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EXECUTIVE SUMMARY

This report covers work performed at NIOSH during FY79-80 to determine
the feasibility of the techuique of X-ray fluorescence (XRF) for the
analysis of welding and brazing fumes in air. The investigation
required developmeunt of welding £facilities and sampling systems,
experience in X-ray fluorescence instrument operation, field sampling,
and chemical analysis. It was pursued as a sequence of steps
described below:

(1) A sampling device was constructed which permitted uniform,
homogeneous deposition of welding or brazing fumes oo six
standard filter cassettes simultanecusly. The device was located
above the NIOSH arc weldiug statiou.

(2) Fume samples from (1) were examined by electron microscopy and

X-ray diffraction inm order to assess the particle size aund

. deposition homogeneity, factors known to be important im the XRF
technique.

(3) XRF iustrument parameters were developed for &ll elements of
interest.

(£) The fume samples from (2) were analyzed by XRF, ashed, and
. analyzed by atomic absorptions to determine the nature of the
concentration — inteunsity relatiouships. The samples were also
analyzed by inductively-coupled argon plasma emissiocn
spectroscopy (ICP).

(5) An XRF standardization method was developed using generated fume
samples. Three sets of six filters deposited with low, medium,
and bigh amounts of fume were obtained. Half were ashed and
analyzed by AA and ICP, the remaining hzalf used as XRF standards
(three each at the three deposition levels).

(6) Field samples were obtained at three Cincimnati welding shops.
These samples were quantitatively analyzed by XRF according to
the standards developed im (5). Subsequently, they were ashed
znd checked by analysis by AA and ICP.

(7) ‘This data was analyzed statistically to provide accuracy =and
precision data to substantiate the degree of Ffeasibility of the
techuique.

(8) The XRF techmique was shown to be feasible for Ffume analysis;
bowever, a more adequate standardization procedure is needed
before a NIOSH method can be promulgated.
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FEASIRILITY STUDY OF X-RAY FLUORESCENCE FOR
ANAT.YSIS OF WELDING AND BRAZING FUMES
1. TIutroduction

The need for a rapid, multielement analytical method for the analysis of
metal fumes produced by welding and braziang operations has increased as the
toxic effects of these substances have become more evident (1),

The purpose of this study was to determine the feasibility of using the
technique of wavelength-dispersive X-ray fluorescence (XRF) for such
~analysis. This technique offers the advantages of (1) minimum or =zero
sample preparation; (2) rapid aunzlysis of any solid element with atomic
number greater thanm 11; aund (3) the uondestructive wnature of the analysis
allowing for subsequent chemical analysis or permaunent storage of the
sample. However, because of the lack of experieace at NIQSH with this
technique, this effort was as a uecessary preparatory imvestigation prior to
actual method development,

A feasibility study should accommodate the widest possible range of
welding and brazing processs. The most importaunt of these processes,
according to the American Welding Societyare shielded metal arc (SMAW or
Stick), submerged arc (SAW), gas metal arc (GMAW or MIG), gas tungsten arc
(GTAW or TIG), and flux-cored arc weldiung (reaw) (2.8) ) These processes
are described in Figure 1; Table 1 gives the metals commonly assoclated with

each. (Au excellent discussion of welding processes is given in refereunce
3).

Both gases and fumes are produced by welding and brazing processes
(596); however, this study is 1involved only with fume analysis. These
fumes are komown to contain a number of elements. Thece elements have been
outlined im Table 2 along with levels which have been reported in welding
work situatious, the TLV values, and the analytical range for the analytical
method (atomic absorption) curreutly recommended (data from reference 6).
Thus, & useful analytical method must be capable of analyzing for a large
number of elements at the levels observed. The reported minimum detectionm
limits for the XRF technique (Table 2} indicate that the method should be
feasibtle for this analysis.

This study of the applicability of x-ray fluorescence for the analysis
of fumes genmeratd by welding &aud brazing processes was pursued in the
foliowing manner: (1) five non—automated processes and their associated
metals were chosen which best represent the current welding industry (Table
3); (2) fume samples from the above process were collected and
characterized; (3) XRF anszlysis, ashing and elementzl amalysis by AA and ICP
were performed om the samples inm order to thoroughly iuvestigate the fumes



as they relate to the XRF technique; (4) an XRF standizzation method would be
developed; (5) field samples would be obtained aund analyzed to ascertzin
feasibility of the XRF techuique,

2, Characterization of Welding and Brazing Fumes

2.1 Generation and Sampling
2.1.1 Generation Equipment

Welding and brazing fumes were generated at the welding facilities of
‘the NIOSH laboratories. Welding was performed with a Miller Model
3304/BP(2) AC/DC Gas Tungsten—Arc Welding Power Source, with a Spocl-Matic
11 MIG electrode, or Weldco Model M-250 stick welding electrode, or Miller
Model M2-1, HH~-6 plasma arc power supply. Brazing utilized a Viector Model
100 oxyacetylene welding torch. A description and approximate chemical
.composition of the materials used in the processes is giveon in Tsable 3,

2.1.2 Sampling Equipment

A fume collector was built(?) adjacent to the ventilation hood of the
welding station (Figure 2), which cousistently provided six filter fume
samples with about 67 RSD wvariation of deposition (based on the XRF
intensities of major composition elements). An inlet tube drew zir from the
ventilation air flow and directed the air into the fume collector. The
collector was built in a 6" 0D, 38" plexiglass tube. The flow distuptor 1is
3-3/4" diameter disk located 10-1/4" from the lower end of the tube., The
flow strzightener is a steel plate contsining an array of 1/4" holes, with a
brass 1" honeycomb on top, located 7-1/4" from the top of the straightener.

The tube cover, eighteen iunches above the straighteuner, holds the main flow
outlet and filter.

A vacuum draws air through the collector, past the cassettes, and out
through the filter. A second pump aspirztes the air sample through the
filter cassettes, each cassette having its own flow-limiting orifice (1.0
Lpm). The flow rate was periodically measured to check for umclogged liumes.

The fume collector was operated while &elding was occurring. Welding
took place approximately two feet below the imlet tube of the collector.



The gzs metal arc (MIG) process produced comsiderzbly less fume than the
other processes; consequently, a longer iunlet tube was used with this
- process to increase the collection efficiency.

2.2 Fume Characteristics

Fumes are considered to originate in the high temperature vapors of the
welding arc. These temperatures have been estimated to be 1400-3100°G
% The molten metal pool is at much lower temperature and 1is thought
to contribute much less to the fume. (1) Metal vapors condense rapidly,
_passing through a liquid phase (hence their spherical shape) into solid.
Although the counsumable electrode (and flux, if zany) will meake up the
majority of the fume, (9) it is not wise to -predict fume compositions
based on electrode composition. Compounents having high vapor pressure will
tend to be coucentrated in the fume. Crystallinity is wuwsually low due to
the rapid cooling. After a short period of time, agglomeration of the
particles will occur. The tendency of each chain to be composed of a
particular size of particle suggests a similar chemical and thermal history
of the 1individual particles. Stern (%) has observed =z bimodal
distribution of fume particles from rutile electrodes which he described as
follows: the larger particles arise from the flux and the smaller particles
arise from the metzl vapor condensate.

2.2.1 Deposition Characteristics

For each fume szmple, sampling was done at 1 Lpm oo Millipore AAWP (37
mm, 0.8 um) filters (or Nuclepore 0.8 wum filters fer electron spectro-
SCODY) . The arrangement always resulted in an apparently homogeneous
deposition, with practically no pileup at the center of the filter. 1In some
cases, a slight coucentraticn of larger, black particles was observed iu the
center but this appeared to constitute a quite small portion of the mass
deposited and, therefore, was not considered significant. Tun no iostance
was fume deposition observed om the backup pad, even with quite heavy
depositions on the primary filter.

2,2.2 Electron Spectroscopy Analysis

Pariticle size is a critical parameter in XRF (Reference 15, p. 524).
Ideally, the analyte thickuness should be such that essentially zll exciting
aud emitting X-rays pass through without absorption. This coundition results
in a2 linear intensity versus thickness relationship, and will exist in thinm
samples up to a depth termed the infimite (or ecritical) thickness. For



example, for chromium, irom, aund nickel, this thickness is about 30-40 um.
(Reference 15, p. 624). Thus, fume samples with particle sizes of 1 um are
not expected to exhibit particle size effects aund nome are observed (see
below) .

An investigation iunte the physical characteristics of welding fumes was
undertaken to determine particle size. Filter samples collected in the fume
cecllector previously described were examined by electron spectroscopy (8)
(Figure 3). The deposited fumes show up more clearly on the Nuclepore
filter (Figure 3A, B). The main characteristics to be seen are: (1)

‘majority of particles are spheres, less than than 0,15 um in diameter; azand
(2) agglomeration occurs, especially im  the mild steel sample (3B).
Examination of the mild steel fumes, stick welding (Figures 3B,C) revezls
that the majority of the particles are spheres with two size populations:
0.05-0.10 wum, agglomerated (primary fractiom); and 0.25-0.5 wum wuoun—
agglomerated, - The stainless steel fumes (stick welding) (Figures 3A, D) zre
not as heavily agglomerated, and display a more even size distributiom of
0.05-0.4 um. The reasons for these differences are not clear; in general
the dynamics of welding fume generation are not well understood at this
time.) : '

Millipore filters have no flat surface oum which to photograph the fume.
However, the same fume characteristics can be observed in Figures 3C, D and
Figure & as seen on Nuclepore filters. Some larger particles are observed
with stainless steel-stick (Figure 4B, 4C), the largest being about 1 um.
Agglomeration is mnot agbsent on these filters. These samples are heavily
loaded, yet it appears that most of the deposit is on the upper portion of
" each filter. Similar depositicn characteristics are observed for 2li

welding processes studied. [The particle sizes and distributions observed
here are in substantial agreement with literature reports. )

2.2.3 X-Ray Diffraction Amalysis

X-ra diffraction studies havée been published for welding fume
samples., 11-13)  gtainless steel stick welding with AWS E3161L. electrodes
(18% Cr, 12.5% Wi, 2% Mn, 2% Mo, 63.5% Fe) resulted in fumes containingf-
-Fes014 and  Mng0y. 2 Kimura, et. al (11) detected NaF and
KCaF4 in lime-type electrode welding, and Mg0 and CaF, from
fluorspar-base flux—cored electrode welding. :



X-ray diffraction analysis (Philips APD Model 3501) of heavily loaded
filter samples of fume from each of the processes listed im Table 3 was
performed. ‘The analysis was impared by lack of crystallicity of the
deposits. Ouly tentative assiguments of the few low-inteunsity peaks are
possible (Figure 5 and Table 4). Flux material was pot detected im any of
the diffraction patterns.

3. Instrument Parameters

3.1 Qualitative Analysis of Geumerated Samples

Fume samples of the welding and brazzing processes listed in Tazble 3 were
obtained ov the welding/sampling station described above. Millipore AAWP
(mixed cellulose ésters) 37-mm filters were used because of their popularity
in industrial hygiene sampling for metals. A flow rate of 1 Lpm was used to
insure a homogencous deposition of the fumes om the filters. Sample
depositions at three to five loading levels (determined wvisually) were
obtained with six filter samples at each loading level. One filter out of
six was used for electron spectroscopy and X-ray diffractionm analysis, and
the others used for elemental amalysis.

Qualitative XRF scaus were made of representative filter samples, These
are shown in Figures 6-~11. The filter blank spectra (Figure 6) shows high
blank levels for a anumber of elemeunts, high copper peaks are due to copper
in the filter holder (Cu, Zn, Ni, Fe, Mn}). Close examinatiou revezls,
bowvever, that the following elements are observed:

Stazinless Steel: Fe, Cr, Mo, Ni
Mild Steel: Fe, Mn
Brazing: Cd, Zu, Ag, Cu, Su

Thus, the qualitative analysis may be limited to a small wnumber of
elements. In the case of mild steel brazings, the brazing compound (Figure
12) contzins a predominance of silver (Table 3), while in the fume, the
silver is quite reduced when compared to cadmium (Figure 13). This
interesting result is evideutly due to the large differenmce iwm the boiling
points of silver (22129C) and cadmium (7659C).

3.2 Tostrumental Parameters

The Philips AXS instrument permits different settings for iwstrument
parameters such as goniometer 28, analyzing crystal, etc. Instrument

parameter settings which maximized the recorded x-ray fluorescence intensity
for each element of 1interest were determined using the fume samples



previously described, or facsimilies, The iumstrumental parameter settings
were used iu the remainder of this study are given iun Table 5. 1Iu general,
element peaks did mnot overlap and the parameter settings were easily
determined., In two cases, however, overlaps did occur as discussed below:

MANGANESE: X-ray analysis of the first row trausition elemeuts is

complicated by the close proximity of many azbsorption and emission

lines. The effect of chromium oo mauganese is significant. In Figure

15 it is seen that the chromium Ka emission, 69.3692% may add some

intensity to @ that measured at the manganese Kb lime positionm

(62.97028). Correction for this effect required substraction of the
chromium contribution at this awogle. This contribution is computed as some
fraction of the chromium Ka intensity from a pure chromium sample, Figure
14, The computed intensity is 0.0158 x CrKa emission inteunsity. This small
but necessary . correction was applied to all manganese intensities  if
chromivm Ka intensity was observed.

STLVER: As previously noted, silver exists iv small amounts compared to
cadmium in the brazing fume samples (Figure 12, 13).

Subtracticn of the cadmium coutribution to the intensity measured at
silver Ke angle was not possible due to the large intensity differences
between silver and cadmium. In this case, the silver TLa line was used.
Although weaker than the Ka line, sufficient intemsity from the La line
could be obtained for successful analysis.

3.3 Deposition—Intensity Relatiomships

Fume samples were analyzed by XRF using the optimized instrument
settings. Two anzlytical techniques were also used: ztomic absorption
spectroscopy (method of reference 10) and inductively-coupied plasma
emission spectroscopy (Table 6). The ICP technique im our laboratories is
in the developmental stage and should not be cousidered a primary standard.
In particular, interclemeunt effects kunown to exist im IGP were not corrected
for because the correction factors had not been evalunated at the time of
these investigations.

In Table 6, typical results for five fume samples at each of four
loading levels (VL, L, M, H) are given for four elements (Fe, Ni, Cr, Ma) in
plasma arc cutting fumes by the analytical methods AA and ICP along with the
relative standard deviationm. In addition, the students T~test of
differences is given to imndicate the degree of non—agreement between the AA
and ICP results (if T is greater thau 2.776, a sigunificant difference exists
at the 95%7 counfidence level). The per cent difference (%) between the AA



and ICP result is zlso presented. The =zverage XRF intemsity (counts per
seccnd) is given, and the correlaticn between the AA and XRF results
(perfectly limear = 1.00). It is evident that the AA and ICP results zgree
closely (vida infra), and that there is an excellent limearity between the
deposition (by AA) zand the XRF intensity, since most correlations are
greater thaun 0.99. (This is demoustrated graphically in Figure 16 for
plasma Arc cuttimg and inm Figure 17 for the four metals iu various welding
fumes), Thus, we may conclude that the interelement effects inm XRF are
indeed minimal, and that a linear calibration curve can be utilized in
subsequent analyses. This is exemplified by the case of manganese, for
.which an interelement effect is known to exist with chromium. That this
effect 1is sufficieutly corrected by the szforementioned algorithm is
substantiated by the similarity of the concentration vs. intensity data
slopes of manganese in mild steel (uo chromium) and in stainless steel
(containing chromium), Figure 17,

The variation in slopes within a single element for the different
processes is primarily due to the changes in the XRF instrument over the
time span {(3-4 months) of the data gathering znd aunalysis (except for
. stainless steel-MIG, see 3.3.2). This 1iandicates the nuecessity for
" restandardization of the instrument for each amalytical sequence.

3.3.1 AA vs, ICP Results

Useful to this study is a comparison of the analysis of the fume samples
by atomic absorption aud by inductively-coupled plasma atomic emission
(ICP). The data of Table 6 iudicate that, in general, the results are im
good agreement for the elements under consideration, The average percent
different for all determinations of fumes from stainless steel, stick fumes
was 95.66 . However, the small differences that do exist are sigoificant
(at the 95 confidence level), as defined by the t-test of difference (AA
vs. ICP) in Teble 5 (i.e., most t-values exceeded 2.776). Apparentiy, a
small, undetermined, counsistent source of error is highly probable. As
mentioned, the ICF was not fully operatiomal at the time of these znalyses.
Consequently, mno interelement corrections could be applied to the ICP
results; this is a likely source of small consistent errors. The TCP has
subsequently been updated to include these correctionms for routine analyses.

10



3.3.2 Deposition Limits

The estimation of depositiom (loadinmg) limits is important for both the
sampling protocol, and the XRF analysis. Assuming oxide forms for the
elemnts, the most hghly deposited samples had the following dotal deposition
weights: ~0.40 mg (stainless steel, stick), ~0.44 mg (mild steel, stick)
and ~0.74 mg (brazing). The filters were visually quite colored. As
heavier loadings are likely to create shadowing effects iu the XRF analysis,
and increase the opportunity for fume to £all off the filter, these
approximate loading levels are probably near the maximum for the techuique.
At these 1loading 1levels, no 1loss of 1linearity of XRF intensity vs.
deposition exists., However, if the deposits are disturbed, as was observed
in the case of stainless steel MIG samples, then the data will be scattered
and a lower czlibration slope for all four elements may result, The
stainless steel MIG samples were bandled comsiderably more than the others
(see Figure 17).

Different threshold 1limit wvalues (TLV) exist for the various
coustitutents of welding fumes. The TLV. for total welding fume is 5
mg/m321. Therefore, &2 two-hour sampling at 1,0 LPM at 2z fume
concentration corresponding to the TLV level of total weldiug £fume would
collect 0.6 mg of fume. This would correspond roughly te the loadings
described above.

In conclusion, it is recommended that loadings be less than 1 mg, which
can be judged visually as a hbighly colored but even deposition, be the limit
for routine sampling.

3.3.3 Concentration Intensity Relationships

Are important conclusion of the preﬁious work is the choice of a
suitable zlgorithm for relating measure XRF intepsity (Ij) with the weight
(C;) of an element I on a filter sample. It is observed that a sample
. straight line relationship will suffice:

1. Straight-Line, (SL) Cj; = A;T; + K;B;

Where B; is the Background iutemsity, aud A; and K;
arc constants to be determined for a particular system.

The Philips AXS system is capable of more sophisticated relationships
which we discuss for the sake of completeness., They are:

11



2. Lucas - Tooth/Pyne, (LP)
C; = (A3I; + K4B;) (1+ z AijIj)
J
3. TLachance/Traill, (LT)
C; = (Aili + K-_;_Bi). (1+§3_ Aijcj )

4. Rasberry/Heinrich, (RE)
G
k

— A\
C; = (A;T; + R3By) [ 1+ ?_.aijcj + Zk_ (1 + Ci/100)7]
J

Where A;, I;, K;, B; are as above, I;, Csi, and Cy are the
analogous quantities relating to interfering eléments (j) in the sample, and
Ajj, aj; and Bj; are counstants to be determimed iteratively. These
latter three relatiounships allow for the correction of iunterelement effects
explicity. Thus, they appear to have cousiderable advantage over the SL
relationship. These relationships, however, have been developed feor use in
traditional XRF analysis: the -determination of small per cent
concentrations of an elemeunt in 2 matrix. In welding fumes, however, the
relative composition of the contributing elements does wot vary, ouly the
amount. Consequentlg, relationships based on Cj are not usable, viz.,, the
LT aud RH equatious

0f the rvemaining two relaticuships (SL and LP), our investigation of
deposition-intensity data adequately verifies - the wutility of the SL
relationship.

& thorough imvestigation of the usefulness of the LP Relatiomship for
the reduction of welding fume data has been performed. Because of the
regularity in the composition of the standards used, it is impessible
mathematically tc determine the LP constants required to allow calculation
of fume depositiouns to a degree superior to that accomplished by the SL
relationship.

3.4 Sumwary

Tt is seen that simple, limear calibrationm curves for the reduction of
fume analysis data is quite possible. No npon-linearity 1is noted, aud the
intercept is generally near zero. As abscence of interelement effects is
apparent.

"Two significant drawbacks do exist, First, standardization by this
scheme requires that four to six equivalent welding fume samples of at least
three different deposition levels must be obtzined. Half the samples at
each deposition level must be ashed and analyzed by atomic sbsorptiou.

12



Secondly, elements that are in low concentration in the standard filters
will not be analyzed accurately by AA or XRF. These elements, consequently,
will not be represented by as good a calibration curve as more heavily
depositioned elements.

4, Anzlysis of Field Samples

Field samples of welding and breazing fumes were obtzined during
February, 1980 at three area welding establishments. They will be
designated locations I, II and III, described as follows:

i Welding school, mostly mild steel welding occurring, February 5.

I1- Manufacturing plant, brazing and stzinless steel-stick welding,
February 15. '

III Manufacturing plant, stainless steel and carbon steel, MIG, stick,
and automated welding, February 21.

In 311 three locations, both personal and arez sampling wsere taken.
Dupont personal sampler pumps with preset timing were used for personal
smapling; @ six-position, limiting-flow orifaced cassette sssembly built at
NIOSH was utilized for the arez sampling. Mr. Jim Biocano, an industrial
hygienist from DSEEFS, NIQSH, assisted the author in 211 three locations.

4.1 Qualitetive Analysis

The fume sample analysis began with & qualitative sean of representative
samples te fix the elements to be determinmed quantitatively. These scans
are presented inm Figures 18-20 (Figure 18, upper, is a scan of the fiiter
blank). The copper limes at each 45.08 and 40.56 26 are artifacts due to
the instrument and sample holder. Examination of the sample scans revezls
that quantitative analysis is required on the elements Ti, Cr, Mo, Fe, Co,
Ni and Zan. Background correctious are not expected to be unusual., Io
addition, we see that these scaus resemble those of welding fumes generated
at NIOSH. Comsequently, parameters from the NIOSH-produced welding fume

13



samples and related studies will be sufficient for the quantitative analysis
of the field samples for sll elements.

4,2 Instrument Characteristics
L,2.1 Standard Curves

Standardization curves for quantitative analysgsis were produced as
follows. Welding samples om stainless steel (310 steel with 310-14 rods),
six each at low, medium low, medium bigh, aund bhigh levels, were obtained
- with the NIOSH welding station fume sampler described previously. A similar
set of samples was obtained from brazing ou mild steel (with Sta-flo 45).
Three samples of each level were azgnalyzed for element deposition by AA
(reference 16) .and ICP, and three were analyzed by XRF. The result was
deposition vs. XRF intensity data iu triplicat at four 1levels for each of
the six elements of greatest interest. (Eleven elements are available with
ICP). This data is presented in Table 8 and is graphically displayed in
Figure 21 (the ICP data is described by the dashed lines in Figure 21, and
by all of Figure 27; dotted linies denote the standard deviation limits of
the date.

4.2.2 Minimum Detection Limits (MDL)

The background (uocise) Iiuntensities with Millipore AAWP £ilters for the
elemetus of interest are quite low. Cousegneutly, the minimum detection
limits for the elements of interest are quite low., The MDL values were
computed according to the formula

oL = 3_ /I
mYy Tp

Where m 1is the slope of the calibration curve, I aud I, are the
measurement durations (100 seconds) and background intensities for the
" particular analyte element. The MDL's by ICP or AA do not differ
significantly; they are listed below as computed from the more extensive ICP
data: ‘

Analyte MDL (ug/filter)

Ti 0.01
Cr 0.10
Mu 0.11
Fe 0.08
Co 0.12
Ni 0.08
Za 0.14
Ag 0,01

Cd 1.29

i4



4.3 Quantitative Analysis
4.3,1 Deposition — Intensity Plots

XRF analysis of the field samples and the calibration standards were
completed within a three-day period to evade instrument imstability, For
each element, the XRF iuntensity of the calibration standard at a particular
loading level was matched with the average deposition of the twin standard
filter which had been ashed and analyzed by AA (or ICP). Two sets of
czlibration urves were thus generated, owe based ou AA anzlysis aud one
based on ICP analysis of the standard filters. The XRF inteusities of the
field samples were then converted to metal depositions twice, once with the
AA and once with the ICP based calibration curves (Figure 21 and 22). We
first examiune the data via deposition-inteunsity plots (Figures 23 aud 24).
We would 1ike the calibration curves to follow the field sample data
closely, indicating goodness of the calibration curves. 1In general, they
do; however, im other cases, puzzling differences exist which are partly due
to the sample loadings. For example, the consistently low calibration curve
for nickel (Figure 23, upper left) appears quite close to that field sample
data when the coordinates of the plot resemble those expected for a heavier
deposition (Figure 23, right middle). TFor zinec, it is seen (Figure 23,
bottom left) that most field samples have only background ( 2ug) amounts of
zinc with a few (from Location 1Y) with high depositions. The elements Co,
Ag, and Sn are not deposited significantly.

£,3.2 Numerical Results

As menticned above, two sets of agmalytical results were derived from the
XRF intemsities, one from the AA calibration, aund one from the ICP
calibration data. The field samples were then ashed and anzlyzed by AA and
ICP., The XRD results were compared, respectively with the results of the
analyses by AA and by ICP. The AA-based datz set, expressed in mg/, 3 (air
concentrations) for each field sample, is givenm in Tables 9, 10 and 11 for
field locations I, II and TII, respectively, and summarized in Table 1Z.
Raw data for both AA aund ICP based data sets, in ug/filter, is summarized in
Appendix 1 and 2.

In Table 12, the difference D (AA OR ICP value — XRF value) and the
Bias (D/AA [OR ICP)value X100) indicate that the XRF method is about as
précise as the AA method where significant depositionm exists., Large basis
appear when the depositious (and comsequently the U values) zre low., The
biases in Tables 1Z sometimes, however, exceed the NIQOSH requirement (17) of
less than 10 percent, if we accept the AA results as "true'. It should be
kept in mind that the statistical protocol described inm Reference 17 does
not exactly apply bere, however, as replicate samples at 1/2, 1, and 2X the
OSHA or NIQSH standard are not analyzed. 1In the data reported here, many
near~zero depositions greatly detract from the usefulness of bias and
t-statistic data. More sgiguificant is that, iu general, the differeance in
mg/m3 comparing XRF and AA {or ICP) is smali. The student's t-test of
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- differences, when t is greater tham t of 95% siguificance, indicates that =
small but significant error persists between the XRF and the alternmate
method, whether the latter is AA or ICP. The cause of this differeuce is
not obvious, with no relatiomship apparent im the differences inm AA, ICP,
and XRF results., It 1is likely that the standardization method wutilized
should be investigsted for possible improvements. Initial counsideration of
alternative standardization techniques has begun (See sectiom 4.4); this is
an area of study iucluded in upcoming project plans at NIOSH,

é.3.3 Individual Elements

The analyticel results for the various elements agre unot all identicel
and, consequently, are discussed 1individually below (based on data in
Appeundix 1 , Tables 1 and 2).

TITANIUM: Titanium was calibrated by ICP ouly (Figure 24). XRF results
calculated from the ICP calibration data ium Table 8 were compared to the
ICP analysis of these samples. They differ by an average of 28.47.
However, the titanium depositions were quite low (less than 2.5 ugm).
The average difference between the XRF aund ICP results was ouly 0.3 ug
filter. ' :

CHROMIUM: Chromium was found at depositions of 6 ug. At this level,
the element was easily detected by either AA~ or ICP-based standards
with an average difference (AA-XRF), of 0.07 ug (or 0.3 ug with ICP).
The percent error of -2.44% (AA vs. XRF) is excelleat but probably
fortuitous consideriang the 1low deposits of many samples; the
correspouding percent for ICP is —13,13%. '

MANGANESE: Manganese was found in amounts of 0-10 ug. The standard
curves appear low (Figure 23, 24). This may be due to a residuzal matrix
effect since chromium and iron are known to absorb the particular
wavelength of X-rays which excite Mo Ka rtadiatioun. The eaverage
difference, AA-XRF is 1.5 ug (AA); AA-TIPC is and 0.8 ug for the three
locations. The bias is 43.48% (AA) and 14.19% (ICP).
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IRON: Iron was the most common heavily deposited element, 0-20 ug.
However, only six samples (from locationm I) had more than 5 ug of irom.
These were diluted twice for the AA analysis which may account for the
high errors in the AA vs. XRF data for these six samples (bias of 32.6%,
34.6 ug average difference; the corresponding numbers of the ICP-based
data are 13.4% and 13.7 ug). For the entire set of field samples, the
biases are 11.84% , 6.2 ug (AA) and 0.7%, 1.6 ug (ICP).

NICKEL: This element was found in low amounts only (less than 1.5 ug).
Field samples from location I ounly were aunalyzed by AA; the average
difference between AA and XRF results was only 0.4 ug. All three
locations were analyzed by ICP; the ICP minus XRF difference is 0.2 ug.

ZINC: Zinmc was found in high quaatities (30-70 ug) only inm EI1-6 of
location II mnear a galvanized metal welding operatiom. Here, AA-XRF
depositions differed by an average of -2.22 ug or -10.867 (-5.26 ug or
-10.01% for ICP). Other depositions were very low, i.e., near blank
value levels (about 1 ug).

OTHER FELEMENTS: Silver, tin, and cobalt calibration curves were
obtained using ICP standardization aud were used to counvert the XRF
intensities of the field samples to concentration values. However, only
random background depositions were computed. No good correlations
between the XRF intensities aud the ICP-determined comncentration levels
were obtained.

4.3.3 Absorption Corrections

A gemerally accepted correction for X-ray fluorescence analysis 1is the
effect of the absorption of x-rays by the sample matrix (Reference 15.
119). Both absorption of the primary (exciting) x-ray beam, and absorptionm
of the emitted characteristic 1line must be corrected. The effect of
absorption is as follows:

I=1I,e 0/t = 1.ed0/pP if¢=p/d

where I = Resulting x-ray inteunsity
¢ I original x-ray intensity
exc. Demit. u absorption coefficient
k-j J f_e t sample thickness
5..-? ,--t/'.‘Z"'J u/p= mass ébforptionz
x.;;-;f... coefficient, em“/gm
d = deposition density,
gms/ .. 2.
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Tables of u/p are available (Reference 15, p. 972). The deposition
density, d, can be estimated from the resuits of a2 preliminary analysis.
Assuming the exciting radiation passes through half the thickness of deposit
before exciting an atom to emit, the photon trace thus passes through half
the total deposition twice, at approximately 459C to the plane of the
deposition. Consequently, the total absorptiou coefficient £for each
gbsorbing element is: ‘

ud =ﬁ(££)+ fi(&i)
P p 2 p 2/

excit eml

Cousider the field sample Bl0. Assume excitation by chromium Ka, (A= 2.291
A), From the ICP znalysis, we can determine the elementzl depositions,
using the area of depositioun of 9.621 cm?. We comstruct the following

table using data from reference 15, page 972:

Element  Deposition, ugm u/p, Excitation u/p, Emission utx10®
T1 0.7 537.8 378.6 47,1
Cr 3.0 266.4 480.1 160.2
Mn 3.1 106.5 63.0 38.6
Fe 44,4 119.2 - 70.6 619.1
Co 2.6 133.0 78.8 40.5
Ni 1.1 147.5 91,2 19.3
Zn 1.2 163.5 111.6 24.3
Ag 0.3 690.6 L26.7 246
Cd 0.2 735.8 4£54,9 17.5
Sn 2.0 874.9 540.6 208.1

Total  1199.3x107°
Then, I = I e Ut = I, (0.9988), or an error of about 0.12%. Thus,

absorption corrections can be assumed to be megligibly small for these very
thin depositions.
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4,4 Other Standardization Techniques

The present method of calibration, using matched sgets of generation
system weldiung samples, is aot rteadily applicable to typical laboratories
analyzing routine samples. Two other methods of calibration are described
in the literature and were initiated in this study in order to provide
direction for future research.

L4, 1 Multiple-Drop Method

A set of standard filters (Type A2) was purchased from Columbia
Scientific Company, Houstou, Texas. These filters were deposited by the
multiple-drop technique with Ti, Cr, Fe, Ni, Zn, aud Cd at three
concentrations: 1, 5, and 10 ug/.;2. These filters were analyzed by XRF
to construct calibration curves, which were compared with the deposition vs.
XRF intensity (ICP calibrationm) for the field samples (Figure 25). The
large deviation of the calibration curve prepared with the type AZ
comuercial standards (dashed lime, Figure 253) iundicates that use of those
commercial standards will wuwot result in data comparsble to ICP rtesults,
especially for Cd. Ou the basis of these data, we cannot recommend these
commercial standards for the calibratiou af the XRF instrument.

4,6.2 Filter Deposition Method

A second method of standardizatiou employs the deposition of metal
particulates from isopropanol dispersions of sieved multielement powder
standard (Spex Mix 1000) onto Gelman DM450 filters. This method follows
closely that ¢f Semmler, et. a1(19) Five, ten, and fifteen ml eof
approximately ug/ml. 200 ppm isopropanol solution of the azbove standard,
drawn through the filter in buchwer funnel apparatus with a light vacuum,
with resulted in an even, rteproducible deposition of the solid on the
filter. After XRF analysis, the filters were ashed by oxygen RF plasma and
analyzed by AA. A comparison of the resulting intensity vs. deposition data
(Figure 26a) reveals the good limearity of the curve. Tt is closely mimics
the response of the field samples for Fe, Ni, aund Ma (Figure 26b). A
similar experimental sequence utilizing ICP analysis gave similar results,
Figure 26c. The results for chromium were not accepteble. This experiment
1nd1,cates the promise of this method of calibration, which will be pursued
in future experiments. T
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4,5 Tuostrument Difficulties

Although the Philips AXS x-ray fluorescence system works well when it
is operating, a large amount of down-time due to a variety of failures has
delayed the work, No real improvements in the per cent relizbility have
been uoted to date. Cousequeuntly, the author is reluctant to recommended
this model of XRF instrumentationm to prospective buyers.

5. Conclusions

This study was initiated to investigate the feasilibity of the X-ray
fluorescence technique for the amalysis of welding and brazing fumes, This
required:

1. Building au adequate fume geueration device;

2. Elucidation of the physical characteristics of typical welding and
brazing fumes;

3. Determination of the extent of elementzl interferences;
4, Establishment of a suitable set of standards; end.

5. Complete analysis of field samples by XRF and by aun independent
method. ‘

Each of these subgoals has been successfully completed. The field
gample analysis indicates the method has reasonsble accuracy aud precision
compered to AA or ICP, with the single greatest detrimental factor perceived
as inadequate standardization. Preliminary work with tbhe solid dispersion
deposition method for calibration indicates that this problem is tractible
via an ecouomical, rapid standardization procedure. More work is planued on
the calibration problem so that a method can be written for routime analyses.
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Figure 3A. Stainless steel, stick fumes, 6000x. Figure 3B. Mild steel, stick fumes, 6000x.
. Mild steel, stick fumes, AAWP, 6000x. Figure 3D. Stainless Steel, stick

v

Photomicrographs of welding fumes on AAWP and Nuclepore filters.

Figure 3.
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Figure LA. Stainless steel, MIG fumes, AAWP, 6000x. Figure 4B. Stainless steel, stick, AAWP, 600C

Figure LC. M=-1d steel, braze, AAWP, 6000x. Figure LD. Stainless steel, plasms src, 6000x

Figure 4. Welding fumes deposited in AAWP filters.
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X-ray diffraction patterns of welding and brazing fumes.
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METAL NAME

Table 1

METALS AND WELDINE PROCESSES

COMPONENTS

WELDING PROCESSES USED

Carbon Steel
Low Alioy Steels
Stainless Steels: Austenitic:

Chromium Steels:

Aluminum and Alloys:

Nickel and Alloys: Nickel-200:
Monel:
Inconel:

Hastelloy:

Copper and Alloys:

Phosphor bronzes:

= Silicon bronzes:
| Aluminum bronzes:
Copper-nickel alloys:
Nickel silvers:

- Beryllium copper:

Titanium and alloys:

Lead:

Magnezium and alloys:

Brasses:

Fe, Mn, C
Fe, Ni, Cr, C, Mo, V, Si

Fe, C, Cr, Ni, Mo, Mn, Si, P

Fe, Cr, Mg, Mn, Si

Al, Mn, Mn, Si

Ni

Ni-Cu
Ni-Cr
Ni-Mo-Fe

Cu-Zn

Cu-Sn

Cu-Si

Cu-Al

Cu-Ni

Cu-Zn-Ni

Cu-Be

Ti, Mn, Al, Fe, Cr, Mo
Pb

Mg, Al, Zn, Mn, Zr, Ce,
Th, Be, Ca

A11 methods

A11 methods. Heat
treatment may be used.

A1l methods. Heat
treatment may be used.

SMAW, MIG, TIC,
Submerged Arc,
Flux—cored arc.

Primarily MIG and TIG

- heat treated.

SMAC, MIG, TIG

SMAC, MIG, TIG,
Submerged arc

Oxyacetyiene, -
oxynatural gas,
oxyhydrogen flame

TiG, MIG, flame, spot



Table 2

Significant Elements in Welding and Brazing Atmospheres

Concentration

Ranges

Resulting Detection Limits
tiement TLV Range of Method! Observed Range> Deposition® - MDL7 MDL8  MDL®
A1  5mg 0.21-Z.1lmg/cum 5 - 28mg/cum 0.6 - 3.4mg 0.135ug 1.35ug 0.01 8ig
As.- 500ng 420 - 2i00ug - - 0.10 - 0.06
Be Zuc 4.2 - 8.4ug 0.9 - &.31g 0.1 - 0.5mg - - -
Cd 50uxg 4.2 - 8.4pg 20 - 270ug 2.4 - 32.8yg 0.02 -
Cr 500ug 21 - Z2i0ug 80 - 8000unc 9.6 - S60ug - - 0.12
Co 5S0ug 21 - Z2i0wg 60 - 2400ng 7.2 - 288ug - - 0.02
Cu 200pg 21 - 210ug 50 - 2830ug 6 - 340ug - 0.99 Q.26
Fe &mg 0.021 - 0.2i0mg 0.1 - 300mg 0.012 - 36mg 0.10 0.92 Q.11
Pb  150pg 42 - 840ug 80 - 3500 ug 9.6 - 420ug 0.33 6.15 0.18
Mg 10Omg 0.0021-0.02lmg 0.08 - 2.92mg 0.01 - 0.35mg - - 0.01
Mn  5mg-  0.021-0.125mg 0.92 - 14.3mg  0.11 - 1.72mg - - 0.08
Mo 5mg 0.625 - 1.65mg 0.02 - 0.143mg 0.0024-0.017mg - - -
Ni 100pg 21 - 210 wpg 20 - 640ug 2.4 - 76.8.g - - 0.06
Ag  10wg 21 - 1705g - - - -
Sn 2mg 2.4 - 48%umg 0.007 - 0.05mg Q. 0008—0 006mg 0.03 - 0.01
Ti  5Smg 2.4~ 253umg 0.08 - 2.8/mg 0.096 - 0.34mg - - 0.01
W Img  0.06 - 3.9mg% - - - - -
v S0wg 420 - 6300ug "= 1370ug - 164.4ug 0.58 0.32 0.04
Zn  5mg 0.0042-0.042mg 1.07 - 60.2mg 0.13 - 7.2mg 0.04 1,11 0.04
1: NIOSH Method 173 uniess otherwise specified, 10 mL final solution
Z: NIOSH Method 176, colorimetric, 120-L sample
3: NIOSH Method $385, AAS, 120-L sample (linear range)
4: NIOSH Method 271, AAS, 120-L sample
5: From WB TC Draft Criteria Document, per cu.m.
6: 120-L sample
7: "XRF Analysis of Environmental Samples.® T. G. Dzubay, Ed., P. €7, for 28 mm spot.
8: J. V. Gilfrich, P. 6. Burkhalter, and L. S. Birks, Anal. Chem., 45, 2002 (1873).
9: J. Wagman, R. L Bennett, K. T. Knapp, "ARF Mult1spectrometer for Rap1d E]emental

Anaivsis of Particulate Pollutans,” E.P.A., 1976.



Process

Tablie 3

Welding and Brazing Processes

Base Metal
Composition (%)

Welding Material
Nominal Composition (%)

Shielded Metal-Arc
{Stick)

Shielded Metal-Arc
(Stick)

Gas Metal-Arc

(MIG)

Plasma Arc Cutting

Brazing

Mild Steel, A515 G70

(C: 0.31; Mn: 0.90; P: 0.035;

$:0.04; Si: 0.13-0.33; Fe)
Stainiess Steel, 310

(C: 0.25; Mn: 2.00; P:0,085;

S: 0.03; Si: 1.50; Cr: 24-Z6;

Ni: 18-22; Fe)
Stainless Steel, 310

(Vida Supra)}

Stainless Steel, 310
(Vida Supra)
Mild Steel, A515 G70
(Vida Sﬁpra)

-L§-

6011 Rod

(C: 0.09; Mn 0.50; Si: 0.20;
P:0.12; S: O.Zi; Fe)

E310-15 Rod

(C: 0.12; Mn: 1.70; Si: 0.4;

'$:0.02; P: 0.02; Cr: 26.5;

Ni: 21.0; Fe)

310 Wire

(C: 0.25; Mn: 2.00; P: 0.045;
S: 0.03; Si: 1.50; Cr: 24-26;
Ni: 19-22; Fe)

Easy-Flio 45
(Ag: 45; Cu: 15, ZIn: 16; Cd:
24)
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Table 7

Welding and Brazing Field Sample Data

Location Designation Type Location Description Time
1 Al-A3 Area Top of partition between 45 Min
- welding booths, 8 feet from
fioor, near vent. fan.
B1-B& Area Same as above but between 20 Min
different booths
Ci-Cé - Area Same as above but quite 22 Min
close to vent. fan.
[1-D3  Personal Inside welders helmet, 15 Min
near nose
Il E1-E6 Area Near welder using galvanized 30 Min
and sheet metal carbon are
welding
E7 Personal Inside helmet of above welder 30 Min
E8-E9 Personal Inside helmet, welding using 30 Min
stainless steel (308) stick
welding ‘
E10-15 Area In vicinity of above welding 33 Min
111 F1-Fi6 Personal Operator of automatic welding
' #1 30 Min
F2-F17 Personal Operator of automatic welding
#2 ' - 30 Min
F3-F8 Area 15 Feet from two automatic
welding machines 83 Min
FS-Fi4 Area Near one automatic welder
(2 Lpm flow limiting orifaces 88 Min
F15-F18 Personal Inside helmet of welding using

carbon-steel stick welding
(7818 rods) on 308 stainless

steel 30 Min

* Pandjaris automated MIG Scamer-Welding, using 75% He/25% Ar on type
304 1/4% or 3/8" Stainless Steel
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Table 8

Calibration Data for the X-Ray Fluorescence Ana1ys1s of Welding
and Brazing Fumes

ICP CALIBRATION DATA AR CALIBRATION DATA
ELEMENT INTEN CONC(ng) ELEMENT INTEN CONC{ug)
RG2 44.6 0. CR1 70.0 4.8
Cb1 i2.6 5.2 MN1 238.3 1.5
co1 2.9 2.6 FE1 306.0 7.4
VL CR1 70.0 5.0 VL NIL 57.4 1.3
FE1 306.0 8.2 - INL 90.6 0.2
MN1 240.5 2.6 CD1 12.5 5.3
NIl 57.4 1.7
SI1 87.4 16.4 CR1 180.3 12.4
SN2 0.0 1.0 MN1 322.1 7.4
Ti1 84.0 0.5 L FE1 540.6 19.2
ZN1 90.6 1.5 NIl 123.6 5.3
IN1 200.6 9.2
AGZ 68.2 0.5 Cb1 129.0 35.1
€p1 129.0 32.9 '
Co1 4.7 2.7 CrR1 221.6 16.3
CR1 180.3 13.9 MN1 354,1 8.9
FEL 540.6 18.9 M FE1 617.3 22.7
MNL 325.0 8.0 NIl 143.6 5.9
NIl 123.7 5.2 IN1 403.0 21.0
SI1 122.9 15.8 Cpl 322.0  100.7
SN2 3.9 0.9 ‘
TI1 133.0 0.6 CR1 417.0 30.4
ZN1 200.7 7.2 MN1 478.7 18.6
FE1 1002.0 43.0
AG2 106.0 0.8 H NIl 251.0 13.1
Cbl 322.0 82.0 ZN1 523.0 25.7
€01 4.8 2.8 col 451.0 131.5
CR1 221.7 15.9
FE1 €i7.3 22.7 CR1 8.1 1.0
MN1 357.6 8.6 MNL 1¢8.8 C.0
NIl 143.7 5.9 BL FEL 168.0 2.1
SI1 102.0 i1.¢9 NIl 20.7 0.0
SN2 4.7 0.9 ZN1 70.5 0.4
Ti1 137.3 0.6 Cbl1 0.0 0.0
N1 493.0 2.3
AG2 135.0 0.9 evd 34.3 0.4
CD1 452.0 120.2 Cbi 0.0 0.2
Co1 6.5 02.8 col 3.0 2.7
CR1 417.3 29.6 CR1 g.2 1.7
FE1 1002.0 4z.2 FE1 161.0 2.7
MN1 486.3 19.2 BL MN1 167.0 0.2
NIl - 251.0 i1.4 NIl 15.8 0.4
SI1 184.0 11.9 si1 - 29.7 11.9
SN2 4.4 1.0 Sk2 4.7 1.1
Ti1 - 160.7 0.6 TIL §9.0 0.5
ZN1 521.0 27.3 ZN1 66.4 0.4
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Comparison of metal fume concentrations by AR and by XRF using the AA
calibration curve of Figure 21. Location I Field Samples.

1A
24
" 3A
18
28
38
48
58
1
2c
3C
ac
5C
6¢
D1
D2

b3

Fe

AR

XRF

0.709 0.809

Q.

0

1.
1.

7.
5.
5.

738

.889

761
790

.834
978
.826
244

254
854
101

0.857
0.950
1.771
1.605
1.820
1.807
1.343
4.514
4.499
4.435
4.405

5.445 4,611

6.
3.
2.
3.

181
093
984
224

4.603
2.921
2.235
2.598

Takle 9

CR MA

AR XRF B XRE
0.0  0.004 0.057 0.035
0.002 0.004 0.062 0.043
0.0  0.007 0.067 0.059
0.0 0.015 | 0.152 0.098
0.0  0.009 0.148 0.093
0.0  0.015 0.156 0.127
0.0  0.009 0.163 0.107
0.005 0.000 0.13¢ —
0.004 0.009 0.418 0.289
0.0  0.008 0.382 0.285
0.0  0.009 0.373 0.284
0.004 0.008 0.382 0.280
0.0 0.009 0.374 0.296
0.004 0.004 0.406 0.258
0.0  0.020 0.204 0.132
0.0  0.006 0.080 0.092
8.0 0.0 0.244 0.158
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_mg/m3
N
AR
6.0
c.0
0.0
0.0
0.0
0.0
0.0
0.005
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.033

0.0

XRF
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
6.0
0.0
0.0
0.0




Tab]e 10

Comparison of metal fume coﬁcentrations by AA and by XRF using the_AA
calibration curve of Figure 21. Location II field samples. (mg/m3)

FE CR MN yi
AR RRF [ XRF ER  XRF AX ¥RF
Ei 0.168 0.173 0.003 0.0 0.020 0.0 0.977 0.947
" E2 0.317 0.300 0.002 0.0 0.024 0.0 1.243 1.324
E3 0.340 0.302 0.007 0.005 0.033 0.0 1.302 1.481
E4 0.353 0.381 0.002 0.004 0.034 0.0 1.096 1.538
E5 0.322 - 0.003 0.0 .0 - 1.032 -
E6 0.363 0.312 0.003 0.005 0.033 0.0 1.280 1.364
E7 | 0.385 0.319 0.003 0.003 0.038 0.0 2.044 2,243
E8 0.037 0.063 0.028 0.019 0.038 0.006 - 0.0
E9 | 0.109 0.093 0.061 0.048 0.064 0.022 0.010 0.0
E10 0.319 0.232 0.110 0.082 0.145 0.087 0.045 0.003
E1l 0.317 0.289 0.122 0.106 0.110 0.114 0.039 0.017
E12 0.310 0.304 0.133 0.113 0.186 0.116 0.041 0.011
E13 0.291 0.274 0.124 0.107 0.167 0.116 0.043 0.005
~El4 0.295 0.248 0.114 0.105 0.155 0.073 - 0.041 0.0
E15 0.291 0.168 0.085 0.071 0.106 0.065 0.047 0.005
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Table

11

Comparison of metal fume concentrations by AR and by XRF using the Af
calibration curves of Figure 21. Location II1 field sampies. (mg!m3)

Fl1
Fz

F3

-

Fa
F5
Fb
F7
F8
Fo
F10
Fii
Flz
Fi3
Fia
Fi5
Fie
Fi7
Fi8

Fe

AA
0.182

0.356
0.320
0.261
0.143
0.275
0.425
0.368
0.263
0.282
0.237
0.254
0.231
0.210
0.537
0.349
0.205
0.115

XRF
06.1z8

£.z288

0.313
0.250
0.35¢
0.240
0.384
0.354
0.200
0.243
0.193
0.1%2
0.201
0.108
0.452
0.374
0.108

0.818

Cr

AA
0.031

0.072
0.024
0.018
0.031
0.021
0.040
0.034
0.016
0.015
0.010
0.011
0.011
0.011
0.012
0.047
0.025
0.073

XRF
0.631

0.050
0.031
0.018
0.040
0.020
0.053
0.044
0.014
0.015
0.013
0.012
0.016
0.013
0.009
0.047
0.013
0.022

Mn
AA
0.060
0.265
0.011
0.007
0.010
0.008
0.008
0.008
0.014
0.015
0.015
0.014
0.015
0.013
0.028
0.145
0.054

0.201

XRF
0.013

0.217
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.001

0.003

0.009

0.005

0.006
c.0

0.123

0.0z22

0.09%
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“In

AA
0.083

0.009

0.008
0.007
0.008
0.006
0.008
0.008
0.011
0.004
0.003
0.004
0.004
0.003
¢.0

0.003
0.006
0.06¢8

XRF
0.0

0.0

0.0

0.0
0.0
0.0
0.001
0.004
0.0
0.0
0.0
0.0
0.0
0.001
0.0
0.0
0.0
0.0

Ni

AR
0.009

0.013
0.005
0.003
0.018
0.007
0.014
0.012
0.005
0.004
0.003
0.003
0.005
0.005
0.0

0.006
0.0

0.0

XRF
0.0

0.0
0.005
0.0
0.007
0.0
C.007
0.006
0.0
0.001
0.0
0.0

- 0.001

0.002
0.0
0.0
0.0
0.0




Teble 12

‘Summary of Field Sampie Analyses

IRON  CHROMIUM MANGANESE NICKEL ZINC
AR ICP AR ICP BA ICP AA icp AR ICP
Location I
A-(mg/m3) "10.654 0.2571-0.007 -0.00710.071 0.04) = +0.008| = 0.021
t~Test for Ao | 3.363 3,195/4.619 4,343 |7.156 4,823} =* 2.526| * 6.454
t(95% Sig.) |2.567 2.567}2.567 2.567 [2.583 2.583} * 2.5831 * 2.567
- Bias (%) | 14.47 3.41} = -13.04|31.54 4,19 = 36.47] * *
Location Il
A (mg!m3) 0.03¢ 0.015| 0.01 0.133 ] 0.04 0.026] = 0.007{-0.06  -0.082
t-Test for a4 | 3.618 2.147/3.76l 2.428 |9.332 8.502| * 7.579] 1.392 1.610
- t(95% Sig.) 2.634 2.650{2.624 2.624 |2.624 2.650| * 8.650! 2.650 2.6724
Bias {%) 13.10 3.18/10.15 4.38 145,58 % * * -10.84 -i0.01

tocation III

s (mg/m3) 0.046 -0.0080.002 -0.006{ 0.02 0.012| 0.00 0.003| 0.01 0.003
t-Test for 4 | 2.786 0.511{0.599 2.422| 3.858 2.972| 5.277 5.592| 7.949 4,225
t(5% Sig.) |2.562 2.567|2.552 2.567|2.552 2.567|-2.552 —2.567]-2.552 —2.567

Bias (%) | 12.82 - 4.53|12.21 -24.24) = = | = * * *

Average
A 0.245 0.088 0,002 Q.04 :0.044 0.026 * (0,006 | -0.03 -0.013
Bias “ ] 13.46% 0.69%{11.18 -10.97i 38.56 * * * * *

* Many Near-zero depositions interfere with caiculation of these data entries

Key: & = (AA deposition )-(XRF deposition)/(AA deposition) or with ICP
deposition

Bias = a/(AA deposition) or simiiarly for ICP deposition
verage of differences, AA-XRF (a)

=A
= Number of sampies at a location
¢ = Standard deviation of difference

t-Test by t= 2T where X
G N
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Table 13
SUMMARY OF ANALYSIS DATA

‘ ‘ Sample © T-Test
Metal Location = Numbers  Bias (%) _a (ma/m3) for &
iron - I A1l 14.47 7% 0.654 3.363
Iron 11 ATl 13.10 % 0.036 3.618
" Tron 111 A1l 12.82 % 0.046 2.786
Manganese I ATT 31.54 % 0.071 7.156
Zinc 11 1-4, 6-7  -12.27% ~0.159 1,392
Chromium _ 11 8-15 18.142. 0.016 - 7.153
Chromium 111 A1l 12.21% 0.002 0.599
Average 12.86% 0.095 mg/m3
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Summary of Field Sample Data, AA Results {ng / filter)

Location 1
A = AA- XRF .
T-test for a

T(98% Sig.
Bgas/(gAgX%F/AA)

Location II

A = AA - XRF
T-test for a
T(9%% Sﬁg.&

Bias (AA-XRF/pn)

Location 111
A = PA-XRF
T-Test Tor a

T(95% Sig.
Bgas (iAgX%FIAA)

Averages
A

Bias

IRON

13,459
2.871
2.898

13.997

1.100
1.542
2.977
10.047%

3.928
4.380
2.898
11.50%

. 6.162
11.84%

RPPENDIX I
Tabie 1

CHROMIUM

-0,218
3.906
2.888

-18.757

0.3060
4.088
2.977
8.78

-0.300
1.084
2.898

-2.65%

-0.073
-2,447

MANGANESE NICKEL

1.563
7.618
2.921
32.09z *

1.540

14.192

2.977

39.70% *
(10-15)

1.400 0.389
7.971 6.165
Z.898 2.898

58.66% *

1,501
43.48% *

ZINC

06.276

5.933

2.878
*x

-2.223
1,415
2.650

-10.86%
(1-7)

0.92
9.656
2.808

-0.342

f T= Xiﬁ. where X = Average difference (&), N = numbers of samples,
o = std deviation
* designates too 1ittle meaningful data to compute a particular entry

g
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Appendix 3

Quality Control

The work described in this report is directed towards & method
which would eapply accurate analysis to an undefined atmospheric
enviroment. Thus, it is a quality control effort. Within this
. project, -quality control is mazintained by the following procedures:

i.

The various pieces of equipment used (Philips AXS =zand APD,
Beekman 603 Atomic Absorption units, Spex ICP) are maintained
by factory representatives with 2 mwaintenance log recorded.
Instruments were always used according to manufcturer's
directions.

Chemicals and solvents were used within reasonable expiratiom
dates. The multiplicity of aunalyses—-XRF, AA, ICP--would be
likely to reveal any impurity of significance.

Replicate. sampling techmniques were used whenever £feasible;
XRF standards were mostly in triplicate, a few in duplicate.

No difficulties with collection efficiency (breakthrough) or
sample stability were observed.

Spiked filters were analyzed by AA along with the fume
samples. Per cent recoveries were always completely adequate
(usuzlly less tham 5%). AA standard calibrztion curves wsre
linear with 2 correlation coefficient of 0.99 or better.

The glassware was always cleaned according to the procedure
described in reference 16 or eguivalent.

No NBS (or equivalent) welding fume samples are available.
The alternmative method chosen to eunsure accuracy was to have
two independent analytical methods for comparison to the XRF
results, wviz., atomic @&bsorption amnd ICP. The data
substantiste the applicability of this scheme.,
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