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Evaluation of a Chemical Spot-Test
Kit for the Detection of Airborne
Particulate Lead in the Workplace

A commercial rhodizonate-based test kit was evaluated for its potential use in the detection of

lead in airbome particulate samples at work sites. Over 350 air samples were collected at

abrasive blasting lead paint abatement sites using cellulose ester membrane filters and

personal sampling pumps. The filter samples were tested with the chemical spot test and then

analyzed by graphite furnace atomic absorption spectrophotometry. No positive readings were

recorded for lead masses helow 1.3 pg Pb/filter, and no negative readings were observed for

lead amounts abave 8.1 g Pb/filter. Experimental data were statistically modeled in an effort
to estimate the performance parameters of the spot test kit. The identification limit of the kit
was found to be approximately 3.6 pg/filter sample. For lead mass values above approximately
10 pq Pb/filter, 95% confidence of a positive reading was found; while 95% confidence of a
negative reading was found for lead masses below approximately 0.6 g Pb/filter. Based on the
results of this study the rhodizonate-based test kit for lead demonstrates potential for use in
field screening for lead in persanal breathing zone and area air samples.

Keywords: spot test kit, airborne particulates, lead detection

orkers involved in the abatement of

lead-based paint or renovation of struc-

tures that arc coated with lead-contain-

ing paint are known to be at risk of air-
borne lead exposure. I Protocols for monitor-
ing airborne lead exposures in the workplace
include National Institute for Occupational
Safety and Health (NIOSH) methods,® which
involve laboratory analysis by atomic absorption
or emission spectrometry following collection on
filter membranes using personal sampling pumps.
Laboratory analyses of personal breathing zone
(PBZ) samples for compliance purposes may be
time-consuming, and more rapid screening and
measurement techniques for lead are desired. In
light of the short-term duration of lead abate-
ment and renovation jobs, and also due to the
transient nature of the workforce involved in
abatement activities, rapid detection and analysis
methods arc needed to assess worker exposures
to lead in these work environments. Hence, field-

based methods for the qualitative detection and
quantitative determination of PBZ lead are under
development in this laboratory.

The study described herein involved the eval-
uation of a qualitative spot test for lead in filter
samples, which were obtained mainly at work
sites where abrasive blasting was used to remove
lead-based paint from highway bridges. The spot
test is based on the use of the rhodizonate dian-
ion, which has been employed as a qualitative test
for the presence of lead for many years.©*” Rho-
dizonate reacts with Pb*" to form a complex with
a pH-dependent characteristic color. Uncom-
plexed rhodizonate is yellow to orange, while the
lead-rhodizonate complex is pink to red under
acidic conditions and violet to blue in neutral to
basic solutions.” Rhodizonate also forms col-
ored complexes with several other metals such as
barium and strontium,*”) but only the lead-rh-
odizonate complex yields the pink or red charac-
teristic color in acidic solution. Hence, the use of
rthodizonate as a spot test for lead is highly spe-
cific for this metal.

Most commercially available spot test kits for
lead are based on the reaction of this metal with
either rhodizonate or sulfide ions. Rhodizonate
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and sulfide-based spot tests for lead have been evaluated recently
on paint, dust, and soil for their potential use in detecting lead in
buildings.'*') The sulfide dianion, §?~, forms a black precipitate
(PbS) when it reacts with Pb**; this precipitation reaction is the ba-
sis of the sulfide spot test for lead. Fewer interferences to the de-
tection of lead have been observed with rhodizonate than with sul-
fide,'” in part because sulfide can form dark precipitates with
other metals besides lead. Also, the use of the rhodizonate spot test
has been found to be less subject to operator error and interfer-
ences compared with the sulfide kit.!D

Other spot tests for lead have been used in the past,® but the
selectivity and sensitivity of those spot tests were found to be infe-
rior to sulfide and rhodizonate. Due to the nature of airborne par-
ticulate samples, it was decided that a rhodizonate spot test would
be the most appropriate choice for this matrix. The formation of a
PbS precipitate was found to be difficult to observe on workplace
air filter samples, since the particulate matter collected on air filter
samples is typically dark brown or black. Also, a rhodizonate-based
kit was selected that was found to be easy to use on cellulose ester
air filter samples.

This work represents the first effort to identify performance pa-
rameters for the test kit measurement of lead in airborne particu-
late samples. For a given matrix, a qualitative spot test can be eval-
uated through the use of performance curves.!? A performance
curve for a given spot test is a plot of the spot test response versus
the amount of lead as determined by a reference quantitative ana-
lytical method. Equivalently, the performance curve is a plot of the
probability of a positive test kit response versus the “known” ana-
lyte concentration. From the performance curve it is possible to
determine the identification limit of the spot test and the ranges of
lead mass that result in cither positive or negative readings. (The
identification limit is the amount of analyte at which one has a 50%
chance of observing either a positive or negative result.)® How-
ever, many data points are necessary to define the performance
curve for lead detection adequately for a given spot test and a given
matrix.(? Hence, this study was limited to the evaluation of a sin-
gle lead test kit. However, the protocol employed in this investiga-
tion may be applied to the evaluation of other candidate test kits,
analytes, and sample matrices.

EXPERIMENTAL

Sample Collection

Airborne particulate samples were collected at the following abra-
sive blasting and lead paint removal sites during 1992 and 1993:
Athens, Dayton, Milford, and Springdale, Ohio. The sample col-
lection protocol was as described in the NIOSH methods® and in
ASTM practice E1553.14% Samples were collected closed-faced at a
flow rate of 2.0 (£ 0.1) L/min on preloaded 0.8-pm pore size cel-
lulose ester 37-mm filter cassettes (SKC, Eighty-Four, Pa.) using
personal sampling pumps (DuPont Model P2500A, Wilmington,
Del.). To obtain a range of loadings on the filters, sampling times
varied from a few minutes to several hours (ca. 10 L to 500 L).
Once collected, samples were transported to the laboratory in
sealed plastic bags.

Spot Test Detection

commercial rhodizonate spot-test kit (Merck EM Quant,
Darmstadt, Germany) was used on each filter sample according
to manufacturer’s instructions. The test strips consisted of thin
strips of flexible plastic on which rhodizonate-impregnated pieces
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of felt were attached at one end. The filter cassettes were opened
manually, and two or three drops of reagent solution were placed
on the center of cach filter. The piece of felt on the test strip was
then applied with manual pressure for 2 minutes. A pink or red
color change on the felt picce and/or on the filter itself was
recorded as a positive reading, while an absence of color change
was recorded as a negative result. The test kit included a scale that
may allow for semiquantitative measurement of the lead concen-
tration (in ppm), based on the intensity of pink to red color that
develops. However, since this application of the kit is intended or-
dinarily for water samples, no effort was made to estimate the lead
concentration based on the results of the tests on airborne partic-
ulate samples. Rather, a characteristic color change of any intensity
was recorded as a positive result.

Laboratory Analysis

fter testing with the spot test kit, the filters, test strips, and

backup pads were transferred to 125-mL borosilicate glass
beakers. Added to cach beaker were 3 mL of concentrated reagent
grade nitric acid (Aldrich, Milwaukee, Wis.) and 1 mL of 30%
reagent grade hydrogen peroxide (Aldrich, Milwaukee, Wis.). The
samples were heated on a hotplate at a surface temperaturc of
140°C until the volume was reduced to about 0.5 mL. (The cor-
responding, temperature of the beaker contents was ca. 100°C.)
Additional 2-3 mL aliquots of nitric acid were added to digest the
test strips. Digested samples were brought to volume with ASTM
Type 144 water in a 125-mL Class A borosilicate volumetric flask.
The digested and diluted samples were then analyzed at 283.3 nm
using a graphite furnace atomic absorption spectrophotometer
(GFAAS; Perkin-Elmer Zeeman 5100, Norwalk, Conn.). The de-
tection limit of the spectrophotometric technique was ~ 0.01
pg/filter.

Computational Methods

Statistical analyses were conducted using PC-SAS® {Cary, N.C.)
software. Maximum likelihood and numerical calculations were
carried out with SAS programs./'®

RESULTS AND DISCUSSION

Spot Test Data

Four sets of data were collected to determine the operational
characteristics of the lead spot-test kit on cellulose ester mem-
brane filter samples. The samples were collected from locations
known to be subject to lead contamination, and were not manu-
factured in the laboratory. When the spot test is applied to the sam-
ple, it returns either a positive response indicating the presence of
lead, or a negative result indicating that no lead was detected. The
data consisted of 371 observations of environmental samples that
had been tested by the rhodizonate chemical spot test, followed by
GFAAS analyses. A positive test result was scored a value of 1 while
a negative result was scoted a value of 0. No positive test kit read-
ings were observed for lead loadings below 1.3 pg, and no nega-
tive spot test readings were obtained for lead levels above 8.1 pg.
Thus there is a region of uncertainty between ~1 pg Pb/filter and
~10 pg Pb/filter, where positive and negative results overlap. Data
from four different sample sets were collected to examine results
obtained from various work sites.

The experimental data can be modeled to yield a characteristic
performance curve for the test kit. The performance curve would
be different for other manufacturers’ test kits and other sample
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matrices. Specific objectives of the analysis of the performance curve
concern the interpretation of a positive or negative test kit response.
First, is the spot test result consistent with the assumption that as
the amount of lead in the sample increases, the probability of a pos-
itive response will increase monotonically? If so, this would imply
that a model for predicting the probability of a positive response as
a function of the amount of lead could be fit to these data, Second
(and third), what can a user infer, concerning the amount of lead
on the sample, from a positive (or negative) test kit response?
Obtaining precise solutions for these three objectives requires
data for which there is the greatest uncertainty of the test kit re-
sponse being positive or negative; i.e., for amounts of lead such
that the probability of a positive response is ~0.5. Since samples
were obtained in real work environments (rather than being pre-
pared artificially), there are some limitations to the overall analysis.
For one, the study is subject to the variability of the amount of lead
in the environmental samples; that is, lead loadings are not known
# priovi. The amount of lead is determined analytically (by spec-
trophotometric means) and is subject to crror, rather than being
known without error as this treatment assumes. This limitation was
ignored, and its eftects on the findings of the study are unknown
(although the error introduced here is thought to be minimal).
Furthermore, the composition of the sample matrix is variable and
was not experimentally controlled. This may influence the leacha-
bility of lead from samples collected at different work sites; also,
the effects of interferences are unknown. These limitations (due to
possible differences in sample matrices) were addressed by collect-
ing sets of samples from several work environments, rather than
just one sample set from a single work site. Statistical comparison
of results obtained from the four work sites indicated that the sam-
ple matrices were similar for the locations chosen for this study.

Statistical Modeling

tatistical modeling methods were employed in efforts to deter-

mine the performance curve and estimate performance parame-
ters of the observed experimental spot-test kit data. For a qualita-
tive test the performance curve describes the probability of a posi-
tive test result as a function of the mass or concentration of analyte.
This function should be a continuous, increasing function with val-
ues (ideally) beginning at zero and ending at unity. An example of
a generalized performance curve is shown in Figure 1.

The following distribution function'® was used to fit the ob-
served spot test kit data:
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FIGURE 1. Expected performance curve (prohability of positive response

versus mass or concentration of analyte) for a qualitative chemical spot
test

p(xa,b) = 1 — expl — (x/a)*] (for x=0),

where p, the probability of observing a positive response, is a func-
tion of lead mass, x, and parameters a and b. Parameters a and b
are location and scalar parameters, respectively. Increasing the
value of & will shift the performance curve to the right, while in-
creasing the b value will make the curve steeper.

Based on the above model, the maximum likelihood method('7:18)
was used to estimate the two unknown parameters a and b. How-
ever, test kit performance parameters that are of interest are the lead
masses that give 5, 50, and 95% chances (p=0.05, 0.50, and 0.95)
of positive response. These performance parameters can be ex-
pressed as functions of the two primary parameters a and b:

x, = a[~In(l-p)]/* (for p = 0.05, 0.50, and .095),

where x, is the lead mass at a given probability of positive response.

The 50% positive response point X, g, is the identification limit
defined previously. The 5% (95%) positive response point Xg s
(Xp95) provides the information that when a positive (negative) test
kit response is observed, we are at least 95% confident that the lead
mass 18 above X, s (below x4 45). The parameters X s, X 50 a0d X 95
may be used to characterize the performance of the spot test kit.

Estimates and confidence intervals for the two primary param-
eters a and b, and the three positive response points (test kit per-
formance parameters of interest) X, o5, Xos0, a0d Xgog are listed in
Table I. Details regarding the estimation procedure employed for
this work are presented in the Appendix. A two-sided confidence
interval was used for the identification limit, while single-sided
confidence limits were used for the 5% and 95% response points.
The reasons for the use of single-sided confidence intervals for x; s
and x5 are explained as follows: only the lower limit of the 5% re-
sponse point and the upper limit of the 95% response point are of
interest for application of the test kit. Results for estimation of the
performance curve are plotted in Figure 2.

The identification limit x, 5, of the spot test kit for airborne par-
ticulates collected in this work was found to be on the order of a
few micrograms of lead (Table I). The identification limit is of in-
terest in that it is equivalent to the detection limit of a quantitative
analytical measurement in the following sense: both the identifica-
tion limit of a qualitative measurement tool® and the detection
limit of a quantitative measurement device" correspond to the
values of analyte mass (or concentration) at which one has a 50%
chance of a negative result. The values X, o5 and x5 are of interest
in that these parameters enable the user to employ the test kit for
CXposure assessment purposes.

Point and Interval Estimates of the Spot Test Kit
Performance Parameters for the Detection of Lead
in Airborne Particulate Samples

Parameter Point Estimate’ Interval Estimate (95%)
a 469 +0.39 (3.92, 5.46)

b 141 +0.17 (1.07,1.75)
Xoos 0.57 +.015 (0.27, )

Xos0" 3.62 + 032 (2.84,4.41)
Xoos 10.21 +1.29 (0,13.94)

A+ values are standard deviations

B5% positive response point

€50% positive response point (identification limit)
P95% positive response point
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FIGURE 2. Data fitted by statistical modeling, and 95% confidence inter-
vals about the estimated parameters x, ., X, ;,, and X, .. Maximum likeli-
hood estimates of parameters a and b were those values given in Table l.
For the test kit response, a negative result is given a value of zero, while a
positive reading is attributed a value of one. +: individual data points;
solid line: modeled performance curve.

Let us consider explicitly what the user may infer from a posi-
tive or a negative test kit result, based on calculated test kit perfor-
mance parameters (Table ). If a negative result is observed, we
may be 95% confident that the mass of lead in the sample is less
than 10.21 pg. On the other hand, if a positive result is observed,
we may be 95% confident that the mass of lead in the sample is
greater than 0.57 pg. These values can then be used, with knowl-
edge of sampling duration and flow rates, to evaluate compliance
with applicable action levels and compliance levels, e.g., Occupa-
tional Safety and Health (OSHA) action levels and permissible ex-
posure limits (PELs).

The implications of the test kit evaluation are as follows. Here
the performance parameters for point estimates obtained from the
maximum likelihood treatment, listed in Table I, are utilized. The
case of the use of a chemical spot test on a personal breathing zone
sample obtained at a flow rate of 2 L/min is considered. 1f a posi-
tive result is obtained after sampling for 5 min, one would expect
the OSHA PEL of 50 pg/cm?® to be exceeded over an 8 hr time-
weighted average. On the other hand, if a negative result is ob-
tained after sampling for 2 hr, it can be predicted that the OSHA
PEL probably will not be exceeded over an §-hr workday. Of
course, these implications assume that the sampling periods yield
exposures that are representative of the entire workday. Also, these
conclusions are specific for the test kit evaluated here. Performance
parameters for other chemical spot test kits may be different, and
so other test kits must be evaluated similarly before being used to
screen for lead in workplace air.

CONCLUSION

major potential advantage of the use of spot tests for airborne

particulate samples is that there is no action level constraint,
since the flow rate, collection time, etc., can be adjusted to obtain
measurable quantities of lead. Thus the method may be useful for
on-site screening of lead in workplace air. Lead spot tests could be
employed on-site to give an indication of whether personal expo-
sures are in compliance with applicable federal or state regulations.
Knowledge of the test kit performance parameters, provided by a
statistical fit of the experimental data, may allow for the use of rho-
dizonate-based spot tests in ficld screening of airborne lead in
workplace environments,

164 AIHA JOURNAL (57) February 1996

ACKNOWLEDGMENTS

Lorberau, R.L. Mickelsen, A.L. Sussell, and J.D. Travis pro-

evided extremely helpful field assistance. The authors thank S.

Harper (EPA/ORD) and M.R. Peterson (NIOSH) for their criti-
cal review of the draft manuscript.

REFERENCES

1. National Institute for Occupational Safety and Health (NIOSH):
NIOSH Alert—Request for Assistance in the Prevention of Lead Exposuve in
Construction Workers. |Pub. No. 91-116] Cincinnati, OH: NIOSH,
1991.

2. National Institute for Occupational Safety and Health (NIOSH):
Health Hazard Evaluation Report—HUD Lead-Based Paint Demonstra-
tion Project. [HETA 90-070-2181] Cincinnati, OH: NIOSH, 1992.

3. Natjonal Institute for Occupational Safety and Health (NIOSH):
Health Hazard Epaluation—Ohio University. |HETA 92-095-2317]
Cincinnati, OH: NIOSH,1993.

4. Zedd, H.C., Y.P. Walker, J.E. Hernandez, and R.J. Thomas: Lead cx-
posures during shipboard chipping and grinding paint-removal operations.
Am. Ind. Hyy. Assoc. J. 54:392-396 (1993).

5. Eller, P.M. (ed.): NIOSH Manual of Analytical Methods, 4th ed. Cincin-
nati, OH: NIOSH, 1994. Method Nos. 7082, 7105, and 7300.

6. Kolthoff, I.M.: Het gebruik van rhodizonzuur natrium als reagens op
barium, strontium en lood. Pharm. Weekblad 62:1017-1020 (1925).

7. Peigl, F. and H.A. Suter: Analytical use of sodium rhodizonate. Ind. Eng.
Chem., Anal. Ed. 14:840-842 (1942).

8. Feigl, E. and V. Anger: Spoz Tests in Inorganic Analysis. Amsterdam: El-
sevier, 1972, pp. 282-287, 564-566, 569.

9. Jungreis, E.: Spor Test Analysis. New York: John Wiley & Sons, 1985. pp.
46-48, 54, 112-113, 205.

10. U.S. Eanvironmental Protection Agency (EPA): Investigation of Test
Kits for Detection of Lead in Paint, Soil and Dust. |[EPA 600/R-93,/085 |
Research Triangle Park, NC: EPA, 1993,

. Canada Mortgage and Housing Corp. (CMHCY): Testing of Canadian
Sources for Lead Analysis. Ottawa, Ontario, Canada: CMHC, 1993.

12. U.S. Environmental Protection Agency (EPA): Workshop Report—
Hdentification of Performance Pavameters for Test Kit Measuvement of Lead
in Paint. [EPA 600/R-93 /129] Rescarch Triangle Park, NC: EPA, 1993.
13. ASTM: Standard practice for collection of airborne particulate lead during
abatement and construction activities (ASTM E1553). In ASTM Standards
on Lead-Based Paimt Abatement in Buildings. Philadelphia, PA: ASTM, 1994,

14. ASTM: Standard Specification for Reagent Water (ASTM D1193). In
Annual Book of ASTM Standards, vol. 11.01. Philadelphia, PA: ASTM,
1993.

15. SAS Institute: SAS® Langunge Guide for Personal Computers, Release 6.08
ed. Cary, NC: SAS Institute, Inc., 1993.

16. Crowder, M.J., A.C. Kimber, R.L. Smith, and T.J. Sweeting: Stazisti-
cal Analysis of Relinbility Data. London: Chapman and Hall, 1991. pp.
16, 50-52.

17. Cox, D.R. and D.V. Hinkley: Theoretical Statistics. London: Chapman
and Hall, 1974.

18. Rao, C.R.: Linear Statistical Infevence and its Applications. New York:
John Wiley & Sons, 1973. p. 524.

19. ACS Committee on Environmental Improvement: Principles of envi-
ronmental analysis. Anal. Chem. 55:2210-2218 (1983).

1

—

APPENDIX

he maximum likelihood estimates for the parameters a and b in
the performance function can be obtained by maximizing the
following logarithmic function:
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= i (vi In (p(x;; a, b)) + (1 — v) In (1 — p(xy a, b)))

ziln(l*l)ﬁ—

i=1

p(Xi; a, b)l)7

where the second equality is due to v, = 0 or 1. Since explicit ex-
pressions for the maximum likelihood estimates are not available, a
numerical procedure (described below) was employed to find esti-
mates for parameters a and b (see Table I). According to the large
sample theory,!*1”) maximum likelihood estimators for a and b
have a joint asymptotic bivariate normal distribution with mean
(a,b)* (where superscript t means transpose of a vector) and vari-
ance-covariance matrix:

o 6§ 6”i)
V= <A Aaz
Cp:  Of

oL LN\ -1
8a®  Badb 647 —0.05\"
R - <~0.05 33.93)
bda b / b
FL L
1 ab? 920b
82L oL < oL ) 0L oL
0a® Ob® dadb T 8bda 022 / ab

(01546 0.0002
~10.0002 0.0295

Asymptotic confidence intervals for a and b are given by:
ymp g y
(27975 2%7%) = (3 — 1.9663, 4 + 1.966;)
and

(52025 bO97%) = (b — 1.966¢, b + 1.968).

Letx = f(p;a, b) = a[— In(1 — p)]'/* be the inverse function
of p(x; a, b) and 4, b be the maximum likelihood estimates of a and
b, respecnvely Then estimates for the y100% positive response
points with y = 0.05, 0.5, 0.95 are given by

& = f(y; 4, b).

The standard deviation of the estimate for x, may be estimated by:

(59 [(on 22 DY

of(y, 4, b) Of(y; 4, b) + (s M8 , bV
da ab ® 8b '

To obtain a confidence interval for a performance parameter x,,
we consider the statistic (A—a, b—b) V1 (4—a, b-by):. According
to normal theory,!® it has an asymptotic y2- dlstrlbutlon with 2 de-
grees of freedom. Therefore, a Y100% confidence region for a and
b can be obtained by

C/4,b) =

+ 263,

{(a,b): (3 —a,b~b)V'a—ab—bY
=%}
= {(a, b) : 6.47(a — 4.69)*

—0.1(a — 4.69)(b — 1.41)

+ 33.93(b — 1.41)* = v3(v)},
where ,*(y) is the y100 percentile of the y>-distribution with 2 de-
grees of freedom. For y = 0.9 and 0.95, x,%(Y) = 4.61 and 5.99,
respectively.

Based on the confidence region for a and b, interval estimates for

performance parameters can be derived as follows: (1) A two-sided 95%
confidence interval for a yY100% positive response point x, is given by:

(%7°%°, 27°7%) = (min{f(y; a, b) : (a, b) € Coss(4, b)},
max{f(y; a, b) : (a, b) € Cos(3, b)}

and (2) a one-sided 95% confidence interval for a Y100% positive
response point x, is given by:

(0, %) = (0, max{f{y; a, b) : (a, b) € Cas(3, b))
or
(8905, 00) = (min{f(y; a, b) : (a, b) € Cyo(d, b)}, »).

Estimates of performance parameters determined from this sta-
tistical treatment are shown in Table I.
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