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Abstract
Using a Free Air gas Concentration Enrichment (FACE) platform in paddy fields,
with conventional japonica rice‘Wujing 15’and hybrid japonica rice‘Lingfengyou
18’as test materials, two levels were set: ambient ozone concentration (Ambi-
ent) and elevated ozone concentration (21% higher than Ambient, simulating
ozone concentration in the mid-21st century), to investigate the effects of ozone
stress on processing, appearance, cooking/eating quality, and nutritional qual-
ity of rice at maturity in field-grown rice and their interspecific differences. The
results showed that elevated near-surface ozone concentration caused varying
degrees of decline in brown rice rate, milled rice rate, and head rice rate, among
which the decrease in milled rice rate reached a significant level. Compared with
Ambient, ozone stress increased chalky rice rate, chalkiness size, and chalkiness
degree of the two varieties by an average of 15.0% (P=0.10), 42.0% (P<0.05),
and 60.5% (P<0.05), respectively. Ozone stress decreased rice gel consistency
by an average of 7.1% (P<0.05), but had no significant effect on amylose con-
tent and gelatinization temperature of the two varieties. RVA profile analysis
showed that ozone stress had no significant effect on peak viscosity, breakdown,
cool paste viscosity, setback, and consistency of rice. Ozone stress showed an in-
creasing trend in protein concentration of the two varieties, but neither reached
a significant level. Analysis of variance showed that in most cases, there were
significant differences in various rice quality traits between the two varieties,
but the variety × ozone interaction had no significant effect on all measured
indicators, indicating that there was no significant difference in the response of
rice quality to ozone stress between the two varieties. This experiment was con-
ducted under open paddy field conditions; moderate ozone stress significantly
increased rice chalkiness and significantly decreased gel consistency, but had
relatively minor effects on other rice quality indicators, with consistent trends
between the two varieties.
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Abstract
Tropospheric ozone has been assumed to be the most phytotoxic air pollutant,
which has created severe concern for environmental pollution due to its nega-
tive impact on crop production. However, high ozone concentration also affects
crop quality, which has so far not been treated in sufficient detail. Rice (Oryza
sativa L.) is one of the most important food crops in the world, providing a
significant proportion of human daily dietary needs. The accurate assessment
of the impact of elevated surface layer ozone concentration on rice quality is
critical for reducing uncertainties in predicting future global food security. Us-
ing a Free-Air gas Concentration Enrichment (FACE) facility in Xiaoji Town,
Jiangdu County, Jiangsu Province, China, we conducted a field experiment to
investigate the impacts of ozone stress on rice grain quality, including process-
ing quality, appearance quality, cooking/eating quality, and nutritional quality.
Two rice cultivars (a conventional japonica cultivar ‘Wujing 15’and a hybrid
japonica cultivar‘Lingfengyou 18’) were exposed to either ambient or elevated
ozone concentration (ca. 21% above ambient values) from tillering to harvest.
The results showed that elevated ozone resulted in a small decrease in brown
rice percentage, milled rice percentage, and head rice percentage, with the ef-
fect on milled rice percentage significant at the 0.05 level. Averaged across the
two cultivars, elevated ozone concentration increased chalky grain percentage,
area of chalkiness, and degree of chalkiness by 15.0% (P = 0.10), 42.0% (P <
0.05), and 60.5% (P < 0.05), respectively. On average, elevated ozone concen-
tration decreased gel consistency by 7.1% (P < 0.05), while no significant effect
was observed on amylose concentration and gelatinization temperature for both
cultivars. Measurements of RVA profile (Rapid Visco Analyser) indicated no
significant changes in maximum viscosity, breakdown, cold viscosity, setback,
and return due to elevated ozone. Elevated ozone concentration caused a non-
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significant increase in grain protein concentration for both cultivars. Analysis
of variance indicated that in most cases, the effect of cultivar differences was
significant. However, the interaction of ozone with cultivar was not detected for
the tested traits of grain quality, suggesting that the response to ozone stress
was similar for the two rice cultivars. The open-air field experiment suggested
that moderate high ozone environment greatly increased grain chalkiness and
significantly decreased gel consistency, but had little effect on other quality
parameters of both cultivars.
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Rice; Ozone stress; FACE (Free Air gas Concentration Enrichment); Processing
quality; Appearance quality; Cooking/eating quality; Nutritional quality

Introduction
In many Asian countries, rapid economic development in recent years has in-
creased emissions of air pollutants such as nitrogen oxides (NOx) and volatile
organic compounds (VOC). These ozone precursors are converted to ozone
through photochemical reactions under high temperature and strong radiation
conditions, leading to rapidly rising surface (near-surface or tropospheric) ozone
concentrations in many countries, particularly in populous nations like China
and India [1–2]. In addition to high population density and active economic
development, the tropical and subtropical climate conditions in these regions
also favor ozone formation [3–5]. Recent modeling studies have shown that even
with strict pollution control (keeping emission levels at 2006 levels), surface
ozone concentrations in southern China will continue to increase by the middle
of the 21st century [4]. It is predicted that over the next 40 years, the average
surface ozone concentration in Southeast Asia will be 25 nL・L�¹ higher than
present levels [1]. Ozone is a strong oxidant, and the continuously increasing
surface ozone concentration has already caused damage to the productivity of
major food crops, and this impact will be even greater in the future [6–9].

Rice (Oryza sativa) is one of the most important crops in the world, providing
calories and nutrition for more than half of the global population [10], and is also
a crop sensitive to ozone stress [6–7]. With rapid population growth and declin-
ing cultivated land area and quality, the world’s demand for rice, particularly
high-quality rice, will continue to increase in the coming decades [9,11]. This
surge in demand poses a major challenge to rice production, which is made more
severe by increasing surface ozone concentration because major rice-producing
regions are typically also areas with high surface ozone concentrations. In re-
cent years, numerous studies have been conducted on the effects of ozone stress
on rice, but most have focused on growth, development, and yield formation,
with few addressing responses in rice grain quality [7,9,12]. Moreover, existing
literature usually only involves responses of a few quality indicators (mainly
nutritional quality) [13–16], with comprehensive reports on quality traits being
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rare [17–18]. Similar situations exist for wheat (Triticum aestivum) [19].

Rice grain quality is a multi-indicator comprehensive concept, generally in-
cluding processing, appearance, cooking/eating, and nutritional quality aspects.
Wang et al. [17–18] first systematically reported the effects of ozone stress on
the comprehensive quality of hybrid indica rice ‘Shanyou 63’, finding that a
25% increase in ozone concentration significantly deteriorated the appearance
and cooking/eating quality of this variety [17], but this change was significantly
reduced under high CO� concentration environments [18]. This demonstrates
that the response of rice grain quality to ozone is also affected by external
environmental conditions, but whether it varies with tested varieties remains
unclear.

Compared with chambers, FACE (Free Air gas Concentration Enrichment) ex-
periments use standard local crop management techniques to study crops under
free-air flow field conditions, featuring large experimental spaces and environ-
ments closer to natural farmland conditions [20]. In 2007, China established the
world’s first rice/wheat rotation ozone FACE platform [21], providing an op-
portunity to study interactive effects between ozone and variety [22–23] as well
as cultivation factors [16,23–25]. Using this platform, this study simulated sur-
face ozone concentrations expected in the mid-21st century, with conventional
japonica rice‘Wujing 15’and hybrid japonica rice‘Lingfengyou 18’as test ma-
terials, to investigate the effects of ozone stress on rice processing, appearance,
cooking/eating, and nutritional quality and their inter-varietal differences, aim-
ing to provide a basis for developing adaptation strategies for rice production
in high ozone concentration environments.

1.1 Experimental Platform
This experiment was conducted in 2009 at the China Rice Ozone FACE Research
Technology Platform, located at the Liangzhong Farm Experimental Field in
Xiaoji Town, Jiangdu City, Jiangsu Province (119°42�0�E, 32°35�5�N). The ex-
perimental field soil type was Qingnitu (a local soil type). Annual precipitation
was 918–978 mm, annual evaporation exceeded 1,100 mm, mean annual temper-
ature was 14–16 °C, annual sunshine hours exceeded 2,000 h, and the average
annual frost-free period was about 220 days. The cropping system was rice-
winter wheat rotation. Soil physicochemical properties were: organic matter
content 18.39 g・kg�¹, total nitrogen 1.51 g・kg�¹, total phosphorus 0.63 g・kg�¹,
total potassium 14.02 g・kg�¹, pH 7.9, clay content (<0.002 mm) 13.6%, and
bulk density 1.16 g・cm�³ [26].

The platform consisted of three FACE rings and three control (Ambient) rings.
The distance between FACE rings and between FACE and control rings was
greater than 90 m to reduce ozone release effects on other rings. FACE rings
were designed as regular octagons with a diameter of 12.5 m. Pure ozone gas
was injected toward the center of each FACE ring through pipes surrounding
the ring. A computer network system monitored and controlled platform ozone
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concentrations, automatically adjusting ozone release rate and direction based
on atmospheric ozone concentration, wind direction, wind speed, ozone concen-
tration at crop canopy height, and diurnal variation, maintaining ozone concen-
tration within FACE rings at 50% higher than atmospheric ozone concentration
throughout the rice growth period. Ozone release was suspended when con-
trol ring ozone concentration was below 20 nL・L�¹, when rain or dew caused
leaf wetness, and during ozone analyzer calibration or equipment maintenance
(i.e., ozone release was suspended on August 14 and September 25). Ozone
treatment in this experiment began on July 1 and ended on October 15, with
effective control days of 50 d, accounting for 48% of total control days and 42%
of total growth period days. Therefore, the actual average ozone concentration
in FACE rings during the rice growing season was only 21% higher than in
control rings, with actual increased ozone concentration also 21% from panicle
initiation (July 18) to maturity [Figure 1: see original paper]. Control plots had
no FACE pipes installed, and other environmental conditions were consistent
with natural conditions. Treatment period was from July 1 (tillering stage) to
maturity, with ozone emitted daily from 9:00–18:00 on sunny or cloudy days,
and emission stopped on rainy days.

1.2 Plant Material and Cultivation
The tested varieties were conventional japonica rice ‘Wujing 15’and hybrid
japonica rice ‘Lingfengyou 18’, which have similar whole growth periods and
main growth stages. Dry nursery seedlings were raised in the field, sown on
May 22 and transplanted on June 17. Row spacing was 25 cm, hill spacing was
16.7 cm, with 3 seedlings per hill for ‘Wujing 15’and 1 seedling per hill for
‘Lingfengyou 18’. Total nitrogen application was 20 g・m�², with basal fertilizer
applied on June 17 (accounting for 60% of total nitrogen) and panicle fertilizer
applied on August 1 (accounting for 40% of total nitrogen). Phosphorus and
potassium fertilizers were both applied as basal fertilizer entirely. Phosphorus
and potassium application rates were both 7 g・m�². Water management in-
volved maintaining a shallow water layer (about 5 cm) from June 18 to July
18, conducting multiple mild midseason drainages from July 4 to August 5, im-
plementing intermittent irrigation after August 6, maintaining shallow water
during heading and flowering, and draining water 10 days before harvest. Dis-
eases, pests, and weeds were controlled timely to ensure normal rice growth and
development.

1.3 Measurements and Methods
At maturity, 50 hills were continuously harvested (without disturbance),
threshed, and actual yield was measured. From these, 300 g samples were
taken, packed in mesh bags, and hung in the laboratory for 3 months. One
week before testing, samples were hung in a dry and ventilated laboratory to
maintain moisture content at 13% ± 1%. Tested rice grains were uniformly
processed using an NP-4350 winnower to remove empty and shriveled grains,

chinarxiv.org/items/chinaxiv-201711.01110 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.01110


and measurements were conducted according to the People’s Republic of China
High-Quality Paddy GB1350–1999 standards.

A dehusker (OHYA-25, Japan) was used to produce brown rice from 100 g of
paddy, which was then processed for about 1.2 min using a CPC-3 type milling
machine to remove bran and embryo from 60 g of brown rice. After milling,
milled rice grains that still reached or exceeded 2/3 of the average length of
whole milled rice grains were selected as head rice. Brown rice percentage, milled
rice percentage, and head rice percentage were calculated accordingly. From
head rice samples, 100 grains were randomly taken and placed on a chalkiness
meter. Grains with chalkiness (including white core, white belly, and white
back) were picked out to calculate chalky grain percentage. Ten chalky grains
were randomly taken, placed flat on the chalkiness meter, and the percentage of
chalkiness area relative to the whole grain area was visually estimated for each
grain to obtain the average chalkiness area. Chalkiness degree was calculated
by multiplying chalky grain percentage by chalkiness area.

Amylose content and gel consistency were measured according to the People’s
Republic of China High-Quality Paddy GB/T15683–1995 and GB/T17891–1999
standards, respectively. Gel consistency was determined using the gel extension
method, measuring the length of rice gel after cooling in millimeters. Amylose
content was determined using the iodine blue colorimetric method [27]. Gela-
tinization temperature was measured simultaneously with rice starch viscosity
profile (RVA profile) [27] using a 3-D type visco-analyzer produced by Newport
Scientific Instruments, Australia.

Protein concentration was measured using milled rice as the test sample with
a 1241 type near-infrared rapid quality analyzer (Foss Tecator, Sweden). The
amount of milled rice for measurement should be no less than 20 g and no more
than 65 g.

1.4 Statistical Analysis Methods
All data in this experiment were processed and graphed using Microsoft Excel
2013. Analysis of variance was performed using SPSS 22.0 with a general lin-
ear model. Comparisons among treatments used the least significant difference
(LSD) method. Significance levels were set at P < 0.01, P < 0.05, P < 0.1, and
P > 0.1, denoted by **, *, +, and ns, respectively.

2.1 Effects of Increased Ozone Concentration on Rice Pro-
cessing Quality
Brown rice percentage refers to the percentage of brown rice weight relative to
paddy weight. The response of this parameter to high ozone concentration is
shown in [Figure 2: see original paper]a. The average brown rice percentages
of‘Wujing 15’and‘Lingfengyou 18’were 84.9% and 83.5%, respectively, with
the difference reaching a highly significant level. Neither ozone treatment nor
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its interaction with cultivar had significant effects on brown rice percentage.

Milled rice percentage refers to the percentage of milled rice weight relative to
paddy weight when brown rice is milled into milled rice. As shown in [Figure
2: see original paper]b, the average milled rice percentages of ‘Wujing 15’
and ‘Lingfengyou 18’were 75.9% and 75.6%, respectively, with no significant
difference between them. Compared with the control, high ozone concentration
decreased the milled rice percentage of both varieties by an average of 0.54% (P
= 0.03), with decreases of 0.83% (P = 0.04) and 0.25% (P = 0.07) for‘Wujing
15’and ‘Lingfengyou 18’, respectively. The interaction between ozone and
cultivar had no significant effect on milled rice percentage.

Head rice percentage refers to the percentage of head rice grains relative to
total milled rice grains. As shown in [Figure 2: see original paper]c, the average
head rice percentages of ‘Wujing 15’and ‘Lingfengyou 18’were 73.1% and
72.5%, respectively, with no significant difference between them. Neither ozone
treatment nor its interaction with cultivar had significant effects on head rice
percentage.

2.2 Effects of Increased Ozone Concentration on Rice Ap-
pearance Quality
Chalky grain percentage refers to the percentage of chalky grains relative to
total sample grains. As shown in [Figure 3: see original paper]a, the average
chalky grain percentages of‘Wujing 15’and‘Lingfengyou 18’were 47.7% and
39.6%, respectively, with the former being 20.6% higher than the latter, reaching
a significant difference. Neither ozone treatment nor its interaction with cultivar
had significant effects on chalky grain percentage.

Chalkiness area refers to the percentage of chalkiness area relative to the pro-
jected area of the whole grain. As shown in [Figure 3: see original paper]b, the
average chalkiness areas of‘Wujing 15’and‘Lingfengyou 18’were 32.3% and
26.2%, respectively, with no significant difference between them. Compared
with the control, high ozone concentration increased the chalkiness area of both
varieties by an average of 42.0% (P = 0.03), with increases of 40.1% and 44.3%
for‘Wujing 15’and‘Lingfengyou 18’, respectively, reaching significance levels
of 0.1 and 0.01. The interaction between ozone and cultivar had no significant
effect on chalkiness area.

Chalkiness degree refers to the percentage of chalkiness area of chalky grains
relative to the total area of sample grains. As shown in [Figure 3: see original
paper]c, the chalkiness degrees of‘Wujing 15’and‘Lingfengyou 18’were 15.9% and
10.6%, respectively, with the former being 49.9% higher than the latter, reaching
a significant difference. Compared with the control, high ozone concentration
increased the chalkiness degree of both varieties by an average of 60.5% (P =
0.04), with increases of 62.4% and 57.8% for ‘Wujing 15’and ‘Lingfengyou
18’, respectively, reaching significance levels of 0.1 and 0.05. The interaction
between ozone and cultivar had no significant effect on chalkiness degree.

chinarxiv.org/items/chinaxiv-201711.01110 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.01110


2.3 Effects of Increased Ozone Concentration on Rice Cook-
ing/Eating Quality
Gel consistency refers to the viscosity of rice gel in endosperm, reflecting the
extensibility of rice starch gel after cooling. As shown in [Figure 4: see original
paper]a, the average gel consistency of‘Wujing 15’and‘Lingfengyou 18’was
92.6 mm and 75.0 mm, respectively, with the former being 19.0% higher than
the latter, reaching a highly significant difference. Compared with the control,
high ozone concentration decreased the gel consistency of both varieties by an
average of 7.1%, reaching a significant level. From different cultivar perspectives,
ozone stress decreased ‘Wujing 15’and ‘Lingfengyou 18’by 8.0% and 5.8%,
respectively, with the former reaching a significant level. Analysis of variance
indicated that the interaction between ozone and cultivar had no significant
effect on gel consistency.

Amylose content directly affects the physicochemical properties and palatability
of cooked rice. As shown in [Figure 4: see original paper]b, the average amylose
contents of‘Wujing 15’and‘Lingfengyou 18’were 16.2% and 16.9%, respectively,
with the former being 4.1% lower than the latter, reaching a significant difference.
Neither ozone treatment nor its interaction with cultivar had significant effects
on amylose content.

Gelatinization temperature refers to the temperature at which rice starch gran-
ules absorb water in hot water and undergo irreversible swelling. As shown in
[Figure 4: see original paper]c, the average gelatinization temperatures of‘Wu-
jing 15’and ‘Lingfengyou 18’were 78.5 °C and 70.9 °C, respectively, with the
former being 9.6% higher than the latter, reaching a highly significant difference.
Neither ozone treatment nor its interaction with cultivar had significant effects
on gelatinization temperature.

2.4 Effects of Increased Ozone Concentration on Rice Pro-
tein Concentration
Protein concentration is an important indicator of rice nutritional quality and
one of the main components of rice endosperm. As shown in [Figure 5: see origi-
nal paper], the average protein concentrations of‘Wujing 15’and‘Lingfengyou
18’were 7.7 mg・g�¹ and 8.0 mg・g�¹, respectively, with no significant difference
between them. Neither ozone treatment nor its interaction with cultivar had
significant effects on rice protein concentration.

2.5 Effects of Increased Ozone Concentration on Rice RVA
Profile
RVA (Rapid Visco-Analyser) can measure the viscous force of rice starch slurry
during heating, sustained high temperature, and cooling processes. As shown
in [Figure 6: see original paper], RVA parameters including hot paste viscos-
ity, breakdown, cold paste viscosity, setback, and return value showed obvious
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cultivar differences. Compared with the control, high ozone concentration sig-
nificantly increased hot paste viscosity, while changes in maximum viscosity,
cold paste viscosity, setback, return value, and breakdown were relatively small
and did not reach significant levels. Analysis of variance indicated that the in-
teraction between ozone and cultivar had no significant effect on all RVA profile
parameters.

3 Discussion and Conclusion
Rice processing quality indicators include brown rice percentage, milled rice
percentage, and head rice percentage. Previous studies have shown that a 25%
increase in ozone concentration caused consistent decreasing trends in brown
rice rate and milled rice rate of hybrid indica rice ‘Shanyou 63’, although the
decreases were small [17–18]. This study set the same ozone concentration and
found that ozone treatment had no significant effect on brown rice percentage
of conventional japonica rice‘Wujing 15’and hybrid japonica rice‘Lingfengyou
18’, but significantly decreased milled rice percentage, with both varieties show-
ing consistent trends. Similarly, ozone stress also caused consistent decreasing
trends in head rice percentage of both varieties, although not reaching signif-
icant levels. Combined with previous studies, it can be concluded that after
ozone fumigation, higher proportions of outer layers are removed during rice
milling.

Unlike most other cereals, rice grain appearance quality, particularly chalkiness,
is an important market quality indicator because rice is typically consumed as
whole grains without further processing. Chalkiness is the trait most sensitive to
environmental changes in rice quality [28]. Previous studies found that a 25% in-
crease in ozone concentration significantly increased chalkiness in hybrid indica
rice‘Shanyou 63’, with chamber studies [18] showing average increases of 39%,
56%, and 114% in chalky grain percentage, chalkiness degree, and chalkiness
area, respectively, while only chalky grain percentage increased significantly in
FACE studies [17]. This study showed that compared with Ambient, ozone
stress increased chalky grain percentage, chalkiness area, and chalkiness degree
of both varieties by averages of 15%, 42%, and 61%, respectively, with the latter
two reaching significant levels. Studies on other stresses such as high temper-
ature have found that increased chalkiness may be due to poor starch grain
filling, which may be related to plant premature senescence and shortened grain
filling time under stress conditions [12,22,29]. Rice with more chalkiness under
ozone fumigation is prone to broken grains during processing, so the decreased
processing quality and increased chalkiness caused by ozone fumigation are ac-
tually interrelated [30]. Such changes caused by ozone stress will directly affect
the commercial value of rice and farmers’income.

Rice cooking/eating quality is generally evaluated indirectly through mea-
surement of physicochemical properties. Previous studies have shown that
ozone stress had no significant effect on amylose content and gel consistency
of‘Shanyou 63’, but results from starch viscosity profile (RVA profile) [17–18]
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and taste meter measurements [15] indicated that ozone stress would reduce
rice viscosity and deteriorate eating quality (palatability). This study showed
that the same ozone treatment had no significant effect on amylose content
of the two japonica rice varieties, consistent with the response of ‘Shanyou
63’[17–18]. The difference was that this study found ozone stress significantly
decreased rice flour gel consistency (‑7.1%), but all RVA profile parameters
except hot paste viscosity, including breakdown, setback, and gelatinization
temperature, showed no significant changes, with consistent trends in both
varieties. This difference may be related to different tested varieties: this
experiment used japonica varieties, while previous studies used indica rice [17–
18]. Gel consistency reflects a colloidal property of rice starch gel, directly
related to rice softness. The significant decrease in rice gel consistency caused
by ozone treatment indicates that rice quality may become harder under ozone
stress environments, consistent with the results of Song et al. [15] using a
texture analyzer for japonica rice.

Protein concentration is an important indicator of rice nutritional quality and
greatly affects rice eating quality. Consistent with other crops [9], chamber
studies have found that ozone stress significantly increased rice protein concen-
tration, with the magnitude varying with ozone concentration [13–14] and tested
variety [14]. Chinese FACE studies also found that ozone stress increased protein
concentration of indica rice ‘Shanyou 63’by about 10% [16–18], correspond-
ing to previously reported results that ozone-fumigated rice became harder and
had deteriorated taste after cooking [15,17–18]. This study showed that ozone
stress caused an increasing trend in protein concentration of the two japonica
varieties, but neither reached significant levels, which is also consistent with
the non-significant response of rice RVA profile observed in this study. Thus,
although rice protein concentration showed an increasing trend under ozone
stress, this increase may vary greatly among varieties. It is generally believed
that increased protein concentration in ozone-fumigated rice is related to a“con-
centration effect,”where carbon metabolism pathways may be more affected by
ozone stress than nitrogen metabolism [9], but recent studies have shown that
changes in element concentration under ozone stress may be related to factors
other than “concentration”effects, such as changes in transpiration and root
growth.

This study showed that although the two tested varieties had significant differ-
ences in many rice quality traits, the interaction between variety and ozone was
not significant for all measured indicators, indicating that the effects of ozone
stress on rice quality of‘Wujing 15’and‘Lingfengyou 18’showed consistent trends:
moderate ozone stress significantly increased rice chalkiness and decreased gel
consistency, but had little effect on other rice quality indicators. Since only two
varieties were used in this experiment, the universality of these results needs ver-
ification through experiments with more varieties. Additionally, recent FACE
studies have found that cultivation regulation can reduce ozone stress effects on
rice growth and yield to some extent [23–25], but how this affects responses of
different rice quality indicators remains to be determined. Clarifying this issue
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is important for developing adaptation strategies for rice production in high
ozone concentration environments to minimize ozone damage.
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