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Abstract

This study was conducted to evaluate the efficacy of gaseous ozone exposure on Listeria innocua 2030c growth during cold-smoke

processing of Oncorhynchus mykiss (salmon-trout). Three sets of experiments were performed: inoculation with L. innocua 2030c

followed by a 20 min ozone exposure were applied to (a) fresh salmon-trout after filleting, (b) to fresh whole fish, and (c) to fresh

whole fish after removal of the fish slime. In sets (a) and (b) fillets were subsequently cold-smoked but not in set (c). The ozone

concentration inside the exposure chamber after 20 min reached 0.1 · 10�3 g/l.

Counts of L. innocua 2030c were performed after treatment for sets (a), (b) and (c), after smoking and weekly during 21 days in

vacuum packs at 5 �C, for sets (a) and (b). Sampling for total Aerobic Plate Counts (APC) of non-inoculated samples was also

performed in set (a). The percentage of salt in the water phase, peroxide values and the effect of treatment on sensory properties

of cold-smoked salmon-trout fillets were also determined in the first and second set. In the first set, a decrease of less than

1 log10 in L. innocua numbers occurred on ozone treated samples in all sampling occasions. APC was slightly lower on fresh fillets

after treatment and on smoked fillets at 3 weeks of storage at 5 �C (less than 1 log10 CFU/g). In the second set, a reduction greater

than 1 log10 L. innocua/g occurred on smoked fillets at the end of the storage period. In the third set, the slime removal resulted in a

1 log10 L. innocua/g reduction on fresh treated samples.

Ozone treatment had no significant (p > 0.05) effect on L. innocua counts on samples compared to those on untreated fish. In both

sets, no significant differences among ozone treated/untreated samples were noticeable by sensory evaluation (p > 0.05).

� 2005 Published by Elsevier Ltd.
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1. Introduction

Listeria monocytogenes is an ubiquitous psychro-

trophic bacterium responsible for foodborne infections

worldwide. Human listeriosis is predominantly a food-
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borne disease caused by L. monocytogenes, and although
rare, has a high mortality. The disease most often affects

unborn or newly delivered infants, pregnant women,

and the immunocompromised (Farber & Peterkin,

1991). The pathogen has been consistently isolated from

production lines of fresh to cold-smoked fish (e.g., Ben

Embarek, 1994; Dillon, Patel, & Ratnam, 1992; Eklund

et al., 1995; Farber, 1991; Jemmi & Keusch, 1994;

Johansson, Rantala, Palmu, & Honkanen-Buzalski,
1999; Jørgensen, 2000; Jørgensen & Huss, 1998; Rørvik,

Caugant, & Yndestad, 1995; Vaz-Velho, Duarte, &
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Gibbs, 2000; Vaz-Velho, Duarte, & Gibbs, 1998). A

number of small outbreaks associated with smoked fish

and shellfish have also been reported (Brett, Short, &

McLauchlin, 1998; Ericsson et al., 1997; Hall, Pelerin,

Soltanpoor, & Gilbert, 1995; Miettinen et al., 1999;

Misrachi, Watson, & Coleman, 1991; Mitchell, 1991).
The mild temperatures (<30 �C) and low salt concentra-

tions [<5% (water phase salt)] used in the cold-smoked

processing of fish are not sufficient to inactivate L. mon-

ocytogenes. Growth of the organism may occur in the

product during storage and cold smoked fish does not

undergo cooking before consumption (final report of

Spoilage and safety of cold-smoked fish, 2000).

The use of ozone as a surface disinfectant of meats
(Greer & Jones, 1989; Sheldon & Brown, 1986) and

for the preservation of shrimps (Chen, Huang, Moody,

& Jiang, 1992) has been reported. The extension of the

shelf-life of perishable foods using ozone to reduce

microbial activity has also been reported by Rice, Far-

quhar, and Bollyky (1982). As reported by Nelson

(1982), the fresh quality of ozone-iced pacific salmon

could be maintained for up to 6 days. The applications
of ozone to fish preservation have been studied by sev-

eral authors (e.g., Ravesi, Licciardello, & Racicot,

1987; Rice & Graham, 2001; Rice et al., 1982; Silva,

Gibbs, & Kirby, 1998). Ozone concentrations as low

as 0.01 ppm are toxic to bacteria and Gram-positive

bacteria are more sensitive to ozone than Gram-negative

bacteria (Mielcke & Ried, 2004).

In the United States ozone has received in 1997
GRAS (generally recognised as safe) classification, and

in 2001 the FDA officially approved media containing

ozone for use in the food industry, also for direct con-

tact with food products, including fish, meat and poultry

(Mielcke & Ried, 2004).

Until now, no information was available regarding

the effect of ozone on Listeria spp. associated with

cold-smoked fish processing. In this study, L. innocua

2030c, a tetracycline resistant strain, was used to replace

the pathogen Listeria monocytogenes due to processing

plant constraints and because all the Listeria strains

isolated from Portuguese cold-smoked fish products

were, to date, tetracycline sensitive (Vaz-Velho, Duarte,

McLauchlin, & Gibbs, 2001). The behaviour of this

strain, already studied, is similar to the major types of

Portuguese L. monocytogenes strains (serotypes 4b and
1/2c) with respect to its growth/survival patterns under

exposure to gaseous ozone. The best time/concentration

combination of gaseous ozone for reducing L. innocua

2030c and L. monocytogenes 4b and 1/2c pure culture

numbers was 20 min of exposure to ozone concentration

of 0.1 · 10�3 g/l resulting in a 3–3.5 log10 Listeria spp./ml

reduction (Vaz-Velho, Fonseca, Silva, & Gibbs, 2001).

This remarkable effect of ozone on pure cultures of
Listeria spp. created great expectations for challenge
studies with cold-smoked fish processing. Therefore,

the purpose of this study was to ascertain if the applica-

tion of gaseous ozone to raw fish has any effect on Lis-

teria numbers during cold-smoked processing and

further chilled storage for 3 weeks at 5 �C in vacuum

packs. Such treatment could be a potential measure
for reducing L. monocytogenes numbers on products in-

tended to be maintained ‘‘traditional’’ but safe.
2. Materials and methods

Fresh, premium quality salmon-trout (Oncorhynchus

mykiss) with an average weight of 1.5 kg, farmed and
slaughtered in the north of Portugal were placed in poly-

styrene boxes covered with ice and transported to the

laboratory and stored overnight at 5 �C. The next day

the fish were eviscerated, beheaded and filleted. Three

sets of experiments were performed.

For the first set of experiments (a), inoculation and

treatment were applied to fish after filleting and fillets

were then cold-smoked. In the second experiment (b),
inoculation and treatment were applied to the whole fish

before filleting to avoid the potential interference of mus-

cle exposure and, after filleting, fish was subsequently

smoked. Another experiment (c), inoculating and treating

the whole fish with or without the presence of slime, was

performed. Slime was removed from the fish surface by

washing the fish with water for 15 min before inoculation

and treatment, but the fish fillets were not smoked.

2.1. Ozone generation and measurements

Ozone was produced by a domestic ozone generator

model PR1 (TRIOZON, Spain) using atmospheric air

as the source of oxygen. The ozonated air produced at

a constant flow rate by the apparatus (0.76 l/min) was

passed via a silicone tube to a pump, and then to a plas-
tic chamber of 26 dm3 volume. The ozone in the air flow

produced by the apparatus (0.32 mg/l) was measured

experimentally by the iodometric method as described

Silva et al. (1998). In addition, the ozone concentration

in the air flow inside the box was calculated as described

by Silva et al. (1998). The ozone concentration inside the

chamber after 20 min reached 0.1 · 10�3 g/l.

2.2. Ozone treatments

An overnight 20 ml culture (30 �C, 18 h) of L. innocua

2030c a tetracycline resistant strain from Public Health

Laboratory Services (PHLS, London/UK) private col-

lection, yielding 108–9 CFU/ml in Tryptone Soy Yeast

Extract agar (Tryptone Soy Broth + 6 g/l yeast ex-

tract + 12 g/l agar (TSB-YE, Lab M, Bury, Lancashire/
UK)) was centrifuged (Centromix P Selecta, Spain;
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2400 g, 10 min) and the cells resuspended in 20 ml of

sterile 1% (w/v) NaCl (Merck, Darmstadt/Germany).

This suspension was further diluted in 1 l of sterilised

water with 1% of NaCl (w/v). Fish fillets (set a) or whole

fish (sets b and c) were introduced into this bath for 30 s.

A cell concentration of about 106, 104 and 106 CFU/g
was obtained in the raw fish of set (a), set (b) and set

(c), respectively.

In the first set of experiments (a) the trials were as

follows:

Trial 1. Two inoculated fillets subjected to ozone

exposure for 20 min.

Trial 2. Two inoculated fillets not subjected to ozone
exposure.

Trial 3. Two fillets not inoculated but exposed to

ozone for 20 min.

Trial 4. Two remaining fillets were not inoculated nor

treated with ozone.

Fillets were left with the belly skin and the lug bone

and were further dry-salted and cold-smoked (Vaz-Vel-
ho, Duarte, & Gibbs, 2001). After smoking the fillets

were sliced and portions of slices were vacuum packed

and stored at 5 �C. This experiment was performed three

times (three smoking batches).

For the second experiment (b), where inoculation and

treatment were applied to the whole fish, the procedure

was as follows: two fish were inoculated, one fish being

subjected to a 20 min ozone exposure and the other fish
not treated; two fish were not inoculated, one fish being

subjected to ozone treatment and the other fish not. Fish

were filleted before salting and smoking. Number of tri-

als and procedures were as in set (a) but just one smok-

ing batch was performed.

A third experiment (c) was performed by inoculating

and treating the whole fish before and after removal of

the slime to evaluate whether slime on the raw fish might
interfere with ozone activity. The procedure was as fol-

lows: two fish inoculated before removal of the slime,

one being subjected to a 20 min ozone exposure and

the other fish not; two fish inoculated after removal of

the slime, one being subjected to a 20 min ozone expo-

sure and the other fish not. Fish were filleted but not fur-

ther smoked.

2.3. Sampling and enumeration

25 grams of fish fillets (fresh and smoked material)

were homogenised with 225 ml of sterile Maximum

Recovery Diluent (MRD, Lab M, Bury, Lancashire/

UK) in a Stomacher (Seward 400) for 2 min. One milli-

liter of this suspension was placed in tubes containing

9 ml of MRD. Serial decimal dilutions to 10�4 were
made in MRD.
Sampling was done after inoculation and/or ozone

treatment, after smoking, and weekly during the 3 weeks

of storage in vacuum packs at 5 �C. Two samples per

treatment were analysed on each occasion.

Enumeration of L. innocua on fish fillets was by

spread plating onto PALCAM agar (Merck, Darmstadt,
Germany) with 8 lg/ml tetracycline–HCl (Sigma, Stein-

heim/Germany) incubated at 30 �C for 48 h before

counting the typical colonies (black colonies with a dark

halo). Total Aerobic Plate Counts (APC) were also

determined in non-inoculated samples using Long and

Hammer�s (1941) plating medium (modified by Van

Spreekens, 1974) incubated at 25 �C for 5 days.

2.4. Cold-smoking processes

For the first set of experiments (a), three batches of

smoked fish were produced. Differences between the

processes were for practical reasons in obtaining a rea-

sonable time of salting/smoking and saving time in the

experiment and still producing an acceptable commer-

cial smoked product.
For both sets of experiments (a, b) dry-salting was

done for 6 h at 16 �C, with a sugar:salt mix of 1:6 by

weight. The weight of salt + sugar corresponded to one

third of the weight of the fillet. After salting, the fillets

were washed/rubbed with running water to remove the

surplus of salt, and were hung to drain overnight at

5 �C. Smoking was done for 8, 6 and 5 h, respectively

for the first, second and third batches of the first set
(a) and for 5 h for the second experiment (b). A vertical

smoker (AGK, Type 135/12, Wallersdorf, Germany)

was used but a more sensitive thermostat and timer

(lae� electronic, MTR12, Oderzo, Italy) replaced those

supplied with the smoker. Smoke was produced by

smouldering beech wood chips (Räucher Gold�, type

Kl 2/16, Rettenmaier & Söhne, Rosenberg, Germany).

Time/temperature profiles of the processes were re-
corded on a portable microprocessor (Hanna instru-

ments, HI 92804c Bedfordshire, UK). Although smoke

temperature occasionally exceeded 30 �C, temperatures

of the fillets were always below 28 �C. Relative humid-

ity, recorded by an hygrometer (Rotronic AM3, Knox-

ville, USA) decreased from 80% to 70% during the

first three hours, decreasing further to 52% at the end

of the smoking process.
The smoked fillets were cooled overnight at 5 �C.

The following day, lug and pin bones and belly flaps

were removed and the fillets were then sliced by hand.

Portions of slices (skin off), of about 100 g each, were

vacuum packed (Multivac Sepp Haggenmüller KG,

A300/41/42, Germany; 1 mbar/10 s) and stored at

5 �C for weekly analysis. The permeability of the

packs to O2, CO2 and N2 were respectively 4, 13
and 4 mol/m2 d bar.
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2.5. Chemical analysis

Sodium chloride and moisture contents and peroxide

values of the finished products were evaluated following

respectively, the Portuguese NP 2929 (Fish and fish

products—determination of chlorides content, 1988),
NP 2282 (Fish and fishing products—determination of

the water content (Reference Method), 1991) and NP

3142 (Fish and fish products—determination of perox-

ide value, 1990) protocols for fish products. These anal-

yses were performed after 3 weeks of storage in vacuum

packs at 5 �C.

2.6. Sensory evaluation

After 3 weeks storage at 5 �C, sensory evaluation of

non-inoculated ozone-treated and untreated samples

was carried out with 10 semi-trained panelists. Judges

were asked to classify the samples for overall acceptabil-

ity regarding the flavour and aroma, choosing one of

these five hypotheses: I like very much; I like; I don�t like

nor dislike; I dislike, I dislike very much, scored respec-
tively with 5, 4, 3, 2 and 1 points. Samples scored with

totals of P30 points were considered acceptable. Judges

were requested to justify their classification specifying

why they liked or disliked. The protocol used was that

adopted by the EC FAIR Project CT/95 1207 ‘‘Spoilage

and safety of cold-smoked fish’’.

2.7. Statistical analysis

The effect of ozone treatment on sensory properties of

the smoked fillets, within the different batches of sets (a)

and (b) at the end of the third week of storage, was eval-

uated by analysis of variance. The ANOVA test was ap-

plied for quantitative analysis of the taste panel results.
1

2

3

4

5

6

7

8

Raw material After smoking We

lo
g 

cf
u/

g

Fig. 1. The effect of gaseous ozone on Listeria innocua 2030c numbers during

fish after filleting).
The effect of ozone treatments on L. innocua 2030c and

APC numbers within the different batches and for all

sampling times was evaluated by analysis of variance

(ANOVA). It was accepted there was a significant differ-

ence between ozone treated/untreated samples if

P < 0.05.
3. Results and discussion

As previously mentioned, differences in smoking

times of the three batches from the first set (a) were

for practical reasons only, yet still producing an accept-

able commercial-like smoked product. However, as no
significant differences in L. innocua numbers and APCs

were found among the three batches (P > 0.05) of set

(a), the average was considered.

The effect of prior ozone exposure on growth of L. in-

nocua 2030c and APC during the cold-smoke processing

and storage of set (a) is shown in Figs. 1 and 2.

In the first experiment, and in the first batch, the % of

salt in the water phase (w/w) was too high (aver-
age = 7%) and decreased to 5.7% and 5.8% respectively

in the second and third batches. In the second experi-

ment the average % of salt in the water phase was

5.8% (w/w). According to Huss, Embarek, and Jeppesen

(1995), a commercially acceptable level of salt should be

below 5% in the water phase and for safety reasons this

percentage must be at least 3%. Although the amount of

salt in the water phase exceeded the recommended 5%,
as sugar was added to the salt in the proportion 1:6

sugar:salt, the saltiness was not noticeable. All the prod-

ucts had levels of salt in the water phase P3.5% (w/w)

(Tables 1 and 2) but L. innocua 2030c is known to grow

well at those levels of salt (Vaz-Velho, Durate & Gibbs,

2001).
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Fig. 2. Effect of gaseous ozone on APC during cold-smoking processing of salmon-trout (set b—ozone applied to fresh fish after filleting).

Table 1

First set (a)—sensory scores, peroxide values and % salt in the water phase of the three batches

Samples Batch 1 Batch 2 Batch 3

Sensory

scores

Peroxide value

(meq/kg of fat)

%NaCl

(w/w)

Sensory

scores

Peroxide value

(meq/kg of fat)

%NaCl

(w/w)

Sensory

scores

Peroxide value

(meq/kg of fat)

%NaCl (w/w)

Inoc./treated nd 2 7.1 nd 5 5.7 nd Not detected 4.6

Inoc./treated nd 3 8.3 nd 15 5.7 nd 3 5.4

Inoc./untreated nd Not detected 7.1 nd 7 5.5 nd 4 6.1

Inoc./untreated nd Not detected 6.1 nd Not detected 6.2 nd 2 8.3

Treated 35 Not detected 4.7 43 Not detected 5.1 36 Not detected 5.7

Treated nd Not detected 8.7 nd 6 6.7 nd Not detected 5.0

Untreated 39 Not detected 8.0 40 3 5.1 41 Not detected 4.4

Untreated nd Not detected 6.0 nd Not detected 5.2 nd 3 6.7

nd: not determined.

Table 2

Second set (b)—sensory scores, peroxide values and % salt in the water

phase

Sample Panel score Peroxide

value meq/kg of fat

%NaCl

(w/w)

Inoc./treated nd 2.6 7.9

Inoc./treated nd 10 8.8

Inoc./untreated nd 3.6 6.7

Inoc./untreated nd 6.1 3.8

Treated nd 5.2 5.4

Treated 36 2.6 3.5

Untreated 38 2.3 4.3

Untreated nd 10.7 6.4

nd: not determined.
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Jørgensen (2000), found values of water phase salt in

commercial Danish cold-smoked salmon ranging from
3% to 12.5%. Portuguese commercial cold-smoked

swordfish always presented levels of salt (water phase

salt) �8% (w/w) and L. monocytogenes has been consis-
tently isolated from this kind of products (Vaz-Velho,

Durate, McLauchlin et al., 2001).

In the first set of experiments (a) the best sensory

scores were obtained by the untreated, treated and un-

treated samples respectively in the first, second and third

batches (Table 1). In the second set (b) the untreated

sample was scored best (Table 2). However, in both

batches statistical analysis did not differentiate the prod-
ucts (P > 0.05).

No relationship between peroxide values and ozone

treatment or moisture content was found in the samples

tested, and the concentration of ozone used in this study

did not significantly change the sensory characteristics

of the smoked products.

As shown in Fig. 1, exposure to gaseous ozone at the

levels used did not significantly reduce the numbers of L.

innocua inoculated on salmon-trout fillet surfaces (a

reduction of less than 1 log10 CFU/g in all sampling

occasions). With respect to APC, although at the end

of the storage period treated samples showed slightly
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lower numbers (Fig. 2), no significant effect on APC was

found—statistical analysis did not differentiate the trea-

ted/untreated products (p > 0.05).

The required ozone concentration and, of course, the

disinfection rates depend in every case on the type of

microorganism, on the degree of biological contamina-
tion, on the temperature, pH, turbidity and on the pres-

ence of ozone-oxidisable substances (Mielcke & Ried,

2004).

Restaino, Erampton, and Hemphill (1995), reported

on the efficacy of ozone to reduce the numbers of L.

monocytogenes and other pathogenic microorganisms.

These authors showed that L. monocytogenes was more

sensitive to ozonated water than the other Gram-posi-
tive and Gram-negative bacteria studied, either in the

presence or absence of organic material.

Silva et al. (1998) reported gaseous ozone to be effec-

tive in reducing numbers of scad spoilage flora. These

authors compared two ozone treatments on whole-

eviscerated fresh fish: (i) the fish subjected just to a single

ozone treatment before ice storage and (ii) subjected to a

daily ozone treatment during iced storage. This last op-
tion, performed in the laboratory, was more effective in

reducing the spoilage flora than the former. On the other

hand, continuous ozonation of fish in boat holds (ozone

rate maintained constant), was shown to be more effec-

tive than in the reported laboratory experiments, by

increasing the lag phase and reducing the numbers of

all tested microorganisms (Silva et al., 1998).

The interference of organic matter (exposure of fish
muscle on fillets) was considered as the main potential

reason for the results obtained in this first set of exper-

iments. It has been reported that sensitivity of microor-

ganisms to ozone is affected by several factors including

the presence of organic matter (Glaze, 1986; Hoigné &
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Fig. 3. The effect of gaseous ozone on Listeria innocua 2030c numbers during

whole fish).
Bader, 1975). A high and persistent level of organic sub-

stances will have a negative impact on ozone disinfection

rate (Mielcke & Ried, 2004).

The applicability of ozone treatments in the cold-

smoked fish industry, a major objective of this work,

made it necessary to choose the best practicable time
to apply the treatment to the fish. It was assumed for

a smoking plant, the best moment would be after fillet-

ing and washing (less contamination by further han-

dling) and just before salting.

In the literature reviewed, ozone treatments were ap-

plied to the whole fish rather than to fillets, hence the

decision to treat whole salmon trout (set b). However,

if this treatment shows greater potential for reducing
Listeria numbers, the raw fish suppliers should apply

the treatment before the fish arrive at the smoking

plants, which may not be well-accepted by the fish farm-

ers unless reliable raw material guarantees become

mandatory.

As in set (a) ozone treatment did not significantly re-

duce L. innocua 2030c numbers at any stages of the pro-

cessing chain and during storage, it was assumed that
organic matter might have been the reason by interfer-

ing with ozone activity. The effect of ozone exposure

on subsequent growth of Listeria innocua 2030c in the

second experiment (b) is shown in Fig. 3. In this second

experiment (b), fish was treated before filleting therefore

the potential interference of the organic matter due to

the exposure of the muscle was reduced; �1 log reduc-

tion in L. innocua numbers was found in the raw fish
after treatment and at the end of the storage period this

reduction was greater than 1 log (Fig. 3). No differences

between treated/untreated samples were noticed after

smoking until week 2 when treated fish showed higher

numbers than untreated fish (�1 log cycle) and, at week
k 1 Week 2 Week 3

treated
untreated

cold-smoke processing of salmon-trout (set b—ozone applied to fresh
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Fig. 4. The effect of gaseous ozone on Listeria innocua 2030c numbers in fresh whole salmon-trout with and without slime (set c).
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3 the opposite happened. No clear explanation was

found for these contradictory counts after 2 and 3 weeks

of storage (standard deviations were very low). Statisti-

cal analysis did not differentiate the treated/untreated

samples (P > 0.05).

Since it was possible that the slime layer present on

salmon-trout skin but not in salt water fishes such as

scad (Silva et al., 1998), might have reduced the efficacy
of ozone treatment, a third experiment (c) with fresh

whole salmon-trout was then performed. Inoculation

with L. innocua and ozone treatments were applied to

the fresh whole fish before and after removal of the slime

layer, but the fillets were not then smoked. The results

are presented in Fig. 4. When slime was removed before

the inoculation and treatment �1 log reduction of L. in-

nocua 2030c numbers on the raw fish was observed com-
pared to the untreated samples. However, statistical

analysis did not differentiate samples treated before re-

moval of the slime from those treated after removal of

the slime (P > 0.05).

Contrary to the results of this study, Rice and Gra-

ham (2001) reported ozone as a very effective microbici-

dal agent, reducing bacterial numbers in various types of

food including fruits, vegetables, poultry and fish.
Previous studies using bacteria representative of nor-

mal fish spoilage flora (Silva et al., 1998) and Listeria

spp. pure cultures (Vaz-Velho, Fonseca et al., 2001) ex-

posed to various ozonation times, indicated that the sur-

vival rate of the tested bacteria was not linearly related

to ozonation time, the higher death rate occurring dur-

ing the first 15 and 20 min of exposure with a level of

ozone inside the desiccators of about 0.25 · 10�3 g/l
and 0.1 · 10�3 g/l respectively for the first and last stud-

ies. Of course, those experiments were performed on

pure cultures of Listeria spp. or for reducing the total

viable flora of smaller fish. For fish of greater dimen-

sions such as salmon-trout, the length of exposure to
ozone used in this study might have been too short.

Additionally, care must be taken when using ozone

applications to prevent the oxidation reactions that

can occur making the product unacceptable. Since in

the present study no relation between peroxide values

and ozone treatment or moisture content was found in

the samples analysed, higher concentrations of ozone

or longer exposure, could be tested in future
experiments.

The maintenance of a reliable and healthy food sup-

ply is the greatest challenge for food industry. Nowa-

days, it is possible to produce ozone in an economical

and very reliable way—0.90 to 1.60 €/kg of ozone (Miel-

cke & Ried, 2004). The utilisation of ozone for direct

contact with food products has been approved by

FDA, in 2001, therefore it is likely that individual and
special ozone application practices have been developed

or will be processed quite soon.
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