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DETERMINATION OF HEXAVALENT CHROMIUM IN EXTRACTS OF
CCA-TREATED BUILDING TIMBERS BY
THERMAL LENS SPECTROMETRY:
A COMPARISON TO SPECTROPHOTOMETRY AND
ATOMIC ABSORPTION SPECTROMETRY

M. Sikovec?, F. G. Cruz®, M. Franko?, and S. A. Katz®
*JoZef Stefan Institut, 61111 Ljubljana, SLOVENIA
PRutgers University, Camden, NJ 08102, USA

ABSTRACT

Thermal lens spectrometry was compared to spectrometry of the
diphenylcarbazide chromophore and to atomic absorption spectrometry
for the quantification of hexavalent chromium after extraction from
CCA-treated building timbers with sodium carbonate-sodium hydroxide
solution. Agreement among the results indicates that thermal lens
spectrometry is applicable to the gquantification of hexavalent
chromium in this matrix.

INTRODUCTION

That the toxicities of hexavalent chromium compounds
are greater than those of trivalent chromium compounds is
well documented!?. To accurately assess the risks assoc-
iated with exposures to environmental chromium, it is
necessary to identify and quantify hexavalent chromium in
a variety of natural and anthropogenic matrices. Recent
attentions have focused on the determination of hexa-
valent chromium in airborne particulates®*, surface

%190 Atomic

waters®, soils’®, and various consumer products
absorption spectrometry (AAS) and spectrophotometry of
the diphenylcarbazide chromophore (SPEC) are among the
techniques applicable to quantifying hexavalent chromium
in these matrices. However, features such as the non

specificity of AAS for hexavalent chromium and the
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relatively low sensitivity of SPEC in comparison to other
methods sometimes limits the applicability of these two
techniques. Therefore, the development of new analytical
techniques with improved selectivity and sensitivity is
important to the identification and quantification of
hexavalent chromium. Thermal lens spectrometry (TLS) is
such a technique that has been applied recently to the
determination of chromium species''3.

TLS is based upon the indirect measurement of
absorbance by "thermal lens effects". This phenomenon is
a result of the heat generated in an irradiated sample by
the non-radiative relaxation of absorbed energy'. When a
laser beam with a Gaussian profile is used as the
excitation source, the energy deposited in the sample
results in the formation of a symmetrical radial
temperature distribution. The temperature is the highest
in the center of the irradiated volume. A lens-like
element is formed in the irradiated sample as a conse-
quence of the refractive index gradient, and the intens-
ity profile of the laser beam changes accordingly. The
relative change in the center beam intensity is a direct
measure of the thermal lens strength which is proport-
ional both to the absorbance by the sample and to the
power of the laser beam. By using a adequate laser power,
absorbances on the order of 107 absorption units have
been measured by TLS"™Y. In spite of this potential for
enhancing sensitivity, TLS has not yet found wide applic-
ation to routine analysis. One reason for this could be
a lack of validating studies comparing TLS with other
spectrometric techniques. The following work was under-
taken to verify the reliability of TLS by determining
hexavalent chromium in extracts of CCA-treated building
timbers and comparing the results to those obtained by
some other techniques; AAS and SPEC.
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EXPERIMENTAL

Extraction of Timber Specimens

The collection and preparation of CCA-treated
building timbers for determination of their hexavalent
chromium contents has been described earlier'®,

Replicate 100 mg specimens of each prepared timber
sample were extracted by overnight shaking with 10 mL of
3 % sodium carbonate - 1 % sodium hydroxide solution at
room temperature. Parallel extractions were performed on
timber specimens spiked with 50 pug of Cr(VI). The concen-
trations of hexavalent chromium in the extracts were
determined by TLS, SPEC, and AAS as described below.

TLS Measurements

The TLS measurements were made with a dual beam
(pump/probe configuration) thermal 1lens spectrometer
shown schematically in figure 1. A 50 mW air-cooled,
argon-ion laser (Omnichrome) operating at 514.5 nm was
used as the excitation source (pump beam). The pump beam
was modulated at 8 Hz with a variable speed mechanical
chopper (Scientific Instruments, Inc. model 300) and
focused on to the sample cell holder with a 100 mm focal
length lens. A He-Ne laser (Uniphase model 1103P)
provided the probe beam. Collinear propagation of the
pump and probe beams was obtained by a dichroic mirror.
A second lens was used to increase the radius of the
probe beam at the detector to facilitate sampling its
intensity at its center. The fluctuations in the probe
beam intensity were detected with a silicon photodiode
(Laser Components model OSD 5-E) located 1.4 m from the
sample cell. A red filter and a horizontal slit were
located between the sample cell holder and the photo-
diode. The output of the photodiode was fed to a lock-in
amplifier (Stanford Research model SR510) connected to a

personal computer.
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FIGURE 1:

SCHEMATIC DIAGRAM OF THERMAL LENS INSTRUMENT (EXL, EXCITATION
LASER; PL, PROBE LASER; CH, CHOPPER; L1 L2, LENSES; DM, DICHROIC
MIRROR; M1 M2, MIRRORS; S, SAMPLE; F, FILTER; PH, PIN HOLE; AND
PD, PHOTO DICDE)

The sample or standard solution (10 mL) was
neutralized, and then treated with 0.8 mL of solution
containing 100 mg 1,5-diphenylcarbazide/10 mL acetone.
Measurements were made after adding of 0.4 mL of solution
containing 20 g 95 % sulfuric acid diluted with 80 mL
water and allowing 20 minutes for color development!®.
SPEC Measurements

The SPEC measurements were made with a Cary Model 16
spectrophotometer at a wavelength of 540 nm in 1 cm
quartz cells. The extracts and standards (10 mL) were
neutralized with dilute sulfuric acid, treated with 1 mL
of 1 % (m/v) 1,5-diphenylcarbazide in acetone and 1 mL of
1 % v/v sulfuric acid, and allowed to stand for 10
minutes prior to the absorbance measurement?.

AAS Measurements

The AAS measurements were made with a Varian Model

252 spectrometer at a wavelength of 359 nm in a rich

nitrous oxide-acetylene flame. The absorbances. of the
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extracts were recorded, and their chromium contents were
quantified by comparison to the absorbances of hexavalent
chromium standards in the same sodium carbonate - sodium
hydroxide matrix.

RESULTS AND DISCUSSION

The results of TLS measurements made on extracts
from specimens of CCA-treated timbers are compared to
those made by SPEC in table 1.

The results tabulated below reflect low recoveries

from the specimens spiked with 50 pg of hexavalent

TABLE 1: HEXAVALENT CHROMIUM FOUND IN SPIKED SPECIMENS OF
CCA-TREATED BUILDING TIMBER DETERMINED BY TLS AND SPEC

specimen TLS, ug SPEC, ug
TBE-o/1a 2.2 + 0.1 8.4 + 0.3
TBE-o0/1b 0.55 + 0.04 2.90 + 0.09
TBE-o/2a 3.3 + 0.2 6.3 + 0.2
TBE-0o/2b 0.64 + 0.04 4.5 + 0.1
TBE-1i/3a 26 + 1 34 + 1
TBE-i/3b 21.6 + 0.9 i

TBE-i/4a 26 + 1 29.3 + 0.9
TBE-i/4b 18.5 + 0.9 i

FBF-o/5a 1.8 + 0.8 24.%9 + 0.7
FBF-0/5b 9.4 + 0.4 1

FBF-0o/6a 18.1 + 0.7 21 + 0.6
FBF-0/6b 10.4 =+ 0.4 1

FBF-i/7a 9.3 + 0.5 16.1 + 0.5
FBF-1/7b 5.5 + 0.5 20.1 &+ 0.6

Results for specimens designated b were determined from
repeat measurements of those designated a 24 hours later.
1 Parallel replicate specimen was not measured by SPEC.

chromium. These inconsistencies may be attributed to
differences in conditions during or following the
extraction which could result in: reduction of a part of

the chromium spike, complexation of chromium with.organic
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ligands, and/or precipitation of chromium by organic or
inorganic components of the extraction or chromophoric
agents. These possibilities, especially reduction, are
probably more significant when the extractions are
performed at elevated temperatures as was the case with
specimens TBE-o/la and b and TBE-o/2a and b which were
extracted at 120° C. In addition, decreases in hexavalent
chromium concentration with time were observed. This is
demonstrated by comparison of results for the specimens
designated a with those designated b in Table 1. The
latter were determined from measurements made 24 hours
after the those from which the former were determined.
Optimization of the extraction/quantification procedure
was the objective of another work!, and spike recoveries
of 100 + 5 % were obtained when atomic absorption
measurements were made immediately after the extraction.

Low spike recoveries not withstanding, the results
tabulated above provide a good basis for the comparison
of results from TLS measurements with those obtained from
SPEC measurements. In general, the results obtained by
SPEC tend to be higher than the corresponding values
obtained by TLS. For samples TBE-i/3, TBE-i/4, FBF-o0o/5,
and FBF-o/6, the differences between the results obtained
by TLS and those obtained by SPEC range from 13 to 29 %.
The differences exceed 100 % in results for specimens
with lower hexavalent chromium concentrations: TBE-o/1,
TBE-o/2, FBF-i/7, and FBF-i/8. These differences are
attributed to turbidity of the extracts. Typically, the
turbidity contributed between 0.0180 and 0.0620 to the
absorbance measured by SPEC. The contribution was not
sufficiently reproducible to allow corrections by blank
subtraction.

Light scattering processes caused by turbidity
influence results obtained by SPEC measurements to a much
greater extent than they influence those obtained from
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TLS measurements. The reason for this lies in the origin
of the TLS signal; i.e., the change of intensity in the
center of the probe laser beam is directly proportional
to the power of the laser beam (P):
AI/I = [1.21A(-dn/dt)P]l/Ak

where AI/I is the relative change in the probe beam
intensity, A is the absorbance of the sample, dn/dt is
the temperature coefficient of refractive index, A is the
probe beam wavelength, and k is the thermal conductivity
of the absorbing solution. The TLS signal is linearly
reduced by the loss in laser power due to the scattering
of light. On the other hand, the loss of light intensity
due to turbidity in SPEC measurements corresponds to from
4.1 to 13.3 % when the contributions of 0.0180 to 0.0260
are considered. By analogy, the TLS signals should be
relatively lower by the same extent compared to signals
expected in the absence of light scattering, and the
relative error should be approximately the same for all
TLS results regardless of the hexavalent chromium
concentration in the extracts. Light scattering also
affects the probe beam, but his effect is the same before
and during the pump laser excitation. Consequently, light
scattering has no influence on the final signal. In
addition, the higher sensitivity of TLS required that all
of the extracts be diluted by a factor of 5 which reduced
the blank absorbances to values between 0.0040 and
0.0120. As a result, the concentrations of hexavalent
chromium determined by TLS were reduced by only 1.0 to
2.8 % by the loss of laser pump power. Such reductions of
TLS signals are small compared to experimental errors of
5 % typically associated with this technique.

The results obtained by TLS are expected to be more
reliable than those obtained by SPEC. These expectations
were confirmed when the performance of TLS was compared
to AAS. This comparison is demonstrated in Table 2. These
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TABLE 2: HEXAVALENT CHROMIUM CONCENTRATIONS IN SPECIMENS
OF CCA-TREATED BUILDING TIMBERS DETERMINED BY TLS AND AAS

specimen TLS, ug/g AAS, ug/g
TRE-0/9 55 + 2 54 + 0
TBE-0/9" 58 + 2 57 + 0
TRE-1/10 51 + 2 51 + 4
TBE-1i/10" 42 + 2 42 + 1
FBF-0/11 34 + 2 34 + 4
FBF-o/11" 36 + 2 36 + 4
FBF-1/12 7.5 + 0.5 8.0 £+ 2

results were obtained by determining the hexavalent
chromium concentrations of unspiked CCA-treated timber
specimens from measurements on extracts obtained under
optimized conditions'®. The tabulated data reflect consis-
tently good agreement between the results obtained by TLS
and those obtained by AAS. More important than the
differences between the two techniques which result from
‘experimental errors are the differences between replicate
determinations for the same specimens indicated as /1 and
/2. The small differences between observed for replicate
determinations are due to small inconsistencies in the
extraction procedure.

Regardless of the discrepancies between the
replicates, it is evident that the concentrations of
hexavalent chromium are higher in the specimens from the
outside surfaces (o) of the CCA-treated building timbers
than they are in the specimens from their interiors (i).
The differences between "o" and "i" specimens are more
evident in the FBF timber sample. The differences between
the TBE and FBF timbers are attributed to differences in

dimensions and structure.

CONCLUSIONS
This investigation revealed that SPEC was not
suitable for the determination of hexavalent chromium in
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CCA-treated building timbers because the turbidity of the
alkaline extracts interfered with conventional measure-
ments of absorbance. Because TLS absorbance measurements
are based on a different concept, photothermal effects,
were are less affected by 1light scattering from
turbidity. The advantages of TLS over SPEC have been
demonstrated by others??. The selectivities of the
techniques for chromium are equivalent; Both are based on
the diphenylcarbazide chromophore. In addition to higher
sensitivity than SPEC for hexavalent chromium, TLS has
lower limits of detection'? (LOD = 0.2 ng Cr(VI)/mL).

The results presented in Tables 1 and 2 are a first
attempt to compare TLS to more commonly-used, validated
techniques. The use TLS for the determination of hexa-
valent chromium in CCA-treated building timbers is valid-
ated by the good agreement between results obtained by
TLS and those obtained by AAS. In addition to high
sensitivity, TLS has high selectivity for hexavalent
chromium as the diphenylcarbazide chromophore. In the
case of hexavalent chromium determinations in CCA-treated
building timbers, sufficient selectivity with respect to
trivalent chromium is provided by alkaline extraction'®.
In this case, quantification by TLS does not offer
significant advantages over quantification by AAS. How-
ever, TLS has clear advantages over AAS for the quant-
ification of hexavalent chromium in the presence of tri-
valent chromium in aqueous environmental matrices such as
surface and ground water, wastewater, soil and waste
leachates, et cetera.

Additional work is needed to confirm TLS as a
reliable and accurate analytical technique. As a part of
such endeavors, measurements of hexavalent chromium in a
water SRM are in progress. These validations coupled with
developments in laser technology are important factors in
the promotion of TLS for routine chemical analysis and
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for the identification and quantification of wvarious

chemical species at trace concentrations.

ACKNOWLEDGEMENT

One of us, F.G.C., is grateful for partial financial
support from a William penn Foundation undergraduate
research participation award. Both F.G.C and S.A.K.
acknowledge the kind hospitality of the Institut JoZef
Stefan where the experimental aspects of this research

were conducted.

REFERENCES
1. Katz, SA. Salem, H. The Toxicology of Chromium with Respect to
its Chemical Speciation. J. Appl. Toxicol. 1993:13(3):217-224.

2. vVon Burg, R. Liu, D. Toxicology Update: Chromium and
Hexavalent Chromium. J. Appl. Toxicol. 1993:13(3) :225-230.

3. Ehman, DL. Anselmo, VC. Jenks, JM. Determination of Low Levels
of Airborne Chromium{VI) by Anion Exchange Treatment and Inductively
Coupled Plasma Spectroscopy. Spectroscopy 1987:3:32-35.

4. Sheehan, P. Ricks, R. Ripple, S. Paustenbach, D. Field
Evaluation of A Sampling and Analytical Method for Environmental
Levels of Airborne Hexavalent Chromium. Am. Indust. Hyg. Assoc. J.
1992:53:57-68.

S. Arar, EJ. Pfaff, JD. Determination of Dissolved Hexavalent
Chromium in Industrial Wastewater Effluents by Ion Chromatography
and Post-Column Derivatization with Diphenylcarbazide J. Chromatogr.
1991:546:335-340.

6. Sperling. M. Yin, X. Welz, B. Differential Determination of
Chromium(VI) and Total Chromium in Natural Waters Using Flow
Injection On-Line Separation and Preconcentration Electrothermal
Atomic Absorption Spectrometry. Analyst. 1992:117:629-635.

7. Greene, DC. Pepe, S. Dolin3ek, F. Katz, SA. Determination of
Hexavalent Chromium in Some Contaminated Soils from Hudson County,
New Jersey. J. Environ. Sci. Health. 1992:A27(3):577-586.

8. Mila%i&, R. Stupar, J. Ko¥uh, N. KoroSin, J. Critical
Evaluation of Three Analytical Techniques for the Determination of
Chromium(VI) in Soil Extracts. Apalyst. 1992:117:125-130.

9. Fregert, S. Chromate Eczema and Matches. Acta Dermatoliga et
Veneroliga. 1961:41:433.

10. Krook, G. Fregert, S. Gruvberger, B. Chromate and Cobalt
Eczema Due to Magnetic Tapes. Contact Dermatitis 1977:3:60.

i1. Franko, M. Lenart, K. Fajgelj, A. Thermal Lens Spectrometry
for Determination of [Cr(H;0)¢]** and Studies of Chromium Interactions
with Al,0, and Si0,. Acta Chimica Slovenica, 1994:41(1):15-24.



03:41 30 January 2011

Downl oaded At:

HEXAVALENT CHROMIUM 475

12. Franko, M. 12th International Symposium on Microchemical
Techniques, Abstracts. Cordoba, Spain, 1992:159.

13. Sikovec, M. Novi&, M. Hudnik, V. Franko, M. On-Line Thermal
Lens Spectrometric Determination of Cr(III) and Cr(VI) after
Separation by Ion Chromatography. J. Chromatogr. in press.

14. Fang, HC. Swoford, RL. In: Klinger, DS. ed. Ultrasensitive
Laser Spectroscopy. New York, Academic Press, Inc. 1983:175-232.

15. Dovichi, NJ. Harris, JM. Time Resolved Thermal Lens
Calorimetry. Analyt. Chem. 1981:53:106.

16. Hagashi, T. Imasaka, T. Ishibashi, N. Thermal Lens
Spectrometry with Argon Laser Excitation Source for Nitrogen Dioxide
Determination. Analyt. Chem. 1983:55:1907.

17. Rosenzweig, 2. Young, ES. Laser-Based Double-Beam Thermal Lens
Detector for Microcolumn Liquid Chromatography. Appl. Spectrosc.
1993:47:1175-1179.

18. Cruz, FG. Katz, SA. Miladi&, R. Determination of Hexavalent
Chromium in CCA-Treated Building Timbers. J. Environ. Sci. Health.
1994 :A29(10) :299-306.

19. Die Untersuchung von Wasser. 5 Auflag. Darmstadt, E. Merxck AG.
1993:43-44.
20. Feigl, F. Spot Tests in Inorganic Analysis 5th. Amsterdam.

Elsevier Publishing Co. 1958:167-173.

21. Power, JF. and Langford, CH. Optical Absorbance of Dissolved
Organic Matter in Natural Water Studies Using the Thermal Lens
Effect. Analyt. Chem. 1988:60:842.

22, Thorne, JB. Bobbitt, DR. Comparison of Beer’s Law and Thermal
Lens Techniques for Absorption Measurements Under Conditions of High
Scattering Backgrounds. Appl. Spectrosc. 1993:47:360-365.

RECEIVED: October 6, 1995
ACCEPTED: November 10, 1995




