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Introduction 

VHExCo99 International Ventilation Hygiene Conference 

March 1999, Solihull, Birmingham, UK 

Air Filtration Issues Related to Ventilation Hygiene 
Wander ter Kuile - Product Manager - Air Filtration 

BTR Environmental Ltd - Vokes 
Henley Park Guildford Surrey GU3 2AF 

Air filtration provides the primary means of controlling the ingress and emission of contaminants into 

and out of any ventilated space. With air filtration we are therefore concerned with the control of 

particulate matter and gases which influence our health and comfort, the spaces we occupy, the 

products we manufacture, the equipment we use and by no means least, the environment. 

Air filtration in a ventilation system therefore provides the means for healthier and more comfortable 

working conditions and to prevent build up of contaminants on the components and surfaces within the 

ventilation system. 

The correct design, selection, installation and maintenance of the air filtration system is critically 

important in ensuring that the ventilation system provides the necessary quality of air. 

While the actual cause or causes of poor system hygiene may be poorly understood, the effectiveness 

of the air filtration system is undoubtedly a contributory factor. It is often difficult to convince people 

that filtration is an important and necessary process within any air conditioning system. This is largely 

because normal airborne contaminants are difficult to see or comprehend unless they are in their 

concentrated state. 

Contaminants 
In a HY AC system, very large quantities of air are passed through components such as heat exchangers 

and are fed through an extensive duct work system to various parts of the building. This air carries with 

it measurable quantities of pollutants, which without air filtration will deposit everywhere within the 

system and the building. If fouling of the air conditioning system is allowed to occur, maintenance and 

energy consumption would increase. 

System components and ductwork can be cleaned which can be a very complex and costly exercise 

depending on the design, layout and accessibility. The result of deposition in the building environment 

would also be quickly noticeable, with air discharge grills becoming fouled and unsightly, and dark 

stains appearing on decoration in their immediate vicinity. 



Flat surfaces such as desks and floors would rapidly accumulate a layer of dust, resulting in excessive 

cleaning costs and the expense of redecoration when cleaning becomes impossible. Complaints are also 

likely from the occupants of the building as nobody likes working in visibly dirty conditions. 

The increase in contamination will affect soft furnishings such as blinds, curtains, upholstery and 

carpets. The grit often contained in dust can be abrasive and will accelerate wear. The building may 

contain delicate equipment, all of which can suffer irreparable damage from exposure to excessive 

quantities of airborne contaminants. 

The 'fresh' outdoor air contains a diverse population of particles, micro-organisms and fibres. The 

relative proportion of these materials and their total concentration varies widely according to 

geographical location and the time of year. 

Typically, the total quantity of particulate suspended in clean outside air varies between 0.0 I and 0.1 

mg/m3 as an annual average. The influence of industry or traffic can easily result in a one to two order 

of magnitude increase. 

To see how such concentrations effect deposition rates in HY AC systems and building interiors, it 

simply requires the application of airflow and running hours. For example, a 6000 m3 /hr fresh air 

system operating for 10 hours per day throughout the year with an average inlet concentration of 0.1 

mglm3 would ingest 2.2 Kg of dust. A dust concentration of 0.1 mg/m3 can represent a population of 

!06 - !07 partic!es/m3. 

This population ranges in size from 0.01 to 30 microns, with the vast majority being below IO microns. 

The larger particles (> 10 microns) settle rapidly, and are mostly only in suspension close lo Lhc poinl 

of origin or in high velocity streams. Particles in the range I to l 0 microns tend to stay suspended in 

the air currents or settle slowly. Particles in the range 0.01 to 1 micron have negligible settling 

velocities. 

It is wholly unrealistic to consider operating any form of HY AC system in a building without the 

provision of air filtration. A properly designed and operated system will offer significant improvement 

in the quality of the working environment and have a dramatic impact on the energy, maintenance and 

cleaning costs. 

To keep energy costs to a minimum it is normal to recirculate up to 90% of the throughput depending 

on the time of year. 

Both fresh and recirculated air should be passed through a filtration system .This ensures that the 

airborne pollutants from outside and the contamination generated within the building itself are 

eliminated from the air in circulation. 
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(' The generation of particles within a building is far more significant than most people realise. For 

example, a typical room at rest contains a particle concentration of 5 x 105/m3. With people undergoing 

nonnal activities in such a room they emit particles at the rate of 5 x 106/minute. The human body 

sheds a complete layer of skin every day. This combined with hair, cosmetics and particles exhaled are 

the major contributors. 

Included in the particles shed are the large numbers of bacteria liberated with the skin and respired 

aerosols. At rest a human can liberate up to l 04 bacteria per minute. Most of these bacteria are 

harmless, but some are infectious and the ventilation system is therefore a highly effective vehicle for 

dispersing infections. 

Odours are often described as a nuisance rather than a contaminant. Most odours are carried by 

particles, and heavy dust loading within HY AC systems can be a considerable source of such nuisance 

odours. 

Microbial growth within HY AC systems has been a topic of concern over recent years and much 

valuable work has been done to identify cause and effect. It has been shown that the appropriate 

conditions of humidity and temperature are needed before microbial growth takes place on system 

components, including filters. 

Filtration 
A properly specified and designed filter system is quite capable of removing all of the contaminants 

mentioned, including many bacteria and viruses. However the cost of achieving such high levels of 

cleanliness is only necessary and justifiable in highly critical applications. 

In conventional HY AC applications an economic compromise is reached between cleanliness 

specification, filtration performance and cost. General ventilation filters have been classified in Europe 

to EN 779 since 1 993. These range in performance from coarse pre-filter pads and panels, (classes GI 

to 04), which have only a limited ability to remove respirable particles from the air. There are also 

Fine grade filters such as glass and synthetic bag filters and semi-absolute inserts, (classes F5 to F9), 

which can be used alone or in conjunction with pre-filters to provide a relatively good level of 

cleanliness for ventilation air. For hygienic requirements consideration should be taken of the removal 

of biological particles such as pollen, fungi and bacteria during the design process. 

Filter life is generally expressed by filter manufacturers as the combination of dust retention and the 

corresponding pressure drop. These parameters are generated under ideal laboratory conditions using a 

standardised test dust as a challenge. The results are compared to a classification as indicated by 
whatever standard is being used. Rarely does the performance in actual conditions replicate the 
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laboratory results. This is why the industry is in the process of producing more realistic standards 

which use particle size efficiency as the comparator, which in tum can be validated in situ. 

The dust accumulation rate on filters is dependent on many factors, the most obvious being the ambient 

dust concentration, the �ll�r rating and the media flux density. It is typical that efficiency increases 

through the loading cycle. This is particularly the case with high efficiency filters. Coarse filters and 

the lower grades of fine filters follow the same characteristic during the initial stages but can suffer 

from unloading and shedding if rated pressure loss limits are exceeded. It is therefore essential to 

inspect and monitor filter condition regularly. 

Coarse pre-filters are typically changed 4 to 6 times per year on timed interval, rate of pressure loss 

increase or even discoloration. Fine filters when used in conjunction with pre-filters typically last twice 

as long before replacement is required. For fine filters the only reliable measure for change is pressure 

loss. There is however no such thing as a guaranteed life for an installed filter, and hence many 

operators prefer the time based change interval. 

The selection of the appropriate gradl':s of filter is largely application dependent and the standards of 

cleanliness required. It is an important consideration because one type of filter may be preferable to 

another. 

Filters vvith anti microbial additives have been used by some operators as contrihutors to maintaining 

hygiene of the HVAC system. Filters provide a very small percentage of the potential surface area 

available for fungal growth, and the need for such filters is not necessary if moisture or high humidity 

conditions can be avoided by appropriate system design. 

If the installed filters prove unsatisfactory, retrofitting the installation should also be accompanied by 

cleaning the remainder of the HY AC system. Frequently the levels of residual contamination of the 

ductwork mask the filter effectiveness. This can equally be a problem from initial build if the ductwork 

is contaminated with resirl11es from the construction and building phases. Rarely is the ductwork 

cleansed before start up. 

Maintenance Problems 
Unfortunately changing filters is a dirty :md often uncomfortable job, and is very often delegated as far 

down the line as possible and as a result is often carried out by improperly trained personnel, and errors 

are frequently made. 

It is essential that the correct grade of filter is used, because the consulting engineer, installation 

contractor and equipment manufacturer have gone to a lot of trouble to ensure that the system was 

initially constructed and installed to the right specification in order to provide the right air cleanliness 
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standards within the building. It so often happens that due to budgetary pressure, the maintenance 

engineer fits a lower grade f ilter than had originally been specified. 

The invariable result is increased energy consumption, higher cleaning costs and an increase in the 

amount of contaminants being circulated within the building. It is essential that maintenance is done by 

properly trained, conscientious personnel, and if it cannot be done by maintenance staff attached to the 

facility, then a reputable contractor should be employed. 

With filter installations, the particular areas that cause concern are the sealing of the filters in their 

frames. Frequently, incorrect sizes are installed or are even left out altogether, sometimes by accident, 

sometimes deliberately. Gaskets are often not replaced on frames or access doors. Poorly maintained 

instrumentation is a common problem. There a numerous examples on record, where the filters have 

been blocked or have burst because nobody bothered to look at manometers or maintain them. 

Sometimes instrumentation is removed and not replaced. 

It is essential to fit appropriate instrumentation to monitor the true condition of the filters. 

Conclusion 
Air filters are not a fit and forget component of a ventilation system, and if they are to do the job for 

which they are designed, all the air must pass through them. Damaged, ill-fitting, or missing f ilters 

allow the bypass of unfiltered air and contaminants, which entirely defeats the object of their 

installation. Such situations result in the necessity for subsequent cleaning and maintenance of other 

system components. 

The installation of a properly designed filter system that receives regular and comprehensive 

maintenance will do much to improve the environmental conditions within a building,. It will minimise 

operating costs and will help avoid poor HY AC system and building hygiene. 
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Wander ter Kuile 

What is a Filter? 

•A fi lter is a device that removes particul·ate from 
an air stream as the partic u late laden air passes 

___ __ thr_oughJt. _______ _ 
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Air Filtration in HVAC 

- Where? 

•Atmospheric i n let air to a system, process or 
occ u pied s pace 

• Recirc ulated air 

• Exhaust air to atmos phere 

fJ•eTR Environmental 
-----·- ---- -

Ventilation 

'''·B' *' 

• The object of i ntroduci ng fresh air into a room is 
to di l ute the leve l of co ntami natio n to o ne that is 
safe and acceptab le 

• Fresh air is defined as outdoor air, that is, 
so urced from o utside of bu i ld i ngs. However the 
quality of th is air maybe of u ncertain purity. 

fJ•eTR Environmental '1·HiM 



Fresh Air? 

•Sources of Contam ination 

... Construction residues, Demolition debris 
... Hydrocarbons - Oils, Exhaust Fumes, Fly Ash 
... Elemental Erosion 
... Dusts, Salts 
... Pollen, Moulds, Bacteria, Fungi 
... Skin 
... Fibres 
... Odorous substances 
... Chem icals 

IJ·a:rR Environmental 

System Contamination 
• Large quant it ies of air 

• High part ic le populations 

--- e-0 . 01 -to-0 . .1. .mg/cu.m in-.good conditions 

• 1 to 10 mg/c u.m i n  severe condit ions 

• Eq uates to many k i lograms of d ust 
acc um ulation if unf i ltered 

•Eve n w ith a G3/F7 combination expect to 
accum u l ate 1gm per sq.m d uct per year 

ct·aTR Environmental 
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r Effect of ContaminatioA 
• Poor performance of system 

components 

• Increased energy costs 

• Increased maintenance costs 

• Cleaning costs of system and 

building 

• Occupant dissatisfaction 

• Sources of odours 

•Sources of micro organisms 

sJ·eTR Environmental 

Result of Filter Exchange 
in a poorly Maintained System 

Particle Generation post Filter Cleaning 

500 
450 
400 
350 
300 
250 
200 
1 5 0 
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50 
0 

... ... 

< � ·s 
- u::: 0 
Q) ... 
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•20 micron 
•s micron 
•1 micron 

'4·B'f1 
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Filter System 

• A proper ly specified and designed fi lter:system 
is quite capable of removi ng all of the.:likely 
contam i nants i nc luding many bacteria a nd 
vir uses. 

•Com m ercial HVAC is normally a com promise 
between cost and -perceived benefit. 

• Is it really worth saving pennies on fi lters when 
the im:pact of using a poor ly designed or 
m·a,intai ned system is so great? 

IJ•BTA Environmental '4·B'f1 

New Filter Classification 
New Fi lter Classification to EN 779 Rev 3 : 1998 

Grade 

- --

G1 

G2 

G3 

G4 

F5 

F6 

F7 

FB 

F9 

Em@0.4 µm 

Am= Average Arrestance 

Am<65 
- - - -

65 Am< 80 

80 Am< 90 

90 Am 

40 Em< 60 

60 Em< 80 

80 Em< 90 

90 Em< 95 

95 Em 

f.J•BTR Environmental 

Based on particle size 
efficiency for fine 
filters F5-9. Grades 
are equivalent to 
current version of 
EN779 based on 
ASHRAE 52-92 and 
Eurovent 4/5 

k'·'fif1 
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Com m on Maintenance Problems 

• Poor f i lter instal lat ion 

• M iss ing f i lters 

• Wrong filter grades 
instal led 

• I m proper sea l ing of f i lters 
and access doors 

• M issing or inoperab le 
I nstrumentat ion 

IJ·aTR Environmental 
- - ----

-------- ---- - --
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The Im portance of Air Filtration in HVAC 

... Air Filtration Provides the Means: 

... To provide healthier and more comfortable living 
and working conditions 

... To reduce the risk of infection in hospitals and 
other related environments 

... To prevent contamination of foods, drugs and 
other delicate manufactured goods 

... To prevent build up of contminants in HVAC 
systems 

... To protect expensive or delicate equipment 

L. ... To prevent ingress or emission of hazardous 
substances 

tiJ·eTR Environmental '''·J:l+i 
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Sum m ary 

•The m ost im portant cr iteria with in an air filter 
system i nstalled to control air q uality, and to 
stop the i ngestion of contam inants, is,:lfle 
instal lation of the correct grade and qual ity of 
fi lters . 

• These fi lters wi l l  req u ire schedu led maintenance 
& replacement. 

•Poor quality, i l l  f itt ing, damaged, or m iss i ng, 
fi lters w ill allow the bypass of unfi ltered air 

.. wh.ich w i l l  defeat the object of their installation 

fJ·aTR Environmental W·Bi41 

fJ•eTR Environmental 
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Air Filtration Issues Related to 
Ventilation- Hygiene 

M·liJ® IMS ii o.S!.u T..i NAFCO� REFILCO HoF�MAr' 
VHExCo99 - Solihull, Bi rmi ngham. March 1999 

Wander ter Kuile 



f Table 2. Fungal growth on HV AC materials at various contamination levels at 

various relative humidities of air. 

( I 

Material I 

unused GF insulation/ 
duct board 
unused GF insulation/ 
duct board 
unused GF insulation/ 
duct board 
used GF insulation 

Galvanised steel 

Galvanised steel 

Galvanised steel 

used GF filter 

used GF filter 

used GF filter 

(used) GF filter 

(used) GF filter 

used GF filter 

Type of 

contamination 

Clean 

5-10 g/m2 soiling 

100-200 g/m2 soiling 

contaminated in field 
conditions for 5-10 
years, relatively clean 

no soiling 17 g/m2 soiling 

90-180 g/m2 soiling 

I used for 4 months at 
40% and 80 % of RH 

I used for 12 months 

I used for 12 months, 
no air flow in test 
conditions 

I one year recirculation 
filter relatively clean 

I artificial nutrients 
with water spray 

I used 6 months I no air flow in test 
conditions I 

Manifestation of the fungal growth 

Tested humidity range and manifestation of 
T growth 

oc Relative humidity of air(%) 

75 80 85 90 95 100 
21 I 6 weeks l6wl 
21 -
21 I 14-5 w 
21 I -
21 � 
21 � 21 

Amb I 1s w ! 
Amb I ambient RH for 52 w 

21 [@ � upstream side 
only 

- growth on 
both sides 

21 I !s2w! 
21 

20 I I 3w l 
5 

20 I [li] 

no growth I slight growt}:1 

Amb = ambient temperature w = week or weeks 

References: Pasanen et al. 199lc, Kemp et al. 1995a-b, Chang et al . 1 996, Foarde et al . 1 996b. 
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VHExCo99 
The International Ventilation Hygiene 

Conference and Exhibition 

March 24-25 1999 
National Motorcycle Museum, 

Solihull, Birmingham, UK 

Welcome to VH ExCo 99 
VHExCo 99 - the International Ventilation Hygiene Conference & Exhibition -
is the first event of its kind in Europe for the ventilation hygiene industry and 
we welcome all delegates from many differing sectors of the market , from 
many different parts of the world. 

Inside this delegate information pack you will find everything you need to 
make your time at the conference as enjoyable and interesting as possible. 
There is a full programme, copies of speakers' presentations and details of 
exhibitors at the accompanying trade show. Please also ensure you present 
your lunch vouchers at lunchtime. 

The exhibition is open at designated times shown on the programme. Please 
make the most of this time to view the stands and talk to as many of the 
participating companies as possible. 

If you require photocopy, fax or telephone services, please go the main 
reception where there is a business centre. 

If you have any other queries during the conference do not hesitate to 
contact Michelle Marshall or Chris Godman from European Cleaning Journal, 
or Stephen Loyd of BSRIA. 

We trust you will find your time at VHExCo 99 both profitable and enjoyable. 

hhlii-F,..N.N .. M1t 

ClEANING 
11)11111 ... , 

Criterion Publishing Ltd, 2 Darsham Walk, Lums Yard, 

32 High Street, Chesham, Bucks HP5 1 EP, UK. 
Tel: +44 (0)1494 79 1222. Fax: +44 (0)1494 792223. 

E-mail: michelle@criterion.demon.co.uk 

m-G\ 
The Building Services Research and Information 

Association, Old Bracknell Lane West, Bracknell, 
Berkshire RG12 ?AH, UK. Tel: +44 (0)1344 426511. 

Fax: +44 (0)1344 487575. E-mail: Stephenl@bsria.co.uk 
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VHExCo99 
The International Ventilation Hygiene 

Conference and Exhibition 

Final programme 
Wednesday March 24 
8.30am - 9 . 1  Sam 

9. 1 5am 

9.20am -

9 .45am 

1 0. 1 5am 

1 0.45am 

1 1 .30am 

1 2pm 

1 2.30pm 

1 pm 

2 . 1 5pm 

2.40pm 

3 . 1 5pm 

4pm 

4.30pm 

Spm 

5 . 1 5pm 

Registration and coffee 

Welcome 

'Risk Management' by Tony Clarke (James R Knowles) 
Keynote speaker 

'The Story of Ductwork' by Brian Roberts & Mike Barber 
(CI BSE Heritage Group) 

'System Cleaning' by Inger Dahl (The Norwegian Bui lding 
Research Institute) 

Coffee and exhibition 

'Air Quality Monitoring' by Duncan Brown (Environmental. 
Montoring Services) 

'Inspection Techniques' by Einar Yri (Montana Corporation) 

'The Role of the Consulting Engineer' by Bob Brown (Zisman 
Bowyer Partnership 

Lunch and exhibition 

'A Client's Experience' by John Armstrong (Arup Facilities 
Management) 

'Hospital Ventilation & Infection Control' by Peter Hoffman 
(Central Public Health Laboratory) 

Tea and exhibition 

'Biocides & Disinfectants' by Phil ip Clarke (Health & Safety 
Executive) 

'Fi ltration' by Wander ter Kuile (BTR Environmental) 

Questions and discussion 

Close 



VHExCo 99 Final Programme (continued) 

Thursday March 25 
9.00am 

9.30am 

1 0.00am -

1 0.30am 

1 1 .1 5am 

1 1 .45am 

1 2. 1 0pm 

1 2.40pm 

1 pm 

1 . 1 5pm 

2.30pm 

2.50pm 

3 . 1 0pm 

3.30pm 

4pm 

4. 1 5pm 

Exhibition and coffee 

'Duct Cleaning Methods' by Richard Trebi lco (HVCA/EDCA) 

'Verification of Cleanliness' by Pertti Pasanen (University of 
Kuopio, Fin land) 

Coffee and exhibition 

'Insurance & Kitchens' by Mark Newton (Royal & Sun All iance) 

'Protection of Kitchen Extracts' by David Stoneman (Techniair) 

'The Importance of Training' by Brian Loader (Aquazur) 

'After a Clean - What Next' by Charles G ray (CGA Healthcare 
Engineering Services) 

Questions and discussion 

Lunch and exhibition 

'Ventilation Hygiene Standards - an Overview' by Richard 
Trebilco (HVCA/EDCA) 

'Clean Classified HVAC Components - a Finnish Approach' by 
Pertti Pasanen (University of Kuopio, Finland) 

'The Air Conditioning Market' by Anette Holley (BS RIA) 

'Marketing Ventilation Hygiene Services' by Olle Berglund 
(RSVR, Sweden) 

Questions and discussion 

Close 
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Keynote speaker 

Tony Clarke MSc, FCIOB, MCIPS, MaPS, FFB 

Tony Clarke is a Chartered Bui lder and Project Manager with experience 
of a wide range of bui lding and civil engineering projects in the UK. For 
the fi rst 10 years of his career he worked on a series of i nfrastructure 
projects in the north west of England. In 1976 he moved with his family 
to Cambridge and was project manager on the A45 Cambridge Northern 
Bypass and a section of the M11 motorway. Upon completion he was 
promoted to the board of his employer, assuming responsibi l ity for 
about £40m per annum of large-scale civil and engineering projects 
throughout East Angl ia. 

From 1982-84 he owned and operated his own bui lding and project 
management company, which undertook about £60m worth of work 
throughout East Anglia in that time. Cl ients included Regional and 
Local Government, large private sector manufacturing organisations, 
and occasional ly Cam bridge U niversity and Colleges. 

In 1994, post Latham, he joi ned James R Knowles to establish and 
manage a new division offering a range of best practice construction 
procurement services to major public and private sector cl ients. He is 
executive di rector of James R Knowles Ltd and Managing Director of 
Procurement and Partnering Services Ltd, and works closely with Sir  
M ichael Latham in his capacity as Chairman of PPSL 

VHExCo99 





r 
r-� 
i--· (

"' 

r -� 
r -
r 
I 
I 

L� 
L 

JM {Mike) Barber 
A graduate of the Building Department of UMIST in 1965. On graduation 
he joined GN Haden & Sons Ltd and worked with them unti l 1971 when 
he joined Oscar Faber of St Albans as a project engineer. In 1973 he 
joined Liverpool University as a lecturer in  Building Engineering, 
subsequently becoming a lecturer in the School of Arthitecture and 
Building Engineering. His special ist subject is Building Services 
Hardware and Energy. 

As a Chartered Engineer, Barber is a member of both the CIBSE and the 
!Mech E. He is particularly interested in the history of building services, 
and is Secretary of the CIBSE Heritage Group. 

VHExCo99 
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r The Story of Ductwork 
by Michael Barber & Brian Roberts, 

CIBSE Heritage Group 

Early systems of air shafts can be traced back to the ancient civi l isations in Egypt 
and on Crete. The first great heating engineers were the Romans who developed 
the underfloor warm air heating system, the hypocaust, as they built their public 
baths and extended their civilisation northwards into colder climates. 

The 1 1 th century saw the development of the chimney which continued for several centuries, 
reaching a peak in Victorian times with the multiple flue systems employed in large houses. The soot 
from coal fires had to be cleaned from inside the chimneys by sweeping boys - an unpleasant and 
dangerous job. 

The mid-Victorian era also saw the introduction of ventilation shafts in large public and institutional 
buildings - seats of government (such as the Houses of Parliament and the Capitol) ,  museums, 
universities, hospitals and theatres. Many early systems used natural ventilation techniques or the 
ventilation was fire-assisted or aided by gas-burners used for lighting. Shafts were large and cleaning 
was not usually a problem. But the latter part of the 1 9th century saw the development of the fan 
and gradually as techniques developed, higher air duct velocities were used and ducts started to 
become smaller. 

With the introduction of air conditioning, mainly for industrial applications, at the turn of the century and 
the growth of comfort air conditioning in the USA from the 1 920s and 30s, duct systems were often 
both extensive and complicated. However, the need for duct cleaning only seems to have started to 
be recognised during the 1 940s. 

But the late 1 950s saw the introduction of high velocity air systems with small ducts, mixing boxes and 
room terminals units, all posing serious obstacles to duct cleaning. 

In recent years, environmental concerns has led to the recognition of potential health problems in duct
work systems and air conditioning equipment - legionella, humidifier fever and sick building syndrome. 
As a result a new and important branch of our industry has emerged, covering air quality monitoring, 
inspection and cleaning of systems, hygiene training and establishment of standards. 

VHExCo99 
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LECTURE FOR BSRIA: Vx x Co 99: 24-3-1999 

J Michael Barber & Brian M Roberts 
sdl/PAGE-1 

THE STORY OF DUCTWORK 

1. TITL E :  CL EAN YOUR DUCTS 

2. 

3. 

"Clean Y our Ducts for Better Results" might well be 
the present-day message of this Conference. However, 
air shafts and air ducts can be traced back to some of 
the very early civilisations, and how, or if, these 
ducts were cleaned is open to doubt. 

2000 BC: CRETE 
The Minoan civilisation on Crete flourished some 4000 
years ago. The Queen's Chamber in the Royal P alace 
was naturally ventilated and daylighted by vertical 
air shafts, shown in the background. Such air shafts 
were a feature of Minoan architecture. 
Y ou are concentrating on the air shafts, aren't you? 

1400 BC: E GY P T  
The earliest drawing of air ducts may be that in a house 
of a notable of Thebes in ancient E gypt around 1400 BC. 
His 3 -storey town house has a ground floor kitchen, 
private apartments on the 1st floor and offices on the 
2nd. Sacks of grain are stored on the roof -top left. 
Ducts were built into the ceilings so that air could 
circulate and cool the building. Whether the ducts had 
to be cleaned after a sandstorm is not recorded. 

4. 100 AD: ROMAN HY P OCAUST 
The first great heating engineers were the Romans. 
They developed the underfloor system of warm air heating, 
known as the hypocaust, for their great public baths and 
for their villas, as they expanded their E mpire 
northwards into the colder parts of E urope. 

The hypocaust used a raised floor, supported on a series 
of pillars. Warm air, heated in a furnace or stokehold, 
was circulated through this hypocaust, heating the floor 
and rooms above. 

5. 100 AD: ROMAN BATHS AT BATH 
In this plan of the Roman Baths at Bath, the multiple 
small squares are the remains of the hypocaust pillars. 

6. 1834: VICTORIAN CHIMNE Y S  
After the fall of the Roman E mpire, the heating industry 
went into decline, only to re-emerge just before the 
reign of Queen Victoria. These Dark Ages saw a return 
to open fires and the hearth, the introduction of 
the stove and the development of the chimney. This 
drawing shows a complex of individual Victorian domestic 
chimney& serving coal-burning grates. The soot, which 
accumulated on the inside walls of the chimneys, was 
cleaned away, by small boys, who in this drawing of 183 4, 
can be seen wedged inside these flues. 

99. 1800 SWE E P 'S BOY 
The work of cleaning the chimneys was carried out by 
small boys. It was hot, dirty and dangerous. 
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7. 1806. DE RBY INF IRMARY 
Around 1806 a warm air stove, or cockle as it was called, 
was installed in Derby Infirmary. It was devised by 
William strutt and developed by Charles S ylvester who 
started the heating company that was later to become 
Rosser & Russell. In winter, fresh air heated by the 
cockle was distributed through a large underground 
passage. 

8. 183 4. HOUS E S  OF P ARLIAMENT 
The Houses of P arliament was destroyed by fire in 183 4. 
The architect, Charles Barry, prepared a number of de�igns 
for the new building. Dr Boswell Reid was appointed to 
design the ventilating scheme for the Commons, while 
Barry would see to that for the Lords. 

Reids scheme involved the use of _large chimneys or towers 
with the ventilation system assisted by the heat of fires. 
The painting shows one of Barry's designs, which 
incorporated a large central tower. This scheme was not 
adopted. 

9. REIDS VENT HOUS E OF COMMONS 
Reids ventilation scheme for the Commons made extensive 
use of large ducts, chambers and a tall chimney. His 
�cheme i� �hown here in plnn -top lP.ft, and in section. 

Air is drawn in at the left through basement chambers, 
filtered, and then supplied to the Chamber of the Commons 
through a perforated floor. Next it is extracted at high 
level, drawn into the fire at the bottom of the chimney 
and then discharged. P robably, plenty of space for 
cleaning, but the system was unsuccessful. The chimney 
failed to generate sufficient draught. 

10. REID S T  GE ORGES HALL 
E arlier Reid had designed a huge ventilation scheme 
for the massive st Georges Hall in Liverpool. 

98. S T  GEORGES HALL -VENT 
completed in 1854, this installation was more successful. 
It used four 10 feet diameter fans with large basement 
air passages. 

97. 1850 GUYS HOS P ITAL. 
Another notable installation of this period was the 
fresh air intake tower and upcast heated exhaust air 
tower used at Guys Hospital around 18 50. These 
ventilating towers and associated ducts were extremely 
large compared with the ventilated space and, presumably, 
access and cleaning were fairly easy -if in fact cleaning 
was carried out. 
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11. 1857. CAPITOL WASHINGTON 

:3d3/PAGE-3 

During the 1850s , the United States Capitol in 
Was hington was rebuilt and enlarged. 

12. CAPITOL DUCTS -PLAN 
General Montgomery Meigs was res pons ible for 
co-ordinating the des ign of the heating and ventilation. 
This later drawing of 1881 s hows the main fans , marked 
A and B, with the bas ement ducts and chambers which 
were des cribed as "generous ly proportioned". The 16 feet 
and 12 feet diameter fans were driven by s team engines , 
the larger capable of dis charging air at the rate of 
one hundred thous and cubic feet per minute. 

13 . CAPITOL DUCTS -SECT 
This s ection through the Capitol s ys tem s hows the large 
heating chamber and walk -through bas ement s hafts which 
connect to vertical s upply air s hafts feeding floor 
outlets . 

14. 1858 EARTH COOLING SYSTEM 
Something completely different was the s cheme propos ed 
by a Dr Jef freyff in 1858 to us e underground tunnels to 
ventilate s oldiers ' barrack s in India. The theory was 
that the cold earth, well below the s urface and 
s hielded from the s ummer heat above, would chill the 
entering fres h air. But the tunnels were not deep 
enough. 

15. VIENNA-OPERA HOUSE 
Later in the 19th century, Vienna built a new opera. 
hous e 

16. VIENNA -VENT 
This plan & s ection of 1881 s hows the opera hous e 
ventilation s ys tem. The s cheme us ed bas ement fres h air 
chambers with a fan, marked s, and large heating 
chambers . Foul air was exhas ted up through a- roof 
tower by a large ventilating gas light and a fan, 
marked u. 

17. 1885 JOHN HOPKINS HOSPITAL, BALTIMORE 
An early example of a naturally ventilated hos pital 
was the John Hopkins of 1885 in Baltimore. Note the 
low level fres h air inlets , the window louvres and 
s hades , and the extens ive s ys tem of exhaus t air s tacks 
ris ing above the roof line. 

18. HOPKINS -DUCTS 
The complex of air ducts and exhaus t s hafts at the 
John Hopk ins hos pital can be s een in this cros s -s ection. 
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19. 1883 ME TROPOLITAN OPE RA HOUSE NE W YORK 
Ano�her famous opera house was the original Metropolitan, 
built in New York in 1883. 

20. METRO -VENT 
This plan of 1883 shows the huge main air ducts and 
giant plenum which completely filled the void under 
the main auditorium. How different to the ducted systems 
of today. 

21. 1891 CARNE GIE HALL NE W YORK 
Another famous New Y ork building of 1891 was carne�ie 
Hall. 

22. CARNEGIE HALL -VE NT 
This drawing shows builders work plant chambers but 
also increasing use of sheet metal distribution ducts. 
Incidentally, the building was initially called "The 
New Y ork Music Hall" and, in summer, ice blocks were 
placed in the chambers to cool the air. 

23. 1904 LARKIN BLDG 
In 1904, the Larkin Building in Buffalo was opened. 
Built on a site suffering from severe atmospheric 
pollution, the building designed by architect Frank Lloyd 
Wrlght was basically a sealed box, with an atrium core, 
dayllt from above, and with a vertical servic� tower at 
each corner. 

24. LARKIN VE NT 
This plan show the basement distribution ducts for 
the four mechanical heating and ventilation systems, 
having a plant in each tower. Refrigeration was added 
in 1909 making this one of the first air conditioned 
office buildings. The Larkir1 Building has since been 
demolished. 

25. E LE CTRIC FAN 
And it was around the turn of the centur� that the 

-eI�ct � ic ��� �r �riven fan began to supplant the 
steam engine driven fan. 

26. 1895 HOTCHKISS 
The turn of the century also saw the start of companies 
specialising in the manufacture of sheet metal ducts 
and other apparatus. This is the firm of Hotchkiss in 
1895. 

27. 1900 US METAL SHOP 
Here are the workers of an American sheet metal shop 
of around 1900. 

28. 1907 SAN FRANCISCO SHOP 
Another American sheet metal shop is this one of 1907 
in San Francisco. 
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29. MATTHE WS & YATE S FANS 
As a matter of interest, this is how Matthews & Yates 
fans were delivered around the turn of the century. 

But the UK ductwork industry continued to devel op 

.30. 1920s HARGRE AVES 
This is the workshop of Henry Hargreaves in the 1920s. 

31. 1938 GARDNERS 
Here are two lorry-l oads of ducts from J Gardner in 
1938. 

32. 1944 TUP HOLME S 
This is a 1944 advert for Tuphol mes. 

33. 1944 AIRDUCTS 
Also from 1944 is this Airducts advert. 

34. 1946 TUP HOLME S 
And Tupholmes again, from 1946. 

35. SKYSCRAP E RS 
The 1920s and 1930s saw the rise of the skyscraper 
office in the United states. Relatively few were 
air conditioned, but mechanical heating and ventil ation 
became widespread. 

36. 1945 US DUCT FABRICATION 
This is an American duct fabrication shop of 1945. 

37 . US ME TAL SHOP 
And here a painting of another American sheet metal 
shop. 

38. US FURNACE 
Here a painting of mul tiple smal l warm air ducts 
being connected to a basement furnace. 

39. 1950s US OFFICE BLOCK 
By the 1950s, the duct systems in the American office 
block were becoming quite complicated. 

40. 1950s US OFFICE BLOCK 
Another 1950s example of ducts above a suspended 
ceiling. 

41. 1960s LABORATORY DUCTS 
Here we have ducts and fans in a 1960s l aboratory 
block. 

42. 1960s HOSP ITAL DUCTS 
/ Al so 1960s, a maze of ducts in a hospital corridor. 

No doubt due to be hidden above a false ceiling. 
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43. 1960s HIGH VELOCITY DUCTS 
But now acces s and cleaning of ducts gets even more 
difficult with the introduction of high velocity 
sys tems, mixing boxes and small ducts . 

44. FACTORY A/C 
Fortunately, these exposed air conditioning ducts in a 
tobacco fctory can be readily cleaned, both inside and 
outside. 

45. 1947 DUCT CLE ANING 
There has been an unofficial competition between BSRIA 
and the CIBSE Heritage Group to find the earliest picture 
of duct cleaners in action. This BSRIA entry ls from 
1947 . 

46. 1947 DUCT-CLE ANING 
Another BSRIA duct cleaning picture from about the s ame 
time. 

47 . 1840s BREATHING AP P ARATUS 
However, the Heritage Group has come up with this picture 
of a man in full protective clothing with ins pection 
light and breathing apparatus . rt dates from the 18403. 
Unfortunately, it turns out to be of an early 
fire-fighter. 

48. US OFFICE BLOCK 
Another example of ductwork being ins talled. 

49. ACCESS DOOR 
An acces s door into the ductwork is always considered 
helpful. 

50. BARBICAN 
some sheet metal ducts are large enough to walk ins ide. 
This examp_l_e from the 1970s is in tbe Barbican Centre. 

51. P OMP IDOU 
However, the 197 6 P ompidou Centre in P aris put much of 
its ducting outs ide the building. Maybe this makes 
cleaning eas ier? 

52. LLOYDS LONDON 
The 1985 Lloyds Building in London also has its s hare 
of external ducts . And to the untrained eye, cleaning 
looks like it could be quite hazardous . 

Thes e are but a few assorted duct systems over the ages . 

53. GAS MASK S 
We leave you with a picture from the first duct cleaners 
convention. 

54. CLEAN Y OUR DUCTS 
Remember Clean Y our Ducts for Better Results. 
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I nger Dah l ,  BEng 
I nger Dah l  worked at the U niversity of Oslo and other research 
institutions for 16 yers before moving to the cleaning industry. She 
worked for ISS {International Service System) for 14 years as a 
Tec h n i cal Manager i n  the Tec h ni cal Division.  I S S  i s  a l ead i n g  
international company within t h e  field of industrial cleaning and one of 
the most important jobs of the Technical Division is to look at cleaning 
methods i n  relation to the indoor cl imate and venti lation systems. 

Si nce leaving ISS a year ago, Dahl has worked for the B u i ld ing 
Technology Department of the Norwegian B ui lding Research Institute 
and is now a senior specialist consultant of the Department of B u i ld ing 
and Environment at the National Institute of Technology. 
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Why Venti lation 
I "  Systems Shou ld be 

Clean 
I nger  Dah l ,  Nationa l  I nstitute of Tech no logy,  Norway 
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(' Dust and Indoor Environment 
One of the main reasons for cleaning is to lower the pollution level by removing dust and other 
contaminants from the indoor environment. In addition to cleaning, the pollution level is affected by 
the choice of bu i ld ing materials, activities, dirt- inhibiting measures and venti lation .  Dirt sources are 
many: even while performing sedentary activities, humans give off about 500.000 particles per 
minute, due to natural skin  exfoliation (the outer skin  layer is completely rep laced over a period of 
two to three days). I n  addition, texti le fibers are released from cloth ing and further pollution is 
produced by work activities. 

Ne ither clean ing ,  nor ventilation can i nd iv idua l ly remove al l dust. While 50% of particles 
greater than 3-4im are removed at 1 complete air-change per hour, 1 0  air-changes per hour 
are necessary to remove 50% of the particles of s ize 1 Oim. Thus a large part of the pol lutants 
i n  a bu i ld ing are extracted through the venti lation channels that can often col lect a lot of d irt. 

Dirty exhaust ducts are an extra fire hazard . Fire can spread through the ducts at a faster rate 
than that i n  which it is possible to shut down the fire prevention valves. I n  1 997, the reason given 
for a school in Oslo burn ing to the ground was dirty exhaust ducts . 

I n  recycl ing air there is a risk that the incoming air is pol luted i n  the tube network before arrival. 

The Danish "Town Hall Study" ( 1 ) is the first large research project on i ndoor environments 
confirming the effect of cleaning. The project took p lace during 1 984 and 1 985, and i nc luded 
twenty-eight local administration bui ld ings in Copenhagen. The risk of developing "sick bui ld ing"
symptoms was shown to i ncrease with ris ing dust levels. The risk was particu larly h igh if the dust 
contained large amounts of macromolecular material , that is organic material in the form of food 
remains, ski n ,  hair, etc. 

"Dust an the sick bu i ld ing syndrom." (2) is a follow up of "The Town Hal l  Study". It analyzed dust 
from the same bui ld i ngs to fi nd relations between the components of the dust and the presence of 
"sick bu i ld ing"-symptoms. It found the fol lowing statistically significant relations: 

+ Dominance of gram-negative bacteria and the presence of: 

• General fuzzy symptoms (headaches, tiredness, etc) 

• I rritation of the mucus membrane i n  the lower part of the upper respiratory tract. 

+ Dominance of i norganic dust particles (over fiber and skin fragments) and 

• General irritation of mucus membranes. 

+ Content levels of volati le organic compounds (TVOC) and 
• The symptom "heavy headed". 

Some types of dust irritate the skin  and mucus membranes even without such "passengers" .  
Examples are dust from cement or concrete and mineral-wool fibers. Mineral-wool fibers are often 
accidental ly left i n  the ventilation channels of new bui ld ings, to be blown out when the ventilation 
system is first started .  



The purpose of venti lation systems is to provide clean, fresh air to the work areas. This is however 
not always the case. Research has shown that the air provided is often contributing more pol lution 
than both the bui ld ing materials and the humans in the area (4). 

"The Town Hal l Study" ( 1 ) also showed that modern ventilation systems can have a negative effect 
on the indoor environment. In bui ld ings with balanced ventilation, risks of mucus membrane 
irritation and general fuzzy symptoms were respectively 1 .4 and 1 .85 times greater than in 
bui ld ings with exhaust ventilation systems. This is probably due to insufficient attention to and 
maintenance of the systems. 

Studies using Ole Fanger's trained panels found that venti lation systems are often the source of 
sensory pol lution in bui ld ings. 

On inspection of venti lation systems we often find large amounts of pollution. Ducts and 
aggregates can gather dust, soot, fat or grease, and waste may remain from the time of bui ld ing or 
instal lation. Rust and other products of corrosion have also been found ,  i n  addition to dead and 
l iv ing animals, inc luding insects. These extraneous elements can nurture fungal and bacterial 
microorganisms that further contribute to a deterioration of the indoor environment. Ventilation 
systems should therefore be inspected on a regular basis so that they may be cleaned and 
disinfected as necessary. It also needs to be ensured that the system has effective filters (min. EU 
7) and that all the air passes through them. In  Sweden, cleaning of ventilation systems has been 
made compulsory in  an effort to reduce indoor environment problems. However, recent studies (6) 
indicate that cleaning can be avoided if fi ltering is effective ( dayworking ,  3000 h/year, EU 7) .  

Pre Study 
Before cleaning of ventilation system is undertaken, the state of the system is eval uated by way of 
visual inspection and analysis of collected dirt samples (particles and microorganisms) . For the 
inspection, video cameras, fiberoptics and a periscope are used, see pictures. 

Inspection with fiberoptics 
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Video camera 

Dust measurements can be taken from dirt deposits with gel-tape-tests , and by air particle counts. 
Particle counts are normally taken before and after fi lters and at the in-air valve to control fi lter 
efficiency and possible emissions from duct surface. A workgroup has made a suggestion for 
l imitations on dust deposits in  different types of ventilation systems (5) . Tests of microorganisms 
are col lected by means of contact p lates or similar that are incubated and interpreted .  Air samples 
may also be used. (RCS-sampler) 

In 1 985 at the I nstitute for Work Environment in Copenhagen, Thomas Schnieder developed a 
method of examining d i rt deposits (primarily aimed at mineral-wool fibers) on flat, hard surfaces 
using gel-tape as a sampling medium, and microscope analysis (6). The method also proved 
appropriate for analysis of general contamination of all hard surfaces. The tape can also be used 
for sticky dirt types. As a result, gel-tape is particularly su itable for analysis of the quality of 
cleaning .  Schneider's method has si nce been developed and adjusted for this purpose (7). I n  
later years a simple fie ld method has been developed for the analysis o f  cleaning  quality using gel
tape as the sampl ing medium (8). 

The measuring instrument BM-Dustdetector has been commercially available s ince Spring 1 99 1 ,  
and has proved to b e  a useful tool i n  the control of cleaning quality. After the cleaning i s  complete, 
inspection and measurements are undertaken as previously described. 

The BM-Dustdetector 



Cleaning Quality a t  Time of Handover 
I n  Norway, industrial standards have been developed for regu lation of the cleanliness of different 
surfaces, se the table below. 

Objective l imits on cleaning quality should firstly be used as a contractual demand at the time of 
handover of a bui ld ing. 

Cleaning classes 

SURFACE 
A: H IGH B: NORMAL C:LOW 

Norm Max Norm Max Norm 
Furniture (settled bu i ld ing 
cleanliness) 0,7 % 1 , 0 % 1 , 5 % 2,0 % 2,5 % 

Walls, cei l i nQ, floor 1 , 0 % 1 , 5 % 2,0 % 3 ,0 % 3,0 % 
Carpetfloor 
Dust index*) 2,0 % 3,0 % 3,0 % 5,0 % 5,0 % 

Surfaces of the furniture 
High surfaces, Shelves 1 ,0 % 1 , 5 % 3,0 % 4,5 % 4,0 % 

Cavity before closed 2,0 % 3,0 % 3,0 % 5,0 % 4,0 % 
I ns ide surfaces in the 
venti l ation d ucts 3 , 0 % 5 ,0  % 5 ,0  % 7 ,0 % 7,0 % 

*) The measurements are reported as dust- index according to the industrial standards. 

The dust cover percentage is measured shortly after c leaning has been completed .  The 
measurements are taken us ing the BM-Dustdetector. 

The regulations on cleaning quality of i nternal surfaces in ventilation systems are based on 
measurements taken in the CLEAN BUILD ING-project. 

Max 

4,0 % 

5,0 % 

7,0 % 

6,0 % 

6,0 % 

1 0 ,0 % 
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Duncan Brown , BSC 
Duncan Brown has a BSC (Hons) in microbiology, and is a Fellow of the 
Institute of Biomedical Sciences. He joined Environmental Monitoring 
Services in 1 989 as Environmental Consultant with a background in 
public health and environmental microbiology. After three years he 
became an Operations Manager responsible for a team of 
environmental consultants and key account management. In addition 
he was i nvolved in product and technical development, and training 
seminars on legionella management and control . He is EMS's Health & 
Safety Office and Chairman of its Health & Safety Committee. 
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Ai r Qual ity Mon itori ng 
by Duncan Brown, Environmental Monitoring Services 

We first need to consider several definitions which h ighl ight the d ifference between 
Indoor Airc:eQuality monitoring and assessing Ventilation Ductwork Hygiene. The 
first, Indoor Air Quality monitoring, is concerned solely with meeting your 
obligations to provide air qualityc:ewithin you r  workplace of at least equal to that of 
the external air to your premises. I loathe to call it fresh air because in some 
instances it may be far from it! Whereas, under the second definition, you are 
trying to assess whether or not there are significant levels of contamination within 
your ventilation systems to warrant, what can be costly, cleaning processes. 

However, there is an overlap where due to poor standards of maintenance over 
prolonged periods, Indoor Air Quality is affected by Ventilation Hygiene. There is 
also anc:eoverlap where Energy Management is a cause for concern because dirty 
systems may provec:eto be less effective in maintaining venti lation rates to the 
occupied space and more energyc:emay be required to maintain comfort conditions 
due to heat transfer processes becoming impaired if heat exchange batteries 
become covered with dust contamination. 

An early issue to any manager responsible for premises considering the need for ventilation cleaning 
would be in determining if it is applicable in  his circumstances or not. Obviously, with the Health and 
Safety implications, it is important that the competency of the contractor or consultant providing the 
inspection and monitoring service is an early criteria to be established. 

So how can the Facilities Manager or the Manager of premises assess the potential competency of 
such contractors or consultants? The first thing to look for is obviously the right experience. 

Can the supplier, demonstrate that the staff to be employed have theoonecessary experience in 
heating, ventilation and air  conditioning systems and can they show you that they understand how your 
ventilation system works? Can they provide you with clear references from satisfied customers and a 
proven track record? Can they provide youoowith a clear demonstration that the staff they are 
employing in this process of assessing yourooductwork systems have the necessary experience in  the 
relevant laboratory sciences, including microbiology? Can they show you that they follow a clear 
rationale in the testing and sampling that they will perform and show you the standards they will employ 
in interpreting the results before any of the monitoring process starts? Otherwise what is the point of 
assessing the system and how can the contractor know that they will meet the customer expectations? 

The second aspect in establishing the potential competency of an assessor is the need for you to 
consider are their specific qualifications. Does the potential supplier or their staff have a recognised 
qualification in heating, ventilation or air conditioning design , maintenance or installation. Does the 
same supplier have staff with recognised qualifications in laboratory science, i ncluding microbiology? 
Can they demonstrate to you that they have quality assurance programmes with quality systems to 
nationally recognised standards so that the data they produce for you is recognised as reliable, 
accurate and re-producible? So for instance, do they have ISO 9002 or UKAS accreditation for the 
sampling, laboratory and inspection work? 
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A key aspect maybe to consider the resources such potential suppliers have to monitor and asses� 
your system, taking into account both manpower and equipment requirements for them to effectively 
carry out the work that you delegate to them. Can they show in this process that everybody they 
employ meets a necessary minimum standard? And of course can they show you that all aspects of 
health and safety pertaining to the actions they wil l  be carrying out have been fully considered by their 
risk assessment which they should provide to you before starting the monitoring/assessment process. 
Can they show you all their staff are suitably trained to be fully aware of their health and safety 
procedure that should beoocarried out when dealing with air conditioning or ventilation plant? After al l ,  
the last thing you need when having your ventilation systems checked for condition, is for your chosen 
supplier to injure themselves or your employees. 

When it comes to determining from the Facility Manager's perspective what should be included in 
terms of inspection , sampling and testing of supply ventilation systems, certain key elements will need 
to be considered. Firstly, although indoor air quality is l inked in the extreme cases to ventilation 
hygiene, that is not always the case. So whoever you use it is important that they incorporate 
visual inspections of al l air handing plant, ductwork supply systems and terminal units. This should 
assess the conditions of the plant from fresh air intakes all the way through to point of del ivery. Key 
aspects with.in this survey will be noting the conditions within the main air handling plant, looking for 
evidence of filter bypass or loading, the condition of heat exchange batteries, humidifiers, and all ai l 
handling unit chambers. 

Essential ly, this aspect of the inspection is looking for indicators that these important areas of systems 
have been poorly maintained, because if this the case, there will most certainly be the potential for a 
ong term detrimental effect on the ductwork supply system with possible cleaning implications. In terms 
of assessing the quality of supplied air, three key elements need to be considered. Airborne particles 
across a range of sizes which can be util ised to firstly assess the effectiveness of installed filters in 
rernoving ex1ernal contaminants, and deteimine by taking measu iements at set points 'vvithin the duct
work supply system and comparing to results post-filtration as to whether significant levels of 
impaction, or increased levels of contamination, are occurring as the air passes through supply 
ductwork systems. The first indicates potential future problems and the latter that significant problems 
already exist. 

The next aspect to consider are the types of dust particles present. This can include gravimetric 
analysis of the airborne particles present to determine load it wil l also be appropriate to types and sizes 
of any specific dust found to be present, which can aid in determining if there are any recognisable 
health risks �

_
eing presented to your staff by the air supplied from the ductwork system.  

And the third element to  assess is  to sample and analyse the supplied air for presence of bacteria and 
fungi. Since it would be easy to inadvertently contaminate the sample, an accredited rationale and 
detai led sampling/analysis procedure is required to ensure that re-producible and accurate results as 
to the supplied air quality and the ductwork distribution systems contribution tooothat quality is 
determined. This is especially important if you were to follow the advice given by the World Health 
Organisation which concludes that treatment with biocides for ventilation systems should be strongly 
discouraged or l imited because of the toxic risks to the occupants. This would also take into account 
that our general population is becoming far more susceptible to a wide range of chemicals that can be 
irritant to specific individuals, and taking into account the requirements of the Control of Substances 
Hazardous to Health Regulations. So, unless you have a very good reason for disinfecting ventilation 
ductwork systems, this should only be a path of last resort. The exceptions perhaps being hospital 
theatres or where microbiological contamination is categorically established by an accredited sampling 
and analysis procedure. 
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Should your contractor/consultant who provides the assessment services also carry out the remedial 
measures? That is only a question of course you can answer yourself, but, in my opinion, it would be 
sensible to ensure that whoever carries out the monitoring and testing, clearly defines to you the 
standards they expect to use to determine whether or not cleaning of therewhole system or parts of 
the system are warranted. From your perspective, you may well feel more comfortable, and indeed as 
our society becomes more litigacous, the contractors themselves may feel more comfortable if you 
employ independent assessors who patently have no vested interest in the results. These should work 
for the client only and at the start it should be made clear that they will not benefit from whatever results 
they obtain (ie. They themselves or any l inked company) . Any other pattern of work may actually 
damage the long term health of the cleaning industry as users may become sceptical of the value of 
any form of ductwork cleaning in any circumstance. 

Essential ly, the Facility Manager should ensure that their M&E contractor is install ing all filters within 
air handling units correctly, that they are the right size and quality to do the job, that these air handling 
unit systems are independently inspected on a frequent basis and that indoor air quality monitoring and 
system inspections are regularly performed in order to l imit wherever possible the need to perform ful 
hygiene cleans with the considerable cost implications. 

In my opinion, only as a matter of last recourse would you wish to use disinfecting agents within your 
ductwork supply systems because of the potential impact it may have upon your staff and the fact that 
the only reasons that micro-organisms would grow within the system would be if moisture is present. 
This is rarely the case, and if it is found, the requisite remedial measure would be to remove that 
moisture whether it be condensate failing to drain away, blow through from syphon pack, spinning disc 
or spray coil humidifiers or condensate accumulations. 

As for the inspection techniques available, this will be dealt with elsewhere so I will be just looking at 
the air sampling side. There are three recognised methodologies. The first is where you either spot 
or grab samples whereby small quantities of air are captured in a container and then various 
analytical instrumentation used to detect levels of pollutants present. The second technique is where 
time integrated sampling occurs where the levels of pollutants may be below the detection l imits of the 
analytical instruments in use (examples being where particulates are collected on membranes or filters 
and measured as a time weighted average, usually over 24 hours or longer) . And the final approach 
would be real time continuous monitoring analysis which allows you to plot the variations in 
concentration against time and location as well as providing average concentration levels over set peri
ods. All have their uses in providing assessment data. 

However, provided suitable and sufficient levels of maintenance are performed on the systems and 
provided that these systems produce indoor air quality at least the equal to outside air qual ity with 
nothing detected that is injurious to health, the motivation to carry out deep cleans of the fresh 
ventilation systems must by necessity rely heavily upon the subjective . So unless in the monitoring 
you are demonstrating a deterioration in indoor airrequality or something potentially hazardous to 
health or energy wastage. You must seriouslyreconsider the cost implications. The contractor pro
viding assessment must also consider therepossible litigation problems that may ensue of not clearly 
defining the standards, issues, procedures and actions from the interpretation of the results prior to 
starting any monitoringreprogramme that leads to cleaning. 

So, hopefully the key criteria you will take from this session is that: 

• Your system assessor monitor is; (i) competent, and (ii) accredited to nationally recognised standards. 

• You employ him directly and independently so his results cannot be regarded as ofbenefit to him. 

• You agree clear standards or levels where actions are required and where they wi l l  be . 
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Ei nar Yri 
Einar Yri i s  a d irector of Montana Corporat ion,  London-based 
ventilation hygiene consultants. His experience includes venti lation 
hyg iene surveys and monitoring in  most types of bui ld ings;  
manufacture and marketing of specialist equipment for remote control 
inspection and mechanical cleaning of venti lation systems. He also has 
experience of running training courses and several hundred delegates 
have passed through Montana Corporation 's Venti lation Hygiene 
semi nars which are held regularly at BSRIA in  Bracknell and 
in Manchester. 

Yri also served on BSRIA's drafting panel which produced the 'Standard 
Specification for Ventilation Hygiene'. 
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I nspection Tech n iq ues 
by Einar Yri, Montana Corporation 

Inspection of ventilation systems is always a precursor to decisions on system 
cleaning and often used to verify the quality of system cleaning once cleaning has 
been carried out. Accordingly, findings of system inspections play an important 
role in the management of ventilation hygiene. Together with records of air  
monitoring, maintenance, plant efficiency measurements and plant inventory, 
system inspection findings provide key information needed to demonstrate 
management control of indoor air quality and system condition. 

With legislation, general public awareness and insurance companies placing ever 
stricter demands on building owners to exercise management control, system 
inspection is becoming i ncreasingly important. In particular inspection of air  ducts; 
normally out of sight and often difficult to access. To reach parts of air d uct 
systems, which are difficult to access, purpose built remote control cameras have 
been developed, which will record the internal conditions of most air ducts, 
irrespective of type, size and layout. The focus of this paper is on air d uct 
inspection. 

Some reasons for system inspection 

• System malfunction/performance reduction. 
• Air quality complaints. 
• Risk assessment. 
• Legislation compliance. 
• Assessment/verification of works carried out. 
• Part of maintenance programme. 
• To establish system integrity. 
• To re-establish and retrace ductruns where drawings are missing. 

Main inspection methods 

• Visual inspection in the form of a walkthrough. 
• Visual inspection using remote control cameras. 

Many air handling units will be readily accessible and can thus be inspected with no other tools than 
a handheld camera, should recording of findings be required. Air duct systems, however, tend to be 
inaccessible, at least in  part, and so can only be thoroughly inspected with the help of remote control 
cameras or borescopes. 



2.  

Air duct inspection 

Air duct inspections come in different sizes and complexities; from a quick spot check taking a couple 
of hours to a relatively comprehensive inspection running into weeks or months. Depending on the 
nature and extent of the inspection , it may be very straightforward or require considerable 
planning and consideration. 

Scope: Provided no special problems are known to exist within the ductwork, a representative amount 
of the ductwork should be examined. Where inspection forms part of an ongoing monitoring 
programme, it is important that methodology and equipment remain constant throughout the 
programme, so as to assure detection of changes in conditions between inspections. 

Whatever the complexity of the inspection, it is recommended that the inspection Contractor present 
the Client with a set of Inspection Protocol or Method Statement and Terms of Operation with his 
Quotation. Some of the details of these documents may well have to be discussed and perhaps 
adjusted before an agreement is reached, but the purpose should be to leave both parties with a clear 
understanding of what is expected from the inspection and how it will be managed and carried out. 

The above mentioned documentation should as a minimum set out the following: 

• Purpose of the inspection. 
• Extent of the inspection. 
• How the inspection will be carried out. 
• Input expected from the Client. 
• Health and Safety implications. 
• Time schedule. 
• How and when the Inspection Contractor will report his findings. 
• Inspection fees. 

During the course of the inspection the inspection Contractor will keep a log giving information on 
venue, date, inspection area, system reference, access point reference, duct size and length 
inspected; together with inspection findings. Observations on structural integrity and general 
maintenance and hygiene issues which may have a bearing on ventilation hygiene, will also be noted. 
Inspection access points will be entered onto drawings. 

Air duct i11�pection methods and equipment 

The simplest way to inspect a ventilation duct is to put one's head in through an access door and have 
a good look around, perhaps with the help of a torch . This presupposes that reasonable access is 
available and is not going to be much help in ducting without access openings, very small diameter 
ducting, ducting behind walls, in floors or in ceilings. The majority of older systems may have few, if 
any, access doors installed. Where access doors are in place, they may be too few and far between to 
enable proper inspection. Sadly, this is being found to be the case even in new installations. 

in choosing inspection methods and equiprnent, iniorrnaiion on the foliowing may be of help: 

• Access to the point of inspection. 
• Size and lengths of ductwork to be inspected. 
• Size and type of access into the duct. 
• Location in duct of specific item to be inspected; if known. 
•- Obstacles I internal features to be negotiated in duct. 
• Whether or not documentation of internal condition is required. 
• Availability of electrical power. 
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3. 

Where proper access is poor or non-existent and video or stil l photographic documentation of internal 
condition is required, remote control cameras or borescopes may be applied. Here are some examples 
of equipment used in remote inspection of ductwork: 

Ventcam - remote control duct inspection robot: Long operational distance - colour camera - works off 
1 1  O V and 240 V - camera I lighting unclip 

Minicam - system for inspection of ducts and pipes 50 mm and over: Small size - access through 
gril les - works off battery - truly portable 

Microcam - system for inspection of ducts and pipes 22 mm and over: Small size - watertight - works 
off battery - truly portable 

Top-Optic Borescope - for inspection entry of 1 2  mm and over: Small size - lightsource works off bat
tery - truly portable 

See Annex for further details. 

Inspection report 

The resulting inspection report accompanied by video tape or photographs should as a minimum 
include comments on the following points: 

• Client, venue, date of inspection, contact person , reference I order no. 
• Purpose of inspection. 
• Extent of inspection. 
• General observations. 
• Main findings. 
• Conclusions. 
• Recommendations. 

After inspection 

I nspections will lead to actions based on the findings and recommendations of the inspection report. 
Here are some possible actions: 

• Cleaning I decontamination. 
• Amendments to drawings and records. 
• Amendments to maintenance schedules. 
• Carry out repairs. 
• Air testing and monitoring. 
• Setting date(s) for future inspections. 

Frequency of inspections will normally be determined by conditions recorded at the first inspection.  
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Remote control air duct inspection equipment 

Ventcam - remote control duct inspection robot: Long operational distance - colour camera -
works off 1 1  O V and 240 V - camera I lighting unclip 

The Ventcam has been designed specifically with the inspection of ventilation ducts in mind. The 
operational distance of the Ventcam is normally 50 m from one access opening and in most cases 
this will be more than sufficient. The range can be extended to 1 00 m if needed. The Ventcam 
requires an access opening of 200 x 200 mm for entry into the ductwork. Joystick controlled, it will 
work in  horizontal ducts on tank track chassis, and in vertical ducts separated from its chassis. A 
further option is to attach the camera I l ighting unit to an extendable pole to reach inaccessible 
places e.g. gril les under high ceilings. Findings are video taped. 

Minicam - system for inspection of ducts and pipes 50 mm and over: Small size - access through 
grilles - works off battery - truly portable 

The Minicam inspects up to 20 m of ducts and pipes up to 500 x 500 mm. Attached to a semi rigid 
push pull cable which houses camera and power connections, the Minicam wil l  find its way in 
horizontal and vertical ducts. Findings can be video taped. 

Microcam - system for inspection of ducts and pipes 22 mm and over: Small size - watertight -
works off battery - truly portable 

The M icrocam inspects up to 20 m of ducts and pipes up to 300 x 300 mm. The camera with its 
integrated semi rigid push pull cable is watertight and, like the Minicam, it can find it's way into 
ducts through gril les or diffusers. Uses the same control unit as the Minicam. Findings can be 
taped io video tape. 

Top-Optic Borescope - for inspection entry of 1 2  mm and over: Small size - lightsource works off 
battery - truly portable 

Borescopes can enter through openings a few mil l imetre larger than their size and are intended 
to give a picture of what can be seen at that point. In the case of the 1 2  mm Top-Optic borescope 
with l ightsource a good view may be gained of the inside of a duct 300 x 300 mm. May be used 
with a camera. 

VHExC o 99 
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Bob Brown , M C I BSE,  F I H EEM , FRSH 
Bob Brown i s  a Senior Associate with Zisman Bowyer and 
Partners, Richmond. His professional career started in  1 963 as a 
student apprenti cesh i p  with G N Haden Ltd and l ater as a design 
engi neer with H aden Young, working on a range of public and 
commercial buildi ngs. He j oined Zisman Bowyer and Partners in  
1 9 73,  becoming a Senior Associate in 1 982. Recent experi e nce 
has i ncluded healthcare PFI projects, nucleus hospital desig n ,  
research faci lities for microbiological work, h i g h  specification 
venti lation systems and legionella risk assessment surveys. 

He has partici pated in BSRIA research proj ects on Displacement 
Air Flow Systems, and Legionnaires' Disease. He is a member of 
the C I BSE Natural Venti lation Group. 
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The Role of the 
Consu lting Eng i neer 

Bob Brown, Zisman Bowyer & Partners 
The Consulting Engineer' s  role is to advise what is a sensible cleaning regime to meet 
the Client ' s  needs. Certain Clients may well have set their own standard from 
experience or as a particular requirement of their business, others will need guidance. 

There are three main categories of building for consideration: 

i) Existing building. 
ii) Refurbishments/upgrades. 
iii) New building. 

Consulting Engineers have a role in all of these three building categories whether it be: 

i) Advising a Client on carrying out surveys, setting up better maintenance 
regimes or carrying out a cleaning contract on existing ductwork systems. 

ii) Understanding and advising on a change of use and works in a refurbishment 
contract, again with any survey works, preclean or disinfection of existing 
systems or parts of systems that may be re-used. 

iii) Understanding and assisting a Client with a brief to produce a new design that 
can .be maintained and cleaned to a standard that is comparable with the 
hygiene standard or process that the Client requires, be it for an industrial 
storage or factory unit right through the range up to an operating theatre, or a 
microbiological research laboratory. 

In each case the Consulting Engineer would carry out an initial risk assessment with 
the Client and consider any relevant legislation. There is a clear need to understand the 
building function and the process that goes on inside the building particularly with 
respect to IAQ and any specific hygiene requirements. 

Existing/Refurbishments 

On an existing building or refurbished building a condition survey may need to be 
carried out by a specialist company to ascertain conditions in the existing plant and 
ductwork systems. 

The Consulting Engineer would then review the Survey report with the Client and 
recommend a course of action that was relevant to the building function. If this 
involved a cleaning contract then a specification and drawing package would need to 
be prepared. 
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The Contract Specification could for example be based around B SRIA Facilities 
Management Specification FMS 1 /97 and its Guidance document "Specification for 
Ventilation Hygiene". These documents provide the basis for a ventilation hygiene 
contract between a Client and a Contractor for all types of mechanical ventilation 
systems, except for local exhaust ventilation (LEV) as these are covered by COSHH 
and HSE guidance notes. 

Drawing information will depend on the availability and quality of existing record 
drawings and any drawings produced from the survey. 

It may be in many cases that detailed site survey visits will be needed before cleaning 
quotations can be given. There will almost certainly will be a need to cut in additional 
access doors within the ductwork system and possibly create new accesses to the 
ductwork e.g. through plastered ceilings, riser ducts etc. 

Before any work commences the setting of all regulating devices need to be recorded 
and the location of all duct mounted sensors identified and agreement reached whether 
each sensor is protected or removed from the ductwork. 

There must also be agreement on the verification process, be it visual, by vacuum test 
or by microbiological surface sampling. 

The Client must also confirm the system is safe, from any hazard or contaminants. 

N ew Bu ildings 

On all new projects there are now standard documents that can be referred to when 
writing the specification for a new ductwork installation . .  

a) HVCA DW/TM2 "Guide to Good Practice" Internal Cleanliness of New 
Ductwork Installations - 1 99 1  

This has been produced for all buildings and covers, delivery, installation and 
protection. Three levels of clean, i .e .  Basic (for say industrial buildings), 
Intermediate and Advanced (for say hospitals). None of these levels involve 
specialist cleaning. 

When all the standards referred to in this document are achieved at handover 
the systems will generally be much cleaner than previously has been the case. 

UJ'"'\, , ,cn 1ar ""+n+.o.t"V1 an+"' 1 : 1,..n. ""'1  ..... n ..,, ,..1 ...,. , n ..,, rl A . .  ,.,+ + .. ,.,. ..... " +,..,. .... ,.,;+ ,.... n+ ,..,. ... n ,...... ,...,,, n ..-. rl .l.- .LV VV V V \.1 1 ' .:JL.U.1..VIH\,;l .ll.:l UJ'\.Y \.11\.;Ull, U l J UllU UU.:>L  .lJ \..oV .lUl .:llL\; .:lLUl UC,""' U.llU 
working area are generally impractical to achieve on the most building sites. 

b) HVCA DW 1 44 is the new trade standard for ductwork installations published 
in 1 998 (the previous standard was DW1 42) and Appendix M is the Guideline 
note for inspection, servicing and cleaning access openings. 
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.._'his sets out the requirements for the designer to specify:-

a) The extent of cleaning in accordance with HVCA Publication TRI 7. 
b) The access requirements to achieve this. 

TRI 7 "Guide to Good Practice - Cleanliness of Ventilation Systems" was also 
published in I 998. This covers new buildings, refurbishments and maintenance of 
existing systems. 

We show on the following diagram a section from a design layout drawing for a 
current scheme where we, as the designer, after consultation and agreement with the 
Client, are showing the level of access and cleaning provision within the ductwork 
system. 

In this particular instance the Client 's  own requirements are actually more onerous 
than those set out in TR/ 1 7 .  

''" �t 
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The P re-Contract Process 

Risk Assessment 

In carrying out a risk assessment the following questions need to be addressed. 

What are the risks to the occupants or process that is taking place in the building 
with an existing or new ductwork scheme if it is dirty, contaminated or has 
microbiological growth? 

What are the risks to the same occupants or processes or even components in the 
ductwork system if different forms of cleaning take place i .e. water, steam cleaning, 
chemicals, biocides etc? 

What is the disruption to the Client 's  business from the survey, cleaning and any re
commissioning? 

Legislation 

1 . 0 Health and Safety at Work Act 1974 

Employer has "Common duty of care to both employees and visitors to a 
building. 

2 .0 B S  5720 - 1979 Code of Practice for Mechanical Ventilation and Air 
Conditioning in Buildings 

Early BS (formally CP352) on design of ductwork systems, but had no section 
on ductwork cleaning. 

3 .  0 The Occupiers Liability Act 1 984 

Duty of care on occupier of premises to prevent (within reason) risks to other. 

4 .0  The Workplace (Health, Safety and Welfare) Regulations 1992 & 
Approved Code of Practice (ACOP) 

This requires an enclosed workplace to have adequate ventilation and where 
this is by mechanical means, it should be maintained and cleaned in an efficient 
state. 

The ACOP was issued with the 1 992 Regulations and gives guidance on how 
compliance can be achieved. 

5 . 0 HSG (70) Health & Safety Executive Guidance Note 1993 
This gives guidance on the control of Legionellosis including Legionnaires 
Disease and particularly covers wet areas in air handling plants. 
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7 . 0  

COSHH Regulations 1994 

Require an employer to prevent exposure of employees to substances 
hazardous to health or ensure exposure is adequately controlled. 

Also to carry out risk assessment from hazardous substances (including 
substantial quantities of dust in the air). 

H S(G) 132 Health & Safety Executive Guidance Note 1995 

This gives Guidance on Sick Building Syndrome and contains a section on 
cleaning operations. 

8 . 0  Construction (Design & Management) Regulations 1 995 

9.0  D raft for Development from BSI - DDENV 12097 : 1997 

Ventilation for buildings - Ductwork - Requirements for ductwork 
components to facilitate maintenance of ductwork systems. 
This draft BS,  not yet issued formally, is very prescriptive in terms of access 
provision for cleaning ductwork systems and also covers levels of cleanliness 
for delivery, installation and protection of ductwork. 

Client Needs & Function 

Obviously all mechanical ventilation systems need to be clean, as we all breathe the air 
that has travelled through the supply or recirculation ductwork. 

However, there are different standards of cleanliness needed, be it for an office, 
museum with precious artefacts, aseptic suite in a hospital pharmacy or a microchip 
clean room. 

Many Clients are knowledgeable and know exactly what they require in  terms of 
cleanliness or microbiological levels, particularly in specialist buildings. However, 
other Clients do not have this knowledge and need guidance,- both in setting up a 
cleaning enquiry and understanding the implications of the cleaning process on their 
building, employees and business. 

Particular IAQ/Hygiene Requirements 

Certain buildings or business as within a building will require more particular air 
quality than for general comfort conditions. Usually in these instances the Client will 
be able to be specific about the quality of the air supplied, be it for food processing, 
pharmaceutical production, orthopaedic surgery etc. 
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Cond ition Survey 

This will need to be carried out prior to any cleaning contract to ascertain the existing 
cleanliness of the ventilation systems. 

This can be done by visual inspection, by remote CCTV camera and/or by 
microbiological sampling. 

The condition survey will also need to evaluate the amount of existing access provision 
and what additional provisions will need to be made for a cleaning contract. 

Interpretation & Recommendations 

Following a condition survey and report, the results need to be properly analysed and 
judgements made on whether the existing systems are acceptable, or parts or even the 
total system needs cleaning. If cleaning is required to what standard and what method. 

All the discussions held previously on risk assessment, Client needs, legislation etc will 
have a bearing on the final judgement and recommendations. 

The Cleaning Contract 

Drawings & Specification 

In producing documentation for a cleaning contract tender, the Specification could 
usefuiiy be based around BSRIA's  "Standard Specification for Ventiiation Hygiene" . 

Schedules enumerating the different systems to be cleaned, and to what standard, and 
by which method should need to be prepared. 

Ali available record drawings, piant scheduies and records of hazardous materiais 
should form part of the tender package for information and to meet the obligations of 
the CDM regulations. Clearly another reason of why building owners should keep 
record drawings and plant schedules up to date, particularly when local upgrades or 
changes have taken place. 

Access Provision 

As part of the documentation, all general access provisions around the building, 
including special or secure rooms and times of availability need to be listed as well as 
access to plantrooms, risers and suspended ceilings. (Specific access into ductwork 
should be on the record drawings ! )  

Scope o f  Works 

The alternative methods of cleaning and guidance as to which method may be 
appropriate for the different components within the air handling system, are well 
documented in BSRIA' s Guidance to the Standard for Ventilation Hygiene ( 1 997) and 
more recently in HVCA TRI 7.  
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If it is decided to do more than a dry cleaning process, other factors have to be 
considered: 

a) for wet cleaning, all the components in the system need to be thoroughly dried 
afterwards as moisture can aid the growth of micro-organisms. 

b) steam cleaning or high pressure water can find slight cracks/joints that were not a 
problem before and again need a thorough drying out afterwards.  

c) chemical or biocidal cleaners need to have been fully assessed under CO SHH 

regulations for safe use and would need approved method statements agreed 
prior to their use. 

d) full fumigation (e.g. formaldehyde) needs very careful control . There must be no 
risk of exposure to humans and all the component materials in the system checked 
for its use - Formalin is very aggressive to many surfaces including metals.  

Standards 

The standard of cleanliness can be defined from TRI 7 or by the Client 's  own specific 
requirements. Due to the very subjective nature of visual inspection and to avoid 
disputes afterwards, the standard of cleaned ductwork must be very clearly agreed 
before the work takes place. 

Post Clean Checks 

This should entail the Consultant in reading the Contractors Post Clean report and 
ascertaining that all work has been done and to a satisfactory condition .  Also that the 
report clearly describes the extent of cleaning carried out, the type of cleaning and 
cleanliness achieved . 

Confirmation will be needed that all regulating devices and in-duct sensors have been 
replaced and re-set to their original setpoints. 

It also needs to be established if any problems were encountered, if there were areas 
not cleaned and why and any shortcomings in the system that need correction before 
any future clean. 

The Consultant will then ascertain if any re-commissioning of automatic controls or the 
ventilation plant is needed for the building to function correctly. 

All certificates and confirming documentation should be in place together with 
recommendations as to when future inspections should be carried out, be it 6 monthly 
or every so many years depending on the system. 

There has to be a pragmatic approach to life here, as the majority of existing 
ventilation system have never been cleaned properly. For many of the basic building 
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types described previously, provided filter maintenance is properly carried out, the 
systems once cleaned should give many years of operation. 

Other final actions for the Client are to have the record drawings updated to reflect 
amendments made, during the cleaning exercise (including any additional access 
provisions) and to amend the PPM records to reflect the cleaning procedures. 

Client/Consultant/Contract Relationship 

Contractors Performance 

During the tendering period, the Contractor would be expected /encouraged to visit 
the site and inspect the installation to satisfy himself that the tender information reflects 
the scope of work involved. 

The returned tender should provide sufficient outline information to clarify the 
Contractor's proposal to allow proper evaluations of both quality and cost issues by 
the Consultant/Client 

The Contractor once appointed will prepare detailed method statements describing the 
cleaning operation area by area or system by system and indicating likely disruption to 
the Clients daily operations. The method statement should be accompanied by a full 
programme for the work showing intended sequence of works, any out of hours 
working and periods of time plant or systems will be out of operation. 

The Ciient should also be advised (under CDM/COSHH regulations) of any chemicals 
used in the cleaning process. 

Dispute Resolution 

Obviously with an activity like ductwork cleaning the Client is  going to be disrupted, 
may actually never see the improved ductwork (it' s  not quite like repainting or re
carpeting his office !)  and may question the time spent, the costs and the finished 
product. 

It is here that if a Consultant has been employed by the Client that advice can be given 
with regard to the details of the Contract to assist both the Client and Contractor to 
resolve these difficulties without one or the other feeling aggrieved. As stated 
previously, getting all the standards agreed and requirements well defined before the 
work is carried out is the positive way forward. 

The Changing Situation 

Past 

Until a few years ago there were no national standards for ductwork cleanliness. 
Ductwork was a hidden service, building owners or occupiers did not generally 
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concern themselves with its internal condition provided that the air was getting into 
and out of the space. 

Building owners or occupiers may or may not have known there was dust in the 
systems until they saw pattern staining around supply grilles and diffusers. Once this 
was acknowledged the only action usually taken was that the grilles and ceiling were 
cleaned and the air filters changed in the air handling plant. 

The systems that were usually regularly cleaned were kitchen extract systems and that 
was for fire precautions due to the build-up of fat deposits. 

Present 

In the last few years people have become much more conscious of dust in buildings, 
the problem of allergies, lack of fresh air in internal spaces and the whole concept of 
Sick Building Syndrome. 

Work by B SRJA and HVCA have resulted in standard documents that can now be 
used to assess, measure and rectify to a common standard, dirty ventilation systems. It 
is a recognised fact that peoples dissatisfaction rises sharply as the ventilation rate 
decreases. This relationship is now being used as part of a draft European Standard on 
indoor air quality. 

Here is a typical graph illustrating this fact. 

Perceived 
Air Quality 
(% dissatisfied) 
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Future 

In the future with legislation tightening up and working conditions improving all the 
time, ventilation systems will be under scrutiny much more and standards will need to 
rise. It will do little good just improving the quantity of fresh air for people in sealed 
buildings if the filtration standards and ductwork cleanliness standards are not raised as 
well .  

The current work by HVCA in TR/ 17 gives specific surface deposit limits for existing 
supply/recirculation or extract ductwork systems based on two methods (deposit 
thickness or vacuumed dust weight). It also gives a post clean standard based on 
vacuumed dust weight. 

This is a "first" and a positive step forward but needs to be taken further and graded 
for building types. 

For example, there is little point in having very clean ductwork in a factory or shopping 
mall where large doorways are continuously open and outside dust is blown into the 
building and people continually bring dirt in on their shoes and outdoor clothes. 

However people working all day in a sealed office environment certainly want a higher 
standard of air cleanliness (matched by a general cleaning regime for carpets, chairs 
etc ! ) .  

Other bu ildings such a s  laboratories Of hospitals will m.:t:<l t:vt:n hight:r dt:aniiness 
standards due to the medical needs of patients and the use of increasingly delicate 
diagnostic equipment. 

Perhaps at this stage it could be suggested as a starting point that the current single 
standard in TR I 7 table 5 is split into three categories (similar to the three standards of 
ductwork protection in TM2) as illustrated on the following diagram. 

Actual values have not been shown as this would clearly need some further research 
and agreement by a panel of experts such as the contributors to TR 1 7 .  
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Bu ild ing 
Type 

Basi c 

Standard 

Specialist 

Building Types: 

Basic 

Standard -

Specialist -

Conclusion 

Surface Deposit Li�ts 

System Surface 
Type Contaminant 

Limit 
Supply/Recirc g/m2 

µm 

Extract g/m2 

µm 

Supply/Recirc g/m
2 

µm 

Extract g/m
2 

µm 

Supply/Recirc g/m
2 

µm 

Extract g/m
2 

µm 

Industri al, Shoppi ng Malls, Workshops, Cinemas 

Theatres , Public Spaces in Hotels, Hospitals etc . 

Test 
Method 

Vacuum 

Deposit Thickness 

Vacuum 

Deposit Thickness 

Vacuum 

Deposit Thickness 

Vacuum 

Deposit Thi c kness 

Vacuum 

Deposit Thickness 

Vacuum 

Deposit Thi c kness 

Offices, Colleges, Lecture/Seminar Rooms, Libraries etc . 

Hospital Clinical Areas, Clean Rooms, 

Research Laboratories, Special Archives etc. 

To finish on a positive note ventilation standards including ductwork cleanliness are 
improving all the time and are now a much higher profile subject than before. The 
work by B SRIA and HVCA, plus conferences like this will really help to provide us all 
with a better internal environment in our work and leisure time. 
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John Armstrong MPhi l ,  CEng, MIMechE,  MCIBSE 
John Armstrong MPhil ,  CEng, MIMechE, MCIBSE i s  a Senior Engineer at 
Ove Arup and Partners, Facil ities Management Group, working on the 
care and mai ntenance of bui lding services i ncluding contract 
documentation, maintenance standards, business strategy and 
assessing contractor performance. Previously he was employed in  the 
Property Department of Barclays Bank, BSRIA and the Health Service. 
Armstrong is currently Chairman of the CIBSE Maintenance Task Group 
and has produced a number of publications deal ing with aspects of 
maintenance. 
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A Cl ient's Experience 
by John Armstrong, Arup Facilities Management 

Rhino Bank and the Bank of Hippo are two High Street financial organisations. 
Their identities are not significant for thiis presentation. Both Banks have similar 
purpose built Cash Centres at a town centre location. The buildings function 
independently and are secure from each other, but share a party wall  and a 
common first floor plant room. For convenience both use the same maintenance 
contractor, Repairs Ltd. The buildings are about 1 5  years old. No ductwork 
cleaning had previously been carried out. 

Bank of Hippo is the site landlord, Rhino Bank the tenant. 

Cash Centres 

By their nature, Cash Centres are high security buildings with effectively no windows. Access is 
strictly controlled through two close fitting doors with an air lock between . Mechanical ventilation is the 
only means of providing supply and extract air. 

The function of Cash Centres is to sort cash in the form of both coin and notes. In recent years, the 
demand has been increasingly for note sorting, which is likely to generate considerable paper dust. 

Reasons for cleaning ductwork 

Repairs Ltd were appointed by Bank of Hippo, the landlord, to clean their ventilation ductwork. Repairs 
Ltd. used their initiative and approached Rhino Bank, suggesting that their ductwork could be cleaned 
at the same time. The client department of Rhino Bank (the Cash Centre) approached their Property 
SeNices Dept. (PSD) to find out whether the work was required. 

PSD were conscious that ductwork cleaning was not a routine process and the cost throughout the 
entire property estate would be considerable, potentially several mill ion pounds. They were also aware 
that the client had very l imited financial resources for such work. 

Inspection and cost 

PSD carried out a visual inspection of the ductwork and found dust levels up to an eighth of an inch 
thick at the worst locations. Dust staining was noticeable on the inlet and extract grilles, indicating 
internal dust build up. Wiping the internal surface of the ducts produced a visible dirty deposit. 

A cost for the work was obtained from Repairs Ltd, this being £36,500. The work covered cleaning the 
central supply and extract air handling unit, six separate zones, and seven van bay exhaust ventilation 
systems. All the work needed to be done at weekends when the Centre was not in use. There would 
be additional costs to the client for providing security attendance whilst the work was carried out. 
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Recommendation 

PSD recommended that the work should be undertaken because: 

• Visual inspection had confirmed the ductwork and fan impellors were dirty and needed cleaning. 
• Mechanical ventilation was the only means of introducing fresh air into the building and following the 
visual inspection, both PSD and the client were now aware of the dirt. 
• The work process at the Cash Centre was inherently dust producing. 
• There was regular interchange of staff between the two Centres so the duct cleaning in Bank of Hippo 
could lead to staff relations issues if not also undertaken in Rhino Bank. 

Action 

The client agreed the work should go ahead and issued an order to the maintenance contractor. A 
method statement for the work was received and dates agreed for the work to commence. PSD 
monitored the work by site visits to ensure progress was being made and to act as liaison between the 
contractor and the client. 

When the work was completed, the client sought confirmation from PSD that it was satisfactory. PSD 
attended site with the contractor. 

Lessons learned 

The cleaning work was carried out by a specialist duct cleaning contractor working for the maintenance 
contractor. The process adopted was compressed air with rotary brushes and high velocity vacuum 
extraction. The specialist contractor determined this during their site inspection. No drawings were 
provided showing the ductwork layout. 

The specialist was shown the site by Repairs Ltd, including the means of electrical isolation . Isolation 
during the work was carried out by the specialist. 

The specialist contractor provided the Method Statement which identified all the work to be done 
including the marking of damper and control positions and returning them to their original positions. It 
stated the plant items would be electrically isolated. It also stated that the ductwork would be 
disinfected after the cleaning. The Method Statement indicated that the dust had been identified as 
non-greasy, so a compressed air lance and high volume vacuum extraction system would be used. 

Access to the ductwork for entry by the cleaning operatives was assessed by the specialist and found 
to be good. The specialist provided a l imited number of additional access points, the cost of these was 
allowed for in their price. The initial ductwork from the AHU was large enough to be cleaned by 
crawling through and manually brushing, following a visual inspection that it would support the weight 
of the operative. 

The ductwork was sterilised after the clean, using a proprietary disinfectant introduced by aerosol .  This 
was included in the Method Statement and original price. 

New filters were provided by the maintenance contractor and installed by the specialist cleaner. 

The specialist cleaner marked all the damper positions and ensured they were returned to these at the 
end of the cleaning work. It was subsequently agreed that there was imbalance in the ventilation 
system causing warm and cool areas, with some zones having minimal ventilation. This was not due 
to the cleaning work and needed to be addressed by a full system rebalance. 
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Flexible ducting, terminal boxes and grilles were all cleaned. Subsequent questioning about how this 
was done discovered the flexible ducting was disconnected from connection points and cleaned with 
compressed air, manual brushing was used where the ducting could not be removed. The contractor 
removed dirty finger marks at a subsequent visit. 

The dust was principally collected in the high velocity vacuum cleaner and removed from site in 
plastic bags to the local authority waste disposal point. 

A certificate of the work was issued to the client detailing what was done. 

The work cost - £36,500 as indicated in the original quotation. No comparison was made with alterna
tive specialists or market indices to assess whether value for money was achieved. 

HVCA Guide 

HVCA Guide to Good Practice for Cleanliness of Ventilation Systems records some points for 
consideration. It lists relevant legislation and regulations. Chief amongst these is the Health and Safety 
at Work Regulations, which identifies the need for a common duty of care. 

The Workplace Regulations require the workplace to be venti lated with sufficient quantities of fresh air 
and mechanical ventilation systems to be in an efficient state. PSD opted not to raise these with 
the client. 

HVCA also lists criteria for contractor selection, these being experience, affi l iation , QA, health and safe
ty, insurance and financial. 

At the time, with the appointment being through the site maintenance contractor, these were not fully 
investigated. A subsequent assessment found: 

• Experience - 2.5 years in the business. 
• Affiliation - Member of National Air Duct Cleaners Association (USA based). 
• QA - seeking accreditation to ISO 9000. 
• Health and Safety - have general Health and Safety policy, all work preceded by particular method 
statement. 
• Insurance - covered for contracted work, Public liability and Employer liability. 
• Financial - published accounts available. 

The need for duct cleaning 

The debate about the need for duct cleaning still continues. This particular project was driven by the 
decision of the adjacent occupier (and landlord) to carry out duct cleaning. 

I t  has not become a standard maintenance requirement of Rhino Bank. However there is greater 
responsibility being placed on maintenance contractors to report the results of visual inspections of the 
ductwork to allow provision to be made in future annual maintenance budgets. Quantitative testing as 
set out in the HVCA Good Practice Guide is not routinely carried out. 
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Peter H offman 
Peter Hoffman i s  a cl inical scientist i n  the Laboratory of Hospital 
Infection at the Central Public Health Laboratory, London. He has 
responsibil ities for the wider aspects of infection control, investigation 
fol lowing outbreaks of infection and assessment of control measures. 
Such measures include sterilisat ion,  disinfection , environmental 
hygiene and assessment of ventilation systems. 

Hoffman is on the organising committee of, and teaches on, the 
Hospital Infection Society/Public Health Laboratory Service Diploma of 
Hospital Infection which includes modules on hospital ventilation. 
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(' Hospital Venti lat ion & 
I nfection Control  

by Peter Hoffman, Central Public Health Laboratory 

Airborne microbes can result from deliberate natural release (e.g. fungal spores), 
evaporation of water droplets (e.g. legionella from spray cooling towers), 
dispersion of skin fragments 1skin scales•, mechanical action (operating theatre 
tools, vacuum cleaners) or biological action (coughing & sneezing). 

The larger the particle, the faster it wil l fall to the ground. At 20 m (0.02mm), particles wil l fall at about 
a metre a minute, at around 1 m (0.001 mm), they will take about 1 ,000 minutes to descend one metre. 
At this rate of settl ing, thermals and air currents can keep them in the air far longer than this. 

The larger the particle, the less chance it has of entering deep into the lungs. Particles over about 
20 m wil l probably impact on the surfaces of the nose or mouth. Particles less than 5 m can descend 
into the alveolar sacks deep in the lungs which al lows them long-term escape from the cill iary-based 
cleansing mechanisms of the respiratory tract. 

Various grades of air filters exist; only those designated 'HEPA' (high efficiency particulate air) filters 
are tested at particles sizes relevant to microbiology. 

Air hygiene in  hospitals can be divided into three categories: Operating theatres; protective isolation; 
source isolation. 

The main source of contamination in operating theatres is the dispersal of contaminated skin scales by 
the surgical staff. These will settle-out in the wound and onto 'steri le' instruments laid out ready to be 
used in surgery. Air hygiene in operating theatres is by supplying clean air to the cleanest areas in the
atre suites (the operating room and the 'lay up' room where sterile instruments are unpacked and laid 
out). From these, it is encouraged to flow to sequentially less clean areas. 

For operations where airborne infection poses a high risk (particularly where foreign material is 
implanted e.g. hip prostheses) , an ultra-clean ventilation system can be used: filtered air cascades 
down over the patient in laminar flow (non-turbulent flow that will prevent entrainment of contamination 
from outside this field of flow) . 

In protective isolation ,  individuals whose immunity has been grossly compromised (e.g. solid organ or 
bone marrow transplant patients) can , when profoundly immunosupressed, be inside rooms to which 
highly fi ltered air is supplied. One of the infectious complications this group suffers from is 
aspergil losis (mainly by Aspergil lus fumigatus) of the lung. An excess of air is supplied to these rooms 
(over the volume that is extracted) so the room is under positive pressure to all its surroundings, so 
that all gaps (doors, pipe and electric cable entry points, false ceil ings etc.) leak safely outwards rather 
than bringing unfiltered contamination into the room) . 



2. 

In source isolation, the opposite principles apply: Patients dispersing microbes that may be highl} 
hazardous to other patients as well as to staff and visitors can be housed in rooms from which air is 
safely exhausted by mechanical extract systems such that no air escapes into surrounding ward areas, 
i .e .  the room is at negative pressure to its surroundings. This can be applied where airborne 
transmission is l ikely and has serious consequences. The most notable of these conditions are the 
viral haemorrhagic fevers (VHFs) such as Lassa, Ebola etc. ,  but there have recently been two U .K. 
hospital outbreaks of multiply drug-resistant tuberculosis to patients rendered highly susceptible by 
prior H IV-infection. 

It is generally accepted that there is no need to filter the air extracted from rooms housing TB patients 
(dilution factors are so large) but it is sti l l  expected from rooms housing VHF patients. Air discharge 
points must be away from air intake points. 
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Ph i l i p  Clarke 
Philip Clarke is a civil servant working for the UK Health & Safety 
Executive (H SE) and is part of a smal l team responsible for 
implementing the Biocidal Products Directive. Prior to this he worked in 
other HSE policy sections dealing with occupational exposure to 
workplace chemicals and global harmonisation of the classification of 
chemicals. Before joining HSE he performed a variety of policy jobs for 
the government's Department of Employment. 
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B iocides & Disi nfectants 
by Philip Clarke, Health & Safety Executive 

Good afternoon ladies and gentlemen. I work for the Health and Safety Executive, 
who will be the competent authority for the Biocidal Products Regulations. I am 
part of a small  team working on the implementation of the Biocidal Products 
Directive. Today may be the first time many of you have heard about this Directive, 
but there may equally be some of you who have a vague notion of what the 
Directive is all about and may have heard some scare stories. My aim therefore this 
afternoon is to dispel any myths and to: 

• Give you a brief history of the Directive - why it was proposed in the first place and how we reached 
the text of the Directive that we now have. 
• Describe the aims of the Directive; its scope and the type of products that it covers - including those 
of most relevance to the ventilation industry. 
• Tell you how the HSE is going about implementing the Directive and industry's involvement in  that 
process. 
• Give you an idea of how we believe the Directive, and implementing Regulations will affect your 
industry. 

I plan to talk for about 20 - 25 minutes and would be pleased to take questions at the end. 

Why a Directive at all? 

So why have a Biocidal Products Directive in the first place, and how did we end up with a Directive 
that is said to be the second most complex Directive ever to have come out of the European 
Commission. 

To start we need to go all the way back to the Marketing and Use Directive - Directive 76/769. That 
Directive placed a number of restrictions on certain active substances - mainly wood preservatives. It 
had very laudable objectives, but it soon became apparent as the Directive was in operation that it was 
a very complicated way of trying to regulate the placing on the market of a very wide range of active 
substances. Agricultural pesticides were taken out and the Plant Protection Products Directive -
9 1 /41 4/EC - to control agricultural pesticides came into being. This left a gap for non-agricultural pes
ticides - or biocidal products as they came to be known . The European Commission proposed the 
Biocidal Products Directive to fill the gap in chemical legislation and had two central aims: 

• To harmonise the European market for biocidal products. 
• To provide a high level of protection for humans and the environment. 

The Directive was extensively negotiated over the next 5 years until the final agreed text was published 
in the Official Journal of the European Communities in May 1 998 and given the number 98/8. 

This marked the end of the European stages of the Directive and Member States could start on the 
implementation process. Member States have 24 months in which to implement the Directive - that is 
by 1 4  May 2000. The UK is committed to meeting this deadline and we plan to have the implement
ing Regulations in place by that date. 
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What is a biocidal product? 

So what exactly is a biocidal product. The Directive gives the formal definition as: active substances 
and preparations containing one or more active substances, put up in the form in which they are sup
plied to the user, intended to destroy, deter, render harmless, prevent the action of or otherwise exert 
a controlling effect on any harmful organism by chemical or biological means. ' 

That rather wordy - typically Eurospeak - definition can be simplified. Basically it means that any prod
uct that is to control unwanted organisms, but that is not a food additive, a plant protection product ( i .e. 
an agricultural pesticide) , a medicine, a veterinary medicine or a cosmetic is classed as a biocide. This 
makes the scope of the Directive very wide. 

So how many product types does the Directive cover? . In  all the Directive covers 23 product types, 
and these are divided into 4 main groups: 

• Disinfectants and general biocidal products. 
• Preservatives - such as those used in paints and for wood. 
• Pest control - such as rodenticides and insecticides. 
• Other biocidal products - such as preservatives for food and feedstocks; antifouling products; am 
embalming and taxidermist products. 

Therefore we have products from those that are designed to prevent micro-organisms contaminating 
water to disinfectants that help prevent disease in hospitals, public places or the home; they can be 
added to products to prevent deterioration , such as in-can preservatives in paints or products that 
prevent contamination of processed food and drinks. They include non-agricultural pesticides and a 
number of very specialist products such as embalming and taxidermist fluids. Many industrial process
es rely on biocides either during processing or to extend their performance whi lst in use. Examples 
include metal working fluids for engineering, adhesives, plastics, leather and paper. Biocidal products 
a!so protect wood and prevent fouling of ships' hulls and marine structures, such as oil rigs. It is 
important to remember however that adding a biocide to something else does not make the resulting 
product a biocide as well. For example, if a biocide to water in a cooling tower it does not make the 
water a biocidal product. 

Many products that are used in the home contain biocides or are biocidal products. They feature as 
household cleaners and detergents, or in paints and adhesives such as glues and wallpaper pastes. 

The vast majority of biocidal products have beneficial effects and can be used without causing harm t• 
users or the environment in which they are used. However, given their purpose, .if their use is not 
properly controlled, biocidal products can have unintended harmful effects on people - workers, con
sumers or others just going about their daily l ives - animals or the environment. 

So where does the ventilation industry fit into all of this? . Biocidal products that will commonly be used 
in the ventilation industry are: 

• Product type 2: private area and public health area disinfectants and other biocidal products. 
• Product type 1 1 :  preservatives for liquid-cooling and processing systems. 

Let's look at each of these product types in a little more detail. 

Product type 2 - private area and public health area disinfectants. These are products that are used 
for the disinfection of air, surfaces, materials, equipment and furniture which are not used for direct food 
or feed contact in private, public and industrial areas, including hospitals, as well as products used as 
algaecides. 
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Usage areas include, amongst other things, air-conditioning systems to prevent legionnaires' disease; 
swimming pools, aquariums, bathing and other waters; walls and floors in  health and other institutions; 
and chemical toilets, waste water and hospital waste. Such products will be used to disinfect 
ventilation ducts. 

Product type 11 - preservatives for liquid-cooling and processing systems. These are products that 
are used for the preservation of water or other liquids used in cooling and processing systems by the 
control of harmful organisms such as microbes, algae and mussels. 

So what will be different about these products to what we have now? As I said earlier one of the pri
mary aims of the Directive is to ensure that humans and the environment are protected against any 
potential harmful effects of these products. The Directive wil l  do this in the following way. 

How will the Directive work? 

The overriding rule is that ultimately only those biocidal products which contain an active substance 
that is listed on Annex I of the Directive will be allowed to be put on the market, and approval of active 
substances and biocidal products is a two step process. 

The first step involves active substances. All existing and new active substances will be evaluated by 
Member States to ascertain whether or not they can be included in the Annex I list. Both processes 
will require industry to submit a package of data to be evaluated. The Directive lists what data needs 
to be submitted. I t  is a very comprehensive package and asks for data to cover all potential risks. 

When data has been evaluated in one Member State the recommendation over Annex I listing will be 
discussed and decided upon at the European level committee - the Standing Committee on Biocides. 
This committee is made up of representatives of all Member States and chaired by the European 
Commission. 

Existing active substances will be reviewed over a 1 O year period after the Directive has been imp le
mented and will be controlled by a Review Regulation - although this has yet to come out of the 
European Commission. Work has however started on compiling the list of existing active· substances. 
Whilst existing active substances are being reviewed nothing will be done to the products that contain 
them until a decision is taken over the active. Current national controls wil l  apply. 

All data wil l be protected by a system of data protection, although HSE would encourage industry to 
share data, perhaps by forming task forces, This will help to reduce the costs of supplying data and 
very importantly reduce the need for duplicate, unnecessary animal testing. 

The second step concerns biocidal products themselves. Once an active substance is listed on Annex 
I ,  products that contain it can be authorised for marketing in individual Member States by national com
petent authorities. 

Again industry will have to provide data on the biocidal products they wish to have authorised -
although we would hope to read most of the data across from the active substance. This data wil l  be 
evaluated to ensure that the product does not pose any unacceptable effects on humans, animals or 
the environment and then providing any conditions put on the Annex I entry are met, the product will 
be authorised. 
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Once a product has been authorised in one Member State it wil l be possible for it to be mutuall} 
recognised and therefore authorised by other Member States without having to go through a full 
authorisation process in each country. This means that the same authorised biocidal products will be 
able to sold and used throughout the European Union. 

The Directive also allows for simplified procedures for certain types of biocidal products. These are 
low-risk products - that is products that are considered to pose a low-risk to humans, and the 
environment, and the system ensures that the level of control is commensurate with the risk. 
Something that the UK was instrumental in getting written into the Directive. Low-risk biocidal 
products can also be mutually recognised throughout the European Union. There will also be 
simplified procedures for basic substances - substances whose major use in non-pesticidal but that 
have some biocidal use - carbon dioxide is a good example; and frame formulations - where the only 
difference between products is their colour or fragrance - these will be authorised as one product. 

So that explains how the Directive works - now I would like to move onto how HSE is going about 
implementing it and how it may affect you . 

Implementation 

As I said earl ier, as from May 1 998, Member States had 24 months in which to implement the Directive. 
At the time that seemed quite a long time - but here we are in March 1 999 and there are only 1 4  months 
left. But we aim to get there. 

HSE is responsible for implementing this Directive, but because its scope is so wide we can' t do it on 
our own. We are therefore working very closely with the many other Government Departments who 
have an interest in biocides, and of course with all the sectors of industry on whom the Directive will 
impact. 

Strategy 

In order to implement the Directive, HSE developed a strategy that had three central themes. These 
were agreed with the Health and Safety Commission and Ministers. It was agreed that the new 
Regulations and biocides regime had to be: 

• Efficient and effective. 
• Transparent and accountable. 
• I n accordance with Article 25 of the Directive - something that perhaps you will not be so keen on . 
• Self-financing. 

I would l ike to describe how we are putting each of these themes into practice. 

Efficient and effective 

From the outset we believed that HSE should be the sole competent authority dealing with all active 
substances and biocidal products in the UK. This will make it easier for the biocides industry to know 
who they have to deal with - there are currently 5 Government Departments involved in the control of 
pesticides - potential for much confusion; it promotes the 'one-stop' shop idea; and is also more cost 
effective. M inisters have agreed to this proposal. 
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We are aware that we need to make sure that the transition from current legislation - in particular 
Control of Pesticides Regulations - to the new Regulations, is as smooth as possible. To ensure this 
we will be producing a comprehensive set of guidance to explain the new regime. There will a 
guidance document for suppliers and importers of active substances and biocidal products; a guidance 
documents for all users of biocidal products; guidance on the transitional arrangements of moving from 
current legislation to the new regime; a guide for applicants on how to get active substances onto 
Annex I or biocidal products authorised; and, perhaps most difficult of all ,  a simple free guide to the 
new regime. All these will produced in consultation with industry and other interested parties to make 
sure they meet the needs of the target audiences. 

Guidance will also extend to the products themselves - users of biocidal products will receive more 
information about the products they use than now. The Regulations will set down strict rules on what 
information should be put on the product's label or accompanying leaflet, and safety data sheets will 
continue to be provided for professional and industrial users of biocidal products that are classified as 
dangerous. 

Transparent and accountable 

The second part of the implementation strategy is to make sure that the biocides regime is transpar
ent and accountable. A key element of this will be an independent Biocides Committee which will look 
at the work that HSE does as the competent authority to make sure we are applying the new 
Regulations properly and not authorising products that could harm to people, animals or the 
environment. 

The Biocides Committee will be made up of independent experts in their scientific field and will be 
appointed by Ministers. Appointments will be advertised and made in accordance with the strict guide
lines set out by Lord Nolan. Government Departments with an interest in biocides will also have an 
input i nto the decision making process. 

We plan to ensure that the workings of the Committee are as open as possible - through perhaps an 
annual report and regular news releases - although of course with regard to the commercially confi
dential nature of much of the business of the Committee. 

The proposals for the Committee will be included in the extensive public consultation exercise planned 
for July this year. It is this public consultation exercise which is perhaps the most important part of 
ensuring that the biocides regime is open and transparent. I n  l ine with HSE' s normal practice we wil l 
be consulting fully on the draft biocides Regulations, the associated guidance and explaining the new 
regime - more about that in a moment. 

Self-financing 

As I said earlier - Article 25 of the Directive includes a requirement for Member States to recover from 
industry the cost of work done by compete in relation to the biocides regime. This is in l ine with 
Government policy - HSE already charges for such things as asbestos licensing and controll ing of 
major hazards. Government policy is also to ensure that costs are kept at the lowest level possible but 
still produce the necessary outputs consistent with the requirements of the Regulations. A transparent 
regime that can be examined is a means of ensuring this does occur. We set up a group made up of 
industry 
representatives to discuss the charging regime. This is a subgroup of the main industry group that we 
consult on all matters relating to biocides. Mr Asprey from the Heating and Ventilation Contractors 
Association sits on the main ad-hoc group. 
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At present, in l ine with industry's wishes, we a proposing two types of charges. There will be a fee 
charged where there is a clearly identifiable customer - for example for authorising or registering a 
biocidal product; and a general industry charge for work that needs to done where there is no clearly 
identifiable customer. An example of such work would be monitoring both the effectiveness of biocides 
- such as reducing the number of outbreaks of legionnaires' d isease, and any adverse effects of 
biocides - i l l  health caused by biocides. 

Proposals for both forms of charges will be included in the public consultation exercise. 

Progress to date 

So where have we got to so far? We are making good progress with drafting the Regulations and much 
of the guidance. These have been seen by other Government Departments and those members of 
industry who sit on our ad-hoc working group I mentioned earlier. This group was establ ished up when 
the Directive was fi rst proposed and was invaluable during negotiations of the Directive. It is now 
proving equally valuable during implementation to give us practical advice, 

As I mentioned earlier - we plan to start public consultation on the draft Regulations and guidance earl� 
in July 1 999. This consultation period will last at least 3 months and during that time we plan to attend 
a number of meetings organised by industry to explain the new regime. 

All responses that we receive from the consultation exercise will be made public - unless we are 
specifically asked not to do so. All responses will be acknowledged and we will send substantive 
replies where appropriate. After the consultation exercise there will be a summary report available of 
the comments we receive. 

After the consultation exercise has finished we will make any necessary amendments to the 
Regulations and guidance before they arc put to the Health and Safety Commission and then to 
Min isters for final approval. The aim is for the Regulations to be laid before Parliament in time for them 
to come into force in May 2000. The May 2000 deadline is a legal requirement set down by Brussels. 

May 2000 sounds a long way off - but there is still a great deal to do between now and then. 

Effect on the ventilation industry 

I hope what I have just been saying hasn't scared you too much . There will be some changes for the 
ventilation industry - although you probably will not notice any for a very long time. The move to the 
new regulatory regime will be a slow one. But what changes will there eventually be: 

• All biocidal products that you use will be authorised or registered for use and carry an HSE 
identification number. 
• All biocidal products that you use wil l have been fully tested in line with the requirements of the 
Directive to ensure that they are safe for you to use, and safe for the environment and animals. 
• That any controls put on products are commensurate with risks. 
• All biocidal products will be fully labelled to explain how you should use them safely and how to 
dispose of the product safely; labels will carry much more information than they do now. 
• I f you own a company where contractors use biocides you will know that the products they use have 
been properly tested to ensure they are safe to be used on your premises. 
• If you are part of a company that manufacture biocidal products - once they have been authorised in 
one Member State you can apply to have that authorisation recognised throughout the European 
Union . This will open up the market for your products. 
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7. 

The final message I would leave you with is not to worry too much at this stage. Yes - the Biocidal 
Products Directive is very complex and there are some wild rumours flying around about it - but HSE, 
with industry's help, is working hard to unravel it and make it as simple as possible. Yes - the Biocidal 
Products Directive will bring about changes - but these changes will be gradual. Yes - there will be a 
new set of Regulations that you will need to comply with - but the Regulations are being developed in 
consultation with interested parties and wi l l  be supported by a very comprehensive set of guidance. 
Finally - we are here to help and as they say "only a 'phone call away". 

VHExCo99 
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Wander ter Ku i le,  CEng,  M I Mech E  
Wander ter Kuile is the Air  Fi lter Product Manager at Vokes Ltd, 
Gui ldford, and has global responsibi l ity for al l air fi lter products 
manufactured under the Vokes brand. Graduating in 1983 with a degree 
i n  Aeronautical Engineering, he joined Altair Fi lters International in 1984 
as a Development Engineer before becoming Development Manager in 
1989. He joined Vokes Air Fi ltration in  1994 as a Technical and Business 
Development Manager. He is also actively involved in the development 
of tech n i cal  standards coveri ng a wide range of ai r f i ltrat ion 
appl ications for BSI,  CEN, ISO and ASME. 
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Ai r Fi ltration Issues 

Rel ated to Venti lation 

Hygiene 

Wander ter Ku i le ,  BTRE Vokes Ltd , U K  

Synopsis 

Air fi ltration provides the primary means of contro l l ing the ingress and 
emission of contami nants into and out of any venti lated space. With air  
fi ltration we are therefore concerned with the control of particulate m atter and 
gases which influence our health and comfort, the spaces we occupy, the 
products we manufacture, the equ ipment we use and by no means least, the 
environment. 

Air fi ltration in a vent i lation system therefore provides the means for healthier 
and more comfortable working cond itions and to prevent bui ld u p  of 
contaminants on the components and surfaces with in the venti l ation system. 

The correct design ,  selection, insta l lation and maintenance of the air fi ltration 
system is  crit ica l ly important in ensuring that the vent i lation system provides 
the necessary qual ity of air. 

Air fi l ters are not a fit and forget component of a vent i lation system, and if 
they are to do the job for which they are designed, a l l  the a ir  m1.1st pass 
through them. Damaged, i l l -fitt ing, or missing fi lters al low the bypass of 
unfi ltered air and contaminants, which entirely defeats the object of their 
instal lation. Such situations result in the necessity for subsequent cleaning 
and mai ntenance of other system components. 

This paper wi l l  d iscuss the importance of air fi ltration with respect to 
sustainable venti lation hyg iene, focusing on air fi lter design, selection ,  
insta l lation and maintenance. 
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Richard Trebi lco 

Richard Trebi lco has had a long career i n  al l aspects of mechanical 
services. He was trained withi n  a smal l company in the design of 
heating, venti lation and air conditioning systems and was responsible 
for a variety of successful projects in industrial/commercial premises. 
He then became the mechanical services maintenance engineer for a 
major retail  chain store. Responsible for the ongoing maintenance i n  
over 100 stores, h e  became aware of the necessity for the cleaning of 
venti lation systems, particu larly kitchen extract systems. 

In 1990 Trebilco set up his own venti lation and water hygiene company 
- Excalibur Services - which special ises in al l aspects of venti lation 
system hygiene. He has lectured on venti lation system cleaning 
techniques to bui ld ing operators, owners and other duct cleaning 
companies. He was a co-author of the HVCA's guide to good practice 
TR 17 Cleanliness of Ventilation Systems and is currently Chairman of 
the Venti lation Hygiene Group. He is also Chairman of the committee 
i nvolved i n  the creation of European Duct Cleaners Association (EDCA) 
which is bein g  formed to promote good practice across the European 
Community. He is an active member of the American-based National Air  
Duct Cleaners Association (NADCA) where he is keen to promote 
worldwide l inks. 
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Duct Clean i ng Methods 
by Richard Trebilco , HVCA, EDCA, 

Excalibur Services 

Duct cleaning falls into a variety of different methods. 

These can be defined as;-

• Manual Duct Cleaning 
• Mechanical powered brush cleaning 
• Compressed air cleaning 
• Robotic cleaning 
• Chemical washing 
• Others 

Often a combination of these methods will be used. 

Manual duct cleaning 

Manual duct cleaning is normally used in situations where the other methods are either not efficient 
enough,  not quick enough or not possible. 

Most air handling units are cleaned manually as their physical layout makes other techniques impos
sible. Larger ducting is also cleaned in this manner. 

Manual techniques 

Manual duct cleaning includes the following 

Hand wipe 
Wiping of the surface using a medium appropriate to the purpose-ie tack rag, damp or dry cloth. 
Usually only effective on light deposits or as a 'polish' after other cleaning. 

Hand scrape 
Removing heavy deposits by hand scraping using a scraper or (in heavily contaminated ducting) a 
shovel. Used where there is a deep deposit or where 

'
the deposit is of a sticky nature. 

Hand brushing 
Brushing the surface of the ductwork using a brush appropriate to the surface. This can vary from the 
traditional 'chimney sweep' type brushing to small hand brushes used with a dustpan to collect the 
deposit. Usually used on dry, non-sticky deposits. 

The chimney sweep type brushing is often used in smaller diameter round ducting and may be used 
in conjunction with the extract fan to remove the disturbed dirt. Also useful when cleaning components 
in an air handling unit 
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Hand vacuum 
Using a vacuum nozzle connected to some form of vacuum cleaner to suck the deposit from the duct 
surface. 

Mechanical powered brush cleaning 

• Mechanical powered brush cleaning utilises a rotating brush usually on a long rotating shaft to 
mechanically agitate the duct surface to loosen the deposit. 

• Rotary brushes will typically be connected to their power source by either a twisted wire cable run
ning within a shaft or by a semi-rigid rod. 

• Power sources range from a small electric hand drill system for use on smaller ducting to larger floor 
mounted units with reversing capabilities to enable the brushes to be run in either direction. 

• Brushes can be selected from hard or soft bristle or a combination of both dependant on application 
or even wire brushes. 

• This method is usually used in conjunction with a mobile high volume filtered extraction unit. This will 
be connected to a suitable spigot or access port downstream from the brushing, permitting some 
bypass of replacement air to ensure a transport velocity which is sufficient to capture the particular mat
ter raised by the brushing in the filter section of the mobile fan unit. In order to ensure a sufficiently high 
air flow rate it is common to use sectional blocking to isolate small areas of ducting. 

Compressed air cleaning 

Compressed air cleaning uses the power of air movement to either di rectly agitate the deposit in the 
duct or to provide motive power for flailing tubes or balls etc. There are two distinct types- low volume 
and high volume. 

Low volume 
Typically using an air pressure below 3 bar the air is supplied to a cleaning head via a tube. The clean
ing head may be an air whip or skipper .ball .  Needs to be used in conjunction with a vacuum collection 
device. 
i) An air whip has a number of flailing rubber or plastic tubes that the air passes through. These 'whip 
about in the duct and mechanically agitate the duct walls. The rush of air helps to transport the 
removed deposit 

ii) The skipper ball is usually of plastic construction and again the action of the air causes the ball to 
strike the duct surface and physically agitate the deposit. 

iii) Air lance -Occasionally an 'air lance' or 'air gun' will be used to direct low volume compressed air at 
the duct wall to blow the duct off 

High volume 
i) High volume compressed air uses a much larger compressed air source and will work at higher pres
sure (up to 9bar). The air is supplied via a semi-rigid hose a specially shaped nozzle head. This head 
may be fitted with rear facing outlet nozzles, a rotating nozzle head or (with a more rigid tube) forward 
facing nozzles. 

In each case the speed and volume of the air is used to directly agitate the duct wall and lifts the 
deposit off and transports it to a vacuum collection vessel 
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Robotic cleaning 

Robotic cleaning methods have been developed over the last few years. The layout of most duct 
cleaning robots are similar and consist of the following elements:-

• A tracked or wheeled buggy that transports the cleaning tools into the duct. This will be connected to 
an umbilical cable to supply power and control. 
• A vision system consisting of forward facing and /or rear facing cameras feeding back to a video 
monitor and/or video recording unit. The cameras may be fixed or capable of being moved to look in 
any di rection. 
• A cleaning head - usually a rotating brush, but may be a compressed air cleaner or a scraper. Often 
capable of adjustment in height and brush size to suit different size ducting. 
• A spray nozzle to carry out sanitising sprays or duct wall painting. 
• Other options include sampling heads for surface sampling within the duct, or pure vision systems for 
duct inspection. 

Chemical washing 

Chemical washing is a relatively little used technique but may be carried out after the main source 
removal cleaning has been carried out to provide a final deep clean or sanitisation. Most commonly 
used in kitchen grease extract duct to provide a final surface clean . 

Other methods 

Other techniques for duct cleaning that are found in use less often include:-

• High pressure (hot) water jetting. Used in kitchen extract system that are designed with water proof 
ducting. Lack of water integrity in other systems make it a likely that water leakage I damage would 
occur. 

• Solid carbon dioxide (dry ice) sand blasting. A relatively new technique that uses solid carbon 
dioxide particles as the 'grit' in a specially designed sand blasting type unit to remove grease deposits 
from the duct surface. This system is reported to be highly effective for this purpose. 

• Proprietary system (name unknown) that uses a large extract air handling unit to move large 
volumes of air through the system to be cleaned. Plastic balls are poured into the other end of the duct 
and bounce and rebound their way towards the extractor agitating the duct walls and removing dirt as 
they go. 

VHExCo99 
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Pertti Pasanen , P h . D  
Pertti Pasanen i s  a lecturer in  Environmental Engineering at the 
Department of Environmental Sciences of the University of Kuopio, 
Finland. He started indoor air research in  1 988 on a project deal ing with 
odour emissions and performance of supply air fi lters in  Finnish office 
bui ld ings. He has been involved in many projects dealing with duct 
cleani ng and its impact on system performance. While writing a 
doctoral thesis on venti lation hygiene in  Finnish offices he had to 
develop methods for verification of the dust load on HVAC surfaces. 

During the last two years Pasanen has initiated a research and 
development programme to improve cleanl iness and design criteria for 
HVAC system s  in co-operation with Helsin ki University of Technology, 
the Technical Research Centre of Finland, and major Finnish HVAC 
companies. As a member of the Finnish Society of I ndoor Air Qual ity 
and Cl imate he has participated in a working group which has produced 
the first draft of the Classification of HVAC Systems. 
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