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Interferences in the spectrophotometric
S-diphenylcarbazide determination of
environmental hexavalent chromium

in a chromium and zinc plating

plant

by Giovanni Carelli, DSc, Roberto La Bua, DSc, Valentino Rimatori, DSc,
Domenico Porcelli, BSc, Angelo lannaccone, MD '

CARELLI G, LA BUA R, RIMATORI V, PORCELLI D, IANNACONE A. Interferences
in the spectrophotometric S-diphenylcarbazide determination of environmental hexa-
valent chromium in a chromium and zinc plating plant. Scand j work environ health
7 (1981) 56—61. A study on the determination of environmental hexavalent chromium
[Cr(VI)] was carried out in a chromium and zinc plating plant. The atmospheric partic-
ulate was collected both on glass wool filters and with an electrostatic sampler; Cr(VI)
was determined by the S-diphenylcarbazide method. The filtered and electrostatically
collected Cr(VI) was extracted with both 1.4 %o sulfuric acid and 7 % sodium carbonate.
Strong interference was observed when extraction was carried out with the acid
medium. Alkaline extraction permits 95 * 6 (+ SD) % recovery of the total chromium
and has been shown to be suitable in releasing Cr(VI). The analyses of the alkaline
samples were carried out with the standard addition method to compensate for a
depressive interference of 26 * 8 (X SD)%. The absorbance decrease of the Cr-S-
diphenylcarbazide complex is a time function, and it should be measured within a few

minutes of the reagent addition.

Key terms: industrial hygiene.

Hexavalent chromium [Cr(VI)] is widely
used in industrial processes such as plat-
ing, tanning, painting, pigment production,
and metallurgy. Workers employed in
these activities can undergo exposure, and
the same risk can also exist for people liv-
ing near plants lacking suitable air clean-
ing devices.

The industrial use of Cr(VI) involves
chromate, bichromate and chromic anhy-
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dride, which are reciprocally convertible
according to the chemical environment in
which they occur.

Toxic effects of Cr(VI) are a conse-
quence of both its ready penetration into
cell membranes and its strong oxidizing
power. Exposure among workers accounts
for ulcers and perforation of the nasal
septum, rhinitis, sinusitis, laryngitis, asth-
ma, acute chemical pneumonitis, and
bronchiogenic carcinoma, which can be
associated with inflammatory and ulcera-
tive diseases of the gastrointestinal tract
(2, 6).

According to studies on laboratory ani-
mals, the toxicity of trivalent chromium
[Cr(III)] is differentiated and appears to



be related to parenteral administration (7).

The different toxicological roles of
Cr(VI) and Cr(III) and their frequent pres-
ence in polluted atmospheres require spe-
cific analytical methods for the determi-
nation of Cr(VI) in workrooms. Most cur-
rent analytical procedures utilize S-di-
phenylcarbazide, which reacts with Cr(VI)
to yield a colored complex with a charac-
teristic absorption band between 400 and
640 nm with the maximum at 540 nm (4).
Atomic absorption spectrophotometry can
be also used successfully, but preliminary
separation techniques, such as ion ex-
change (3) and reactive ion exchange
chromatography (5), are often required.
Although these methods have been de-
seribed originally for the determination of
Cr(VI) in aqueous solutions, they could
also profitably be applied to atmospheric
particulate analysis if appropriate changes
were made.

Recently Thomsen et al (8) showed that
traditional S-diphenylcarbazide methods
cannot be applied generically. Sample
preparation is a critical step and care must
be taken to minimize Cr(VI) losses by pre-
cipitation or reduction. The authors there-
fore suggested a carbonate procedure
which has proved suitable in preventing
Cr(VI) losses during welding fume analy-
ses.

This paper describes a study on the in-
terference which has been found to occur
during the determination of Cr(VI) with
the S-diphenylcarbazide method in a
chromium and zinc plating plant. The en-
vironmental Cr(VI) concentrations are also
reported.

The interference was studied through
the extraction of Cr(VI) according to the
methods of Abell & Carlberg (1) and
Thomsen & Stern (8), which use dilute sul-
furic acid and 796 sodium carbonate, re-
spectively, as the extractants.

Since trivalent iron [Fe(III)] and biva-
lent zinc [Zn(II)] were normally present in
the particulate, their effect on the com-
plexation reaction was separately investi-
gated. The source of the two metals was
the process itself, the welding and grind-
g in the galvanic plant, and the emis-
sions of a nearby ironworks. The effect
of bivalent iron on the S-diphenylcarba-
zide reaction has been reported by Thom-
sen & Stern (8).

Material and methods

Particulate collection

Airborne particulate was collected with
the following sampling devices: glass wool
(Gelman, Microquartz, 0.3 um pore size,
47 mm diameter) connected to a 10 1/min
pump and a electrostatic sampler (model
F, Mine Safety Appliances Co) at 12 KV.

Instrumentation

A Perkin-Elmer model 576 spectrophoto-
meter was used, with a 1-cm light path,
for the photometric measurements and the
absorbance recordings at 540 nm. A Per-
kin-Elmer model 403 atomic absorption
spectrophotometer and a HGA-72 with a
Hitachi model 56 potentiometric recorder
were used for the total chromium and iron
analyses.

Standard solutions

An aqueous hexavalent chromium (potas-
sium dichromate) solution (80 mg/l) was
used. Solutions of Fe(III) and Zn(II) (1,000
mg/1) in 1N nitric acid were used for the
interference study.

Reagent

Twenty milligrams of S-diphenylcarbazide
were dissolved in 10 ml of 95 % ethyl al-
cohol, a solution was prepared by mixing
with 4 ml of concentrated sulfuric acid,
and 36 ml of demineralized water was
added. The reagent was stored in a refrig-
erator and was stable for about one month.

Interference study

Preliminary Cr(VI) environmental deter-
minations showed the following two dis-
tinet matrix interferences: (a) Absorbance
of the complex Cr(VI)-S-diphenylcarba-
zide decreased as a function of time if
Cr(VI) was extracted from the atmo-
spheric particulate according to Thomsen
& Stern’s method. (b) The absorbance de-
pression was found to depend on the Cr(VI)
extraction method used and could be es-
sentially complete if Abell & Carlberg’s
extractive method was used on these types
of samples. Absorbance measurements
were made at 540 nm for the evaluation
of these effects.



The role of Fe(Ill) and Zn(II) was first
investigated for an explanation of the ex-
tent to which these metals were involved
in effects a and b. Since Fe(III) and Zn(II)
standards were prepared in 1N nitric acid,
the complexation reactions were carried
out in dilute nitric acid; nitric acid did not
affect absorbance in the range of dilutions
used, and its presence could be ignored.

Up to 1,000-ug aliquots (1,000 nl) of
Fe(Ill) or Zn(II) standard solutions and
0.4 or 4.0 ug (5 or 50 ul) of a Cr(VI) stan-
dard solution were placed in test tubes
and diluted to 5 ml with demineralized
water. A 0.25-ml aliquot of S-diphenyl-
carbazide reagent was added, and absorb-
ance was measured. Table 1 shows the
absorbance readings at 540 nm. T = 0 cor-
responds to the time of the reagent addi-
tion. A 0.4-ug amount of Cr(VI) was cho-
sen because it was the average content in
the analytical aliquots. The results clearly
show that the absorbance decrease was
stronger if large amounts of Fe(IIl) were
present. The 0.4-ug amount of Cr(VI) gave
practically constant absorbance readings
up to 250 ug of Fe(Ill) within 10 min af-
ter the reagent addition. Absorbance mea-
surements should be made within 1 min
in the presence of 500 ug of Fe(Ill);

Table 1.

slighter interferences were found to occur
with 4.0 ug of Cr(VI).

The effect on 0.4 ug of Cr(VI) was neg-
ligible up to 500 ug of Zn(II); however
zinc could be ignored since its content was
lower than 5 ug in all the environmental
samples.

Table 1 shows that Fe(III) has practi-
cally no role in interference type b. In
order to characterize effect b, the study
of the Cr(VI)-S-diphenylcarbazide reac-
tion was carried out with the environ-
mental matrix. Cr(VI) was determined for
dust collected both in the electrostatic
sampler and on the glass wool filters. The
samples were alkaline- or acid-extracted
prior to the analysis. The extractions were
carried out according to the methods pro-
posed by Thomsen & Stern (8) and Abell
& Carlberg (1).

For the alkaline extraction and Cr(VI)
determination, 3.5 mg of dust collected
with the electrostatic sampler or a glass
wool filter (after 10 m® sampling) were
introduced into glass tubes, and 4 X 2 ml
of 790 sodium carbonate were added. The
tubes were transferred to a heated block
at 120°C, and digestion continued for 5
min, before dilution to 10 ml with water.
The suspension was filtered through a

Effect of various amounts of trivalent iron [Fe (ill)] on the absorbance of the Cr(VI)-S-

diphenylcarbazide complex. [Cr(VI) = hexavalent chromium]

Time after Micrograms of Fe(lll) added
reagent
addition 0 10 25 50 100 250 500 1,000
Two minutes
0.4 g Cr(VI) 0.064 0.064 0.063 0.061 0.063 0.063 0.057 0.056
4.0 ug Cr(Vl) 0.556 — — 0.558 0.553 0.540 0.534 0.528
Ten minutes
0.4 ung Cr(Vl) 0.064 0.064 0.064 0.064 0.064 0.059 0.050 0.048
4.0 ug Cr(Vl) 0.556 — — 0.558 0.547 0.534 0.521 0.509
Twenty minutes
0.4 ng Cr(Vl) 0.064 0.064 0.064 0.064 0.063 0.056 0.047 0.044
4.0 ug Cr(Vl) 0.556 — — 0.558 0.540 0.521 0.500 0.484
Thirty minutes
0.4 ug Cr(Vl) 0.064 0.064 0.064 0.064 0.061 0.055 0.044 0.041
4.0 ug Cr(Vvl) 0.556 — — 0.552 0.531 0.509 0.488 0.466
Forty minutes
0.4 ng Cr(Vvl) 0.064 0.064 0.064 0.064 0.060 0.054 0.042 0.039
4.0 ug Cr(Vvl) 0.556 — — 0.543 0.522 0.500 0.475 0.453
Fifty minutes
0.4 ng Cr(VI) 0.064 0.064 0.064 0.063 0.058 0.053 0.040 0.037
4.0 ug Cr(Vl) 0.556 —_ — 0.534 0.516 0.484 0.463 0.441
Sixty minutes
0.4 ug Cr(VI) 0.064 0.063 0.063 0.061 0.057 0.052 0.038 0.035
4.0 ug Cr(Vl) 0.556 — — 0.528 0.506 0.475 0.450 0.428
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cellulose membrane filter. The blank was
prepared through the extraction of a clean
glass wool filter. A 4-ml aliquot of the
filtered sample was placed in a test tube,
and 0.75 ml of water and 0.25 ml of con-
centrated sulfuric acid were added. S-di-
phenylcarbazide reagent (0.25 ml) was
added after being degassed by centrifugal
agitation. A standard addition of 0.4 ug
of Cr(VI) (5 ul of the standard solution)
was made to a 4-ml aliquot of the sample.
Analysis was carried out from the addi-
tion after 1 h so the added Cr(VI) could
equilibrate with the sample matrix. For
the reference standard 1.55 ml of water,
3.2 ml of 7% sodium carbonate, and 0.25
ml of concentrated sulfuric acid were in-
troduced into a test tube. After degassa-
tion, 0.4 ug of Cr(VI) was added, and the
color was developed after 1 h.

The acid extraction was carried out ac-
cording to the carbonate procedure with
the difference that 1.4 %o sulfuric acid was
used at room temperature as the extract-
ant and the 0.25-ml aliquot of concentrated
sulfuric acid was replaced with 0.25 ml of
demineralized water.

Fig 1 and 2 show typical absorbance
tracings of the Cr(VI)-S-diphenylcarba-
zide complex. The graphs show that ab-
sorbance was a function of the time
elapsed from the addition of the S-diphen-
ylearbazide reagent. The absorbance of
alkaline extracts reached maximum after
2 min and was constant for about 3 min.
An absorbance decrease was observed 5
min after the addition.

A comparison between E and G ascribes
the absorbance decrease merely to the in-
terference effect of sodium carbonate.
Fig 2 clearly shows that environmental
Cr(VI) cannot be detected if acid extrac-
tion is carried out (C and C’). The results
were coincident for the filter and electro-
static samples. The fact that the additional
Cr(VI) was undetected in D and D’ con-
firms the strong interference matrix ef-
fect observed in C and C’.

Cr(VI) additions to alkaline-extracted
samples (A, A’, B & B’ in fig 1 & 2) show-
ed only a slight depressive interference,
which could be compensated for with the
use of the standard addition method. The
average depressive interference on 50
samples collected in various worksites of
the plant after .alkaline extraction was
26 £ 8 (* SD)%. The Cr(VI) air concen-

tration ranged between 0.02 and 0.69 ug/
m?®, the average (£ SD) being 0.17 (£ 0.16).
These values are lower than those report-
ed elsewhere (1) and can be explained
by the strong air removal (about 10* - m3/
h) on the edges of the chromium cells.

Three to four milligrams of the particu-
late collected with the electrostatic sam-

Absorbance
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Fig 1. Typical absorbance tracings of the hexa-
valent chromium [Cr(VIl)]. A: electrostatically
collected dust, 7 % sodium carbonate extrac-
tion; B: as A + 0.4 ug Cr(Vl); C: electrostatically
collected dust, 1.4 % sulfuric acid extraction;
D: as C -+ 0.4 ug Cr(Vl); E: 0.4 ug Cr(Vl) in 7 %
sodium carbonate; F: 0.4 ug Cr(Vl) in 1.4 %
sulfuric acid; G: 0.4 ug Cr(VI) in aqueous solu-
tion.

Absorbance

Fig 2. Typical absorbance tracings of the hexa-
valent chromium [Cr(Vl)]. A’: glass wool filter
collected dust, 7 % sodium carbonate extrac-
tion; B’: as A’ + 04 ug Cr(Vl); C': glass wool
filter collected dust, 1.4 %o sulfuric acid extrac-
tion; D': as G’ + 0.4 ug Cr(Vl).
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Table 2. Acid and alkaline extractions: Total
amounts of iron extracted from the environmental
dust collected with the electrostatic sampler.

Environmental Total iron (mg)

dust Acid Alkaline
(mg) extraction extraction
3.52 0.0024

3.21 0.0036

3.50 0.118
3.57 0.111

pler were dissolved with 2 ml of a nitric
and sulfuric acid mixture (5 :2) at 140°C.
The digestion was continued until the vol-
ume was about 0.2 ml. The sample was
then diluted to 5 ml with demineralized
water, and total chromium and iron were
determined by flameless and flame atomic
absorption spectrophotometry, respective-
ly, by the recommended procedure. The
Cr(VI) was 95 £ 6 (* SD)% of the total
chromium determined by flameless atomic
absorption spectrophotometry.

Table 2 shows the result of the deter-
minations of total iron in the acid and
alkaline extracts of about 3.5 mg of en-
vironmental particulate collected with the
electrostatic sampler. The alkaline proce-
dure almost entirely prevented iron disso-
lution. The results were in agreement with
similar determinations carried out on glass
wool filters with 3—4 mg of dust and
0.10—0.14 mg of iron per filter.

Discussion

The strong depressive effect observed in
the acid extracts cannot be explained on
the basis of a massive extraction of iron.
The analytical aliquots (4 ml) used in the
colorimetric reaction contained less than
50 ug of iron, which would create, in the
trivalent state, only negligible interfer-
ence, as shown in table 1. One thousand
micrograms of Zn(II) have been proved
not to interfere in the determination of
0.4 ug of Cr(VI). Preliminary X-ray dif-
fractometric studies and microscopic anal-
yses were used to assess the presence of
coal, Fe(III) oxides, calcium carbonate,
and calcium silicates in the environmental
particulate. Since magnetite was not de-
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tected, we were not able to ascribe the
strong depressive interference to Fe(Il)
originating from the acid treatment. Fur-
ther studies are nevertheless necessary in
order to exclude the possibility of any
role of magnetite. A reduction of Cr(VI)
by coal or other substances could par-
tially explain the strong depression of the
absorbance in dilute sulfuric acid. Inter-
actions probably occur between unknown
substances of the matrix and Cr(VI) with-
out change in the hexavalent state (eg, ion
exchange or adsorption). The interactions
could be eliminated with alkaline extrac-
tion, except for a residual, moderate, de-
pressive effect, which could be ascribed to
a direct interference on the complexa-
tion reaction between chromium and S-di-
phenylcarbazide. This hypothesis could
also support the fact that the Cr(VI) added
to acid extracts was not detected.

Conclusions

The S-diphenylearbazide method for the
determination of Cr(VI) is not always reli-
able. The best extractive medium and
matrix interferences should be carefully
evaluated when environmental Cr(VI) is
being checked.

During an environmental investigation
of a chromium and zinc plating plant, we
have shown that Cr(VI) acid extraction
gives rise to an erroneous determination
of the Cr(VI) content of these environ-
mental samples due to an enhancement
of the matrix effect which leads to a sig-
nificant reduction in the measured Cr(VI)
content. The procedure proposed by
Thomsen & Stern (8) for welding fumes
analyses appears to be reliable, provided
that the standard addition method is ap-
plied and that absorbance measurements
are made within the time limits suggested
by the evaluation of the absorbance trac-
ings of the Cr(VI)-S-diphenylcarbazide
complex.
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