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Tsunenobu SHicEMATSU*, Shiro GoHpaA, Hideo YAMAZAKI,
and Yasuharu NisHIRAWA¥*

Received September 21, 1977

Fundamental conditions for the state analysis of chromium in sea, lake, and river water were
studied, and procedures for the particle fractionation and the separation of chromium (III) from chro-
mium’ (VI) were recommended. ,

Some sea, lake, and river water samples were analyzed, and 0.01-0.27 ug Cr (II)/1 and 0. 04—
0.47 pg Cr (VI)/1 were obtained. In open sea chromium (VI) was predominant.

INTRODUCTION

For the determination of chromium in natural water, various methods, such as spectro-
photometric method,b spectroscopic method,® catalytic method,® chemiluminescence
method,® atomic absorption,5® and neutron activation method? have been recommended.
In natural water, chromium seems to exist as trivalent species or hexavalent species, and
therefore, in order to reveal the oxidation state, these two species must be separated from
each other by adequatebprocedure. Chuceas a:nd Riley reported that the most part of
chromium in sea water was triva,lent,s):_whil‘e Fukai®t® and YamamotolD stiggested that
hexavalent chromium was predoininant. However, there is a few study on the valency
state of chromium in natural water. The present authors attended the fact that chromium
(III) was quantitatively coprecipitated with aluminum hydroxide at pH 8-9, but chromium
(VI) remained in filtrate, and in this investigation, coprecipitation with aluminium hydrox-
ide was applied for the separation of the two species. Chromium (VI) in filtrate was reduc-
ed with hydroxylamine and was coprecipitated with aluminium hydroxide again. Chro-
mium in both fractions was then determined by diphenylcarbazide method. Procedure
for the determination of total chromium in suspended matter was also proposed. By the
procedures = recommended, the oxidation state of chromium in natural water can be
elucidated. '

REAGENTS AND APPARATUS

Reagents: Chrommm (I1I) standard solution (1 mg Cr3t/ml): 0.7696 g of Cr(NOs)s 9H -0
was dissolved with 2N-sulfuric acid and diluted to 100 ml.
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Chromium (VI) standard solution (1 mg Cré+/ml): 0.2829 g of well-dried K:Cr207 was
dissolved and diluted to 100 ml with 2N-HSO4. These two solutions were adequately
diluted before use. ‘

Chromium-51 solution: 1 mCi of Nas51CrQ4 (95.9 mCijmg Cr, 0.9%, NaCl solution),
purchased from Japan At. Energy Res. Inst., was diluted to 25 ml with water to make a
stock solution. 51Cr(III) and 51Cr(VI) were prepared by treating the stock solution with
hydrogen peroxide in acidic and alkaline media, respectively. Activity concentration
of the solution thus prepared was about 1 uCi/ml.

Aluminium solution (1 mg Als*/ml): 1.6802 g of Alx(SO4)s (NH)2SO4+24H:20 was
dissolved in 100 ml of 2N-H2SOa.

Diphenylcarbazide solution (0.25%): 0.25 g of sym-diphenylcarbazide (DPC) was
dissolved in 100 ml of acetone. The solution was prepared fresh daily.

Potassium permanganate solution (0.01 M): 0.158 g of KMnQ, was dissolved in 100
ml of IN-H2SO4. The solution was filtered through a glass filter each time for using.

Sodium fluoride solution (0.5 M): 2.1 g of NaF was dissolved in 100 m! of water and
stored in a polyethylene vessel.

Sodium azide solution (4%): 1 g of NaN3 was dissolved in 25 ml of water. The solu-
tion was prepared fresh daily.

Hydroxylamine solution (2%): 2 g of NH:OH-HCI, recrystallized from aqueous
solution, was dissolved in 100 ml of water.

Cupferron solution (59,): 2.5 g of cupferron was dissolved in 50 ml of water. The
solution was prepared fresh daily.

Potassivm hydrogen sulfate: KHSO4 was heated in a platinum dish, powdered in a
mortar, and stored in a desiccator. ‘
Apparatus: Absorption measurements were made with a Hitachi spectrophotometer,
model 139 with 5cm long cells. Radioactivity was obtained with an Aloka auto well
gamma system and a Kobe Kogyo well type scintillation proble PS-300[13/4" x 2" Nal
(T1) ] and scaler 5A-230.

EXPERIMENTAL AND RESULTS

1. Determination of Chromium with Diphenylcarbazide

For the determination of chromium, spectrophotometric method with diphenyl-
carbazide (DPC) was adopted. Chromium (VI) reacts with DPC to form reddish violet
complex. The reaction is selective for chromium and very sensitive. One tenth to five
mjcrogram of chromium could be determined with an error less than +29%,. Procedure
was as follows: To a sample solution containing 0.1-5 pg of chromium, add 1 ml of
1N-H2SO4 and 0.5 ml of 0.01 M-KMnO4 solution, and warm the solution in boiling water
for 40 min. to oxidize chromium (III) to chromium (VI). Cool, add a few drop of 4%,—
NaN3 solution, and warm again at 60°C for 3 min. to reduce excess KMnO4. Cool in ice
water, add 2 ml of 0.25%-DPC solution, and make up the solution to 25 ml. After stand-
ing for 20 min, measure the absorbance at 540 nm against the reagent blank, using
5cm cell, ,

Molar extinction coefficient of Cr(VI)-DPC complex is affected by the purity and the
amount of the reagent. Under the condition described above, it was estimated to be 34400
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Table I. Masking of Ferric Iron with Sodium Fluoride

Cr(VI) taken Fe(I1I) added 0.5 M-NaF added Cr found
(vg) (vg) (ml) (wg)
2.0 50 0.5 2.00
2.0 100 0.5 1.8
2.0 500 0.5 2.04
2.0 50 1.0 1.9
2.0 100 1.0 2. 0o
2.0 500 1.0 1.9

at 540 nm, which was in good agreement with 34000, the value already reported.1®

Vanadium (V) [reddish brown complex] and iron (III) [yellowish brown complex]
give large positive error and copper [colorless] cause negative error, but color of vanadium
complex rapidly diminish, and therefore, vanadium does not interfere after 20 min. standing
and copper does not after 40 min. standing. In natural water, considering the content
of these metals, the interfering element is only iron (III), and small amount of iron can be
masked by addition of NaF, as shown in Table I. When sample contain relatively large
amount of iron, such as suspended matter or sediment, iron (III) and other interfering
metal ions are removed by the extraction with cupferron-chloroform.

Figure 1 shows the extraction behaviors of chromium (III), chromium (VI), and iron
(II1). Iron (III) is quantitatively extracted from 0.23-6N H:SO1 solution, but chromium
(II1) is not. Chromium (VT) is extracted to some extent, but in the presence of hydroxyl-
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Fig. 1. Effect of concentration of sulfuric acid on extraction of chromium
and ferric cupferates. )
1): 31Cr(IIT)/40 ml (2): S1Cr(VI)[40 ml
(3): 59Fe(III)/40 ml
5% cupferron solution 1 ml, CHCls 20 ml, shaking for 1 min.
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Table II. Recovery of Chromium by Cupferron Extraction Method

Cr(1II) taken Diverse ions - Cr found Recovery
(ng) (ug) (ng) (%)
0.5 0.51 102.0
1.0 1.0z 102.0
1.5 1.5 100.0
2.0 . 2.0z 101.0
Fe(1II) 100

0.5 Cu(1) 50 0. 50 100.0
V{V) 20
Fe(III) 1000

2.0 Cu(II) 50 1.9 99.5
V(V) 20
Co(IT) 500

2.0 - Zn(II) 500 1.94 97.0
V(V) 50

*Cr(VI) 1 0.94 94.0

*Cr(VI) 1 0.9 97.0

* Chromium (VI) was reduced to chromium (III) with hydroxylamine.

amine, it is reduced to chromium (III). Table II shows that cupferron extraction can be
applied as predetermination procedure for chromium in samples containing large amount
of interfering metals.

2. Separation and Concentration of Chromium (III) and Chromium (VI)

Because the content of chromium in sea and river water is very low, the concentration
is necessary before the determination. For the concentration of chromium from water
sample, coprecipitation,9:10:11,13) jon exchange, 514 or solvent extractionl!%16) were
recommended. Fukai and Vas proposed the coprecipitation with ferric hydroxide. They
determined chromium (I1I) with one half part of a sample and determined total chromium
with the other half part of same sample by reducing chromium (VI) to chromium (III) with
sodium sulfite before the coprecipitation with ferric hydroxide.1® Present authors attended
the difference in coprecipitation behaviors of chromium (III) and chromium (VI) with
ferric hydroxide and aluminium hydroxide, and sought available procedure for the separa-
tion and concentration of chromium. Coprecipitation of chromium (IIT) and chromium
(V1) is influenced by pH value, the amount of carrier and the kind of salts present. There-
fore, the control of these factor leads to be effective separation of two species of chromium.

(1) Coprecipitation of chromium with aluminium hydroxide and ferric
hydroxide
Coprecipitation behaviors of chromium (III) and chromium (VI) with aluminium
hydroxide and ferric hydroxide were studied using radioactive tracers.
A)  Coprecipitation of chromium from perchlovate solution
To 150 ml of water, 10 ml of 2M- NaClO4 solution and 51Cr(III) or 51Cr(VI), which
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Fig. 2. Effect of pH on coprecipitation of chromium in perchlorate solution

with aluminium and ferric hydroxide.

(1): 1.9%x10-% M-Cr(ITI), 1.9x10-3 M-Al(IIT)

(2): 1.0x10-% M-Cr(VI), 1.2x10-% M-Al(III)

(3): 1.0x10-3 M-Cr(VI), 3.2x10-4M-AKIII)

(4): 1.0x10-5 M-Cr(III), 7.5X10-4 M-Fe(III)

(5): 1.0x10-5 M-Cr(VI), 7.5x10-¢ M-Fe(III)

Tonic Strength: 0.1(NaClO4)

contains appropriate amount of chromium (III) or chromium (VI), are added. After
adjusting pH 2 with HClO4, definite amount of Al(ClO4)s or Fe(ClO4)s is added, and the
solution is diluted to 200 ml with water. Two milliliters of the solution is pipetted out
as a standard for radioactive measurements. The remainder is adjust to a desired pH
with NaOH solution and allowed to stand overnight. The solution is filtered through a
0.45 p Millipore filter and 2 ml of the filtrate is pipetted out, and the radioactivity is
measured. ,
Coprecipitation behaviors of chromium (III) and chromium (VI) are shown in Fig. 2.
From 0.1 M perchlorate salt solution, chromium (I1II) is quantitatively coprecipitated above
pH 6 with aluminium hydroxide, and above pH 5 with ferric hydroxide, respectively.
Amount of carrier is not important. Coprecipitation of chromium (VI) with aluminium
hydroxide begins at pH 4, showing a maximum near pH 6, and then decreases. In this
case, coprecipitation depends upon the amount of carrier: Maximum value is 95.59, with
1.2X10-3 M carrier and 67.79, with 3.2X10-4 M carrier. Above pH 9, however, chro-
mium (VI) remains almost completely in the filtrate. With ferric hydroxide, coprecipita-
tion of chromium (VI) is found to be about 109%, in higher pH range such as pH 9, and
therefore the separation of chromium (III) from chromium (VI) is incomplete.

B) Coprecipitation of chromium from various salt solutions

Figure 3 shows coprecipitation behavior of chromium from various salt solutions.
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Fig. 3. Effect of diverse salt on coprecipitation of chromium with
aluminium hydroxide.
1): 0.1 M-NaClO4 (2): 0.1 M-NaNOs
(3): 01 M-NaCl (4): 0.1 M-NaSO4
(5): 0.01 M-NasPO,
(1)-(5): 1.0x10-5 M-Cr(VI)
(6): 0.1 M-NazSOa, 1.9x10-5 M-Cr(III)

The figure indicates that coprecipitation of chromium (V1) is affected by the kind of anion
present. Phosphate and sulfate ions lower the coprecipitation: In the presence of 10—3-
10~2 M of these anions, chronium (VI) is not coprecipitated at any pH. Coprecipitation
of chromium (III), however, is not influenced by anion, and almost complete above pH 6.

C) Coprecipitation of chromium from sea waler

Sulfate contents in sea water and river water are about 2.68 g/kg and 11.2 mg/kg,
respectively. Phosphate content is generally lower than sulfate, although it strongly de-
pends upon the environmental conditions. As described above, sulfate and phosphate
give favorable effect on the coprecipitation-separation of chromium (III) from chromium
(VI). Therefore, it is more desirable that carrier is added as sulfate and sulfuric acid is
used instead of perchloric acid. '

Figure 4 shows the coprecipitation behaviors of chromium (III) and chromium (VI)
from sea water (Cl: 18.3%o, collected from offshore of Shirahama, Wakayama prefecture).
The concentration of chromium (III) or chromium (VI) is 1078 M and the concentration of
carrier is 5.4 X 10-3 M for ferricion or 3.7 X 10—¢ M for aluminium ion.

Chromium (II1) is quantitatively coprecipitated above pH 5.2 with both ferric hydrox-
ide and aluminium hydroxide, but coprecipitation of chromium (VI) with aluminium
hydroxide is less than 2%, over all pH region, and accordingly, chromium (III) can be
completely separated from chromium (VI). Coprecipitation of chromium (VI) with ferric
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Fig. 4. Coprecipitation of chromium in sea water with aluminium and

ferric hydroxide:

(1): 10-8 M-Cr(III), 3.7x10-4 M-AI(III)
2): 10-8 M-Cr(VI), 3.7x10-4M-Al(ILI)
(3): 108 M-Cr(III), 5.4x10~% M-Fe(III)
(4): 10-8 M-Cr(VI), 5.4x10-5 M-Fe(III)
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Fig. 5.
in sea water.
(1): 0.7x10-8 M-Cr(III),
pH: 8.24-02
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hydroxide is somewhat higher than-in the case of aluminium hydroxide, and reach more
than 10%, in the pH tange from 5.5-7.5. ! R

Figure 5 indicates that the amount of aluminium required to the separation of chro-
mjum (III) from chromium (VI) is 0.2-5 mg per one liter of sea water. The similar results
are obtained in the case of river water. ‘

3. Determination of Chromium (III) and Chromium (VI) in Sea and River
Water

(1) Change in oxidation state of chromium in water samples e

Chromium (III) ion in natural water sample, in analogy Wlth other micro amount of
metal ions, is easily coprecipitated with scavenger such as ferric or aluminium hydroxide
and then rapidly adsorbed onto the wall of polyethylene bottle or glass vessel, and at the
same time, the valency change also may occur on storage. The behavior of chromium on
storage was studied.

Table ITI. Determination of Chromium in Spiked Water Sample

Cr added (pg) Cr found (ug).

Sample taken AN(IIT) added Recovery
O (mg) am (V) am- (VI (%)
0.1 3 2.0 1.9 97.5
0.1 3 2.0 1.9 99.5
0.1 3 (+Fe*+100ug) 2.0 1.9 98.5
0.1 3 (+Fe’ 100pg) 2.0 1.9 9.5
. 0.3 1 1.0 1.0z 102.0
distiled -, 4 1 2.0 ] 1.9 9.5
water i ] . . .
0.3 10 ‘ 0.3 0.0.*
0.3 10 ' 1.5 0. 0s*
0.3 10 2.0 0. 05%
0.3 2 2.0 1.94 97.0
0.3 2 2.0 1.9s 96.5
1 10 2.0 ' 1.9 95.2
sea water | 10 2.0 1.8 94.5
IJ’agZ:; Bay 10 2.0 1:8p - 94.5
1 10 2.0 1.93 96.5
3 10 0.0s  0.00°
sea water g 10 0.2 0.2s . ) 100.0
Urag?g;‘ Bay 4 10 0.5 0. 56 96.0
3 10 0.5 1.0 0.60 0.9 104.0, 94.0
3 10 oo 0.45 . 0.60
sea water ok 10 0.8 0. 63
Shioms I 10 * L LOge
ok 10 0.5 1.0 0.8 1.6 96.0, 99.0

* hydroxylamine was not added
** gtored for 2 days
*** gtored for 71 days (frozen)
#¥*% hydroxylamine was added
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Fig. 6. Effect of storage on oxidation state of chromium in water.
@), (1*): Cr(III), distilled water, pH 6.5-7 (2), (2%): Cr(III), sea water
(3), (3%):  Cr(III), sea water, humic acid 5 ppm (4): Cr(VI), distilled water
(5): Cr(VI), sea water 6): Cr(VI), sea water, humic acid 5 ppm
" (7): Cr(VI), river water .
Chromium concentration: 1.98x10-8 M

Figure 6 shows the change in the concentration and the oxidation state of chromium
added to distilled water or sea water on storage. In distilled water, at pH 6.5-7, neither
chromium (III) nor chromium (VI) show any valency change for 40 days at least (curve 1
and 4), although dissolved chromium (IIT) quickly loses by adsorption on the wall (curve
1*¥).  Chromium (VI) added to sea water and river water also does not show the valency
change (curve 5,6, and 7), whereas chromium (ITI) in sea water is very rapidly oxidized to
chromium (VI) (curve 2 and 3).

In any case, for the state analysis of chromium, immediately after sampling, suspended
matter is filtered and the separation of chromium (IIT) from chromium (VI) must be carried
out as soon as possible. If water samples could be frozen, the sample can be stored over
relatively long period without the valency change, as shown in Table II1.

(2) Determination of chromium (III) and chromium (VI) in sea and
river water

From the results obtained above, a procedure for the determination of chromium (IIT)
and chromium (VI) in sea and river water was established as follows.

After the collection, water sample is filtered through a membrane filter (MFHA 0.45
@) to remove suspended matter as rapid as possible. To 31 of filtered sample, 10 mg of
Al3* (as sulfate) is added, the and pH of the solution is controlled to 8-9 with NHj; water.
After standing overnight, hydroxide precipitate is filtered with a membrane filter (MFSC
8 w) [chromium (III) fraction]. To the filtrate, 10 ml of conc. HCl and 30 ml of 29%,
NH:0H-HCI solution are added to reduce chromium (VI) to chromium (III). To the
solution, 10 ml of Al%* is added and the hydroxide is allowed to precipitate in the similar
manner as for chromium (III) fraction [chromium (VI) fraction]. Each precipitate is
dissolved with 2N-H:S0,, and after 20 ml of conc. HNOs and 1 ml of H2O2 are added,
the solution is heated to almost dryness. If sample contains large amounts of organic
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Table IV. Trivalent and Hexavalent Chromium in Sea Water, Lake Water, and River Water

Dissolved (ug/l)

Suspended (ug/D

Sample R S Cr(rn) VD)
m %) (ml]l (ITT)+ VI
Cr(I1II) Cr(VI) Cx(VD) AT (%) Fe Al Cr Fe Al
stI 0 82 163 4.8  0.16 0.32 0.48 66.7 144 3.2 0.99 9.7 144.5
Ogjly‘a st1 12 81 17.8 291  0.27 0.21 0.49 42.9 160  16.5 0.30 102.8  247.6
St 6 81 158 471  0.10 0.39 0.49 79.6 150 5.3 1.26 - 108.0 185.5
0 81 1619 693 0.0 0.33 0.34 97.1 13.3  16.5 0.42 27.1  20.3
Urgg;mi 15 8.2 18.85 10.08  0.02 0.40 0.42 95.3 6.7 17.6 - — 5.2
25 81 19.13 9.97 0.03 0.47 0.50 94.0 1.1 15.2 0.41 42.3 5.2
4952 N 20 82 *34.5 527 0.03 0.18 0.21 85.7 0.84 0.40  0.004 0 2.90
151°55" E 98 81 *34.6 4.56  0.01 0.17 0.18 94.5 0 1.74 0.03 0 0.67
Lake  StI 0 690 *5.0 0.09 0.19 0.28 67.9 0.11 128.7  75.2
Biwa gm0 695 53 0.12 0.15 0.27 55.6 0.12 43.6 7.5
Yodo  St1 7.42  #5.2 0.11 0.04 0.15 26.7 0.25 738.5  295.4
River g 11 7.35 *5.0 0.10 0.08 0.18 4.4 0.31 3203.9 1281.6
* Salinity ** mgfl
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substances, the heating with HINOs and H20s to dryness is repeated until organic sub-
stances are completely decomposed. The residue is dissolved with 1 ml of 2N-H2SO4
and 10 ml of water, and then chromium is determined according to the procedure described
in 1.

Table III presents the analytical results obtained from some spiked samples which were
prepared by adding a definite amount of chromium (I1I) or chromium (VI) to distilled water
or sea water. Recovery of chromium (IIT) and chromium (VI) is 97.6-1-2.69%,, and the
relative error of the repeated experiments on the same sample is 4-1.7%.

(3) Determination of chromium in suspended matter

For the determination of chromium in suspended matter, which contains relatively
large amounts of iron, following two procedures were recommended.

A. Suspended matter and membrane filter is ashed in a platinum crucible at low
temperature. To the ash, 1 ml of 2N-H2SO4 and 5 ml of HF are added and it is heated
to remove silica. After drying, the residue is fused with 1 g of KHSO4, and the melt is
dissolved with 20-30 m! of 2N-H2SO4. The solution is transferred to a separatory funnel,
3 ml of 59, cupferron agueous solution is added, and iron and other interfering ions are
extracted by shaking with 20ml of chloroform. The aqueous phase is transferred to a beak-
er, evaporated, and after organic matter is decomposed with HNOs and H20,, chromium
is determined.

B. Suspended matter on filter is dipped in 20-30 ml of 2-6N-H2S0O4 for 20 min.,
and then the H2SO4 solution is sucked. The filtrate is treated by the cupferron extraction
and chromium is determined [acid soluble chromium fraction]. The residue and filter is
transferred to a platinum cruible, and treated by the same procedure as Afacid insoluble
chromium fraction].

(4) On chromium contents in sea and river water and in suspended
particles.

Analytical results of water samples collected from Osaka Bay, Uragami Bay, North
Pacific Ocean, Lake Biwa, and Yodo River are summarized in Table IV. Contents of
dissolved chromium (IIT) and chromium (VI) are 0.01-0.27 ug/l and 0.04-0.47 ug/i, re-
spectively, and the fraction of chromium (VI) in total dissolved chromium appreciably
varies from 26.7 to 97.1%, and the fraction tends to increase from coastral to open sea, in
general. Suspended chromium shows high value in coastral sea or in bay and very low
value in oceanic sea.

Detailed results on the distribution of chromium (IIT) and (VI), and the geochemical
consideration will be described in further paper.
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