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ABSTRACT

Recently, the interaction between particles retained on HVAC and indoor
air quality has gained more attention due to their possible relationship to
irritation, health outcomes, and odors. The purpose of this study was to
offer some reference data, contributing to a insights into particle and
bioaerosols deposited in real HVAC systems. The HVAC system sanitary
condition in a high-rise building in Xi’an, China was investigated. The
deposition dust was quantified and the accumulated microorganisms
(including bacteria and fungi) were identified by morphology method in
different parts of central air-conditioning system. Resultsreveal ed that the
average size of the particles of dust fell into the range of 6-20um, with the
exception of thefresh air section. Secondly, theloading ratesfor the return
air duct may quickly than the supply air duct for the buildingswith alot of
indoor sources. We should give more attention to return air duct when
arrange HVAC systems cleaning schedules. Thirdly, the index of
microorganisms was more sensitive than deposition dust because the
microorganism concentration already had exceed the threshold, while the
deposition dust were still under the limiting value. Lastly, in the process of
controlling microorganisms, it is more effective to perishing the bacteria
due to aways higher concentration than fungi in the same parts.
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INTRODUTION

A largeportion of the population pends90% of their
timeindoors, andindoor pollutant concentrationsarefre-
guently higher than outdoor contaminant levelg¥. Asa
result, indoor ar qudity (IAQ) incivil architectureenvi-
ronmentshas beentheobject of intenseconcernfor many

yeard?3, Much research indicatesthat IAQ hasastrong
relationship totheinadequacy of theventilationand air-
conditioning system of the building“®. Oneimportant
reason isparticlesinindoor environmentsmay deposit
onthesurfacesof heating, ventilationand air conditioning
(HVAC) systems. Such deposits can lead to indoor air
quality problemsand performance of HVAC systems
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degradation. For instance, asair flowsthrough ducts,
deposition to duct surfacesmay alter airborne particle
gzedistributionsand therefore affect exposuresof build-
ing occupants®. Fouled heat exchangershavedimin-
ished heet trandfer performance, increased pressuredrop,
and can cause contamination of working fluids*?. Fur-
thermore, filters, coils, and ductscan aso act asreser-
voirsfromwhichbiologica contaminantscan resuspend
intotheair stream, causingindoor bioaerasol problemd ™.
Therefore, from an environment perspective, particles
deposit on the surfaces of HVAC systems may cause
many respiratory symptomssuch ascough, shortnessof
breath, wheezing and asthmaattacks, aswel aschronic
obgtructive pulmonary disease, cardiovascular diseases
andlung cancer™,

Despite these efforts, little has been reported on
thecharacteristicsof dustinsideareal central air-con-
ditioning system. Hence, thiswork focuseson physica
and biological behavior of dustinsdeatypica centra
air-conditioning system. The purpose of thisstudy was
to offer somereferencedata, contributingtoainsights
into particleand bioaerosolsdeposited inreal HYAC
systems. These new information would be useful for
improving our ability to predict particleand bioaerosols
loading ratesin HVA C systems, estimate HVAC sys-
temscleaning schedulesandimproveindoor air quality.

EXPERIMENTAL METHODOLOGY

Thereisawiderangeof bioaerosolsthat have been
identified inindoor environments. However, for depo-
sitionon HVAC systemswe arelargely interested in
two typesof organisms: fungi and bacteria. Thereare
other biological agents present inindoor air that also
present health concerns, such asviruses, dust mites,
algae, and pollen. These particlesareeither relatively
rare (viruses), large and not particularly biologica ac-
tivein HVAC systems (dust mites, pollen).

Therefore, theitemsmeasured includethe particle
sze of HVA C dust and the concentrations of microor-
ganisms (fungi and bacteria). Beforeanadyzing there-
sults, itisimportant to describethe experimental meth-
odology.

Thesampling site

Thesamplewasobtaned fromthedust intheventi-

lation and air-conditioning syseminahigh-risebuilding
in Xi’an, China, located in the northwest of China, in
the cold region. Outdoor particulatepollutionis seri-
ous, theaverage concentrationsof PM10in Xi’an and
Xiaozha (Xiaozhai isanearest air quality monitoring
gation fromthe building) reached 0.129 and 0.118 mg/
e, respectively. Thebuildingislocated downtownwith
heavy automotivetraffic. Itisan officebuilding. It was
completedin 1994, with 31 floorsand an areaof 40,000
m?. And the covered areaof per capitaisabout 10 m?.

Thesamplingair conditioning system

Thefan coil unit (FCU) isinstalled abovethe 3rd
floor of thebuilding, whiletheair handlingunit (AHU)
systemisinstalled below the 3rd floor of the building.
Airfilter (Mid)isingtdledintheHVAC system. Ductin
thebuildingismadeof galvanized stedl. Thehydraulic
equivalent diameter isabout 700mm. Thedesignwind
gpeedinsampling duct is6 m/s. Brazed duminum plate-
fin heat exchanger isused inthe HVAC system. Fin
spacingis4.2mm. The design wind speed in brazed
auminum plate-fin heat exchangeris3.5n/s.

Thesamplingmethod

The methods of dust and microorganism sampling
arepresented inthe standard. It can giveyou informa
tion about how to sampling and counting. In order to
comparethe characteristics of dust fromanair-condi-
tioning system, the central air-conditioning system has
been dividedinto seven typica segments. Itincludethe
fresh air segment, return air segment, mixing box seg-
ment, filter sesgment, cooling and fan segment, and air
supply duct. Side-by-side random sampleswere col-
lected from each segment. Each sampling areawas 10
cm?. Ten sampling points were selected in each seg-
ment for every experiment.

Particle sizetest

Thedust wasconservedinajar that was sterilized
by the drying method. Theanaysisof the particlesize
was conducted with alaser diffraction particlesizeana-
lyzer (Beckman L S230), with ameasuring range of
0.375-2,000 pm. Two kind of method including dry
and wet can beused. In order to avoid someparticles
dissolve, dry method was carried inthe experimentd.

Microorganism prepar ation
Biologica samplingcanassst indeterminingif mi-
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croorganismsare present in aparticular environment,
andif theamountisunusual. It canasoaidinlocating
the source of the mold reservoir and facilitate
remediation. Although the sample collection techniques
used for microbes and other particles possess some
similarities, there are considerabledifferencesinthe
andyzing methodsused. Microbia anaysesaremainly
based on cultivation of microbes before calculating,
whereas particlesareanalyzed by gravimetrical tech-
niques.

Thefungi and bacteriawereincubated according
to China Standard™®. Sabouraud’s Agar (SDA) and
Nutrient Agar Medium (NAM) wereused for fungi and
bacteriaincubation, respectivey. Fungi wereincubated
for 168 hoursat 28°C, and bacteria was incubated for
48 hours at 37°C. The microbial experiments were
gtrictly controlled under sterile operationd procedures.
Glassutenglsweresterilized at 121°C for 30 minutes
beforeuse. Thelarger equipment wasdisinfected with
75% ethanol. Every sample was duplicated and the
vacant one was utilized in the experiment. The dust
samplewasdissolvedin 100 ml of Tween 80 by hand-
shaking, and then 1 ml of solution wasincubated ona
culturedish. Theanaysiswas performed threetimes
for each dilution and the average number of colonies
formed was recorded.

RESULTSAND DISCUSSION

Theparticlesizeof thedust

HVAC dust isapotential resource that may en-
hance our understanding of indoor occupant exposure.
It canbecollected with minima effort and anayzed for
abroad range of contam-inants.Figure 1 shows the per-
centage of cumulative volume and the size of the par-
ticle. Resultsreved ed that the average size of the par-
ticlesof dust fell into therange of 6-20um, with the
exception of thefreshair section.

Particleloadingrate

Three sets of the same experiments were con-
ducted, respectively. They have been named experi-
ment-1, experiment-2 and experiment-3. TABLE 1
showsthe concentration of dust infreshair segment,
return air segment, mixed air segment and air supply
duct(It isdifficult to obtain the per unit areaconcentra-
tion of dust in heat exchangersand filters). According
totheair conditioning system running timeand concen-
tration of dust, loading rate can be cal culated(TABLE
3). The loading rates ranged from 0.73 to 1.19 g/
(m*month) for the supply duct, ranged from 1.54 to
2.89 g/(m* « month) for thereturn duct loading ratesin
three experiments. Theliterature presented the overall

Pstich Disnetss | &

Figurel: Thepercentageof cumulativevolumeand thesizeof the particlesin Experiment

mediansloadingrates1.00 g/(m? « month) for thesup-
ply duct and 0.262 g/(m?month) for the return duct!4,
Itisclear that loading ratesfor the supply duct inthis

study iscons stent withtheliterature. However, itisdis-
tinct differencefor |oading ratesfor return duct between
them. Thisdiscrepancy ismainly likely caused by the
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fact that therewasreally quite adifferencefor indoor
sources between them (loading rates are dependent on
outdoor particledistributions, indoor sources, HVAC
operation strategy, filtration, and so on*#). The build-
inginvestigated hasterriblefloor andwalls, which may
producealot of particlesinindoors, expressy for large
particle. The particles can suspend into thereturn air
stream and depositinreturn air duct. Moretothe point,
for al except the smallest particlesconsidered, deposi-
tionincreaseswithincreasing particlesize. Itisasothe
reason for particlesizedepositinreturnair segment is
greater than particlesizedepositinair supply duct (Fig-
urel).

b

Figure 3: Fungi coloniesphotos
TABLE 1: Theparticleloadingrate

Through theabove analysiswe can conclude that
theloading rates for the return air duct may quickly
thanthesupply air duct for thebuildingswith havealot
of indoor sources. We should give more attention to
returnair duct when arrange HVA C systems cleaning
schedules.

Theconcentrationsof microorganisms

Thepicturesof bacterial and fungal colonieswere
showninFigures2 and 3respectively. Astheindividu-
alsof fungal coloniesinthe Petri dishwerelargeand
proneto overlapping, themasking effect wasmoresig-
nificant than it wasfor bacteria. ThebinFigure2 and
thecin Figure 3 display themasking effect. Therefore,
inorder to get more accurate results, the colonieswere
counted daily, and the maximum number was regarded
asthenumber of funga and bacteria colonies.

Fungi can beidentified according toitsmicroscope
colonia morphology. The detectivefungi contained
Penicillium, Aspergillus, Cladosporium, Alternaria,
Mucor, and Trichoderma.

TABLE 2 reportsthe concentrations of microor-
ganisms. We can seefrom TABLE 2 that the bacteria
concentrationsin all the sampling sitesranged from
60,000 to 220,000 CFU/ginthreeexperiments, while
thefungi concentrationsin all the sampling sitesranged
from 60,000 to 180,000 CFU/ginthree experiments.
The mean concentration of fungi inreturn air segment
and air supply duct for two HVAC systemsweregiven
inliterature®, thecurrent study islower thanthemean
vauereportedintheliterature.

From TABLE 2wed so can seethat the culturable
bacteria concentrationswere consistently greater than
thefungd concentrationsfor thestesinves-tigated. The

Fresh air segment

Return air segment  Mixed air segment  Air supply duct

_ Dust (g * m?) 31.98
Experiment-1
loading rate(g/m’ * month) 5.33
_ Dust (g * m?) 28.45
Experiment-2 i ,
loading rate(g/m” » month) 4.06
_ Dust (g * m?) 33.55
Experiment-3 ) ,
loading rate(g/m” » month) 5.59
Referenced™  |oading rate(g/m’ » month) —

14.01 14.06 4.38
2.335 2.343 0.73
10.76 12.51 721

154 1.79 1.03
17.31 15.22 7.15

2.89 254 1.19
0.262 —_— 1.00

same conclusion wasreported in theliterature®. The
highest concentration of microorganismswasfoundin

cooling segment. Similar resultswerereported inthe
literature™. It was most probably dueto coil run for
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very long periods of time, aswell as coil with inad-
equatedrainage or sufficient surface roughnessor de-
posited hygroscopic materid that they retain moisture
forlong periodsof time(Moistureisalimiting factor for
bacterid and fungal growth).

Microbia contam-inants captured on HVAC filters
inninebuildings*® and thisbuilding investigated were
presented in Figure4. From Figure4 we can seethat
the mean concen-tration across the sites from site 1 to
site9for bacterial and fungi was 1.4x107 and 1.1x10°
CFU/q, respectively. Although the culturable bacteria
and funga concentrationsobservedinthecurrent study
aredightly lower than themean valuesreported inthe
literature, which aresimilar to thevaluesof site9re-

ported intheliterature. Oneimportant reason may be
that site 9 wastheonelight public building, whose op-
erational mode of HVAC systemissimilar with the
buildinginthisstudy (othersreportedinliteratureare
resdentid buildings). Many studieshave suggested that
microbid contamination of HVACfiltersoccursbecause
filterscollect sufficient organic materia and nutrientsto
support microbial growth819, Kemp? a so observed
enhanced fungd growthwhen additiond nutrientswere
deliveredto HVAC filters. Thereforeit isessential to
cleanthefilter morefrequently.

TABLE 3 shows the concentrations of dust and
microbial inthefreshair segment, return air ssgment,
mixed segment and the air supply duct. The per unit

TABLE 2: Themean concentration of Microorganismsin dust (CFU/g)

Sampling sites bacteria Fungi
Fresh air segment (61700)* ( 71500)? (82300)° (61600)* (66500) 2 (77500) *
_ L ) s (78300)* (71500) 2 (76400) *
Return air segment (91700)" (87500)“ (81200)

Mixed air segment
Filter segment
Cooling segment
Fan segment

Air supply duct

(86700)" (79600)? (84400)°
(105000)* (92400)? (116500)°
(205000)* (197500)? (213500)°
(156700)* (165200)* (174600)°

(186700)" (165300) 2 (185300) 3

(306000) literature{ 15] (622000) literature[ 15]
(65000)* (77300) * (78600) *
(80000)* (89500) % (105000) °
(135000)" (165500) * (178600) °
(91666)" (124000) ? (132500) *
(100000)" (135000) * (143100) *
(287000) literature[15] (3160000) literature[ 15]

areaconcentration of micro-organismsinthefreshair
segment, return air segment, mixed segment and the
wall of theair supply duct can be cal culated with the
datafromTABLES 2 and 3. Theresultsareshownin
TABLE 3. Theinner surface hygienerequirementsin
HVAC were presented in TABLE 4(*3, Contrast
TABLE 3and TABLE 4, thefollowing conclusonscan
be obtained. The highest concentration of micro-or-

—  Average: 1__-1x 10

» Averaze: 11« 10°

] \-\ [ Bacteria
y 1 Fungi

I

Mean Concentration ( CFU/g)

10° 4 —‘
4

sirel sita2 site3 sited sites sited
el9 p aference[ 16]
Figure4: Mean microbial concentration in HVAC filter dust

I - n - i} . &
Experiment-1 "Experniment-2 — Experniment-3

ganismsexisted inthefresh air sesgment, was approxi-
mately 2 timesthe Chinastandard. And the mean con-
centration of fungi in this study was between thetwo
resultsweregiven by literature®.

It also can beseenfromthe TABLE 3 that the con-
centration of microbial exceeded the Chinastandard
more easily than the dust and the concentration of bac-
teriaexceeded the Chinastandard moreeasily than the
fungi. Therefore disinfection measures should be paid
moreattentioninar conditioning system operation man-
agement. And itismoreeffectiveto perishing thebac-
teriadueto aways higher concentration than fungi in
thesame parts. At the sametime cleaning frequency for
fresh air ssgment should beincreased.

DISCUSSION OF THE POTENTIAL BIASE

Every speciesisgoing to grow/die at adifferent
rate under given environmenta and nutrient conditions.
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TABLE 3: Theconcentration of dust and microbial in theinner surfaceof HVAC

Fresh air segment

Return air segment

Mixed air segment Air supply duct

14.01/13.76/17.31 4.38/7.21/7.15
Dust (g * m?) 31.98/28.45/33.55 14.06/12.51/15.22
(2.06)(2.26) (5.57)(13.29)
No/ No/ No No/ No/ No
Greater than standard Yes/ Yes/ Yes No/ No/No
(No)( No) (No)( No)
Bacteria (CFU » cm?) 197/203/276 128/126/141 122/100/128 82/119/132
Greater than standard Yes Yes/ Yes Yed Yes/ Yes Yed Yes/ Yes No/ Yes/ Yes
110/98/132 44/97/102
Fungi (CFU « cm?) 197/189/260 91/97/120
(63)(346) (65)(4194)
Yes/ No/ Yes No/ No/ Yes
Greater than standard Yes/ Yes/ Yes No/ No/ Yes
(No)( Yes) (No)( Yes)

TABLE 4 : The inner surface hygiene requirements in
HVACH

Item Limit value
Dust <20(g * m?)
Bacteria <100(CFU * cm?)
Fungi <100(CFU « cm’)

Some specieswill dominatethemicrobia community
after avery short period. Theuseof cultureanalysisto
detect bacterid and fungi indust exclusion of sometypes
of bacteria and fungi. Sporesmay beunabletogrow in
culture becausethey arenonviable, or they areviable
but injured, or because the nutrients or temperature
conditionsare not appropriate. These phenomenacan
be influenced by sample storage, transport, and age
factors. In order to reduce the test biases caused by
above phenomenon, on-siteculturing methodisadopted
inthisexperiment. It reduced thetime of preservation
and transportation. Despitethis cavest, thisexperiment
providesdataof depositionon ared central air-condi-
tioning system, whichisanimportant first step.

CONCLUSION

Theexperimenta results presented here show that
thereisaclear potentid for commonindoor bioaerosols
to deposit and be viable on HVAC system. Surface
dust sampling methods are necessary for the quantita-
tiveeva uation of theneed to clean HVAC systemand
to control thequality of cleaningwork.

Based onthe experimentd resultsand andlysis, the
following conclusionsmay bedrawn from thiswork:

1) Theloadingratesfor thereturnair duct may quickly
than the supply air duct for the buildingswith alot
of indoor sources. We should givemore attention
to return air duct when arrange HVAC systems
cleaning schedules.

Theconcentration of microbia exceeded the China
standard moreeasily thanthedust. Thereforedis-
infection measuresshould bepaid moreattentionin
alr conditioning system operation and management.
Because fresh air segment isoften easier to accu-
mulate dust, ingpecting and cleaning frequency for
it should beincreased.

Inthe processof controlling microorganisms, itis
more effectiveto perishing the bacteriadueto a-
walys higher concentration than fungi inthe same
parts.
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