Physiological
Effects of To

Executive Summary

Exposure to either extreme heat or extreme
cold, form whole-body exposure or contact
with hot or cold surfaces, can be dangerous to
crewmembers. Hot or cold surfaces are safety
hazards due to the risk of touch exposure
causing performance decrements and an
inability to handle an object and/or numbness,
ultimately leading to damage and illness
(infection) of the skin/tissue. The sensation of
the temperature of an object depends on the
type of material that is touched and in some
cases on the perception of injury by the
human. An analysis utilizing test data can be
preformed to determine the lag between the
object temperature and skin temperature,
which is one of the controls for both critical
and catastrophic hazards related to touch
temperature.
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Background

For spaceflight applications, it is important to protect humans from unintended extreme temperatures
that may cause performance decrements and/or injury. NASA utilizes the following terminology:

Pain/Non-Disabling Injury Skin Temperature Limits
Defined as any condition which may cause pain and performance decrements. For these ranges (hot
and cold) incidental contact (1 second) is allowed. For prolonged duration contact, testing and/or
analysis is required to determine tolerance & performance.

Range for Pain/Non-Disabling Injury/Possibly Resulting in lliness

Temperature

Pain/Performance Decrements Threshold Limit

High Temperature Range 43°C < T, <49°C

Low Temperature Range 0°C < Ty, < 15°C

Skin Temperature Injury Limits
Defined as any condition that may cause a permanent or temporary disabling injury/iliness or fatal
injury/illness. For touch temperature, this condition is considered when tissue damage may be

experienced.

Skin Temperature Injury Limits
Temperature Threshold

Tissue Damage

Limit
High Temperature Limit >49°C
Low Temperature Limit <0°C

Summary Table of Bare Skin Exposure Temperature Ranges/Limits Standards

Nominal Sensation/Pain Skin/Tissue Damage
Thresholds (Pain/Non-Disabling Injury/Possibly . c
. .. Controls required
No Controls Required Resulting in lliness) [V2 9102]
Unlimited Contact [V2 9103]
43°C < T,y,< 49°C Tyin 2 49°C
15°C< Ty, < 43°C or or
0°C< Ty, < 15°C Toin < 0°C
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Background
Degrees of Skin Burns

A third-degree burn is one that
destroy the epidermis and the
dermis. Third-degree burns may
extend deeper than the dermis
into the subcutis — the deepest
layer of skin; consists of collagen

A second-degree burn
one that affects only is one that involves the

the epidermis, the top epidermis and part of
layer of the skin. This is the dermis layer of

the least serious type skin.

A first-degree burn is

of burn.
fat cells.
Frostbite

tdeg
Irritates the skin 2nd degree -
Blisters but has
> 3rd degree -
no major damage Involves all layers

of the skin and
causes permanent
tissue damage
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Background

Summary of Bare Skin Exposure Standards Temperature Ranges

Skin/Tissue Damage T = 49 °C
* Dnset of tissue damage

Background
Touch Temperature Limits

UC o F = Permanent or tempoarary
(V2 9102] & [V2 9103] dizabling injury/illness or fatal
personnel injury/fillness
NASA-STD-3001 Volume 2 60 40

Pain/ Non-disabling Injury
120 A3 °C T« 49 °C

* Dnset of pain

* MNon-disabling personnel

injury or illness
1 00 * Performance decrements
* Contact up to 1 minute
gllowed (prevents injury but

Onset of tissue damage 45 °C hSD
Onset of hot pain 43 °C  4ee

40
30

il s e e dladt et el daldalay

80 not performance
20 decrements)
Onset of cold pain 15 °C ¢ 60 :‘;g:_;“a_r_fpi;":gs'ble Range
T«
1 0 * Mo Controls required
Onset of numbness 7 °C 4 40 + Unlimited contact

Onset of tissue damage 0°C  4umm 0'
-10
-20

Pain/ Non-disabling Injury
20 0PC=T=15°C
* Onset of pain
* MNon-disabling persannel
0 injury or illness
* Performance decrements
* Contact up to 1 minute
gllowed (prevents injury but
not perfarmance
decrements)

Llila

skin/Tissue Damage T<0 °C

* (Onset of tissue damage

* Permanent or temporary
dizsabling injury/illness or fatal
personnel injury/illness

See reference data on page 5 for details
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Reference Data

Data/evidence to determine the physiological thresholds for touch temperature are derived from the
following:

Hot temperatures references/research data: Cold temperatures references/research data:
Greene, L.C., et al. (1958) on human tolerance to Hand dysfunction and the associated safety risk
heat pain showed that the pain threshold is during occupational practices in the cold
reached at 43.7°C skin temperature. increases with decreasing skin temperature.
Lloyd-Smith, D.L., and Mendelssohn, K. (1948) Onset of COI? pain haz beer! reported to occur
found the pain threshold to be 44.6°C. between 23°C and 14°C during cold contact

(Havenith et al., 1992).
Defrin & Peretz (2006) found the pain threshold

to be between 43-46°C (see graph in
reference data).

A marked deterioration in tactile discrimination
occurs at finger skin temperatures <8°C with

numbness found in one-third of subjects at
Moritz & Henriques (1946) found damage to 7°C (Provins & Morton, 1960).

orcine skin at 49°C.
P Risk of frostbite occurs at 0°C (Havenith et al.

1992).
Based on testing, it takes approximately 8 “Overall, the reduction in sensitivity and/or
minutes to achieve 3rd degree burns at manual performance seems to have occurred
49°C. One minute was chosen for contact most clearly between 15 T and 20 €, which
time to minimize injury but allow flexibility coincided with the sensations of slightly
for design applications. From Havenith et al., painful and uncomfortably cool in the present
1992 experiment.” From Havenith et al., 1992
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Reference Data

Hot Touch Temperatures — Pain Thresholds

MLE MLI
467 [ Males
Females
—_— 45 -
]
< +
= 44 - +
=
£ 43
E
2o 1]
3
I 4] -
40 .
Chest Forcarm Hand  Thigh  Foot
Sub-threshold
exposures
© 1° reactions
: Focal
5 «2 | Hyperemia | epidermal
i Time ° g only necrosis
a2 "
=] g ° 5 . =3
& Minutes | Seconds | 3 % ; 5; i £ _§
— S—
44 420 1
—
45 150 1 x
180 1
46 45 1 x
60 I x
90 1
46.5 45 1 | ox
6o 1
47 35 I x
45 1
50 1
6o 1
48 10 3 x
12 1 x
14 2 x
14 1
15 2
16 1 x
18 1

NASA Office of the Chief Health & Medical Officer (OCHMO) 11/30/2023

This Technical Brief is derived from NASA-STD-3001 and is for reference only. Rev A
It does not supersede or waive existing Agency, Program, or Contract requirements.




NASA-STD-3001 Technical Brief
OCHMO-TB-009

Physiological Effects of Touch Temperature

Reference Data

Hot Touch Temperatures — Pain & Tissue Damage Thresholds
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Application

* For items with exposed surface temperature that are outside the standard limit due to item
functionality, bare skin contact shall be prevented through the use of controls.
* This applies to items that are intentionally designed to be outside of the acceptable, non-
hazardous temperature range of 15°C to 43°C due to the purpose of the item. This includes
items that are specifically designed to function as freezers or heaters.

* Incidental and intentional contact with exposed surfaces should be prevented through failure
tolerance or design for minimal risk (DFMR).
* DFMR is a hazard reduction process where if an identified hazard cannot be eliminated, the
design is modified to reduce the risk to an acceptable level. High reliability vs. redundancy is
considered as part of this process.

* Controls that may be utilized to protect crew.
* Personal Protective Equipment (PPE) — High reliability/quality barriers
* Hands and fingers are the most likely body parts of the body to be used for grasping
and manipulation of objects.
* When utilizing gloves, not only the hands but the arms should be considered for
protection, especially when accessing hardware in “deep” freezer and ovens.

* Limit contact time (with margin) — with an item of specific material to ensure that the skin
will not exceed a temperature limit. See the following pages for techniques/data to determine
appropriate contact time to ensure that skin temperatures do not exceed the limits in these
standards.

* Delayed crew access to the object — analysis to determine the time required for the
object/material to reach non-hazardous Touch Temperature range.

* Another factor to be considered for ease of implementation is to institute a max permissible material

temperature to be used across the vehicle, as opposed to allowing different control/contact times for
each hardware that is accessible by the crew.

Bare skin Touch Temperature limits depend on contact thermal conductance, which is a function of
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Application

Hot Temperature Calculations

The following information is provided to aid designers in determining the duration of contact allowed
for different materials before the skin exceeds the temperature limits.

In order to calculate the material thermal inertia, use documented thermophysical property resources.
The Inverse Thermal Inertia for Commonly Used Materials table provides Inverse thermal Inertia for
Commonly Used Materials.

For high (43°C, 49°C) or low (0°C, 15°C) temperatures, use the subsequent figures and tables to

determine the permissible material temperature (Tp),) for the expected time of contact.

Inverse Thermal Inertia for Commonly Used Materials

Inverse Thermal Inertia

Material X = \/%pc (m2 5 K/))
Aluminum 6061 T-6 5.24x10°
316 Stainless Steel 1.420x10*
Glass 6.61x10*
Teflon(R) 1.430x103
Nylon Hook Velcro 1.400x102
*The unit of measure for thermal inertia is (m?2 s° K/J)*
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Application

Hot Temperature Calculations

Determining Material Temperature and Duration of Contact for 49°C

To determine the maximum permissible material temperature (T_,,) and the allowable time of contact to
ensure the skin temperature does not exceed the limits:

. Use either the

equation T, = —2— + b and constants from 9.3-7—High Temperature
(kpe)

Constants: 49°C, and perform the appropriate calculations.

or

. Utilize the calculated and graphed values in Figure 9.3-2—High T, for Incidental and Intentional
(Planned) Contact for 49°C.
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Table 9.3-7—High Temperature Constants: 49°C
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High T_, for Incidental and Intentional (Planned) Contact (49°C)
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Application

Hot Temperature Calculations

Determining Material Temperature and Duration of Contact for 43°C
To determine the maximum permissible material temperature (T;,,) and the allowable time of contact
to ensure the skin temperature does not exceed the limits:

a

(kpe)
Constants: 43°C, and perform the appropriate calculations.

. Use either the equation Tpy, = + b and constants from Table 9.3-8 —High Temperature

or
. Utilize the calculated and graphed values in Figure 9.3-3—High T, for Incidental and Intentional
(Planned) Contact for 43°C.

Table 9.3-8—High Temperature Constants: 43°C
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Figure 9.3-3—High T, for Incidental and Intentional (Planned) Contact (43°C)
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Application

Cold Temperature Calculations

Determining Material Temperature and Duration of Contact for 15°C
To determine the maximum permissible material temperature (T;,,) and the allowable time of contact
to ensure the skin temperature does not exceed the limits:

—2 + b and constants from Table 9.3-9—Low Temperature

(kpo)
Constants: 15°C, and perform the appropriate calculations.

. Use either the equation Tpy, =

or
. Utilize the calculated and graphed values in Figure 9.3-4—Low T,,, for Incidental and Intentional
(Planned) Contact (15°C).
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Application

Cold Temperature Calculations

Determining Material Temperature and Duration of Contact for 0°C
To determine the maximum permissible material temperature (T_,,) and the allowable time of contact to
ensure the skin temperature does not exceed the limits:

a

(kpe)
Constants: 0°C and perform the appropriate calculations.

. Use either the equation T4 = + b and constants from Table 9.3-10—Low Temperature

or
. Utilize the calculated and graphed values in Figure 9.3-5—Low T, for Incidental and Intentional
(Planned) Contact for 0°C.

Table 9.3-10—Low Temperature Constants: 0°C
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Back-Up
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Major Changes Between Revisions

Original = Rev A
e Updated information to be consistent with NASA-STD-3001
Volume 1 Rev C and Volume 2 Rev D.

NASA Office of the Chief Health & Medical Officer (OCHMO) 11/30/2023

This Technical Brief is derived from NASA-STD-3001 and is for reference only. Rev A
It does not supersede or waive existing Agency, Program, or Contract requirements.




NASA-STD-3001 Technical Brief
OCHMO-TB-009

Physiological Effects of Touch Temperature

Referenced Technical Requirements

NASA-STD-3001 Volume 1 Revision C

[V1 3004] In-Mission Medical Care All programs shall provide training, in-mission medical capabilities,
and resources to diagnose and treat potential medical conditions based on epidemiological evidence-
based PRA, individual crewmember needs, clinical practice guidelines, flight surgeon expertise, historical
review, mission parameters, and vehicle-derived limitations. These analyses consider the needs and
limitations of each specific vehicle and design reference mission (DRM) with particular attention to
parameters such as mission duration, expected return time to Earth, mission route and destination,
expected radiation profile, concept of operations, and more. In-mission capabilities (including hardware
and software), resources (including consumables), and training to enable in-mission medical care, and
behavioral care, are to include, but are not limited to: (see NASA-STD-3001, Volume 1 Rev C for full
technical requirement).

[V1 3009] Palliative Comfort Care The program shall provide in-mission palliative comfort care capabilities
for medical scenarios where onboard medical resources have been exhausted, or a timely return to Earth
(or another location of higher medical capability) is not feasible, and survival of the crewmember has
been determined to be impossible.

[V1 3015] Certification of Training Plans for Launch/Landing Medical Team The organization responsible
for crewmember health shall certify training plans for internal NASA medical support personnel who work
launch/landing and concur on training plans for external organizations that have a specific medical
support training plan in support of a NASA spaceflight program. Training includes, but is not limited to:
(see NASA-STD-3001, Volume 1 Rev C for full technical requirement).

NASA-STD-3001 Volume 2 Revision D

[V2 9102] Skin/Tissue Damage Temperature Limits Any surface to which the bare skin of the crew is
exposed shall not cause skin temperature to exceed the injury limits in Table 9.3-4—Skin Temperature
Injury Limits.

[V2 9103] Pain/Non-Disabling Injury Skin Temperature Limits Any surface to which the bare skin of the
crew is exposed shall not cause skin temperature to enter the range for pain/injury in Table 9.3-5—Range
for Pain/Non-Disabling Injury/Possibly Resulting in lliness.

All referenced tables and figures are available in NASA-STD-3001 Volume 2 Revision D.
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