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(aBsTRACT ) (KEYWORDS D
An indirect spectrophotometric method for the determination of chro- Spectrophotometry;
mium is presented. The method is based on the oxidation of hydroxy- Citrazinic acid;
lamine hydrochloride to nitrite by chromium(VI) in an acetate buffer of Diazotization;
pH 4.0 £ 0.5 followed by diazotization of the nitrite produced with p- Chromium(III);
nitroaniline under acidic condition and subsequent coupling of the dia- Chromium(VI);
zonium salt with citrazinic acid in an alkaline medium. The formed azo Chromium determination.
dye has an absorption maximum at 515 nm. Beet’s law is valid over the

concentration range of 0.2 — 1.8 Pg ml" of chromium(VI). The molar
absorptivity and Sandell’s sensitivity of the color system are 2.1 X 10* 1
mol! cm™ and 2.5 ng cm™?, respectively. The detection limit of
chromium(VI) is 50 ng ml”. Chromium(III) can be determined after it
is oxidized with bromine water in an alkaline medium to chromium(VI).
The developed method has been applied successfully to determine chro-
mium in alloy steels, environmental and pharmaceutical samples.

[ 2006 Trade Science Inc. - INDIA
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INTRODUCTION

The determination of trace amounts of chro-
mium is of considerable importance owing to its wide
use in steel, leather, chrome-plating, textile, paints,
chemical manufacture, pharmaceutical, fertilizer and
in many other industries produce large amount of
chromium wastes. Thus, contamination of water and
soil is of major concern. Chromium may exist in

water supplies in both the hexavalent and trivalent
state, although the trivalent form rarely occurs in
potable water®. Chromium(III) is an essential nutti-
ent for maintaining normal physiological function®,
whereas chromium(VI) is toxictl. Until about forty
years ago, interest in chromium was mainly confined
to its toxic effects. However, today the element
[chromium(III)] is considered to be essential for main-
taining the normal glucose metabolism and glucose
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tolerance in human beings. The toxic chromium(VI)
causes dermatitis, gastrointestinal ulcers, lung can-
cer, liver and kidney damage and it may be carcino-
genic. In this regard, the determination of trace
amounts of chromium is essential in studies of bio-
logical and for industrial purposes.

Various chromogenic reagents proposed for the
spectrophotometric determination of chromium have
been reviewed®®, including the most widely used
reagent diphenylcarbazide. The standard diphenyl
carbazide method suffers serious interferences from
Fe(11I), Mo(VI), Cu(l) and Hg(II), and also the
formed complex is stable for 30 min. Azo based re-
agents”® and other chelating organic reagents™™ have
been developed for the spectrophotometric deter-
mination of chromium. Most of these methods are
not sufficiently selective, and some of them require
close control of temperature and long reaction times.
In addition, the stability of the colored products is
not satisfactory. Some spectrophotometric methods
based on the oxidation of organic reagents!®™™ by
chromium(VI) are highly susceptible to the other re-
dox species and the methods based on the forma-
tion of ion associates™ have the disadvantage of
high blank value and these methods are lengthy, time
consuming, lacks sensitivity due to interference and
most of the solvents used in these extraction proce-
dures are generally toxic or carcinogenic. In recent
years flow-injection! and sequential-injection!!
spectrophotometric methods have been developed
for the determination of chromium using the
diphenylcarbazide as a reagent, which are automated
techniques require expensive experimental set-up and
not affordable in most of the laboratories for routine
chemical analysis. In view of the above, the present
paper deals a sensitive, simple, rapid and cost effec-
tive method for the determination of trace amounts
of chromium in different matrices.

EXPERIMENTAL

Instrument

ANALYTIK JENA AG (model SPECORD-50)
and ELICO (model SL-177) spectrophotometers with
1 cm matched glass cells were used for all absor-

bance measurements. The pH measurements were
made with an Elico (Model LI-610) digital pH meter.

Reagents

All of the chemicals used were of analytical re-
agent grade; distilled water was used for diluting the
reagents and samples.

Standard chromium(VI) solution (1000 pg ml")

Prepared by dissolving 0.2829 g of K,Cr,O. in
100 ml distilled water. The stock solution was fur-
ther diluted as needed.

Standard chromium(III) solution(1000 pg ml™)

Prepared by dissolving 0.2829 g of K,Cr,O, in
50 ml distilled water, adding 1 ml of saturated so-
dium sulfite solution, acidifying with 1 ml 2.5 M sul-
furic acid, and then boiling for 2 min to remove ex-
cess SO, and diluting with water to 100 ml. A suit-
able volume of this solution was diluted to obtain
the working standard.

Acetate buffer (pH 4.0)

Prepared by dissolving 13.6g of sodium acetate
trihydrate in 80 ml water. Solution pH was adjusted
to 4.0 with acetic acid, and the mixture was diluted
to 100 ml with water.

p-Nitroaniline (0.05%)

Prepared by dissolving 0.125 g p-nitroaniline in
55.3 ml concentrated hydrochloric acid and diluting
to 250 ml with water.

Citrazinic acid (CZA )(0.1%)

Prepared by dissolving 0.1 g of citrazinic acid in
2 ml of 4 M NaOH and diluting to 100 ml with wa-
ter.

Others
Hydroxylamine hydrochloride (0.1%), bromine
water (saturated), sulfosalicylic acid (5%), KOH

(4.5M), sulfuric acid (0.5M and 2.5M), HCI (5M),
NaOH (4M) and methyl isobutyl ketone(MIBK).

Standard procedures
Determination of chromium(VI)

An aliquot of a sample containing 2-18 pg of
chromium(VI) was transferred to a series of 10 ml
of calibrated flasks. Then, volumes of 0.5 ml each
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of the acetate buffer with pH 4.0 and 0.1% hydroxy-
lamine hydrochloride solution were added. After 2
min, volumes of 0.5 ml of 0.05% p-nitroaniline and
0.5 ml of 2.5 M HCI were added, and allowed the
mixture to stand for two min. Then, volumes of 2
ml each of the 0.1% citrazinic acid and 4 M sodium
hydroxide were added, and the mixture was diluted
to 10 ml with distilled water and mixed well. After 5
min, the absorbance of the colored azo dye was
measured at 515 nm against a reagent blank prepared
in the same manner but containing no chromium(VI).

Determination of chromium(III)

Different aliquots of the sample solution con-
taining 2-18 Pg of chromium(IlI) were transferred
into a series of 10 ml calibrated flasks. To each, a
volume of 0.5 ml of saturated bromine water and
0.5 ml of 4.5 M KOH solution were added, and al-
lowed the mixtutre to stand for 5 min. Then, 0.5 ml
each of the 2.5 M sulfuric acid and 5% sulfosalicylic
acid were added and developed an azo dye by fol-
lowing the above procedure [chromium(VI)]. The
absorbance of each of the colored azo dye was re-
corded at 515 nm against a reagent blank, omitting
chromium(I1I).

Determination of chromium in the mixture con-
taining chromium(III) and chromium(VI)

Analyzed separately, an aliquot (18 Hg) of mix-
ture according to the procedure for chromium(VI)
to determine the concentration of chromium(VI) and
another aliquot (18 Hg) according to the procedure
described for chromium(I1I) to establish the concen-
tration of total chromium [Cr(I1I) + Cr(VI)]. The dif-
ference between the two values is the concentration
of chromium(IIl) in the mixture.

RESULTS AND DISCUSSION

In the preliminary investigation, an amount of
10 pg chromium(VI) and 0.1% hydroxylamine hy-
drochloride were used. The nitrite generated by oxi-
dation of hydroxylamine with chromium(VI) was
used to diazotize p-nitroaniline (PNA). The diazo-
nium salt formed was coupled with citrazinic acid
(CZA) [2,6-dihydroxyisonicotinic acid] in an alka-
line medium to give a red-colored azo dye, which
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Figure 1: Absorption spectra of (a) the azo dye
[Ct(VI), 1. ug ml’] vs. reagent blank and (b) re-
agent blank vs. distilled water.

showed a maximum absorbance at 515 nm. The ab-
sorption spectra of this red azo dye and reagent blank
are shown in figure 1.

The oxidation of hydroxylamine to nitrite by
chromium(VI) was completed within 2 min and was
effective in the pH range 3.5 — 4.5, which could be
maintained by adding 0.5 ml acetate buffer. This re-
action is similar to oxidation of hydroxylamine to
nitrite by iodinel™®"l. The reaction scheme shows that
10 g chromium(VI) reacts with hydroxylamine to
generate 0.6 Mg nitrite. Quantitative oxidation of
hydroxylamine to nitrite by chromium(VI) was con-
firmed by performing the diazo coupling reaction with
standard nitrite solution, using CZA as the coupling
agent. Ten micrograms of chromium(VI), on treat-
ment with hydroxylamine and after the diazo-cou-
pling reaction in total volume of 10 ml gives an ab-
sorbance of 0.40 £ 0.01 A, at 515 nm, comparable
with 0.40A, the absorbance at 515 nm from the diazo-
coupling reaction of 6.6 Ug of standard nitrite solu-
tion in a total aqueous volume of 10 ml. The nitrite
generated was determined by treating it with 0.5 ml
of 0.05%. p-nitroaniline in 2.5 M HCI to form p-
nitrophenyldiazonium chloride. The formation of
diazonium chloride was completed within 2 min at
room temperature. Then, the diazonium chloride was
coupled with 2 ml of 0.1% CZA with 2 ml of 4 M
NaOH in a total volume of 10 ml. The color system
was stable for 4 h.

Effects of the acid concentration and tempera-
ture on diazotization
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SCHEME 1: Proposed reaction pathway
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NaOH

The effect of acidity on the diazotization reac-
tion was studied in the range 0.5-2.5 M hydrochloric
acid, and constant absorbance was observed in this
range. A decrease in the absorbance was noticed
above or below this range. The optimum acidity for
the diazotization, as evident from the maximum ab-
sorbance and stability of the formed azo dye, was
tixed to 0.5 ml of 2.5 M HCl in a total volume of 10
ml. Absorbance found to be constant at higher con-
centrations, while at lower concentrations the ab-
sorbance was decreased. The diazotization and the
color development were found to be independent of
temperature over the range 10-40°C.

Effects of reagents concentration

The effects of PNA and CZA concentration on
the diazotization and coupling reactions, respectively
were studied by adding different aliquots to a fixed
amount of chromium(VI) [1hug ml]. A volume of
0.5 ml of 0.05% PNA and 2 ml of 0.1% CZA were
found to be sufficient for diazotization and coupling
reactions, respectively, in a final volume of 10 ml.
In both the cases, there was a decrease in absorbance
at higher and lower concentrations. Under the opti-
mum reaction condition, a volume of 2 ml of 4 M
NaOH in a total volume of 10 ml was selected. At
higher NaOH concentrations no change in absor-

bance value observed, whereas absotbance value
decreased at lower concentrations.

Choice of oxidizing agent

Chromium(III) was determined after it was oxi-
dized to chromium(VI). Various oxidizing agents'®],
like persulfate with silver ion as catalyst in acid so-
lution, permanganate in an acid medium, hydrogen
peroxide and bromine in an alkaline medium, were
used. For all these methods, excess oxidizing agent
must be removed before the determination of
chromium(VI) because oxidizers interfere in the de-
termination. Excess persulfate and peroxide were
removed by boiling, and permanganate was removed
by adding sodium azide. In the present work, bro-
mine water in an alkaline medium was used to oxi-
dize Cr(IIT) to Cr(VI), and the excess oxidizer was
removed by the addition of 0.5 ml of 5% sulfosali-
cylic acid.

Proposed reaction scheme

Chromium(VI), on treatment with hydroxylamine
in an acetate buffer of pH 4.0 * 0.5, generates ni-
trite, which diazotizes p-nitroaniline in HCI medium
to form p-nitrophenyldiazonium chloride. The dia-
zonium chloride is then coupled with citrazinic acid
in an alkaline medium to form an azo dye. The pro-
posed reaction pathway is given in SCHEME 1.
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TABLE 1: Effect of interfering ions on the determination of chromium(VI) [1 Hg ml"]

Interferents

Tolerance limit (g ml)

Nat*, F-, CO3%, SO47, ClI, CH;COO—, EDTA

Mg?*, 1057, AsO3>", PO4>, oxalate, Tartrate

Ba?", Bi3*, MoO4?, Citrate

AP+, Pb2+, Cd2*, Mn2*, Zn2*, Snt+

Ca?*, Ni?*, Ag*, Hg?*, Ce*t, Ge*t, Sb**, Sn?*, MnO4~, WO,
Fe3*, Fe?™, Cu?t, Co?t, VO35~

= 3000
= 2000
< 1500
<500
<100
<10

Analytical data

A linear calibration graph was obtained for 2-18
Mg of chromium(VI) in a final volume of 10 ml. The
slope and intercept were 0.4004 and 0.0015, respec-
tively. The calibration graph has a correlation coeffi-
cient of 0.999. The detection limit (DL = 3.3 0/9)
and quantitation limit (QL = 10 0/S), [whete ‘0 is
the standard deviation of reagent blank (n=10) and
‘S’ is the slope of calibration curve] of chromium
determination were found to be 50 and 150 ng ml’,
respectively. The molar absorptivity (€) and Sandell’s
sensitivity (S) of the proposed method were 2.1 X
10* I mol”! em™ and 2.5 ng cm™, respectively. The re-
producibility of the method was established by an
analysis of standard solutions of 2, 6 and 10 HUg of
chromium in a final volume of 10 ml. Ten replicate
determinations of each concentration gave relative
standard deviations (RSD) of 1.3, 0.9 and 0.6%, re-
spectively.
Effect of diverse ions

In order to evaluate the suitability of the pro-
posed method, the effect of various ions which are
likely to interfere in the determination of chromium
(VI) was studied by adding a known amount of di-
verse ions to 1 Pg ml! chromium(VI) solution. The
tolerance limits of interfering species were estab-
lished at those concentrations that do not cause more
than * 2% error in absorbance values. Ce(IV), Cu(1l),
Mn(VIL), Ge(V), Fe(dlI), Sn{I), Sb{II), V(V) and
W(VI) caused negative interference. Fe(IlI) showed
positive interference. The results indicate that Cu(II),
Fe(1I), Fe(Ill) and Co(II) is highly susceptible in the
determination of Cr(VI). The interference of Cu(ll),
Fe(III) and Co(II) can be masked by addition of 1 ml
of 1% EDTA. The interference of V(V), Mn(VII)
and Ce(IV) can be overcome by extraction of

chromium(VI) as chromyl chloride in 5 ml MIBK
after addition of 5 M HCl to provide an overall acid-
ity of 0.3-0.5 M 1. Chromium(VI) in the organic
layer can be stripped by equilibration with 5 ml of
water for determination. The interference of other
foreign ions can be obviated by using appropriate
masking agents in the analysis of samples. The tol-
erance limits of foreign ions are listed in TABLE 1.

Applications of the Method

The proposed method is applied to the determi-
nation of chromium in alloy steels, industrial efflu-
ents, pharmaceutical samples, water and soil samples.

Determination of chromium in alloy steels

Alloy steels were dissolved in approximately 8
ml of aqua regia. It was evaporated nearly to dry-
ness on a sand bath, sulfuric acid (1-2 ml, 1:1) was
added and evaporated until salts crystallized, to this
10 ml of water was added. The solution was warmed,
filtered and treated with 10 ml of 5 M HCI and 10
ml of MIBK to extract iron!. The aqueous layer
was separated and diluted to a known volume with
water. Suitable aliquots of sample solutions were
analyzed according to the procedure for chromium
(III). The results obtained are given in TABLE 2.

Determination of chromium in industrial efflu-
ents

The chromium plating effluent was diluted 10
times, and the tannery effluent was diluted 40 times
before analysis. Suitable aliquot of sample solutions
were analyzed according to the procedure for deter-
mining chromium(III) and chromium(VI). Solutions
were also analyzed according to the standard
diphenylcarbazide method. The results obtained are
shown in TABLE 3.

Determination of chromium in pharmaceutical
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TABLE 2: Determination of chromium in alloy steels

Certified Volume of Chromium
Sample . . Recovery RSD
/ chromium solution found Y v, t-test P
(W V) (0/0) (ml) (0/0) a ( 0) ( 0)
GKW steel, India 1.0 1.000% 0.02 98.0 2.0 2.2
(0.05 g/100 ml)
[C 0.54%, Mn 0.89%, 1.02 1.5 1.010£ 0.01 99.0 1.0 2.2
S 0.018%, P 0.034%,
Si 0.33%, V 0.13%)] 2.0 1.012+ 0.01 99.2 1.0 1.8
1.0. 17.80£0.18 98.9 0.67 2.48

Stainless Steel No. 304
(0.05 g/ 100 ml) © 18.0 1.5 17.90%0.15 99.4 0.61 1.49
[Ni 8.12%, Fe (70-71%)]

2.0 17.91+0.14 99.5 0.56 1.44

*Mean * standard deviation (n = 5)
"Tabulated t-value for 4 degrees of freedom at P (0.95) is 2.776
‘Solution diluted 20 times before determination

TABLE 3: Determination of chromium in industrial effluents

Chromium found (Ug ml") 2
Sample Proposed method Reference method?
Cr(Il)  Cr(VI) _ Cr(Il) _ Cr(VI) Cr(llI) Cr(VI) Cr(Ill) _Cr(VI)
Chromium plating effluent ¢ 27.8%0.6 63.7+£0.4 27.920.7 63.820.5 1.36 1.56 0.24 0.35

F-test b t-test ©

Tannery effluent ¢ 257.5%0.5 NDf 257.7%0.6 NDf 1.44 - 0.57 -
*Mean * standard deviation (n = 5) 9Solution diluted 10 times before determination
"Tabulated F-value for (4,4) degrees of freedom at P (0.95) is 6.39 Solution diluted 40 times before determination
“Tabulated t-value for 8 degrees of freedom at P (0.95) is 2.306 ND, Not detected

TABLE 4: Determination of chromium in pharmaceutical preparations

Certified value Volume Chromium
Sample £ chromi k found Recovery  RSD b
(w/v) of chromium taken oun %) %) t- test!
(mg/tablet) (ml) (mg/tablet) 2

Winofit 1.0 0.0988%0.002 98.8 2.0 1.3
[Wockhardt Ltd., India] 0.100 1.5 0.0991£0.002 99.1 2.0 1.0
(0.500 g/25 ml) 2.0 0.099440.001 99.4 1.0 1.3
Fourts B 1.0 0.1485%0.003 99.0 2.0 1.1
[Fourts Laboratoties Pvt. Ltd., India] 0.150 1.5 0.1489+0.002 99.3 1.3 1.2
(0.650 g/50 ml) 2.0 0.149140.001 99.4 0.7 2.0
Chromoplex 1.0 0.1977+0.004 98.9 2.0 1.3
[Aristo Phar maceuticals Ltd., India] 0.200 1.5 0.1985+0.003 99.3 1.5 1.1
(0.550 g/50 ml) 2.0 0.1990+0.002 99.5 1.0 1.1

*Mean * standard deviation (n = 5)

"Tabulated t-value for 4 degrees of freedom at P (0.95) is 2.776

Composition of tablet (w/tablet):

Winofit [Wockhardt Ltd., India]: Vitamin E, 200 mg; eicosapentaenoic acid, 90 mg; docosal hexaneoic acid, 60 mg; zinc sulfate, 7.5 mg; folic acid,
2.5 mg; manganese sulfate, 2 mg; vitamin A, 2500 IU; vitamin B, 1 mg; selenium 40 pg (0.500 g).

Fourts B [Fourts Laboratories Pvt. Ltd., India]: Thiamine mononitrate, 10 mg; riboflavin, 10 mg; pyridoxine hydrochloride, 3 mg; vitamin C, 150
mg; zinc sulfate 80 mg; selenium, 100 mg (0.650 g).

Chromoplex [Aristo Phar maceuticals Ltd., India]: Zinc sulfate monohydrate, 27.5 mgj vitamin B, 10 mg; vitamin B, , 15 mg; nicotinamide, 50 mg;
calcium pantothenate, 12 mg; folic acid, 1 mg; vitamin C, 150 mg (0.550 g).

samples ture was evaporated to dryness. The residue was
Samples of finely ground antioxidant multivita- leached with 5 ml of 0.5 M H_SO,. The solution was

min-multimineral tablets containing chromium(III) treated with 5 ml HCl and 10 ml MIBK to extract
were treated with 5 ml of nitric acid, and the mix- iron. The aqueous layer was separated and diluted
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Proposed method Reference method?
Chromium Ch i
Sample taken Chromium Recovery RSD ;:g;m Recovery RSD  F-testb  t-testc
(Mg/10 ml) found (%) (o) (1g/10 ml) a (%) (%)
(Hg/10 ml) = He
River water 4.0 3.97x0.05 99.3 1.3 3.98+0.06 99.5 1.5 1.4 0.3
8.0 7.9620.03 99.5 0.4 7.97+0.04 99.6 0.5 1.8 0.5
Lake water 4.0 3.9620.06 99.0 1.5 3.97£0.07 99.3 1.8 1.4 0.2
8.0 7.9520.04 99.4 0.5 7.9620.06 99.5 0.8 2.3 0.3
Soil (ug g (Mg g (Mg g
(2g/ 183.5+0.7 0.38 183.2+0.8 0.44 13 0.6
100ml) 30 213.4+0.6 99.9 0.28 213.0£0.6 99.9 0.28 1.0 1.1

"Mean * standard deviation (n = 5)

"Tabulated F-value for (4,4) degrees of freedom at P (0.95) is 6.39
“Tabulated t-value for 8 degrees of freedom at P (0.95) is 2.306

to a known volume with water, after neutralized with
dilute ammonia. Suitable aliquots of sample solu-
tion were analyzed according to the procedure for
chromium(III). The results obtained are presented
in TABLE 4.

Determination of chromium in watet

Each filtered environmental water sample (100
ml) was analyzed for chromium. They tested nega-
tive. To these samples known amounts of chromium
(VI) (400 pg) were spiked and analyzed for chro-
mium by the proposed method and by the standard
diphenylcarbazide method in order to check the va-
lidity of the developed method. The results obtained

are shown in TABLE 5.
Determination of chromium in soil

A known amount of (2 ) air dried homogenized
soil sample was fused with anhydrous sodium car-
bonate?! in a silica crucible and evaporated to dry-
ness after the addition of 25 ml water. The dried
material was dissolved in water, filtered through
Whatman No. 40 filter paper. The filtrate was di-
luted to a known volume with water (100 ml), after
neutralized with dilute ammonia. An aliquot of this
sample solution was analyzed for chromium accord-
ing to general procedure for chromium(III). The
method is validated by standard addition (30 pg g™).

TABLE 6: Comparison of the proposed method with other spectrophotometric methods

A Beer’s law €
Reagents Ref max range (I mol?  Remarks
(nm) m -1
(Ppm) cm)
Pentamethvlene bi Less sensitive,extractive
(tfi E ned ile eh fﬁ m) cati 22 365 0.0 - 100 1.38x103  (1,2-dichloroethane),
phenyiphosphonium) cation Mn(VIT), Mo(VI) and W(VI) interfere.
4-(2-Thiazolylazo)- resorcinol 23 525 006-11  498x 10+ ~equired heating for 45 min,Fe(lID) and
Co(1l) strongly interfere.
Less sensitive, extractive (molten
N-methylpiperazine -4- , naphthalene), required heating at 60°C
carbodithioate 2440 65-65 5.24x10° £ 5 min, EDTA, Fe(I1I), Co(Il) and
Cu(l) interfere severely.
. Extractive (toluene), Fe(Ill), Fe(I) and
- 4
Rhodamine 6G 25 535 0.0-8.0 2.0 %10 Mn(VII) interfere.
Chlorpromazine-HCI 26 526 00-033  308x10¢ 1css selective, highly susceptible to
other redox specieses.
Sensitive, required heating at 90°C for
Leuco xylene cyanol FF 12 615 0.05 - 0.45 8.23 x 104 15 min, Fe(III), Ce(IV) and V(V)
interfere severely.
Citrazinic acid This 55 02-18 21 x 10t imple, sensitive, no extraction or
work heating is required and less interference.
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Sample solutions were also analyzed according to
the standard diphenylcarbazide method. The results
obtained are given in TABLE 5.

CONCLUSIONS

The sensitivity, simplicity, temperature indepen-
dence, stability of the azo dye formed (4 h), wide
range of chromium determination and high tolerance
towards a large number of foreign ions are the ad-
vantages of the proposed method. Since no extrac-
tion step is required, the use of organic solvents,
which are generally toxic pollutants, is avoided. The
proposed method is favorably compared with other
reported methods (TABLE 6) in the literature. The
method has the added advantage of determining in-
dividual amounts of chromium(VI) and Chromium
(III). The method is validated by the parallel deter-
minations with standard diphenylcarbazide method.
The statistical analysis showed that, there is no sig-
nificant difference between the proposed and the
standard methods. The method developed can serve
as an alternative method for determining chromium
in various samples.
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