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ABSTRACT 

Inner surfaces of the supply air delivery system are part of the indoor surfaces. This and 
technical performance make it important that cleaning of a HV AC system should be included 
in a proper maintenance program. Research work and cleaning actions have been done in 
many countries, however, the methods to verify the cleanliness varies and they seem to 
measure unequally the cleanliness. Filter sampling method is the most used method for 
determination of dust and debris amount on the surface. However, the dust loosening 
techniques differ in the methods and the results from different studies are not well comparable 
to each other. Dust tape and gel tape methods are applied more recently and they seems to be 
suitable quick tests for surfaces which are not heavily contaminated with dust layer like 
surfaces in recently built systems. Oil residues are ·also a group of contaminants that decreases 
indoor air quality of ventilated spaces and a method to verify this contamination is also 
discussed in this paper. 

INTRODUCTION 

In recent years, poor indoor air quality has more frequently been claimed to cause health 
problems for building occupants. Performance of ventilation systems turn usually as a topic of 
conversations when indoor air quality is discussed, although in most of the cases causality 
between the well-being and performance of ventilatio� system could not be verified. 
However, in some epidemiological studies, the prevalence of symptoms has been higher in 
buildings with mechanical ventilation systems than that in buildings with natural ventilation 
(Finnegan et al. 1984, Skov and Valbjom 1987, Robertson 1988). The more technical the 
ventilation system is the more symptoms seems to occur. The proper performance of the more 
technical systems with cooling devices and humidifiers demands more care and skills from 
the maintenance personnel. Dust, micro-organisms, construction residues, and other 
contaminants may change the clean air delivery into a source of fungal spores (Morey and 
Williams 1991), odors (Fanger et al. 1988, Pejtersen et al. 1989), or volatile organic 
compounds (Molhave and Thorsen 1991, Sundell et al. 1993). Among health and hygienic 
problems the dirty ventilation system may lead to increased energy consumption, increased 
cleaning costs, elevated risk of corrosion and cause a clog and malfunction of fire damper 
(Loyd 1992). 
Public discussion of the hygiene of HV AC systems has led to demand of regular cleaning of 
HV AC systems in office buildings. Because of the costs, the owner or landlord of the building 
usually has opposite opinion of the need of cleaning action. To solve this controversy opinion, 
a proper and valid methods are needed to measure quantitatively the cleanliness of the 



surfaces in HV AC system. Definition of the cleanliness may inc u e several parameters such 
-) as the amount of deposited dust, counts of fungal spores or bacteria, and also amow1t of the 

oil' 'res id ties from manufacture of the·' components. The methods to quaritify. these paramcter:s 
a.l-e diSCUSSed in this paper. · • • ,  • r" r ·� 1 �)I ',;., '; • j: 
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DEPOSITED DUST IN HVAC SYSTEMS ;;.;. I : 1, :., ' ,', � .. 1 :, ( ! ,: r,\ ) \ ' id.t 

_, ;� I 

The dust arid debris in HVAC'..systei:n may be 'deposited from various· sou!·ces depending ·on 
the life cycle of the system. Dirt from building construction time including the intrinsic debris 
from manufacture an transport<: tion of components is the main origin in a recently built 

• • -J ' I i I ( � � ... � 
system.. In older systems the deposited d1,1st comes more impor;tant and deposition rate i$ 

I i.. I I ' 
stro�gly ?ffected by, e.fficiency ,of suppl � ai i.fWrrs anq; .local �ir pqll!.!tion _around the buildi;�ft 
environment.1 ., .: , ,· -_. ; i r ·i, . . ;, . ,.,:'i ., 1 , 1: . -. <,:;·:ct< .:i 

<; ··: • ' : : _;' : ·' • : j I ) ; ; f \ l ( '. ' • 1. l t .: ;- { ; i 1 � • I , 1' Ir'; t I i i • ! �' t 'I ' The mass of deposited dus�. and debris is. ,generally . m9rfi: . important than -the number of 
particles in detemii,ning the 1'cleanliness .ot: c;i\r ducts: D�ppsit ion of paificles on the inner .. . . "" . . .· • - . J 11 surfaces of the H:'(AC l)ystem is;.affec_te�l, by s,everal �echa.I}isrn1s whose ipiportanc� depend 
on the size of particle, dimensions of the systems an<l air - flow h�aderistics within the . . "f ' ' I I' ' . ' .. 
HV AC system. Brownian and turbulent diffusion ilid gravitational settling are the main 
mechanisms for particle deposition in straight·air ducts, while ine1tial impaction i::; important 
in bends. Brownian diffusion is a strong deposition mechanism in the wall adjacent to the duct 
wall for submic�on1size;d particles (Wallin 1994). At air flow V(!}ocities less than 6 mis, 
gravitation,al, ._.settling i� ·an important ipechanism for larger pa��clys 1, ::;2·1 �m\) ' V.:Ri.Ch 
produces a particle layer on, the bottom 0 · t,he .duct. �t greater veloci ies. tu�bulent diffu, ion 
(lowe:r micron sizes) increases and I the ,depo�i�ion 'site '��. less dependent ,on. the openAa�ion of 
the duct surface. Inertial impaction causes .l�r,geypaJ:ticles to settle Ql� tb.e.�urfafeS in ?�nds of 
the duct. · ' 

Evaluation methods 

I ; i . : !t : :J;' ' I,:� i F: : ' , 
i I '' � J ' ) • :; '-�� 

Dust accu�t�l��lo� h�� 'b�e�n�tud.iect' ;�:.;air duc�s �f pubJic ��diliiigs ·{n tf e Nordic 'c��tfi�s 
• ' ' ' • • ' • ' • � ' ' 4 l • . I ' � ;, .. • ' • • � • I .. (Nielsen et aL 1990;, La,atikamen et al. .J 991, Fran�sgi;i. �t al. 11995. :fra sson 1996, Lahtivupv. 

1996), Canada (Auger.J 994) and; Japan (Itq. et al. I Q96). Diffez;ent methods have been 
developed for ,determi�ing the amount� of a ,�.�nru.l�ted. du�t .. 0¥ du�t .�Nrface • .  ., · u' t ,levels 
obtained in different studies are presented in 1)lbleJ.. . , , , .. .  , . , . . l I . : ' 1 • . . � � • .:· I I � . ) • : \/ ·: I .: .. i ; ' ' I ' ! ! • : J '.-� 
" ,· .· • ;'.1.1:1•"1'/ .;''·' �·� ' 

:, ." i ·. i � ;:'.-:; :·1·> ",-��.i:· . ' :�11· ': The filter sampling method is based on weighing of dust vacuumed on a· filter from a kno�n 
area. The filter may be weighed alone without filter holding cassette or the cassette and filter 
cah be weighed 'together. In the latter method, the dust fastened on the wailis of the cassette is 
easily countedt:6 'tlte:sample. In Figure 1 this method is 'used as a: reference: In some studies 
the ·dust is lo�sened from the surface by scraping with a metal ;blade (Nielsen et al. 1990) 
�1hich may take:ai:i6 some metallic zinc particles from rough surfaces (Franson et. al. ·1995). 
Altl;ough softpfastic· scapers are not , so effective to 'loose< the tightly fastened. dust they are }'ec�mil.1'.ended because th y leave the'r eta 'Surface untouch d (Pasanen 1998). The du•;t can 
also b� loosened· bi suction which tak0s effec ively the loost: •p<irtic es Ito the sample 
'(NAD'cA, 1991); thus, 'the result describes' more the amount of potential particles that can be 
driven to air stream than the total dust deposition if the dust is tightly fastened> on the surface. ) 



Sampling sit.e _aµd size o�:area js selectecJ.�ruid d�te�imeg y�pously in different studies. 
The 'standard method by .NA.DCA determines a constantnlOO Clfl2 area with a specime,l},gt!,tt11� 
thickness of the ,specimen .determines the suction distance from the s�rface. In most stu�i,<r� 
the sample is collected from the bottom of the duct which is well� ..argued especially in 
rectangular ducts because most of the accumulation occurs to the bottom surface of the duct. 
In circular air ducts, the definition of the bottom is not so clear, and therefore, the diameter of 
the duct affects the broadness of the accumulatipn area. In Finnish studies (Pasanen et al. 
1992, Lahtivuori 1996, Pasanen 1998), the sample area is determined so that a quarter sector 
from lowest to·:widest line ofthe duct is chosen as tP.e-bpundary1_ines pf.the sampl�,area. Thi� 
mearis that different sizes of speeiimen an� neeQ,aj for differeqt _9uct diameters. 
A1�\��ky tape is ·�$0-'�sedit� 66ifect depbsited d6st. 8arti�lesrfrorl1�he surface (Fransson et al. 
iJ99s). The tapc.ns ·��8R�d:'b6f'ore and after coue9ti6n1 ot t:tib dust �ancJ' the difference of the 
filkss is used in caltul�tiJti·8if tlici dust density�� th�'si:irface. tl1€ shape and dimensiorts of the 
tape restricts the sampling area constant. The method is rapid if the balance is used in the 
fielp. Accordi9g to preliminary.studies with different tapes t9e moisture and hygroscopicity of 
tke ·tape mat'�iiai11.'iiff�6t'� the''rblf�bilitY. of the�niethocf:''fhe ccrUe�'ti�ii capacity of tape on i�ft%:.e� ';ith ���� l��f��?�snt1j¢ct(�lso the u.�eftl�q�-s�-� 6r.tl1�-'n:ethod:.: rests on the. surface 
���n11·;5��?tly ��P.��1tzd :Jdus�, , fd�e��e? , 

that �� .. , r��?Y�
.
1,��gdod from- -surfaces Wlth dust 

?t9?1�F�l,t1on le_)'fll le�s .Wm. ?. W.JJ//�J%�e 1 t'ci ,·�,; ':v; ' · � 1 · H.:.-J 
, 

<moth wiping method is also; used to collee��dus ... ·from a. ceJ;(:ai.n area and the. �ecovery the 
methowis;good,(Ito et1 al. 1996). "- · rk "";r. , 

*���1'. )djf� '. ��l�o,4. �(����id�r et al. 1996) is developed fo_r·v�nf�cation o�1,he cle�nliness of 
mdoor sm:faces The s�mp1�· is collected on a transparent tape which contains gelatm gel as a t \ ;)J.J ' 1 "·l ·11· uJ -"0 J l r · 1·1 - • - · , . . gme. :�q·e fransp;�rei1cy qf the tape is me.asur�d wi� ·a special ·analyser, BM Dust Detectori 
�H6;¥1'#d. '�tt?r ih��:��ling': 'The�kriM1ser.":����· �a .. p'erc�n'.ta�e value (%)

.,
whic�_ 'is re�at�d �o 

the density of dust ·part1cMs on the gel sbrface��e method is well descnoed and venficd m 
article by Schneider et al. (1996). 

Comparison of the methods o;i.h IJ.<. ; . 
. b:cso�ding to,, �he_ ,pre�fllJ��. ·�r911\J]ariso1n or.dust ac?um,ul�tio� .methods (Franssen et al. 'f9g.$), )aple ) , the dust l0b.S,¥iifng and cdllect!on efficiency of the methods varied in -a wide 
rk�g�. Tbe ��llecti'ori'-l�covefi¥s1(effi.�ieh,cies) have Sebn1'Cletermined onJy for' cloth wiping and 
�"'Anc ;{''�andard metil6i�s� 1For t1fo·c1oth wiping method�: average 1recovenes�oraust varied 
from 87o/o'io ·9'5% (Itb -e1ual. 'l 9cJ6i. The reco�et{_�s qf the NAbCi\. method teste_d �sirig typical 
surfaces present on HV AC systems was 76%'lbh cgalvanised sheet metal, 40%' on duct liner, 
1W;�/6% ?n fi���!����-?c.sg;f�t�s 1��2�JL Ji�91�� '. l1��se r�cg��ries are based on a fe� laboratory 
stuaies. · '" · · "' · · .,,. 
YHr1 : !J ::.2FJ �;IJ ·1·- :)_'L.>d>:i mblo:! ::.: 'i't J' ,, , , • v<, • • � . .,, � ....... The p:erformarice 0!£3dust,collecti0p of gel .tape, dust tape and filter meth9ds!�w�re compared at 
laboratory,in dust density-rrange of 0.3-15 g/m2• The test surfaces were prepa1jed in controlled 

�conditions�j The dust partiqles coJJ�e,ted from :supply air filters were aerosolised and spread to ...... . ..... ( 
the' sheet metal surfaces in:a.expo�ure ch�;i.mber. 'J'.he sample sitt';S were r�4o�ised. The study 
sro'Yed tha'1!"1the. methods ,t>as�dJ o.rM.veighing A(t!JM sa�p le g�x_e. �qu�l_ xe§}*§i i?, t}\� ��gni9. }-
4 g/m2• ·Above the' range theidust tape did:HOt have �apacity enough the take al.1 the du�t fy.pm 
thensurface. 'Fhe result 1 of the geli tape me.thod(�howed that the m.�thod gives quite, lin,.e�r 
relationships between the dust: density jf the dust dep,!!ity, 40 not t;?�cee� .� gf�t. The resul�� .�f 
showmin:the.Figure htft ·zJ1:-{gJ <!i Jmb .1r1J '-ri notL�0c;�1b ;2ub [1, d �r!J r;sd1 mse-.·;, ·r' , , 11�).,. 
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Table 1. .Summary,of:stltdies «;lea.ling with du�t accuni1J]ation in air supply ducts. 

··.:_i � . .  - � � �- � � �, ·-· 

v �.;:. 0 3 
Typ�� -
building 

(J.1 '-.. 
� j :l.: 

::__ L�C 
1 ., - - .... _ -- __ , 

school, office 
":"" \ 

·-

of;- n 
-- (l� ·- --· 
.... - .. ..., ,.-, 1...: -

Age . Surface d�n-sity or ..... Annual 
_-- -=: !;·� - (years) - dust ·=: d�position 
'. �- '' ::::; 

mean � range g- rate-
-. � �""'..; 
"" -_.. 

13 

g/m2 n. I 2 17Gl 

V· 3C2�r -�- 6.8 -� i.f-s'b.9 . �� 

g/m2a 

Q.7 _ 

Sampling method 

filter, metal blad·e 
::. - . -
�- ,-......... - , ' 

O; 

·:..--

:: �:: �}��-�' 
5-1 l ;o 18.2 � .. 3.6-14(f �L •.: 2.3 school, ::Office 6 1,_,) � -· 

filter� pl�st1c blade · ·· 
�- r' ''· 

dwe!Jing 

otfice -
.1 
dweHiug 

·- :�' 

��- -� �3 0-45 ;:, 0.2 
,]1 ·- - �:-; .... ·-- ., 

� ,.. i14 - ·;::_ 3-34· ' - �- ::"J --
13.2 

J 
_ .... ,,; ._· t • .' ·� --- ' ,.. � �I -·- �-.- � 

· .24 =: 2-16· ::· n.a.d G --� t... �. _ �-

- �����-�·§ not reported �"? ...;,; ·3 4_ "j W-37 = 2.6 
� - .. --; ��: � -� ..: � ... '": ..:.: .._ 

'..::. ;..._ � c.,.:, ('") - . ' �, �3s 
.. �-' 

'-..j :- �� 

� :::.: - -..: ; �: -i.b.i� 
c, :.:!.. � ----. Lt.; .,,,, 

1.2..(15� ;:: � .1.0 . - -·--, 
;}) 

g' 2- ('� �!� 
0.2-3.2- ·- r,, 

} -�{� �-
n.a� 
'� -

1.9-3..:-
.. ... c..·· � . ·r ·�· :-

-;. L"' 
3 .� 0.2-0.3 
-�· u c. 

,· 

NADCA method 
c· 

filter, plast.ic blade 

duct cleaning � 

tape' ':.-;_ 
J.; -·· -:: 

:�r-....,. 
::.: 

:_ � •--. I :-: �' -·· ;_.) � 
u' � f. :..: . �.-26 

::- ... 1.: ......!.... 
... . �) � 

o.9�94� -· --" :- �.; --� ? 
sch9.61�:office 

= g �- � �1 2 � re· "; 4- ·: 22-32 � 

12.2 1.1 �: filter, plastic blade 
_-::-1 ·-�. _, �-

� !,. 

not rep:orted�·· 7.5 

-.-. :=r 2 ·- -
\..."· ., ?" � 

n:a. � .... 2 

-� ·�=- ��· 
n.a. 

i: 

o� � � �· �� ;�--..:�� ·� ,:� - :-.: � ·� 

a 3 �tansson ef a! 1995 .:.t -:: ;:, ::::� - := "' "'� 
- . - � ..... ....... ·- . ., 

b =;.' : Referern;� rhethbd, Y:alu� 100% € �, � ,, 
� �) · ·- J i - --

c ::i _Relative effectiveness was,_yery low · �· :3 ·:-· 

d 7 ;The surface density is calcula..ted on the basis_ ofJhe whole duct ai:�a 
� .. : ' . . i4 .. -- ........ � � ,--5 l' -. -' t:: � . .::- =- �-· �-rr.a. Not ava1lab1" :r. :-:- _; ·-'- -� ::;-· � • . � � �, � < -:: .... . ..... . . ... 1...:!::. .• � 

·.,_,· 

! � 

cloth w_iping 
'-

-= \_,.: 
c .'""! -· '.".� 

{°\_, 
:. -� ,,. 

j -� l; .__, '--" -· 5! 2-- ,.,r] 

_-,: 

....... . ...J ·-

·.� ':.;' 

Relative·
efficiency of the 

method a 

% 
·:J 

100 b 

not tested 

<le 

not tested 

not tested 

38 

not tested 

, 
. 48 

.I 

::; 
Reference 

Nielsen:;et al. 1990 

Laatikainen et al. 1991 

Auger 1994 

Pasanen 1994 

Kalliokoski et al. 1995 

Fransson et al. 1995 

Lahtivuori 1996 

Ito et al. 1996 
�-. 



-... 
16 Gel tape 

14 ' A 
.e 12 
s . - - - - - - - - :.. - - - - - - - ;- - - - - - - - - - - - - - - - - - - -
-� 10 
"C 
0 8 ... c ::i 0 E < 

6 
4. 

2 

: .... 
• 

•,, 
.filter method 

0 

!/ 
Dust tape 

0 ��������������������..-.;_�--�--'-
0 2 4 6 8 10 12 14 I 16 

I · 
2 · , 

1 Amount of dust (g/m ) (filter&casette method) 
18 

40 

35 

30 

25 � 
"C 0 

201; 
GI 1E 

15 GI 
c. 
"' ... 

10 'Qi (!) 

5 

0 

I ,. . ' ·  

Figure 1. Dust d�nsities riieasured with different weighini1meth�ds. be11 tape method gives 
the results as percfntage i;elative to dust coverage of the s�rface.;The filter method in which 
filter and cassette are weighed together is used as a reference method. 

� � � � ':.' ' ' ·-. 
MICROBIAL CONTAMINATION 

,... 

Mi�}o-organisms /are �biquitous and will grow wherever environm�ntal circumstances are 
suitable. HV AC systems with relatively high air humidity, accumulated moisture, adequate 
substrates, such as dust or decayed insulation with organic debris, and suitable temp.erature 
pro'Y4de a favouraple environment for microbial growth. Case reports and studies have shown 
thaL:rnicrobial contamination by fungi and:-bacteria is common in; water reservoirs, e�g., 
coo.ling towers, h�midifiers (e.g.:Ager �d Tiqkner 1'9.83), drain pans, traps and sumps (Morey 
and�-Williarns 199( Iida· �t al. t996);��coolihg coils (e.g.:_��yrd ·1996).i�heat exchangers, and 
thermal or acoustic insulation (e.g. Bernstein et al. 1983, Morey .. and Williams 1991,' Morey 
l 99f, F oarde et al. 1996)-C �::; 

,..,., ·� •>.) . ' 

Fu�ga!3 growth on new and used insulation and duct rnateri�ls has beeb tested in the laboratory 
(Table:2). According to t�se tests, high RH (97%) alone does not usually support the growth 
of fer['icillium chrysogenlun, a £.Ommoi:i fungus found in ajr col'l�itioning systems (Foardc·et 
al. �996Ji). Whep materials were wetted, slight fungal growth appeared in ·some materials 
wit� six-we.eksi i!'ldicating that new and clean insulation material may also contain sufficient 
nufriefits:-!'oi:fungal gro�th. Ho�ever, the composition of resins and other agents prevented 

-� ' ' :;:i , I fungal gi;ow.th on some MMVF materials (Chang et al. 1996, Foarde et a!. 1996a-b ). �uith�rmore, no :growth 0ccurred on unused materials at lower RHs (Foatde et al. 1996b) .. 
:) ....J "'-.. •  ::i ' : •. .. ... 

�bo
��t�11{�atfon J(��1ate;f�ls wf i11 del;>iis or dust offers d�trients f�r ft;ngi and may p��nit 

··iroWth at lower ·�umidhies ('.fable �). On� porous materials, soiljng levels �J 5-10 g/m2 
� astened fungal1 gI-owthf:at 97% (Ch,ang et�l. 1996) but not,'"'on galvf1nised steel surfaces . 

._. ... . . ! I 



� '' · "1 \ I --• f � ,  , , , , 
However, much higher soiling (90..:180 g/m2) on the galvanised'. steel surface· supported fungal 
growth at 90-97% RH (Chang et al. 1996). With high soiling levels (100-200 glm2) on unused 
insulation materials, significant microbial growth was detected at an RH range of 90-94% 
within a week, and at 85% RH after five weeks. Iii addition, accumulated dust and debris on 
used 'insulati�n, fibreg!ass duct board, and fibreglass duct liner supportf�d �m�al growth at J 97% RH. A decrease m temperature decreased the growth rate. However, m six weeks the 
amplification of spores may achieve the same level at 23 and 12°C (Foarde et aL 1996b). The I researchers concluded that conditions favourable to fungal growth in HV AC systems are 
common, and that moisture control is the most important preventi"'.e.action (Chang et al. 1996,, 
Foarde et al. 1996a-b). ; ; 

. 
· . : . , : · 

.. 
. i� ! 

' ' . ' L I ' � � ; ' i : ! ; ! • j \ 

Amount of miqo)?ial contamination is usuall� determined W°ith cultiv tion rrl'thods which1 
also enables the identification of the genera of micro-organisms. The determination of t I el I 
fungal spore and bacteria counts can be done from the dust sample collected as described! 
previously. The only restriction is that the mass of sample must be high enough, at least 100 
mg, for reliable determination. In the method the sample is mixed 'and:·shaken up in a known' 
volume of dilution water from which it is plated on suitable nutrient agar for hacteria and 
fungi. Direct counting of spores or microbial cells with aid of �icroscopy is �sually 
impossible because of the high density of dust :particle '\vith various light reflectanc'e1 
properties in. the samples. �ult�vation method is also used fur water samples from humidifiers: 
or other water reservoirs. The insulation and other· soft material samples are able to treat as. 
dust1samples. . ·" 

· ' 
The surface sample can be collected also by swiping method, in which a known area i� 
swiped crosswise with a cotton wool stick wetted in sterile dilution water. The sample i� 
cultivated as the dust sample. Both the metJ�ods gives results in colony forming units per 
square meter (CFU/m2) 'if the dust sample 1s collected from a known area. Whatever the 
method is used for .. microbial analysis, attention should be paid for prevention of 
contamination of the samples during sampling and during treatment of the sampling 
instruments. Especially bacteria may be originated from the person who takes the samples. 
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Table 2. Fungal ,growth on HJ{ �C materials at various cqntamination levels at ..... ., I •< ! lJ -l; �) j• various rel,ative hu[.l;l_idities of air. ·',,, 1 ··:. 

. Material 
)i; fH'llv 

Type of 

::>''-' .d ... contamination T 

.1 

• I 

if 

.v r· .. •. 

., 

., . 

-. · ' �rl : .(: . .:; \;' J; •• !.: }'> ,. oc Relative humidity of air(%). 
� i' 

.---�-.. -7-5��8 -0 �---,..8-.5��90� �9-5� �-10- 0---1 , t,I ,· I z., \ t 1/J. J .. I J 
unused GF insulation/ 
duct board 
uny�ed GF insulation/ 

; 'c(H�t boar�f .J �1 ·: 
�iiusfl:i OF irrsu

.
tationl 

Clean 

. 5-l.Of;/m2 soiling : "\':r·t f* 'I I ,·., • J \ .' ,; ·• .'',. ... ) I; J I ·• Ii. 

1 100-�00 gfim'2 soiling 
i ducf:tloard ... , .)�J ',�:. O'.i :,: cur •;,: 
u:;ed1GF.)nsnla�ion . G'Qnta111inat1Jd in field 

H'.I/ f I rr r IJ ,)Ii, No�?
.
i�i���·'.ifor 5-10 

, ,. .. years, relatively clean 
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(used) GF filter 
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no air flow in test 
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Manifestation of the fungal growth 
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:·· ... ·i\. 
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References: Pasanen et al. 199lc, Kemp et al. 1995a-b, Chang et al. 1996, Foarde et al. 1 996b. 
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OIL RESIDUES . _ J.i ·� r t � r 
'•, / ( . " 

).:· 

The HV AC-components are most often made of galvanised sheet metal, which needs 
corrosion protection to avoid hydroxylation of the zinc surfaces during storage and transport 
from steel mill. These viscous fluids form a sticky layer on the surface decreasing cleanliness 
and hygiene of manufactUred components. Further;· lnbricatiorf'is needed' to; decrease ftictiori 
between machine tool and the sheet metal during rrianufacture of some components with sharp 
bends or bows. A part of the lubrlcant ·remains as a thin layer on the interior surface of:tfu'e 
product where it increases dust accumulation on the surfacer and serves as a· potential growth 
media for microbes (Wallin 1994,· Fransson 1996). Evaporation of hydroc ·bons from oil 
residue, decreases the perceived quality of ·the air passed through 'the ventilation system 
(Pasai1eriet al. 1995,'Bjorkroth.:erat·1996). · 

· · ; , ,,r,.-,, ;. 1: • • , , •1.u.: 
··,,1,:·:-. d. ·1·.1 ' :  ; •.• ,· .. ' i ' . \ ' : � �'. ':.i { 

In recent years, building contractbrs, and customers have started to demand clean and high 
quality HVAC components, ,;.:arid therefore, solutions to manufacture oil free HVAC 
components have beei1' ·sought. Therefore, air 'duct manufacturers use· mainly sheet metal whir.h is corrosion protected by chromium acid treatment or organic inactivation process of he 
zinc surface. However, sampling and analysis methods for the oil residues have not been 
available until recently. The:'proper and well validated quantification method for oil•.on ·a 
surface is firstly needed by a 111.anufacturer who will devefop methods to produce compon�nts 
with low oil residues. S'econdly�''the validated ·analysis method is'.:necded by designers ahd 
building contractors who will order a clea11 ancf odour: free HVAC system in order to ensure 
high IAQ for the building. · 1 ·' ' ' 

• 
: «. 

Two san1J>Fng methods1 have been appiietl to collect the oil from the sheet met:ll surface. In 
swiping rt1ethod the sample area is swiped crosswise with'· glass or cotton wool sampler from 
�n area of 100 cm2 b.ordered·with al specimen; The swipit�g sampler is prepared by inunersing 
the swap in a test tube containfog 2 ml of tetrachloroe'thylene (TCE) after. which fur;; excess 
sol\feht is pressed carefully back1iti the tube� In faboratory:,l the solvent is e apo at d and the 
sample is dissolved i111a know amount of 'TCE and total amount of·oil components are 
analysed with·specfrophotometer>· ' ·  • r: •· ; · 1,;i:1. ,. : .. , ·.-..' • ii 

' ' ' '·'' 

Filter contact method is based on the pressing an immersed glass fibre filter (Munktell filter 
MG 160) on the surface with a constant pressure. The filter (5 · cm* 5 cm) is immersed in 
tetrachloroethylene (0,036 ml tetrachloroethylene/cm2}, after which it is placed and pressed 

''the surface" to be sampled. Tne filter· is pressed with a constarit pressure device adjusted tc»a 
force of 4� N which gives 17.5 kPa pressure on .the 25 cnl surface. ln itTegular surfaces like 
bends arid joints the filter is covered with a cleaned PFTE film and pressed with fingers. After 
the sanipling the filter is 'closed in a test tube and the' analysis is performed similarly to the 
glass woo!and cottonwoolsamples: ,j .: I'•· ,_; , .. _., 1.'t · ::�1 

According to preliminary results the oil levels are low on the sheet metal which is protected 
against corrosion with chromium acid treatment. On the surface where oil mist is used for 
corrosion protection the oil concentrations on the surface ranged from 500 to 1000 mg/m2• 
The two methods have different recoveries; the swiping method took about 60 % of the total 
oil due to some loss of solvent remaining on sample surface during sampling. The filter 
contact method with constant pressure device had better recovery and repeatability (91 ± 2%). 



Both the methods showed that the oil is unequally distributed on the surface and several 
samples are needed for reliable measurement (Pasanen et al. 1 999). 

' , r 

SUMMARY ,;;rr.: j .' r. " '  .: i :2 .. ,. 
·, ;;� "" ' '  : ,  ; r-:," / ., ' ' � :-: : . � '.; ; r •  ,_:.·.�·: ·1 , 

Dust and -debris> in HVAG system is considered - as an_ impurity that need to be removed b,y 
�gulai : or irregularr:deaning action for efficient, .function ;of BVAC system. In many cases 
dii::fferent opinions exists about the need for cleanil).g, and, . therefore, consistent methods to 
verify dl!lstiness .c-or cleanliness of the syste� ,<1,r� nee4ed.) Filter s,aµipling method is reliable 
and it is suitable:for a wide range of dust levels, !however, it is labptj�us and needs time to 
stabilise the :samples. Dust tape method is not s0 effective to loos� firmly fixed particles from 
surface and the dust binding capacity of the tape seems tq:_J;>e,)sµ(ficie!lt pn surfaces with dust 
less than 4 g/m2• Gel tape method which gives a comparable density of dust as percentage of 
dust coverage' on the surface is rapid, but the repe�tabjlity Qfth� �ethod is not as good as with 
fhe other methods. It has quite the same range than the dust ,tape method. Both the methods 
se'em to be useful for quick:>verification of cleanliness of new iµstallations if the surface does 
mht contain oil residues. , r · ·;; : '' '  . ' . , :::. L  , . , ,  ' i  : ) , _ , ;n . .  " ·· 1: • i 

(, i;-�' ' ' I ' O .') f; 
Airr::duct - in normal· buildings 1 ar.e not, sterile; '  If UJ1Usual high .,i:nicrohial contamination is 
suspected due excess moisture fa,the · system the swipe sample or. dust sample methods for 
taken cultivation are suitable. A few or sing�y dominating :fungal genus with high counts may 
be an ;jndicator for microbial contamination. 'J!he)cleaner the surfaces:are. the sl()wer and lpwer 
is the risk to get microbial growth problem in the system. � , - � f  ; w  ! ·  

.Oil residues are one group of impuritie.s on new HV AC C,9mponents that decreases· the quality 
ef air. passed through the. system ... Galvanised sheet. met�.i which was covered with corrosion 
protection oil contains oil up to 1 g/m� of oiL While the; .oil COJ,l.Centrations are low on the sheet 
metal surfa'ce which is , treated .. wi�h· oil free .corrosion'-' pro:te,ction. Variation in the oil 
concentrations is wide oni the. sai;ne sheet metai and also :11A -the ,manu,factured components. 
This variation should -be taken ac.count - in sampling designr The filter coll.t�ct ri.ethod showed 
the best recovery and repeatability and the method was good .compared tQ .t�e glass wool and 
cotton wool swiping methods. 

.• l '. t  j 

b�2:::�1 J i ·.. . .. •. . .  r-._'. J '  •. ,_. ,:. "l ·.' ; ; n· ·  ., . , ,-, . :  ' .. , - . , . .. ,.. . . .... • ' I' : ,_. . .  : · �  _ l " : i..fi : , J : _,.  J J f .: · ,.- ,-L ;� . ( ;- , 

= r  

rJf1his�·study is a, partly included. by the Clean Ventilation Systeµis project which is financially 
stipported;1byr.r:Technical Oevelopment (::entre of Finland, Finni�h industry and participating 
researchc2organisat:ions, ·"Jh.e· Clea!l:_tVentilation Systems project 1 is a part of the Healthy 

:.iBuilding Technology. Programme, I acknowledge my coworkers, Mr. Vesa. Asikainen, M.Sc., 
and Mrs Kati Iivanainen, B .Sc. for their assistance in dey�lop�ent, ofpil and du�t sampling 
analysis . 
. � I�YH< i"� ·: .; ;� j r} � � i.t fv ... · i s.: !.11� J:·:i��rl !'.;. ·-�1 : J  nr:1 r_J l ��r; ... ; -:: J �:· 1 ·. 

·,cj) b::l?. l i  p;j '<·: ! •-;; l i r) Y :Jfr. , ,  :: Y}l!J2 :J d:' trJ J , , ·�· iv•;.::; : , 

1 ;._y: )f '/:'  

. (ij ) 
: i  

' !  J- !Jj I · : I ' J . 

f 1 :  ; '/� 

j .: 



REFERENCES "; I '  ')i l'.' i �; · ·  I f l'<i! � ·1 ?  f, \ !  h 1 ;  I I , (-�. (> i • !  
. •  £ �:· ; , • 1 5 • ,  , ,  . , �  · 1 ·  J • •  1 t .  • . _J : 

Ager, B.P., Tickner,).A. ( 1983) The cqntrol ofmicrobiologi�al ��.�rds1a�sociat�d W�th,�ir-conditj9�,iqg 
and ventilation s:ystems. Annals of Occupational Hygiene, 27:341 -�5� ,0. 1 1  , ,, r t i  '" ,; . H , 0 

Anon ( 1995) Initial evaluation of methods for sampling dust from air conveyance system - d�c:.t) 
. components. Interim data sumµiary report. EPA Contract No. 68-D4-0095 .  September 14th ) 9,9�� 
Auger, M. ( 1994) Efficiency ofresidential duct cleaning. Proj�ct report Canad'� ' Mortage Hou'sing 

. ; 1  Corporation, Otta�a, Canada. · : . ! ' I) • • \  I r : , ' • •I 
Bernstein, R.S., Sorenson, W.G., Garabrant, D., :, Reaux, C., Treitman, R.D. ( l n�) . .  Expo�ur.e to 

respirable, airborne Penicillium from a cont�minated yentilation syst!!m: ClinicaJ,, �n,vironmental and 
epidemiological aspects. American Industrial lfygiJ{i?·A�sq,ciatip� Journal, 44: i 6 1 - 1 69. . .· 

Bjorkroth, M, Torkki, A, Seppanen 0. ( 1 997) Effect of pollutionJro111. <;fu,cts .9 1;)- SUpJ?lY air �uality. 
Proc_ef!dings of Healthy Buildings ,'.�7. ,H_ra thY,J �uµdings /IAQ '97. W��)U}:gton DC, pp 5 8 1 -5 86. 

Byrd, R.R. ( 1996) Prevalence of microbial growth in cooling coils o� _comn;i_�rcial air-coqditioning 
systems. Jn: Yoshizawa, S . , $imura, K�I., Ikeda, K., Tanabe, S. ,  Iw�.ta, T. (<:;ps.� 1 Proceedingf .of 
Indoor _A,ir [96. Indoor Air ,';?i6, Nagoya,,)apan, Vol. 3, l?P;20_3-207 . ·i . ,; ·u· 

Chang, J.C.S, Foarde, K.K.,VanOsdell, D.W; ( 1996) Assessment of fungal (Penicillium cl11n9gef!um) -
growth on tpre� HV AC du�t �a,t.eri<¥s. En._vironmenta,l Inte�·national, 22:425-4� 1 .  

·� ·�. Fanger, P.O., ._LauR..dsen, J., Bluy��en; . P., Clausen, G . .. q98�). Air p9l,l�1tion sourc.e . � offices1 and 
assembly halls, quantified by the olfunit. Energy and Buildings, 12 :7- 19. . . . 

Finnegan,, M.J., J>ickering,1 C.A.C., Burge P.S. (J984) The,, sick b4ilding , syndrome:p��yalep.ce studies. . • · / - · l . .· .• ' • ,, . . ' : • � · �· ' ' · 1' � • I ' ! 
British Medical Journal, 289: 1 573-1575. .. 1 · , , , , , . -< • \_, . ··. \ 1  . . \ ( ; '. . • • Foarde, K.K.,VanOsdell ;  .. D .W., Chang, J.C.S . ( 1996a) Amplification of Penicillium chrysogenum on J 1 -· · · - 1  l ' . ,  ' . I . ) . r  ' ·; 
three HVAC duct m:,l;terials .. In;,Yoshiza�a, �:, -Kimura, K-I., Ikeda, K.,_Tanabe, S. ,  Iwata, T. (eds.), 
Proceedings of Indoor Air '96. Indoor Air '96, Nagoya, Japan, Vol. 3, 1 97-202. . , 

Foarde, K.K.,VanOsdell, D.W,.� Chang, J.C.S {1 996b) Ev�Juation of fungal growth on fibergl�s� duct 
materials for1 various moisture, soil, use, and temperature conditions. Indoor Air, 6 :83-92. . :· · .

Fransson, J.I. (1996) Particle dep�sition in ventilation air supply ducts. In: Yoshizawa, S. ,  Kim�ra, k-1., 
Ikeda, K., Tanabe, ,S,J, lwara.? T. (eds.) lj'rocee1dings of Indoor Ai1f, '96. ��oor. Air ' 96, Nagoya, Japan, 

, ., ,  Vol. 2, pp. 7 17�722. : , , , .} • :  " , ,  • . . . \\ 1 ;:· ( \ \ '- ' , , '-\ , . . , ,: , ; , , . 
Fransson, J.I., Ruud, S.H.,- Rosell, L. ( 1995) Rena ventilationskanaler. - (Clean air ducts). S�' ,�dish 

National Testing and Research Institute, SP, R�port 1 995 :38 ., (�n Sw�dish). '• iL '. ;� ·,, /' , .  ; . , Ito, H.,  Yoshizawa� S. ,  Kumagai, K., Shizaka, !(,. ( 1996) Dust ��po��1',e".ah�ation of air conditionin duct. 
In: Yoshiza;wa, S., Kimµra,: �-I, Ikeda, K�r :fa,nabe, S.1 .hyl;lta,1 T,: Jeds.) Proceedings of Indoor Air 
'96. Indoor Air ';96, Nagoya, Japan, Vol,}; pp.::965-970, 

-
, ., ',i . , . . _ 

Kalliols:oski, ,P., Kujanpaa, � .. Pasanen, A-L., .Pasanen, P. ( 1995) Cleaning of yentilation systems and its 
effec� .on air ex�hange_ rates 1i� si�gle family"�ouses. In: Maron�1: �· (ed.) Proceedings of Healthy 
Buildings '95. Milan, Italy, VoLJ, pp. 1525-: 1 529. . ., ,  . . - · ! , � . ... . ; l · .. J. ' '· . :. , 

' -J . 
' 

Kemp, S.J., Kuehn, T.H., Pui, D.Y.H., Vesley, D., Streifel, A.J. ( 1 995a) Filter collection efficiency and 
growth of microorganisms on filters loaded with outdoor, air. ASHRAE Transaction. 101  :228-238. 

Kemp, S.J., Kuehn, T.B. Pu') D.Y:H., Vesley, D. Streifel, A.J. (i995b) Growth of microorganisms on 1 •  • I f I , L  1,.. i-' " 
HV AC filters under controlled , .temperature and humiditY,. aonditicns: ASHRAE. Transaction, •. r -· . ·� � j l ) 1 � J '  . . 10 1 :305�3 16  : : ) • • '  ! ; ' · . c; : '  i f' • [ , , ' , · : ' , , , , 

LaatiJrninen, .  r., . Pasanen, J;l,., ) Corh9nien, L., l'f.e";a,l,�i�.en: ,A. "an1(��u���riel;1;1 I -!:': :'(t9;� l)_, iMeth?q.i;' tor 
evaluating dust accumulation in ventilation ducts. In: Geshwiler, M., Montgomery, L., Moral}, M. 

,, and Johnson, J .. (eds.), Proceedings.of IAQ;91Health){ Buildings. ASHRAE, Atl�n�, USA. PP)1�:-
382. ' ! .: . . 

• , ' ' . I � 1 1 .  I \  I t I\ I \ .  ' ' : •• � .,, i ' 
I,..alftivuori 0. ( 1 996) Tilluftsaggregatets och tilluftsfiltreringens inverkan pa , fdroreningar i 

tilluftskanalen. ·���t pa i�i:ie.luft:ens 'wrrtikelko.nc��tration. <+!'.� �ffecj' of the .. �up1>1:Y, air 'hari�lip� unit 
and the supply atr filtration on the supplyi_a1r due p9l.Jt1��ts �!1.? �he P�r;t�c J: �oncentra19on . �n the 
indoor air).'·Master thesis . .  Helsinki 1 V,,1iix,ers�ty._ tof Teclmology . . f..a�uJ� H(�e1chanical E,ngine�rll1g. 
Espoo. Finland. (in Swedisq). �l .:,.t. . 1 · ,  , 'P  1 . • ; , ! : : ; tj 1 ·- ', , ',, · \ i  �1 . 1 . , ,  i 

) 

) 



Loyd, S. ( 1992) Ventilation system hygiene. Technical note TN 1 8/92. 1 .  The Building Services 
Research and Information Association. 35 p. 

M0lb�ve; L.; lbo��en, M. ( 1991) A rnoqel for investigation of ventilation systems �s sources for volatile 
organic compounds in indo�rclimates. Atmospheric Environment, 25A:241-249/ rro.· -

Morey P. (1 992) Micrdbial contamination in buildings: precautions durtng remediation 
�tfVfties.In:Coda, F.M. 'et al'. (eds.), Proceedings of IAQ, '92 Environments for People. ASHRAE, 

Y1 At anta, USA, pp. 94-loo: •·· '. : ·  l ( J - ' t  · · i 
Morey, P., Williams, C.M. ( 199 1 )  Is porous insulation inside HVAC system compatible with healthy 
'JJ ' • ' "',/ • ' � buildtng? ln: Geshwiler, JV1. ; Montgomery, L., Moran, M., Johnson J. (eds.),·Proceedings of IAQ '91 
_;, : ..  Healthy Buildings: AS�. Atlanta, USA; pp. 128�135 .  - . , · · 

NADCA 1 992-01 .  Mecha:Aica1 ·d'eaning ofnon;;porous air conveyance ·system' components. National Air 
: : Ducttleaning .A:$socia:tiorl, 19921 1 1  p. I . 

• . I c ; r .. ·'' ' : 

NADCA 1 992-0 1 .  Mechamca cleaning ofnon-p'otous air'donveyance system components. National Air 
gr j Duct Cleaning Assoctation,' 1 992, 1 1 p. · · · i I ' ' ' · • '  ' · 

1'11-ieisen, J., Valbj0rn, 0., Gravesen, S. & Melhave, L. (1'990) Stov · i ventilationsanlaeg. (Dust in 
ventilation system). SBI rapport 206. Statens byggefotskningsinstiti.it, Copenhagen, Denmark. 34 p. 

· '. (in Danish) ' '· '  -. ) , . , · ' ' i i  . 1 1  - ' , ' /' !  · • 

Pasanen, P., Asikainen, \<; Liesivuori, J. ( 1999) Storage an�· processing oil contamination on new 
')ii!_, HV AC cbmp6neiits: develqpm_ent of �easurin methods. Subrnitted �o Indoor air' '99 Conference 

_, � ; 1Edinburgp 1 9�9: , ,  . -� 
. 

· , · · ·. 
\ .. • 

·
' . ,' 

.
,_. '. , - '

' ; < : .  · .  

Pasahen, P 0, Pasarierl, A-L;and Kalliokoski, P. ( 1995) Hygienic aspects of processing oil residues in 
ventilation ducts. /ndoor air. 5:62-�8. · · . .  - : · 1 · 

P�sanen, P. (1994) 'T6irrt'lstorake!niluste� ifm�nvaihtokanavien epapuhtaudet. (Impurities in ventilation 
ducts of offide building'). Department of Environmental_ Sciences·, ' Research Series 2/1 994 . 

. Unversity of Kuopio, 88 p. (in Firm�sh) · .. . · ' 1 · I  ' · 

���an�ri, P. ( 1 998) Emission from fiite1-Sr and' hygiene of air ducts in the ventilation systems of office 
. buildings. Ph.D. thesis. Kuopio University Publications C. \fatwa! and Environmental Sciences 80. 
·�'77 pp. ,J : . � • ' . .. , • ' , 

J 

Pa;Sin"en P., Hujanen, M. Kal1iokoski, P., Pasanen, A-L., Nevalainen, A., Rluskanen, J. ( 1 99 1 )  Criteria 

. for changing ventilati.on filters. Proceedings of JAQ '91 Health Buildings. A.:)HRAE, Atlanta, USA. : f'pp. 383- 3 85. I. ' , ' I  "1!; .. : 1, I , i;r ·-; ( , I . . ,, I t  , ' I 

Pasanen, P., Nevalainen, A.�. I�uu·skanen, J. , Kall iokoski, I'. ( 1 992) The'composition and location ·of dust 
· '.�-: 'settled 'In "'supply air due s'. ·Proceedings of the' H'h AIVC confel·ence, Ventilation for Energy .,., Efficiency and Optimum Indd01· Air Quality. AIVclCoventry, Grea Britain. pp .48 1 ..:488 . 
Pejtersen, J., Bluyssen, P., Kondo, H., Cla�sen, G., Fariger, P.O. (1989) Air pollution sources in 
ti "-Ol:ntllation syste�s. 'In: Kulic, E., Todorovic, B. ,  Novak, 'p. (eds.), Proceedings of CLIMA 2000, PJr 

n Conditioning Components and Systems, Yugoslav' Committee ·of Heating, Refrigerating and Air 
Conditioning, and Union of Mechanical and r Electrical Engineers and Technician of Serbia, brrn I I ' ' . I ' • Beograd. Vol. 3, pp. 139-144. ' · · · 

1 •• • ·, .. 

Rob�ttson, J. ( l988) Source; •·qat'ure and symptomology of indoor 1 air pollutants: "sick building ( rt) c! l (J_ d ,, . . s . ' . I I .  -1 . ' I  . d . fi B " ld" E I sy11 rome. . n: ympos1w11 on arr n tration, vent! atJ.on an moisture trans er. u mg nve ope 
, i;· "·coordinatihg'Councir : Forth Worth, Texa�. USA, pp. 243-250. 1 ' ·  'j 11 • • 

S.clnieider1 T, P.!!tersen, 0 H, K.ildes0, J, Kloch, N P, L0ber, T. ( 1 996) Design and Calibrafon of a 
' 1 Simpl,e 1Insbii'rhbnt for Measurin� Dust on Surfaces in the Indoor Environment. /ndoor Afr. Vol. 6, I -· · pp,204-2 1 0 ,.. �, -. .  : ,  t 'J '  J i 11 . . ! I • •  .. 1 I ' ·  , , ) I I .  ,, r i  . .  _ : . ' f{ • l 1  , .  : ' . , ' 
Skov P. 1ValbjoVf1, 0. ( 1 987) ·'Sick1' building'syndrome in the 'o'fficc environment: TI1e Danish Town 

Hall Study. Environment International. 1 3 :339-349. 
Sunde! J.''Ande'f.sson,-B . ,  Ahdersson, K.: 1Lindva1 l, T. ( 1 993) Volatile organic compounds in ventilation 
! 1 ' ' ! ;m: ii buifdi�gi· . at 'li.ifI�r�nt sampling points' 'in' · th{ buildings :and thefr'tclationship with the 

. r�revalence of oy�upfa;it s�1pto�s. In,dbo1· Ar, 3 :82-93. '  ·· ' " ' : ' .  J '  ; ·� ' .'f'"·. 
· Wil lin. 0. ( 1 9{94) · tondpu(e 1 _. frnulat.ib . ribf particle · deposition' iil ' ventifatin'g duct s'ystem. Ph.D. 

Thesis. Bulletin 31, Building Service Engineering, Royal Institute of Technology, Stockholm, 
Sweden, 1 62 p. 



) 

) 

) 

) 


