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Abstract

Guidance on maximal limits for ultraviolet (UV) exposure has been developed by national and
international organizations to protect against adverse effects on human skin and eyes. These
guidelines consider the risk of both acute effects (i.e., erythema and photokeratitis) and delayed
effects (e.g., skin and ocular cancers) when determining exposure limits, and specify the dose a
person can safely receive during an 8-h period without harmful effects. The determination of these
exposure limits relies on the action spectra of photobiological responses triggered by UV radiation
that quantify the effectiveness of each wavelength at eliciting each of these effects. With growing
interest in using far-UVC (200-235 nm) radiation to control the spread of airborne pathogens,
recent arguments have emerged about revisiting exposure limits for UV wavelengths. However, the
standard erythema action spectrum, which provides some of the quantitative basis for these limits,
has not been extended below 240 nm. This study assists to expand the erythema action spectrum to
far-UVC wavelengths using a hairless albino mice model. We estimate that inducing acute effects
on mouse skin with 222 nm radiation requires a dose of 1162 mJ/cm?, well above the current
ACGIH skin exposure limit of 480 mJ/cmZ.
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INTRODUCTION

Exposure of human skin to ultraviolet (UV) radiation can cause an array of phototoxic
effects including induction of inflammatory responses that can lead to skin aging,! sunburns
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(erythema),? and skin cancer.34 The UV light spectrum spans wavelengths from 100 to 400
nm and can be subdivided into three bands: UVA (315-400 nm), UVB (280-315 nm), and
UVC (100-280 nm).> Contained within the UVC band is a sub-band known as far-UVC
that ranges from 200 to 235 nm. Each of these UV bands, characterized by their specific
wavelengths and photon energy, are known to exert a variety of effects on the skin due

to their penetrative capacity and interaction with different biophysical targets found within
cells. The longest wavelengths, UVA, can penetrate deep into the dermis due to their lower
photon energies that do not get absorbed by cellular biomolecules but can nevertheless
induce the formation of damaging reactive oxygen species.® In contrast, shorter wavelengths
found within the UVB and UVC bands are mostly absorbed in the epidermis by interactions
with major cellular biomolecules such as DNA and proteins.278

The first line of defense of the skin against UV radiation is the outermost layer of the
epidermis known as the stratum corneum (SC). Acting as a biomechanical barrier, the SC
provides protection against various environmental factors and serves as an optical barrier
against UV light.” Research indicates that the SC absorbs UVC light most effectively,
resulting in more significant mechanical and structural damage to the SC, than that induced
by UVB and far less than that from UVA exposure.”? The transmission and thickness of
the stratum corneum determines the level of optical protection it provides to the dividing
cells found in the underlying skin layers.10-12 The high absorption of UVC light by the SC,
particularly in the far-UVC region, is attributed to absorption by peptide bonds of proteins
and lipids, while absorption in the UVB range is mainly due to keratin and melanin, and in
the UVA range by melanin.8:13-15

Due to the different harmful effects that each component of the UV spectrum has on the
skin and eyes,® guidance on maximal safety limits for UV exposure has been developed by
national and international groups.16:17 These guidelines were established to minimize both
the risk of acute adverse effects (i.e., erythema and photokeratitis),18 as well as delayed
effects (i.e., skin and ocular cancers).19-20 These exposure limits depend on the wavelength
and the photobiological responses induced, where thresholds for each biological effect vary
strongly with wavelength. To this extent, action spectra have been developed that allows
quantitative measure of the spectral effectiveness of each wavelength at eliciting specific
biological effects.!

The earliest and most widely used guidelines for human exposure limits to radiation are
issued by the American Conference of Governmental Industrial Hygienists (ACGIH) and
are referred to as Threshold Limit Values (TLVs®).22 TLVs® have been defined as the
dose to which nearly all healthy workers can be exposed during an 8-h period without
experiencing acute adverse effects or an increased risk of developing delayed effects.22:23
Similar guidelines on the limits of exposure have been implemented by the International
Commission on Non-lonizing Radiation Protection (ICNIRP) in collaboration with the
World Health Organization (WHOQ).17

In 2021, a review by Sliney and Stuck argued for raising the exposure limits for wavelengths
below 300 nm.24 They based their argument on numerous studies that found that the
existing thresholds set for 222 and 207 nm to be overly conservative considering the
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minimal biological effects induced by these wavelengths.24-31 Subsequently, in 2022,
ACGIH increased the TLVs® for wavelengths below 240 nm and established separate limits
for eyes and skin at wavelengths below 300 nm. Notably, higher exposure limits were set
for wavelengths below 300 nm for cases where human skin is exposed but the eyes are
protected.32 The TLVs® for the shorter wavelengths in the far-UVC region were increased
for both eye and skin exposures. Radiation at 222 nm, which is of particular interest for its
antimicrobial properties within occupied spaces using filtered KrCl excimer lamps,33:34 had
the TLVs® raised from 23 to 160 mJ/cm? for eyes and to 480 mJ/cm? for the skin.24:32.35

Even though considerable evidence suggests the new skin threshold limits for wavelengths
below 240 nm pose minimal risk,19:24 the standard erythema action spectra, which provide
the quantitative basis for these limits, have not been extended below 240 nm.16:36.37
Therefore, there is a need to expand the erythema action spectrum curve to include results
down to 200 nm to better define the potential hazards of far-UVC exposures.38-40 Previous
research on murine models regarding far-UVC skin safety noted that erythema may not be
the most accurate indicator of acute skin response at these wavelengths, as scale formation
(flaking) has been observed to occur in the absence of erythema following 222 nm UV
exposure.27:3841 Consequently, more appropriate evaluation methods have been adopted to
determine the acute effects of far-UVC on the skin. These methods include a new threshold
dose estimate termed the minimal perceptible response dose (MPRD), which considers the
development of erythema, edema, scales, and fissures, rather than solely relying on the
minimal erythema dose (MED). It has been observed that using MPRD evaluations to assess
the effects of UVB radiation provides action spectra similar to the human erythema action
spectra.38 In the current study, we expand the erythema response spectrum down to 200

nm in hairless, albino, SKH-1 mice using MPRD evaluations. The SKH-1 experimental
mouse model is often used in dermatological UVB exposure studies because this strain

is particularly sensitive to UV effects and develops skin damage similar to that seen in
humans.#? Irradiations were performed with wavelengths between 200 and 270 nm in 5 nm
increments using a UV monochromator with a narrow bandwidth emission.2442 The use of a
narrow bandwidth provided more detailed information about the sharp increase in erythema
response observed in the 230-240 nm range. This study reports minimal perceptible
response threshold doses for mice skin for wavelengths across the UVC spectrum.

MATERIALS AND METHODS

Monochromatic source

An optical system was assembled to deliver monochromatic UV light to specific locations
on the dorsal surface of mice. An EQ-77 high-brightness, long-life, broadband laser-driven
light source (Energetiq Technology, Inc.) was focused into a Newport Cornerstone 260 1/4
m monochromator (CS260-RG-2-FH-A). The monochromator was equipped with a 1201.6
g/mm plane blazed holographic reflection grating (#53-*—~200H with master no. 5482; 250
nm nominal blaze wavelength, Newport) and a 600 g/mm plane holographic grating (#53-
*—313H with master no. 6018, 250 nm nominal blaze wavelength, Newport) to maximize
optical throughput in the UVC. Fixed slits with a slit size of 600 um (77,216, Newport) were
used for all experiments. With this setup, the monochromator output bandwidth at full width
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Mice

half maximum (FWHM) was nominally 1.9 nm for the 1201.6 g/mm grating and 3.8 nm for
the 600 g/mm grating.

The optical power was measured with an 818-UV/DB low-power UV-enhanced silicon
photodetector (Newport). The average size of the exposure area was measured to be 0.23
cm?, which was determined by exposing radiation sensitive film (OrthoChromic Film OC-1,
Orthochrome Inc.), scanning the film using an Epson Perfection V850 Pro flatbed scanner
(Epson America), and determining the exposed area using ImageJ.#3 The irradiance was
determined by dividing the output power for a chosen wavelength by the exposure area. The
spectral irradiance was measured with a Gigahertz-Optik BTS2048-UV Spectroradiometer
(Gigahertz-Optik, Inc.). The FWHM for the nominally 1.9 nm setup was measured as 2.2
nm, and the FWHM for the nominally 3.8 nm setup was 4.4 nm. These two exposure
scenarios are referred to as the 2 or 4 nm bandwidth exposures throughout this manuscript.

Eight-week-old male albino hairless SKH1-Elite mice, strain 477, were obtained from
Charles River Laboratories. Mice were allowed to acclimatize for one to 2 weeks after
receipt. They were housed in standard filter top cages with ad libitum access to water and
Purina laboratory chow. Just prior to irradiation, the 8-9-week-old mice were anesthetized
with an intraperitoneal injection of a ketamine/xylazine mixture (100 mg/kg/10 mg/kg
respectively). If an animal awakened during irradiation, an additional injection of 0.125 mL
of the ketamine/xylazine mixture was administered. The depth of anesthesia was confirmed
by toe pinch. Puralube ophthalmic ointment (Dechra Veterinary Products) was applied to
the eyes during anesthesia. A grid of approximately 2 cm x 4 cm was drawn on the mouse
dorsal skin with a permanent marker to define exposure regions and the dorsal side of the
mouse was photographed prior to any exposure (Figure 1A). Pictures of the mouse dorsal
skin were taken with a Canon EOS Rebel T7 (Canon USA). The camera was mounted with
its lens positioned 22 cm from the surface where the mouse was located, positioned between
two light boxes (Light Box #810, B&H photo and electronics). Mice were euthanized

by CO, asphyxiation 72-h after exposure. All animal procedures were approved by the
Columbia University Institutional Animal Care and Use Committee (IACUC).

Experimental design

To estimate the dose that elicited the minimal perceptible response for each wavelength from
200 to 270 nm in 5 nm steps, we utilized a two-stage process. The first stage exposed a
single mouse to six different doses at a single wavelength to roughly determine the dose
that induced the minimal perceptible skin response. To determine the exposure doses for
each mouse in this first stage, the current 8-h exposure limit as defined by ICNIRP for each
respective wavelength, was used as well as 2, 4, 8, 16, and 32 times the ICNIRP exposure
limit (Table S1).17 The regions that were exposed within the grid drawn on the mouse dorsal
skin (Figure 1A) were randomly selected for each mouse and the remaining two regions on
the grid were left as unexposed controls. The first step exposures were performed with a
bandwidth of 2 nm, except for the 200 nm exposures, which used a 4 nm FWHM (Figure

2) due to the large doses required and the limited time that the mouse could be maintained
under anesthesia. The high doses for 200, 205, and 210 nm required exposure times that
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exceeded the allowable mouse anesthesia time; therefore the six exposures were split across
two mice instead of a single mouse.

Mice were evaluated at 24, 48, and 72 h after irradiation. Each skin spot was evaluated for
changes in texture and color (Figure 1B,C), including but not limited to the development of
erythema, edema, flaking, or fissuring, by two team members who were blinded to the dose.
Additionally, a photograph of the dorsal skin of each mouse was taken at each evaluation
time. The highest dose that was administered for each wavelength that was determined to
be negative for all the test criteria was assigned to be the new estimated safe dose for that
wavelength.

Following the establishment of a roughly estimated safe dose for each wavelength during
the first stage of the process (20 mice used), the second stage made use of cohorts of eight
mice that helped to further narrow the threshold estimate (123 mice in total). For each
wavelength, all eight mice were exposed to a set of doses including the newly established
estimated safe dose at each respective wavelength followed by 1.25x, 1.5%, 1.75%, and 2x
this new estimated safe dose (Table S1). The five exposure sites were randomly assigned to
the eight positions at the dorsal of the mouse, with the remaining three positions used as
unexposed controls. Exposures for wavelengths from 235 to 270 nm were performed with

a bandwidth of 2 nm (Figure 2A). For wavelengths of 230 nm and lower, the exposure
bandwidth was increased to 4 nm (Figure 2B), as the new dose estimates established

during the first stage indicated very high doses were required. This increase in the exposure
bandwidth increased the optical power throughput of the monochromator system, shortening
the exposure time for a given dose. Even with the increased bandwidth, the large doses
determined for wavelengths of 215 nm and below required a reduction in the humber of
exposures to each mouse to allow for the total exposure time to remain within the time the
mouse could be kept anesthetized. For 215 nm the exposures were limited to 1x, 1.25, and
1.5x the estimated dose; for 210 and 205 nm the exposures were limited to 1x and 1.25x the
estimated dose; and for 200 nm the exposure was limited to the single dose.

Data analysis

From the collected data, logistic regression models were constructed and compared using
the g/lmulti R package. Various combinations of predictor terms, including wavelength (w,
in nm), w2, logyg-transformed dose (D, mJ/cm?; it was set to O if the original dose was

0), [, evaluation time point (¢ hours), and #, were explored. Additionally, multiplicative
interactions between these terms were examined. The selection of the most appropriate
model variant was based on the Akaike information criterion (AIC) with sample size
correction. To account for potential variability between individual mice and for correlated
responses within the same mouse, random effects were incorporated by considering mouse
and cage effects for both intercepts (baselines) and “slope” terms in the best-supported
model. The best supported mixed effects model was also selected based on AIC.

The dose value at which the predicted probability of the effect (MPRD) would reach

50% (Dsq) was calculated for the best-supported mixed effects model using its best-fit
parameters. Uncertainties of Dgg for each wavelength were calculated using refitting of the
best-supported model to 1000 bootstrapped versions of the data set. Confidence intervals
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(95% Cls) for Dsq were estimated from the bootstrapped data fits using the 2.5th and 97.5th
percentiles of the Dgq distribution at each wavelength.

RESULTS

Minimal skin reactions to UVC exposures

Similar to previous studies on acute skin responses to UV radiation, 3841 mouse skin was
visually evaluated for the obvious changes in texture and color, including but not limited
to the development of edema, scaling, erythema, and/or fissures 24-, 48-, and 72-h after
irradiation (Figure 1B,C). Due to the small size of the irradiated skin areas, these evaluations
also included comparisons to the surrounding unirradiated skin, focusing on any changes
to the texture or color. No grading was made to quantify the severity of the skin reactions.
However, based on the photographic records obtained from the irradiated mice across all
exposure doses and wavelengths tested, a wide range of sensitivity was observed within
the mouse population (Figure 3), with no discernible trend in skin reactions. Erythema was
the most consistently observed and easily perceived endpoint in the photographs for the
highest exposure doses used at wavelengths above 215 nm (Figure 1C). For some of the
mice population, scale formation (scaling) on the irradiated portion of the skin was also
observed, primarily developing at the 48-h mark or later for wavelengths above 215 nm.

The photographs taken of the skin reactions at each irradiation wavelength were found to

be difficult to use for analysis of the MPRD. Upon reviewing the photographic records, it
became apparent that some of the skin reactions could not be clearly differentiated due to
the small size of the irradiated area. Based on these photographs, erythema was the only
skin reaction that was easily identifiable in the photographs (Figure 1c), while edema was
visually discernible to a lesser extent. Scaling posed the most significant challenge to image,
particularly at doses below the maximum exposure levels.

Data analysis

The best-supported logistic regression mixed effects model indicated that the time of
evaluation for MPRD (24, 48, 72 h) had minimal importance and was therefore discarded.
The best-supported mixed effects model had the following fixed effect’s structure, where P
is the predicted effect probability, Dis logio-transformed dose, wis wavelength, and 6-b3
are adjustable parameters:

1

P= 5
1 +exp( — [b; + b,D + bsw*D])

€y

The probability was calculated for each exposure dose evaluated at every wavelength during
the different stages of the study using the best-supported model, and then compared to the
mean of the skin evaluation results (Figure 3). The slight differences observed in the fit

of the predicted probability for each mouse were attributed to random effects. Once we
confirmed the model accurately predicts the observed skin response according to dose and
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wavelength, we determined the dose at which the predicted probability of the skin effect
would reach 50% (Dsg). We therefore solved the model Equation (1) for D, where p=0.5:

@

Notably, this Dgq calculation is on a logyg scale, and generated using only the fixed effects
terms from the model, ignoring inter-mouse variations. The observed skin effect values,
reported on a linear scale, for wavelengths ranging from 200 to 215 nm (Table 1), never
reached 50% (Figure 3), so the Dsgq values that were calculated for these wavelengths

are very high (>10%) and extrapolations. The actual D5 could not be estimated in that
wavelength region using the current data.

Response spectrum

The predicted threshold doses for acute skin reactions triggered by UVC wavelengths
ranging from 200 to 270 nm revealed a sharp increase in the response spectra as far-UvC
wavelengths decreased (Figure 4). This sharp increase becomes notable at 240 nm, further
intensifying at lower wavelengths, indicating that higher doses are required in the lower
wavelengths of the UVC spectrum to elicit an acute skin response compared to longer
wavelengths. This suggests that the shorter wavelengths found within the far-UVC region
of the spectrum are less efficient than longer wavelengths of UVC at triggering acute skin
responses in mouse skin. Specifically, at the 222 nm wavelength, we predict that a dose of
1162 mJ/cm? is needed to induce an acute skin reaction response within 72 h, which is well
above the current exposure skin limits set at 480 mJ/cm?2.32

DISCUSSION

This study provides the most comprehensive analysis of mice acute skin response spectrum
after UVC exposure (Figure 4). Previous reports of short-term skin responses to UV
irradiation are limited for wavelengths below 250 nm primarily due to experimental
inaccessibility to (1) a monochromator able to irradiate at spectral bandwidth less than

10 nm, and (2) limiting examinations to wavelengths from those principally emitted by gas
lamps.2442 By taking proper consideration of the spectral bandwidth and utilizing narrow
bandwidth exposures in 5 nm increments with minimal contributions of stray radiation
(Figure 2), we are able to accurately report the effectiveness of UVC wavelengths at
inducing short-term skin effects down to 200 nm. This approach helps reduce the uncertainty
inherent in predicting the effect of each wavelength on specific photobiological outcomes.*2

The acute skin response spectrum reported in this study, derived from the predicted
threshold doses (Dsp), revealed a sharp increase in the doses required to trigger a response
for UVC wavelengths below 240 nm (Figure 4 and Table 1). This increase in threshold doses
needed to induce short-term skin effects have been attributed to the very short epidermal
transmittance demonstrated by these short wavelengths in mammalian skin.1112 It has been
shown that wavelengths within the far-UVC spectrum become highly absorbed by stratum
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corneum significantly reducing their penetration into the deeper layers of the epidermis.12
The human stratum corneum has been determined to be typically 15-30 pm thick, while the
epidermis has been found to range between 56 and 81 um, varying depending on the body
site.4445 During this study, we measured the average thickness of the stratum corneum in
hairless mice dorsal skin to be 4.70 + 0.88 um, while the epidermis measured 20.86 + 5.52
pum (Table S2).

This significant difference in stratum corneum and epidermis thickness between the SKH1
mouse model and human skin suggests that the skin responses observed in this study in
hairless SKH1 mice, particularly for the far-UVC region,”-12 may underestimate the human
skin UV threshold.#946 Furthermore, to gain a better understanding of the overall impact
of far-UVC radiation on the skin, it is crucial to investigate its effects on the stratum
corneum, especially the extent of structural damage it causes. Methods that measure the
level of mechanical and structural degradation inflicted by far-UVC, such as assessments
of transepidermal water loss*"48 or alteration in corneodesmosome junctions,’ should be
pursued.

In an earlier far-UVC safety skin study that used hairless SKH1 mice models,*! it was
stated that a more appropriate consideration of acute effects for UVC radiation involves

the development of erythema, edema, scales, and fissures, rather than solely relying on
erythema. This approach was established by Yamano et al.#! as a more accurate method to
study the effects that far-UVC has on skin cutaneous responses,*’ as erythema was rarely
observed, while edema and scale formation were more evident. While their study used
excimer lamps emitting wavelengths at 207, 222, 235 nm to explore the effects of far-UVC
light on 1-cm square irradiated skin regions, our study irradiated a smaller area of mice
skin. Despite the significantly smaller irradiated area in our study compared to previous
research, visualizing acute responses was not challenging, especially when compared to
the surrounding unirradiated skin. However, this clarity did not extend to the photographic
records of these acute reactions. Erythema was the most easily perceptible skin response in
the photographs (Figure 1B,C). Recognizing the formation of scales and edema proved to be
challenging, as we relied solely on visual inspections, whereas Yamano et al.#! utilized both
visual and palpation inspections to make these observations. Additionally, the photographs
revealed significant variability in the detectable skin reactions between mice (Figure 3),
making it difficult to identify trends that could differentiate the effects triggered by the
far-UVC region of the spectrum from other, longer wavelength, UVC radiation. If both
visual and palpation inspections cannot be achieved in future skin acute studies, clearer
recognition of the triggered acute reactions could be achieved by documenting descriptions
in person during the experiments, as done by Yamano et al.

Based on the mouse skin acute response spectrum reported in this study, which covers UVC
wavelengths from 200 to 270 nm (Figure 4), our data suggest that the revised skin TLVs®
established by ACGIH in 2022 for wavelengths below 230 nm is still overly conservative
with respect to the risk of acute adverse skin effects. Specifically, we estimate that for
wavelengths between 220 and 230 nm, the dose needed to induce a short-term effect on
mouse skin ranges from 2310 to 177 mJ/cm? (Table 1), well above the current exposure
skin limits set at 631-158.5 mJ/cm2.32 While this mice skin acute threshold doses may not
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directly correspond to far-UVC safety in human skin, the findings of this study provides
valuable data to guide development and planning of potential human acute skin exposure
trials. In combination with studies to measure the effects of chronic far-UVC exposure, such
as formation of UV-induced cyclobutane-pyrimidine dimers and 6—4 photoproducts, our
data, and that of future studies, will inform the potential human health risks and acceptable
threshold values for far-UVC radiation to enable its more widespread use as an antimicrobial

technology.19
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Abbreviations:
ACGIH

cm
FWHM
ICNIRP
KrCl
MPRD
MED
ML

mg

Kg

nm

pm

sc
TLVS®
uv

UV-A

American Conference of Governmental Industrial Hygienists Akaike
information criterion (AIC) Confidence intervals (Cl)

centimeter

Full Width Half Maximum

International Commission on Non-lonizing Radiation Protection
Krypton-chloride (referring to KrCl excimer lamp)

Minimal Perceptible Response Dose

Minimal Erythema Dose; mJ/cm2, millijoules per square centimeter
milliliter

milligram

kilogram

nanometer

micrometer

Stratum corneum

Threshold Limit Values

ultraviolet

Ultraviolet “A” radiant energy having wavelengths between 315 nm
and 400 nm
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uv-B Ultraviolet “B” radiant energy having wavelengths between 280 nm
and 315 nm
Uv-C Ultraviolet “C” radiant energy having wavelengths between 100 nm
and 280 nm
WHO World Health Organization
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(A)

FIGURE 1.
Hairless mice skin irradiated with monochromatic UV light based on an eight-section grid

drawn on the dorsal side of the animal (A) 2 cm x 4 cm grid divided into eight 1 x 1 cm
sections that were randomly selected for irradiations. Images represent the progression of
general skin damage observed on the dorsal skin of mice over a 72-h period. The adverse
effects delimited by the oval shape include scaling and change in color of the skin. The
pictures are from skin spots exposed to (B) 1120 mJ/cm? from 225 nm and (C) 96 mJ/cm?
from 270 nm.
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Spectra and irradiance for 4 nm bandwidth exposures
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Measured spectra and irradiance values for 2 nm (235-270 nm) and 4 nm (200-230 nm)
bandwidth exposures. (A, B) Spectra and irradiance value (blue dots) used for exposures
at each wavelength plotted on a linear scale (C, D) Spectra plotted on a logarithmic scale
showing the amount of stray radiation found at each wavelength.
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FIGURE 3.
Comparison of the probability effects predicted by the best-supported model (red) to the

mean of the acute skin evaluations done throughout the study (black). The probability of a
skin response is plotted for each dose at each wavelength tested. Each data point represents
the exposures of multiple mice at one dose and the evaluations done at all times (24-, 48-,
and 72-h) are combined.
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FIGURE 4.

Acute skin response action spectra (predicted exposure dose vs. wavelength) plotted in a
linear scale. Estimated MPRD (Dgp) and the 95% confidence levels for wavelengths ranging
from 215 to 270 nm compared to the UV hazard limits for the 2022 ACGIH skin TLVs® and
ICNIRP UV exposure limits.17:33
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TABLE 1
Doses (Dsgp) at each wavelength that are predicted to induce a minimal perceptible skin response with a

probability of 50%. Confidence intervals (95% Cls) were estimated from the bootstrapped data fits using the
2.5th and 97.5th percentiles of the Dgq distribution at each wavelength.

Wavelength (nm)  Dsg (mJ/cm?)  95% ClI

1duosnuey Joyiny 1duosnuen Joyiny

1duosnuen Joyiny

200 1.24 x 1047 2.49 x 10%5-9.06 x 10236
205 2.48 x 101 4,08 x 108-2.48 x 1014
210 2.59 x 106 3.54 x 105-1.33 x 107
215 2.69 x 10* 1.13 x 10%-5.13 x 10*
220 231 x 103 1.50 x 10%-3.21 x 10°
225 502 392-593

230 177 152-197

235 82.74 74.41-90.43

240 46.57 42.86-50.55

245 29.68 27.51-32.20

250 20.65 19.30-22.46

255 15.33 14.36-16.70

260 11.95 11.24-13.02

265 9.68 9.12-10.52

270 8.08 7.64-8.77
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