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GOALS

● Increase understanding of 

environmental monitoring and 

temperature and relative humidity

● Understand building HVAC systems that 

manage your environment

● Increase understanding of how to 

analyze environmental monitoring data

● Increase understanding of 

decision-making in response to 

environmental data

Gain a better 
understanding of 

Key Themes...
 

Key Themes
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AGENDA

Handout
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INTRODUCTIONS
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THANK YOU TO OUR HOST: Park City Museum: Morgan Pierce and 

Courtney Titus

Please share the following:

1. Name

2. Where you work, your role and how long you have worked there

3. What does environmental monitoring for collections mean to you?



HOMEWORK REVIEW
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Homework:

1. Begin to draft and outline Collections Care and Conservation Plan 

(focusing on both storage and display). Please send draft to Marie before 

next workshop.

2. Dust Monitoring and Environmental Monitoring at your home 

institution: Place a dust monitoring slide in an area of interest. Bring it 

with you to the next workshop (and/or images of your findings)



BASICS OF
ENVIRONMENTAL MONITORING 
(and a partial review from part a)



COLLECTIONS ENVIRONMENT: A review
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Infographic courtesy of Conservation Center for Art and Historic Artifacts

1. Regional Climate

2. Local Climate

3. Building Envelope

4. Object Enclosures



COLLECTIONS ENVIRONMENT: A review
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1. Regional Climate

2. Local Climate

3. Building Envelope

4. Object Enclosures

Canadian Conservation Institute

“...includes the walls, windows, roof, and 
foundation, forms the primary thermal barrier 
between the interior and exterior environments. 
With envelope technologies accounting for 
approximately 30% of the primary energy 
consumed in residential and commercial buildings, 
it plays a key role in determining levels of comfort, 
natural lighting, ventilation, and how much energy 
is required to heat and cool a building.”
-United States Department of Energy

https://betterbuildingssolutioncenter.energy.gov/alliance/technology-solution/building-envelope


COLLECTIONS ENVIRONMENT: A review
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1. Regional Climate

2. Local Climate

3. Building Envelope

4. Object Enclosures

PV Heating and Air



COLLECTIONS ENVIRONMENT: A review
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Infographic courtesy of Conservation Center for Art and Historic Artifacts



COLLECTIONS ENVIRONMENT: A review
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Infographic courtesy of Conservation Center for Art and Historic Artifacts

The best tool we 
currently have



MONITORING COLLECTIONS ENVIRONMENT
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Onset “hobo” data logger is 
one example of what’s out 
there, and it is commonly used 
by Museum collections staff

On the left is an example of what 
several months of environmental 
data could look like, plotted with 
eClimate Notebook Software



BASIC PARAMETERS
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From the Northeast Document Conservation Center, the “50/70” rule

For several decades, museums have used the environmental parameters of 70°F and 50% 
relative humidity to guide preservation. We now acknowledge, though, that no single 
temperature and relative humidity point works for all collections.



BASIC PARAMETERS
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“An optimal preservation environment is one that achieves the best possible 
preservation of collections with the least possible consumption of energy, and is 

sustainable over time.” -Image Permanence Institute

“The current understanding about environment standards is that there is no 
such thing as a ‘one size fits all’ standard that is possible and that each 
institution must figure out what is best for each storage location based on a 
holistic approach that includes the most significant vulnerabilities of the 
stored materials, the capabilities of the HVAC system, the external 
environment, and the limitations imposed by the building construction.” - 
Image Permanence Institute



WAYS TO MEASURE RELATIVE HUMIDITY & TEMPERATURE

Hygrothermograph (old school)
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Humidity Indicator Card

Analog 
hygrometer

Digital hygrometer/data logger

What we recommendGlass Thermometer



Review of Terms:

Incorrect Relative Humidity
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BASIC PARAMETERS:
Incorrect Relative Humidity

18Canadian Conservation Institute

Relative Humidity- the amount of 

water vapor present in air expressed 

as a percentage of the amount 

needed for saturation at the same 

temperature.

wfxl.com

https://www.canada.ca/en/conservation-institute/services/agents-deterioration/humidity.html#det3


Review of Terms:

Incorrect Relative Humidity
Critical Value
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BASIC PARAMETERS:
Incorrect Relative Humidity
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From the Canadian Conservation Institute: 

From a practical risk assessment perspective, the many forms of incorrect RH can 
be subdivided into four types:

● Damp, over 75% RH.
● RH above or below a critical value for that object.*
● RH above 0%.
● RH fluctuations.

*Critical Value- RH point when a material undergoes dramatic physical changes 
through moisture, examples: “sweating” glass and “weeping” iron



Review of Terms:

Incorrect Relative Humidity
Critical Value
Dew Point
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TEMPERATURE  AND RH ARE LINKED 
Dew Point is an absolute 

measure of how much water 

vapor is in the air, the point at 

which the air is fully saturated 

with water.

It is the result of specific 

combinations of RH and 

temperature working together 

in an environment
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Dew Point Calculator by Image 

Permanence Institute

http://www.dpcalc.org/
http://www.dpcalc.org/


IMPACTS ON COLLECTIONS: Deterioration
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Centroid PM



Review of Terms:

Integrated Pest Management
Blunder Traps
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How do we measure pest 
activity?
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HOW DO WE MEASURE PEST ACTIVITY?

26

Keep a log of what you find and 
take good images

“Blunder” or sticky trap 
will provide a sample of 
pests existing within a 
targeted area.



How do we measure light?
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HOW DO WE MEASURE Light?
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The exposure of an artifact to light is a product of 
illumination level and time:
Light level (lux)    x    Time (hours)    =    Exposure (lux hours)

Visible light is measured in lux or footcandles. One 
footcandle (fc) is equivalent to approximately 11 lux.

Ultraviolet is measured in microwatts per lumen 
(µW/lm), which describes the fraction of 
ultraviolet radiation in visible light. Because it is a 
ratio, the total UV will increase as the light levels 
increase, even as the ratio remains constant.



HOW DO WE MEASURE Light?
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Another way to measure light over time

The Blue Wool Standard is used in a 
variety of disciplines to measure light 
exposure over time. This simple card 
can be placed next to a collection 
object, and it will indicate how much 
light exposure an object has received in 
a certain environment.

https://justpaint.org/hansa-update/



Why do we need to do 
environmental monitoring in our 
collections spaces?
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ENVIRONMENTAL MONITORING IS THE FIRST STEP
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Identifying the problem, or determining there is no problem at all! 
(Medium)



ENVIRONMENTAL MONITORING IS THE FIRST STEP

32Levels of Control (from Image Permanence Institute)



ENVIRONMENTAL MONITORING IS THE FIRST STEP

33Levels of Control (from Image Permanence Institute)



TOOLS FOR QUICK
DATA COLLECTION



TOOLS FOR COLLECTING ENVIRONMENTAL DATA

We use loggers to collect and store data over time so 
we can analyze trends and understand our space



TOOLS FOR COLLECTING ENVIRONMENTAL DATA

We use loggers to collect and store data over time so 
we can analyze trends and understand our space

Analog Hygrometer

Testo 540 Light Meter, 0-100,000 LUX

Elsec 765 

Environmental Monitor



BREAK (10 Minutes)
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INTRODUCTION
ENVIRONMENTAL DATA ANALYSIS



YOU’VE COLLECTED THE DATA: NOW WHAT

● We’re going to cover the basics of how to 

organize and get a handle on the 

environmental data you’ve collected

● Over the course of a year of datalogging, you 

can easily collect thousands of data points

● Alone, each data point may not tell you 

much, but together they show a picture of 

the environment your collection is 

experiencing

Think about data points as pixels, and overall picture as the resolution



LET’S START WITH LIGHT DATA
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The exposure of an artifact to light is a product of illumination level and time:
Light level (lux)    x    Time (hours)    =    Exposure (lux hours)

Unlike environmental data, we usually collect light data in single 
measurements, not logging many points over many days and weeks.



LET’S START WITH LIGHT DATA
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There are options for continuous light data collection, but usually one 
round of routine testing, and later on testing can provide sufficient 
information for decision making. 

Onset UX90-001 HOBO State Data Logger



GENERIC FLOOR PLAN: EXAMPLE FOR LIGHT MONITORING
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Conducting a Light Study
● Mark a floor plan of a a 

space, marking locations 
where readings will be 
repeated

● Measure light levels at 
different times of day, 
during different seasons

● Document each reading 
and conditions of 
readings in an excel 
spreadsheet



GENERIC FLOOR PLAN: EXAMPLE FOR LIGHT MONITORING
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Conservation Plan “Lighting” section should include:
● A range of light levels to be maintained, with specifications for 

particularly light sensitive objects
● Equipment in place to ensure light levels: window shades, UV 

films and filters, LED lights at the correct levels, light schedule 
(on/off times) and calculated impact

● Schedule for regular checking of light levels, measurements

Canadian 

Conservation 

Institute- a great 

reference for 

decision-making in 

terms of light levels



WHAT ABOUT ALL THAT RH AND TEMP DATA?
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Things to consider:

• What is your question?
• What did you measure?
• What is your data telling you?

Why is this the result?

    Solutions



EXAMPLE OF AN ENVIRONMENTAL STUDY
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EXAMPLE OF AN ENVIRONMENTAL STUDY
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SYMPTOMS OF A PROBLEM
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Bubbling (above) and delaminating (right) 
paint point toward moisture issues and 
microclimates within the house’s 
environment



SYMPTOMS OF A PROBLEM
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Repeated single readings of some areas expanded the data collection beyond the set loggers; 
fans circulated air during system shut downs; rehousing and desiccants helped prevent mold 
in close microclimates 



PLOTTED DATA IN THE E-CLIMATE NOTEBOOK SOFTWARE
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Data for different 
rooms of one house 
over a 1 year period



PLOTTED DATA IN THE E-CLIMATE NOTEBOOK SOFTWARE
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Temperature data for 
different rooms of one 
house over a 1 year 
period



PLOTTED DATA IN THE E-CLIMATE NOTEBOOK SOFTWARE
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RH data for different 
rooms of one house 
over a 1 year period



PLOTTED DATA IN THE E-CLIMATE NOTEBOOK SOFTWARE
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RH data for different 
rooms of one house 
over a 1 year period vs. 
outdoor RH



PLOTTED DATA IN THE E-CLIMATE NOTEBOOK SOFTWARE
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T data for different 
rooms of one house 
over a 1 year period vs. 
outdoor T



PLOTTED DATA IN THE E-CLIMATE NOTEBOOK SOFTWARE
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Outdoor T data 
of Williamsburg, 
VA vs. Salt Lake 
City
Note- shoulder 
seasons



PLOTTED DATA IN THE E-CLIMATE NOTEBOOK SOFTWARE
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Outdoor RH 
data of 
Williamsburg, 
VA vs. Salt 
Lake City



PLOTTED DATA IN THE E-CLIMATE NOTEBOOK SOFTWARE
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Our limits for the 
Museum storage 

site are 66-70 
degrees and 

25-35% RH (but 
again, no way to 

control humidity).  
Our limits for the 
ECC are currently 

54-58 degrees and 
30-34% RH.



PLOTTED DATA IN THE E-CLIMATE NOTEBOOK SOFTWARE
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PLOTTED DATA IN THE E-CLIMATE NOTEBOOK SOFTWARE
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PLOTTED DATA IN THE E-CLIMATE NOTEBOOK SOFTWARE
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PLOTTED DATA IN THE E-CLIMATE NOTEBOOK SOFTWARE
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PLOTTED DATA IN THE E-CLIMATE NOTEBOOK SOFTWARE
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Lunch (1 Hour)
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INTRODUCTION
HVAC SYSTEMS



ENVIRONMENT & BUILDING SYSTEMS
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We are going to shift our focus to some nuts and bolts, one of the most 
important building systems that controls our collection environments.

Heating, Ventilation, Air Conditioning (HVAC) is a system of air flow in 
multiple directions, and the many system parts that alter the condition of 
that air for a space.



ENVIRONMENT & BUILDING SYSTEMS
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Excerpt from Image Permanence Institute, Sustainable Preservation Practices



ENVIRONMENT & BUILDING SYSTEMS
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HVAC may also be referred to as a “Mechanical System”
These are some of the key parts you will likely encounter

Forced Air System

Air Conditioner

Air Handling Unit

Boiler

Images from Image 
Permanence Institute



ENVIRONMENT & BUILDING SYSTEMS

67Excerpt from architectural drawing 
plan

Diagram of hvac ductwork in a space



HVAC SYSTEM BASICS
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These components illustrate a basic configuration of a 

basic AHU system with heating and cooling.



COLLECTIONS CARE AND CONSERVATION PLAN
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Here is how a similar 
system might exist in a 
multi-story residential 
home. Note the 
“flows” inward and 
outward of air across 
the building envelope



ACTIVITY: BUILDING WALK THROUGH
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This tour will highlight building systems and design decisions for the collections 
storage environment.



Break (10 minutes)
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DISCUSSION:
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● What did we see in terms of types of building systems (HVAC 
and beyond)?

● Which system components stood out to you? What did you 
recognize?

● Did you see your components of your own building’s systems 
in this structure?

● What did you notice about building envelope?



ACTIVITY: Environmental Monitoring Planning and Mapping at your 
home institution (40 min)
DISCUSSION (30)
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Handout



Wrap-Up
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• Reflections from the day

• Evaluation



This project was made possible in part by the National Endowment for the Humanities.

Thank you! 

Marie Desrochers  |  mdesrochers@utah.gov 
https://artsandmuseums.utah.gov/utah-collections-preservation/
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