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ABSTRACT

The ferrate (VI) a green chemical due its novel properties such a oxidizing power, selective reactivity, stability as salt
and non-toxic by-products of ferric ion, much progress has been made on its application to water and wastewater
treatment as efficient oxidant, coagulant and disinfectant. Potassium and barium ferrate are synthesized, purified and
characterized. These two chemicals were used to treatment of water samples collected from Guyana Water
Incorporation Georgetown (GWI Georgetown), Guyana Water Incorporation Linden (GWI Linden), Tap water South
Ruimveldt (Tap Water SR) and University of Guyana Pond (UG Pond). Potassium ferrate is found to be more
effective in water treatment in comparison to barium ferrate.

*Corresponding author: brijtew@yahoo.com
INTRODUCTION

Iron is typically found as a metal ion +2[Fe (I)] or +3 [Fe (III)] oxidation states, the presence of hyper - valency
states of iron Fe (IV), Fe (V), Fe (VI) have been known in certain environment. Of the hyper — valent iron, only
ferrate Fe (VI), +6 oxidation states of iron has been known to be obtained in the form of stable salts [1-3]. It has been
well documented [4] the potassium ferrate K,FeOy, is a strong and environmental friendly oxidant under the acidic
conditions, the redox potential of ferrate (VI) ions (2.2 V) is higher that of molecular ozone (2.0 V)

Fe" 0,% +3e-+8H+ —> Fe’*+4H,0 E’=220V

The product of the ferrate (IV) oxidation reaction is considered to be ferric hydroxide, which is useful coagulant and
well enhance the water remediation performance. Ferrate (VI) is relatively stable in basic solutions but is very
unstable in neutral and acidic solutions. When protons are attached to the ferrate (VI) ion as it goes from basic to
acidic solutions, super iron becomes an even more powerful oxidizing agent. Different structure of ferrate with its
increasing oxidizing power is shown in Scheme 1.
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Scheme 1. Different structure of Ferrate (IV)

A search of literature indicated some applications of ferrate viz. oxidize synthetic organic matter [5], remove colour
[6], remove cyanide [7], killing bacteria [8] a multifunctional material for treating contaminated water and waste
water [9 — 18]. The Scheme 2 shows some applications of ferrate (VI) to various fields.
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Scheme 2. Application of Fe (VI) various fields
The aim of this paper is to
i. Synthesis and characterize potassium and barium ferrates.

ii. Collection of water and wastewater samples from different location of the country (Guyana).

1ii. Analyze the collected samples for total hardness, alkalinity, turbidity, colour, iron, chloride, and pH before
and after treatment.

iv. Water samples collected from selected region of the country due to importance of the need for the clean and
safer water. Each sample location is unique the standpipes and effluents where due for understanding the
environment.

RESULTS AND DISCUSSION

Colour test

The colour test there was a gradual decrease for both ferrates. When compared to the untreated water the tap water at
20 mg for both ferrates had the lowest result. However, the result was the same at the 30 mg for the potassium
ferrate, while the barium ferrate increased. The pond water sample had it lowest result at 30 mg for the potassium
ferrate, while the barium ferrate 30 mg and 20 mg were the same. It was the 20 mg mass for both ferrates that had the
greatest effect. Bar Chart of the colour test for untreated and potassium and barium ferrates treated contaminated
water samples are shown in Figure 1 and values are given in Table 1.

Colour

Water Samples

Figure 1. Colour of ferrates treated and untreated water samples. 1 = GWI Linden, 2 = GWI
Georgetown, 3 = Tap water SR, 4 = UG Pond

B = vntreated, B = K,Fe0, (10 mg) Treated, O = BaFe0, (10 mg) Treated

Downloadable from: Revista Boliviana 14 de Quimica. Volumen 30 N°1. Afio 2013
http://www.bolivianchemistryjournal.org, http://www.scribd.com/bolivianjournalofchemistry



REVISTA BOLIVIANA DE QUIMICA % Vol. 30, No.l, pp. 13-23, Ene./Jun. 2013

Bolivian Journal of Chemistry 30(1) 13-23, Jan./Jun. 2013
Received 18 03 2013 Published 20 09 2013

pH test

For the pH test the 20 mg mass for both ferrates was more effective, than the other masses. The Georgetown G.W.I.
had a gradual increase as the masses were increased, but still it was not in the enough to reach the W.H.O. standards.
The most acidic sample was the Linden G.W.I. the potassium ferrate had greater effect than the barium ferrate. The
result from the20 mg mass except the Georgetown G.W.1. was less than the W.H.O. standard. However, at the 30 mg
mass only the tap and pond water for both ferrates were in the range of the W.H.O. standard while the other sample
fall out of range. Bar Chart of pH test for untreated and potassium and barium ferrates treated contaminated water
sample is shown in Figure 2 and values are given in Table 2.
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Figure 2. pH test of ferrates treated and untreated water samples. 1 = GWI Linden, 2 = GWI
Georgetown, 3 = Tap water SR, 4 = UG Pond

B = Untreated, B = K,Fe0, (10 mg) Treated, O = BaFe0, (10 mg) Treated

Turbidity test

The turbidity test both of ferrates was quite effective. As the masses were increased the turbidity for all of the water
samples decreased significantly when compared to the untreated water samples. However, when compared to the
World Health Organisation (WHO) most of the samples were out of range. The cause of this could be due to the
presence of impurities that might have being present or the time of treatment may have been too short. The 10 mg
mass of the potassium ferrate was more effective than that of barium ferrate since most of the water sample treated
with the potassium ferrate came very close or within range of the W.H.O. standard.

Bar Chart of turbidity test for untreated and potassium and barium ferrates treated contaminated water sample is
shown in Figure 3 and values are given in Table 3.
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Figure 3. Turbidity test of untreated and treated water sample. 1 = GWI Linden, 2 = GWI
Georgetown, 3 = Tap water SR, 4 = UG Pond
H- Untreated, B = K>FeO, (10 mg) Treated, [l = BaFeO, (10 mg) Treated
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Alkalinity test

For the alkalinity test the result varied among the different masses and the water sample. However, it was the tap
water result for both ferrates that had the lower result than the of the untreated water sample. The pond and tap water
for both ferrates had an increased as the mass increased. The potassium ferrate showed a gradual increase, while the
barium ferrate fluctuated. Bar chart of alkalinity test for untreated and potassium and barium ferrates treated
contaminate water sample is shown in Figure 4 and values are given in Table 4.
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Figure 4. Alkalinity test of untreated and ferrates treated water sample. 1 = GWI Linden, 2 =
GWI Georgetown, 3 = Tap water SR, 4 = UG Pond

B = vnrreated, W= K>Fe0, (10 mg) Treated, 0= BaFeo, (10 mg) Treated

Total Hardness test

For the alkalinity test the result varied among the different masses and the water sample. However, it was the tap
water result for both ferrates that had the lower result than the of the untreated water sample. The pond and tap water
for both ferrates had an increased as the mass increased. The potassium ferrate showed a gradual increase, while the
barium ferrate fluctuated. The total hardness test it was observed that thel0 mg mass for both ferrates was more
effective than the other masses. But the potassium ferrate at the 10 mg had a better result than the barium ferrate at
10 mg, because it had the lower result. Though the barium ferrate was not as low, its result was still lower than the
untreated water. At the 30 mg mass for both ferrates recorded the highest amount of hardness with the exception of
the barium ferrate pond water, which had a similar result to the 10 mg barium ferrate. Bar Chart of the total hardness
test for untreated and potassium and barium ferrates treated contaminated water sample is shown in Figure 5 and
values are given in Table 5.
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Figure 5. Total hardness of untreated and ferrates treated water sample. 1 = GWI Linden, 2 =
GWI Georgetown, 3 = Tap water SR, 4 = UG Pond
B = Untreated, [ B= K FeO, (10 mg) Treated, [0 = BaFe0, (10 mg) Treated

Downloadable from: Revista Boliviana 16 de Quimica. Volumen 30 N°1. Afio 2013
http://www.bolivianchemistryjournal.org, http://www.scribd.com/bolivianjournalofchemistry



REVISTA BOLIVIANA DE QUIMICA % Vol. 30, No.l, pp. 13-23, Ene./Jun. 2013

Bolivian Journal of Chemistry 30(1) 13-23, Jan./Jun. 2013
Received 18 03 2013 Published 20 09 2013

Total Solid test

The total solid test there was an overall increased for both of the ferrate as the mass increase, when compared to the
untreated water ample. But pond water had a decreased as the masses were increased. Tap water was the only one
with a gradual increase as the mass increase the others fluctuated. However, at the 10mg mass for both ferrates
though they were high they were still lower than the untreated water sample.

Bar chart of total solid test for untreated and potassium and barium ferrates treated contaminated water sample in
shown in Figure 6 and values are given in Table 6.
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Figure 6. Total solid test for untreated and ferrates treated water samples. I = GWI Linden, 2 =
GWI Georgetown, 3 = Tap water SR, 4 = UG Pond
D= Untreated, M= K-FeO, (10 mg) Treated, [[] = BaFeO, (10 mg) Treated

Iron test

With the iron test there was not an overall decrease, but there was a gradual decrease as the mass increased for the
Georgetown G.W.I. (Lamaha Canal) and tap water. The Linden G.W_I. barium ferrate had a gradual increased as the
mass increased, while for the potassium ferrate it fluctuated. Like the turbidity the 10 mg mass was the most effective

than the other masses. Bar Chart of iron test for untreated and potassium and barium ferrate treated contamination
water sample is shown in Figure 7 and values are given in Table 7.
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Figure 7. Iron test for untreated and ferrates treated water samples. 1 = GWI Linden, 2 = GWI
Georgetown, 3 = Tap water SR, 4 = UG Pond
B = Untreated, W= K.FeO, (10 mg) Treated, [[]= BaFeO, (10 mg) Treated
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Chloride test

The chloride had an overall increase for both ferrates, with the exception of pond water, which had decreased. The 10
mg mass was the most effective than the other masses. But of the two ferrates treated water it was the potassium
ferrate, since most of it results was lower than the W.H.O. standard. The pond water though it was not lower than the
W.H.O. standard it decreased as the mass was increased. On the other hand tap water increased as the mass increased
for the potassium ferrate but for the barium ferrate it fluctuated. Bar chart of chloride test for untreated and potassium
and barium ferrates treated contaminated water sample is shown in Figure 8 and values are given in Table 8.
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Figure 8 - Chloride tests for untreated and ferrates treated water samples. 1 = GWI Linden, 2 =
GWI Georgetown, 3 = Tap water SR, 4 = UG Pond
B = vntreated, W= K>FeO, (10 mg) Treated, O-= BaFeO, (10 mg) Treated

EXPERIMENTAL

Ferrate (VI) can be produced by dry and wet synthetic methods [19, 20] . Dry synthetic method are usually performed
using a thermal technique, whereas chemical and electrochemical techniques are applied in wet method. in the present
work wet method applied to synthesize ferrate (VI).

Materials

Ferric chloride, sodium hypochloride, sodium hydroxide, ferric nitrate, potassium hydroxide, p otassiium permagnate,
barium hydroxide, hexane, diethylether, petroleum sprit, ethanol, etc.

Synthesis of ferrate (VI)

Potassium and barium ferrate are prepared according to the method reported in literature [21]

Potassium ferrate was prepared by bubbling chlorine gas generated from concentrated HCl and KMnO, through 500
mL of 0.1 M potassium hydroxide. This was done by 5 minutes 15 mL of 0.1 M ferric nitrate was added to 60 mL of
KCIO with constant stirring. Solution was filtered and crystals were washed 5 times with 20 mL of hexane and
diethylether (1:1) mixture. Crystals were stored in a desiccator.

KMnO, + 8HCI — MnCl, + 5/2Cl, +4H,0 +KCl
Cl, + 2KOH —  KCIO +KCIO + H,0
Fe (NO3);. 9H,0 + SKOH +3/2KCIO —  3/2 KCl + 23/2 H,0 + K,FeO, + 3KNO;

Barium ferrate (BaFeQ,) was prepared by adding 5 mg of barium oxide to mixture of 60 mL of 0.1 M NaClO and 15
mL of 0.1 M ferric nitrate at room temperature (29+ 1°C) [22]. Precipitate was filtered and washed with 20 mL of
hexane and diethyl ether mixture (1:1) three times to remove water and other impurities.

Ba(OH), (aq) — BaO(s) + H,0O
NaClO + FeNO; + BaO(s) — BaFeO, + NaCl + NO

The reactions of both ferrates are exothermic and vigorous with a very strong chlorine odor especially the barium
ferrate formation.
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Purification of ferrates

Ferrates are purification by literature method [3]. Ferrate was washed with 13 mL of petroleum sprit. It further
washed with 3 to 5 times with 20 mL of 95 % ethanol. Precipitate was further washed with petroleum sprit. It further
washed with 3 to 5 times, 20 mL of 95 % ethanol. Stirring for 20 minutes, this washing is repeated 3 times.
Precipitate is dry and stored in a desiccator.

Characterization of ferrate (VI)

Potassium and barium ferrates are found to have purple black and reddish — brown colour respectively. Visible
spectra of ferrate (VI) prepared in this work demonstrate typical ferrate (VI) characteristics absorption 505 nm and
790 nm which is consistent with literature [23,24]. Concentration of ferrate (VI) was determined by titration against
bromine oxide. Ferrate solution is prepared in arsenic trioxide. Methyl orange used as an indicator, a yellow colour
appeared at the end point.

2K,FeOu(aq) + 3AsOs(ag) + 11H,0 — 2Fe(OH);(H,0)s(aq) + 3AsOu(aq) + 4KOH(aq)
2BaFeO,(aq) + 3AsOs(aq) + 11H,O0 — 2Fe(OH);(H,0)s(aq) + 3AsOuaq) +
2Ba(OH),(aq)

Infrared absorption peak far potassium ferrate was observed at 800 cm™ (807 cm™) where as for barium ferrate was
observed at 871, 810, 786 cm’™ (870, 812, 780 cm’l). The literature values are provided in the bracket [21].

Collection of water samples

Water samples are collected in 500 mL stopper bottles from four different location of the country (Guyana). The
order of the water sampling is as follows:

Guyana Water Incorporation Linden (GWI Linden)

Guyana Water Incorporation Georgetown (GWI Georgetown)
Tap water from South Ruimveldt (Tap Water SR)

University of Guyana Pond (UG Pond)

b

Methods for testing water samples

Water sample are tested before and after the addition of ferrates. The turbidity test was done using the turbidity meter
at environmental laboratory University of Guyana. It was calibrated with standard range from 0.01 to 800
Nephelometric Turbidity Units (NTU). After which 15 mL of the sample was poured in the sample vial and read off.
The iron and colour test were done at the Guyana Water Inc. laboratory, using the portable data login
spectrophotometer at wave lengths 510 nm and 120 nm, respectively. A sample of 10 mL was used for the iron test, 5
mL for zeroing the meter; the indicator phenanthroline was added to the 5 mL then read off. For the colour test 25
mL of the sample was used after being calibrated with 25 mL of distilled water. The iron is measured in mg/L, while
colour was measured on uints PtCo Alpha. The alkalinity, chloride and total hardness were all done via titration
method methods. The alkalinity was using 0.02 N of H,SO, with methyl orange as it indicator and 25 mL of the
sample was used. The end point was noted by a yellow solution. The chloride test was done using 0.143 M of silver
nitrate solution, with potassium chromate as it indicator. A 100 mL of sample was used; the end point was denoted by
an orange colour solution. The total hardness was determined by titrating against disodium ethylene diamine tetra-
acetic acid (Na,H, EDTA). A 100 mL of the sample was used 1 mL of pH 10.0 buffer of Erichrome black T-
indicator. Green colour appeared at the end point. The total solids test was done by heating, cooling and weighting. A
100 mL sample was placed in an evaporation dish in a sand bath until total evaporation has occurred, then to the
oven, thereafter then cool and weighted.
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Tables

Table 1. Colour of untreated and ferrates treated water sample

Sample 1 Untreated Treated H,O Treated H,O WHO Standard
H,O K>FeO4(10 mg) BaFeQ4(10 mg) (not available)
Linden G.W.I 518.00 334.00 329.00 -
G/town G.W.I 196.67 193.00 166.00 -
Tap water S R 17.17 -1.00 3.00 -
UG Pond 84.00 10.00 21.00 -
Sample 2 K;Fe04(20 mg) BaFe04(20 mg) -
Linden G.W.I 518.00 272.00 274.00 -
G/town G.W.I 196.67 177.00 179.00 -
Tap water S R 17.17 -5.00under range -11.00 under range -
UG Pond 84.00 26.00 15.00 -
Sample 3 K;Fe04(30 mg) BaFe04(30 mg) -
Linden G.W.I 518.00 272.00 352.00 -
G/town G.W.I 196.67 172.00 168.00 -
Tap water S R 17.17 -5.00 under range 0.00 -
UG Pond 84.00 7.00 15.00 -
Table 2. pH of untreated and ferrates treated water sample
Sample 1 Untreated Treated H,O Treated H,O WHO Standard
H,O K>FeQ4 (10 mg) BaFeQ4 (10 mg)
Linden G.W.I 3.81 6.10 5.00 6.5-8.5
G/town G.W.I 4.36 4.17 3.94 6.5-8.5
Tap water SR 6.59 7.51 7.62 6.5-8.5
UG Pond 5.30 6.17 5.83 6.5-8.5
Sample 2 K>FeQ4 (20 mg) BaFeOQ4 (20 mg)
Linden G.W.I 3.81 7.95 7.01 6.5-8.5
G/town G.W.I 4.36 5.20 4.13 6.5-8.5
Tap water SR 6.59 7.01 7.30 6.5-8.5
UG Pond 5.30 7.96 8.08 6.5-8.5
Sample 3 K>FeO4 (30 mg) BaFeO4 (30 mg)
Linden G.W.I 3.81 5.62 5.19 6.5-8.5
G/town G.W.I 4.36 4.39 3.54 6.5-8.5
Tap water SR 6.59 7.45 7.21 6.5-8.5
UG Pond 5.30 6.55 6.23 6.5-8.5
Table 3. Turbidity of untreated and ferrates treated water samples
Sample 1 Untreated H,O Treated H,O Treated H,O WHO
(NTU) K>FeO4(10 mg) BaFeQ4(10 Standard
(NTU) mg) (NTU) (NTU)
Linden G.W.I 17.67 1.64 1.62 0>1
G/town G.W.I 11.54 5.28 7.14 0>1
Tap water SR 5.68 0.68 0.76 0>1
UG Pond 75.93 6.24 7.25 0>1
Sample 2 K>Fe04(20 mg) BaFe04(20
mg)
Linden G.W.I 17.67 5.55 5.86 0>1
G/town G.W.1 11.54 3.05 3.93 0>1
Tap water S R 5.68 1.04 1.65 0>1
UG Pond 75.93 6.33 9.25 0>1
Sample 3 K>Fe04(30 mg) BaFeQ4(30
mg)
Linden G.W.I 17.67 4.97 8.89 0>1
G/town G.W.I 11.54 3.46 4.19 0>1
Tap water SR 5.68 1.010 1.03 0>1
UG Pond 75.93 7.70 7.30 0>1
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Table 4. Alkalinity of untreated and ferrates treated water sample

Sample 1 Untreated H,O Treated H,O K;FeO4(10 Treated H,O WHO
(mg/L) mg) (mg/L) BaFeQ4(10 mg) Standard
(mg/L) (not available)
Linden G.W.I 20.46 27.72 35.64 -
G/town G.W.I 17.82 23.76 23.76 -
Tap water S R 280.57 217.80 213.84 -
UG Pond 28.38 13.20 13.20 -
Sample 2 K>Fe04(20 mg) BaFe04(20 mg) -
Linden G.W.I 20.46 39.6 47.52 -
G/town G.W.I 17.82 31.68 15.84 -
Tap water S R 280.57 233.64 237.60 -
UG Pond 28.38 31.68 31.6 -
Sample 3 K>Fe04(30 mg) BaFe04(30 mg) -
Linden G.W.I 20.46 18.22 15.84 -
G/town G.W.I 17.82 30.10 17.00 -
Tap water S R 280.57 237.6 229.68 -
UG Pond 28.38 43.56 31.68 -

Table 5. Total hardness of untreated and ferrates treated water sample

Sample 1 Untreated H,O Treated H,O Treated H,O WHO
(mg/L) K>FeOq4 BaFeOy Standard
(10 mg) (mg/L) (10 mg) (mg/L) (No guideline)
Linden G.W.I 212.77 196.40 441.90 -
G/town G.W.1 204.58 108.02 147.30 -
Tap water S R 204.85 147.30 147.30 -
UG Pond 1039.27 687.00 736.50 -
Sample 2 K>FeO4 (20 mg) BaFeO4 (20 mg) -
Linden G.W.I 212.77 319.15 687.40 -
G/town G.W.1 204.58 245.50 196.40 -
Tap water S R 204.85 343.70 392.00 -
UG Pond 1039.27 834.70 785.60 -
Sample 3 K>FeO4 (30 mg) BaFeO4 (30 mg) -
Linden G.W.I 212.77 883.80 1104.75 -
G/town G.W.1 204.58 196.40 407.53 -
Tap water S R 204.85 294.60 245.50 -
UG Pond 1039.27 736.50 736.50 -
Table 6. Total solid of untreated and ferrates treated water sample
Sample 1 Untreated HO Treated H,O Treated H,O BaFeQy4 WHO Standard
(mg/L) K>FeO4 (10 mg) (10 mg) (mg/L) (No guideline)
(mg/L)
Linden G.W.I 12.67 92.00 68.00 -
G/town G.W.I 53.33 212.00 224.00 -
Tap water SR 17.00 68.00 50.00 -
UG Pond 258.33 198.00 214.00 -
Sample 2 K;FeOy4 (20 mg) BaFeQ4 (20 mg) -
Linden G.W.I 12.67 64.00 120.00 -
G/town G.W.I 53.33 218.00 176.00 -
Tap water SR 17.00 106.00 94.00 -
UG Pond 258.33 200.00 212.00 -
Sample 3 K;FeOy4 (30 mg) BaFeQ4 (30 mg) -
Linden G.W.I 12.67 182.00 64.00 -
G/town G.W.I 53.33 114.00 122.00 -
Tap water SR 17.00 216.00 214.00 -
UG Pond 258.33 210.00 234.00 -
Downloadable from: Revista Boliviana 21 de Quimica. Volumen 30 N°1. Afio 2013

http://www.bolivianchemistryjournal.org, http://www.scribd.com/bolivianjournalofchemistry



REVISTA BOLIVIANA DE QUIMICA

Bolivian Journal of Chemistry
Received 18 03 2013

@

Vol. 30, No.l, pp.

13-23, Ene./Jun.
30(1) 13-23, Jan./Jun.

2013
2013

Published 20 09 2013

Table 7. Iron content of untreated and treated water sample

Sample 1 Untreated Treated HO Treated H,O BaFeO4(10 WHO
H>0 (mg/L) K>FeO4(10 mg) mg) (mg/L) Standard
(mg/L) (No guideline)
Linden G.W.I 2.84 1.64 1.62 -
G/town G.W.I 1.07 0.99 0.90 -
Tap water S R 0.27 0.06 0.05 -
UG Pond 1.57 0.03 0.08 -
Sample 2 K>Fe04(20 mg) BaFeQ4(20 mg) -
Linden G.W.I 2.84 1.52 1.96 -
G/town G.W.I 1.07 0.88 1.09 -
Tap water S R 0.27 0.05 0.06 -
UG Pond 1.57 0.10 0.15 -
Sample 3 K>Fe04(30 mg) BaFeO4(30 mg) -
Linden G.W.I 2.84 1.8 2.04 -
G/town G.W.1 1.07 0.72 0.97 -
Tap water S R 0.27 0.04 0.13 -
UG Pond 1.57 0.05 0.1 -
Table 8. Chloride of untreated and treated water sample
Sample 1 Untreated Treated H,O K;FeOy Treated H,O BaFeQ4 (10 WHO Standard
Hy0 (mg/L) (10 mg) (mg/L) mg) (mg/L) (mg/L)

Linden G.W.I -1.04 -0.25 -0.76 5.00

G/town G.W.I 1.61 1.27 1.27 5.00

Tap water S R 26.95 25.09 26.11 5.00

UG Pond 258.33 70.72 70.21 5.00

Sample 2 K;FeO,4 (20 mg) BaFeQ4 (20 mg) 5.00

Linden G.W.I -1.04 2.28 6.34 5.00

G/town G.W.1 1.61 3.80 3.80 5.00

Tap water S R 26.95 26.61 27.12 5.00

UG Pond 258.33 69.7 30.16 5.00

Sample 3 K;FeO4 (30 mg) BaFeQ4 (30 mg) 5.00

Linden G.W.I -1.04 16.48 8.84 5.00

G/town G.W.I 1.61 3.14 3.80 5.00

Tap water S R 26.95 26.61 22.56 5.00

UG Pond 258.33 66.16 31.68 5.00
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