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ABSTRACT 

The pollutant sources leading to indoor acid deposition; 
types of damage observed; and SO2 and NO, levels measured are 
reviewed for archives1 libraries and museums. Recently 
proposed air quality design criteria for heating, ventilation 
and air conditioning (HVAC) systems for cultural institutions 
are presented. 

INTRODUCTION 

The effects of acid deposition on cultural property in 

archives, libraries and museums have previously been reviewed 

in the context of indoor air pollution (ref. 1 1 2 ) ~  indoor 

particulate deposition (ref. 3 ) ~  acid deposition effects on 

cultural property (ref. 4 1 8  and air pollution damage to 

materials (ref. 586). In the following discussion the sources 
of indoor acid deposition8 typical manifestations of damage8 

pollutant levels observed8 and suggested design criteria for 

air handling systems are considered. 

HISTORICAL BACKGROUND 

Soon after the introduction of coal as a fuel for kilns in 

England, complaints were made regarding smoke. In the records 

of Dunstable it was noted that in 1257 Eleanor8 Queen of Henry 

I111 left the town of Nottingham because of smoke from 

sea-coal. In the reigns of King Edward I and Queen Elizabeth 

proclamations forbidding the use of coal during the sitting of 

Parliament were issued (ref. 7). 
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Brimblecombe has demonstrated that such concerns received 

official attention as early as 1284 when a Royal Commission was 

appointed to investigate air pollution from coal used as a fuel 

for kilns in London and Southwark (ref. 8-11). In the 

seventeenth century many references were made to pollutant 
soiling of household materials. Evelyn in his 

published in 1661r wrote: 

. .  
m m o f - ?  

It is this horrid Smoake which obscures our Churches# 
and makes our Palaces look old# which fouls our 
Clothes? and corrupts the Waters? so as the very 
Rain? and refreshing Dews which fall in the several 
Seasons, precipitate this impure vapourt which? with 
its black and tenacious quality, spots and 
contaminates whatever is exposed to it. 

It is this which scatters and strews about those 
black and smutty upon all things where it 
comes? insinuating itself into our very secret 
Cabinetst and most precious Repositories: Finally? it 
is this which diffuses and spreads a Yellownesse upon 
our choycest Pictures and Hangings ... (ref. 12). 

In 1850 a commission composed of Charles Eastlake, Michael 
Faraday and William Russell reported to the House of Commons: 

In considering the position of the National Gallery? 
our attention was drawn to the vicinity of several 
large chimneys, particularly that of the Baths and 
Washhouses, and that connected with the steam-engine 
by which the fountains in Trafalgar-square 
are worked? from which smoke are emitted. In the 
neighbourhoodr also? the numerous chimnies of the 
various club-houses are constantly throwing out a 
greater body of smoke than those of the ordinary 
private residences.. . (ref. 13). 

In addition to the dust and smoke that entered the building as 

windows were opened to provide ventilation? specific pollutants 

were associated with the visitors: 

... the greater also will be the quantity of impurity 
produced within the building from the respiration and 
perspiration of great numbers of persons; this impure 
mass of animal and ammoniacal vapourr of which it is 
difficult and perhaps unnecessary to distinguish and 
define the component parts, is peculiarly liable to 
be condensed on the surface of the pictures ... (ref. 
13). 
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The results of the assault of various forms of pollutant 

deposition on the pictures were immediately obvious: 

Many of them present the appearance of being covered 
with a thick film, alike foreign in feature and in 
color to the original character of the picture, 
detracting from its highest qualities, and depriving 
it for the time of clearness and brilliancy (ref. 
1 3 ) .  

More recently, Hudson studied the acidity of paper in books 

from two libraries; Chatsworthr in open Country, some 25 miles 

east of Manchester; and the Portico Library located in the 

polluted urban atmosphere of Manchester (ref. 14). Surface pH 

measurements were made at the topr center and side of pages for 

25 identical copies of books. Hudson concluded that 

atmospheric pollution was a cause of the lower pH values 

observed? particularly at the edges of the books in the Portico 

Library. A statistical evaluation of these data concluded that 

to the degree that contact pH f o r  the two groups of books can 
be attributed to library location and position on the page? the 

low pH at the edges as compared to the less exposed center may 

be attributed with great confidence to the differing 

conditions of storage at the two libraries (ref. 15). However, 

this and other retrospective studies have encountered 

difficultly in separating the effects of local ,502 

concentrations from variations in average annual temperature? 

frequency of use? and differing maintenance practices. 

POLLUTANTS AND THEIR EFFECTS 

Indoor pollutants in archives? historic houses? libraries, and 

museums derive from outgassing of structural or decorative 

materials, heating plants? activities of visitors and staff, 

and the intrusion of outdoor pollutants. In some cases the 

artifacts themselves emit significant and possibly dangerous 

amounts of pollutant gases. The types of damage observed, 

principle air pollutants causing damage, other significant 

environmental factors, and methods of measuring damage are 

given in Table 1. 
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TABLE 1. 
Indoor A i r  P o l l u t i o n  Damage t o  Mater ie ls.  

Type O f  

Impact 
P r i n c i p a l  A i r  
Po l l u tan t8  

Other 
Envi ronmenta 1 

Factors 

Magnetic 
Storage 
l ladie 

S igna l  qua l i t y ,  
phys ica l  end 
chemical 8n8LySiS 

Weight 108s e f t a r  
removal o f  COP 

ros ion  products, 
chenge i n  8 U r f 8 C 8  

Ch8r8CteriStiC8 

LOSS O f  Sign81, 
tape f a i  Lure 

Par t i c l es ,  
moisture 

Moisture. a i r ,  
811 t t ,  p e r t  i c u  l a t a  
m 8 t f 8 r .  OZOn8 

Meta 1s Corrosion, 
t a r n i  shing 

Su L fu r  Oxi d8S, 
and o ther  a c i d l c  

gllses, hydrogen 
su L f  i d8 

Surface r e f l e c t i -  
v i t y  Loss, chemiceL 
ana lys is  

Pai n t i ngs  

and Organic 
Coatings 

D isco lo re t lon ,  
s o i  L ing 

% l f U r  OXid86, 
hydrogen su l f ide ,  
8 Lk8 LinS 88rOSOL 

Moisture, sun l igh t ,  
ozone, p e r t i c u  l a t e  
matter, m ic ro-  
orgeni  sms 

Moisture. phys i ca l  
wear, ac id i c  m e t e r  
i e l s  introduced i n  
manufacture 

Paper Emb r i  tt lement, 
d iscoLoret ion,  
a c i d i f i c a t i o n  

Su l fu r  oxides Decreased f o l d i n g  
endurance, pH Change. 
mo lecu l a r  weight 
measurement, t ens i  l e  

s t reng th. 

V isua l  end microsco- 
p i c  examination 

Reduced tene i  l e  

S t  renpth, C h 8 m l C 8  L 
enelyeis [e.g., mole- 
cu la r  weight], aur- 
face r e f l e c t i v i t y  

RefLeCt8nC8 end Color 
value meeeuremente 

Microb Lemi shes, Su Lfu r ox i  das. P a r t i c u l a t e  matter. 
mo i 6 t u  r e  

Photog rephi  C 

Ma te r ie l s  "su l f  id ing "  

Reduced ten- 

e i  Le strength,  
so i  l i n g  

hydrogen s u l f i d e  

Su l fu r  end ni- 
t rogen Oxide8 

Tex t i  Les P a r t i c u  l a t e  matter, 
moisture, l i gh t ,  
phys i ca l  weer, 
weshing 

T e x t i l e  Dyes Fading. co lo r  
change 

Drone. n i t ropen  
oxides 

L igh t ,  h igh  
temperature 

Leather SULfUr Oxide8 Phys ica l  Weer, 
residue1 ec ids  
introduced i n  
menufacture 

Loss i n  t e n s i l e  

enelyeis, shrinks98 

strength. chs l l l ce l  



Of the pollutants affecting cultural property, SO2 has 

received, by far, the greatest attention. As noted above, 

there is a long history of association of damage with SO2 

deposition. The high ambient SO2 levels accompanying 

industrialization were seen to have increased the rate at which 

damage occurred? though other factors in some cases, e.g. the 

use of groundwood pulp and changes in papermaking practice were 
the root causes for the decline in permanence. 

In recent years, increasing concern over NOx has developed 

as ambient levels increased. With the possible exception of 

photographic microblemishes and damage to some textile fibers, 

few documented examples of damage to cultural property exposed 

to high ambient NOx levels have been reported. More 

frequently, damage has been observed for objects exposed to 

organic acids given off by such construction materials as 

plywood, fiberboard and poly(viny1 acetate) adhesives. 

Particularly suseptible are lead objects where growth of lead 

acetate and lead formate transformation products seriously 

disfigure objects (ref. 1). 

In general, atmospheric acidic gases are introduced into the 

museum or library environment as makeup air is brought into the 

HVAC system. Typically? 10% of the air in a cycle is taken 
from the exterior while 90% is recirculated. With an average 

of 6 air changes per hour, the museum environment, in the 

absence of pollutant removal, will soon equilibrate with 

exterior pollutant levels. That lower SO2 and ozone levels are 

observed in museum and library interiors is a result of the 

high rate of deposition of these gases on paper, leather, 

textiles and other surfaces found in cultural institutions. 

In Table 2 the measured indoor SO2 and NOx levels reported 

for libraries, archives, and museums are given. It is obvious 

that several technologies? e.g. water washing? activated 

carbonr potassium permanganate coated alumina (Purafil) I are 

capable of effectively removing S02.  Unfortunately, the wash 
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TABLE 2. 
Measured IndoorOutdoor  P o l l u t i o n  Levels f o r  Archives, L i b r a r i e s  and Uuseums. 

I n s t i t u t i o n  POL LUtent Dates E x t e r i o r  I n t e r i o r  
Measured Concentrat ion Concent r a t i o n  

NARS 
[Archives Bui Lding) 

NARS 
[Archives Bui l d ing ]  

Nat iona l  Ga l le ry  
[East Bu i l d ing ]  

L ib ra ry  o f  Congress 
[Madison Bui Lding] 

R i  j keauseua 
[Amsterdam] 

Tete Ga l le ry  
[ London] 

V i c t o r i a  6 A l b e r t  
[London] 

NARS 
[Archives Bui Ldingl  

NARS 
[Archives Bui Ldingl  

Net lonet  Ga l le ry  
[East Bu i l d ing ]  

L ib ra ry  o f  Congress 
[Madteon Bu i l d ing ]  

Hunt ington L i b  r a  r y  
[Sen Mnrtno. CAI 

Nov. 1977 

oec. 1982- 
Jan. 1983 

Fab. 1983 

Jan. 1983 

Fab .-Mar. 
1976 

1 9 B D I  983 

Jsn.-feb. 
1983 

Sept. 1977 

Dec. 1982- 
Jan. 1983 

Feb. 1983 

Jan. '1983- 
Fab. 1983 

0ct.- 
Nov. IS64 

32-40 ppb <3 PPb 
[ l o x  reduct ion]  

7-34 ppba 
da i  Ly sverage 

7-34 ppba 
dEi l y  average 

7-34 ppbe 
d a i l y  everags 

957ppb 

12-80 ppb 

22-60 ppb 

41 ppb 
average 

1 0 5 2 7  ppba 

40-62 ppba 

46-318 ppb' 

2-25 ppb 

- <1 ppb 

- W.5 ppb 

1-6 ppb 

0-4 ppb 

3-42 ppb 

20-90 ppbb 

10-252 ppb 

7-50 ppb 

4 1 5 4  ppb 

37r~pb 

38Dob .. 

F i  L t ra t i on  Reference 
system 

Par t i cu  Late 

Par t i cu  l e t s  

wetar 
Wash 

P u r a f i  L 

I 

Act i vetad 
Carbon 

None 

Par t i cu la te  

Par t i cu  Late 

Water 
Wash 

P u r a f i l  

Pa r t i cu la te  

a Measured a t  24 th  and L Streets.  N.W.. by  the  D i s t r i c t  of Columbia. 
Followed ex te r io r .  
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and Purafil systems are much less effective for NO, removal 

than for SO2 removal. These results are surprising since 

Purafil is clearly effective in the laboratory. 

AIR QUALITY STANDARDS FOR ARCHIVES, LIBRARIES AND MUSEUMS 

There is compelling evidence that improved air quality 

reduces the rate at which damage occurs to cultural artifacts. 

This has led to the widespread introduction of temperature and 

humidity control systems, the increased use of particulate 

filtration, and in recent years the introduction of pollutant 
gas removal in HVAC systems. In drier areas with high ambient 

ozone levels activated carbon systems have been introduced, 

while in more humid areas with higher SO2 and NOx levels these 

pollutants are removed by water wash or impregnated alumina 

systems. At present, relatively few HVAC systems in museums 
have been designed for high removal efficiency for the primary 
pollutants: particulates, ozone, sulfur dioxide and nitrogen 

oxides. It does not appear that any are truly effective in 

removing NOx and fine particulates i.e. <&diameter; while most 

of the newer systems adequately remove ozone and SO,. 

Differing local pollution concentrations and environmental 
concerns coupled with differing philosophies of pollutant 

regulation have led to a range of proposed criteria. These 
have been tabulated by Baer and Banks (ref. 113). 

In a report recently prepared by the Committee on the 
Preservation of Historical Records, National Academy of 

Sciencest for the U.S. National Archives and Records 

Administration (ref. 2)  a series of criteria intended 

specifically for the National Archives Building was prepared 

(Tables 3 and 4 ) .  It is important to note that these criteria 

were intended for paper-based records and so would have to be 
modified for special collections, e.g. archaeological bronzes, 

photographic materials, lead artifacts, etc. Further, the 

inability of current systems to remove NO, adequately led to a 

vague specifications of "best available technology" for this 

pollutant. There is, in this reportt a significant emphasis on 

the removal of particulate matter. This is due to the 
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TABLE 3 .  
Recommended Standards for Paper-based Records in a Mixed 
Collection of Bound and Unbound Materials (standards to be met 
at the surface of the records).a'b 

Relative Humidity 40-50% 

I l p g  m3 (0.4 ppb) 

best available technology 

03 I 2)lg m3 (1.0 ppb) 

a Specifications are averages over a 24 hour period. Small# 
short-term excursions outside these limits are permitted. 

After ref. 2 .  

TABLE 4 .  
Draft ANSI Particulate Standards for Paper-based Documents in 
Libraries and Archives a 

System ASHRAE ASHRAE MIL-STD 
Filter Weight Atmospheric 282 DOP 
Locat ion Arrestance Dust Spot Efficiency 

Efficiency Efficiency 

Pref ilterb 180% 230% 2 5% 

Intermediate 195% 
FilterC 

Fine N.A.~ 
FilterC 

280% 250% 

290% 275% 

( a )  After refs. 3 and 18. 

(b) For outside or makeup air. 

(c) For supply (both outside and recirculated) air. 

(d) N.A. denotes not applicable. 
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observation of Cass (ref. 2 )  that currently used filter systems 

are totally ineffective in removing the fine particulates that 

make up some 50% of the total mass load indoors. 

environment experienced by the individual artifact so that 

increased attention to the design of display cases, book boxes 

and encapsulation methods is a priority for research and 

development. 

An important design strategy suggested is an emphasis on the 
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