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Spurenbestimmung von Chrom in verschiedenen Wassertypen 
durch Adsorptions-Differentialpuls-Voltammetrie 

Zusammenfassung. Eine neue voltammetrische Methode zur 
Spurenbestimmung yon Chrom [als Summe von Cr(III) und 
Cr(VI)] in natiirlichen Gew/issern wurde entwickelt. Die 
Methode beruht auf einer Anreicherung des Cr(III)-DTPA- 
Komplexes durch Adsorption an der h/ingenden Queck- 
silbertropfenelektrode beim Potential - i . 0  V. Der ad- 
sorbierte Komplex wird anschlieBend im differentiellen Puls- 
modus reduziert und die Peakh6he beim Peakpotential 
- 1.22 V gemessen. Die katalytische Wirkung von Nitrat- und 
Bromationen auf die Cr(III)-DTPA-Reduktion wurde mit 
der cyclischen Voltammetrie gekl/irt. Die Adsorption der 
Cr-Komplexe wurde zus/itzlich mit der a.c.-Voltammetrie 
(kapazitive Komponente) untersucht und der Potentialbe- 
reich der Adsorption ermittelt. Aufgrund der Untersuchun- 
gen wurden die optimalen Bedingungen zur Chrom- 
bestimmung im Konzentrationsbereich 2 0 - 2 0 0 0  ng/1 fest- 
gelegt. Die Bestimmungsgrenze liegt bei 20 ng/1 und die rela- 
tive Standardabweichung betr/igt 5% fiir Konzentrationen 
>~ 200 ng/1. Die weite Anwendbarkeit der Methode ffir die 
zuverl/issige und hochempfindliche Analyse von Chromspu- 
ren bis zu den natfirlichen Ultraspurengehalten in verschie- 
denen Typen natfirlicher W/isser wird an Beispielen der Ana- 
lyse des gel6sten Gesamtgehaltes von Chrom in Flul3wasser, 
Seewasser, Meerwasser und Regenwasser aufgezeigt. 

Summary. A new sensitive voltammetric method is presented 
for the determination of trace amounts of total chromium 
[Cr(III) and Cr(VI)] in natural waters. The method is based 
on the preconcentration of the Cr(III)-DTPA complex by 
adsorption at the HMDE at the potential of - 1.0 V. The 
adsorbed complex is then reduced producing a response with 
a peak potential of - 1 .22  V and the peak height of the 
Cr(III) reduction is measured. The catalytic action of nitrate 
and bromate ions on the Cr(III)-DTPA reduction has been 
elucidated using cyclic voltammetry. The adsorption of chro- 
mium complexes at the HMDE was investigated using out- 
of-phase a. c. voltammetry and the potential range of adsorp- 
tion was determined. Based on these investigations optimal 
conditions for the determination of the total chromium 
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concentration in the range 20-2 ,000 ng/1 have been estab- 
lished. The determination limit is 20 ng/1 and the RSD is 5% 
for chromium concentrations >~ 200 ng/1. 

The usefulness and wide scope of this new voltammetric 
method for reliable and highly sensitive chromium analysis 
down to the natural ultra trace levels existing in various 
types of natural waters is demonstrated by determinations 
of the total dissolved chromium content in river, lake, sea 
and rain water. 

Introduction 

Aquatic chemistry of chromium, which is an important eco- 
toxic trace metal, has hitherto been handicapped by a lack of 
sufficiently sensitive analytical methods enabling the reliable 
determination of pollution and background levels of chro- 
mium in natural waters. The relatively inert chromium(III) 
species and the reactive more toxic chromium(VI) species 
[ 1 -  3] are present in natural waters in various concentra- 
tions, from 0.1 to 0.5 gg/1 in ocean waters [4] to 200 gg/1 
in some polluted ground waters [5]. Most of the soluble 
chromium is present in water as hexavalent chromium but 
this generally accounts for only a part of the total chromium 
depending on the oxidation potential of the water system. 

Chromium, at concentrations above 50 gg/1, has been 
determined polarographically in NaOH solution or in the 
acetate buffer solution of EDTA [6]. The addition of nitrate 
ions to the latter solution considerably enhances the reduc- 
tion peak of Cr(III) complexes with EDTA or other ligands 
[7]. The detection limit at the DME is about 2 ~tg/1 in the 
differential pulse polarographic (DPP) mode. The increase 
of the reduction peak of Cr(III) complexes was explained by 
catalytic action of the nitrate ions. The catalytic enhance- 
ment of the Cr(III) reduction was later applied to the deter- 
mination of c h r o m i u m  in the semiconductor gallium 
arsenide at the DME using DPP techniques [8, 9]. The use 
of a solid electrode, i.e. a glassy carbon electrode, in an 
ammonium buffer [10] or in HC1 solution has also been 
proposed for the chromium determination. However, the 
latter methods do not give reproducible results. The reason 
is probably a poor adherence of the Cr(OH)3 deposited at 
the electrode in alkaline media and a low current efficiency 
of the deposition of metallic chromium in acid media (pH 2) 
caused by the simultaneous reduction of hydrogen ions to 
gaseous hydrogen, which isolates the electrode surface from 
the solution [ll]. The use of a platinum electrode modified 
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by a surface layer of poly(4-vinylpyridine) (PVP) in a 
voltammetric study of chromates was proposed, but no ana- 
lytical application of the method was presented [12, 13]. 
Atomic absorption spectrometry (AAS) is useful for the 
determination of chromium at concentrations above 2 ~tg/1. 
At lower concentrations, however, a preconcentration or a 
multiple injection into the graphite platform is necessary 
leading to a rather large error [14]. For a recent review see 
[15]. 

In this paper the adsorptive preconcentration of Cr(lII)- 
diethylenetriaminepentaacetic acid (DTPA) complexes at 
the hanging mercury drop electrode (HMDE) in DTPA- 
CH3COONa-NaNO3 solutions of pH 6.2 was studied and 
applied to the determination of chromium at concentrations 
down to 20 ng/1 in various water types using the method of 
adsorption differential pulse voltammetry (ADPV) [16] and 
exploiting in addition the catalytic action of nitrate. Also 
chromium which is particularly important from eco- 
toxicological aspects, has now become conveniently deter- 
minable by this new method over the whole range of 
concentration levels occurring in all types of natural waters 
with voltammetric approach [17], especially suitable and 
reliable for ecotoxic metals in aqueous media. 

Experimental 

The differential pulse voltammograms were recorded with 
the polarograph Metrohm, Polarecord E 506, and the 
polarographic analyzer EG & G, PAR 174 A, in conjunction 
with the Metrohm EA 290 hanging mercury drop electrode. 
The surface area of the mercury drop was 1.38 mm 2. The 
measurements were carried out with the three-electrode 
system under the following experimental conditions: clock 
time 0.4 s, pulse height 50 mV, scan rate 10 mV/s. 

For the a.c. voltammetric measurements the dropping 
mercury electrode with regulated drop time was used. The 
following parameters were chosen: ACt rapid technique, 
phase angle 90 ~ frequency 75 Hz, scan rate 5 mV/s, a.c. 
amplitude 10 mV, drop time 1 s. 

The saturated Ag/AgC1 electrode was used as a reference 
electrode. The solution was stirred with a Teflon coated 
magnetic stirring bar or by the nitrogen stream. The pH was 
measured with an Orion 701 digital pH-meter applying a 
combined glass/calomel reference electrode. 

Stock solutions ofchromium(III) and (VI) were prepared 
by dilution of"Titrisol" standard solutions. Aqueous 0.1 M 
EDTA and DTPA stock solutions were prepared by dilution 
of Merck chemicals in equivalent amounts of NaOH. 1 M 
CH3COONa, 1 M KC1 and a saturated NaNO3 solution 
were prepared from Merck "Suprapur" chemicals. The base 
solution, used for the analytical determination, containing 
0.05 M DTPA, 0.2 M CH3COONa and 2.5 M NaNO3, was 
prepared by dissolving: 1.96 g DTPA, 1.35 g 30% NaOH 
sol., 1.64 g CHaCOONa and 21.3 g NaNO3 in water and 
dilution to 100 ml. This solution should be stored in a quartz 
flask. 

The solutions were purged before the voltammetric 
determination with 99.999% nitrogen to remove oxygen. 

Results and Discussion 

In aqueous solutions chromium exists mainly as chromi- 
um(III) compounds, i.e. Cr(H20)~ +,Cr(OH) 2 +, Cr(OH)~, 

and Cr(VI) compounds, i.e. CrO~- and CrzO~-. The po- 
larographic reduction of aquocomplexes of chromium(III) 
proceeds irreversibly and is not suitable for the polaro- 
graphic determination of chromium. However, the reduction 
of Cr(III) chelates can be analytically used, although their 
reduction potential is more negative than that of the Cr(III)- 
aquocomplexes and therefore the interference of the reduc- 
tion of hydrogen ions can be expected. Thus, in acetate 
buffer solution of EDTA chromate ions are reduced in two 
steps [6]. The first response at the half-wave potential (Et/2) 
of --0.05 V assigned to the three electron reduction Cr(VI) 

Cr(III) is not well developed and cannot be used for the 
determination. The second one-electron reduction response 
Cr(III) ~ Cr(II) at Ett2 of -1 .22  V is well developed and 
only slightly disturbed by the reduction of hydrogen ions. 
The latter response is used for the chromium determination, 
especially in the a.c. mode as in this case the hydrogen ion 
reduction is irreversible and thus shifted to more negative 
potentials. 

In acetate solutions of DTPA a similar voltammetric 
response has been observed. The differential pulse 
polarogram of Cr(VI) and Cr(III) in an acetate buffer solu- 
tion of DTPA at the DME is shown in Fig. 1. The Cr(III) 
complexes are reduced in a one-electron step yielding a re- 
sponse beginning from about -0 .95  V (Et/2 -1 .22  V) (see 
curve 2). In the presence of Cr(VI) a much steeper decay of 
the current at the beginning of the voltammogram is caused 
by the reduction of Cr(VI) to Cr(III) (curve 3). The second 
reduction response occurs at the same potential as that in 
the solution of Cr(III) ions and its height changes with the 
concentration of Cr(VI) ions in the same way as with the 
concentration of Cr(III) ions. Thus, at potentials more nega- 
tive than -0 .05  V, Cr(III)-DTPA complexes are formed 
after prior reduction of Cr(VI). 

The formation of DTPA-complexes from Cr(III) 
aquoeomplexes and DTPA proceeds rather slowly as the 
photometric study of this reaction reveals, i.e. within about 
20 rain [18]. It is possible to accelerate this reaction by 
heating the solution up to 70~ On the other hand, the 
formation of the Cr(III)-DTPA complexes from free Cr 3 + 
ions formed by reduction of Cr(VI) and DTPA proceeds 
instantaneously under polarographic conditions [18, 19]. As 
the reduction of Cr(III) aquocomplexes at the mercury 
electrode is irreversible, it seems that the dehydratation of 
Cr(III) aquocomplexes is a slow rate determining step in 
both cases. 

The one-electron reduction response of chromium(III) 
at - 1.22 V can be enhanced in the presence of nitrate ions. 
It has been assumed that the nitrate ion chemically oxidizes 
the Cr(II)-DTPA complexes formed by the reduction of 
Cr(III) so that a catalytic reduction current results [7]. This 
effect leads to a large increase of the sensitivity of the 
voltammetric determination of chromium. In our previous 
work on Ni, Co [16, 20, 21] and SiO2-traces [22] an enhance- 
ment of the reduction of some complexed metal ions has 
been achieved, due to interfacial preconcentration by the 
adsorption of the metal complex species at a suitable adsorp- 
tion potential at the hanging mercury drop electrode and 
the subsequent reduction of the adsorbed complex after 
scanning the potential to the appropriate range. Therefore, 
the possibility of the accumulation of the Cr(III)-DTPA 
complex at a HMDE by adsorption has been investigated. 
Moreover, the reduction process in the presence of the 
nitrate ions has been elucidated and the dependence of the 
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Fig. 1. DP-voltammogram of Cr(III) and Cr(VI) at the DME. 
1: 0.t M CH3COONa, 0.01 M DTPA, pH 6.2; 2:1 + 5 x 10 -s M 
Cr(III); 3:2 + 5 x 10 -6 M Cr(VI) 

reduction response on various parameters as pH, electrolyte 
composition, presence of surfactants and the adsorption 
potential has been investigated in order to establish optimal 
conditions for the trace determination of chromium. 

Dependence on p H  

The pH dependence of the peak height of the Cr(III)-chelate 
reduction has been studied by Lanza and Taddia [8] and by 
Ranly and Neeb [19] using differential pulse polarography. 
In our case of  the reduction of the Cr(III)-DTPA complexes 
at the H M D E  a similar pH dependence as that reported by 
Lanza and Taddia has been obtained (Fig. 2). Maximum 
peak height is attained at pH 6 .0-6 .2 ,  whereas below 
pH 4.5 and above pH 7.5 the reduction peak practically 
disappears. It follows from the equilibrium constants of 
DTPA, given by Martell and Smith [23], that only one 
protonation equilibrium according to Eq. (1) has to be taken 
into account 

H3Y 2- ~ H + + H2Y 3- (pK3 4.3). (1) 

It can be shown that using the equilibrium constant pK3 
4.3 and the analytical DTPA concentration of 0.01 M the 
concentrations ofH2 Y3- and H3Y 2- are 9.8 • 10 -3 M and 
1.8 • 10 -4 M, respectively. The concentrations of other 
DTPA forms are by several orders of  magnitude lower at 
this pH. Thus, it can be assumed that at pH about 6 the 
Cr(III)-DTPA complexes are formed according to Eqn. (2) 
and (3) 

H2Y 3- + Cr 3+ ~- CrY z- + 2H + (2) 

H3 Y2-  + Cr 3+ ~ CrY 2- + 3H + (3) 

where CrY z-  represents the most stable Cr(III)-DTPA 
complex with the stability constant of pK 15.34 [24]. The 

0,4 

= Ira, 

Fig. 2. DP-peak height vs. pH. 200 ng Cr/1, 0.01 M DTPA, 0.04 M 
CH3COONa, 0.5 NaNO3 
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Fig. 3. Cyclic voltammetric curves for Cr(III)-EDTA complexes 1, 
2 and Cr(III)-DTPA complexes 3, 4 in the absence 1, 3 and in the 
presence 2, 4 of NO~; pH 6.2, scan rate 20mV/s. 1:0.2 M 
CH3COONa, 10-4M Cr(III)-EDTA; 2:1  +0.05 M NaNO3; 3 
and 5:0.1 M CH3COONa, 10 -4 M Cr(III)-DTPA; 4:3 + 0.05 M 
NaNOa; 6:5 + 10 -3 M KBrO3 

pH dependence of the Cr(III)-DTPA reduction peak corre- 
sponds obviously to the stability region of this complex. 

Dependence on the Nitrate Ion Concentration 

It is well known that in the presence of nitrate ions the 
reduction response of Cr(III)-chelates is noticeably 
enhanced in classical polarography and in differential pulse 
polarography as well [7, 8]. It has been assumed that at 
sufficiently positive potentials, i.e. at the foot of the 
polarographic wave or of the pulse polarographic peak the 
Cr(II)-chelates formed by the reduction are chemically 
oxidized by the nitrate and that a catalytic reduction current 
results. 

To examine this supposition, cyclic voltammograms of 
the reduction of Cr(III)-EDTA and of Cr(III)-DTPA 
complexes have been investigated in the absence and in the 
presence of the nitrate ions (Fig. 3). In the absence of the 
nitrate ions both Cr(III) chelates undergo a reversible one- 
electron reduction. This is indicated by the difference be- 
tween the anodic Ea and the cathodic E~ peak, E , -  Ec, which 
is equal to about 60 mV and by the ratio of the anodic to 
the cathodic peak height which is approximately equal to 1 
(see curves 1, 3 and 5 in Fig. 3). In the presence of the nitrate 
ions, however, the anodic peak disappears whereas the 
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Fig. 4. DP-peak height vs. nitrate concentration at pH 6.2 in: 0.01 M 
DTPA, 0.04 M CH3COONa, 200 ng Cr(VI)/I 

cathodic peak is enhanced (curves 2 and 4 in Fig. 3). Ob- 
viously, the regeneration of the Cr(III) complexes by the 
oxidation with the nitrate ions causes an increase of the 
cathodic peak whereas the depletion of Cr(II)-DTPA 
complexes at the electrode is the cause for the absence of the 
anodic peak. Thus, the following mechanism is proposed 
for the catalytic current 

Cr(III) 2_~ Cr(II) ~ Cr(III). (4) 

The validity of the proposed mechanism is supported by 
an analogous action of bromate ions (Fig. 3). Comparing 
curve 6 taken in the presence of the bromate ions with 
curve 5 taken without the bromate ions the enhancement of 
the cathodic peak and at the same time a complete missing 
of the anodic peak can be seen. Thus, the catalytic action of 
the nitrate ions is a general effect which is not due to some 
specific property of these ions but is due to their oxidative 
action on the Cr(II) complexes and the same is the case for 
the action of the bromate ions. 

The dependence of the reduction peak of the Cr(III)- 
DTPA on the nitrate ion concentration is shown in 
Fig. 4. A similar dependence of the height of the differential 

�9 pulse polarographic peak of Cr(III)-DTPA complexes was 
obtained by Zarebski [7]. Based on these results the determi- 
nation of chromium can also be performed in the presence 
of bromate ions. This would be of little interest, however, as 
the determination limit is worse in the latter case caused by 
the lack of commercially available pure chemicals. 

Dependence on the Adsorption Potential 
and the Adsorption Time 

The peak of the Cr(III)-DTPA reduction at the HMDE 
in the presence of the nitrate ions exhibits a remarkable 
dependence on the adsorption potential shown in Fig. 5. The 
peak height increases with the negativation of the adsorption 
potential up to - 1.0 V, reaches a maximum at this potential 
and then decreases again until the potential of the onset of 
the reduction peak at - 1.2 V is reached. The peak heights 
shown in Fig. 5 were obtained by waiting for 30 s at the 
respective adsorption potential, adjusting then the starting 
potential to - 1 . 0  V, and recording the voltammogram 
during the scan into the negative direction. I f  an increasing 
concentration of a surfactant is added to the Cr(III)-DTPA 
solution the peak height is depressed and the whole 
dependence on the adsorption potential is lowered (see 
curves 2 and 3 in Fig. 5). I f  a sufficient concentration of a 
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Fig. 5. DP-peak height vs. adsorption potential at HMDE (1) in 
the absence (2) and (3) in the presence of Triton X-100. 
1:0.01 M DTPA, 0.04 M CH3COONa, 0.5 M NaNO3, pH 6.2 
Cr(VI) 400ng/1; 2: 1 +4x10-5% Triton X-100; 3: 1 
+ 1.2 x 10-4% Triton X-t00, adsorption time 30 s 
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Fig. 6. DP-peak height vs. Triton X-t00 concentration Eaas - 1.0 V, 
other parameters see Fig. 5 
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Fig. 7. DP-peak height vs. adsorption time at the HMDE at pH 6.2 
in: 0.01 M DTPA, 0.04 M CH3COONa, 0.5 M NaNO3 1: 90; 2: 
180; 3:450 ng Cr(VI)/1 

surfactant is added, the chromium reduction peak is 
completely suppressed. The peak height dependence on the 
concentration of the strong surfactant Triton X-100 is shown 
in Fig. 6. It  can be seen that above a Triton X-100 concentra- 
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Fig. 8 
Out-of-phase a.c.-polarograms of 
DTPA and Cr(III)-DTPA complexes, 
recorded at the DME in 
NaNO3 + CH3COONa solution at 
pH 6.2.1:0.5 M NaNO3, 0.05 M 
CHaCOONa; 2:1 +10 -3 M DTPA; 
3:2 +5 x 10 .4 M Cr(III)-DTPA; 4: 
2 + 10 -3 M Cr(III)-DTPA; 5:2 
+2 x 10 -3 M Cr(III)-DTPA 
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Fig. 9 
Out-of-phase a.c.-polarograms of 
DTPA and Cr(III)-DTPA 
complexes, recorded at the DME in 
KC1 + CH3COONa solution at 
pH 6.2.1:0.1 M KC1, 0.05 M 
CH3COONa; 2:1 +10 -3 M 
DTPA; 3:2 +5 x 10 -4 M Cr(III)- 
DTPA; 4:2 +10 -3 M Cr(III)- 
DTPA; 5:2 +2x  10 -3 M Cr(III)- 
DTPA 

tion of 2 x 1 0 - 4 %  the chromium peak is completely 
suppressed. 

The peak height dependence on the adsorption time at 
the adjusted adsorption potential for various bulk concen- 
trations of chromium is depicted in Fig. 7. It can be seen 
that the peak height increases linearly with time up to about 
2 min and then levels off attaining a maximum value which 
is different for different bulk concentrations of chromium. 

All the experimental facts summarized in Figs. 5 to 7 
indicate that adsorption plays a decisive role in the reduction 
of Cr(III)-DTPA complexes. The proof of the adsorption of 
the Cr(III)-DTPA complexes at the HMDE will be given in 
the next section by out-of-phase a.c. voltammetric measure- 

ments. Here, the remarkable peak height dependence on the 
adsorption potential (Fig. 5) will be discussed. It was stated 
above that at potentials more negative than -0 .05  V the 
Cr(VI) present in the solution will be reduced to Cr(III) at 
the electrode. In the absence of chelates the Cr(III) formed 
at the electrode would diffuse towards the bulk of the solu- 
tion and form aquocomplexes. In the presence of DTPA, 
however, the Cr(III) formed by the reduction of Cr(VI) 
will be immediately complexed by DTPA. As the DTPA 
complexes are adsorbed at the electrode already at rather 
positive potentials (see Figs. 8 and 9), the chromium 
complexes will not diffuse towards the bulk of the solution 
but will be accumulated at the electrode at the adjusted 
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Fig. 10 
Out-of-phase a.c.-polarograms of 
EDTA and Cr(III)-EDTA 
complexes, recorded at the DME in 
NaNO3 + CH3COONa solution 
1:0.5 M NaNO3, 0.05 M 
CH3COONa; 2:1 +10 -3 M 
EDTA; 3:2 +5x  10 _4 M Cr(III)- 
EDTA; 4:2 + 10 -3 M Cr(III)- 
EDTA 

adsorption potential. At more negative potentials where the 
reduction of Cr(III) to Cr(II) is possible, i.e. from about 
- 0 . 8 V  onwards, the accumulation of Cr(III)-DTPA 
complexes is further enhanced, due to the chemical oxidation 
by the nitrate ions of Cr(II)-DTPA complexes formed by the 
electrochemical reduction. This process runs more rapidly 
at more negative potentials up to - 1 . 0  V. At even more 
negative potentials the catalytic reduction of Cr(III) is 
followed by the desorption of the formed Cr(II)-DTPA 
complexes from the electrode interface (see Fig. 8). Thus, at 
adsorption potentials more negative than - 1.0 V the peak 
height decreases again. It  should be noted in this respect 
that the elevated values of  the peak height at the adsorption 
potentials more positive than - 0 . 8  V are partly caused by 
the accumulation of Cr(III)-DTPA complexes at the starting 
potential of the scan from - 1.0 V in all experiments, as at 
the scan rate adjusted 10 to 20 s elapse before the onset of 
the reduction peak. 

The explanation proposed by us is supported by the 
experimental fact that in the solution of EDTA no elevation 
of the peak height of the Cr-EDTA complexes with the 
negativation of the starting potential is observed in the pres- 
ence of the nitrate ions. On the other hand, it can be seen 
from Fig. 10 that the Cr(III)-EDTA complex is not adsorbed 
in the electrode interface in the whole range of potentials 
more positive than the reduction peak. 

A. C. VoItammetric Measurements 

To elucidate the role of adsorption in the reduction of the 
Cr(III)-DTPA complexes at the H M D E  the out-of-phase 
a.c. voltammograms were recorded in the solution of DTPA 
containing acetate buffer and NaNOs (see curve 2 in Fig. 8) 
or KC1 (see curve 2 in Fig. 9). In both media DTPA is 
not adsorbed. The Cr(III)-DTPA complexes, however, are 
adsorbed in both supporting electrolytes in the potential 
range from about - 0 . 3  V to the potential of the onset of 
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the reduction peak as is indicated by the lowering of the 
corresponding capacity current in this potential range (see 
curves 3 - 5  in Figs. 8 and 9). At more negative potentials 
the reduction product Cr(II)-DTPA is desorbed from the 
electrode interface as is indicated at potentials more negative 
than - 1 . 5  V by the coincidence of the capacity current 
corresponding to the solution of the supporting electrolyte 
and to the solution containing chromium complexes. For 
comparison, the out-of-phase a.c.-voltammetric curves of  
Cr(III)-EDTA complexes in acetate buffer solutions 
containing EDTA are shown in Fig. 10. No adsorption can 
be seen either of the chelate or of the Cr(III)-EDTA complex. 
Only the Cr(III)-EDTA reduction response is displayed. This 
is a further proof  that the different behaviour of EDTA- 
and DTPA-complexes of Cr(III) is caused by their different 
adsorption properties at the mercury electrode. The reduc- 
tion peak of Cr-DTPA is displayed in full height in the out- 
of-phase a.c. mode, although in this case a Faradaic process 
and not a non-Faradaic process takes place. This evidences 
that the reduction of Cr(III)-DTPA-complexes proceeds 
from the adsorbed state. 

Determination of  Chromium in Various Natural Water Types 

The sampling was carried out according to the method pre- 
viously described by Mart [25]. Then the water samples were 
filtered through cellulose nitrate membrane filter of 
0.45 Ixm pore size in the device SM 16511 from Sartorius, 
G6ttingen. 

Natural waters are known to contain surface-active 
organic substances which can disturb the voltammetric de- 
termination of chromium as well as other heavy metal traces. 
For this reason the natural water samples have to be sub- 
jected to UV-irradiation, if possible in presence of a small 
amount of H202 to decompose the dissolved organic matter 
by photolysis [17]. This causes, however, especially in acid 
medium (HC1, pH 2), a large loss of chromium (up to 90%). 
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Fig. 11 
ADPV determination of chromium in rain 
water sample (5.6 ml) collected in Essen 30.3. - 
6.4. 1983. The sample was subjected before to UV 
irradiation. Supporting electrolyte 0.0l M DTPA, 
0.04 M CH3COONa, 0.5 M NaNO3. Curve 1 - 
sample; curve 2, 3 and 4 - standard additions. 
The determined amount of 1.94 ng Cr in the 
sample corresponds to a chromium concentration 
of 348 ng/1 

Chromium(VI) compounds can be reduced under these 
conditions to CrO2 through volatile CRO2C12 and partly 
even to insoluble Cr203 [26]. However, the application of 
UV-irradiation for photolysis of dissolved organic matter to 
samples at natural pH 7 to 8 does not cause any losses of 
chromium. Thus, it is recommended to determine chromium 
immediately after sampling and filtering. In case the samples 
cannot be directly analyzed, an addition of HNO3 to pH 2 
and neutralization with diluted NaOH solution before the 
determination under pH-meter control is recommended. 

A typical chromium determination in rain water is pre- 
sented in Fig. 11. Examples of chromium determinations in 
different natural water types are given in Table 1. 

No further in principle possible improvement of the 
detection limit by an increase of nitrate ion concentration 
has been attempted to maintain low blank values. Under 
our experimental conditions the blank was below 10 ng/1. 
Thus, the determination limit L is defined as: 

L = 3~ q- 36b 

where 

2 = average blank value; 
6b = standard deviation of blank value. 

L is equal to 20 ng/1 for an adsorption time of 2 rain. 
The relative standard deviation (RSD) was about 5% for 
chromium contents ~> 200 ng/1. The results obtained by this 
new method are in good agreement with those obtained by 
AAS, using the flameless technique with platform in the 
graphite furnace and with multiple injections of sample (see 
Table 1). 

The influence of other metals contained in natural 
waters, especially Pb, Cd, Cu, Fe and Mn, up to a concentra- 
tion of I mg/1, is negligible. 

The optimal conditions for the determination of chro- 
mium Cr(III) + Cr(VI) in natural waters are as follows: 

- supporting electrolyte: 0.5 M NaNO3, 0.1 M DTPA, 
0.04 M CH3COONa. The easiest way of preparing this solu- 

Table 1. Determination of total chromium levels in natural water 
types by adsorption differential pulse voltammetry (ADPV) and by 
graphite furnace atomic adsorption spectrometry (GFAAS) 

Sample n .2 

ADPV GFAAS 
(ng/1) (ng/1) 

Lake of Ziirich, 15 m depth 
12. 5. 1984 6 188 186 

Lake of Zfirich, 120 m depth 
12. 5. 1984 2 102 95 

Maas/Lottum, surface water 
23.8. 1984 2 269 - 

Rain water, Biiekeburg 
14. 10.-27.10. 1983 2 45 - 

Rain water, Essen 
30. 3.-6.4. 1983 2 350 - 

Sea water, South Pacific, 32~ 
127~ 4308 m depth 
8.9. 1980 2 120 - 

tion is the addition of the concentrated base solution (see 
Experimental) to the water sample; 

- pH 6.2 + 0.1; 
- adsorption potential - 1 . 0  V; 
- adsorption time up to 3 min. 

Analytical Overall Procedure for Natural Water Samples 

The water sample (ca. 5 g) is put into a quartz crucible and 
pH is adjusted to 7 - 8  by addition of NaOH or CH3COOH 
if necessary. Then 10 txl of 30% H202 are added. The sample 
is then irradiated by a 150 W UV lamp for I h in a device 
which isolates the sample from the laboratory atmosphere 
and thus eliminates contamination risks [27]. Then, 1 ml of 
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a solution containing 0.05 M DTPA,  0.2 M C H 3 C O O N a  
and 2.5 M NaNO3 is added.  The required p H  value 6.2 + 0.1 
is adjusted by addi t ion of  1 M N a O H  or  1 M CH3 CO O H  
solution under  pH-meter  control.  The quartz  crucible 
containing the prepared analyte is placed inside the 
polarographic  vessel, Met rohm EA 875-20. After  the re- 
moval  of  oxygen by a ni trogen stream, preconcentrat ion by 
adsorpt ion  at  the H M D E  is carried out  during 1 - 3  rain at 
the opt imal  adsorpt ion  potent ia l  of  - 1 . 0  V under stirring 
by a magnetic  stirrer or  by a regulated nitrogen stream. 
Then, the stirring is s topped and the cathodic scan is started 
in the differential pulse mode (50 mV pulse height, 0.4 s 
clock time, 10 mV/s scan rate) at  - 1.0 V. The peak potent ia l  
of  the Cr(III)  reduct ion response appears  at - 1.22 V. 

The evaluat ion of  the total  Cr concentrat ion is achieved 
by the s tandard  addi t ion method (see Fig. 11). 
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