"This paper not to be cited without prior reference to the author"

International Council for the ‘ C.M. 1975/E: 15
Exploration of the Sea . - Fisheries Improvement
Committee
[ X )

e @ - o
-@-  THUNEN
Digitalization sponsored
by Thunen-Institut

Problems in ozone determination in sea-water

by

H. Rosenthal and G. Hinz
Biologische Anstalt Helgoland,
Zentrale Hamburg,

Fed. Rep. Germany

INTRODUCTION

Ozone has been found useful in a number of applications related
To human activities since its discovery by SCH@NBEIN in 1840. In
-water sterilization and tertiary sewage treatment, ozone wés
viftually replaced by chlorine during the fifst half of this
.century because of higher production costs of ozone. In more
recent years interest is returning to ozone as an effective agent
in water pollution control. New and more efficient production

methods have been developed that reduce operational costs.

Findings of HUBBS (1930) and DOUDOROFF and KATZ (1950) tended to
discourage the use of ozone as a meahs of water treatment for .

aguaculture purpose. BENOIT and MATLIN (1966) were the first to
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state that a reexamination of ozone could be useful as a means for

 disease control in American fish hatcheries. While aquaculturists

showed no interest in ozone during the last decade, ozonization
has become a most beneficial stahdard method for water‘treatment

of home aquaria.From their own experience the authors believe

that ozone can play an.importent role in water treatment re-use

systems (ROSENTHAL, .1974) (ROSENTHAL and WESTERNHAGEN, 1975).

COMMON METHODS FOR OZONE DETERMINATION

The impetus to select a Suitable procedure for the determinationv
of ozone dissolved in sea water arose from the requlrement to
evaluate the effectlveness of ozone appllcatlon in sea-water
treatment units. In fish culture units it is of great importance
to control residual'ozone 1evels becauee of its high toxicity.
Quantitative determinations of ozone have been troublesome, both
in air and in aqueous solutions. Among the most impoftantkﬁethods
for 1ow-1eve1 detormlnatlon of ozone in air are the starch-iodine
method (THORP, 1940), the phenolphthaleln _ ox1dat;onlreect;on
(hAAGEN-SMIT and‘BRUNELLE,'1958), the long-path ultraviolet ad-

sorption method (RENZETTI, 1957), the sodiom diphenylaminesulphonate

reaction (BOVEE and ﬁOBINSON,l1961), and‘the‘peroxy-iSocyanate

~ method (LAYTQN et al., 1970).

Problems of determlnatlon of ozone in water arlse from 1ts rapld

decomp031tlon and 1ts 1nteract10n w1th other ions in solutlon
(INGOLS et al., 1959; SULZER,.1958; KOPPE and MUHLE 1965; HQFMAN

and STERN,_1969 a, b). as ehown in_Fig,hj speed of ozone decompo-
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ROSENTHAL, 1974)

© Table 1: Methods of ozone determlnatlons (modlfled after

vMetﬁod
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sition ih fresh water is highly'dependent on the pH of the médium.

(ZEHENDER, 1952; ZEHENDER and STUMM, 1953; STUMM, 195k).

The usual methods for the determination of ozone in water aré |
iodine titration (ZEHENDER and STUMM, 1953; INGOLS et al, 1959;
RAVSON, 1953), the colorometric Mangan-o-leidin—méthod (STUMM,1956),
the Aminodimethylaniline;methodk(PALIN, 1953), the Indigo-method
(DORTA—SCHAEPPI and TRADWELL, 1949) and the Teframethyldiaﬁino—
diphénylmethan-method (KOPPE and MUHLE, 1965). Some further methods .i

are summarized in Table 1.

The method developed by DQRTA-SCHAEPPI and TRADWELL (1949) using
Indicocarmin (which is oxidized to isatin) is highly sensitive but
is not specific enough to be employed for détermination of residual
ozone in polluted water becéuse it also reacts with nitrate. Most
of the methods described in the litérature are inapprqpriate for

determining ozone in the presence of chlorine and chlorihe-compounds.

EXFERIMENTS ON OZONE DETERMINATION IN SEA-WATER B .
Selection of method.

The following_critefia were employed to select a method which

satisfies our requirements:

a) the method shouid_allow ozone determination}in the
presence of high chlofide, nitrate and sulphate concentra-
tions.’ o ‘ , ;

b) the’method'shopld‘bé sufficiently sensetive to detect

residual ozone down to levels of 0.1 ppm



c) the method should be simple, easy to handie, and not

time consuming.

After a thorough survey of the literature, the method developed-by'
'ZEHENDER (1952) and ZEHENDER and STUMM (1953) was selected and
modified (see also KINMAN, 1975). The reaction of ozone and

iodide is based on the following equation:
- . (=) 5ot - L
03.f,2 I | +;2 H_.—i IZAf H2O + 02

The liberated iodine will‘psually be determined bj baék titration

‘with thiosulphate:

I, + 2Na28203'——92 Nal + Na,5,0g

Experimental procedure.
The experimental design is shown in Fig. 2. Ambient air is
thoroughly dried passing through two 200 ml" bottles (a and b).

containing CaCl2 and Silica gel.

The aif‘was ozonizedvin an'électrical,discharge ozonizer'(c)

(Typ IV, Fa. Sander) at a flow rate of 200 1/h resulting in a
total ozone production of approximately 700 mg 03/h (Fig. 3).
Ozone containing air was bubbled through a water column of a

500 ml sample (e).for'different periods of time (i.e. 30, 60,
120, 300, 600 séc). Immediately»after ozonization‘a 100 ml sample
of the treated water was poured into a jar containing a mixture
of potassium-iodide solution (1 ml; 0. 1 normai)'and acetate--
buffer (10 ml; pH = 4.62). The liberated iodine;was titrated.with

sodium thiosuiphaté (0.01 n). The endpoint of tritation was



determined by‘measuring the reddx~potential with a Platin-Caliomel-
éleétrode; Some minor modifications of the methods described by
ZEHENDER (1952) were made ih’order to meet pH réquirements for
iodine titration in sea-water. Fig. 4 shows an‘example orf a typical

tritation curve.

The stoichiouetry of the ozone—iodide reaction is based on the
essumption of thek1 1 ration; i.e. one molecule of ozone

liberated one molecule of iodine. The assumption of 2 moles of’ ..
sodium thiosulphate'g 48 g ozone. 1 ml of an 0.01 N sodium
thiosﬁlphate solution corresponds to 0.00079 g thiosulphate. There-

fore, the amount of ozone can be calculated by the expression

43 x 0.79 x (ml) x (F)
3164

? mng 03/1

wnere ml is the amount of thiosulphate titrated in millilitres and

E a factor correcting the sample volume to 1 liter. |

Table 2 illustrates the results obtained from ozone determination '
trials Qhen‘clean (filtered) sea-water and polluted sea water of
different organic loads was aerated with ozone containing air for
different periods of time. Polluted water was obtained from the

outlet of the fish-rearing tanks.

The results indicate that detection of ozone in sea-water is
possible down to levels of about 0.002 mg/l, but the error of the
method remains high (about 10 to 15%). Nevertheless, we find this

accuracy sufficient to determine retention time of sea-water in



the storage tanks and thus to ensure complete decomposition of

" ozone before the water enters the fish tanks.

Nothing is known about the tota1~améunt of ozone absorbed by sea-
water because a cbnsiderablevampunt of the introduced gaé may have
escaped with the air bubbled throﬁgh fhe water column. From our
determination trialskit has become  obvious that mdét of theozone
rcacts and/or is decomposed immediately after introduction into
the water. Residual ozone levels found in water of low initial
organic load (KMnOh value : 12.5 mg/l) are about 1% and 7% of
the total amount of oibne gas introduced'iﬁto thebmedium when

ozonization lasts for O.S'and 5.0 minutes, respectively.‘In sea~

- water with high organic loads, ozone levels reached after a five

minutes treatment period were 0.1% of thé_total'amouht of ozone
introduéed. Thus, over short periqu (minufes), inﬁehsive‘oani—
zation of sea-water with é'high organic load will’not lead to
detrimental residual ozoneflevels which may damage thé fiShes in

the tanks.

Decompoéition of residual ozone invrelafively unpolluted water
(KMo, value : 4 mg/1) is still rapid cdmpared with values
obtained in destilled water. About 85% and 50% of the ozone level
reached within a 30 secohd treatmént périod remaihed after ohe and

five minutes, respectively.

At present nothing is known on interference of other ions with the

ozone determination methbd emplbyéd except the fact that chlor"ide,

nitrite and nitrate ions do notvsignificantly'effeCt the reaction

between iodide and ozone in solution.



DISCUSSION

The major problems in using the iodine titrafion method arise Irom
the fact that the amount of iodine'liberated when ozone is added
to iodide solutions is markedly dependent'on pH. After INGOLS et al
(1959) twice as much iodine was liberated at pH 2 than at pH;9.
BYERS and SALTZMAN (1959) obtad.ned anb increased ratio in the

I3 __/;O3 in similar‘invesfigations. They assumed that at pH 7 the
ratio of molecules of iodine to molecules ofozone was 1 : 1 ‘.
(SALTZMAN and GILBERT, 1959). Our results are based on this
assumption in order to get¢a_first approximation. We are well

aware thatvthe results obfained by BOYD et al (1970) give a
stoichiometfy for neutral pH of 1.53 molecules of sodine 1iberated
per molecule of ozone absorbed. PARRY and HERN (1973) have shown
that the oxidation of iodide to iodate is also thermodynainicany
feasible,eepeciaily.at_higher ozone‘conoentrations. On the .other
hand HODGESON et al (1971) and KOPCZYNSKI and BUFALINI (1971)

have reaffirmed the stoichiometry for the reaction as 1. : 1. ®

Us“ng redox po»enclal measurements as 1ndlca tion of tltratlon
‘endp01nt has several advantages compared to the starch—lodlde
procedure whlch is bedlevcd to glve a prec131on of about t 15.

At low ozone 1evels thls procedure of determlnatlon of ozone in
water beglns to show 51gn1flcant error when the released ‘iodine
is less than about 2.0 mg/l. An iodine concentratlon of 2.0 mg/l
in neutral solutlon is equlvalent to an ozone cencencratlon of

about O 4 mg/l Thus the starch-lodlde procedure has a large error

when ozone concentratlon is less than about 1.0 mg/l (KINMAN, 1975).



KINMAN (1975) recommends amperometric titration for measuring

low ozone residuals in water. Commercial equipment: is available

- for measuring O to 1.00 mg/l of ozone in water directly by means

of a copper-gold electrode combination.

Further experiments are planned to examine the applicability of

this methbdlof ozdne determination‘in sea-water. We also intend

to investigate whether or not sone cthrine is liberated by |
ozonization in sea-water. This could be done by the'method developed
by HOFMAN and STERN (1969 a, b) where ozone reacts with the
manganese (II) diphosphate complex in acidicrmedia s to form the
manganese (III),diphosphate complex which reacts with o-tolidine,
The method allows the determination of ozone in the pfeéence of
chlorine, chlorine dioxid, hypochlorite, chlorite, chlorate and

perchlorate.
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Fig. 13 Decompos1t10n of ozone in aqueous solution in relation
to pH value of the medium (after STUMM, 1954)
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Fig. 2: hxperlmental design used in ozone determination trials
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Plg. 3: Ozone production (m 0 /h) of the ozonizer used |
(Typ IV, Fa., gander§ én relation to air flow rate.
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rig. 4: Typical mV-curve for iodine-thiosulphate titration
using a Pt-Calomel-Redox electrode.



mean.

- 12 =

ger treatment. o
C; salinity 32 _/oo; initial pH =

‘the duration of

total amount of ozone introduced
into the medium), and decomposition within 0.5; 1.0 and
5.0 minutes af
Temperature 20°C
n = number of determlnatlons- X = mean; Si

Table 2: Residual ozone concentrations (mg/l) in relation to the
organic load of the water treated,
ozonization (in brackets:

error of the

duration of

‘\\pzonlzatlon 30 " 60 " 300 "
(sec) (5.81 mg 03) (11.65 mg 03) (2355 1‘
. ‘ 0
organic , 3
load of the time after treatment
medium (KMn O, values)| (min)
\ 005 100 5.0
12.5 . n 5 2 2
x| 0.121 - - 0.216 1.248
Si 0.020
44,0 n {10 9 8
x| 0.041 0.035 0,021 - -
s= | 0.005 0.004 0.002
105.0 n 3 2 9
- 0 - - 0 0.028
Sj 0.002
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