and is ex-
hausted into a fume hood. An illustration of the reproducibility
of the method is shown in Figure 3, where replicate samples gave

a standard deviation of 0.5%. The volume of the sample used in
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the impinger, 5ml, permits up to 8 analyses on the same air sam-
'ple, if required. All absorbance readings are output on a record-

er for display and data measurement.

A tyﬁical plot of absorbance versus micrograms of Hg per ml
using a 5ml volume of standard solution is shown in Fig 4. The
minimum detectable amount is 0.05 ng of Hg per ul, using a 5ml
sample into the saturator. Using a 50 ml volume of solution from
digestion this corresponds to 10 ng of Hg per filter, minimum

detectable limit -- 0.01ng.m3 for 1000 m3 sample.

The analyte solution was made by taking a 20 ml portion of
the digested solution and 2 ml of concentrated nitric acid in a
capped plastic vial. The nitric acid was added in order to
stabilize the Mercury as the HgO. 10 ml of this solution was
placed in a 50 ml aerator tube just before the analysis. 1 ml of
10% (saturated) stannous chloride solution was then added to the .
liquid in the aerator tube and standard cold vapor analysis‘
performed. The Stannous chloride converted the HgO into Hg
vapor, which was circulated into the path of the AA lamp (light

source) .

A separate AA instrument was set up for the Hg analysis and
dedicated to this analysis. This instrument was not used for any

other analysis.
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Quality Assurance

Analysis of USEPA Lead Standards

Glass fiber filter strips impregnated with known amounts of
lead material were obtained from the United States Environmental
Protection Agency, Quality Assurance Branch, Research Triangle
Park, North Carolina. These filter strips were analyzed with
identical procedures to those used in determinations in this
project on airborne particulate. A comparison of the EPA sup-
plied values with the results obtained in this laboratory showed
our analysis was routinely within 95% of the known standards.

Table II illustrates the agreement for lead.

Table II

ANALYSIS OF USEPA LEAD STANDARDS

USEPA ID. # LEAD (EPA) LEAD (NJIT) YNJIT/EPA
Pb 831-4135 900 910.9 101.2
Pb 831-5145 1300 1239.4 ' 95,3
Pb 831-6024 1100 1055.2 95.9
Pb 831-7150 2000 1841.6 92.1
Pb 831-8153 1800 1682.3 93.5
Pb 831-9148 1600 1473.3 92.8
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Analysis of National Bureau of Standards Urban Particulate

The National Bureau of Standards (NBS) urban particulate
standard, No. 1648, was purchased and analyzed in these laborato-
ries for quality assurance determinations. The standard was
analyzed for lead and cadmium nickel and manganese in the initial
determinations and for chromium, iron, copper and zinc in the
last four determinations. The results are listed in Table III.
This particulate required extensive drying in an oven before a
sample of it could be accurately weighed and analysis performed.
The drying step was done in an oven at 150°C for a period of 16
hours or longer. The drying is necessary to remove water vapor
which had adsorbed on the standards and is part of the NBS recom-

mended procedure.
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Table III

COMPARISON OF NJIT METALS ANALYSIS WITH

NATIONAL BUREAU OF STANDARDS

PARTICULATE STANDARD NO.

Analysis NBS - 3

Metal NJIT NBS % (NJIT/NBS)

Cadmium 56.9 75 +7 76

Lead 6,024 6,550 +8 92
NBS - 4

Cadmium 65 75 %7 87

Lead 5,546 6,550 +8 85

Nickel 90 82 +3 110
NBS - 5

Cadmium 78.8 75 105

Lead 5,654 6,550 86.3

Nickel 72.4 82 88.3

Manganese 562 8002 71
NBS - 6

Cadmium 76 75 101

Lead 6,244 6,550 95.3

Nickel 152 82 185%%

Manganese 603 8002 75.4

Concentrations in ug metal per gram of dry particulate.

** Possible contamination of sample.
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TABLE III (Con't)

NBS - 7D
Metal NJIT NBS $ (NJIT/NBS) -
Cadmium 69.4 75 92.5
Lead 7,310 6,550 111.6
Nickel 74.4 82 90.7
Manganese 695 8002 86.9
Chromium 348 403 86.4
Iron - Fe 38,23 39,100 97.8
Copper 523 609 85.9
Zinc 4,49 4,760 94.3

NBS - 8D
Cadmium 77.6 75 103.4
Lead 6,589 6,550 100.6
Nickel 88.8 82 108.3
Manganese 717 8002 89.6
Chromium 371 403 92.1
Iron - Fe 37,47 39,100 95.8
Copper 567 609 93.1
Zinc 4,59 4,760 96.4

* Concentrations in ug metal per gram of dry particulate.
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Table III (con't)

NBS - 9D
Cadmium 68.6 75 91.5
Lead 6,930 6,550 105.8
Nickel 75.6 82 92.2
Manganese 703 gao@ B87.9
Chromiun 339 403 84.1
Iron - Fe 37,6 39,100 96.2
Copper 541 609 88.8
Zinc 4,87 4,760 102.1
NBS - 10D
Cadmium 68.3 75 91.0
Lead 6,380 6,550 97.4
Nickel 84.9 82 103.5
Manganese 686 8002 85.8
Chromium 377 403 93.5
Iron - Fe 36,3 39,100 92.8
Copper 555 609 91.1
Zinc 4,17 4,760 87.6

- Not a NBS certified value.
Cobalt levels too low to quantitize with size of our samples.
Mercury is not reported in the NIST Standard.

Concentrations in ug metal per gram of dry particulate.
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Quality Assurance in Analysis
Metals Except Mercury, i.e. Pb, Cd, Mn, ... etc.

The digested samples are kept in polyethylene volumetric
flasks or vials until they were analyzed by atomic absorption
spectroscopy. . The solutions are thoroughly mixed to assure
uniform concentration before the analyses are performed. The
digested sample is then aspirated into the air-acetylene flame of

the atomic absorption instrument and the absorbance monitored.

The atomic absorption spectrometer is tuned each day before
analyses are run (burner alignment, optimization of lamp align-
ment and frequency). Calibration absorbance curves are prepared
each day from standard metal solutions. When samples are run,
the standards are checked at the beginning and end of the analy-
sis of each metal. 1In the analysis of a group of samples for one
metal, all the spectrometer conditions are first optimized, the
standards run, and a graph of absorbance versus concentration
(ug/ml) is plotted to verify the linear relationship. This is
done for each metal in the group of six samples plus blank. The
samples are then analyzed for the metal, 3 readings are taken in
a time frame of 5 to 10 seconds per reading. It should be noted
that usual Flame AA analysis takes readings in time frames of 1 -
2 seconds per reading. The‘zerc reading is checked after each
absorbance measurement, and standards are rerun to check instru-

ment drift after approximately every seven samples.
Commercial standards for each metal are purchased either in
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1000 ppm concentrations or in high purity solid form and then
prepared in acid solution to a known concentration. The stand-
ards are diluted with the "super water" using calibrated pipets
and volumetric flasks. Typical levels are between 0.1 and 10
ug/ml. An example of the procedures and calculations for making
a known lead standard from a solid éliquot of PbCl, is illustrat-
ed in the attachemnt following this section of the report.

The absorbance is directly proportional to the standard,
showing a linear relationship in accordance with Beers Law. A
least squares fit to this line is calculated using the standards
data and the point (0,0) which is valid for these AA plots. The
slope from this least squares calculation is then used to deter-
mine the concentration (ug/m) from the sample absorbance read-
ings. Figure 1, as mentioned previously, shows a typical absorp-
tion curve for lead standards. Samples found at higher concentra-
tions than these values are diluted and rerun in order to locate
the concentration within the linear portion of the curve. The
spectrometer conditions for each metal and lamp are listed in

Table IV and are for the wavelength at which the AA is most

sensitive to the metal under analysis.

Vanadium was initially analyzed using a nitrous oxide -
acetylene flame. After two blowouts of the flame it was deter-
mined that continued use of our AA with this method was unsafe.
vanadium analysis was discontinued. While it is felt that the
vanadium results reported are of reasonable accuracy and qualil-

ty, proper quality assurance procedures and calibrations can not

pe reported.
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Table IV

Operating Parameters for Atomic Absorption Analysis
Metals Air-Acetylene Flame.

Spectral Lamp
Element Wavelength (nm) Band Pass (nm) Current ma
1) Lead 217.0 1 4
2) Nickel 232.0 1 5
3) Copper 324.8 2 4
4) Cobalt 240.7 1 6
5) Iron 248.3 2 6
6) Zinc 213.9 1 5
7) Chromium 357.9 2 6
8) Mercury¥* 253.7 1 3
9) Manganese 279.5 2 5
10) Cadmium 228.8 1 ' 3

* Cold Vapor Method

Spectro photometric Conditions for Each Metal
Vanadium was initially analyzed using a nitrous oxide -
acetylene flame. After two blowouts of the flame it was deter-
mined that continued use of our AA with this method was unsafe.
Vanadium analysis was discontinued. While it is felt that the
Vanadium results reported are of reasonable accuracy and qualil-
ty, proper quality assurance procedures and calibrations can not

be reported.
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ANALYSIS OF PRECISION AND ACCURACY
1. Error Analysis
The relative errors associated with each of the steps in the
collection and analysis of airborne particulate for metals are

presented below.

Standard Solutions

Standard solutions of 1000 ppm (1000 ug/ml) were purchased
from Baxter Health Care, Edison, NJ. The accuracy of these atomic
absorption reagents was National Bureau of Standards certified
(+0.2% of the reported concentration). The standards are diluted
using precision pipets, burettes and volumetric flasks. Slated
errors from reading volume levels in volumetric flasks and pipets
is less then 1%, while error for reading a small difference from
a burette may be as high as 2 percent. On the basis of the
burette error the aécuracy of the standard solution is placed
within 2.0 percent of the nominal value. The burets are not used
frequently and most of the standard solutions are therefore

considered to have an even smaller error limit.

It is valuable to note that agreement with the USEPA lead
standards - filter strips provides reinforcement of the accuracy
in the standard make up. This is because there is no digestion
or extraction problem here, i.e. all the metal is easily extract-
ed from the filter. It is then, primarily, lab techniques and

standard accuracy which dictate whether one achieves agreement

with the EPA standard filter values.
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Standard Solutions - Storage

Standard solutions are stored in polyethylene bottles and
are routinely checked for stability. New standard solutions are
made up for these studies approximately once every four weeks. A
comparison of the AA signals from the old and new standards
provides information on stability of the standard solutions.
This corresponds, in this study, to once every two times samples
are analyzed. New solutions are always stored in the bottles
which had previously contained the same concentrations of the
same metal. This eliminates adsorption effects on the walls of
the plastic containers. Errors which arose from slight changes
in standard concentrations due to storage are Further monitored
by observing the behavior of the standard curves. The loss of a
metal to the vessel surfaces is amplified greatly on the very low
concentration standards. This results in a low value for the
lower concentration standard absorbance readings, and a corre-
sponding higher value for the higher concentration standards.
Average standard deviations from standard curves correspoﬁd'to

less than 5%, thus we estimate this error at 5%.
AA Analysis:

The Absolute accuracy‘of the atomic absorption analysis

results from sensitivity specific to each element being analyzed.

Please see table I.
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Digestion

The digestion step used is a standard method accepted by the
United States Environmental Protection Agency and ‘a thorough
study of its effectiveness is not undertaken. The results from
digestion and analysis of the NIST Standard Particulate (road
Dust) sample provides a good indication of the accuracy of our
digestion, with the exception of tests NBS 1-3 which were not
performed on thoroughly dried material our average error is
within 10% for the three metals (Cd, Pb, Ni, Fe, Zn) tested rou-
tinely and within 23 % for Manganese. The error for Manganese
improved to within 20 percent on the last 4 particulate analy-
sis. An approximately error limit of 10% is assigned to this step
by assuming that it contributes half of the total error (+20%)
accepted by the U.S. EPA> This estimate correlates well with the
data obtained in these labs on metal standards, supplied by the
USEPA and the National Bureau of Standards described earlier.

Chromium and Copper analysis were with in 15%.
Collection

The collection efficiency of the glass fiber filters is
99.9% for 0.3 micron particles and greater than 99.9% for larger

particles, as reported by the manufacturer, Whatman in this

study.

Volume of Air Samples
A detailed discussion of the volume flbw calibration of the

sampling pumps is included in a separate section supplied by
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A summary of these errors is illustrated in Table V

Table V
summary of Error Analysis for Collection and Measurement

Airborne Particulate for Toxic Metals.

ERROR LEVELS

PROCEDURE ACCURACY (%) ERROR LEVEL (%)
1. Standards 98. +2.0
2. Standard Storage 95. +5.0
3. Digestion completeness 90. +10.0
4. Collection Efficiency® 99. +1.0
5. Volume of air sample 90. +10.0
Overall (Root mean square) +17

C. Within the size range 0.3 - 30 um (micro meters).

The estimate of error associated with AA instrument insta-
bility is determined by the average instability observed for a
series of readings near blank level. This is dependent on the
specific metal being evaluated and on te condition of the emis-
sion lamp of that metal. It corresponds to 0.2 micrograms per
milliliter for the metal (Pb), which we determine to exhibit this
problem to the largest extent. This is equivalent to 10.0
micrograms total in She 50 ml volume of ?nalyte solution and
equates to + 10. ng/m° air sample - 1000 m° volume. The percent
error is difficult to fully evaluate because different metals
have different concentrations and thus different % error for each
case. The EPA has indicated to NJIT that the best way to evalu-
ate this is to utilize the USEPA Minimum Detection Limit Vvalue
(MDL) as we report in Table I for a select set of studies. These
values have been reported to the USEPA for each metal, each set
of analysis.
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The EPA - MDL values are determined from the Standard Curve
run on each day of analysis =-- each metal. They provide, quali-
ty assurance data as per EPA requirement. this includes quality
assurance to specific evaluation on each set of values supplied
to EPA in the data report. These MDL's incorporate values of the
absolute values (responses), of the standards for each metal for
each set of analysis (standards run before and after each set of
analysis for each metal on the AA instruments - Each batch of 6
runs plus blank). The MDL's are therefore calculated and report-
ed separately for each batch of analysis and incorporated into
the data sheets and data format disks provided to USEPA as re-
gquired part of the EPA data reporting.format. Since this method

was developed reviewed and recommended by EPA it is not further

discussed here.
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Atomic Absorption Analysis

Introduction

Since determination of metallic elements in a sample matrix
is a complex process, a sensitive and selective method of analy-
sis was desirable. The steadily growing list of atomic absorp-
tion analytical applications now covers almost all of the ele-
ments. The major breakthrough in the development of the use of
measurement of atomic absorbance as an analytical technique came
in the 1950s when Sir Alan Walsh realized that it was possible to
use a line source which emitted very narrow lines at the same

wave length in place of a continuum source.

Operating Principles

As the instrument is turned on and the necessary lamp cur-
rents, wavelength, slit widths and PMT voltages are set to the
required levels, a light source (hollo& cathode lamp) emits the
spectrum of the metal selected for analysis. A specific line of
the target metal spectrum is capable of being absorbed by atoms
of the same metal if they are present in the sample. The liquid
sample is converted to a fine aerosol by a nebulizer and the
aerosol is then reduced to the constituent atoms in a flame. The
flame lies in the light path between the lamp and the line detec-
tor (monochromator and photomultiplier tube). If any of the
metal is present in the sample, absorption of the characteristic
line will provide an accurate measure of the concentration of the

metal. The analytical precision is typically around 1% relative.
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Principle of the method -- Atomic Absorption
In atomic absorption, the element of interest in the sample
is not present in an excited state. Rather, it is in an elemen-
tal form dissociated from its chemical bonds and placed into an
unexcited, un-ionized "ground" state. This dissociation is most
commonly achieved by placing the sample into a high temperature

flame. The element is then capable of absorbing radiation at

discrete lines of narrow bandwidth.

A hollow cathode lamp usually provides the narrow emission
lines which are to be absorbed by the same element. The lamp
contains a cathode made of the same element being determined and
is filled with an inert atmosphere at low pressure. Such a lamp

emits the spectrum of the desired target element.

The atomic absorption spectrophotometer was tuned each day
before the analysis was carried out. The tuning process involves
burner alignment, optimization of lamp alignment and wavelength.

A Varian atomic absorption spectrophotometer, model 12 was used.

The calibration absorbance curve fof each metal was pre-
pared from standard metal solutions each time the analysis was
carried out. When samples were run, the standards were checked at
the beginning and end of each set of metal analyses. 1In an
analysis of a group of samples for a metal, all the spectro-
photometric conditions, wavelength, alignment, lamp current and

zero reading were first optimized. The standards were then run
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and a graph of absorbance versus concentration is plotted to
verify the linear relationship. The zero reading was checked for
instrumental drift. Figure 1 shows a typical absorption curve
for the lead standard. The spectro-photometric conditions for
each metal and lamp are listed in Table IV. The line source com-

monly used is a hollow-cathode lamp and the flame is air-acety-

lene.
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Standard Solution Concentration Example Calculation

Lead chloride Pb Cl, Molecular Weight PbCl2 = 278
Atomic Weights Pb = 207 Cl, = 71
Wt of Pb in PbCl, = 207/278 x Grams PbCl, weighed out

Definition 1000 PPM Pb = 1gm/1000g = 1lgm/liter = 0.1 gm/100ml
Assume Weighed 0.1300 Gms PbCl, on analytical balance
Dissolve 0.13 gms PbCl2 x 207/278 = 0.0975 gms Pb

Solution made by heating Sample PbCl, in 10 % nitric acid solu-
tion in super water.

0.0975 gms Pb in 100ml = 975. PPNM, Mix Well Before Use

Lower concentrations of lead standard are made by serial dilution
of this 975 ppm solution.

the formula to use for determining quantities of this 975 ppm
standard and the distilled water diluent is:

Vi xCi = Vf x Cf

where V is volume C is concentration in ppm
i stands for initial f stands for final

Choose Vf to be a convenient volume, where there is a volumetric
flask available, typically 250 to 500 ml is utilized. Pick 500.

Ci is fixed at 975 ppm in this example until a lower concentra-
tion is made up.

Cf should be an intermediate concentration, that requires a
volume of Ci, which can be measured accurately. (0.01 micro
liters is, for example, difficult to measure quantitatively using
a pipette. Typically one might choose 50 or 100 ppm for Cf.

Choosing 50 ppm for Cf, one calculates Vi should be 25.6 ml;
that is 25.6 milliliters of 975 ppm standard needs to be added to
the 500 ml volumetric and then the volumetric filled to the ‘500
ml mark with distilled or super water to make up a 50 ppm stand-
ard.

This solution also needs to be very well mixed before using for a

standard or an initial concentration to make up a lower concen-
tration solution. .
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B-2
Appendix B
Quality Assurance

Glass fiber filters from E.P.A. (calendar years 1989 and 1990),
manufactured by Whatman, were used at all sites.
Mecals by Induccively Coupled Plasma (ICP)

Twenty sample filters, one acid blank, one filter blank, one spike, and
one duplicate filter aliquot were analyzed per batch.
Arsenic by Craphite Furnace

Twenty sample filters, one filter blank, and one N.B.S. Urban Dust
sliquot were analyzec per batch.

Mercury by Cold Vapor Atomic Absorption

Twenty sample filters, one filter blank, and two kwown mercury reference
solutions were analyzed per batch.

Average acid blanks, filter blanks, koown Q.C. recoveries, spike

recoveries, and duplicate precision are presented in the following tables.



Table B-1 Average Acid Blanks

Metals ng/ml Excracec
Barium <20
Beryllium < 4
Cadmium <20
Chromium <20
Cobalt <20
Copper <20
Iron <40
Lead <80
Manganese <20
Molybdenum <B0O
Nickel <20
Vanadium <20
Zinc <40
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Tables B-1I Average F{lter Blapks

Mezal ng/zl extract ng/filcer

Arsenic <10 < 3000

Barium 36 17000 (CY 1989)

92 44000 (CY 1990)

Beryllium <4 < 2000

Cadmium <20 <10000

Chromium <20 <10000

Cobalt <20 <10000

Copper <20 <10000

Iron 117 56200

lead <80 <40000
_Manganese <20 <10000

Mercury <0.2 < 60
Molybdenum <80 <40000

Nickel <20 <10000

Vanadium <20 <10000

2inc 59 28000
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B-1I1

B-1IV

B-V

Computer Printouts
Known QC Recoveries (Urban Dust, Hg Solutions)
Spike Recoveries

Duplicate Precision

E-4
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NEW YORK STAfE DEPARTMENT OF HEALTH
Wadsworth Center for Laboratories and Research
Laboratory of Inorganic Analytical Cemistry
QUALITY CONTROL SUMMARY SHEET ARSENIC (URBAN DUST)

TARGET 100 MEAN COMFUTED FROM 1 TO 2% SCALED BY OUTLIEK

TTTTITTTIT T

UPPER 991 CL  1107.7320 --—e—eeoee
UPPER 931 (L £103.3397 <ov=cmeewe-

REAN 09,3909 e

LOWER 955 CL  75.8022  ==o--cceeee
LONER 991 LL 71,0298  -~e-emcome-

Batch Number 1| 20 25
BIAS = 3-10.608%

995 CON“IDENCE LEVEL =& 20,5402s 1
953 CONFIDENCE LEVEL =2 15.40423 1

Batch OPERATOR QUALITY CONTROL

% Recover
Number DaTA Y
{ x| 88.7
¢ 23 9%.9
1? 23 102.0
18 23 Be:b
: 2 Bs.0
e g3 0.1
I €3 T8
3 e3 Q.7
35 &: 82.4
e I 9.9
4 & 8.6

DATA WHICH EICEED 95% CONFIDENCE LEVEL MAR Y (8); 91 LEVEL (e4)
S+ CONFIDEKCE LEVEL = 1,90 99 tOIFlDEEEE'LEVEL" 2.552“F1’E.c£

E-5



NEW YORK STATE DEPARTMENT OF HEALTH
Wadsworth Center for Laboratories and Research
Laboratory of Inorganic Analytical Cemistry
QUALITY CONTROL SUMMARY SHEET  MERCURY (REFERENCE SOL.)

TARGET 0.83% MEAN COMPUTED FROM 1 TO 23 RANGE MEAN +- 12.5 %

rTrr PPt

UPPER 99X CL  0.93i!
UPPER 95X CL  0.91¢7

NEAN 0,844  emvmeeecesmeemcioiom

LOWER 931 €. 0.7820
LONER 99X CL  0.7817

EEENEENENE
Batch Number; 20 o

BIAS = +1.972%

991 CONFIDENCE LEVEL =¢ 10.00432 X
351 CONFIDENCE LEVEL =2 7.401704 X

cwos

Batch OPERATOR uur.m) c|oan
ng/m

Number DATA
1 a3 0.8039 (.82
H] 23 £.6%% (.62t
17 23 0.867 ¢.832
8 e3 0.822 8,627
] 22 0.837 (.23
& 22 0.67¢ (.52
2! 23 0.831 S
I e3 t.es? T2t
z: £ .86 $.g%
2 ] (. Be% -+
i 3] %.82¢ (.30}

ATA WHICH EXCEED ST CONFIDENCT LEVEL MWARKEY BY (#); 993 CONFIDENCE LEVEL (#¢)
Sx CONFIDENCE LEVE. = 1.96¢ 973 CONFIDENCE LEVEL s 2,58¢



NEW YORK STATE DEPARTMENT OF HEALTH
Wadsworth Center for Laboratories and Research
Laboratory of Inorganic Analytical Cemistry

QUALITY CONTROL SUMMARY SHEET MERCURY (REFERENCE SOL.)

TARGET 1.33 MEAN COMFUTED FROM 1 TO 25 RANGE MEAN +- 10 %
T T V70V Vi 7]
UPFER 933 CL  1.4esf

USFER 955 CL  §.4.7.  e=m-sccemcivvcaccenese
NEAK 1,285% cecccesccccrocicnian..
LOWER 952 Si 1.8eE -
LieBf 281 20 LEIED seeeeeeecseecceeeeee..
ltiltlllllL

Batch Number H g s

" am . am g
203 8 =00l

§oi CONTIDENCE LEVEL = B,4L717: &
ST. CTRTIDINCE LEVEL =® §,38436: ©

Batch Qre3:i0R SURLITY TINTRSL
Number ng/ml

s $ L :

: ST .

o ' "y

.................................................

L% beick EAEED §5% CINFISERID LEVEL MARKED BY (a); 995 CONFIDENCE LEVEL (s0)
S. CINIDENIE LEVED = 1983 7% CONFIDENCE LEVEL's 2,560

Tes b




NEW YORK STATE DEPARTMENT OF HEALTH
Hadsworth Center for Laboratories and Research

Laboratory of Inorganic Analytical Cemistry
QUALITY CONTROL SUMMARY SHEET
MEAN COMFUTED FROM

TARGET 100

UPPER 991 LU 3133.237! yrrrrTTITYY

UPPER 953 €L 1125.9075 e-ctemnmee--

NEAN 1102.7364 -evemeomene

LOWER 95X CL  79.3633

LOMER 995 CL  72.2356  yryryveeesy
Batch Number | 20 &5
BIAS = +2,736%

991 CONFIDENCE LEVEL =¢ 29.48834 X
951 CONFIDENCE LEVEL =¢ 22,53394 3

1

TG &S

BARIUM

(SPIKE)

SCALED BY OUTLIER

Batch OFERATGR ;UM‘:éTCYOCBgY:m.
v

Number A Y

1 C¥] 116.7

2 23 109,3

17 23 108.2

18 23 127.0¢

1§ 23 97.2

20 23 101.9

i a3 8.9

ee a3 97.6

el 23 92.3

24 23 9%.5

FM 23 9.4

DATA WHICH EICEED 95% CONFIDENCE LEVEL KARKED BY (#); 99% CONFIDENCE LEVEL (es)

955 CONFIDENCE LEVEL = 1.9

995 CONFIDENCE LEVEL = 2.584



NEW YORK STATE DEPARTMENT OF HEALTH
Wadsworth Center for Laboratories and Research
Labocratory of Incrganic Analytical Cemistry

QUALITY CONTROL SUMMARY SHEET BERYLIUM (SPIKE)

TARGET 100 MEAN COMFUTED FROM 1 TO 295 RANGE MEAN +-- 17,8 %

UPPER 998 (L  5104.268F =-eovmemmven
UPPER 955 CL  $102.0007 -=-weeemcn-

REAN 94,8344  cccccmmecme

LOWER 931 CL  87.6720  -mw--—===m-
LOWER 993 CL  85.4058  —=—-=v=-m-

Batch Number 1 20 &s
BIAS = -35,164X

991 CORFIDENCE LEVEL =2 §,944049 1
953 CONFIDENCE LEVEL 3¢ 7,534395 %

Batch OPERATOR QUALITY CONTROL

% recover
Number WA y
1 83 93.4
? X] 9%2.0
17 83 9%.4
18 23 100.0
19 el 101.6
20 23 9.0
el X] 9.0
22 X] 9.8
23 X] 9.8
24 x| 3.4
(3] LX] %8.¢

DATA WHICH EICEED 95X CONFIDENCE LEVEL WARKED BY (#); 963 CONFIDENCE LEVEL (#¢)
951 CONFIDENCE LEVEL = 1.94¢ 993 CONFIDENCE LEVEL » 2.58¢



NEW YORK STATE DEPARTMENT OF HEALTH
Wadsworth Center for Laboratories and Research
Laboratory of Inorganic Analytical Cemistry
QUALITY CONTROL SUMMARY SHEET CADMIUM (SPIKE)

TARGET 100 MEAN COMFUTED FROM | TO &S SCALED BY OUTLIER

UPPER 993 CL  3121.7%62 y7IT7TTIT
UPPER 931 CL 113,801 eememmwi-

NEAN 9%.3111 eemeeee—

LOVER 951 CL  76.9807  --=--c----

LOWER 991 CL  70.8640 111121772
Batch Number | g

BIAS = -3.489%

991 CONFIDENCE LEVEL =& 24.41947 %
#5% CONFIDENCE LEVEL =2 20,0707 8

Batch OPERATOR QUALITY CONTROL

recover
Number % DATA Y
1 23 87.1
g X} 5.4
17 3 103.7
18 e3 1.
19 23 7.1
20 23 103.7
83 k] 93.4
24 23 114.0¢
] e3 87.1

DATA WHICM EICEED 953 CUIFIDEIEE LEVEL MARKED BY (#); 993 COXFIDENCE LEVEL (#8)
958 CONFIDENCE LEVEL = 1.94¢  99% CONFIDENCE LEVEL = 2.38¢

E-10



NEW YORK STATE DEPARTMENT OF HEALTH
Wadsworth Center for Laboratories and Research
Laboratory of Inorganic Analytical Cemistry
QUALITY CONTROL SUMMARY SHEET CHROMIUM (SPIKE)

TARGET 100 MEAN COMFUTED FROM 1 TO 235 SCALED BY OUTLIER

UPPER 993 CL  X141.810% T,
UPPER 951 LU 1133.1175 ewoevevemee

REAN 1105.4364 cmmovmcove-

LOVER 931 CL  78.1338  —~=—coooe--

LOWER 998 €L 49.4622  qr7yvvTeeer
Batch Number 1 20 2%

BIAS = 3,6361

991 CONFIDENCE LEVEL =2 34.24404 3
933 CONFIDENCE LEVEL =2 26,01486 1

Batch OPERATOR QUALITY CONTROL

% recover
Number 1) Yy
1 | 19,6
H] a 110.0
17 23 108.4
18 23 138.44
¢ e3 108.0
2n 23 103.6
2! e3 8.2
e e3 101.2
K] &3 93.2
g4 &3 93.6
e 23 %n.8

DATA WHICH EXCEED 951 CONFIDENCE LEVEL MARKED DY (#); 991 CONFIDENCE LEVEL (#4)
953 CONFIDENCE LEVEL = 1.9 991 CONFIDENCE LEVEL = 2.38¢
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NEW YORK STATE DEPARTMENT OF HEALTH
Wadsworth Center for Laboratories and Research
Laboratory of Inorganic Analytical Cemistry
QUALITY CONTROL SUMMARY SHEET COBALT (SPIKE)

TARGET 100 MEAN COMFUTED FROM 1 TOQ 23 RANGE MEAN +- 17.5 %

UPPER 991 CL  3129.3ses ITIIITNIIIT
UPPER 951 CL  B124.14T8 ~=eemsee—--

REAN 110,830 -e=eoeccce-

LONER 353 CL 97.5250  meecom——e—

LOMER 998 CL  93.3142  -occoceee=e
JUENERERANEY

Batch Number ! 20 &
BIAS = 1+410.838%

993 CONFIDENCE LEVEL =¢ 15.80904 3
958 CONFIDENCE LEVEL =¢ 12.00997 1

Batch OPERATOR QUALITY CONTROL

recover
Number % A Y
| a3 113.4
2 3 110.4
17 23 112.0
10 a3 102.¢
19 e3 112.0
20 a3 124.0¢
el ¥ 113,46
22 k] 110.4
23 23 9.6
) e3 112.0
Fe] a3 110.4

DATA WHICK EICEED 953 CONFIDENCE LEVEL MARKED BY (4); 991 CONFIDENCE LEVEL (#4)
953 CONFIDENCE LEVEL = 1.96¢ 993 CONFIDENCE LEVEL = 2.384
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NEW YORK STATE DEPARTMENT OF HEALTH
Wadsworth Center for Laboratories and Research
Laboratory of Inorganic Analytical Cemistry

QUALITY CONTROL SUMMARY SHEET COPPER (SPIKE)
TARGET 100G MEAN COMFUTED FROM 1 TO 25 SCALED BY OUTLIER

UPPER 995 CL  3105.1323 ----—=--n
UPPER 953 CL  3101.7914 —=--mome-

REAN 9N.1687  cmemmee

LOWER 955 Q. 80.5420  oowee——-
LONER 993 CL  77.1B11  -ec=ce=--

L
Batch Number 1 et

§INS = -B.8338

991 CONFIDENCE LEVEL =& 13.34068 %
953 CONFIDENCE LEVEL =2 11.45416 %

Batch  graton QUALITY CONTAOL

Number % recovery
DATA
| ¥ ] 93.2
2 a3 8.1
17 X| 9.1
18 23 3.4
20 23 100.4
2l 23 6.9
23 23 95.2
1 23 4.5
a5 e3 90.3

DATA WRICH EICEED 933 CONFIDENCE LEVEL NARKED BY (#); 99% CONFIDENCE LEVEL (#4)
95X CONFIDENCE LEVEL = 1.9%¢ 993 CONFIDENCE LEVEL = 2.58¢
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NEW YORK STATE DEPARTMENT OF HEALTH
Wadsworth Center for Laboratories and Research
Laboratory of Inorganic Analytical Cemistry
QUALITY CONTROL SUMMARY SHEET IRON (SPIKE)

TARGET 100 MEAN COMFUTED FROM 1 TO 2Tt FANGE MEAN +- 20 %

UPPER 991 CL  St1g.4512 IITTIIIIIY
UPPER 95X CL  $114.0533 ~-meeom- -

NEAN 1100.1500 <~omeemaesa

LOWER 953 CL  B4.26b8  —vooomee-
LOWER 995 CL  81.8488  -=-oe-----
JNESEETUTEY

Batch Number ! 20
BIAS = +0.150%

99% CONFIDENCE LEVEL =¢ 18.27381 3
§3% CONFIDENCE LEVEL =2 13.88243 %

Batch OPERATOR  QUALITY CONTROL

Number * recae Y
1 2 103
[ &3 104.1
17 a3 6.8
18 a3 111
19 L X] v2.1
20 108,0
el a3 3.2
2 23 1039
4] 2 100.6
25 3 N2

DATA WHICH EICEED 9S8 CONFIDENCE LEVEL WARKED BY (81; 991 CONFIDENCE LEVEL (44]
€3 CONFIDENCE LEVEL = 1.96¢ 995 CORFIDENCE LEVEL = 2.58¢
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NEW YORK STATE DEPARTMENT OF HEALTH
Wadsworth Center for Laboratories and Research
Laboratory of Inorganic Analytical Cemistry
QUALITY CONTROL SUMMARY SHEET LEAD (SPIKE)

TARGET 100 MEAN COMFUTED FROM 1 TO @28 SCALED EY OUTLIER

UPPER 991 €L 3120.8043 vrrrrrrT
UPPER 953 CL  S110.0879 —-——

NEAN 92,8538  —eewemeee

LOMER 958 €L 71.4232  —-om-—-
LONER 995 CL 64,9068 1171777371

Batch Number | &
BIAS = -7,140)

991 CONFIDENCE LEVEL =¢ 30.09914 3
955 CONFIDENCE LEVEL =¢ 22.86403 3

Batch OPERSTOR QUALITY CONTROL

Number % reqEyeTy
| &3 102.3
2 a 96.2
17 23 8.7
18 23 114,20
19 23 8.7
20 & 90.8
a3 8
23 a3 90.4
] a3 UJ

DATA WHICK EICEED 951 CONFIDENCE LEVEL WARKED BY (#); 99% CONFIDENCE LEVEL (#¢)
933 CONFIDENCE LEVEL = 1.9¢ 993 COWNFIDENCE LEVEL = 2.S6s
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NEW YORK STATE DEPARTMENT OF HEALTH
Wadsworth Center for Laboratories and Ressarch
Laboratory of Inorganic Analytical Cemistry
QUALITY CONTROL SUMMARY SHEET HAMSANES((SPIKE)

TARGET 100 MEAN COMFUTED FROM | TO 25 SCALED BY OUTLIER

UPPER 991 CL  1135.2937 vyyyvoTTmeT
UPPER 953 CL 143,060 ---smeoe=-

MEAN £104,4000 —=eoeeooe-

LONER 933 CL  45.7350  =e=eeeme--

LOVER 993 CL  53.5043  yrryeyrerr
Batch Number 1
BIAS = 4,400

991 CONFIDENCE LEVEL =¢ 48,75048 1
95% CONFIDENCE LEVEL =2 37.0304 3

Batch OPERATOR  QUALITY CENTROL

Number % recomy
I 2 10
1? X ) 92.0
18 e3 132.0
19 23 2.0
20 83 108.0
]| e3 2.0
1] 2 100.0
2 a0
H) e3 124,0
] a3 88.0

DATA WRICH EICEED 9531 CONFIDENCE LEVEL MARKED BY (#); 993 CONFIDENCE LEVEL {4%)
951 CONFIDENCE LEVEL = 1.96¢ 991 CONFIDENCE LEVEL = 2.38¢
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TARGET 100

' NEW YORK STATE DEPARTMENT OF HEALTH

Wadsworth Center for Laboratcries and Research
Laboratory of Inorganic Analytical Cemistry

QUALITY CONTROL SUMMARY SHEET

MEAN COMFUTED FROM

UPPER 998 CL  3105.9847
UPPER 93X CL  X104.1936

NEAN 95.3700

LOWER 95X CL  B4.54é4
LOMER 99X CL  83.7533

T T

LLULLLLLLL

Batch Number 1 20

BIAS = -4,8303

993 CONFIDENCE LEVEL st 12,17839 3
958 CONFIDENCE LEVEL s¢ 9.25193) §

1

TO @as

MOLYDEN (SPIKE)
RANGE MEAN +-

Batch CPERATOR

QUALITY CONTROL
recover

Number % S Y
| 23 102.5
2 a3 R.2
17 23 92.6
18 23 2.5
1% 23 9.9
20 L X] 9.8
el a 98.7
2 a3 9.8
23 [X] 93.0
% 23 98.7

DATA WHICH EICEED 95T CONFIDENCE LEVEL MARKED DY (¢); 993 CONFIDENCE LEVEL (v¢)

953 CONFIDENCE LEVEL = 1.%¢

E-17
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NEW YORK STATE DEPARTMENT OF HEALTH
Wadsworth Center for Laboratories and Research
Laboratory of Inorganic Analytical Cemistry

QUALITY CONTROL SUMMARY SHEET NICKEL (SPIKE)
TARGET 100 MEAN COMFUTED FROM 1 TO 2% SCALED BY OUTLIER

UPPER 995 L %l24.4008 JIITIOUIIT
UPPER 958 CL  3104.9238 -——-—-ou-

HEAN RN

LOVER 958 CL  68.3853  ~owecccee—

LONER 99% CL  60.7082  —=eveeceee-

wunng

Batch Number | & &
BIAS = -7,3451

995 CONFIDENCE LEVEL st 34.47094 1
955 CONFIDENCE LEVEL =¢ 26.19335 §

Batch (OPERATOR QUALITY CONTROL

Number b4 re%gy“ery
| 23 118,40
2 23 ",.4
17 23 83.2
18 23 104,90
19 23 99.2
20 23 §9.6
el X] 81.6
22 7.4
23 23 88.0
2 23 1.2
[ & a3 72.0

DATA WKICH EICEED 951 CONFIDENCE LEVEL NARKED BY (#); 991 CONFIDENCE LEVEL (#¢)
95X CONFIDENCE LEVEL = {.96¢ 993 CONFIDENCE LEVEL = 2.58s
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NEW EgRK STATE DEPARTMENT OF HEALTH
Hadswor th nter for Laboratories and Research
Laboratory of Inorganic Analytical Cemistry
QUALITY CONTROL SUMMARY SHEET VANADIUM (SPIKE)

TARGET 100 MEAN COMFUTED FROM 1 TO 2% RANGE MEAN +- 20 %

UPPER 993 CL  1108.1138 -——-eooee--
UPPER 938 CL  3104.9493 <-eccocece-

(VI T 1Y R——

LOWER 953 CL 64,9414  --e-—ceemn
LOMER 991 CL  B1.777]  -—ceeeeo-e-

Batch Number 1 20 &
BIAS = -5,03%%

993 CON7IDENCE LEVEL =% 13.86934 &
953 CONFIDENCE LEVEL =2 10.3364 1

Batch OPERATOR QUALITY CONTROL

% recover
Number A Y
| a3 98.9
2 a3 8s.9
17 23 8:.7
1£ o3 100.3
i g3 3L
N K 94.3
3! ) 90.9
e I 100.8
£ 23 52,3
i £ G0
* N 130.9

A7 VHICH ESCEED 955 CONFIDENCE LEVEL WARKED BY (#); 997 CONFIDENCE LEVEL (#8)
%s COKFIDENCE LEVEL = 1.96¢ 953 CONFIDENCE LEVEL = 2.584
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TARGET 100

UPPER 991 CL

UPPER 9531 CL

L1

LOMER 931 QL

NEW YORK STATE DEPARTMENT OF HEALTH
Wadsworth Center for Laboratories and Research
Laboratory of Inorganic Analytical Cemistry

QUALITY CONTROL SUMMARY SHEET ZINC (SPIKE)
MEAN COMPUTED FROM 1 TO 25 SCALED BY QOUTLIER

1148.178¢ rTYTTITIY
1136.9583 ~—--—- -

2101.488 ——cooe-—

LOWER 993 CL  S4.8022 prresany
Batch Number 1 2l
RIAS = +1,489%

991 CONFIDENCE LEVEL =& 46.00176 3
953 COMFIDENCE LEVEL =t 34,94708 1

Batch OPERATOR QUALITY COXTROL

recover
Number 2 SRTA Y
| 23 %.$
H e3 133.1
17 X] $9.3
18 e3 100.0
20 el 109.4
2! 23 89.0
et 23 115.7
23 23 93.7
S 23 108.7

DATA WHICH EICEED 95% CONFIDENCE LEVEL MARKED BY (4); 993 CONFIDENCE LEVEL (88)
958 CONFIDENCE LEVEL = 1.96¢ 995 CONFIDENCE LEVEL = 2.5B¢

E-20



TARGET 0.001

UPPER WX CL  9.9777
UPPER 9Sx CL  8.3898

MEAN .80
LOWER 953 CL  ~1.b424
LOWER 993 CL  -3.2%23

Batch Number
BIAS = $+43,3438405%

NEW YORK STATE DEPARTMENT OF HEALTH
Wadsworth Center for Laboratories and Research
Laboratory of Inorganic Analytical Ceaistry

QUALITY CONTROL SUMMARY SHEET

MEAN COMFUTED FROM

491 CONFIDENCE LEVEL =% 196,687 %
951 CONFIDENCE LEVEL =¢ 149.4211 %

1

BARIUM (DUPLICATES)

TO 25 SCALED BY OUTLIEFR

Batch OPERATOR

QUALITY CONTROL

% difference
Number DATA
i 23 2.8
] 23 1.4
17 23 4.9
1 23 3.4
19 23 0.00!
20 3 2.7
el el 8.00
22 23 2.4
23 23 2.0
24 23 2.8
23 al 1.0

DATA WHICH EICEED 953 CONFIDENCE LEVEL MARKED BY (#); 993 CONFIDENCE LEVEL (#4)

953 CONFIDENCE LEVEL = 1.94¢
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NEW YORK STATE DEPARTMENT OF HEALTH
Wadsworth Center for Laboratories and Research
Laboratory of Imorganic Analytical Cemistry
QUALITY CONTROL SUMMARY SHEET CHROMIUM (DUPLICATES)

TARGET 0.001 MEAN COMPUTED FROM ! TO &« SCALED BY QUTLIER

UPPER 991 CL  6.3497 rrYTTTTYY
UPPER 95§ CL €284  cemmeene-

uE“. l|2673 """"

LOMER 95X CL  -2.5937  e=ce-- -
LONER 993 CL  -3.81%1  grearreyr
Batch Number 1 2

BIAS = $41,206E+05Y

991 CONFIDENCE LEVEL s¢ 401.0313 I
5% CONFIDENCE LEVEL =2 304.65%¢ 3

Batch OPERATOR QUALTTY CONTROL

%2 difference
Number OATA

{ 23 0.001
2 23 0.001
17 a3 0.001
18 23 ‘,

19 FX] 4.5

2! 23 0.001
a a3 .4

23 3 0.001
) a3 0.001

DATA WWICH EZICEED 951 CONFIDENCE LEVEL RARKED BY (#); 993 CONFIDENCE LEVEL (e¢)
953 CONFIDENCE LEVEL = 1.9¢  99% COMFIDENCE LEVEL = 2.38¢
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NEW YORK STATE DEPARTMENT OF HEALTH
Wadsworth Center for Laboratories and Research
Laboratory of Inorganic Analytical Cemistry
QUALITY CONTROL SUMMARY SHEET COPPER (DUPLICATES)

TARGET 0.001 MEAN COMPUTED FROM 1 TO 25 SCALED BY OUTLIER

UPPER 998 (L 26.B140  yyTTTTITIY
UPPER 993 CL  22.408]  -emmeom=e-

REAN 8.4700  eeemmoo=e-

LOVER 953 CL  -5.866]  eeoe—soee-
LOWER 993 CL  -9.8745  yryyrnmomyr
Batch Number 1 &

BIAS = $48,469E+0%58

993 CONFIDENCE LEVEL =2 215.3815 1
95 COKFIDENCE LEVEL ¢ 164.3348 &

Batch OPERATOR QUALTTY CONTROL

% difference
Number DATA

i 23 8.0

83 3.6
1? 23 3.7
18 23 11.4
19 23 1.5
1) 23 1.0
2! [£] 20,4
[£) LX] 8.2
24 3 8.5
25 23 20.5

DATA WHICH EXCEED 951 CONFIDENCE LEVEL MARXED BY (#); 99% CONFIDENCE LEVEL (e4)
9% CONFIDENCE LEVEL = 1.96¢ 991 CONFIDENCE LEVEL = 2.58¢
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NEW YORK STATE DEPARTMENT OF HEALTH
Wadsworth Canter for Laboratories and Research
Laboratory of Inorganic Analytical Cemistry
QUALITY CONTROL SUMMARY SHEET IRON (DUPLICATES)

TARGET ©.001 MEAN COMPUTED FROM 1 TO 25 SCALED BY OUTLIER

UPPER 993 CL  12.8661  rrYYTYTITYY
UPPER 93X CL 10,9807  -womeon--

WEAN 47909 ceeewevmers

LOBER 958 CL  ~-1.3389  ==eeece- e
LOVER 993 CL  -3.3003  yyrzvereere

Batch Number I 2 2
DIAS = 144,790E+031

993 CONFIDENCE LEVEL st 168.9592 3
953 CONFIDENCE LEVEL =2 128.3642

Batch (OPERATOR QUALITY CONTROL

Number difference
i a 539
2 83 1.8
17 e3 $.3
18 23 3.1
19 el 6.4
20 23 2.b
el 23 6.8
a2 23 12.60
8 23 0.9
24 23 hob
s 23 L)

DATA WHICH EICEED 933 CONFIDENCE LEVEL WARKED BY (#); 993 CONFIDENCE LEVEL (#4)
955 CONFIDENCE LEVEL = 1.96¢  99% CONFIDENCE LEVEL = 2.5B¢

E-24



NEW YORK STATE DEPARTMENT OF HEALTH

Wadsworth Center for Laboratories and Research

Laboratory of Inorganic Analytical Cemistry
QUALITY CONTROL SUMMARY SHEET

LEAD

(DUPLICATES)

TARGET 0.001 MEAN COMFUTED FROM 2 TO 2% SCALED EY OUTLIER

UPPER 991 CL 26,0716  TYTTTTITYY
UPPER 951 CL  20.2383  ===veome--

REAN 8.1201  eeemeeem--

LOUER 938 CL  -3.9981  ce=comece-

LONER 993 CL  -7.8314  gytvyTTTIY
Batch Number 2 2

BIAS = 348.119E+05%

993 CONFIDENCE LEVEL =¢ 195.4432
951 CONFIDENCE LEVEL =¢ 349,237¢ %

Batch (QPERATOR v 3“&!“ CONTROL

Number ference
DATA

2 23 4.7

17 23 13.4

18 a3 0.001

19 23 1.0

a0 23 1.3

21 a3 18,2

e [X] b,

23 23 13.9

24 23 2.

2 23 14,4

DATA WHICH EICEED 95% CONFIDENCE LEVEL MARKED BY (#)3 993 CONFIDENCE LEVEL (#4)

953 CONFIDENCE LEVEL = 1.96s 993 CONFIDENCE LEVEL = 2.58¢
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NEW YORK STATE DEPARTMENT OF HEALTH
Wadsworth Center for Laboratories and Research
Laboratory of Inorganic Analytical Cemistry
QUALITY CONTROL SUMMARY SHEET MANGANES (DUPLICATES)

TARGET 0.001 MEAN COMFUTED FROM 1 TO 25 SCALED BY OUTLIER

UPPER 995 €L 10,5017  yyryTYTITITY
UPPER 953 (L B.9%  -mm-eemeem-

AEAN 30004 cecccvocee-

LOVER 95X CL  ~-1.9784  ==-=cee=- -
LOMER 993 CL  -3.4830 11ITIITITTT

Batch Number 1 20 2%
BIRS = 143,408E+05%

991 CONFIDENCE LEVEL =t 208.02%8 %
953 CONFIDENCE LEVEL =¢ 158.0351 3

Batch OPERATOR GUALITY CONTROL

X difference
Number T
| 22 0.001
2 83 0.001
17 23 \.2
18 23 2.5
19 22 4.3
20 23 3.7
2! 23 7.8
2t 23 7.4
23 23 0.001
H 23 2.
es 23 $.0

DATA WHICH EICEED 953 CONFIDENCE LEVEL MARKED BY (8); 99% CONFIDENCE LEVEL (#0)
955 CONFIDENCE LEVEL = 1,9¢ 993 CONFIDENCE LEVEL's 2.56¢
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NEW YORK STATE DEPARTMENT OF HEALTH
Wadsworth Center for Laboratories and Research
Laboratory of Inorganic Analytical Cemistry
QUALITY CONTROL SUMMARY SHEET NICKEL (DUPLICATES)

TARGET ¢.001 MEAN COMFUTED FROM 1 TO &S SCALED BY OUTLIER

UPPER 993 CL  16.9175  rrrrrrrvTTY
PPER 9SE QL 13.9071  —-——-

u." ‘ . 3’03 '''''' s

LOMER 953 CL  -5.128  =e=ewee=e-

LOWER 991 CL  -B.13¢9  qyy1711111
Batch Number 1 el

BIAS = $44,3B9E+053

99% CONFIDENCE LEVEL =t 285.3377
955 CONFIDENCE LEVEL =¢ 214.7682 %

Batch (QPERATOR QUALITY CONTROL

~ difference
Number BATA
i 83 1.1
2 a3 0.001
17 e3 2.9
18 23 bt
20 x| 4.7
2 a3 0.001
e a2 15.60
23 e3 4.3
o4 23 6.9
23 X] 0.001

DATA WHICH EICEED 931 CONFIDENCE LEVEL WARKED BY (#); 991 CONFIDENCE LEVEL (es)
933 CONFIDENCE LEVEL = {.94¢ 993 CONFIDENCE LEVEL = 2,5B¢
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NEW YORK STATE DEPARTMENT OF HEALTH
Wadsworth Center for Laboratories and Research
Laboratory of Inorganic Analytical Cemistry

QUALITY CONTROL SUMMARY SHEET VANADIUM (DUPLICATES)
TARGET 0.001 MEAN COMFUTED FROM 1| TO @295 SCALED BY QOUTLIEFR

T

UPPER 95X CL  10.9880  ---=oee---
NEAN 2.6205  seccmmem.-
LONER 958 CL  <5.747¢  <=eomece=s
JENSNITNETY

Batch Number 1 20
BIAS s 342.619E+05%

991 CONFIDENCE LEVEL =¢ 420.3137 X
953 CONFIDENCE LEVEL =¢ 319.3097 1

Batch QPERATOR QUALITY CONTROL

% difference
Number DATA
1 23 2.3
e 23 0.004
17 ¥] 3.6
18 I£] 2.2
19 23 13.6¢
20 22 0.001
H a3 0.001
e 21 0.001
24 a3 2.
25 23 0.001

DATA WHICH EICEED 951 CONFIDENCE LEVEL WARXED BY (9); 9% CONFIDENCE LEVEL (#4)
951 CONFIDENCE LEVEL = 1.96s 993 CONFIDENCE LEVEL = 2.38¢
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NEW YORK STATE DEPARTMENT OF HEALTH
Wadsworth Center for Laboratories and Research
Laboratory of Inorganic Analytical Cemistry
QUALITY CONTROL SUMMARY SHEET ZINC (DUPL ICATES)

TARGET ©.001 MEAN COMPUTED FROM 1| TO 25 SCALED BY OUTLIEFR

OPPER 993 CL 108475 yyrTYTTY
UPPER 951 €L 15.7922  =--mmeee-

NEAN 6,1333 eeomem—-

LOWER 95X CL  ~3.325)  ~eoemee--

LOWER 99X CL  -6.5B09  yeyyevyey
Batch Number ! 2

BIAS = %+b.132E+05X

993 CONFIDENCE LEVEL =% 207.2966
953 CONFIDENCE LEVEL =2 157.4812 §

Batch OPERATOR QUALITY CONTROL

X difference
Number DATA
| a3 2.3
2 23 1.1
§7 a3 3.0
18 23 0.4
1% 23 S.b
20 23 1.5
21 2 8.0
23 23 12,5
&5 x| 14,6

DATA WHICH EICEED 95% CONFIDENCE LEVEL MARKED BY (+); 991 CONFIDENCE LEVEL (##)
955 CONFIDENCE LEVEL = 1.9%¢ 991 CONF1DENCE LEVEL = 2,58¢
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Appendix C

Methodology
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c-2

Method Summary
Arsenic

One sixth of each filter was digested in an acid bomb according to EPA
Stack method 108, and analyzed by graphite furnace, EPA Method 206.2, EPA
600/4-79-020.
Mecals by ICP

One twelfth of each filter was extracted with a nitric acid-hydrochloric
acid mixture in an ultrasonic bath (final acid concentration of 1.6% nitric
acid - 5% hydrochloric acid). Barium, beryllium, cadmium, chromium, cobalt,
copper, iron, lead, manganese, molybdenum, nickel, vanadium, and zinc were
digested using EPA method EQL-0380-043 and determined by ICP, EPA Method
200.7, EPA 600/4-79-020.
Mercury

One sixth of each filter was digested and analyzed by method 3112B, Cold
Vapor Atomic Absorption after persulfate-permanganate digestion, Standard
Methods for the Examination of Water and Wastewater, 17th Edition.

The minimum reportable concentrations of metals in the extracts are

listed in Table C-I.

Analytical Methods are included at the end of this appendix.



Table C-1I
Metal
Arsenic
Barium
Beryllium
Cadmium
Chromium
Cobalt
Copper
Iron
Lead
Manganese

Mercury

Molybdenum

Nickel

Vanadium

Zine

Mini R ble limi
ng/ml exctract ng/filter

10 3000

20 10000

4 2000

20 10000

20 10000

20 10000

20 10000

40 20000

80 40000

20 10000

0.2 60

80 40000

20 10000

20 10000

40 20000

* assuming 2000 M’ air sampled.

ng/M>*
2

3

10

20

10

c-3



C-4
Arsenic Digestion Procedure - Graphite Furnace Analysis

Each batch will contain 1 filter blank and 1 - 50 mg urban dust sample.

1. Place 2 strips (3/4" x 8") in the Teflon liner of the Parr Bomb (one sixth
of sample).

2. Add 10 ml of concentrated nitric acid.

3. Close bomb and liner and place in 150°C oven for at least 5 hours.

4. Remove from oven and cool.

5. Open bomb and liner and pour off acid from the filter into a 50 ml
volumetric flask. Rinse filter with several portions of distilled
deionized water, pour rinse water into the volumetric flask. Bring to
volume with distilled deionized water. Shake.

6. Evaporate a 10 ml portion of the solution to dryness.

7. Bring back to 10 ml volume with 0.5% nitric acid.

8. Pour in vial and give it to be analyzed using the graphite furnace.

REAGENT

0.5% nitric acid: dilute 5.0 ml concentrated acid to 1 liter.

Reference, Digestion Method - EPA Stack Method 108.

Reference, Graphite Furnace Method - EPA 600/4-79-020, 206.2.
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ARSENIC

Method 206.2 (Atomic Absorption, furnace technique)

STORET NO. Total 01002
Dissolved 01000
Suspended 01001
Optimum Concentrstion Range: 5-100 ug/1
Detection Limit: | ug/1

Preparation of Standard Solution
1. Stock solution: Dissolve 1.320 g of arsenic trioxide, As,0, (analytical reagent grade) in
100 m| of deionized distilled water containing 4 g NaOH. Acidify the solution with 20 ml
conc. HNO; and dilute to 1 liter. 1 ml = 1 mg As (1000 mg/1).

2. Nickel Nitrate Solution, 5%: Dissolve 24.780 g of ACS reagent grade Ni(NO,);*6H,0 in
deionized distilled water and make up to 100ml.

3. Nickel Nitrate Solution, 1%: Dilute 20 m! of the 5% nickel nitrate to 100 ml with
deionized distilied water.

4.  Working Arsenic Solution: Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. Withdraw appropriate aliquots of the stock
solution, add | ml of conc. HNO,, 2ml of 30% H,0, and 2m! of the 5% nickel nitrate
solution. Dilute to 100 m| with deionized distilled water.

Sample Preservation
1. For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods
section of this manual.

Sample Preparation
1.  Transfer 100 mi of well-mixed sample to a 250 ml Griffin beaker, add 2 ml of 30% H,0,

and sufficient conc. HNO, to result in an acid concentration of 192(v/v). Heat for 1 hour
at 95°C or until the volume is slightly less than 50 mi.

2.  Cool and bring back to 50 ml with deionized distilled water.
3.  Pipet 5 ml of this digested solution into a 10-ml volumetric flask, add | ml of the 1%

nickel nitrate solution and dilute to 10 ml with deionized distilled water. The sample is
now ready for injection into the fumace.

Approved for NPDES and SDWA
Issued 1978

206.2-1
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NOTE: If solubilization or digestion is not required, adjust the HNO, concentration of
the sample to 1% (v/v) and add 2 ml of 30%H,0, and 2 ml of 5% nickel nitrate to each
100 ml of sample. The volume of the calibration standard should be adjusted with
deionized distilled water to match the volume change of the sample.

Instrument Parameters (General)
1.  Drying Time and Temp: 30sec-125°C.
2.  Ashing Time and Temp: 30 sec-1100°C.
3.  Atomizing Time and Temp: 10 sec-2700°C.
4.  Purge Gas Atmosphere: Argon
S.  Wavelength: 193.7nm
6.  Other operating parameters should be set as specified by the particular instrument

manufacturer.

Analysis Procedure

1.

Notes

S.

6.

For the analysis procedure and the calculation, see “Furnace Procedure” part 9.3 of the
Atomic Absorption Methods section of this manual.

The above concentration values and instrument conditions are for a Perkin-Elmer HGA-
2100, based on the use of a 20 ul injection, continuous flow purge gas and non-pyrolytic
graphite. Smaller size furnace devices or those employing faster rates of atomization can
be operated using lower atomization temperatures for shorter time periods than the
above recommended settings.

The use of background correction is recommended.

For every sample matrix analyzed, verification is necessary to determine that method of

~ standard addition is not required (see part 5.2.1 of the Atomic Absorption Methods

section of this manual).

If method of standard addition is required, follow the procedure given earlier in part 8.5
of the Atomic Absorption Methods section of this manual.

For quality control requirements and optional recommendations for use in drinking
water analyses, see part 10 of the Atomic Absorption Methods section of this manual.
Data to be entered into STORET must be reported as ug/1.

Precision and Accuracy

In a single laboratory (EMSL), using a mixed industrial-domestic waste effluent
containing 15 ug/1 and spiked with concentrations of 2, 10 and 25 ug/1, recoveries of
85%, 90% and 88% were obtained respectively. The relative standard deviation at these
concentrations levels were £8.8%, 18.2%, $5.49% and 18.7%, respectively.

In a single laboratory (EMSL), using Cincinnati, Ohio tap water spiked at concentrations
of 20, 50 and 100 ug As/l, the standard devistions were 0.7, £1.1 and 21.6
respectively. Recoveries at these levels were 105%, 106% and 101%, respectively.

206.2-2
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NEW YORK STATE DEPARTMENT OF HEALTH
DIVISION OF LABORATORIES AND RESEARCH

DETERMINATION OF LEAD CONCENTRATION IN AMBIENT

PARTICULATE MATTER BY FLAME ATOMIC ABSORPTION

SPECTROMETRY FOLLOWING ULTRASONIC EXTRACTION
WITH HEATED HN03-HC1

EPA DESIGNATED EQUIVALENT METHOD NO. EQL-0380-043

1. Principle and Applicability

1.1 Ambient air suspended particulate matter §s collected on 2
glass-fiber filter for 24-hours using a high volume afr sampler. The analysis
of the 24-hour samples may be performed for efther fndividual samples or
composites of the samples collected over a calendar month or quarter,
provided that the compositing procedure has been approved in accordance with
section 2.8 of Appendix C to Part 58 of Chapter I of Title 40, Code of Federal
Regulations (40 CFR 58 -- 44 FR 27585, May 10, 1979).

1.2 Lead in the particulate matter is solubilized by ultrasonic
extraction with a heated mixture of nitric acid (Hnos) and hydrochloric
acid (HC1).

1.3 The lead content of the sample is analyzed by atomic absorption
spectrometry using an air-acetylene flame, the 283.3 or 217.0 nm lead absorption
1ine, and the optimum instrumental conditions recommended by the manufacturer.

1.4 The ultrasonication extraction with heated HNO4/HC1 wil?
extract metals other than lead from ambient particulate matter. (Do not use
for Cr, Sn or Ti.)

2. Range, Sensitivity, and Lower Detectable Limit

The values given below are typical of the method's capabilities. Absolute
values will vary for individual situations depanding on the type of {nstrument

used, the lead 1ine, and operating conditions.

E-36 Acceoted 7/80



2.1 Range. The typical range of the methoc is 0.07 to 7.5 u3 Pb/m3
assuming an upper linear range of analysis of 15 yg/ml and an air volume of
2400 m°.

2.2 ~ Sensitivity. Typical sensitivities fo~ a 1% change in absorption
(0.0044 absorbance units) are 0.2 and 0.5 yg Pb/ml for the 217.0 and 283.3 nm
lines, respectively.

2.3 Lower detectable limit (LDL). A typical LDL is 0.07 ug Pb/ma.
The above value was calculated by doubling the between-laboratory standard
deviation obtained for the lowest measurable lead concentration in a colla-

borative test of a similar method.15 An air volume of 2400 m3 was assumed.

3. Interferences

Two types of interferences are possible! chemicz], and light scattering.

142,3,4,5 of chemical inter-

3.1 Chemical. Reports on the absence
ferences far outweigh those reporting their presence,6 therefore, no correction
for chemical interferences is given here. If the analyst suspects that the
sample matrix §s causing a chemical interference, the interference can be
verified and corrected for by carrying out the analysis with and without the
method of standard additions.7

3.2 Light scattering. Nonatomic absorption or light scattering,
produced by high concentrations of dissolved solids in the sample, can produce
8 significant interference, especially at low lead concentrations.2 The {nter-
ference is greater at the 217.0 nm line than at the 283.3 nm line. No inter-
ference was observed using the 283.3 nm line with a similar method.)

Light scattering interferences can, hovever, be corrected for
instrumentally. Since the dissolved solids can vary depending on the origin

of the sample, the correction may be necessary, especially when using the

217.0 nm 1ine. Dual beam {nstruments with a continuum source give the most



accurate correction. A less accurate correction can be obtained by using a
nonabsorbing lead line that is near the lead 2nalytical line. Information
on use of these correction techniques can be obtained from instrument manu-
facturers' manuals.

1f instrumental correction is not feasible, the {nterference
can be eliminated by use of the ammonium pyrrolidinecarbodithioate-methylisobutyl

ketone, chelation-solvent extraction technique of sample preparation.8

4. Precision and Bias

4.1 The high-volume sampling procedure used to collect ambient air parti-
culate matter has a between-laboratory relative standard devjation of 3.7 percent
over the range 80 to 125 ug/m3.9 The combined extraction-analysis procedure for
a similar method(15) has an average within-laboratory relative standard deviation
of 5 to 6 percent over the range'l.S to 15 yg Pb/ml, and an average between-

laboratory relative standard deviation of 7 to 9 percent over the same range.

5. Apparatus
5.1 Sampling.

5.1.1 High-volume sampler. Use and calibrate the sampler as described
in reference 10.

5.2 Analysis.

5.2.1 Atomic absorption spectrophotora2ter. Equipped with lead hollow
cathode or electrodeless discharge lamp.

5.2.1.1 Acetylene. The grade recormerded by the instrument manufacturer
should be used. Change cylinder when pressure drops below 50-100 psig.

£.2.1.2 Air. Filtered to remove particulate, 0il, and water.

5.2.2 Labware.

E-38



5.2.2.1 Centrifuge tubes. 50-m)l polypropylene tubes with polypropylene
screw tops. Nalgene* 3119-0050 polyallomor or equivalent.

§.2.2.2 Volumetric flasks. (Class A borosilicate glass). 100-ml1, 200-m1,
1000-m1.

5.2.2.3 Pipettes. (Class A borosilicate glass). To deli.er 1, 2, 4, 8,
10, 15, 30, 50-m1. An automatic dispensing pipette capable of d2livering 12.0
and 14.0 ml with an accuracy of 0.1 ml or better and a repeatability of 20 41
may be substituted for Class A pipettes used in sample preparation. Grumann*
ADP-30T1 or equivalent.

5.2.2.4 Cleaning. Al1 labware should be scrupulously cleaned. Wash with
lasboratory datergent (or ultrasonicate for 30 minutes in laboratoiy detergent),
rinse, soak for 2 minimum of 4 hours in 20 percent (w/w) HN03, rinse 3 times with
distilled-deionized water, and dry in a dust free manner.

5.2.3 Centrifuge. Capable of holding 50-ml centrifuge tubes and speed
of 2500 RPH.

5.2.4 Ultrasonication water bath, heated. Commercially available
laboratory ultrasonic cleaning baths of 450 watts or higher "cleaning powar",
(i.e., actual ultrasonic power output to the bath) and capable of maintaining

00°C have been found satisfactory, e.g., Branson Cleaning Equipment Co., model
=/0-36 ultrasonicator.

5.2.5 Template. To aid in sectioning the glass-fiber filter. See
Figure 1 for dimensions, or 1.75" punch.

5.2.6 Pizza cutter. Thin whee].r Thickness <1 mm.

5.2.7 Polyethylene bottles. For storage of samples. Linear polyethylene
gives better storage stability than other polyethylenes and is preferred.

6. Reagents
6.1 Sampling.

*Mention of commercial products does not imply endorsement by the U.S. Environ-
mental Protection Agency.



6.1.1 Glass fiber filters. The specifications given below are
intended to aid the user in obtaining high quality filters with reproducible
properties. These specifications have been met by EPA contractors.

6.1.1.1 Lead content. The absolute lead content of filters is not
critical, but low values are, of course, desirable. EPA typically obtains
filters with a lead content of <75 yg/filter.

It is important that the variation in lead content from filter to

filter, within a given batch, be small.

6.1.1.2 Testing.

6.1.1.2.1 For large batches of filters ( > 500 filters) select at random
20 to 30 filters from a given batch. For small batches (< 500 filters) a lesser
number of filters may be taken. Cut one 3/4" x 8" or 1" x 8" strip or 2 discs (8%
total) from each filter anywhere in the filter. Analyze all strips or 2 discs,
separately, according to the directions in Sections 7 and 8.

6.1.1.2.2 Calculate the total lead in each filter as

. 40 ml n strips
Fy= v9 Pb/ml x strip X “filter

where:
Fb- Amount of lead par 72 square inches of filter, yug.

n =12 (for 3/4" x 8" strip) or 9 (for 1" x 8" strip), or l%%i for

6.1.1.2.3 Ca]cﬂ}:iz'the mean, FB. of the values and the relative standard
deviation (standard deviation/mean x 100). 1f the relative standard deviation
{fs high enough so that, in the analysts' opinion, subtraction of FL (Section 10.2)
may result in a significant error in the yug Pb/m3. the batch should be rejected.
6.1.1.2.4 For acceptable batches, use the value of FL to correct all lead
2nalyses (Section 10.2) of particulate matter collected using that batch of filters.

1f the analyses are below the LDL (Section 2.3) no correction fs necessary.



6.2 Analysis.
6.2.1 Concentrated (16.0 M) HN03. ACS reagent grade HNO3 and
cormercially available redistilled HNO3 have been found to have sufficiently

Tow lead concentrations.

6.2.2 Concentrated (12.3 M) HC1. ACS reagent grade.
6.2.3 Distilled-deionized water. (D.l. water).
6.2.4 Extracting acid (1.03 4 HNO3 + 2.23 M HC1). This solution

is used in the extraction procedure. To prepare, place 500 ml of D.l1. water
in 2 1000-m! volumetric flask and add 64.6 ml of concentrated HNO; and 182 ml
of concentrated HC1. Shake well, cool, and dilute to volume with D.1. water.
Caution: Acid fumes are toxic. Prepare in 2 well ventilated fume hood.

6.2.5 Calibration matrix (0.31 M HND4 + 0.67 M HC1). This solution
is used as the matrix for calibration standards. To prepare, place 500 ml of
D.1. water in a 1000-m] volumetric flask and add 19.4 ml of concentrated HNO,
and 54.6 m1 of concentrated HC1. Shake well, cool, and dilute to volume with

D.1. water.

6.2.6 Lead nitrate, Pb(NO3)2. ACS reagent grade, purity 99.0 per-
cent. Heat for 4-hours at 120°C and cool in a desiccator.

6.3 Calibration standards.

6.3.1 Master standard, 1000 ug Pb/ml in HN03/HC1. Dissolve 1.598 g

of Pb(n03)2 in 0.31 K HNO; + 0.67 M HC (Section 6.2.5) contained in a 1000-m1
volumetric flask and dilute to volume with 0.31 HN03 + 0.67 M HCI1. Store
standard in a polyethylene bottle. Commerci2lly available certified lead stand-

ard solutions may also be used.



7. Procedure
71 Sampling. Collect samples for 24-hours using the procedure
described in reference 10 with glass-fiber filters meeting the specifications

in 6.1.1. Transport collected samples to the laboratory takinc care to

minimize contamination and loss of sampIe.‘6
7.2 Sample preparation.
7.2.1 Extraction procedure.

7.2.1.1 Cut 2 3/4" x 8" or 1" x 8" strip or 2 discs (8%) from the exposed
filter using a template and a pizza cutter as described in Figures 1 and 2 or 1.75

punch. Other cutting procedures may be used.

Lead in ambient particulate matter collected on glass fiber
filters has been shown to be uniformly distributed across the fi'lter."3‘n
Another study‘z has shown that when sampling near 2 roadway, strip position
contributes significantly to the overz1l varisbility associated with lead
analyses. Therefore, when sampling near a ro:dwzy, additional strips or discs shc
be analyzed to minimize this variability.

7.2.1.2 Using vinyl gloves or plastic forceps, accordion fold or
tightly roll the filter strip and place on its edge in a 50-m1 polypropylene
centrifuge tube. Add 12.0 ml of the extracting acid (Section 6.2.4) with
pipettes or the automatic dispensing pipette. The acid should completely cover
the sample. Cap the tube loosely (finger tight) with the polypropylene screw top.
Caution: Centrifuge tubes must be loosely c2pped to prevent elevated pressures
during ultrasonication at elevated temperatures and will not withstand repeated
cycling to elevated pressures.

7.2.1.3 Label the centrifuge tube, place in a sample rack, and place
upright in the preheated (100°C) ultrasonic water bath (in fume hood) so that
the water level is slightly above the acid level in the centrifuge tubes but

7
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. well below the centrifuge tube caps. This will prevent contamination of the
samples during ultrasonication. Ultrasonicate the sample at 100°C for 50
minutes.

7.2.1.4 Remove the centrifuge tube from the ultrasonic bath and allow
to cool.

7.2.1.5 Uncap the centrifuge tube in the fume hood and add 28.0 ml of
D.I. water with pipettes or the automatic dispensing pipette. Recap the tube
tightly, shake well, and centrifuge for 20 minutes at 2500 RPH.

7.2.1.6 Decant the extract into a clean polyethylene storage bottle
bearing the sample 1.D. Be careful not to disturb any solids in the bottom of
the tube. Cap the bottle tightly and store until analysis. The final extract
is now in 0.31 M HND5 + 0.67 M HC1.

8. Analysis
8.1 Set the wavelength of the monochromator at 283.3 or 217.0 nm.

Set or align other instrumental operating confitions as recommended by the manu-
facturer.

8.2 The sample can be analyzed directly from the polyethylene
storage bottle, or an appropriate amount of sample can be transferred to a sample
analysis tube.

8.3 Aspirate samples, calibration standards, and blanks (Section 9.2)
into the flame and record the'equilibrium ebsorbance.

8.4 Determine the lead concentration in ug Pb/ml, from the calibration
curve, Section 9.3.

8.5 Samples that exceed the linear calibratfon range should be diluted

with acid of the same concentration (Section 6.2.5) as the calibration standards

and reanalyzed.
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9. (Calibration

8.1 Working standard, 20 uyg Pb/ml. Prepared by diluting 2.0 m)
of the master standard (Section 6.3.1) to 100 ml with acid of the same con-
centration (Section 6.2.5) as used in preparing the master standard.

9.2 Calibration standards. Prepare daily by diluting the working
standard, with the same acid matrix, as indicated below. Other lead concen-

trations may be used.

Volume of 20 yg/ml Final Concentration

Working Standard, ml Yolume, ml pg Pb/ml
0 100 0.0
1.0 200 0.1
2.0 200 0.2
2.0 100 0.4
4.0 . 100 0.8
8.0 100 1.6
15.0 100 3.0
30.0 100 6.0
50.0 100 10.0
100.0 100 20.0

9.3 Preparation of calibration curve. Sin;e the working range of

analysis will vary depending on which lead 1ine is used and the type of instrument,
no one set of instructions for preparation of a calibration curve can be given.
Select standards (plus the reagent blank), in the same acid concentration as the
samples, to cover the linear absorption range {ndicated by the instrument manu-
facturer. Measure the absorbance of the blank and standards as §n Section 8.0.

Repeat until good agreement is obtained between repljcates. Plot absorbance



(y-axis) versus concentration in ug Pb/ml (x-axis). Draw (or compute) a straight
Jine through the linear portion of the curve. Do not force the calibration curve
through zero. Other calibration procedures may be used.

To determine stability of the calibration curve, remeasure - alternately -
one of the following calibration standards for every 10th sample analyzed: con-
centration £ 1 ug Pb/ml; concentration ¢ 10 pg Pb/ml. If either standard deviates
by more than 5 percent from the value predicted by the calibration curve, re-

calibrate and repeat the previous 10 analyses.

10. Calculation.
10.1 Measured air volume. Calculate the measured air volume at
standard temperature and pressure as described in reference 10.

10.2 Lead concentration. Calculate lead concentration in the air sample.

C = (vg Pb/ml x 40 ml/strip x n strips/filter) - Fy
VsTp

vhere:
C = Concentration, ug Pb/sm3.
¥g Pb/m1 = Lead concentration defennined from Section 8.
40 ml/strip = Total sample volume.
n = 12 (for 3/4" x 8" strip) or 9 (for 1" x 8" strip) strips
per filter, or lggz-for discs.
Fb = Mean lead concentration of blank filter, ug, from

Section 6.1.1.2.3.

VSTP = Air volume from 10.1.

10
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11. Quality Control
Glass-fiber filter strips (3/4" x 8" or 1" x 8") containing 80 to

2000 g Pb/strip (as lead salts) and blank strips with zero'Pb content should
. be used to determine if the method - as being used - has any bfas. Quality
control charts should be established to monitor differences between measured
and true values. The frequency of such checks will depend on the local '
quality control program.

To minimize the possibility of generating unreliable data, the user
should follow practices established for assuring the quality of air pollution

data.‘3 and take part in EPA's semiannual audit program for lead ana'lyses.16

12. Trouble Shooting

1. The sample acid concentration should minimize corrosion of the
nebulizer. However, different nebulizers may require lower acid concentrations.
Lower concentrations can be used provided samples and standards have the same
acid concentration.

2. Ashing of particulate samples has been found, by EPA and contractor
laboratories, to be unnecessary in lead analyses by atomic absorption. There-

fore, this step was omitted from the method.
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United States Environmental Monitoring and
Environmenial Protection Support Laboratory
Agency Cincinnati OX 45268

Researcn and Development

wEPA Test Method

Inductively Coupled Plasma—
Atomic Emission Spectrometric

Method for Trace Element
Analysis of Water and

Wastes—Method 200.7

1. Scope and Application

1.1 This method may be used for
the determination of dissolved,
suspended. or 101ai elements n
drinking water. surface water.
domestic and industrial wastewaters

1.2 Dissolved eiements are
determined 1n fillered and acidified
samples Appropriate steps must be
taken in all analyses to ensure that
potenual interference are taken nto
sccount This s especiaily true when
dissolved sohds exceed 1500 mg/L.
(See 5)

1.3 Total eiements are determined
after appropniate digestion procedures
are performed. Since digestion
lechmques increase the dissolved
solids content of the samples.
sppropriate steps must be taken to
correct for potential interierence
effects (See 5.)

1.4 Table 1 lists elements for wiich
this method spplies slong with
recommaeanded wavelengths and
typical esumated instrumental
detection limits using conventional
pneumatic nebulization. Actual
working detsction himits are sample
dependent and as the sample matrix
vanes. these concentrations may also
vary. In time. other slements may be
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added as more information becomes
avauable and as required.

1.5 Because of the differences
between various makes and models of
satisfaciory instruments. no detailed
ngtrumentat opersting instructions
can be provided Instead, the analyst
15 referred 10 the instructions provided
by the manufacturer of the particular
nstrument

2. Summary of Method

2.1 The method describes »
technique for the simultaneous or
sequentia! multislement
deterrmination of trace elements in
solution. The basis of the method is
the measurement of atomic emission
by an oplical spectroscopic technique.
Sampies are nebulized and the
serosol that is produced 1s transporied
to the plasma torch where excitation
occurs. Characterisuc stomic-line
emission spectrad are produced by a
radio-frequency inductively coupled
plasma (ICP). The spectra are
dispersed by 8 grating spectrometer
and the intensities of the hines are
monitored by photomuitiplier tubes.
The photocurrents from the
photomuitipher tubes are processed
and controlled by 3 computer system.
A background correction technique 1
required 10 compensate for vaniable
background contribution to the



ageiermination of 1race elements
Backgrouno must be measured
‘tacent 10 analyte iines on samples
.uring analysis The position selected
for the background intensity
measurement. on either or both sides
of the anaiytical ine. will be
derermined by the complexity of the
specirum adjacem to 'he ansivie line
The position used m_:: be free of
spectral interference and reflect the
same change in background
intensity 8s occurs at the analyte
wavelength measured Background
correction 1s nol required in cases of
hine broadening where 8 background
correction measurement would
actually degrade the analviical resuit.
The possibility of additional
interferences named in 5 1 (and tests
for their presence as described in § 2)
shouid aiso be recognized and
appropriate corrections made

3. Definitions

3.1 ODissoived — Those elements
which will pass through a 0.45 ym
membrane filter

3.2 Suspended — Those elements
which are retained by 3 O 45 um
membrane filter.

Total — The concentration
getermined on an unfiitered sample
following vigorous digestion (9.3), or
the sum of the dissoived plus
suspended concentrations {9 1 pius
92)

3.4 Total recoverable — The
concentration determined on an
unfilierea sample following treatment
watn hot. ailute mineral acid (9 4)

3.5 Insirumental detechion Iimit —
The concentranon equivalent 1o a
signal. due 1o the anailyte. which is
equal to three umes the standard
deviation of 3 series of ten repihicate
measurements of a reagent blank
signal at the same waveiength

3.6 Sensitivity — The siope of the
anaivuical curve. 1 e functional
relationship between gmission
miensity and concentration

3.7 Instrument check standard — A
multielement standard of known
concentrations prepared by the
analyst to monnor and verify
instrument performance on 3 daily
basis. (See 76 1)

S .- Interference check sampie — A
solution containing both interfering
and anaiyte elements of known
concentration that can be used to

verify background ang interelemen
correction factors (See 7 6 2)

3.9 Quality control sampie — A
soiution obtained from an outside
source having known conceniration
vaiues to be used to verify the
calibration standards (See 7 6 3)

3.10 Cahbrauon standards — a
senies of know standard solutions
used by the analyst {or cahbration of
the instrument (1.e , preparation of the
anaiynucal curve) (See 7 4)

3.17 Linear dynamic range — The
concentration range over which the
anaiyucal curve remains linear

3.12 Reagent biank — A volume of
deionized, distilied water containing
the same acid matnix as the
catibration standards carried through
the entire analytical scheme (See
7.5.2)

3.13 Calibrauon blank — A volume
of deionized. distilled water acidified
with HNO, and HCI (See 75 1)

J.14 Method of standard addition —
The standard addition technique
invoives the use of the unknown and
the unknown plus 8 known amount of
standard (See 106 1)

4. Safety

4.1 The toxicity or carcinogenicity of
each reagent used in this method has
not been precisely defined. however,
each chemical compound should be
treated as a potential heaith hazard
From this viewpoint. exposure 10
these chemicais must be reduced 10
the lowest possible ievel by whatever
means avaiisble The laboratory s
responsible for maintaining a current
awareness file of OSHA regulations
regarding the safe handiing of the
chemicais specified in this method A
referance lile of materist data
handiing sheets should atso be made
available to all personnel involved in
the chemical analysis. Additional
references (o laboratory safety are
avaiiable and have been identified
(147, 14 8 and 14.9) for the
information of the analyst

5. Interferences

5.1 Several types of interference
efiects may contribute 10 inaccuracies
n the determination of trace
siements. They can be summarized as
follows .

5.1.1 Specrral interferences can be
categorized as 1) overtap of » speciral
line from another element; 2)
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unreso .= > overiap of molecular bang
specira 3 background contribution
from cc- - Jous or recombinancn
phenorr=-3. and 4) background
contnibu®ion fram stray tight from the
hine er~ =~ >n of lugh concentration
elemerz: Tne tirst of these etfects
can be c:—pensated by uliizing a
compute” correction of the raw data
requiring —e monoring and
measure—ent of the interfering
element The second effect may
require selection of an alternate
wavelieng:n. The thied and fourth
eftects can usually be compensated by
3 backgrc.nd correction adjacent to
the anaivie line In addiion, users of
simultaneous muitielement
instrume=-ation must assume the
responsi= °y of veritying the absence
of spect-z 'nierference ‘~om an
element —at could occur in a sample
but for w= =h there 1s no channel in
the inst*_—en: array Listed 1n Table 2
are some -terierence e“ects for the
recomme~ 2ed waveiengths given in
Table 1 ~-2 data in Tabie 2 are
intended “:r use only as a
rudimen:z-. guide {or the 1ndication of
polenna: szactral interferences For
this purpese. linear relations between
concentration and intensity for the
analytes and the interferents can be
assumed

The interference information. which
was collecied at the Ames Laboratory. '
1S expressed at anaiyte concentration
eqivalents (1 e faise analyte concen-
trations) ansing from 100 mg L of the
interferent element The suggested use
of thss informeation 1s as follows
Assume that arsen:ic (at 193 636 nm)
1S 10 be de*ermined In 3 sampie
contaiing approximately 10 mg L of
aluminum According to Table 2. 100
mg L of aluminum would yiweld a faise
signal for arsemc equivalent 10
approximately 1 3 mg L Therefore
10 mg - L of aluminum would result in
a faise signal for arsenic equivalent to
spproximately O 13 mg L. The reader
1S cautioned that other anslytical
systems may exhibit somewhnat
different levels of interference than
those shown In Table 2, and that the
imerference elfects must be evaluated
for each incividual system

Only those mterferents listed were
investigalted and the blank spaces in
Tabie 2 indicate that measurabte inter-
ferences were not observed for the
mnterferent concentrations listed in
Tabie 3 Generaily, interferences were
discermbie f they produced pesks of
background shifts corresponding to
2-5% of the peaks generated by the

‘Ames Laborzon, USDOE lows Staie Unwersim
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analyte concentrations aiso histed n
Table 3

At present. information on the listed
silver and potassium waveiengths are
not avaiable but it has been reported
that second order energy from the
magnesium 383 231 nm wavelength
interferes with the histed potassium lhine
st 766 491 nm

§.1.2 Physical interferences are
generally considered to be effects
associated with the sampie nebuliza-
tion and transport processes Such
properties as change in viscosity and
surface tension can cause sigrificant
inaccuracies especially in samples
which may contain high dissolved
solids and . or acid concentrations. The
use of a peristaltic pump may lessen
these interferences If these types of
interferences are operative, they must
be reduced by dilution of the sampie
and. or utilization of standard addition
techniques Another problem which
can occur from Mhigh dissolved solids
1S satl buiidup at the tip of the
nebulizer This affecis aersol fiow-rate
causing instrumental grift. Wetting
the argon prior 10 nebulization, the
use of a up washer, or sampie dilution
have been used to control this
problem Aiso. it has been reporied
that better control of the argon fiow
rate improves instrument
performance. This 1s accomplished
with the use of mass flow conirollers.

5.1.3 Chemucal interferences are
characierized by molecular compound
formation. ionization effects and
solute vaponization effects Normally
these effects are not pronounced with
the ICP technique. however. if
observed they can be minimized by
careful selection of operating
condiuons (that i1s. incident power.
observation position. and so forth), by
butfering of the sampie. by matrix
matching, and by standard addition
procedures These types of
interferences can be highly dependent
on matrix type and the specific
analyte eiement.

5.2 Itis recommended that
whenever a new or unusual sample
matrix is encountered, 3 series of
tests be performed prior 10 reporting
concentration data for analyte
siements. These tests. as outhned in
5.2.1 through 5.2.4, will ensure the
analyst that neither positive nor
negative interference effects are
operative on any of the analyte ei-
ements thereby distorting the
accuracy of the reporied values.

$.2.1 Serisl dilution—H the ansivie
concentrauion 1s sufficiently high (min-

imally a factor of 10 above the insiru-
mental detecuon limit after dilution),
an anailysis of a dilution should agree
within § % of the orniginal determina-
tion (or within some acceptable con-
trol it (14 3) that has been estab-
lished for that matnix) if not. a
chemical or physical interference ef-
fect should be suspected

5.2.2 Spike addinion—The recovery
of a spike addition added at a
minimum leve! of 10X the in-
strumental detection hmit (maximum
100X) to the original determination
should be recovered to withun 90 to
110 percent or within the established
control hmit for that matrix M not. a
matrix effect should be suspected. The
use of a standard addition analysis
procedure can usually compensate for
this effect Caution: The siandard ad-
dition technique does not detect cotn-
cident spectral overiap If suspected,
use of computerized compensation, an
alternate wavelength. or comparnson
with an aiternate method 1s recom-
mended. (See § 2. 3)

5.2.3 Comparison with alternate
method of analysis—When investi-
gaung a new sampie matrix, compari-
son tests may be performed with other
anaiyucal techniques such as atomic
absorption spectrometry, or other
approved methodology.

5.2.4 Wavelength scanning of
analyie line region—I{ the appropriate
equipment 1s available, waveiength
scanning can be performed to detect
potential spectral interferences

6. Apparatus

6.1 Inductively Coupled Plasma-
Atomic Emission Spectrometer.

6.1.1 Computer controlled atomic
emission spectrometer with background
correction.

6.1.2 Radioirequency generator.

6.1.3 Argon gas supply. weiding
grade or better.

6.2 Operating conditions — Because
of the differences between various
makes and models of sstisfactory
instruments, no detailed opersting
instructions can be provided. Instead.
the anaiyst shoulid foliow the
ingtructions provided by the
manufacturer of the particular
instrument Sensitivity, instrumental
detection limit. precision. linear dy-
namic range, and interference effects
must be investuigated and established
for each individua! analyie line on that
particular instrument. it 1s the
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responsibility of the analyst 10 verify
that the instrument configuration and
operating condions used satisfy the
analytical requirements and to
maintain quaiity control data
confirming instrument performance
and analyucal resuits

7. Reagents and standards

7.1 Acids used in the preparation

of standards and for sampie processing
must be ultra-high purity grade or
equivalent. Redistilled acids are
acceptable.

7.1.1 Acetic acid, conc (sp gr 1 06).

7.1.2 Hydrochloric acid, conc (sp gf
1.19)

7.1.3 Hydrochioric acid. (1+1) Add
500 mL conc. HCI (sp gr 1.19) 10 400
mL deionized, distrilied water and
dilute to 1 liter.

7.1.4 Nurc acid, conc. (spgr141)

72.1.5 Nuric acid(1+1) Add 500 mL
conc HNO, (sp. gr 141)t0 400 mL
deiormized. cistitied water and dilute to
1 Inter.

7.2 Dionized, distilled water: Prepare
by passing distilled water through a
mixed bed of cation and anion ex-
change resins. Use deionized, distilled
water for the preparation of ail
reagents. calibration standards and as
dilution water. The punty of this water
must be equivalent 10 ASTM Type 1l
reagent water of Specification D 1193
(14.6).

7.3 Standard stock solutions may be
purchased or prepared from ultra high
purity grade chemicals or metals All
saits must be dried for 1 h at 105°C
uniess otherwise specified.

(CAUTION. Many metal salis are ex-
tremely toxic and may be fatal  swal.
lowed. Wash hands thoroughly after
handling.) Typical stock solution pre-
paration procedures follow:

7.3.1 Aluminum solution, stock, 1
mL = 100 19 Al: Dissoive 0.100 g of
aluminum metal in an scid mixture of 4
mi of (1+1) HCI and 1 mL of conc. MNQ,
in a beaker. Warm gently to effect
solution. When solution is complete,
trangfer quantitatively to a liter flask,
add an additional 10 mL of (1+1) HCI
and dilute to 1,000 mL with deionized,
distilled water.

7.3.2 Antimony solution stock, 1 mL
= 100 g Sb: Dissolve 0.2669 g K(SbO)
CaHsO4 in deionized distilied water,
3dd 10 mL (1+1) HCI and dilute

to 1000 mL with detonized. distilied
water.



733 &Arseoce sofubar stack Vol
100 g As Dissulve ++ 1320 4 of As O
in 100 mL of deionizea aistiliea water
containing 03 g NaOH Acidity the
solution with 2 mL conc HNO. and
tilute 10 1 000 mL with dgeionized
distilled water

734 Barwm solunon siack 1 mL

= 100 ug Ba Dissotve 0 1516 g BaCl.-
(dried 31 250°C for 2 hestin 10 mL
deonized distilied water with 1 mi(
(1-11 HCt Agd 100 mL (1-1) HCI

and dilute to 1.000 mL with deionized.
distilied water

7.3.5 Beryilhum solution. stock. |
mi = 100 ug Be Do nor ary Dis-
soive 1 966 g BeSO. -4 4H,;0.1n
deionized distilled water add 100 mL
conc HNQO. and dilute to 1.000 mL
with deionized, distilied water

736 Boron solution siock 1 miL

: 100 ug B Do not dry Dissoive
05716 g anhydrous HB0+ in delonized
distilled water ditute 10 1.000 mL

Use a reagent meeting ACS specitica-
uons. keep the bottle nghtly stoppered
and store 1n 3 desiccator 1o prevent
the entrance of aimospheric moisture

7.2.7 Cadmium solutron. siock. 1
mt = 100 ug Cd Dissolve 0 1142 ¢
Cd0O in 3 mimimum amount of (1-1)
HNQ, Hest 10 increase rate of dis:
solution Add 10 0 mL conc HNO,
and dilute 10 1,000 mL with deionized.
distilled water

7.3.8 Calcium solution stock. 1 mL
100 ug Ca Suspend 02498 g
CaC0, dried a1 180-C for 1 h before
wetghing 1n deionized. distilied water
and dissolve cautiously with a3 min.
imum amount of (1+1) HNO+ Add
100 mL conc HNO; and dilute 10
1.000 mL with deionized disuiled
water

7.3.9 Chromuurm solution, stock, 1
mL = 100 ug Cr Dissoive 0.1923

g of CrOyin detonized. distitied
water. When solution 1s complete.
acidify with 10 mi conc HNO. and
difute 1o 1.000 m{ with delonized.
distilled water.

7.3.10 Cobal solution, stock. 1

mL = 100 ug Co Dissoive 0 1000 ¢
of cobalt meral 1n 8 minimum amount
of (1+1) HNO. Add 100 mL (1+1) HC!

and dilute 1o 1 000 mL with deronized.

distilied water

7.3.11 Copper solution. stock, 1
=L 2100 g9 Cu Dissolve 01252 g
.. vO in a minimum amount of (1-1}

HNO; Add 10 0 mL conc HNO, and

diute to 1.000 mL with deonized.

distilled warer

7312 lran sohutionr ~! s il
100 gy Fe Dessolve (1353500 g
Fe O inawarm mntare of 20 inL

1= HCHang 2 mL of cone KNO
Cool add an aaditional 5 m{ of conc
HNO and dilute 10 1000 mi with
ceonized distdied wdier

7313 Llead solution stock 1 mL

* 100 g Pb Dissolve 0 1599 ¢
PbiNO+} 1n mintmum amount of
(1-1yHNO. Add 100 mL conc HNO.
and dilute 10 1.000 mL with geionized
distitied water

7 3.14 Magneswum solution, stock. 1
mL - 100 ug Mg Dissoive O 1658 g
MgO 1n a3 minimum amount of (1-1)
HNO, Adg 10 0 mL cone HNO, and
dilute 1o 1 000 mL with deionized.
aistilled water

7.3.15 Manganese solution, stock. 1
mL = 100 ug Mn Dissolve 0 1000 g
of manganese metal in the acid mum-
ture 10 mL conc HCI and 1 mL conc
HNO,, and dilute to 1 000 mL witn
deionized distilied water

7.3.16 Molybaenum solution stock.
1 mL = 100 g Mo Dissoive 02043 g
INH.);M00. 1n deonized aistilied
water and dilute to 1 000 mL

7.3.17 Nicke! solution stock 1
mL = 100 ug Ni Dissoive 0 1000 ¢
of nickel metal in 10 mL hot conc
HNO- cool and dilute to 1 000 mL
with deionized. distilled water

7 318 Porassium solution stock.
mL 100 ug K Dissoive 0 1907 g
KC! dnied at 110 C. in dewonized
distitied water dilute to 1 000 mL

7.3.19 Selemusm solutian, stock 1
mL : 100 yg Se Do nout dry Dissoive
01727 g H.Se0 . (actual assay 94 6“a)
In deionized. distilied water and ditute
to 1,000 mL

7.3.20 Siica soiution, stock. 1 mL

= 100 g S10; Do not dry Dissolve
04730 g Na,S10; - 9H0 1n deronized.
distilled water. Add 10 0 mt conc
HNO; and dilute 10 1,000 mL with
delonized. distilled water

7.2.21 Silver solution. stock. 1
mL : 100 ug Ag Dissoive 0 1575 g
AgNO+ in 100 mL of deionized. dis-
ulied water and 10 mL conc HNO,
Dilute to 1,000 mL with desonized.
distlled water

7.3.22 Sodium solution. stock. 1
mL : 100 ug Na Dissolve O 2542 g
NaCl in deronized. distilled water
Add 10 0 mL conc. HNO. and dilute
to 1.000 mL with deronized. distilled
water
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7323 Thallum solution stock 1
mL 100 w9 T! Dissoive 01303 g
TINC n deonized distilled water
Ada 10 0 mL conc HNQO, ang ailute
to 1 000 mL with deonized. dishilted
watet

7 3.24 Vanadwum solution stock 1
mL - 100 ug V Dissoive 0 2297
NH,VO+1in a mimmum amount of
conc HNO. Heat 10 increase rate
of dissolution Add 10 O mL conc
HNO4 and dilute to 1,000 mL with
deionized. distilled water

7.3.25 2inc solution, stock. 1 mL

: 100 49 Zn Dissolve Q0 1245 g 2n0
in a mirnemom amount of dilute HNQ,
Add 10 0 mL conc HNO, and dilute
to 1.000 mL with deionized, distilied
waiter

7.4 Mized cahibration standard so-
lutions—Prepare mixed caiibration
standard solutions by combining ap-
propriate volumes of the stock solu-
tions in voiumetric flasks (See 74 1
thru 74 5) Add 2 mL of (1+1)

HCI and dilute 10 100 mL with
deionized distilied water (See Notes
1 ana 6 ) Prior 10 preparing the mixed
standards. each stock solution should
be analyzed separately 10 determine
possible spectral interference or the
presence of impuriies Care should
be taken when preparing the mixed
standards that the elements are com-
pauble and stable Transfer the mixed
siandard solutions to a FEP fluoro-
carbon or unused polyethylene bottle
for siorage Fresh mixed standards
should be prepared as needed with
the realization that concentration can
change on aging Calibration stand-:
ards must be imitially venified using

a quality control sample and moni-
tored weekly for stability (See 76 3)
Although not specifically required.
some typical calibranon standard com-
binations follow when using those
specific wavelengths listed in Table

1

7.4.1 Mned standard solvtion I—
Manganese. berylhum, cadmium, lead.
and 2ainc

7.4.2 Maed standard solution ll—
8arium. copper. iron. vanadium, and
cobatt

7.4.3 Mxed standard solution lli—
Molybdenum. silics. arsenic. and
selenjum

7.4.4 Mixed stanoard solution IV—
Calcium. sodium, potassium. alums-
num. chromium and nickel



72.4.5 Mued standard solution V—
Antimony. boron, magnesium, siiver,
and thallium

NOTE 1 if the addmion of siver
10 the recommended acid combination
results 1n an niniadl precipitation,
aad 15 mL of deiomzed distilled
water and warm the flask unii the
solution clears Cool and dilute 1o 100
mL with delonized. distilled water For
this acid combination the silver con.
centration should be hmited 10 2
mg/L Silver under these conditions
1$ stable in a tap water matrix
for 30 days. Higher concentrations
of siiver require additional HC!

7.5 Two types of blanks are required
for the analysis. The calibration blank
{3 13) is used in establishing the
analyuical curve whiie the reagent
blank (3 12) 1s used to correct for
possibie contamination resulting from
varying amounts of the acids used in
the sample processing

7.5.1 The calibration blank s pre-
pared by diluting 2 mL of (1-1) HNO,
and 10 mL of (V+1) HCi 1o 100 mL
with detonized. distilled water (See
Note 6 ) Prepare 3 sufficient quantity
10 be used to flush the system be-
tween standards and samples

7.5.2 The reagent blank musi con-
contain ail the reagents and in the
same volumes as used in the pro-
cessing of the samples The reagent
blank must be carried through the
compiete procedure and contain the
same acid concentration in the final
solution as the sample solution
used for analys:s.

7.6 In addition to the calibration
standards. an instrument check stan-
dard (3.7). an interference check
sample (3 8) and a quahity control
sample (3.9) are aiso required for the
anslyses

7.6.1 The insirument check standard
is prepared by the analysi by com.
bining compatibie elements at a8 con-
centration equivalent 1o the midpoint
of their respective calibration curves.
(See 12.1.1)

7.6.2 The interference check sample
1$ prepared by the analyst in the
{ollowing manner. Select »
tepresentative sample which conains
minimal concentrations of the
analytes of interest by known con-
centration of iner{ering elements that
will provide an adequate test of the
correction factors. Spike the sampie
with the elemenits of interest a1 the
approximate concentration of either
100 g 'L or 5 umes 1the estimated

detection himits given in Table 1 (For
efftuent samples of expected high
concentratons. spike at an
appropriate level ) if the type of
sampies analyzed are varied. 2
syntheucally prepared sampie may be
used if the above criteria and intent
are met A limited supply of 3
synthenc interierence check sample
will be avaiable from the Qualty
Assurance Branch of EMSL-
Cincinnats (See 12 1 2)

7.6.3 The quainty control sample
should be prepared in the same acid
matrix as the calibration stangards

at a concentration near 1 mg L and in
accordance with the instructions
provided by the supplhier The Quality
Assurance Branch of EMSL-Cincinnat
will either supply 8 quahty control
sampie or information where one of
equal quainty can be procured (See
12.1 3)

8. Sample handling an
pr.eservation

8.1 For the determination of trace
elements, contamination and loss are
of pnime concern Dust in the labora-
tory environment, impurities 1n
reagents and impurities on laboratory
apparatus which the sample contacts
are all sources of potential
contamination Sample containers can
introduce either positive of negative
errors 1n the measurement of race
elements by (3) contributing con-
taminants through leaching or surface
desorption and (b) by depleting
concentrations through adsorption.
Thus the collection and treatment of
the sample prior 10 analysis requires
parnticuiar attention. Laboratory
glassware including the sample bottle
{whether polyethylene, polyproplyene
or FEP-tluorocarbon) shouid be
thoroughly washed with detergent
and tap water: rinsed with (1+1) nitnic
scid, tap water, (1+1) hydrochlorc
ac10, tap and finally deiomized, distilied
water in that order (See Notes 2 and
3).

NOTE 2. Chromic acid may be useful 1o
remove organic deposits from glass-
ware; however, the analyst should be
be cautioned that the giassware must
be thoroughly ninsed with water to
remove the last traces of chromum.
This 1s especially imponant f chromium
1$ 10 be included in the analvtical

- scheme A commercial product. NOCH-

ROMIX. available from Godax Labor-
atories. 6 Vanick St, New York, NY
10013. may be used in place of
chromic acid. Chomic acid shouid not
be used with plastic botties

NOTE 3 if it can be documented through
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an active analytical quality controtl
program using spiked sampies and re-
agent blanks. that certain steps in the
cleaning procedure are not required for
routine samples. those steps may be
eliminated from the procedure

8.2 Before collection of the sampie a
decision must be made as 1o the type
of data desired, that 1s dissolved.
suspended or to1al, so tha! the appro-
priale preservation and pretreaiment
steps may be accomplished. Fiftration,
acid preservation, etc ., are to be per-
formed 3t the ime the sample 1s
collected or as soon as possibie
thereafter

8.2.1 For the determination of dis-
solved elements the sampie must be
fitered through a 0.45-uym membrane
filter as soon as pracucal after coliec-
tion {Glass or plasuc filtening appara-
tus are recommended 10 avoid poss!-
bie contamination ) Use the first 50-
100 mt to rinse the filer flask. Dis-
card this portion and coliect the
required volume of filtrate. Aciaity the
filtrate with (1+1) HNO; to a pH of 2
or less. Normally, 3 mL of (1+1) acd
per hiter should be sutiicient 10 pre-
serve the sample.

8.2.2 For the determination of sus-
pended elements a measured volume
of unpreserved sample must be fil-
tered through a8 0.45.yum membrane
filter as soon as pracuical after
collection The filter plus suspended
matenial should be transferred 1o »
suntable container for storage and-or
shipment. No preservative I1s required.

8.2.3 For the determination of 1otal
of total recoverable elements, the
sampie 15 acidified with (1+1) HNO,
10 pH 2 or less as soon as possible,
preferable at the ume of collection.
The sample 15 not filiered before
DrocessIng.

9. Sample Preparation

9.1 For the determinations of dis-
solved elements, the fitered,
preserved sample may often be
analyzed as receved. The acd matrx
and concentration of the samples and
cafibration standards must be the
same. {See Note 6) If a precipitate
formed upon acidification of the
sample or during transit or storage. it
must be redissoived before the
snalysis by adding additional acwd
snd-/or by heat as described in 9.3

9.2 For the determination of sus-
pended slements, transfer the mem-
brane filter containing the insoluble
material 10 a 150-mL Grifiin besker
and add 4 mL conc HNO, Cover the



beaker with 3 walch giass and heat
gently The wam acid will 00n Ois-
soive the membrane
increase the temperature of the
hot plate and d:gest the materal
When the acid has nearly avaporated
cool the beaker and waich glass and
add another 3 mL of conc HNQO-.
Cover and continue heating until the
digestion 1s complete. generally indh-
cated by a hight colored digestate
Evaporate 10 near dryness (2 mL), cool.
add 10 mL HCI(1+1) and 15 mL
deonized. distilied water pitr 100 mL
dilution and warm the beaker gently
for 15 min to dissolve any precip:-
tated or residue matenal Allow o
coul. wash down the waich glass and
beaker walls with deionized distilled
water and filter the sample to remove
insoluble matenal that could clog the
nebulizer (See Note 4.) Adjust the
volume based on the expec ed con-
centrations of elements present This
voiume will vary depending on the
elements to be deterrmined ‘See Note
6) The sample is now readv for
analysis Concentrations so Jetermined
shall be reported as “‘suspended
NOTE 4 in place of filtering. the
sample after diluting and mixing may
be centnifuged or allowed K settie by
grawity overrnight to remove insoluble
“material
9.3 For the determination of total
elements. choose 3 measurnd. volume
of the well mixed ac:d prese rved
sampie appropriate for the expected
level of elements and transfer 10 a
Griffin beaker (See Note 5.) Add 3 mL
of conc HNO, Place the beaker on
3 hot plate and evaporate to near dry-
ness cautiously. making cerain that
the sample does not boil arnd that no
area of the bottom of the beaker s
allowed to go dry Cool the beaker and
aad another 5 mL portion of conc
HNO; Cover the beaker with a watch
glass and return to the hot plate.
Increase the temperature of the hot
piate so that a gentle reflux action
occurs. Continue heating. adding add-
tional acid as necessary, unul the
digestion s complete (generaily indi-
cated when the digestate 1s hght
in color or does not change n appear-
ance with continued refluxirg } Again,
evaporate 10 near dryness and cool
the beaker. Add 10 mL of 1+1 HCI
and 15 mL of deionzed. distilied
water per 100 mi of final sciution
and warm the beaker gently for 15
min 10 dissoive any precipil.ite or
~ esidue resulting from evapcration.
- Mlow 10 cool, wash down the beaker
walls and watch glass with deionized
distilied water and filter the sampie to
remove insoluble material that could

clog the nebulizer (See Note 4 ) Adyust
the sample 10 3 preaeternuned volume
based on the expected concentranons
of elements present The sample s
now ready for analysis (See Note 6
Concentrations so determined shalil be
teported as total

NOTE S If low determinations of
boron are critical. quaru glassware
should be use

NOTE 6 If the sample anaiysis solution
has a different acid concentration
from thai given in 9 4 but does not
introduce a physical interference or
affect the analytical result. the same
calibration standards may be used

9.4 For the determination of total
recoverable elements. choose a mea.
sured volume of a well mixed. acid
preserved sampie appropriate for the
expected level of elements and trans-
fer to a Griffin beaker (See Note § )
Acd 2 mL of (1+1) HNO+and 10 mL
of (1+1) HCI 10 the sample and heat
on 3 steam bath or hot piate unul the
volume has been reduced to near 25
mL making certain the sample does
not bol Atfier this ireatment. cool
the sample and filter 10 remove nso-
luble material that could clog the
nebulizer (See Note 4 ) Agjust the
volume 10 100 mL and mix The sample
1S now ready for analysis Concentra-
tions so determined shall be reported
as totat

10. Procedure

10.1 Set up insirument with proper
operatng parameters established In
6.2 The instrument must be allowed
10 become thermally stable before be-
ginning This usually requires at least
30 min of operation prior 10 calibra-
tion

10.2 Initiate appropriate operating
configuration of computer

10.3 Profile and calibrate instru-
ment according to instrument
manufacturer’'s recommended
procedures. using the typical mixed
calibration standard solutions
described in 7 4 Flush the system
with the cahbration blank {7 5.1)
between each siandard (See Note 7))
{The use of the average intensity of
multiple exposures for both
standardization and sampie analysis
has been found to reduce random
error )

NOTE 7 For boron concentrations
greater than 500 pg L extended tlush
nmes of 1 10 2 min may be required

10.4 Before beginning the sampie
run, reanalyze the mghest mixed
calibration standard as if it were »

Dec 1982 Metals 6

E-56

sdample Concentration vaiues ohbtained
snoula not deviate from the actual
values by more than = § percent

1w the «stabiished control imits
wiuchever 1S lower) i they go follow
the recormmendgations of the instruy -
ment manutfacturer to correct for this
congiion

10.5 Begin the sample run fiyushing
the system with the calibration blank
solution (7 5 1) between each sample
(See'Note 7.) Analyze the instrument
check standard (7 6 1) and the calibra-
tion biank (7.5 1) each 10 samples

10.6 (f i1 has been found that
method of standard addition are
required. the foliow'ng procedure is
recommended.

10.6.1 The standard addition tech-
nigue {14 2) involves preparing new
standards in the sample matnix by
adding known amounts of standard to
one or more ahiquots of the processed
sample solution This techniqgue com-
pensates for a sampie constituent that
enhances or depresses the anaiyte
signal thus producing a different siope
from that of the calibration standards.
It will not correct for additive inter-
ference which causes a baseiine shift
The simplest version of this technique
1s the single-additon method The
procedure 1s as follows Two identical
ahquots of the sampie solution, each
of volume V,. are taken. To the

first ilabeled A) 1s acded a small
volume V. of a standard analyie
solution of concentration c, To the
second (labeled B) 1s added the same
volume V. of the soivent The analy-
tical signals of A and B are measured
and correcied for nonanalyte signais
The unknown sample concentralion
€. 1S calculated

€= _SeVac
(Sa - Sa} Vs

where S. and Sg are the analytical
signalis (corrected for the blank) of
solutions A and B. respectively Vs
and c« should be chosen so that S.
18 roughly twice Sg on the average It
1s best if Vs 18 made much less than
V.. and thus cs 1S much greater than
cs. to avord excess dilution of the
sample matrix. if a separation or
concentration step 1s used. the
additions are best made first and
carned through the entire procedure
For the results from this technique to
be valid. the following imitations
mus1t be 1aken 1n10 consideration

1 The anaiytical curve must be linear.
2 The chemical form of the analyte
added must respond the same as the
analvie int the sample.



3 The interference effect must be
constant over the working range of
concern

4 The signal must be corrected for
any aaditive interference

11. Calculation

11.1 Reagent blanks (7 5.2) should
be subtracted from all samples. This 1s
particularly important for digested
samples requiring farge quantities of
acids 10 compleie the digestion.

11.2 if diutions were performed,
the appropnate factor must be apphed
to sample values

11.3 Data should be rounded to the
thousandth place and ali resuits
should be reported inmg L up to
three significant figures.

12. Quality Control
(Instrumental)

12.1 Check the instrument
standardization by analyzing
appropniate guality control check
standards as follow

12.1.17 Anailyze an appropriate
instrument check standard (7.6 1)
containing the elements of interest at
8 frequency of 10% This check
standard 1s used 10 determine
instrument drift. If agreement 1s not
within =5% of the expected values or
within the established control limits,
whichever s lower, the analysis is out
of control The analysis shouid be
terminated, the probiem corrected.
and the instrument recahbrated

Analyze the calibration blank (7.5.1)
at a frequency of 10%. The result
should be within the established
control imits of two standard devia-
tions of the mean value. if not. repeat
the analysis two more times and
average the three resuits. If the
average 1s not within the control limt,
terminate the analysis. correct the
problem and recalibrate the
instrument.

12.1.2 To verify intereiement and
background correction factors analyze
the interference check sample (7.6.2)
8t the beginning, end. and at periodic
intervals throughout the sample run.
Results shouid fall within the
established control limits of 1.5 times
the standard deviation of the mean
value. If not. terminate the ansiysis.
correct the problem and recalibrate
the instrument.

12.1.3 A quality control sample
(7.6.3) obtained from an outside
source must first be used for the
wmitial verification of the calibration

standards. A fresh dilution of this
sampie shall be aniayzed every week
thereafter 10 monitor their stabihity. If
the resuits are not within =5% of the
true vaiue hsted for the control
sample. prepare 3 new calibration
standard and recalibrate the
instrument if 1his does not correct the
probiem, prepare 8 new stock
standard and a new calibration
standard and repeat the calibration

Precision and Accuracy

13.1 In an EPA round robin phase 1
study, seven laboratonies apphed the
ICP techmique to acid-distilled water
matrices that had been dosed with
vanous metal concentrates. Table 4
hists the true value. the mean reported
value and the mean % relative
standard deviation
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Table 1. Recommended Wavelengihs ' and Estimated Instrumental

Detecnon Limits

Esumated detection
Element Wavelength. nm hmnt, ugsL?
Alurminum 308 215 45
Arsenic 193 696 53
Anumony 206 833 32
Barium 455 403 2
Berylhum 313.042 03
8oron 2459773 5
Cadmium 226.502 4
Calcium 317933 10
Chromium 267.716 7
Cobalt 2286816 7
Copper 324.754 6
iron 259.940 7
Lead 220 353 42
Magnesium 279.079 30
Manganese 257610 2
Molybdenum 202.030 &
Nickel 231.60¢ 15
Potassium 766.491 see’
Selernium 196.026 ’5
Silica (S10y 288.158 58
Silver J328.068 7
Sodium 588.995 29
Thallium 190.864 40
Vanadium 292.402 8
" 2inc 213.856 2

' The wavelengihs listed sre recommended because of their sensitivty and
overall acceptance. Other wavelengths may be substituted if they can
provide the needed sensitivity and are treated with the same corrective

techniques for spectral intsrference (See 5.1.1.).
2rne esumated instrumental detection himits as shown are taken from

“Inductively Coupled Plasma-Atormic Emission Spectroscopy-Prominent
Lines, "EPA-600/4-79-017. They are given as a guide lor an instrumental
himit The actual method detection limits are sample dependent and may vary

as the sample malrix varies.

’H:ghly dependent on operating conditions and plasma position
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1. Scooce and Application

1.1 This procedure is designed to be a supplement to Method 200.7 (1)
and is to be used in processing drinking water supply samples prior
to inductively coupled plasma-atomic emission spectrometric
(1CP-AES) analysis. This appendix does not supercede Method 200.7,
but provides elaboration on the analysis of drinking water using
Method 200.7. For a listing of the recommended wavelengths,
Definitions, and discussions on Safety, Reagents and Standards, and
Sample Handling and Preservation see the appropriate Sections of
Method 200.7.

1.2 This procedure is to be used for the total element determination of
primary and secondary elemental drinkinc water contaminants
included in Method 200.7. It is only to be used for compliance
monitoring when the determined method detection limit (MDL) (2) for
a particular contaminant is no greater than 1/5 its respective
maximum contaminant level (MCL) concentration. For these reasons,
mercury and seleniym have been omitted from thig edition nf the
appendix, A listing of the contaminants for which the procedure is
applicable along with their MCLs and MDLs is given as Table 1.

1.3 This procedure is to be used in a) buHution_LcL
analyses for compliance monitoring o 1nking water, and is
recomnended for the analysis of ground and surface water where
determination at the drinking water MCL is requested.

1.4 This procedure also can be used to determine the concentration of
calcium (Ca) for calculating corrosivity and for the required
monitoring of sodium (Na). Since these two elements can occur in
waters at concentrations greater than 25 mg/L, particular care must
be taken that concentrating the sample does not cause the analysis
of these two elements to exceed the calibration limit of
linearity. If standardization of the instrument does not include
provision for non-linear calibration, a more convenient and
allowable determination of these two elements is the direct
aspiration analysis of the acidified unprocessed sample.

2. Summary of Method

2.1 For a description of the analytical technique and method summary
see Section 2 of Method 200.7.

2.2 Analytical Discussion

2.2.1 The analysis of drinking water for elemental contaminants
requires that a "total” element determination be made.
Irrespective of the valence state or chemical species, the
term “total” refers to the sum of the elemental
concentration in the dissolved and suspended fractions of
the sample. The sample is not filtered, but {mmediately
preserved with nitric acid to pH of less than 2 at the time
of collection.

el
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2.2.2 Although most finished drinking waters are free of suspended

2.2.3

2.2-4

2.2.5

matter, al® samples must be subjected to a pretreatment acid
dissolution to solubilize that portion of the contaminant
that may be occluded or adhering to minute suspended

matter. This is especially true for water supplies that
receive only chlorination pretreatment. Once solubilized,
the energy of the plasma is sufficient that all species in
the nebulized droplets are desolvated, dissociated and
raised to an energetic excited state for atomic emission
spectrometric analysis.

Method 200.7 describes two acceptable sample preparation
procedures for “total” element 2nalyses. One is a vigorous
nitric acid digestion (Section 9.3), while the other is a
total recoverable acid solubilization procedure (Sectio~
9.4). These procedures are es<entially the same as those
used for flame atomic absorptiun analysis, except the final
acid concentration has been changed to match the ICP
calibration standards. The total recoveradle procedure is
preferred for drinking water analyses tecause there is less
chance of losses from volatilization, the formation of
insoluble oxides or occlusion in precipitated silicates.

Data that are to be used for compliance monitoring sheull .z
reported with a known estimate of uncertainty. The
uncertainty of the analysis should be determined at the
critical MCL concentration and should be a precision of
small enough variance to determine that the contaminant is
either in-or-out of compliance. A quide for evaluating cata
to be reported can be described as data with sufficient
precision at the MCL, that when two standard deviations are
either added to or subtracted from the MCL concentration,
the value is not changed by more than 10%. An example 15 As
(MCL = 0.05 mg/L) where data reported with a precision of
two standard deviations equa) to less than 0.005 mg/L would
be acceptable as shown in the preconcentration data of

Table 2 with the interval values of 0.048 to 0.052 mg/L.

As indicated in Table ], the MCLs for As and Pb are close to
their estimated instrumental detection limits. A single
analysis of these two elements using the total recoverable
procedure 9.4 of Method 200.7 lacks the precision needed for
compliance monitoring at their respective MCls. As a
consequence inaccurate determinations can result. Only with
repeated analyses of the sample can an average value with
acceptable precision be determined. The number of analyses
required can be specified by the following equation:



Ne (22)2
Sx
where: n = the number of replicate analyses required,

Sa = the determined standard deviation of a single
observation, and

Sx = the standard deviation deemed acceptable around
the mean value for n determinations.

Using the preceding equation the number of repeated analyses
required for the procedure 9.4 can be calculated from the
direct analysis standard deviation data given in Table 2.
For each element the lis‘ed determined standard deviation is
Sa and the acceptable standard deviation is Sx. From the
calculation the number (n) of repeated analyses required for
As is B, while for Pb the number is 6. (Note: From the
standard deviation data listed for analysis after 4X
concentration, the number for both elements is 1.)

2.2.6 The drinking water procedure that follows (5.1) is a
modification of the total recoverable procedure 9.4 Method
200.7 that provides for improved precision and accuracy by
concentrating the contaminants 4X prior to ICP analysis.
With preconcentration the determination is made on a more
reliable portion of the calibration curve. Also, since the
variability over the narrow concentration range in question
is nearly constant and does not change significantly by
concentrating the sample 4X, the precision of the
determination improves when the concentrated value is
divided by 4 to calculate the analyte concentration in the
original sample. Table 2 gives a comparison of precision
and accuracy for the two elements As and Pb as determined by
direct analysis and after preconcentration. The data for
the direct analysis were determined from seven replicate
analyses of a single unconcentrated aliquot while the
preconcentration data were determined from the analysis of
seven 3liquots after preparation using the procedure
described in 5.1. The percent recovery range data are the
spread of the average percent recoveries from the seven
replicate analyses determined on four separate days. The
mean value is the average of the spread. The listed
standard deviation is from the set of replicate analyses
having the greatest variance.

3. INTERFERENCES

3.1 Concentration of surface, ?round and drinking water supply samples
can produce slight spectral and matrix interferences in ICP
analysis. Reported effects have not been severe with the spectral

-3-
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3.2

interference being an elevated shift in background intensity, while
the matrix interference causes the signal intensity of some
analytes to be reduced. In both cases the alkaline earth elements,
calcium (Ca) and magnesium (Mg), are the primary interferents. For
a complete description of interferences affecting ICP analysis see
Section 5 of Method 200.7.

Spectral Interference

3.2.1

3.2.2

The technique of "off-the-line background correction
adjacent to the wavelength peak,“ as required in Method
200.7, is usually adequate to compensate for shifts in
background intensity. To test the spectral location
selected for background correction, analyze analytically
pure, single element Ca and Mg solutions of high
concentration (>500 mg/L) and compare the data to the
instrumental detection limit from acid blank
determinations. If a value falls outside a confidence
interval of #2 standard deviations around the instrumenta)l
detection limit, the wavelength should be spectrally scanned
for selection of a different background location. If it is
not feasible to change the background correction location,
an interelement correction factor can sometimes be used. An
example is the effect of Ca on the recommended wavelength
for Pb (220.353 nm}. A non-uniform background shift occurs
on the low side of the wavelength peak; however, the
location is not changed because of a possible severe
spectral interference from Al on the high side of the
wavelength peak. For the situation described only a very
small correction factor (-0.00002) is required for the
EMSL-Cincinnati instrument. When using interelement
correction for this purpose, the correction should not be
completed when the determined interferent concentration
deviates from linearity by more than 10% or unless the
equation used in standardization includes terms for
non-1linear calibration.

Although no significant interelement spectral line
interferences have been reported from the alkali and
alkaline-earth elements on the wavelengths specified for the
contaminants listed in Table 1, the EMSL-Cincinnati
fnstrument does experience a weak Mg {nterference at
0.037 nm below the recormended Zn wavelength (213.856 nm)
read in the second order. To avoid a possible Mg spectral
interference, background intensity should be read on the
high side of the In wavelength peak. Another possible
spectral interferent whose effect should be determined is
that of Al on the recommended wavelengths for As, ¥n and
Pb. Also, care must be taken that spectrally {nterfering
elements are not mixed in the same calibration standard
unless the computer program provides for their correction
during standardization. *

-‘-
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4.

3.3 Matrix Interference

4.1

4.2

3.3.1 As the dissolved solids in the solution to be nebulized
increase to exceed a concentration of 1500 mg/L, a
suppressive effect on the analyte signal can occur. The
most noticeable effect has been observed on certain analytes
where 3 characteristic ion line is the preferred wavelengtn
for the analysis. To determine the presence of 2
suppressive interference because of concentrating the
matrix, a8 second aliquot of the sample should be spiked with
each element to a concentration above 10X its determined MD.
(but not to exceed its MCL), concentrated and analyzed.
Recoveries outside the interval of 90% to 110% of the
expected value can be used to indicate the presence of a
matrix interference.

3.3.2 At EMSL-Cincinnati, using a fixed crossflow nebulizer with
the instrument conditions given in Section 4.2, it has been
observed that high concentrations of Ca (>400 mg/L) can
cause a 5% suppressive effect on the emision signal of
certain analytes; Cd and Pb experience the greatest
suppression. As the concentration of Ca increases, its
suppressive effect becomes more pronounced. Also, Mg has an
additive suppressive effect on Pb, and this combined effect
must be recognized when considering matrix interferences.

3.3.3 When the concentration of a primary contaminant is
determined to be within 10% of its MCL or above, and the Ca
concentration exceeds 400 mg/L (100 mg/L in the original
sample concentrated 4X) or the combined Mg and Ca .
concentration equals 500 mg/L, a matrix matched calibration
standard must be used. Otherwise the sample should be
analyzed by the standard addition technique (see Section
10.6 of Method 200.7).

APPARATUS

In addition to the minimum requirements listed in Section 6 of
Method 200.7, the use of mass flow controllers to regulate the
argon flow rates, especially through the nebulizer, provide more
exacting control and reproducible plasma conditions. Their use is
highly recommended, but not required.

Operating conditions —— Because of differences between various
makes and models of satisfactory fnstruments, no detailed operating
instructions can be provided. However, the following instrument
conditions were used in conjunction with a fixed crossflow '
nebulizer in developing the analytical data contained in this
appendix:



Operatve Corcit uns
T~

~

Forwocy rf cower 1100 wetts
kefiected r¥ pos 2 (% < 5 waits
Viewirg haight above

werk coi) 15
Arou sural Liguid /frgon
Arcon pressure 4C psi

Codlant arcen flow rote 19 L mis-l
Aerosol cacricr argor

flow rate 636 cc min-l
Auxilliary [alasma)

g-ton flca rate 300 cc min-1
Samaie vptoke rate

cartrolled to 1.2 m min=l

S5. SAMPLI PRICATIDN

5,1 Transve- 3 200 wl aliquet of a weii mixzd acis p-=e-ved sancle o
¢ Crifrin peakcr. A93 1.0 me of (14,) HNO3 and .2 mi (i+1' HCL
tz the sa7p'- and hea: on a steam bati or hot olsz= until tne
volumz has been reduced to n23r 20 mL making cerzz:n the sar)le
doas not boil. Allow the sample to cool, transfe~ tu a 50 m
voiumetric flask, dilute to the mark with deioniz=s-distille> water
enc rix. Th2 sampiz is now rcady for analysis. a7 efter
prepirstion tne szrile containg pacticulite matter, an aliquat
shoutu ko centsifujed or tihe sanmpe allomed to settle by gravity
dafuwre aspiration,

6. LUAL1TY CONTROL

€.] lnstrument2i

6.i.1 For ~equ.red ins.rumantal quality control see Sectien 12 u?
Methou 200.7.

6.1.2 (Cptional) Tc ionitor nebulizer performance and anrosoci
effects in the plasma, a surrogete spike of a nunzontaminert
element (Auj is acded at a concentration of 2 mg/L (1 ot of
100 mg/L Au per 50 mi sample) to each sample after
dissuvlution, but befcre final dilution. If the anaivzed Au
value is nct within 255 of the true value, either the
nebulizer or turch has becond partially clogged or 2
suppressive mat=ix effect has occurred. An anzlysis of the
instrument check stondard w111 indicate if siutdown &nd
cleaning §s required. (Note: EMSL-Cincinnati has been able
to use the "hign surge” argon flow when the mass flow
controller is first opened, to flush clean the argon port of
the nebulizer. This puraing s usually done during the
print-out of analytical cata and has proven in almost all
‘ngstances to restore calibretion drift back to fts-<uriginal
calibration.)



COLD-VAPOR ATOMIC ABSORPTION SPECTROMETRY (3112)

3112 B. Cold-Vapor Atomic Absorption
Spectrometric Method

1. General Discussion

This method iz spplicable to the deter-
mination of mercury.

2. Apparatus

a. Atomic absorption specirometer and as-
sociated equipment: See Section 3111A.6.
Instruments and accessonies specifically de-
signed for measurement of mercury by the
cold vapor technique are available com.
nercially and may be substituted.

b. Absorption cell, a glass or plastic tube
spproximately 2.5 cm in diameter. An
11.4-cm-long tube has been found satisfac-
tory but a ]5-cm-long tube is preferred.
Grind tube ends perpendicular to the Jon-
gitudinal axis and cement quantz windows
in place. Attach gas inlet and outlet ports
(6.4 mm diam) 1.3 cm from each end.

c. Cell support: Strap cell to the fiat ni-
trous-oxide bumner head or other suitable
support and align in light beam to give
maximum transmittance.

d. Air pumps: Use any peristaltic pump
with electronic speed control capable of
delivering 2 L air/min. Any other regu-
lated compressed air system or air cylinder
also is satisfactory.

¢ Flowmeter. capable of measuring an
air flow of 2 L/min.

[ Aeration tubing. a straight glass frit
having a coarse porosity for use in reaction
flask.

g Reoction flask, 250-mL erienmeyer
flask or a BOD bottle, fitted with a rubber
stopper to hold aeration tube.

k Drying tube. 150-mm X 18-mm-diam,

- gontaining 20 g Mg (C10,),. A 60-W light
ulb with a suitable shade may be substi-

" —tuted to prevent condensation of moisture

inside the absorption cetl. Position bulb to
maintain cell temperature at 10°C above
ambient.

i Connecting tubing, glass tubing 10 pass
mercury vapor from reaction flask to ab-
sorption cell and to interconnect all other
components. Clear vinyl plastic® tubing
may be substituted for glass.

3. Reagentst

a. Metal-free water: See 3111B.3c. -

b. Stock mercury solution: Dissolve 1.354
g mercuric chloride, HgCl,, in sbout 700
mL water, add 10 mL conc HNO,, and
dilute to 1000 mL with water; 1.00 mL =
1.00 mg Hg.

¢. Stondard mercury solutions: Prepate a
series of standard mercury solutions con-
taining 0 to 5 ug/L by appropriate dilution
of stock mercury solution with water con-
taining 10 mL conc HNO,/L. Prepare
standards daily.

d. Nitric acid, RNO,, cone.

e. Potassium permanganate solution: Dis-
solve 50 g KMnO, in water and dilute to
1L

J. Potossium persulfate solution: Dissolve
50 g K,S,0, in water and dilute to 1 L.

g Sodium chloride-hydroxylamine sul-
Jate solution: Dissolve 120 g NaCl and 120
g (NH,OH),-H;SO, in water and dilute to
1 L. A 10% hydsoxylamine hydrochlonde
solution may be substituted for the hy-
droxylamine sulfate.

h Stannous chloride solution: Dissolve
100 g SnC), in water containing 200 mL
conc HCl and dilute to 1 L. On aging, this

* Tygon or aquivalent.
+ Use specully prepsred reagents low m mercery.
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Figure 3112:1. Schemstic arrangement of equip-
ment for measurement of mercury
by cold-vapor atomic sbsorptios
tachaique.

solution decomposes. If a suspension
forms, stir reagent continuously during use.
i Sulfuric acid, H,SO,, conc.

4. Procedure

@ Instrumen: operation: See Section
3111B.4b. Install absorption cell and align
in Jight path to give maximum transmis-
sion. Connect associsted equipment to ab-
sorption cell with glass or vinyl plastic
tubing as indicated in Figure 3112:1. Tum
on air and adjust flow rate to 2 L/min.
Allow air 10 flow continuously. Alterna-
tively, follow manufacturer’s directions for
operation. NOTE: Fluorescent lighting may
increase baseline noise.

b. Siandardization: Transfer 100 mL of
each of the 1.0, 2.0, and 5.0 ug/1 Hg stand-
ard solutions and a blank of 100 mL water
10 250-mL erlenmeyer reaction flasks. Add
S mL conc H,SO, and 2.5 mL conc HNO,

METALS (3000)

to each flask. Add 15 mL KMnO, solution
to each flask and let stand at least 15 min.
Add 8 mL X,S,0, solution to each flask
and heat for 2 b in s water bath at 95°C.
Cool to room temperature.

Treating each flask individually, add
enough NaCl-hydroxylamine sulfate solu-
tion to reduce excess KMnOQ,, then add §
mL SnCl], solution and immediately attach
flask to acration apparatus. As Hg is vol-
atilized and carmied into the absorption cell,
absorbance will increase to a maximum
within a few seconds. As soon as recorder
returns approximately to the base line, re-
move stopper holding the frit from reaction
flask, and replace with s flask containing
water. Flush system for a few seconds and
run the next standard in the same manner.
Construct a standard curve by plotting

. peak height versus micrograms Hg.

¢ Analysis of samples: Transfer 100 mL

- sample or portion diluted to 100 mL con-

taining not more than 5.0 ug Hg/L to a
reaction flask. Treat as in § 4. Seawaters,
brines, and effluents high in chlorides re-
quire as much as an additional 25 mL
KMnO, solution. During oxidation step,
chlorides are converted to free chiorine,
which absorbs at 253 nm. Remove all free
chlorine before the Hg is reduced and
swept into the cell by using an excess (25
mL) of hydroxylamine sulfate resgent.
Remove {ree chlorine by sparging sample
gently with air or nitrogen after adding
hydroxylamine reducing solution. Use a
separate tube and frit to avoid carryover
of residual stannous chlonde, which could
cause reduction and loss of mercury.

4. Caiculation

Determine peak height of sample from
recorder chart and read mercury value
from standard curve prepared according to
q 4.
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COLD-VAPOR ATOMIC ABSORPTION SPECTROMETRY (3112)

TABLE )112:]. INTERLABORATORY PRECISION AND Bias
OF COLD-VAFOR ATOMIC ABSORPTION SPECTROMETRIC METHOD FOR MERCURY'
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Relative Relstive
Conc. SD SD Error No. of
Form pe/L ug/L % % Participants
Inorganic 0.\ 0.077 226 21.0 23
Inorganic 42 0.56 13.3 14.4 21
Organic 4.2 0.36 LX) [ ] b3

6. Precision and Bias

Data on interlaboratory precision and
bias for this method are given in Table
312
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