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There was no light monitoring in exhibit spaces. Instead, 
exposure was tracked through the use of blue wool cards. 
Each exhibit case had a half-covered blue wool card to moni-
tor exposure during exhibit. Considering that there was only 
one card per case and the cards were placed in the bottom of 
cases, sometimes in the shadow of the objects on display, the 
cards did not capture the true exposure of the objects in the 
case, nor did they tell how close an object was to noticeable 
fade. One card per case also meant that exposure could only 
be tracked for a single exhibit. For blue wool cards to track 
lifetime exposure, each object would have to have its own blue 
wool card, which would have become overly cumbersome. 


Of great concern to all museum staff was the repeated 
exhibit of certain “favorite” objects. Many of the USAHEC 
exhibits are driven by nonmuseum professionals who do 
not understand the desire to spread light damage over mul-
tiple objects. Additionally, the USAHEC mission of telling 
the Army story one soldier at a time made the use of type 
pieces a contentious issue, as decision makers preferred to 
use the artifact directly related to a soldier rather than a type 
piece. Without a clear understanding of the effects of light 
on artifacts, it was difficult to steer decision makers in other 
directions. Clearly, a new approach was needed—one that 
treated all objects as the unique items they are and that treated 
each exhibit as a unique space.


reeducation


Before a new approach could be devised, certain misinfor-
mation about light needed to be dispelled. The first piece of 
information that needed to be understood was the fact that 
light damage is cumulative. A standard of 50 lux for 3 months 
over 5 years has many problems and can cause confusion. 
It does not give finite exhibit recommendations, it does not 
address what happens after 5 years, and it does not give a 
cumulative exposure limit. Unless a museum tracks expo-
sure beyond a single exhibit, how do conservators know how 
many times an object has been exhibited at 50 lux in the pre-
vious 5 years or even the last time an object was exhibited? 


Developing a Comprehensive Approach to Light Exposure at the US Army 


Heritage and Education Center


introduction


It is the responsibility of conservators to provide other 
museum professionals with the tools they need to ensure 
the stability of their collections and protect against the 
10 agents of deterioration. Light is one of the 10 agents of 
deterioration and has been addressed by many (Ritzenthaler 
1993; Thomson 2005). As many museums begin to consider 
whether to spare objects from fade or to sacrifice objects to 
tell a story (Brokerhof, Kuiper, and Scholten 2018), it is even 
more important to provide decision makers with the infor-
mation and tools that allow them to understand the impact 
of these decisions. The US Army Heritage and Education 
Center (USAHEC) has developed a low-cost system that 
allows everyone in the museum and archive to understand 
and manage light exposure.


background


Six years ago, USAHEC and the US Army Museum 
Enterprise were relying on traditional light management 
techniques. Army regulations followed a similar format to 
industry recommendations, outlining three categories: high 
sensitivity, sensitive, and low sensitivity. Each category was 
given a maximum exhibit light level of 50, 150, and 300 lux, 
respectively. The regulations further stated that high-sensitiv-
ity and sensitive objects should be rotated on and off exhibit 
more frequently than other objects. The regulation did not 
include guidance for categorizing objects, nor did it include 
a time frame for “more frequently.” This ambiguity led to 
arbitrary blanket exhibit decisions such as “no paper-based 
materials will be exhibited” and “all textiles have exhibit 
limits of 9 months.” These blanket decisions did not take into 
account exhibit light levels or how many times items were 
exhibited.


Papers presented at the Book and Paper Group Session, AIC’s 47th 
Annual Meeting, May 13–17, 2019, Uncasville, Connecticut


BPG2019-Ferraro.indd   9 12/13/19   1:43 AM







10 The Book and Paper Group Annual 38 (2019)  


a new approach


Developing the System
The new system developed at USAHEC utilizes the existing 
knowledge of the ISO Blue Wool Standard and two new tools 
for collecting and tracking light data. The ISO Blue Wool 
Standard lists eight categories of fade based on the fade rate 
of eight pieces of blue wool (fig. 1). The figures in the chart 
are the amount of exposure, in megalux, the materials in each 
category can withstand until a “just noticeable fade.” This 
standard has become the basis for museum industry exhibit 
recommendations; however, these industry recommenda-
tions often regroup the eight categories into three or four 
broader categories. These broad categories are not precise 
enough to be useful in long-term light tracking. Grouping a 
category 1 object and a category 3 object into the same “high 
sensitivity” group can either cause the category 1 object to be 
overexposed or cause unnecessary rotation of the category 3 
object.


With the new system, USAHEC went back to the original 
eight Blue Wool Standard categories as a way of determin-
ing the light life of each object. Categorization of objects is 
based on industry research, the conservator’s knowledge of 
materials, and the objects’ light-based deterioration. Figure 2 
includes some of the materials that have been categorized by 
USAHEC conservators. Putting objects into a light category 
tells conservators approximately how many lux hours an 
object can withstand until a just noticeable fade. When the 
object reaches the just noticeable fade mark, it has reached 
the end of its light life. 


When an object is slated for exhibit, a two-part process 
is undertaken to ensure safety of the objects. The first step 
is for a conservator to review the object and determine its 
suitability for exhibit. At this time, the conservator identifies 
the object’s light life by placing it in one of the eight ISO 
categories. The conservator reviews previous exposure data, 
the proposed length of the exhibit, and the need to exhibit 


Removing this confusing language was essential to gaining a 
better handle on light exposure. 


Related to the concept of cumulative damage is the mis-
conception that “resting” a collection in dark storage can 
extend “light life.” Just like the misunderstanding about the 
cumulative nature of light damage, this misconception has 
its seeds in traditional light standards. Standards that require 
rest in dark storage may lead some to believe that this rest-
ing will reverse damage. Perhaps the original purpose of these 
types of requirements was to allow items to be exhibited to 
larger audiences by spreading exhibits over larger periods of 
time; however, with few exceptions, resting the object will 
not reverse damage. Damage from exposure at 50 lux for 
3 months with a 12-month rest period and then reexposure 
for an additional 3 months will result in the same damage as 
exposure at 50 lux for 6 consecutive months.


The last hurdle faced at USAHEC was the nature of 
light itself. An incident with case construction informed 
conservation that not all museum professionals understand 
the differences in light. At USAHEC, curators asked con-
servators to check the UV filtering properties of some cases. 
It was found that the cases were not filtering UV, and the 
case construction company was immediately contacted to 
remedy the oversight. When the “fixed” cases were installed, 
conservation became aware that the cause of the concern 
was due to an object fading on exhibit. The curators had 
thought that blocking the UV would eliminate any potential 
for fade. This misunderstanding provided conservation a 
good opportunity to educate museum staff on UV and vis-
ible light, how each type of light damages the collections, 
and the light situation in each of the USAHEC galleries. 
Considering that none of the galleries contain sources of 
UV, cases that filter UV are not necessary. Although the 
exclusion or filtering of UV light has always been a part of 
the USAHEC exhibit plan, the staff now understands the 
effects of UV light on collections and that visible light needs 
to be managed as well.


Fig. 1. ISO blue wool categorization chart. Adapted from Michalski (2018, table 4).
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the object in the future. The conservator then makes an 
exhibit recommendation based on projected exposure during 
exhibit. A typical exhibit recommendation at USAHEC is to 
not exceed half of an object’s light life in any exhibit. Limiting 
the exposure of the object to its half-life balances the desire to 
exhibit with the desire to avoid noticeable fade of the object.


The second part of the exhibit process is to look at the 
exhibit spaces. Thanks to the efforts of previous conserva-
tors, USAHEC exhibit galleries have well-developed lighting 
designs. All exhibit spaces are free of all sources of UV light 
and direct case lighting is reduced so that most objects can be 
exhibited within traditional light recommendations.


When an object is placed on exhibit, the conservation team 
takes light readings on each object. Several readings are taken 
for each object to determine the brightest spot. Conservators 
work with exhibit staff to adjust light levels to minimize hot 
spots and reduce light levels to extend exhibit length while 
still providing viewability.


Calculating Exposure
Once the readings are taken, potential exposure is calculated 
by multiplying the light level by the intended exhibit length. 
For an object with a light reading of 70 lux in a 4-year exhibit 
that runs 8 hours a day, 7 days a week, the formula would 
be as follows. First, the number of hours on exhibit is deter-
mined by multiplying the hours per day (8) by the number of 
days on exhibit (7 × 52 × 4): 8 × 7 × 52 × 4 = 11,648 hours 
on exhibit. This number is then multiplied by the light read-
ing to get exposure in lux hours (11,648 × 70 = 815,360). 
To determine if the object can be exhibited safely for this 
exhibit, the projected exposure is then subtracted from the 
light life. If the object were a watercolor painting, it would be 


in category 1 with a light life of 300,000 lux. Considering that 
the projected exposure of 815,360 lux is greater than 300,000, 
the recommendation would be to remove this object prior  
to the end of the exhibit. In this case, conservators would 
need to recalculate to determine when half the light life would 
be reached. If the object were a Kodachrome photograph, 
it would be in category 4 with a light life of 10,000,000 lux. 
Considering that 10,000,000 is greater than 815,360, this 
object would not noticeably fade while on exhibit and could 
remain on display for the full 4 years. The results of these 
calculations are used to populate an exhibit light spreadsheet 
(fig. 3) that is shared with collections management and cura-
torial staff. These estimates are worst-case scenarios; reduced 
exposure achieved through timers or motion sensors are not 
included in these estimates.


Understanding the Spreadsheet
All objects on exhibit are listed on the spreadsheet by exhibit 
gallery and case. Columns 1 and 2 are used to identify each 
object. The next four columns are used to indicate the data 
needed to make projected exposure calculations, the install 
date (column 3), the projected end date of the exhibit 
(column 4), the light reading taken at installation (column 
5), and the allowance or light life assigned to each object by 
the conservator (column 6). The remainder of the spread-
sheet is used to convey the projected exposure data. Color 
coding is used to indicate the extent of fade, with light gray 
meaning that there is no visible fade, medium gray mean-
ing that the object is halfway through its light life, and 
black meaning that the object has exceeded its light life. 
Column 7, “full,” is highlighted when an object is able to 
stay on exhibit for the full length of the exhibit. The first 


Fig. 2. USAHEC-developed materials categorization chart
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can be safely exhibited for the full exhibit term; therefore, 
the “full” column is highlighted in light gray for this item. 
Column 9 begins change-out recommendations. Each 
column to the right is a different month during which an 


item on the spreadsheet in figure 3 is a book that was placed 
in category 5, which means that it will not reach a notice-
able fade until 30,000,000 lux hours of exposure. After 
performing the calculations, it is determined that the book 


Fig. 3. Exhibit light spreadsheet
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of the permanent object record and can be referenced during 
future exhibit planning. As the item is included in future 
exhibits, the exhibit information will be added to the work-
sheet and the exposure subtracted from the remaining hours 
till fade from the previous exhibit.


benefits of this new approach


This new system has brought a new understanding of light 
exposure to curators, archivists, and exhibit designers. Before 
the program, nonconservation professionals did not always 
understand the reasons conservators suggested limiting 
exhibit length for some objects but not others. Giving cura-
tors and archivists a concrete visual guide for each artifact 
reinforces the scientific approach to collection care and shows 
that the recommendations made by conservation are not arbi-
trary. Where in the past light was only a tool to aid the viewer 
rather than a part of the total environment that required con-
trol and monitoring, light is now a guiding force in exhibit 
design and scheduling.


This understanding of light allows curators and archi-
vists to make better-informed exhibit decisions. No longer 
do blanket rules restrict exhibit designs. Curators now 
have more flexibility in what they can include in an exhibit, 
which expands their ability to tell the Army story and allows 
the public to see a larger portion of the Army’s collections. 
Decisions whether to sacrifice a single piece or spread the 
damage over several objects can be made with a clear under-
standing of what that decision means.


The processes established by this system have helped 
streamline the entire exhibit process. Initial light estimates help 
inform exhibit length and assist curators in preparing addi-
tional objects for change-out during the planning phase of the 
exhibit. The light spreadsheet helps inform change-out deci-
sions and keep curators and exhibit designers on a change-out 
schedule. The light exposure worksheet gives a clear record of 
exhibit history that provides a better understanding of how the 
collection is used and allows curators to make decisions that 
reduce damage to overexhibited objects.


An unexpected benefit of this new approach is an 
easing of the exhibit change-out schedule. Many cura-
tors believed that this procedure would lead to increased 
change-outs and more work for the exhibit staff. Instead, 
it was discovered that many of the objects could remain 
on exhibit for longer than originally thought. This new 
approach means targeting change-outs to the artifacts that 
will actually be damaged by prolonged exposure, giving 
curators the ability to create static or permanent exhibits 
using lightfast material.


The creation of a comprehensive light program that 
includes cumulative light exposure tracking is an essential task 
for any museum wishing to avoid noticeable fade to displayed 
material. It greatly reduces the impact of one of the 10 agents 


object will reach its half-life. The cell is highlighted in the 
appropriate month when an object is projected to reach its 
half-life. Column 8, “Now,” which is updated monthly, is 
used for the current state of objects. Highlighted boxes in 
this column also have a date that indicates when the object 
moved into that column (in fig. 3, the canteen reached its 
half-life in February 2019).


Tracking After Exhibit
When an object is removed from exhibit, exposure is final-
ized down to the day and a light exposure worksheet (fig. 4) 
is filled out for each object. The total light life is indicated 
based on the pre-exhibit categorization. The exhibit title and 
date lines are filled out, and the calculated light exposure is 
entered. Exposure is subtracted from the total light life to get 
the “remaining hours till fade.” This worksheet becomes part 


Fig. 4. Exhibit light worksheet
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Thomson, Gary. 2005. The Museum Environment. 2nd ed. 
Burlington, MA: Elsevier Butterworth-Heinemann.


further reading


ANSI. 1996. Museum and Art Gallery Lighting: A Recommended 
Practice. RP-30-96. Approved May 13, 1996. New York, 
NY: ANSI. 


ANSI. 2017. Recommended Practice for Museum Lighting. RP-30-17. 
Approved January 1, 2017. New York, NY: ANSI.


JORDAN FERRARO
Paper and Preventive Conservator
US Army Heritage and Education Center
Carlisle, PA
jbferraro@gmail.com


of deterioration, and it can foster a greater understanding of 
what conservation professionals aim to achieve—the long-
term stability of collections.
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