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QOzone Emitted During Copying Process — A Potential Cause of
Pathological Oxidative Stress and Potential Oxidative
Damage in the Bodies of Operators
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Objective To estimate the impact of copying on the indoor air quality, and to investigate
whether ozone emitted during such a process induces pathological oxidative stress and potential
oxidative damage in the bodies of operators, Methods 67 copying operators (CO) and 67 healthy
volunteers (HV) were enrolled in a random control study, in which levels of lipoperoxide (LPO) in
plasma and erythrocytes, and levels of vitamin C (VC), vitamin E (VE) and [-carotene (§-CAR) in
plasma as well as activities of superoxide di (SOD), catal (CAT) and glutathione
peroxidase (GPX) in erythrocytes were determined by spectrophotometric methods. Results
Compared with the HV group, the average values of LPO in plasma and erythrocytes in the CO group
were significantly increased (P<0.0001), while those of VC, VE and B-CAR in plasma as well as
those of SOD, CAT and GPX in erythrocytes in the CO group were significantly decreased
(P<0.0001). Pearson product-moment correlation analysis showed that with increase of ozone level in
copying sites and duration of exposure to ozone, the values of LPO in plasma and erythrocytes in the
bodies of operators were gradually increased,while those of VC. VE, B-CAR. SOD, CAT and GPX
were decreased in the same manner. Odds ratio (OR) of risk of biochemical parameters reflecting
potential oxidative damage of the copying operators ranged from 4.440 to 13.516, and 95 % CI of OR
was from 2.113 to 34.061. Reliability coefficient (a) of the biochemical parameters used to reflect the
potential oxidative damage of the operators was 0.8156, standardized item a=0.9929, P<0.0001.
Conclusion Findings in the present study suggest that there exist a series of free radical chain
reactions and pathological oxidative siress induced by high dose ozone in the operators, thereby
causing potential oxidative and lipoperoxidative damages in their bodies.
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INTRODUCTION

Copying of references, documents, information and photos plays important roles in
social, economic, business, scientific and technological affairs, however, photochemical
smog emitted during this process may become risk factors inducing potential oxidative
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damage in operators’ bodies!?. Some authors reported that laser printers and photocopiers
emitted significant amounts of ozone, organic volatiles and formaldehyde during printing or
operating process in a badly-ventilated office environment, thus leading to oxidative stress
and potential oxidative damage of operators’ bodies™. However, up to now, there are
neither reports on changes of free radical reactions in the bodies of copying operators who
are working in the badly-ventilated office environments, nor reports about relationship
between copying and potential oxidative damage induced by ozone. To estimate the impact
of copying process on the indoor air quality, and to investigate whether ozone emitted
during this process induces pathological oxidative stress and potential oxidative damage in
the bodies of operators, 67 copyin§ operators (CO) and 67 healthy volunteers (HV) were
enrolled in a random control study™, in which levels of lipoperoxide (LPO) in plasma and
erythrocytes, and levels of vitamin C (VC), vitamin E (VE) and B-carotene (B-CAR) in
plasma as well as activities of superoxide dismutase (SOD), catalase (CAT) and glutathione
peroxidase (GPX) in erythrocytes were determined by spectrophotometric methods, At the
same time, differences between average values of biochemical parameters in the CO group
and the HV group were compared, and Pearson product-moment correlation between ozone
level in copying sites and the biochemical parameters as well as the correlation between
duration of exposure to ozone and the biochemical parameters were analyzed. In addition,
odds ratio (OR) of risk of the biochemical parameters used to reflect the potential oxidative
damage of the copying operators, and 95% CI of OR were estimated, and reliability analysis
of the biochemical parameters used to reflect the potential oxidative damage of the operators
was processed.

MATERIALS AND METHODS

Subjects

Printing Sites. Thirty printing sites without well-ventilated equipment were used as
samples. Their floor space ranged from 20 to 50 (31.6%9.1) m®, and there were 1-3 copiers
in each site.

Copying Operators (CO).  Sixty-seven copying operators (CO) were randomly
sampled from 134 operators in some libraries and copying shops with “Select Cases-random
Sample” of “SPSS 11.0 for Windows”, Forty males and 27 females aged from 21 to 40 (28.3
+4.8) years. Their duration of exposure to ozone ranged from 2 to 10 (5.912.5) years.
They were all volunteers in this study.

Healthy Volunteers (HV). Sixty-seven healthy volunteers (HV) were randomly sampled
from 200 healthy volunteers confirmed by comprehensive physical examination at the
Second Affiliated Hospital, College of Medicine, Zhejiang University with “Select
Cases-random Sample” of “SPSS 11.0 for Windows™. Thirty three males and 24 females
aged from 21 to 40 (28.91:4.9) years. They had no link with copy-printing operation, and
were all volunteers in this study.

There was no significant difference between the average values for ages by « test (=
0.1530, P=0.8787) as well as between the gender proportions in the two groups by 2 test
(o =0.5658, P=0.4519 ).

Medical history of disorders associated with brain, heart, lung, liver, kidney and other
organs as well as blood, circulatory, respiratory, digestive and other systems of the operators
and the healthy volunteers were all excluded by their routine blood, urine and feces
examinations as well as radiographs, cardiogram and other necessary tests. And their
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medical history of any episode of inflammation, hypertension, hyperlipidemia, acute or
chronic bronchitis, autoimmune discase, diabetes, atherosclerosis, tumors and other diseases,
and subnutrition, malnutriticn, supernutrition and other nutritional diseases were also excluded.
In addition, there were no smoking and excessive drinking history in the above subjects.

The copying operators and healthy volunteers had never been exposed to radiation, or
engaged in work with exposure to intoxicating matetials or pesticides. Within the preceding
month when they were enrolled as volunteers in the study, none of them had taken any
antioxidant supplements such as vitamin C, vitamin E, B-carotene, ginkgq biloba, tea
polyphenols or other similar substances.

Methods
Measurement of QOzone Level in the Indoor Air of Copying Sites

An ozone-analyzer was used to determine directly ozone level in the indoor air in 30
copying sites. The level of ozone was measured on 150 cm above the ground at four corners
in each site for 1.0 min at 10 a.m. and 3 p.m., and its average value was expressed as mg/m’.

Collection and Pretreatment of Blood Samples

Fasting venous blood samples were collected in the morning and heparin sodium was
added as anticoagulant, and the plasma and erythrocytes promptly separated were stored at
—50°C immediately™. The blood samples did not undergo any hemolyss.

Measurement of Every Biochemical Constituent

The methods used in determining various biochemical constituents were outlined below,
with details provided in references™. The spectrophotometry of thiobarbituric acid reactive
substances (TBARS) was used to determine plasma LPO leve! expressed as pmol/L™!. The
spectrophotometry of TBARS was used to determine erythrocytic LPO level expressed as
nmol/g Hb™.. The spectrophotometry of ferrozine coloration was used to determine plasma
VC and VE levels expressed all as umol/L"). The plasma B-CAR was extracted with a mixture
of ethanol and petroleum ether, and assayed with spectrophotometry, with its level expressed as
pmol/L®. The spectrophotometry of inhibiting pyrogallol auto-oxidation was used to
determine erythrocytic SOD activity expressed as U/gHb™. The spectrophotometry of
coloration of hydrogen peroxide and acetic acid-potassium dichromate was used to
determine erythrocytic CAT activity expressed as K/gHb®l. The improved Hafeman’s
spectrophotometry was used to determine erythrocytic GPX activity expressed as U/mg. Hb".,

In the determination of the above biochemical substances and enzymes, the main
analytical reagents, such as vitamin C, vitamin E, f-carotene, 5,6-diphenyl-3-(2-pyridy1)-1,
2 4-triazinedisulfonic acid disodium salt (ferrozine), Cu/Zn-superoxide dismutase, catalase,
1,2,3-trihydroxybenzene (pyrogallol), 1,1,3,3-tetraethoxypropane, 2-thiobarbituric acid, were
all purchased from SIGMA® Chemical Company, USA; and the other analytical reagents
were all produced in China. The fresh quadruply distilled water was prepared with a quartz
glass distilling apparatus. In the determination of the above biochemical substances and
enzymes, the main analytical instruments included HP 8453-Spectrophotemeter, USA, and
UV-754-Spectrophotometer and 721-Spectrophotometer. The instrument used to determine
the ozone level was LIDA DCS-1 Ozone-analyzer, Shanghai LIDA Instrument Factory, China.

In the determination of the above biochemical substances and enzymes, all experiments
were standardized by using the same batch number of each reagent, the same quality control
and the same lab assistant, and the identical analytical apparatus and instruments were
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strictly applied for every experiment in order to control and decrease its errors and bias, and
to ensure its analytical quality™*',

Medical Sratistical Analysis

All data were statistically analyzed with SPSS 11.0 for Windows statistic software using
a Compaq Pentium IV/1.6 GHz computer. The biochemical parameters in this study
presented all normal distributions by Kolmogorov-Smirnov test and Shapiro-Wilk test, and
they were expressed as mean plus or minus standard deviation (¥+s) and 95% confidence
interval (35% CI). Hypothesis testing methods included independent-samples ¢ test, Pearson
chi-square test (x* test), Pearson preduct-moment correlation analysis, estimate of odds ratio
(OR) of risk and 95 % Cl of OR, and reliability analysis. [n the statistical analysis of this
study, the level of hypothesis testing (o) was <0.05 in order to avoid false positives
(o-error), and the power of hypothesis testing (power) was 20.80 to avoid false negatives
{B-error)®4,

RESULTS

Level of Ozone in the Indoor Air in the Printing Sites

The level of ozone in the indoor air in 30 printing sites without well-ventilated
equipment ranged from 0,106 to 0.401 (0.22440.082) mg/m’. Pearson product-moment
correlation analysis showed that the level of ozone in the indoor air was increased with the
decrease of floor space of the site, r = — 0.5534, 1 = 3.5162, P = 0.000273).

Comparison Between the Average Values (x+s) of the Biochemical Parameters in the CO
Group and the HV Group

Compared with the average values of the biochemical parameters in the HV group, the
average values of LPO in plasma and erythrocytes in the CO group were significantly increased
(P<0.0001}, while those of VC, VE and B-CAR in plasma as well as those of SOD, CAT and
GPX in erythrocytes in the CO group were significantly decreased (P<0.0001) (Table 1).

95% Cl of the Average Values of the Biochemical Parameters in the CO Group and the HV Group

The lower limits of 95% CI of the average values of LPO in plasma and erythrocytes in
the CO group were greater than the upper limits of 95% CI of those in the HV group. The
upper limits of 95% CI of the average values of VC, VE and B-CAR in plasma as well as
SOD, CAT and GPX in erythrocytes in the CO group were less than the lower limits of 95%
CI of those in the HV group (Table 1).

Pearson Product-moment Correlation Analysis Between the Ozone Level in the Indoor Air
of the Copying Sites and Each Biochemical Parameter in.67 Copying Operators

The findings of Pearson product-moment correlation analysis showed that the levels of
LPO in plasma and erythrocytes in the copying operators were increased with the elevation
of ozone level in the indoor air of the sites, while those of VC, VE and B-CAR in plasma as
well as those of SOD, CAT and GPX in erythrocytes in the operators were decreased with
the elevation of ozone level in the indoor air there (Table 2).



TAELE 1

Comparison Between the Average Values {¥+s5) of the Biochemical Parameters in the CO Group and in the HV Group

Oxidative Constituents Antioxidative Constituents
Group n Plasma Erythrocyte Plasma Erythrocyte
LPO LPO vC VE B-CAR SoD CAT GPX
(umol/L) (nmol/g.Hb) (Hmol/L) (umol/L) (umol/L) (U/g.Hb) (Kig.Hb) (U/mg.Hb)
co & 12.41x].82 32.65+4.77 38.3249.73 16471417 1.24+0.33 1875.8+147.6 258.5£67.4 21.3625.96
(11.97-12.86) (31.49-33.81) (35.9540.69) (15.45-17.48) (1.16-1.32)  (1839.8-1911.8) (242.0-274.9) (19.91-22.81)
av 61 10.87+1.62 28.37+4.10 54.26+14.09 24.49+6.19 1.72+0.46 2047.8£162.5 317.6+83.3 28.73x8.02
(10.47-11.27) (27.37-29.37) (50.83-57.70) (22.98-26.00) (1.61-1.83)  (2008.2-2087.4) (297.3-333.0) (26.78-30.69)
t 5.1628 5.5690 76234 8.8012 6.8869 54122 4.5195 6.0390
P <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Note: *Independent-samples f test. The figures in parentheses are confidence limits.
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TABLE 2

Pearson Product-moment Correlation Analysis Between the Ozone Level in the Indoor Air of the
Copying Sites and the Biochemical Parameters

Correlative Item n r t P

Ozone Level With Plasma EPO 67 0.4648 4.2318 6.000074
Ozone Level With erythrocytic LPO 67 0.4142 3.6689 0.000493
Ozone Level With Plasma VC 67 -0.5261 49874 0.000005
Ozone Level With Plasma VE 67 -0.4180 3.7093 0.000433
Ozone Eevel With Plasma 3-CAR 67 -0.5021 4.6814 0.000015
Ozone Level With Erythrocytic SOD 67 —-0.4460 4.0175 0.000155
Ozone Level With Erythrocytic CAT 67 - 0.4526 4.0520 0.000120
Ozone Eevel With Erythrocytic GPX 67 —0.4322 4.0878 0.000122

Pearson Product-momenr Correlation Analysis Between the Duration of Exposure to QOzone
and Each Biochemical Parameter in 67 Copying Operators

The findings of Pearson product-moment correlation analysis showed that the levels of
LPO in plasma and erythrocytes in the copying operators were increased with the duration
of exposure to ozone, while those of VC, VE and B-CAR in plasma as well as those of SOD,
CAT and GPX in erythrocytes in the copying operators were decreased with the duration of
exposure to ozone (Table 3).

TABLE 3

Pearson Product-moment Correlation Analysis Between the Duraticn of Exposure to Ozone and the
Biochemical Parameters

Correlative Item 13 r H P

Duration of Exposure to Ozone With Plasma LPO 67 0.4167 3.6955 0.000452
Duration of Exposure to Ozone With Erythrocytic LPO 67 0.4870 4.4959 0.000025
Duration of Exposure to Ozone With Plasma VC 67 -0.3334 2.8511 0.005833
Duration of Exposure to Ozone With Plasma VE 67 -0.3390 2.9051 0.005013
Duration of Exposure to Ozone With Plasma f-CAR 67 -0.3432 2.9455 0.004470
Duration of Exposure to Ozone With Erythrocytic SOD 67 -0.4472 4.0312 0.000148
Duration of Exposure to Ozone With Erythrecytic CAT 67 -0.4193 3.7236 0.000413
Buration of Exposure to Ozone With Erythrocytic GPX 67 —0.4205 3.7371 0.000395

Estimate of the Odds Ratio (OR) of Risk aof the Biochemical Parameters Used 1o Reflect the
Potential Oxidative Damage in the Copying Operators, and 95 % CI of OR

Supposing the values of LPO in plasma and erythrocytes in the CO group == the upper
limits of 95% CI of those in the HV group to be the reference criteria of positive number of
potential oxidative damage of the copying operators, and supposing the values of VC, VE
and B-CAR in plasma as well as SOD, CAT and GPX in erythrocytes in the CO group <
the lower limits of 95 % CI of those in the HV group to be the reference criteria of positive
number of potential oxidative damage of the copying operators, the odds ratio (GR) of risk
of the biochemical parameters used to reflect the potential oxidative damage in the copying
operators ranged from 4.440 to 13.516, and 95% CI of OR ranged from 2.113 to 34.061
(Table 4).



TABLE 4

Estimate of the Odds Ratio of Risk (OR) of the Biomedical Parameters Reflecting Potential Oxidative Damages in Copying Operators, and 95 % CI of R

Plasma Erythrocyte Plasma Erythrocyte
Group n
LPO LPO vC VE B-CAR SOD CAT GPX
+ - + - + - + - + - + - + - + -
co 67 50 17 50 17 58 9 60 7 56 11 55 12 51 16 54 13
HV 67 20 47 19 48 28 39 26 41 28 39 24 43 28 39 28 39
Oi‘:sm].z:kﬁo 6.912 7.430 8.97¢ 13.516 7.091 8.212 4.440 5.786
95% C1) (3.235-14.770) (3.458-15.966)  (3.822-21.078) (5.364-34.061) (3.159-15.914) (3.691-18.268) (2.113-9.327) (2.663-12.572)
x? 26.920 28712 29215 37.525 25013 29.637 16.314 21.244
P <0.00¢1 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Note. “+” indicates “number cases” that the values of LPO in plasma and erythrocytes in the CO group 2 the upper limits of 95 % CI of those in the HV group, and
that the values of VC, VE, B-CAR, 50D, CAT and GPX in the CO group = the lower limits of 95% CI of those in the HV group, while “~” means the opposite.
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Reliability Analysis for the Biochemical Parameters Used to Reflect the Potential Oxidative
Damage in the Copying Operators

The findings of reliability analysis of the ozone level in the indoor air in the copying
sites without well-ventilated equipment and the levels of LPO in plasma and erythrocytes,
and the levels of VC, VE and P-CAR in plasma as well as the activities of SOD, CAT and
GPX in erythrocytes used to reflect the potential oxidative damage in the copying operators
were as follows: the reliability coefficient (o) = 0.8156, and the standardized item « =
0.9929, P<0.0001.

DISCUSSION

LPO and its metabolic products, such as malondialdehyde and conjugated diene, etc.,
play an important role in the metabolism of the human body"™*'®¥!. VC, VE, 8-CAR, SOD,
CAT and GPX are the most important antioxidants in the human body' 33 '8, Significant
increase of LPO level and marked decrease of antioxidant levels in the human body may
cause metabolic disorders and pathological aggravation of a series of free radical chain
[rfsa(l:glons, thus inducing a variety of diseases related to abnormal reactions of free radicals

The findings in the present study show that there exists serious ozone pollution in the
indoor air in the copying sites without well-ventilated equipment, even though the lowest
ozone level is beyond the recommended maximum exposure limit of 0.1 mg/m® in the
hygienic standard of public places, and far exceeds the ozone olfact (olfactory threshold of
ozone) of 0.018 mg/m*™., The findings also show that there exists an imbalance between
oxidation and ant10x1datlon and a pathological oxidative stress and potential free radical
damage in the copying operators.

The simplest reason is that a large amount of ozone emitted during copying process
could not be adequately exhausted to the open air because of badly-ventilated office
environments. OQzone is one of the main components and the most abundant oxidant in the
photochemical smog™***?!. Ozone may cause oxidative decomposition and peroxidative
modification of polyunsaturated fatty acids, unsaturated phospholipids, glycolipids and
cholesterel in plasma and cell membranes, which may induce aggravation of oxidation,
peroxidation and lipoperoxidation in the human boedy, thus resulting in marked increase of
LPO in the copying operators who have inhaled a large amount of ozone, and leading to
potential free radical damage in the operators’ bodies™™?*. In addition, significant
decrease and/or loss of GPX activity induced b DNA dama%e derived from high ozone
level may also result in acute lipoperoxidation™*#I>16.19202241 anq euch lipoperoxidation
may lead to lipoperoxidative damage of cells, and to cytoclasmm 22241 At the same time, the
high dose ozone and ozonizing process in the human body may generate a large amount of
superoxide anion radicals (O3) hydxoyl radicals (-OH ), hydroperoxyl radicals (HQO;) and
other free radicals®, which may also cause oxidative decomposition and peroxidative
modification of many organic com&ounds in the human body, thereby further producing a
large amount of LPQP-%15.16,19.2022

As a strong oxidant, ozone or its reactive products may interact du'ectly with DNA, thus
causing DNA damage, inhibiting or depressing DNA r ghcatlon . Ozone may also
linearize circular DNA, and induce ozone-sensitive mutant'? which leads to a significant
decrease in synthesis or regeneration of SOD, CAT and GPX, and results in marked decrease
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of their activities. In addition, excessive O3, ‘OH and other free radicals as well as single
oxygen ('0y), hydrogen peroxide (H,0,) and other reactive oxygen species may also cause
DNA damage and attack strongly the structures of VC, VE, B-CAR, SOD, CAT, GPX and
other antioxidants by combining them with some active groups, thereby inactivating these
antioxidants!>?-%1516.19.20.22.2426]

The findings of Pearson product-moment correlation analysis in the present study show
that the levels of the above biochemical constituents in the copying operators are closely
related to the ozone level in the indoor air in the copying sites, and to the duration of
exposure {o ozone'™!. Ozone level in the indoor air should, therefore, be controlled and kept
below the recommended maximum exposure limit by a well-ventilated office environment
in any copying site!" ',

The odds ratio of the risk estimate in the present study suggests that compared with the
healthy volunteers, the risk inducing potential oxidative damage in the copying operators
will increase by a factor of 3.4-12.5, and that photochemical smog, especially ozone, has
very strong oxidative power, thus causing pathological oxidative stress and potential
oxidative damage in the human body'"*'** At the same time, the reliability analysis in the
study further shows that the high dose ozone plays a very important role in pathological
oxidative stress and potential oxidative damage in the copying operators.

In summary, the findings in the present study suggest that there exist a series of free
radical chain reactions and pathological oxidative stress induced by high dose ozone in the
copying operators, thereby causing potential oxidative damage and lipoperoxidative damage
in their bodies, We, therefore, recommend that there should be well-ventilated equipment in
any copying site so that ozone concentration in the indoor air may be decreased below 0.1
mg/m’, and that antioxidant vitamins at suitable doses, such as vitamin C, vitamin E and
B-carotene, should be given to copying operators daily in order to alleviate potential
oxidative damage and lipoperoxidative damage in their bodies because these antioxidant
vitamins are good free-radical scavengers and have a protective effect against photo-oxidant
exposure damage of ozone!>"1316:19.25-30] )
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