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Abstract

A novel procedure for the extraction of soluble, sparingly soluble and insoluble Cr(VI) from solid samples was presented. EDTA was
added to an ammonia buffer commonly used only for the extraction of soluble and sparingly soluble Cr(VI). In the course of extraction in an
ultrasonic bath cations which form insoluble chromates are complexed with EDTA while Cr(VI) is transferred to the solution. A concentration
of EDTA equal to 0.01 mol E* was chosen. The presence of EDTA in the extraction solution enables not only dissolution of insoluble Cr(VI)
but also, as reported previously in literature, minimises oxidation of Cr(lll) to Cr(VI). The extraction procedure was optimised and applied to
Cr(VI) determination in the paint chips real sample. The results obtained were compared with the results obtained using two other extractior
procedures. The results show that the novel extraction procedure can be used for the extraction of soluble, sparingly soluble and insolubl
Cr(VI) from real solid samples.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction because oxidation of Cr(lll), reduction of Cr(VI) or incom-
plete extraction of Cr(VI) are often reported.
Chromium can occur in a number of oxidation states, but  Extraction of Cr(VI) using solution 0.28 mofi!
only Cr(Ill) and Cr(VI) are usually found in samples. Cr(lll) NaCO3+0.5mol L=t NaOH is the most commonly used
compounds are considered to be essential for the maintenancerocedure. The solution at temperatures aboutguanti-
of glucose, lipid and protein metabolism, while Cr(VI) com- tatively extracts soluble and insoluble forms of Cr(VI), but
pounds are known to be toxic and carcinogenic agents for aas shown in [2-5] a partial oxidation of Cr(lll) is observed.
variety of organisms [1]. Because of different toxicities of Errors as much as 163% were reported due to oxidation of
these two valence states of chromium, it is necessary to de-Cr(lll) during the extraction using the above mentioned solu-
termine rather Cr(VI) but not the total concentration of Crto tion [2]. Quantitative recovery of Cr(VI) was reported using
estimate the toxicity of the sample. as the extractant a solution containing 10%,0&s + 2%
Determination of Cr(VI), especially in solid samples, is NaHCG; [6]. In this case before adding the extractant to the
regarded as one of the most challenging speciation tasks [2]solid sample a phosphate buffer containing Mg&Bould
due to interconversions between Cr(VI) and Cr(lll) in the be added to the sample. Addition of Mg(Il) minimises ox-
course of the analytical process. The two major steps in theidation of Cr(lll) to Cr(VI) and the influence of reductants
course of determination of Cr(VI) in solid samples are ex- presentin the sample on the reduction of Cr(VI). This proce-
traction and detection. The first step is the most problematic dure was used in the present study as a comparative one. An-
other procedure exploits as an extractant 0.1 molNaOH
* Corresponding author. Tel.: +48 81 5375592 fax: +48 81533334, and sonication for 30 min at 2&. According to [7] the re-
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with extraction 0.28 mol E* Na,COz +0.5mol L=t NaOH. A diphenylcarbazide (DPC) solution was prepared by a dis-
To dissolve Cr(VI) from its insoluble salts in all the above solution of 20 mg of reagent in 10 ml of ethanol, addition of
procedures the metal ion that form insoluble chromate as e.g.25 ml of 2mol L™! H,SOy and then dilution to 50 mL with
Pb(ll) is precipitated as hydroxide or carbonate. H20.

Another commonly used procedure exploits an ammo-
nium sulphate/ammonium hydroxide buffer as an extraction 2.3. Preparation of samples with known concentration
mixture [8—11]. In this case extraction is carried outin an ul- of PbCrQy, BaCrQy or SrCrOy
trasonic bath at a temperature below@ Although this pro-
cedure was applied in many studies [8—11] only in[11]itwas  The mixtures of PbCr@ BaCrQ; and SrCrQ contain-
reported that the recovery for insoluble Cr(VI) is about 90%. ing 0.8% and 400 mg kgt of Cr(VI) were prepared by se-
The authors do not give detailed information about prepara- rial dilution of PbCrQ, BaCrQy or SrCrQ, with SiO,. For
tion of a sample containing insoluble Cr(VI) for extraction. example to prepare the mixture containing 0.8% Cr(VI) as
In a more recent paper it was reported that insoluble Cr(VI) PbCrQ,, 200 mg PbCr@ was mixed with 3.822 g Sigand
is not extracted using this buffer [12]. Some procedures are homogenised for 1 h in ball mill. The mixture containing
recommended for the extraction of soluble Cr(VI). In such 400 mgkg?® Cr(Vl) as PbCrQ was additionally analysed
cases a phosphate buffer or water was used for extractionusing extraction with 0.28 molt! NayCOz+0.5mol L1
[5,13]. Taking into account the above data, effective and re- NaOH at temperature of extraction close t0°@5 The
liable methods for extracting soluble and insoluble Cr(VI) obtained extracts were analysed by a spectrophotometric
from solid samples without Cr(lll) oxidation or Cr(VI) re- method based on Cr(VI)—diphenylcarbazide reaction. The re-
duction are further required. sult of 10 determinations was 397 mgKgwith standard de-

In this paper a novel procedure for Cr(VI) extraction from viation 5.4 mgkg?. The obtained results show that dilutions
solid samples is evaluated. For a dissolution of soluble and in- of PbCrQy with SiO, were done correctly.
soluble forms of Cr(VI) an ammonia buffer containing EDTA
was proposed. In this extraction procedure the metal ion that, 4 Preparation of paint chips sample
form an insoluble chromate was complexed with EDTA, and

Cr(Vl) as a soluble salt goes into the solution. When the  ;q,5] observation shows that paint chips certified refer-

procedure was applied to the extraction of soluble, sparingly gnce material CRM013 is not homogeneous, so before the
soluble and insoluble Cr(VI) a satisfactory recovery was ob- oy traction it was homogenised. To avoid the formation of

tained and the reduction of Cr(VI) or oxidation of Cr(lll) was conglomerates in the course of homogenisation of the sam-

not observed. ple it was mixed with Si@. One part of Si@ was added to
one part of the sample, and such prepared sample was ho-

mogenised in the ball mill for 60 min.
2. Experimental

2.5. Standard procedure for extraction of Cr(VI) from

2.1. Apparatus solid samples

Spectrophotometric measurements were made using Seventy-five to hundred miligrams of the sample
Spekol 210, Germany. An extraction was carried out in an ul- was weighed into a glass vial of volume 22 and
trasonic bath Sonic 3, Poland. The temperature of extraction 10mL of the extraction solution containing 0.05 mofL
was controlled using a thermostat PolyScience, USA. Solid (NH4)2SOy +0.01 mol L= EDTA + NH4OH (pH 8'5 or 9.5)
samples were homogenised in a ball mill KM 1, Germany. A a5 added. Then a small magnetic stirring bar was put to

centrifuge type 310, Poland, was used. vial and the extraction was carried out in a thermostatised ul-
trasonic bath for 30 min at 4@. The presence of magnetic

2.2. Reagents stirring bar prevents sedimentation of the solid sample. Then
the extract with the sample was cooled to room temperature

Ammonium sulphate/ammonium hydroxide buffers were and centrifuged for 5 min.
prepared from reagent grade$, and ammonium hydrox-
ide obtained from POCh, Poland. 0.2 mol'LEDTA was 2.6. Determination of Cr(VI) by spectrophotometry
prepared from NgEDTA and ammonium hydroxide. Stan-
dard solutions of Cr(VI) and Cr(lll) at concentration 1 gL An aliquot of the extract of the analysed sample was
were obtained from Fluka. Insoluble chromate salts PhCrO pippeted into a glass bottle. Then an adequate amount of
BaCrQ, were obtained from Fluka. Sg@naturally occurring 2molL~1 H,SOy was added to acidify the sample to pH
microcrystalline silica) was obtained from Sigma-Aldrich, about 2. Next the solution was diluted to 5 mL wita®and
USA. Certified reference material (CRM) 013 Paint Chips 0.3 mL of DPC solution was added. After an equilibration
was obtained from Resource Technology Corporation, USA. time of 5 min absorbance was measured at 540 nm.
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Fig. 1. Effect of EDTA concentration in the ammonia buffer on Cr(VI) re-
covery from a sample containing 400 mgRgCr(VI) as PbCrQ in a SiQ
matrix. Ammonia buffer 0.05 molt! (NH4)2S04 + NH4OH (pH 8.0).

3. Results and discussion

Preliminary experiments showed that the addition of
EDTA to the ammonia buffer used for extraction of solu-
ble and sparingly soluble forms of Cr(VI) [12] can also be
used for the extraction of insoluble forms of Cr(VI), so op-
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Fig. 2. Effect of the pH of ammonia buffer 0.05mott
(NH4)2SO; + NH4OH+0.01mol -2 EDTA on  Cr(VI) recovery

from a sample containing 400 mgkyCr(VI) as PbCrQ in a SiG matrix.
Error bars correspond to 1 S.D.

3.2. Effect of pH of extraction

The extraction process was carried out using standard con-
ditions, but pH was changed from 7.5 to 10. The results ob-
tained are presented in Fig. 2. The results show that in the

timisation of the extraction procedure was performed. For whole range of pH studied good recoveries of Cr(VI) were

study a sample containing 400 mgKgof insoluble Cr(VI)
as PbCrQin SiO, matrix was used.

3.1. Effect of EDTA concentration

The extraction of Cr(VI) was performed using standard
conditions, but the concentration of EDTA was changed
from 0 to 0.06 mol =1, The results obtained are presented
in Fig. 1. The results show that the addition of EDTA to
the ammonia buffer drastically influences the extractabil-
ity of PbCrQy. Although an acceptable recovery of in-
soluble Cr(VI) was obtained at EDTA concentration of
2 x 10~*mol L1 for further measurements the concentra-
tion of EDTA of 0.01 mol L= was chosen, as EDTA in real

obtained. To choose optimal extraction pH the following data
should be taken into account: at pH higher than 9.5 Cr(lll)

can be easily oxidised as shown in [14], while when pH de-

creasesthe oxidation potential of Cr(VI) increases and Cr(VI)
can be reduced to Cr(lll). From the results presented in Fig. 2
it is hard to choose the best pH value so for further studies
solutions of pH 8.5 and 9.5 were selected.

3.3. Effect of temperature of extraction

The extraction process was carried out using standard con-
ditions, but the temperature of extraction was changed from
25 to 40°C. The results obtained are presented in Table 1.
The results show that for both extraction mixtures of pH 8.5

samples can be partially consumed by the formation of com- and 9.5 the recovery of Cr(Vl) increases slightly with the

plexes with other metal cations present in the sample.

increase of the temperature of extraction. For further stud-

;?fg; %)f temperature on the extraction recovery of Cr(VI) from a sample containing 400Thgk@V1) as PbCrQ in a SiQ; matrix

T[°Cl

25 30 35 40
Recovery in % for buffer A 91.6 (2.8) 94.6 (1.6) 95.4 (1.5) 96.1 (1.5)
Recovery in % for buffer B 92.5(2.3) 92.0(1.2) 93.2 (1.8) 94.9 (1.4)

In brackets the relative standard deviations in % are gimers(). For extraction buffers containing 0.05 moltL(NH4)2,S0s + NH4OH +0.01 mol -1 EDTA

of pH 8.5 (A) and 9.5 (B) were used.
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Table 2
Effect of concentration of the ammonia buffer on Cr(VI) recovery from a
sample containing 400 mg kg Cr(VI1) as PbCrQ in a SiQ, matrix

Buffer concentration [mol £1] Recovery in % for buffer of pH

8.5 9.5
0.01 941(1.1)  95.8(L7)
0.025 935(1.8)  94.4(1.4)
0.05 93.8(14)  95.4(1.8)
0.075 96.1(1.2)  96.0(1.2)
0.1 95.8(1.5)  93.8(2.0)

In brackets the relative standard deviations in % are giaerh).

ies the temperature of extraction of 40 was chosen since
extraction of Cr(VI) was optimised at this temperature.

3.4. Effect of concentration of ammonia buffer

The extraction process was carried out using standard con-

ditions, but the concentration of the ammonia buffer was
changed from 0.01 to 0.1 molt. The results obtained are
presented in Table 2. The results show that independently
of the pH of the extraction mixture, a change of the ammo-
nia buffer concentration does not significantly influence the
recovery of Cr(VI). For further studies a 0.05 mott.am-
monia buffer was chosen for comparability with previously
published works [8-12].

3.5. Effect of sample to extraction mixture ratio
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Fig. 3. Influence of the extraction time on the results of Cr(VI) determination
in synthetic sample containing 400 mgKgCr(V1) as PbCrQ in a SiG,
matrix (a) and paint chips certified reference material CRM013 (b).

time of 1 min is sufficient to obtain an acceptable recovery
of Cr(VI) from synthetic sample, an extraction time above
20 min is necessary for the extraction of Cr(VI) from real
sample. Such different results are probably connected with
the different sizes of the particles in synthetic and real sam-

ples, which influences the rate of the extraction process.
The extraction process was carried out using standard con-
ditions, but the mass of the sample was changed from 803.7. Recovery of insoluble, sparingly soluble and
to 1000 mg. The results obtained are presented in Table 3.soluble Cr(VI)
Independently of the sample to extraction solution ratio an
acceptable recovery was obtained. Taking into account the The proposed method was optimised for insoluble Cr(VI)
fact that in the course of the extraction of real samples sol- added as PbCrQ According to literature data [12] the
ubilised Cr(VI) can be adsorbed on the solid sample [15], a ammonia buffer itself extracts quantitatively sparingly sol-
mass of the sample of about 100 mg is recommended for theuble and soluble Cr(VI). To confirm that the ammonia
extraction using 10 ml of the extraction mixture. buffer containing EDTA can be used also for extraction
of other insoluble Cr(VI) compounds as well as sparingly
soluble and soluble Cr(VI) compounds additional experi-
ments were performed. The mixture containing 0.05 mdi L
The extraction process was carried out using standard con{NH4)>S0O4 + NH4OH + 0.01 mol ! EDTA of pH 9.5 was
ditions using buffer of pH 9.5, but the extraction time was applied to the extraction of Cr(VI) from the samples contain-
changed from 1 to 60 min. For study a synthetic sample con-ing 400 mgkg? of insoluble Cr(VI) added as BaCiCand
taining 400 mg kg?! Cr(V1) as PbCrQ and paint chips certi- 400 mg kg * of sparingly soluble Cr(VI) added as SrCsQx
fied reference material was chosen. The results obtained aravas found that the recoveries of Cr(VI) were 96.5 and 97.0%
presented in Fig. 3. The data show that although an extractionwith standard deviations of 2.1 and 1.8%, respectively. The

3.6. Effect of extraction time

Table 3
Recovery of Cr(VI) in % from a sample containing 400 mgkgr(V1) as PbCrQ in a SiQ, matrix using a different sample to extraction buffer solution ratio

pH of the buffer

Mass of the sample (mg)

80 200 300 500 1000
8.5 95.7 (1.7) 96.6 (2.0) 96.0 (1.4) 95.3 (1.7) 96.5 (1.3)
9.5 96.5 (2.1) 98.0 (1.5) 97.0 (1.4) 97.4(1.2) 98.1 (1.6)

In brackets the relative standard deviations in % are giverS5). Each extraction was carried out using 10ml of the solution 0.05mblL
(NH4)2SO + NH4OH +0.01 mol I-* EDTA. Extraction time—30 min; extraction temperature—2@0



1324 M. Korolczuk, M. Grabarczyk / Talanta 66 (2005) 1320-1325

Table 4
Results of Cr(VI) determination (in mg kg) in paint chips certified reference material CRM013 using different methods of extraction

Sample Method of extraction

Proposed method 0.28 mott Na,CO3 + 0.5 mol L1 NaOH [3] 10% NaCOs +2% NaHCQ + MgSQy [6]
CRMO013 345 (4.1) 352 (3.4) 359 (4.0)
CRMO013 + 2600 mg kg* Cr(lll) 338 (6.2) 826 (5.8) 385 (5.5)

In brackets the relative standard deviations in % are giaert.

recovery of extraction of soluble Cr(VI) added ag®O, covery of Cr(VI) using the proposed extraction method equal
was 98.4% with standard deviation 1.3%. The above datato 94.1% with standard deviation 4.3% was obtained, which
show that the proposed extraction mixture can be used toindicates that the matrix of the sample does not disturb the
extract insoluble, sparingly soluble and soluble Cr(V1). recovery but only slightly influences the precision of the mea-
surements. The obtained results show that the method pro-
posed can be used for the extraction of Cr(VI) from solid
samples.

Cr(VI) fromthe paint chips sample was also extracted with
H,0 and it was found that the sample contains 252 mg-kg
of soluble Cr(VI). The results obtained for Cr(VI) are higher

ture of pH 9.5 to concentration of 0.001 mott The ob- than 54.4mgkg? as reported in the papers [9,11]. Lower

tained results show that the concentration of Cr(VI) present results repor_ted in Iiteratu_re can be ascribed to the fact _that
in the extract was below the detection limit of the method the mate_rlal in Fhose stud|es_ was PVOb?‘b'_y not homogenised
used. It means that the percentage of oxidation of Cr(lll) was ©" 1© the instability of chromium forms in time.

below 0.01%. The obtained data are in agreement with the
results reported in papers [8,14], where it was stated that the .
presence of complexing agents such as ammonia or EDTA4' Conclusions
minimises the speed of the oxidation process of Cr(lll) to
Cr(VI).

3.8. Study of oxidation of Cr(lll) to Cr(VI)

To investigate possible oxidation of Cr(lll) to Cr(VI), an
extraction was carried out from the sample containing,SiO
and Cr(lll). Cr(lll) as CrC4 was added to the extraction mix-

A novel procedure for the extraction of soluble, sparingly
soluble and insoluble forms of Cr(VI) from solid samples
was presented. Due to the addition of EDTA to an ammonia
buffer, the efficiency of the extraction of insoluble Cr(VI)
as PbCrQ or BaCrQ drastically increases and reaches an

The best way to validate a new procedure of extraction is acceptable value. The presence of complexing agents such as
the application of the procedure to the analysis of certified ammonia and EDTAin the extraction mixture also reduces the

reference material, although the certified reference material gxjdation Cr(1i1), which is another advantage of the proposed
for Cr(VI) does not contain insoluble Cr(V1) [12,16]. Tak-  procedure.

ing into account the above data for study we chose a cer-

tified reference material certified only for total chromium.
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