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1. | Sae%u (Aldrin) - 0.25
2. prBuad- umss (Azinphos-meihy?) - 0.2
3. AnaweY (Chlordane) - 0.5
4, A 898 oo - 1
5. # @33 (opvry - 1
6. | lernaioa (Dichivrvos) - 1
1. Aaasu (Dieldrin) - 0.25
8. | lnwmfa t, 2 Tnluily 2, 2 Toraatsiondawaaids Gausaan

{Dimethyl 1, 2-dibroma 2, 2 dichlomethy} phosphate (Dibrom) - 3
9. 1oua (Endhin} - 0.1
10. | plsaau (Guthion) - 0.2
11. n:ﬁ'ﬁmﬁmm {Lead arsenate) - 015
12, | Auwe (Limdanc) - 0.5
13. | wanlseau (Matathion} - 15
14, waandeap (Methoxychtor) - 15
15. | tladiv (Nicuting) - 0.5
16. | Banond {Systox) - 0.1
17, | umedmusrany=nouitasmuty

(Thallivm (Solable compeinds) as TT) - 0.1
18. | Tsusa (Tiram) - 5
19. | YannWu (Toxaphene) - .5
20. | wimlsany (Parmthion) - 011
21. ] vloaaSu (Phosdrin) - 01
22. 1 w0 (Pyrethrum) - 5
23, | Al (Warkarin) - 0.1
24, § anfnsa (flu (13)) [Carharyt (Sevin (R)] - 5
25. | 2, 4-8(2,4-1) - 10
6. WITAIaN (Paraguat} - 0.5
27, | 2,4,50(0,4,50) M 10
28. | nsmhdn {Acetic Acid) 10 25
29, usnliin {Ammonia) 50 35
20. | MInyuasmsUssnaunaaETsTg

[Arsenic and Compounds {as As)] - 0.5
at. | o7iBu (Anioe) 0.05 0.2
32, | uitiia (Diphenyt) 0.2 1
as. | Ga¥usa 1 (Bisphenal A} 0.5 2.8
34. | evfuaulmaanlad (Carbon dioxide) 5,000 9,000
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35, | mduansavuantad (Carbon monuside) 50 55
36, | AADTM (Chlvring) 1 3
a7, | washdlanenlyd (Chlvrine doxide) o 0.3
38. | Tasdlmnwesslsznaunadtasiion - 1
38, | uvdimawmny B 0.1
40. | Huniaazeasrmaim - 1
41. | dufwiy [Cotton dust (raw)) - 1
42, | Ty lud (Cyanide 85 ON) - 5
43, | wnia danagpd (ovuaa) (Ethyl alcohol (Fihanol)] 1,000 1,900
44. | vapalad |Fuoride s )} - 9.5
15, | vaaaTu (Flunrne) 0.1 0.2
16. | Talasendlwenlug (Hydrogen Cyanide) 10 1t
47. | vuiinaanled (lom Oxide Fure) - 10
48. | umisdanedod (WNGINDA) [Methyl akohol {Methanl )3 200 260
49, { fuia mfluiia (Nickel carhonyl) 0.001 0.007
s0. | fuin Tuptuodlavznaznmisznsuilozanld

(Nickel, Metat and Soluble Compounds, as Ni) - 1
51. | naalunia (Nitc acid) 2 8
52. 1 luwiepantad (Nite vxide) 25 30
53. | lulaswwulaaanlad (Nicugen divxide) 5 9
4. Tulasniwmosu (Nitroglycerin} 0.2 2
55. ¢ Tdiendlansanld (Sodium hydroxide) -
56. Favo3lnaaniad (Sulfer dioxide) 5 13
57 | miadazdo (Sulluric acid) - 1
58, 1AATILANEALAR [Teuaethyl kead (ad Y] - 0.075
59, 1aATIHNERIAA [Feteantethy] lead {as 'b)] - 0.07
60. | dyn unzarsiznpuatiuntdrasdyn - z
61. | fyn uasmsdiznavBunituasiiyn - o1
62. | Fuon (knol) 5 19
83, | voadu (mfiudin analsd) (Mhosgene (Carbonyl chloride)) 0.1 0.4
64, | vioa¥he (Phosphine) 0.3 0.4
65. nsavlanlpia (Phosphoric acid) - 1
66. | Wadrtodd (wilas) [Phosphorus (yellow)] - 0.1
67. | vieasasa mumcaanlsd (Phosphorus pentachlorite) - 1
68, | WaawodT vnnzEd WA (Phosphors pentasulfide) - 1
69. | WaadaSu leinaolad (hosphorus iichuride) 0.5 3
70. | ludu (laaaa) (Xylene {Xylol)} 100 435
71. | hmwasdinzraalid (Zine chloride fumc) - 1
72. ﬂwaqi«n:ﬁaanlﬁd (Zine oxide fume) - 5
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1. | dadu leaditia Smad (Allyl glycidy) ether {AGEY) 10 45
z. | Tussau Tavlgooled (Bomn Tifluoride) 1 3
3. | ihfisazlud (Buylamine) 5 15
4. mmﬁu%-ii'aﬁa Tameum {Ten-Buyl chromate (as Criry) - 0.1
5| wanSulasvanalsd (Chledne rifluoride) 01 0.4
6. aralsonindafitasd (Chlomacetsibchyde} 1 3
7. aaalswahs (‘lmna‘iﬁiﬁmu) (Chloroform {trichlsromethane}) 50 240
3 | aale-TorasTsnniy (o-Dichlorabenzene) 50 300
2. | lonaslsionda Sisa7 (Dichlurcthyt ether) 15 90
1o. 1,1-1anasls-1-Tulasdou 1,1 -Dichlore - 1-nitrovthane ) 10 60
. { Tnlnaddn Smaf (6 5 8) (Diglyeidy] cther (DEE)) 0.5 2.8
12, | gnia asasuniupu (ihyl mercapian) 10 25
13- | wnbadu Inanaalaluiess aaz / win hdasinawadu

{Fahylene plycel dinitraie and 7 on Nitnoglyeerin} 0.2 1
1. Hlalaswu paalsd (lydegen chloride) 5 7
13- | Tolofiu (udine) 0.1 1
16, | wramila (Manganese) " 5
17. vindaluslusd (Methyl bromide) 20 8¢
18 | nmBa wiodumiunay (Methyl mereaptan) 10 20
18 | wparhwunia ladu (O Methys stynene) 100 180
20| pmiBadu Tafiia Tobslaruun (80 8 1o)

(Methylene hisphenyt isoeymnate (MDI) 0.02 0.2
21. TuhaaunBa Teand (Monomethyl hydowin 0.2 0.35
22| ofiriufind (Terphenylsy ! ¢
23 T'ngi)'u~2,4 ~nlalslsuun {Toluere-2,4-Diisocyanate) 0.02 0.14
24 | Iata naalse {Vinyl chloride) 1 28
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Fitem (AinsudEmeinn 1) (Silicas)

- UBAUTANDA (Ashestos)

- vilulan {Tremotile)

~ moda (Falc) wandiiily (Asbesos form)

- nada {Fale) w'mﬁhiv.ﬁma%’u'lu (non- ashestos Torm)
- Tum (Mica)

- Tudalau (Soapstene)

- dasauandBund (ortland cement)

- upslh (Graphite)

~ Aueuiiu (Coal dust) 5 i1, WasAh 5%

I du .
- :]ummm {Coal dust) 131 Si0, NNy Sse

:]uﬂria'hi'l.ﬁﬂmmi‘mﬂy (tnest or Nuisance dust)

) o v - -

- dupnaisnnssiniazssiiugaauoaslaels
{Respirable dust)

- funnmnm (Towul dust)

20

5
5+
5%
20
20
20
50
15

ab

80 mpsm’”
% SiC),

24 ment’
10 mgn’M3

) mgll‘d2

15 ma/M°

* wned Swnaddemma 1 amnadeudes




UAEEB.RM.L.247

SINGAPORE STANDARD

5SS 554 : 2009

{ICS 13.040.20; 91.040.01)

CODE OF PRACTICE FOR
Indoor air guality for air-
conditioned buildings

{Incorporating Erratum No. 1, November 2008)

PLEL LUE Gy |

NN

Y { EAR
oy . —C-';n H K
EUWIEH T Beasd

LR T VR i S TR TR
]

-

——

All rights reserved, Unless otherwise specified, no part of this Singapore
Standard ay be reproduced or utifised in any form or by any means,
electronic or mechanical, including photocopying and microfitming, withaut
permission in writing from SPRING Singapore at the address below:

Head

Standardisation Department

SPRING Singapore

2 Bukit Merah Central

Singapore 153835

Telephone: 62786668 Telefax: 62786667
Emall: stn@spring.gov.sg

15BN 978-881-4278-31-7

SS 554 : 2008

The organisations in which the experts of the Werking Group are iqvolved are:

Air-care Engineering (S) Ple Lid
ASHRAE {Singapore Ghapter)
Building and Censtruction Authorily
Capital and Relail Limited
Instifution of Enginesrs, Singapore
Method Engingering Ple Lid

Micro Fiftration Technology Pte Ltd
Ministry of Heaith

Ministry of Manpower

Natlional Environment Agency
National Universily of Singapore
Temasek Polylechnic




83 554 : 2009 S5 554 : 2009

Contents Page
Foreword i 7 1 Recommended IAQ parameters 19 |
ez : 2 Target contaminants friggered by specific sources 21

CLAUSES 3 Sampling requirements for indoor envirenment 23

D European labelling schemes for low emission flooringproduats . 33
1 Scope 9 D2  European labeling schemes for control of VOC emissions fromcoating ____ 34
2 Normative references 9 E1  Minimum Efficiency Reporting Value (MERV) Parameters 35
3 Definitions 10 E2  Alrfilter classification according fo ASHRAE 52.2 and possible applications 35
4 Guidelines for achieving acceptable IAQ 3 E3 Alr filter classification according o EN and possible applications 38
4.1 General 13 F.A Recommended intervals for ACMV system cleanliness inspection 37
4.2 tmpact of IAG on productivity and health i3 F2 Recormmended portions to inspect 37
4.3 Design 13 F.3 Recommended location of test poinis : 38
4.4 Construclion 15 F.4 Recommended conditions requiring ACMV system cieaning 38 :
4.5 Renovation work 47 F.5 Recommended surface deposit limits requiring ACMY systemcleaning ___ | 38 :
4.8 Commissioning, operation and maintenance 7 '
4.7 IAQ management programme 17 FIGURES
5 Indoor air quality parameters and measurement 7 4 indoor air quaiity audit methodotogy 29 ;
54 JAQ parameters i A Pradicted trends in illness of sick leave versus ventilaiion rate 25 l
5.2 Indoor &t quality audit 8 AZ Relative performance in relation to the reference value at 6.5 L/s-person i,
53 Measurement of indoor air quality 23 versus average ventilation rafe 25
] Compelence of lAQ perscnnel 23 A3 Relativa performance in office work depending on the PAQ 26

A4 Relative performance versus temperafure; maximum performance is setequaltol ___ 26
ANNEXES

Blbliography 48
A 1AQ ang wark productivity and health 24 .
B Sowurces and controf of indoor &ir contaminants 28 :
c Exposure control — Venlitation 31
] Source gontrol — Emissions from buflding materials 33
E Air filler classification 35
F Maintenance of ACMV systems 37 '
G 1AQ management programme 38 i‘y!
H Information on indoor air contaminants and ricro-biooglcat agents including ' i

guidelines on mould remediation 40 i

| Sample checklist for buiiding inspection 44 v
4 Sample confidential questionnaire for building ocoupants 45 4

B




S8 554 ; 2008

Foreword

This Singapore Standard Code of Practice was prepared by the Technical Commitiee on Building
Maintenance and Management under the direction of the Building and Construction Standards
Committes.

Indoor air quality {[AQ} refers lo the quality of the air inside an air-conditioned environment. The
quality of indoor air is determined mainly by the indoor thermal environmental conditions and the
levels of indoor airbome contaminanis. 1t is of concern because most people spend the majority of
their time indoors.

The thermal envirenmental conditions have a great impact on the comfort and well-being of people.
Many indoor air contaminants are known to cause asthma, allergic reactions and other respiratory
problems. Many flinesses are aggravated by these air confaminants.

Good indoor air quality is an important component of a healthy indoor environment, which contributes
to productivity, comfort, and a sense of health and well-belng at the workgplace. Poor indoor air quality
causes sick building syndrome and building-related fflness which affect the health and well-being of
cccupants, and contributes to productivity loss and shsenteelsm at work,

The purpose of this Code specifies indcor air qualily that will be acceptable to the majority of building
occupanis, and which will minimise {he risk of adverse health effects. The Code also provides
information, advice and guidance cr measures to improve the quality of air in air-conditioned
environments, :

This Code is intended to complement Singapore Standard *Code of practice for air-conditioning and
mechanical ventilation in buildings (53 553)'.

This Code will be useful to building owners, management corporaticns, building ceccupanis, and those

- responsible for designing, operaling and maintaining the building environmand, as well as others

involved in servicing the vendilation and alr-conditioning systems.,
In preparing this Code, reference was made to the following publications:

1. IS0 16814 : 2008 Building environment design — Indoor air quality — Methods of expressing
the quality of indoor air for human occupancy

2. NEA Guidelines for good indoor air quality in office premises (1996)

Permisslon has been sought from the following organisation / authors for the reproduction of:

1. Figures A.2 and A.4 froms Dr Olll Seppanen and Dr Willtam Fisk

2, Figures A.3 frem Dr Pawel Wargocki

3. Table E.1 from the NAFA Guide to Air Filtration, 4" Edition 2007, Addendum 7.1 ‘A Brief
Description of the ANSI/ASHRAE Standard 52.2 Test Mathod'

Acknowledgement is made for the use of information from the above organisation / authors.

88 554 : 2008

This Code is expected to be used by MOM, WSH Council, BCA and NEA. Qccupiers and employers
are encouraged fo usa this Code of Practica o fullil their general duties as specified in the Workplace
Safety and Health Act.

Atention is drawn to the possibilily that some of the elements of this Singapore Standard may be the

subjact of patent rights. SPRING Singapore shall nat be held responsible for identifying any or all of
such patent rights,

NOTE

1. Singapore Standerds are subject fo periodic review to keep abreast of technoiogical changes and new
technfcal developments. The changes in Singapore Slandards are documented through the Issue of either
amendments or ravisions, .

2, Compllance with & Singapore Standard does not exempt vsers from legal obligations.
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Code of practice for indoor air quality for air- conditioned buildings

1 Scope

The Code applies to all air-conditioned premises where air-conditioning is used intermittently or
continuously, with the exception of residential premises, faclory produclion areas, hospitals,
polyciinics and laboratories.

1t applies lo ali types of air-conditioning and air-distribution systems.

In setting indoor air quality (IAQ) standard, this Code considers environmental factors, which include
thermal, physical, chemical and biolegical factors. The purpose of the standard is to specify indoor air
quality that will be acceptable to building occupants and fo minimise the potential of adverse health
effects.

For the recommended minimum vertitation rates, the Code should be used in conjunction with the
55 553, which provides guidance for the design, construction, instaflation, testing, commissioning,
operation and maintsnance of air-conditioning and mechanical ventilation {ACMV) system.

NOTE 1 ~ Neither SS 553 nor this Code prescribes specific ventilation rate requiraments for zones that contain
smoking. ANSHASHRAE 62.1 may be referred fo if smoking zones are present (see also 4.3.5).

NOTE 2 — Meeling the requirements of this Code might not achieve the acceplable indaor air quality for everyone
in all air-condiflened buildings, due {o one or more of the following reasons:

(a) The diversily of sourees and conlaminants in indoor air;
(b) Many other factors that may affect ocoupant perception and acceptance of indoor air quality, such as air
temperalure, humlidily, nolse, lighting and psychological slress;

(c) The wide range of susceplibliity and preferences in the population;
(d) Qutdoor air brought inta the building may be unacceptabls or may not be adequately cleaned.

2 Normative references

This Code incorporates, by dated or undated reference, provisions from other publications. These
normative references are cited at the appropriate places in the lext and the publications are listed
thereafter. For dated references, subsequent amendments to or revisions of any these publications
apply io this Cade only when incorporated in it by amendment or revision. For undated references the
[atest edition of the publication referred to applies.

ANSIASHRAE 55  Thermal environmental conditions for human occt:pancy

ANSI/ASHRAE 62.1 Ventilation for Acceptable Indoor Air Quality

ANSIASHRAE 129 Measuring air change effectiveness

1SO 7730 Ergonomics of the thermal environment - Analytical determination and
interpretation of thermal comfort using calculation of the PMV and PPD indices

and local thermal comfort criteria

IS0 12569 Thermal performance of buildings — Deternination of air change in buildings —
Tracer gas dilulion methed

IS0 18000 Indaor air
Part1:  General aspects of sampling strategy
Part2:  Sampling strategy for formaldehyde

$S 554 : 2009

Part3: Delermination of formaldehyde and other carbonyl compounds —
Active sampling method

Part5:  Sampling strategy for votatile arganic compounds (VOCs)

Part6: Determination of volatile organic compounds in indoor apd test
chamber air by aclive sampling on Tenax TA sorbent, thermal desorption and
gas chromatagraphy using MS/FID

Part8: Determination of local mean ages of alr in buildings for characterizing
ventilation conditions

Pad 12: Sampling strategy for polychlorinated biphenyls (PCBs),
polychlorinated dibenzo-p-dioxins {PCDDs}, pelychlorinated dibenzofurans
{PCDFs) and polycyclic aromalic hydrocarbons {PAHs}

Part 15 Sampling strategy for nitrogen dioxide (NO,)

1SO 16017 Indoor, ambient & workplace air — Sampling and analysis of volatile organic
compounds by sorbent tube / thermal desorption f capiltary gas chromatography

IS0 16702 Workplace air quality ~ Determination of total crganic isocyanate groups in air
using 1-(2-methoxyphenyl) piperazine and liquid chromatography

1SO 16814 Building environment design ~ Indoor air quality — Methods of expressing the
quality of Indeor air for human occupancy

85553 Code of practice for air-conditioning and mechanical ventilation in buildings

3 Definitions

Eor the purpose of this Singapore Standard, the following definitions apply:

a1 Acceptable [AQ

Air in an ccoupied space towerd which a substantial majority (80 %) of occupamls express nc
dissatisfaction and in which there are not likely to be known contarninanis at concentrations leading to

exposures that pase a significant heaith risk.

3.2  Acceptable perceived IAQ

Air in an occupled space loward which a substantial mejority (80 %) of occupants express no
dissatisfaction on the basis of odour and sensory irritation. Acceptable perceived I1AQ s necessary
but not sufficient to meet the acceptable |AQ.

3.3 Air change rate (air change per hour}

The air flow rate to 2 space expressed as valume per unit time divided by the volume of the space in
consistent units.ac.h ™,

3.4  Air change effectiveness

A measure of the relafionship between the contaminant concentration in the exhaust air and the
contaminant concentration in the breathing zone.

10
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3.5  Air-conditioning

Process of frealing air to meet the requirements of a conditioned space by controlling its temperature,
humidity, cleanliness and distribution.

3.6  Airtemperature
The dry-bulb temperature of the air surrounding the occupant.
3.7 Building-related iilness

Any illness which occurs directly as a result of human exposure lo a specific health hazard present in
the bullding.

3.8 Competent person

A person who is quaiified by training and experience, and has sufficient knowledge of [AQ, and is
recognised by cognizant authoritfes to perform the work to be carrled out.

3.9  Airborne contaminant(s)

An unwanted airborne constituent that may reduce acceptability of the indoor air quality.

3.10 Microbial contaminant(s}

Fungal, bacterial, or viral organisms, toxins they produce, or particles bearing such organisms or
toxins that are airborne or deposited on indoor surfaces and that can cause disease, imitation, allergic
reaction. Also referred {0 as biclogical contaminants or biocontaminants. These terms include
substances such as insect and pet allergens,

3.11  Enclosure

An individual rocm, space or part therecof able of being isclated, either permanently or temporarily,
from adjacent areas by means of doors or windows or other eguivalent barriers.

3.12 Exhaust air
Alr rernoved from an enclosure and discharged into the atmosphere.
313  Envirenmental fobacco smoke (ETS)

Mixiure of aged and exhaled mainstream and sidestream smoke produced from the burning of
tobacco substance,

3.14 Iandoor air

Air inside a buifding, including air which is within a room and air which is removed from a room by
mechanical means.

3.15  Infilteation air
Uncontroiled passage of air info a space through leakage paths in the building envelope.
316 Humidity, relative

The mass of water vapour in the air by volume divided by mass of water vapour by volume at
saluration at the same temperature.

1
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3.17 ACMV systems
Refers to the alr-conditioning and mechanical ventilation system of the building.
3.18 Local exhaust

Extraction of chjectionable or hazardous contaminants close to the source for safe discharge to the
external almosphere.

3.19  Occupied zone

The region normally eccupied by persons within a space, generally considered 1o be between the floor
and 1.8 m above the floor, and more than 0.6 m from the wails.

3.20 Odour

A quality of gases, liguids, or particles that stimulates the olfactory crgan.

3.21  Qutdoor air

Ambient air entering the system or opening from cwdoors before any air treatmen.
3.22 Outdoor air intake

Any opening through which outdoor air is admitted.

3.23 Predicted mean vote {PMV)

An index thal predicts the mean value of the votes of a large group of persons on the 7-point thermal
sensation scale (see IS0 7730), based on the heat batance of the human body.

3.24 Predicted percentage dissatisfied (PPD}

An index that establishes a quantitative prediction of the percentage of thermally dissatisfied people
who feel too cold or teo warm (see 1SO 7730).

3.25 Re-circulated air
Enclosure air that passes through a locat alr cleaning unil and returns to the same or other enclosures.
3.26 Sick building syndrome

An excess of work-relaled irritations of the skin and mucous membranes and olher symptoms
(including headache and fatigue) reporied by accupants in modern office bufidings.

327 Source

Indoar generation from persons, materials or processes (activities) from which indocr air contaminants
are released, Can also be a route of entry of contaminants from outdoor air or sail.

3.28 Supply air
Air introduced into an enclosure by mechanical or natural means.
3.282 Suspended particulate matter

The mass of particles suspended in a unit volume of air when collected by a high voiume air sampler.

12
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3.30 Mechanical ventilation

Ventilation provided by mechanically powered equipment.

3.31  Natural ventilation

Ventilation thiough leakage psths (infiltration) and intentional apenings (ventilation) in the bullding

envelope or room enclosure which relies on pressure differences without the aid of powered air
moving components.

3.32 Thermal comfort

Condition of mind derived from satisfaction with the thermal envirenment. Thermal comfort Is the
combined thermal effect of environmental parameters including air temperature, relative humidity, air
movement, mean radiant temperaiure {fixed factors) and clothing and activity level of oceupants
{variable factors).

3.33  Ventilation

The process of supplying or removing air by natural or mechanical means to or from a space for the
purpose of contzolling air contaminant levels, humidity, odours or temperature within the space.

3.34 Ventilation rates

Airflow rate al which outdoor air enters a building or enclosed space.

4 Guidelines for achieving acceptable IAQ
4.1 General

1AQ may be expressed as the extenl to which the quality of indoor air meets human requirements.
Humans have two basie requirements for IAQ: the risk of any adverse health effects of breathing the
air should be Iow and the air should be perceived as acceptable in relation to comfort.

NOTE — A range of faclors not direclly related te 1AQ such as Tighling, acaustics, social psychalogical factors
should be taken into account if IAG complalints psrsist.

4.2  Impact of JAQ on productivity and heaith

Thera is a close relationship belween productivity and 1AQ in a well managed workplace. It is
generally assumed that healthy and comfertable employees would be more productive at work. The
option of specifying IAQ that is better than the minimum standards specified in this Code {whera there
is evidence that this would enhznce productivily) shouid be considered {see Annex A},

4.3 Design

1AC in a building Is the result of several factcrs, not just ventilation rate and ventilation characteristics.
Consideration should also be given to all the following relevant elements (see 4.3.1 to 434} in the
early stages of building design.,

A building, including its ventitation or air-conditioning system, should be designed lo provide acceptable
IAQ under normal operating conditions. -

F o
-
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431 Locatlon of the building
4,3.11 Environment

The environment where a bullding is located can have a major impact on the IAQ of lhe building.
Special consideration must be taken to minimise the impact.

4,3.1.2 Outdoor air guality

The quality of ottdeor air infroduced into the building should conform with the relevant USEPA or
WHO ambient air qualily standarés adopted by NEA. Where this is not possible, appropriate air
freatment should be considered, Cutdoor air filters having 2 Minimum Efficiency Reporting Value
{MERV) of 6 or higher raled in accordance with ASHRAE 52,2, should be installed to clean the
outdoor zir before intreduction into the indoor environment.

Alr intake locations should be carefully selecled to optimise the qualily of outdcor air for the purpose
of ventilation.

All outdoor air Introduced to the indoor environment through the ACMVY system should be filtered
{refer to Annex E}. In the event of elevated ozone levels in outdoor air, apprapriate air filtration
technigue to reduce the ozone may need to be considered.

4.3.2 Sources and coniro! of indoor air contaminants

For sources and contro! of indoor air contaminants, please refer to Annex B.

4.3.3 Ventilatlon characteristics

The purpose of providing ventilation is 0 dilute indoor contaminants so that an acceptable indoor air
quality can be maintained.

The recommended minimum ventiation rates can be found in SS 553.

in addition to ventilation rates, air classification and recirculation criteria should be fotiowed for
acceptable IAQL. it is also important to note that it is the ocoupant’s breathing zone which is relevant
when minimum cutdoor air flow rates are considered. Information on the ventilation characteristics,
with the objective of quaniitatively measusing the ventilation performance (such as ouldoor air change
rate and alr exchange effectiveness) when necessary, is given in Annex C.

4.3.4 Nature and use of the building

4.3.4.1 Flexibility

The design of the building and its varfous systems should be flexible tp accommaodate minor changes
to building usage. It is recommended that the impact on |AQ be re-evaluated once the building use
has been identified.

4.3.4.2 Type of building materials

The building materials and the integrity of the building architecture can contribute to the qualily of
indoor air. Additional care should be exercised in selecling building materials {see Annex D).

4.3.4.3 Building hygiene actlvities
A high degree of cleanliness should always be maintained in a bullding since poorly cleaned

furnishings can have an adverse effect on |AQ. Removal of contaminanis through reguiar and
judicious cleaning aclivities can have a posilive effect on the IAQ.

14
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4.3.4.4 Air tightness and pressure differentials

The building envelope design should minimise {he introduction of poliutants due to infilivation frem
outside the structure. Pressure differentials between various zones within the building should be
conlrolled 80 as to minimise unwanted movement of contaminants between zones,

4,3.4.5 Alr cleaning

To ensure acceptable IAQ, air cleaning should always be considered as an integral part of a.good
ACMV system.

4.3.4.5.1 Supply, re-cireulated and mixed air filters
The double-stage air filtration consisis of:
{a) Primary air filtration

Primary air filters having a Minimum Efficiency Reporting Value {MERV) rating of 6 or higher
should be installed to protect the secondary alr filters and ACMV system.

(b} Secondary air filtration
Secondary air fillers having a MERV rating of 13 or higher should be installed to protect
building occupants from airborre particulate matter (PM 2.5). If the outdoor air is to be
supplied directly into the ocecupied space (e.g. pre-cooled cutdoor air systems), a combination
of MERV 6 and 13 {or higher) should be used.

See Annex E (Tables E.1 {o E.3) for air fiitration and air filter classification,

4.3;4;5..'-! Differential pressure monitoring

Differerdial pressure monitoring equipment could be installed in the Air Handling Units (AHUs) o
monitor the condition of air filters and to determine accurately when they should be replaced.

43.4.5.3 Other air cleaning techniques

Other air cleaning techniques for the improvement of indoor air qualkily could be considered where
appropriate. The potentlial benefits should be weighed against any safety and health risks.

4.3.4.6 Use or occupancy type

Special consideration should be taken since contamination levets in a building are directly influenced
by the type of activitios that take place within the building. For instance, IAQ in offica buildings is
affected by the emissions from office furniture, office materials and equipment such as copiers and
printers. Simifarly IAQ in food establishments are affected by the humidity, fumes, odour generated
by cooking, and environmenta! tobracce smoke (ETS) from smoking room infiltrating into other parts of
the building.

4.3.4.7 Number of paople

The number of people in a given area (occupant density} should be considered when designing the
ventilation system, Variable occupancy should be given adequate consideration in determining
vantilation rates and the capacity {o vary them during the day in each zone of tha bullding.

4.3.4.8 ACMV operation and maintenance considerations

When designing the ACMV system, consideration should be given to its aperation and mainterance

(see S8 553). There should be adequale and safe means of access to components that require
maintanance on a regular basis.
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4.3.5 Smoking and no-smoking areas

4.3.5.1 Separation

Smoking areas should be separated {rom no-smeking areas by solid walls, partitions and doors.
4.3.5.2 Sign

A consplcuous sign stating the area contains or may contain tobacco smoke should be posted outside
evary entrance to a smoking area,

4.3.53 Prassurisation
Smoking areas should be at a negative pressure with respect to any adjacent no-smoking areas.
4,3.5.4 Ventilation rate

Smoking areas shall have more ventllation andfor air cleaning than comparable no-smoking areas.
Minimum ventifation rates for smoking zones cannot be specified.

4.3.5.5 Transfer air

Air from smoking areas should not be transferred or re-circulated to no-smoking areas by natural or
mechanical ventilation.

4.3.5.6 Exhaust air

Exhaust air from a smoking area should be discharged such that the air is not re-circulated inte any
no-smoking area.

4.4  Construction

441 During construction phase, the following measures should be taken o minimise possible
centamination to the indoor environment:

{a) Interior building materials (e.g. carpets, ceiling acoustic files ete) and ACMV components
should be properly stored and protected against being contaminated;

{b) Fabrication and installation {e.g. welding, masonry, carpentry, painting elc) should be carried
out in @ manner that minimises the generation of airbome contaminants.

Appropriate measures should be taken to prevent dust and dirt from contaminating the internal
surfaces of the ductwark.

4.42 Before a Temporary Occupation Permit (TOP) is issued:

(a) Air ducls should be cleaned {e.g. by source removal mechanical cleaning) to remove any
contaminants trapped inside them. [t should be left to the competent person to decide on the
appropriate cleaning method;

{b) Air purging should be done to remove the volatile organic compounds and other contaminants
to below acceptable [imits (Table 4/Table 2);

{c} Interior surfaces should be clean and free of dust;

(d) Re-balancing of the supply air should be done.
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4.5 Renovation waork

Major renovation work should be undertaken in such a way that satisfactory Indoor envircamant is
secured.

For ccoupled buildings undergeing renovation, the following measures should be followed:
(a) Spaces to be renovated should be effectively isolated frem the occupied zones;

(23] Materials and processes / activities that generate the lowast possible emissions should be
selected;

{c} Inferior building materials {e.g. carpets, ceiling acoustic tiles, etc) and ACMY components are
properly stored and protected against contamination;

{d) Fabrlcation and installation {e.g. welding, masonry, carpentry, painting etc) should be camied
out in a manner that minimises the generation of airbome contaminants;

(@)} Alr ducts should be cleaned to remove any contaminants trapped inside them where approgriale;

{f) Alr purging should ba done to rernove the volatile organic compounds and ather contaminants
fo below acceptable Emits (Table 17 Tabls 2);

(g) Re-balancing of the supply air should be done.
4.6  Commissioning, operation and maintenance

Before a new or retrofitted bullding is commissicned or put into service, it should be demonstrated that
the ACMV systemn has been so designed, installed and ¢apable of functioning to achieve acceptable
IAQ. The entire ACMV sysiem should be cleared of any consiruction debris and dirt, and cleanad
before it is cperated.

The buildings ventilation and air-conditioning companents should be maintained in accordance with
the guidelines given in Annex F.

4.7  [AQ management programme

An active |IAQ management programme specific to the building should be developed to achieve long
ferm |AQ goals (see Annex G).

5 Indoor air quality parameters and measurement
§.1 1AQ pararmeters
1AQ is influenced by thermal comfort parameters and airborne contaminants.

Factors that affect thermai comiort include air temperature, mean radiant temperature, relative
humidity and air movement. Predicted Mean Vote (PMV} and Predicled Percentage Dissafisfied
(PPD) can be used as thermal comfort Indices that integrate these paramelers with clothing and
activity for the evaluation of the dissatisfaction level of the occupanis in the building (see 1SO 7730
and ANSYASHRAE 55).

Alrborae contaminants include a wide range of gases, vapours and particlates as wel as biclegical
organisms generated from building materials, human activifies, office equipment, outdoor air and
activities outside the building,

Common airborne contaminants and thermal comfart parameters required to be monitored for
acceptable |AQ are presented in Table 1 as recommended IAQ paraméters. Other contaminants that
may exist in a pariicular indoor environment are presented in Table 2 as target contaminants triggered
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by specific scurces, These airbome contaminants if suspected to be present in the indoor
snvironment should be included for monitoring.

The acceptable limits and methods of measurement are included in Tables 1 and 2 respectively.
5.2 Indoor air quality audit

In arder to camry out an indeor air quality audit to develop an IAQ profite of z building, a four-step audit
protocol is recommended as follows {see Figure 1).

IAQ audit for existing buildings is recommended once every three years in line with the risk
assessment requirements under the Workplace Safety and Health (Risk Management) Regulations.

For new buildings and newly renovated premises, an audit should be conducted after fitting out works
and before occupancy.

5.2.1 1AQ Audit Step 1 - Walk-through Inspection

A walk-through inspection of the premises and the ACMV system should be conducted by a
competent person to identify possible imegularities. A sample checklist for building inspection is
provided in Annex | and the following should be oblained:

{a) Building plans showing the details of all the floors, and location of the cooling towers and
outdeor air infets to the building;

{b) ACMYV system layout plans or schematics;
(c) ACMYV system operaling schedule and mainienance records.
5.2.2 1AQ Audit Step 2 - Conduct air sampling and obtain feedback from building cccupants

5.2.2.1 Measurement of IAQ parameters should be made on an eight-hour basis as far as
practicable. Where it is not practical to make eight-hour continuous measurement, a surragate
measurement (ie. an intermittent strategy based on the average of half-hour measurements
conducted at four ime slots) is acceptable. When detection fubes are used, at least four random
samples should be taken at ach location over the exposure period. Altematively, sampling sirategies
based on professional judgment by a competent person can be followed.

5.2.2.2 Feedback should be obtained from occupants on the condilions in the building and the
operation of the ACMV system should be obtained by the competent persan. A sample confidential
questionnaire which can be administerad to obtaln information is provided int Annex J. Depending on
the need, a custornised questionnaire tailored to the needs of the sijuation could be used.

52.3 1AQ Audlt Step 3 — Data analysis

The IAQ parameters measured should be analysed by comparing the various thermal comfort
parameter values and airborne contaminant concentrations with the secommended acceptable limits
in Tables 1 and 2. The analysis should include an investigation into the possible causes if the thermal
comfort parameter values fall oulside recommended ranges, or the airborne contaminant
concentrations exceed the acceptable limits. The questionnaire responses solicited should be
eveluated through statistical analysis.

5.2.4 1AQ Audit Step 4 — Building remedial action

Based on the findings of 5.2.1 fo 5.2.3, building remedial measures should be formulated,
implemented and evaluated so that good indoor air quality can be achisved and maintained.

18




S5 554 : 2009

Table 1 - Recommended IAQ parameters

Parameter Acceptable I Unit | Measurement method /
limit (8 hours) Analytical method
I. Themal comfort paramalars
" 13 Air temperatzre — by hot wire, thermistor,
Cperaiive tsmperature o2 °C | thermometer siing or equivalent method,
Globe temperature — by Globe thermometer.
. . < 65 (for new "
Relalive humidity bulidings) % By thin film capacitor, hygrometer, {hermometer
< 70 (for axisting sling or eguivalent methed.
bulldings}
{under pezk and
common part lcad
condiiions)
. By hot wire method for linear air velocity or Kata
Alr movement 0.1¢-0.30 ™S | thermometer for emni-directional air velocity
method or equivalent.
il. Chamicat parameters
o - 700 above By real-time non-dispersive infra-red sensor or
Carban doxide outdoor ppm equivalent melhod.
; g ppm | By real-dime efectrochemical sensor o7
Carbon monoxide equivalent method (NIOSH Manual of Analytical
Methods 6604).
. a | By detaction tubes, real-ime electrochemical
Formaidehyde 120 hghm sansor or equivalent method for scraening (ISO
16000-2).
Witen formaldehyde concentralion is higher
0.1 PP than the limit, collect continuous alr samples
using dinitrophenylhydrazone (DNPH)
cariridges and analyse by High Performance
Liquid Chromatography (HPLC) using:
MIOSH Manual of Analytical Methods 2016 or
- EPA Method 0100: Sampling for Formaldehyde
. and other Carbony] Compounds.
o . 1SQ 16000-3 or NIOSH Manual of Analytical
Methods 2016.
E:L:s:c;};e(‘?{/gggfihai are 3060 ppb By real-ime photoionisation detector or
photolonlsable (10.6 eV} equivalent mathod.
;}“aggﬁgr{aaﬂfoz‘;igemn‘ged 50 pg/m® | By real-lime opticat scattering or piezoelectric
diameter less than 10 pm menilors or equivalent method
sampled with a parlicle slze-
selsctive device having a
median cut point of 4 ym)

NOTES -

" Gperalive temparatura Is the average of the e temperature {weighted by the convective heat transfer coefiicient) and the
mean radiant lemperature {welghted by the linearised radiant heat transfer coefiicient for the occupant). For occupants
engaged In near sedenlary physical aclivity {with metabolic rates between 1 and 1.3 met), nel In direct suniight, and nat
expased to alr velocilies grealer than 0.20 mis, the relaticnship can be approximaled with accaptable acturacy by:

ty

= (b2
t, = operative temperature
ta = alr termperature:
ke = mean radlant lemperalure (see alse ISO 7726 ‘Eigenomics of the thermal eavironment - Instruments for

measuring physlcal quantities)
Mean radiant temperature for a fully clothed subject: 1, = t; +2.44 V(. )
t, is tha globe temperzture in °C
t, Is the alr temperature in %
V isthe alr speed In mis

% when TVOG > 3000 ppb or wlw.n smell is perceivad or when ventilation rate (s less than the recommended sate by S8 552

©F fact by it persan, specific VOCs should be [dentified (e.9. endocrine disrupling charaicals, microblal
VG, etc.) by Idenllfying the individual VOC spacles,
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Table 1 - Recommended IAQ parameters (cont'd)

Parameter Acceptable | Unit | Measurertent method /
Jimit {8 hours) Analytical method
iv. Biclogical paramelers
By Andersen single-stage impactor (NB), or
equipment designed for airborne microbial
sampling, flow rate at 28.3 Limin (1 f¥min)
for 4 minutes or equal volume of air,
Bacleria is cultured by Tryptone Soya Agar
. N (TSA) media and incubated for 48 hours at
Tolal viable bacteriaf count 500 cluim® | 35°C,
When a single species dominating from the
cullure plate, spaciation should be done (see
Table 2).
The samples on the culture plate should vield
between 30 and 300 colonies for best results,
1 | By Andersen single-stage impactor (NG}, or
) Upto 500 . elufm’ | aquivalent equipmeant desigred for airbarne
is accepiable, if mzcrnbial samp¥ing, flow rate at 28.3 L/min
the species (1 *imin) for 4 minutes or equal volume of
present are air.
primarily
Cladosporium Mould is cultured by 2 % Mall Extract Agar

(MEA} and Incubated for 5 days at 25 °C

When a single species dominating from the
culture plate, speciation should be done.

The confirmation presence of 1 or more
fungal species occuning as a significant
percentage in indaor sample and nol present
in cencurrent ouldooy santnle is an evidence
of fungal growth.

Total viable mould count

Air testing is used in some circumstances as
part of an investigation to determine whether
or not thera is mould growth in a buliding, and
is never a substitute for a bullding
investigation.

Surfsce sample should ba taken from the
growih area by lapes for microscopic

identification.

NOTES ~

Micro-nrganisms ara ublquitous in indoor envitenment and do nol necessarily conslitute a health hazard. The concentration
at which conlamination becomas a threat to heallh is unknown and may vary greatly with aoch individual. Culture-based
methods are sultable for detection of cullurable Infection agents and allow specles idenlificalion. However, it is widaly
agreed {hat only a sall fraction {0.1 to 10 %) of the total microbial flosa in an indoor envirenment is currently cullurable
{White DC, 1983). Total viable bacteral counts and lolal viable mould counts are a measure of the sanilery conditlons of
the premises and may not correlate with the presence of any specific pathogen.

I In the professionat [udgernent of a competent parson, Invesligation ino target contaminants is necessary, then Table 2 is
1o be followed.
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Table 2 - Target contaminants triggered by specific sources

S8 554 : 2009

Acceptable Unit

Parameter limit

Measurement method / Analytical method

3 By real-time plezoelectdc monitors or optical scattering or
PM25 ® voim™ | uivatent method

By a nuclei condensation courer or equivalent method.
Note - This measurement may ba helpful to trace the pollutant
source, especially from emission processes,

Uitra-fine Not applicable { particles /
particles om®

By real-fime chemiluminescence, diffusion tube passive
Nilrogen dioxide 100 ugim® | samplers, chemical delecter tubes or equivalent mathod. 1SO
16000-15 / NIDOSH Manual of Analylical Methads 8014.

BY realdime chemilumir 2, Using potassivm iodide in
phosphale buffer as absorbing solution and analysed
specirophotometric, or chemicat detector tubes or equivalent
method.

Qzone 0.1 ppm

By an electronic radon moniter equivalent method which
Bo/m® complies with the device performance test described in the

USEPA Natlonal Radon Froficlency Program Handbook
{EPA, 402-R-85-013, Jul 1996).

Radon 150

By phase contrast microscopy or equivalent method, followad
by Scanning Electron Microscopy (SEM) or Transmission
Ashestos 0.01 fibre f cc | Electron Micrescopy (TEM) for identification of fibre ¥

180 8672 /18014968 / NIOSH Manua! of Analylical Methods
9000/2002.

By gas chromatography -nilrogen phosphorus detector. Air
callected by XAD-2 lube.
NIOSH Manual of Analytical Methods 2644/2551,

Nicotine Mot detected

Collect air sample by Andersen single-stage impactor {N6), or
equipment designed for airbosne microbial sampling, flow rate
at 28.3 Limin for 4 minutes cr equat volume of alr.
Bacleria Is cultured by Tryptone Soya Agar (TSA) media and
Pathogenic Presence of incubated for 48 hours at 35 °C.

bacleria specific Transfer the suspecled colony 1o Its selective media for
species detecling the presence of specific pathogens. [ncubate in
accordance to lhe specific requirement of the suspected
pathogen. Sampling from outdeor, indoor comptaint area and
non-complaint area. Confirmation by APl stips or
Polymerase Chain Reacfion (PCR).

Cellact dust using 3-piece 37 mm casselte, preloaded with
Prasence of 0.45 um pore-size filters with flow rate at 3 to 4 litres/min for 8
specific hours. Confirmation by cullure by Polymersse Chain
specles Reaclion (PCR}. Sampling from outdoor, indoor complaint
area and non-complaint areas.

Pathogenic
snould

Semi volatle and | PEL of toxic pom :gg 12%:;52@1»9 1 Samgling Stratagy for VOC)
volatile organic substances ISO 16017 (Pumped Sampling)

°°g‘g°”"d5 IS 16702 (semi-VOC)

fvoc) NIOSH Manual of Analytical Methods 2549

NOTES -

1. The above contaminants may not ke commenly found Ik a iyplcal Indoor space. These parameters sheuld be monitored
In a situation when a polential source is suspected.

2. When the complaint cannot be traced 1o IAG probleens, other factars such as ergonomic {e.g. Jighling, nelse} and work
shiessors covered in S5 514 "Coda of Practice for "Office Ergonomics” may be explored.,

3. Whilst indoor ozone concenlration Jevels are g fly within the penmissible leval {PEL}, it Is important to
ensure that they are not elevated at alf fimes. Recent research findings suggest that elevated ozone lavels in the indoor
enviranment (&.g. ozene from auldot alr o c2ene ganeraling equipment} can trigger iRdoor chemislry invalving ozone and
VOG resuling in oxication products fhat can be associated with poor percelved alr quality, Irdtatlon and health impacts.

4. For background information on the airbome contaminants, mould remediation, prevention of mould In dwefiings and
claan up methods, refer to Annex H.

5. PCM Is the =ccapted method for measudng the asbesles-in-alr concentration, However, as the malhod dees not allow for
discrimination of fibres and ray resuit in Talse results obtainad from cther fibres (e.q. fibre glass, gypsum, elc), it is thersfore
often used in conjuncton with eleciron micrescopy metheds (such as Transmisslon Electron Microscope (TEM) or Seanning
Electron Micrascope {SEM)} when it Is not cerlaln whethsr other fibres are present.

21

Step 1

Step 2

Step 3

Step 4

Investigation of
issuas

v

Characterisation of
enviranment

i———ww-b

'

Bata callection

»

}

Mesasurements

* Airtemperalure
* Relative hurnidity
» Air movement
(see Tables 4 and 2}

a) IAQ parameters

b} Questionnaires
responses

Data analysls

L »

» Occupant survey
Interview with building
manager

N

A 4

Tasks

Slatistical analysis

Refer lo Tables 1 and 2

Resulls and \
inference Comparisenof | ]
l criteria
Ramediation
e o

* Syslem

* Equipment

¢ Ocoupanzy &
behaviour

+ Maintenance

Flgure 1 — Indoer air quality audit methodology



S8 554 ; 2009

5.3  Measurement of indoor air quality
531 Number of sampling points
The sampling requirements are as follews:

{a) Indoor

For a mulli-storey building, the percentage of floors to be sampled randomly is indicated in
Table 3. For each floor selecled, at least one sample should be taken from each separated
area serviced by a separate air handling unit, fan coil unit or any air-conditioning or air
distribution system. Samples should be collecled from an area with the highest occupant
densily or area with any IAQ complaints.

(b} Outdoor

At least two samples should be taken at the entrance to the building or at the outdoor air
intake location, Whers there Is a centralised intake for outdoor air, one sample should be
taken. Also, when the target confaminant{s) could be influenced by outdoor condition, the
autdeor air should he sampled daily.

Table 3 —~ Sampling requiretnents for indoor environment

Number of occupied Percentage of randomily selected floors
floors in a building to be sampled {%)*
<5 80 % of floors™
5-10 70 % of floors*
11-20 B3 % of floors*
- 21-30 12 floors or 50 % of floors*, whichever higher
. 31-40 15 floors or 40 % of floors*, whichever higher
41-50 186 floors or 35 % of floors™, whichever higher
- > 50 18 fioors or 30 % of floors*, whichever higher
NOTES -
* round up lo whole number.

The recommended or required sample size will ensure with 80 % confidence that at least one
ftoor from the 10 % flaors wilh the highest IAQ levels is included or contained in the sample.

5.3.2 Sample position
The sampling point or sampling probe should be located between 75 and 120 ¢m from the floor at the

cenlre of the room or an occupied zone, and as close as pessible to the breathing zone of the building
occupants.

6 Competency of IAQ personnel

Indoor air quality auditing and air sampling should be conducted by a competent person who pas
attended and met the requirements of aa indoor air quality course conducied by a training provider
recognised by cognizant authorities,

Samples that require laboratory analysis should be analysed by a laboratory accredited for pracedures
related to the analysis of indoor alr quality parameters under the Singapore Laboratory Accreditation
Scheme (SINGLAS) administered by the Singapore Accreditation Gouncil (SAC).

The competent person should ensure that the instruments used ave properly celibrated and records of
calibration are maintained.
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Annex A
{informative)

IAQ and work productivity and health

A1 General

Whilst there have been a number of scientific publications on 1AQ and work performance and health,
these have not yet been incorporated into existing standards or codes. The link between exposure o
indoor environment and productivily is still actively being researched, although the evidence of the
effects of some exposures has been documented, This section provides a summary of the published
scientific erature on this topic which is derived from a meta-analysis of the referenced works
presented by Seppanen and Fisk (2005), A jist of publications is included for further reference.

In interpreting the information, the following should be noted:

{a) The referenced works straddle a diversily of climates and very little work has been performed
In tropical climates;

()] Specific effects of different dimensions of IAQ (e.g. ventilation and temperature) for tropically
acclimatised peopte cannot be derived from the agglomerated data.

A2  Summary of meta-analysis of referenced work

Poor indoor environmental quality (IEQ) has been related to increases in sick building syndrome
(SBS) symploms, respiratory iinesses, sick leave, and losses in productivity. Calculations indicate
that the cast of poor IEQ can be higher than energy costs, space conditioning and ventilation, and that
many measures taken to improve IEQ will be highly cost-effeclive when considering the monetary
savings resuiting from improved health or productivity.

Whilst 1EQ is more encompassing {including lighting, acoustics, efc), the findings highlighted in this
Annex pertain fo the IAQ parameters.

[nitiaf models for quantifying the health and productivity benefits of better indoor environment are
presented, based on an analysis of published works, to enable building professionals to make
selections of building designs and operating practices that account for effects on health and
productivity. These include quantitative relationships between ventilation rate and shori-term sick
leave, ventilation rate and work performance, perceived air quality {PAQ) and performance,
temperalure and performance, and temperature and SBS sympioms. These indicate that a
relationship exisls between SBS symptoms and work performance.

A.2.1 Ventilation rates and short term sick leave

Ventilation reduces the concentration of indoor-generated aitbome contaminants. Inadequate
ventllation increases the prevalence of some types of communicable respiratory diseases (Seppanen
et al. 1999; Fisk, 2000; Wargocki et al. 2002a). A quantitative relationship between ventilation rate
(alr change per hour} and sick leave was estimated by combining published field data and a
theorelical model of aithorne transmission of respiratory infections shown in Figure A.1 (Fisk et ai.
2003). Uncertainties in the madel inglude:

(a) Limited empirical data avaiiable to calibrate and avaluate the model;
(b) Size, filtration rate, and deposilion rate of infectious particies in typical buildings;
(c) Natural loss of viability of airborne infectious microorganisms has not been accounted due to

a lack of information on the survival times of the airbome virus and bacteria that cause
respiratory diseases.
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Flgure A1 - Predicted frends in Hliness of sick leave versus ventilation rate
{source : Fisk et. &, 2003)

A.2.2 Ventilation rates and performance

Ventilation aifects productivity bath indirecily and direetly through its impact on shori-term sick leave
- due 1o infectious diseases. This is evidenced from adjusted, normalised and weighted data from five
relevant workplace studies (call cenires where speed of work, i.e. lime per call, was used as a
measure of work performance) (Heschong group 2003, Federsplel et al. 2004, Tham 2004, Tham and
Willern 2004, Wargocki et al. 2004); two studies in controlled laboratory environment (where the
speed and/or accuracy of simulated office task performance) (Bako-Biro 2004, Wargocki et al. 2000a);
and a study conducled in schoals (using Swedish performance evatuation system with reaction times)
{Myhtvold and Olesen 1997). The trend of increasing performance with increased ventilation rate is
statistically significant up to approximately 16 L/s-person with 90 % confidencs interval (Cl} and up fo
14 Us-person with 95 % CL. In practice, the equipment and energy cosi also limit the ventiation rates.
Based on the estimated polynomial models, the performance at all ventilation rates relative o the
performance ai a reference ventilation rate of 8.5 /s-person was calculated and plotted in Figure A2,
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Figure A.2 — Relative performance in relation to the reference value at 6.5 Lis-
person versus average ventilation rate (source: Seppanen, 0.A. and Flsk, W.J. 2005)
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A.2.3 PAQ and performance

Sensory evaluation is an integrated measure of alr quality as sensed by human senses (olfactory and
facial nerves). PAQ can be evaluated with trained or untrained olfactory panels. The trend has baen
towards untrained panel whose members evaluate the air qualily as either acceptable or
unacceptable for an eight-hour occupancy. The percentage of panel members find ing the air quality
unacceptable (dissatisfied with air quality) is used as an indicalor of PAQ. This metric sesms to be
more sensitive than evaluation of air quatity with reference scales.

Laboratory-based studies (Wargocki et al. 1999, 2000a, 2000b: Lagercrantz et al. 2000; Bakec-Biro,
2004} indicate thal performance {simulated office work including text typing, addition tasks, logical
reasoning) deteriorated witi: percentage dissatisfied with the air quality upon entering the space
(Figure A.3). However, it has rot been established whether lower PAQ is causally related to
performance or only an indicator of some other factors in the building which have a causal relation to
performance. The PAQ is affected by several factors. It depends mainly on contaminant sources and
ventilation rate, but also on temperature and humidity.

%
100 4

g8 A

96 4

Parformanca

94 4

82 4

80

0 0 20 W 4 B S0 70 =
Dissatisfied with alr quality

Figure A.3 - Relative performance in office work depending on the PAQ
{source; Wargocki et al, 2000b)

A.2.4 Temperature and performance

A review of 26 studies including local data shows that thera is a relationship between air temperature
and performance (see Figure A.4).

Realiva Performance

T 7 G T

15 20 25 3o 35
Tempersture (C)

Figure A.4 - Relative performance versus temperature: maximum performance Is set equal to 1
(source: Seppanen, O.A, and Fisk, W.J. 2005}
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A3 SBS symptoms and perfarmance

Many studies have shown that SBS symptoms are linked to characterislics of buildings and irdoor
environments. Identified risk factors for $8S symptoms include air-conditioning (Seppidnen and Fisk
2002), lower venillation rate and higher carbon dioxide cancenirations (Seppénen et al, 1999,
Wargockt et al. 2002a), higher air temperalure (Mendell 1993, Mendell et al. 2002), higher
concenirations of some typss of volatile organic compounds (Ten Brinke et al. 1998, Apte and Daisey
1999, Apte and Erdman 2002}, excess dirt and meisture in HVAC syslems (Mendeli et al. 2003), and
maisiure problems in buildings (Park et al 2008),

From 24 studies which simultanecusly reported the prevalence or intensity of SBS symptoms and a
measure of work performance, the following were found:

{a) In field studies, ohjectively measursd productivity was negatively associated with SBS
symploms in office environments (Niemeld et al. 2002, Niemela et al, 2004, Tham 2004,
Tham and Willem 2004), and in school envirenments (Myhrvold et al. 1998, Myhrvold and
Clesen 1987},

(b} In faboratory studies, objectively measured performance in tasks related to productivity in
office work was negalively assoclaled with reported SBS symptoms {Bako-Biro 2004,
Lagercrantz et al. 2000, Nunes et al. 1993, Wargocki et al. 1999, Wargocki et al. 2000a).

Twa siudies using objective performance data suggest a relationship of SBS symploms and
performance. Niemela et al. (2004) suggest, based on data from a call center, that an average
reduction of 7.4 % points in the prevalence of weekly central nervous symptoms comespand with a 1.1
% increass in productivity. Tham and Willem (2004) report a linear relationship between intensity of
mean score of neurchehavioral symptoms and average talk time in a call center. The talk time
Improved (shortened) 5 % per 10 points change in intensity of symptoms. The intensity of symptoms
was measured with an analog-visual scale from 0 {o 100,

A3.1 Temperature and SBS symptoms

Studies have reported a linkage between warmer temperatures and higher prevalence or higher
intensity of SRS symptoms. Three studies reporting the intensity of symptoms were made in the field
in non-problem buildings (Mendell et al. 2002, Tham 2004, Tham et al. 2003} ard two were performed
in the laboratory {Fang et al. 2004, Kaczmarczyk et al. 2002).

A4  Summary

The above data suggest an influence of tAQ and related building conditions on employees' heatth and
productivity. It is possible to estimate quantitatively how ventilation rates, temperatures, and PAQ are
related to health and work performance oulcomes. A relation between §BS symptoms and decreased
productivity is strongly suggssted by the available data. Reliable functions refating SBS symptoms to
preductivily or absence would be very valuable because there are many existing data relating building
design and cperation to SBS symptoms prevalence,
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Annex B
(informative)

Sources and control of indoor air contaminants

B.1 Choice of methods of control

B.1.1 Available methods

There are various ways to reduce pollution in the indoor air. Ventilation is often regarded as
convenient because it can ke seen as addressing all contaminants of indoor origin at the same time.
Howevar, it is not always the bast solution. The choice of one approach against another depends on
a number of factors including the nature of the pollutant itself, its source characteristics, effect of the
pollutionr on pecple, relative practicability and economics (initial costs and operating costs).

The following measures should be adopted fo eliminale or reduce the exposure of occupants to
airborme contaminants in buildings.

Source conirol (see B.1.2):

(a) Eliminate the source(s) of the contaminant{s);

(b} Substitute with sources that produce less harmiul or less malodorous contaminants;
(c} Modify the source(s) to reduce emission rate of contaminani(s);

{d} Local pollutant management (see B.2);

(e) Segregate occupants from potential sources of contaminanls;

(] Improve locat ventilation, e.g. by local exhaust (if source of contamination is local);
(g} Use of air cleaning to reduce local contaminants.

Ventifation (see Arnex C):

(a) Improve air change effectiveness, for example by choice of system type — mixing vs
displacement;

(b} Use appropriate ait cleaning;
(3] Require personal protection.

These measures are not mutually exclusive and some combination will usuaily be necessary.
Adequate ventilation will always be requited regardless of the approach used.

B.1.2 Sowurce control

B.1.2.1 Elimination

Elimination of a source means taking a source away allogelher because it is not needed in the
building. This could mean, far example, moving storage of source material or processes to another
location or not allowing certain activities {e.g. smoking, using correction Auids) where they are not

required. In some cases, even ealing and drinking can represent a significant source and can be
resiricled, at least in ime if not in space.
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B.1.2.2 Substitution

If the source of contamination is necessarily present in the building in some form, then consideration
can be given to using materials or equipment that emit at a lower rate. The following are examples of
possibie approaches:

(a) Low-emission materials should be selected for use in buildings, for the basic structure,
furnishings, building services, and materials used in cleaning the building;

(b) All new buildings should be designed to minimise unacceplable odour, as far as reasonably
praciicable and economically viable;

{c) it is also important to reduce contamination sources within ventilation or air-conditioning
systems, including the entrainment of outdoor pollution into air intake;

(d} Regular clezning and maintenance of systems and furnishings are also very impontant faclors
in reducing odours.

B.1.2.3 Modification
Even if a source is inherently a high emilier, it is sometimes practicable to medify it to reduce
emissions. For example, materials emission rates vary over time and with temperature and humidity.

Posilioning materials in buildings (and ventilating spaces at a high rate} in advance of ocoupancy can
reduce emission rates when the building is later occupied.

B.2 Local poliutant management

B.2.1 Segregation

This involves separating the occtpanis from sources or contaminants. For example, in terms of the
processes within an office, paper storage could be in a separate area from emplayees, or there could
be a separate area for printers and photocoplers and designated smoking areas. Where such an
approach is taken, special aftention should be given to ventilation and air tightness where the
contaminant scurces are located. Additional ventilation measures are generally required in such
areas,

B.2.2 Local exhaust

Local exhaust close to contaminant sources, e.g. a photocopier or 2n area where chemizals are used
can reduce the need for {otal ventilation of the building. Air curleins can sometimes improve exhaust
efficisncy.

B.2.3 Local air cleaning

Local air cleaning (particle / gaseous fillration) can be used to clean comtaminants generated in a
localised area,

B.3 Dilution
B.3.1 Overall ventilation
Ventiation is the most common approach to reducing levels of contamination in buildings. The usuat

strategy Is simply to introduce outdoor alr (assumed to be fresh air) at a rate calculated fo be
necessary o dilute the contaminants in the building.
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The methods are quite simple. |dentify the coniaminants that are present, determine tht.air_ human
effects and calculate what concentrations should be allowed. The sources in the building, the
production rate, and the target concentration levels are then used 1o calculate the required cutdoor air
supply rate. Additional dilulion may not be appropriate for some biclogical agents.

Where recirculated air is used, care should be taken that spaces served by common recirculation
systems are of similar occupancies, unless the recirculated air is acceptably treated.

B.3.2 Aircleaning

Cleaning of the air delivered 1o a space reduces the contaminant concentration in the space. Re-
circalation and ventilation airstreams may be cleaned separately and/or after they havq been
combined. Where there is a risk of exhaust air being re-entrained into the ventilation air, cleaning the
exhaust air can also improve 1AQ. Normally this should not arise because the' locations of exhaust
and intake openings should be located to avoid re-entrainment, although cleaning qf the exhaust al
may stiil be required if the ouldoor environment around the exhaust would olherwise be adversely
affected.

Air cleaners {‘filters’) are of two types: particulate air cleaners and gas phase air cleaners.
Different standards have differing recommendations abaut the minimum efficiencies of filters but they

generally recommend two stages of filtration of cutdoor air, i.e. pre-filier and main filter. For more
details, see Annex E.
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Annex C
(informative)

Exposure control — Ventilation

C.1 Ventilation rates

This annex summarises some of the key aspects from $S 553 perlaining to air classification,
recirculation and ventilation rates. Air is classified In the range of Class 1 1o Class 4 based on the
velative conlaminant concentration and the criterla that Class 1 Afr is air with low contarntnant
concentrations and Class 4 Air is air with highly objectionable fumes or gases at concentrations high
enough to be considered harmful. Air recirculation is limited depending on the class of alr, and based
on the general principfe that a class of air with a higher contaminant concentration shoutd not be re-
circulated or transferred 1o a class with a lower contaminant concentration. For more information on
air classification, refer to ASHRAE 62.1,

For comfort alr-conditioning design purposes, the minimum quantity of outdoor air flow needed in the
breathing zone of the occupied space(s) of any zone in a building, i.e. the breathing zone outdoor
airflow, should be based on the floor area and delermined according 1o the rates given in S$ 553,
The quantities of breathing zone outdoor air flow stated in $S 553 have taken into consideration the
occupancy foad given in the SCDF Code of Practice for Fire Precautions in Bulldings, the requirement
for diluting the odour caused by. psople and their activities and the requirement for diluting the
contaminants caused by the interior furnishing.

C.2  Ventilation characteristics

An adequale air change is of fundamental importance for indoor air quality. Proper venfilation of
buiidings is necassary for the health and comfort of the occupants as well as to protect against
damage. Modern buildings, e.g. office and residential, with tightly sealed windows cam lead to
insufficient ventitation which may in turn cause an increase In the concentration of contaminants
emitted indoors, Manual ventilation by the occupants or the use of air-conditioning and mechanical
ventitation systems is thus required. Howaver, excessive ventilation can lead fo discomfort and
increased energy consumption.

Building regulations make provision for ventilation to confrol moisture and other contaminants.
Measurements of the ventilation conditions allow confirmation of whether these requirements are met
in practice. Knowledge of the ventilation conditions is important in order fo be able fo analyse the
possible causes of poor 1AQ. Thus, sampling and analysis of contaminants indoors should ideally be
accompanied by ventlation measurements, making it possible lo estimate the strengths of
contaminant sources.

C.21 Methods employed

The methods employed involve the use of tracer gas technigues to determine air change rate
{1SO 16000-8) and air exchange effeclives.

C.2.1.1 Air change rate

This can be obtained by determining the local mean age of air (and its inverse the local effective air
change rate) in buildings as an indicator of ventilation conditions in a building. The mean age of air in
a bullding zone indicates the average time the air in a zone has been in the bullding accurmulating
contaminants and is closely connected to the fime taken to exchange air within a zone. The
concentration of a contaminant released from continuous indoor sources increases with the length of
lime the air has resided indoors. The lower the age of air in a space, the lower ks the concentralion.
A detailed description of the procedures involved and the methods used can be found in ISO 16000-8
and ISO 12568,
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C.2,1.2 Alr change effectiveness

The age of air obtained using tracer gas techniques can be used 1.0 compute air change e]‘lftatgliveqesiz
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Annex D
{(informative)}

Source control - Emissions from building materials

D.1  Selection of building and furnishing materials

Building and furnishing materials may be sources of indoor air contaminants. To achieve 1AG
objectives for chemical emissions, building designers should limit the use of high-emitting building and
furnishing materials. Materials with [ower emission rates should be selected provided that they meet
all relevant statutory requirements, e.g. fire resisting propertias ete. This is pasticularly important when
a large amount of the materials is used in an area.

Due to the limited choice of materials and information available at present, professionals in the
building design industry should make use of product information available from other countries or
cany out emission tests on the product where practicable.

In Europe, a number of labelling schemes have been introduced for control of VO emissions fram
building materials. The following is a summary of these requirements for flooring products (see Table
D.1) and paints and coating products (see Table D.2).

Table D.1 - Europear labelling schemes for low emission flooring products

Table D.1 - Burope

an labelling schemes for low emission flaoring products (cont'd)

Labelling Schemes

Classlficaticn Requlrements

German Biug Ange! Ecolabelling
Schems

RAL-UZ 3B
RAL-UZ 76
RAL-UZ 430

‘This labeling scheme covers ficoring materials, furniture and wall panets. Auxiliary
matarials such as adhesives and coaling materals are afso inchided in the scheme.
The scheme pravides labelling to caver the whole fife cycle of the products. The
scheme conlrols emlssions of formaldehyde, TVOC, halogenated organic
compaunds, and loxic substances that are carcinogenic, mulagenls and teratogenic.
Standard environmental chamber tests are required for cartification of VOO
emisslons from the praducts. The following are the amissian requirements for large
surfzes products used in bullding.

1day 28 days
Formaldehyde - 62pgm®
TVOC (50-250 °C) - 300 pg m?
Totat VOCs (>250 °C}) - 100 pg
Toxlc substances <iugm®  1pgm?

Labelling schemes

Classlfication requir

Danlsh voluntary labeling scheme

httprdhaww, byage.dti.dk.hims or
httovayw, dsle.om/dsic. himl

Requires evaluation of the VOC entission rates and odour and imitallon thresholds of
the Rooring materials In an environmental chamber or cail, with resuits scaled to a
17 m® modelled racm.

Finnish 11 label for finlshing r

Attp:iAvweer. ris 1if

Requlres s of TVOC {< 200 pg m™ b™), earclnogens (< 5 g m2 1),
formaldehyda (< 50 ug m® k), emmonla (< 30 pg m™ h”") and odaur dissatisfaction
{15 %) after 28 days of expostira in an envirenmental chamber.

GuT, Epvironmental Quality Mark for
Carpals
http: L e )3 hibmd

Regulates emlssions of CFCs, pesticides, carcinogens (recognlsed, praven or
suspecled, e.g. benzane, bulediene, viny! chiorids, vinyl acelats and formatdehyds)
which must nol be detecled In produst; and limit amission of toluens {50 g ),
styrene {5 ng m™}, d-vinylcyclohexene (2 ug ™},

4-phenyleyciohexene {20 pg m™), TVOC (300 pg m?), total aromatic hydracarbons
{150 pg m"), and odours, tested in a standard envirormental chamber. Dyesor
auxiliary substances must not contein heavy metals, such as lead, cadmium,
raercury of chromium Vi

GEV EMICODE Labelling System for
achesives, primers and smoothing
compounds

hftp:iiwvay. prticeds com

The produst is analysed for carcinoganic compounds after 24 hours of exposure In
an enviconmental chamber. The substances are dlassified as recognlsed (C1),
praven (C2) or suspected {C3) carcinogen according to European Direclives or
German legislation. The following carcinogenic compounds are cumenlly restricled -
C1: acrylamide, acrylonitrile, b 1,44l (o] wyde and
formaldehyds; G3: vinyl acelate. EMICODE sels tha fallowing fimils: 1 substsnces:
<2 pgm-3, C2 substances: < 10 ug m-3 and G3 substances: < 50 pg m-3,

TVOC and the principal VOUs (above 20 ug m-3) are also quantified, after 10 days
of exposure. The foliowing three categories of product are used, based on TVOC
emisslon rates.

EC1 EC2 EC3
Primers <100 100 - 300 >300
Leveling Compounds <200 200 -~ 800 > &40

Swedish standard for floarings
GBR/SP Trade standards GBR 1992

Flooring adhesives < 500 500-1500 > 1500

Req r and daclaration of TVOC emlsslon rates after 4 and 26
weeks of exposura of the flocring materials n an emisslan cell, and the 10 principal
individual vQQCs,

Nordic Swan Ecofabelling p L]

The schi {orbids tha p in the product of carcinogens, halogenated VOCs,

hitp:rhwnw. interface.nofecolabalenglis
Dratioutmimi

organic Un compounds, phthalates, poly-breminated dipheny) ethars and also

SUD that are mutagenic or harmfu! to the human reproductive system, Heavy
metzls are also not allowed. Emisslon of ldehyde from the finished product
must be fess than 0.13 mg m” in chamber alr. The precedures used in the Danish
and Finnlsh schemes also apply In Nordic Swan Ecolabelling pregrarme. Both the
environmental chamber and emission celf tests can be used,

Table D.2 — European {abelling schemes for control of VOC emissions from coating

iaballing schemes

Requirgments

Danish veluntary [abslling
scheme
hitp:fiwanv.byggeri.df. gl bt
of

hitp:feanw.dsic.orafdsic.bimf

See Table D.1 for requirements.

Finnish M1 label for finishing
materdals hito:feawvts fif

See Table D.1 for requirements.

EU Ecotabal Scheme

hitp:fhenwer ecosite,co.uk
£ & Q and Brtish Coating
Federation Scheme

Provides criteria {or painis, vamishes and cleaning preducts for Indoar uses. The quantity
of VOCs and volalile zromalic hydrecarbons (VAHS) are Induded In restriciions. The lmits
fer Class | and Class Il paints and varnishes are simifar to those required by B & Q and the
British Coatings Federation schemes.

The ‘Ecolabel’ criterin timit the use of paints and vamishes that contaln toxic, highly taxic,
carcinogenic, r ic of teralogenic sub classified under the Eurcpean
Directives T9/83UEEC and BI4IBIEEC, and also subst that are a
waraing label by Direclives 8BI37HEEC, The VOCs included in this restriction are
benzens, methanel, acefonilrile, 1,1,1.richtorcethane, xylenes, toluene, luspentine,
ethylbenzene, bitangl, 2-ethoxyethylecelate and formaldehyde,

Paipt cateaery 1 (for walls and esling):
The VOC content must not ba greater than 30 gL" (and in warm and dry cimate < 60 L),
The VAHs must not ba greater than €.8 % of the product weight.

Baln 1 (for s her surfaces):
VOC contant < 256 gL} and
VAHs < 5% of the praduct welght.

German Federal Environment
Agercy, Blug Ange! Schems

‘This scheme requites that tha paints and vamishes do not comtain mutagenic or

carclpegenic substances, The maximum zllowed levels ara;

+  VOG content 10 % by welght for water-soluble painis and 15 % by welght for ofl based
paints;

+ Toxic VOC conlent 5 6.5 % by welght for waler-soluble paints and s 5 S by welght for
oll based paints.

The produst should not contain any heavy metals, such as lead, cadmium and chromium.

Charnbar tests of low emission painis thal had quelifed for the Blue Angel Label showed

that, after 48 hours of paint application, the emission of the solvent VOCs was reduced to

below the dalection range of the analysis [123

The sch alsa has fetions on the production and uses of dyes that contain more

than 1 % 2-naphihyiamine, 1 % 4-nit wl and 1 % chlerinated solvents such as

catbon telrachloride, tefrachloroethanes and penlachloroethanes.

The Danish Technolsglcal
Institute

‘Palnt favourable to [AQ"
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The faclers included for constderation are: 1AQ and working environment; paint application
characlerstics; coating perfermance.

Emission rales of VOCs and odour are the properties to be assessed as weil as drying
¥me, adhesion and paint weight appllcation, Three categorias of paints are provided, This
classHicalion schame Is supperted by a Nordle group of industries and institutes.

‘Amongst the very best painls’ ~ paints that will produce & VOC concentration less than 5
ng m™, within 2-4 weeks after paint applcation.

‘Acceplable’ — paints that do not emit any substances that are carcinogenic or have a loxic
effect ar cause mucous membrane (milation to the eye or the resplratory system,

‘Paor quality paints’ - paints that do not meet the crileria for acceptable paints,
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Annex E Table E.3 — Alr filter classification according to EN and possible applications
informative
( ) Filter classification according to EN 778/
. . , EN 1822
Air fi classifi
lter classification Average Average Possible applications
Class synthetic dust atmospheric dust
Table E.1 ~ Minlmum Efficiency Reporting Value {MERV} Paramaters weight o spot efficiency 0.4
(extracted from NAFA Guide la Air Fillration, 4™ Edition, Addendum 7.1, Table 7.1.2) arrestance, % pm
G1 < B85 NA dustthat
ASHRAE 52,2 Composlte average particle size effitiency, Remove coarse dust thal cause
é\'lf:_ni!num % iIn slze range, pm . reAl‘:r b G2 85-80 NA plugging to the cooling coll
i Y arrestance, % by
Reporting Value | 031010 | 100030 | 30w100 | ASHRAES21 G3 80-80 NA
{MFEIR NA NA E5<20 Ang <65 G4 >90 NA -~ Pre-filter for Class F7 or higher
£ g
B 2 NA NA E3<20 55 5 Aawg < 70 -
i 3 NA NA E1<20 705 Agg < 75 F& NA 4060 Normal )
i 4 NA NA £ 20 755 Ang E6 NA B0 € Apg < 80 (Pre-flitration net recommended)
! -5 NA NA 205 E;<35 NA
6 NA NA 35S E3< 50 NA Reduce indoor contamination,
v NA NA 505 E;<70 NA F7 NA 80 £ Ay, <90 provide better protection lo
E] NA NA 705 £, NA AHU, cleaner ductwork
9 NA Ez<50 855 £ NA -
:3 :2 gg : EZ : gg gg: ? ‘ :i F8 NA 905 Agg < 95 Better 1AC and protecticon to
2 3 ing frequency or
aQ NA 95 = AHU ard reducing quency
12 A B0sE, 20z E NA i P eliminating duct cleaning.
13 E<75 0=<E,y 90<E; NA H10 NA Ang > 95
14 7SS Es <85 WNs5E; 90 Ey NA
15 BSSEs<95 a0 s £ 905 E; NA
16 95 5 £, 955 5> 9535 £ NA

77 * ASHRAE Test Dust for Amrestance {Gravimetric) comprising: 72% standardised air cleaner
© festdust (fine dust), 23% powdared carbon & 5% of lint— mean diameler of 7.7 micran,

Table E.2 - Ajr filter classification according to ASHRAE 52.2 and possible applications

MERV Possible applications
1
2
. 3 Remove coarse dusts that cause plugging to the
’ 4 cooling coil
5
6
; Pre-filler for MERV 13 or higher
g
10 Medium Efficiency
11 {Pre-fltration may not be necessary)
12
13 Reduce indaor contaminants and provide betier
protection for AHU and cleaner ductwork
! 14 High removat rate against sub-micron pariicle size.
15 Imprave |AQ and provide good protection for cooling
16 caft and reducing frequency or eliminating duct cleaning

35 36
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Annex F
(informative)

Maintenance of ACMV systems

F.1  Inspection of ACMV systems

ACMV systerns should be visually, inspected for cleanliness. The recommended Inspection schedule for
majer ACMV components is shown in Table F.1. More frequent cleanliness inspections may be
necessary depending on the enviranmental and mechanical conditions as well as human facters.

Table F.1 -~ Recommended intervals for ACMV system cleanliness inspection

ACMV component Inspection interval
Air Handling Unit 6 months
Supply air ducts 12 months
Retum air ducts 12 months

The cleanliness inspection should be conducted in such & manner so as not fo cause excessive
disruption.of settled dust, microbial amplification or other debris, which' can have a negative impact on
indoor environment.

The tleanliness inspection should include the AHU and representative porions of the ACMV system
componenis and ductwork. The minimum percentage of systems and the portions that should be
inspected in various situations are Indicated in Table F.2.

Table F.2 — Recommended portions to inspect

S5 554 : 2009

In rasponse {o complainis

100 % of the system(s)
serving the affected area

Outdoor air intake
AMU

Table F.3 - Recommended location of test points

Totai linear length Location of test point Minimum number of
of air duct per test point
system
First 300 m 1 test point per 50 m 3 iztsétmpomts per
sy!
>300m 1 test point per 100 m

The average values should be calculated across all tests conducted on each system, and the resulis
are used o determine whather it is necessary to clean the system.

f.1.2 Conditions requiring ACMV system cleaning

i i ion indi t the system is
ACMV systems should be cleaned when a system cleaniiness inspection indicates tha er
coniaminyated or the systern performance is compromised due to contamination buildup. The conditions

requiring ACMV system cleaning are stated in Teble F.4.

Table F.4 — Recommended condlilons requiring ACMVY system cleaning

Condition Definition
ACMV system « When significant accumulations of substances not
contamination intended to be present in the ACMV system {a.g.

dust, dirt and debris) and micsobial growth are
visually observed.

= When the ACMV system discharges visible
particulate into the occupied space or a conleibution
of airborne particles from the ACMV system into
the indoor ambient air.

When ACMV system componenls suffer from
restrictions, blockages, or coptamination deposits that
cause system performance inefficiencies, airflow
degradation or other conditions that may significaatly
affect the design intent of the ACMV sysiem.

Compromised
performance

i i i indi that the
ACMV systems should also be ¢leaned when infernal surface condition h?sll.ng_ resufls indicate
levels cfy surface deposils are above the recommended surface deposit limils. The recommended
surface deposit Bmits requiring ACMV system cleaning are specified in Table F.5.

Table F.5 - Recommended surface deposit limits requiring ACMV system cleaning

Main ducts
Branch ducts

Situation System to inspect Portion to inspect

During routine mspections | 10 % of similar systems | = Outdoor air intake

» AHU

* Main ducts

* 10 % of branch ducts
When problems are 100 % of similar systems [« OQuidoor air inlake
discoverad during «  AHU
routine inspecticns e Main ducls

+ 10 % of branch ducts

*

-

L]

-

F.1.1 Intemal surface condition testing for ACMV systems

Two internal surface condition tests can be used lo indicate the potential for the system 1o refease
eontaminants inte the air:

(@) Deposit thickness test;
(b} Vacuum test,

The tests are recommended to be repeated at intervals not exceeding 12 months. The recommencded
location of test points and the minimum number of test points are shown in Table F.3.

37

System type Surface deposit limit Test method

Extract 6 g/m? Vacuum test

180 pm Deposit thickness test
Regclrculation 1 gfm? Vacuum test

B0 pm Deposit thickness test
Supply 1 gim? Vacuum test

60 pm Deposit thickness test
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Annex G
(informative}

IAQ management programme

G.1  Appoint an JAQ Manager

A person possessing the relevant experience in managing 1AQ should be appointed and be
responsible for establishing and managing the overali 1AQ programme.

G.2 Develop an |AQ profile of the building

Review all available documents and/or records related to the design, constructicn, operation and
maintenance of the building and the ACMV system. Conduct & walkthrough inspection (refer to
sample checklist in Annex 1) of the bullding and IAQ measurements in accordance with Clause 5.

G.3 Address existing and potential IAQ problems

Identify contaminant scurces and adopt the apprapriate control strategies as contained in Annex B.

G.4 Develop and implement plans for facilities operation and maintenance
Develop and implement plans for the operation, preventive maintenance and unscheduled
maintenance of the ACMV system and housekeeping activities,

G.5.. Develop and implement plans for specific activities

Develop and implement procedures for dealing with building renovation, addition and alteration, pest
control and other activities that may have an impact on IAQ.

G.6 Educate facilities management (FM) personnel about IAQ management
Identify FM personnel whose funclions and activities could affect the 1AQ of the building and equip
them with relevant IAQ knowledge.

G.7 Communicate with occupants about their role in maintaining acceptable IAQ
Inform building occupants about their activities that may impact 1AQ and what they can do to maintain
acceptable 1AQ.

G.8 Establish procedures for responding to |1AQ complaints

Establish clear procedures for recording and responding to IAQ complainls and inform FM personnel
and building occupaats of these procedures.

39
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Annex H
{informative)

Information on indoor air contaminants and micro-biological agents
including guidelines on mould remediation

H.1  Gommon sources of indoor air contaminant

Indoor air
contaminant

Common sources

Carbon dioxide

- Exhaled air
- Complete combustion

Carbon monoxide

- Incomplete combustion
- Cooking fumes

- Vehicular exhaust

- Cigarette smoke

Respirable
suspended
particles / ultra-fine
particles

- Incomplete combustion

- Cooking fumes

- Vehicular exhaust

- Cigaretie smoke

- Internally generated dust (paper, carpet, curlains, fabric and furnishing
materials)

Formaldehyde /
Total volatile
organic compaound

- Wooden (plywood, paricieboard) furniture

- Organic cleaning compousnds, disinfectants

- Paints, lacquess

- Adhesives, glues, sezlants

- Aerosol sprays {e.g. air freshener), insect repellents
- Cosmetics, perfumes

- Fabric materials in rugs and upholstery

- Corrective fluid

Ozone

- Ozone generators or lonisers
- Electrostatic precipitators

- Photocopiers

- Laser printers

- Electric discharge

Mould

- Wet or moist carpels, drapes, upholstery

- Water Jeakages (e.g. from chilled water pipes and pitted copper pipes,
cracks in slabs)

- Condensation surfaces (e.g. poorly insulated air ducts / water pipes,
internal surface exposed to moisl air, cooling ceils and condensate drain
pans, wall betwean conditioned and unconditioned zones)

- High humidity environment

- Over-watered indoor potied plants

Bacteria

- Building occupants

- Stagnant water

- Decomposed food

- Insects, bugs, pets

- Condensation surfaces (e.g. poorly insulated air ducts / water pipes,
internal surface exposed to moist air, cocling colls and condensate drain

pans, wall between conditioned and unconditioned zones
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H.2 Microbiological agents in the indoor environment

H.2.1 Bacteria

The predominant bacteria in indoor air are generally Gram-positive species of staphylocoscus,
Micrococcus and streplococcus which emnanate from the mouth, nose, nasopharyny and skin. Gram-
negative bacleria may occasionally be abundant {e.g. acinetobacler. aeromonas, Ravohacterium,
pseudomonas) when there is an abundant source of water e.g. drain pan and saturated surfaces.
The bacteria can also be found in dio-film growing on the wetted supply surface of ¢6il fins. Therefore
prompt and effective maintenance of such a system is crucial to prevent contamination

Legfonella pneumoephila may be present as a result of aqueous aercsols spreading from contaminated
aeroscl generating equipment e.g. water fountains, cooling towers, mist fans, shower hieads, spas,
jacuzzis, etc. The Environmenial Public Health (Cooling Towers and Water Fountains) Regulations
stiputate the frequency of the bacteriological test and the permissible limits for Jegioniella bacteria.

H.2.2 Indoor mould

Moulds beleng to the kingdom Fungi; unlike plants, they lack chiorophyll and survive by digesting
plant matertals, using plant and other organic materials for food,

Moulds produee tiny spores to repreduce and they can be easily spread through the alr, Most moulds
found indooss come from outdoor sources. It needs moisture o grow and becomes a problem only
where there is high water activily, high humidity, or dampness. Common sources of Indoor moisture
that cause mould problems include fiooding, reof and plumbing leaks, damp basements, pitting of
water pipes (e.g. copper pipes) from ceiling or any moisture condensation on cold surfaces.
Bathroom showers and steam from cooking may create mould problems if the space is not well-
ventilaled. Uncontrolled humidity can also be a source of moisttwe leading to mould growth,
particuarly in hot, humid climates like Singagore.

It is recommendeq to repair water Yeakages prompfly, and dry out and clean or replace water-
damaged materials within 24 hours. Materials that stay wel for more than 48 hours are likely to

produce mould growth.

Allergic reactions, simitar to common pollen or animal allergies, and iritation are the most common
health effects for individuals sensitive to moulds. Flu-like symptoms and skin rash may occur. Mould
may also aggravate asthma. Most symptoms are temporary and eliminated by correcting the mould
prablem.

There is a wide varability in how people are aflected by mould exposure. People who may be

affected more severely and quickly than others include infants, children, pregnant women, elderly,
individuals with existing respiratory condiions such as asthma, environmental or other types of

sensitivities and immuno-compromised individuals.

H.2.2.1 Common Indoor mouids

The common indoor spores are Cladosporium, Penfcilfium and Aspergilivs. Below is a brief
description of these spores:

41
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Cladosporium | Cladasporium is an outdoor mould and usually found in feafy plants.
Cladosporium  cladosporioides and Cladesporfum  herbarum  are
phvlloplane species that occur in outdeor air at high level.

In &n indoor snvironment, Cladosporium sgp. occur as secondary walk
colonisers, appearing after the primary ones such as Penicillium and
Aspergilius spp.  Cladosporium is very common in wet building
materials.

Penicillium The species of Penicilium are commorly found outdoors and
widespread indoors. Many Penicilium species cause damage to damp
building materials, including the toxigenic species Penicillium
aurantiogriseum which is commonly found in house dust.

Aspergillus Species of Aspergilfus are common in warmer climates. These species
grow on a vast array of organic materials. Aspergillus versicolor is
commonly present on building malerials, Aspergllus fumigafus is
pathogenic and one of the main causes of the invasive disease,
aspergiliosis.

H.2.2.2 Hidden moulds

Possibte location of hidden moulds are walls behind furniture, porous thermal or acoustic liners inside
ductwork, condensate drain pans inside AHU, and roof material above ceiling tiles. Other locations
include dry walls covered with vinyl wallpaper, wood paneling and carpets, which serve as vapor
barriers and trap moisture underneath their surfaces.

H.2.3 Mould remediation
H.2.3.1 Contamination assessment

An assessment should be conducled before cormmencement of any remediation work {o determine
the following:

(a} 8ize of the mould andfor moisture problem;

(b) Type of damaged materials.

H.2.3.2 Remediation plan

A remediation plan should be made to include:

(@) Steps to fix the water or moisture problem;

(b) Steps to carefully contain and remove mouldy building materials;

(c} Use of appropriate personal protectiva equipment (PPE) and containments.
H.2.3.3 Clean-up methods

The clean-up methods involve:

(a) Wet vacuumiag hard surfaces or steam cieaning carpeis and upholstered fumilure;
()] Damp-wiping and / or scrubbing with plain water and/or detergent solution;

(c} High Efficiency Parliculate Air (HEPA) vacuuming after materials have been thoroughly dried;

{d) Discarding water-damaged materials by sealing them in plastic bags for dispesal as normal
wasle.
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H.2,3.4 Personal protective equipment (PPE)

Appropria-te PPE should be used 1o prevent inhalation of mould and mould spores and fo avoid
contact with the skin and eyes during clean-up.

Faor small areas (below 3 m®) of contamination, wear gloves, goggles and an N-95 respirator.

For .larger areas of confamination, wear gloves, disposal overalls, shoe covers, and a full-face
respirator with HEPA fiiters. Goggles should be worn if a half-face respirator is used.

H.2.3.8 Containment

Appropﬁa?t'e containments should be used to limit the retease of mould into the indoor environment,
and to minimise the exposure of remediation persennet and building occupants to mould.

For small areas {below 1 m?) of contamination, no contalnment is required.

For contamination areas of up to 3 m% apply polyethylene sheeting fram ceiling to floor to form an
enclosure, and malniain a negative pressure with HEPA filtered exhaust.

IFor larger areas of contamination, apply double layers of polyethylene sheeting instead of a single
ayer.

H.2.4 Prevention of mould in dwellings

As part of routine building maintenance, buildings should be inspected for evidence of water-
dalmgged areas and visible mould. Materials or areas damaged by water should ba rectified early
(\fn‘lhm 48 hours) and building surfaces or fumishings dried to prevent mould growth. If any type of
visible mould growth is found, the water / moisture source leading to it should be rectified and visible
mould removed.
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Annex|
{informative)

Sample checklist for building inspection

NOTE - A walk-through inspection should include the premises, its al~conditioning system and any other venlilation
Installations. The purpose of the Inspaction is to identify rregularities. The lollowing ehecklist is provided as a guide
and is not meant to be exhaustive. Where necessary, assistance should ba sought from the building manager.

1 Human exposure and comfort lavels

1.1 Is the indoor temperature regulated by thermostals? Where are they located? Have they
been comeclly positioned following building alterations? Are they set to the correct
temperature? Are they calibrated regularly?

1.2 Is there discomfort due to radiant heal from warm window surfaces? Or cther heat
sourees?

1.3 Does air reach all parts of the office or are there dead spaces (use a smoke deteclion tube
io test)?

1.4 Does the occupant sit direclly under the air diffuser?

1.5 Isthe building still used for the purpose it was inlended? Have pariitionsfwalls been added
or removed? Have occupancy levels changed?

1.6 Isthere any twisted flexible duct?

2 Potential sources of contaminants

2.% Is there any eguipment which gives off gases or fumes? [f so, is the equipment supplied
with separale exhaust ventiiation? Does the exhaust convey air 1o the exterior of the
building or into comidors or into the afr-conditioning syslem?

22 Are there fumiture, fumishings, carpets, etc. that emit noliceable odours? Have
detergents, pesticides or other chemicals been used in the building?

2.3 Are rencvation works being undertaken in any part of the building? Are they done during
working hours? Are the alr-conditioning ducts properly sealed 1o prevent infiltration lo other

units?
2.4  Isthere a kitchen or pantry where cooking is done? !s exhaust ventilation provided there?

2.5 s the building adegualely cleanad? Is regular dusting of office furnilure, ledges, shelves,
etc. carried out to help keep dust to a minimum? Are the carpels vacuum-cleaned

regularly?
3 Ventilation and air-conditioning

3.1 How many supply air and axtract alr venfs are lhere in each room or area? Is lhere al
least one each in every room?

3.2 Are venis located in positions shat will permit the best air dirculation?

3.3 Are supply air or extract air vents blocked in any way by partitions, fiies ar ather structures
that obstruct air flow? Has dust collected around the air venis?
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35

3.6

37

3.8

Is the air-conditioning system turned off any time during the day?

Is the system turned off after office hours? Are there still occupants in the buiiding after
office hours?

Wiere is the autdoor alr intake duet kocated? Is it near the cooling tower in this building or
near adjacent buildings? Is it near any kitchen exhaust? Is i at street leve! or near a car
park? [s it blocked? Are heavy industries located nearby? Is there any construction work
going on nearhy? Does outdoor air enter the building?

Ase filters belng used? Are they adequale? Are they being bypassed? How often are
they replaced?

Is there a regular schedule for cleaning and maintenance of the air-conditioning system in

the building? Are all the companents of the air-conditioning system regwlasly inspacted for
leaks, breaches, etg.?
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Annex J
{informative)

Sample confidential questionnaire for building occupanis

Note - This short questionnalre is to be given to building cccupants o help datermine the existence of
health problems that may be related to the office environment. Their answers are {o remain confidential.

1. Personal Information
1.% Gender: Male / Female
1.2 Age:
1.3 No. of years you worked in this office:
14 Building type: office/shopping centrefschocl/others
1.5 Ofiice lavel:

2. Environmental conditions
2.1 Age of the bullding:
2.2 Type of workstation: Enclosed room / Open concept
22 Floor carpeted: Yes/MNo
24 With wallpaper: Yes/No
25 Infiltration of cigarefie smoke: Yes/No
26 infiltration of vehicular exhaust; Yes/No
2.7 Mo, of people who share your workstation:
z8 How is your area air-conditioned? Centralised unit / Fan coil unit
2.9 How is your workstation lighted? Fluorescent lighting / Non-flucrescent lighting
2190  Please indicate if you work with or near the foflowing equipment:

Photocopier  :  Yes/No
Server t Yes/No
Air cleaner : Yes/No
Others {Please specify;

241 Do you have to put on extra clothing for comfort? Regularly / Sometimes / Never
2,42  Does the office air feel stuffy? Raegularly / Sometimes / Never
2.43  Does the office air have an unpleasant odour? Regulary / Sometimes / Never

214  Visible mould Yes/No
215 Duslyairvent : Yes/No ‘
3 Nature of oceupation i

3.1 Na, of hours spent per day at your main workstation wilth a computer:

3.2 Please rate how you find the stress in yeur working conditions: i

Physical stress experience : low/Moderate / High
Mentat stress experience : low/Moderate / High
Climate of cooperation atwork  : Low / Moderale / High :

3.3 What is your job category? Managerial / Professional / Secretarial / Clerical / Others
(if Others, specify: }

4 Healih complzints
4.1 Please indicate your experience of the following symptoms at work during the past
one month:
Stufiy nose : Daily/2-3 imes weekly / Less
Dry throat ; Daily/2-3 times weekly / Lass
Cough > Dailyf2-3 times weekly / Less
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Skin rashfitchiness  :  Daily/ 2-3 times weekly / Less
Eya ¥ritation : Daily /23 times weekly f Less
Headache : Daily / 2-3 times wasokly / Less
lethargy : Daily [ 2-3 imes weskly /Less
Drowsiness : Dally / 2-3 fimes weekly / Less
Dizziness : Daily/2-3 times weekly / Less
Nausealvomiting : Daily/2-3 times weekly / Less
Shorinessofbreath  © Dally/ 2-3 times weekly / Less

No. of days in the past one month that you had to take off work bacause of these
camplainis; :

When do these complaints occur?
Mornings / Aftemoons f No noticeable trend

When do you experience relief from these complaints?
Adter | leave my workstation / After | leave the building / Never

Please indicate if you have any of these medical conditions:

Asthma ;  Yes, on medication / Yes, not on medication / No
Allergy  :  Yes, on medication / Yes, not on medication / No
Sinus : Yes, on medication / Yes, not an medication / No
Migraine : Yes, on medication / Yes, not on medication / No

If famale, are you currenty bregnanl? Yas / No / Not sure
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ABOUT SPRING SINGAPORE

SPRING Singapore is the enterprise development agency for growing innovative companies and
fostering a competitive SME seclor. We work with partners fo help enterprises in financing,
capabilities and management development, technology and innovation, and access to markets. As the
national standards and accreditation body, SPRING also develops and promotes internationally-
recognised standards and quality assurance to enhance competitiveness and facilitate trade.

SPRING Singapore

2 Bukit Merah Central

Singapore 159835

Tel: 6278 6666

Fax: 6278 6667

E-mail: queries@spring.gov.sg
Website: hitp:/fwww.spring.gov.sg

ABOUT THE NATIONAL STANDARDISATION PROGRAMME

Under the national standardisation programme, SPRING Singapore helps companies and industry to
meel international standards and conformity requirements by ereating awareness of the importance of
standardisation to enhance competitiveness and improve praductivity, co-ordinaling the development
and use of Singapore Standards and setting up &n informalion infrastructure to educate companies
and industry on the latest developments.

SPRING Singapore is vested with the authority to appoint a Standards Council to advise on the
preparation, publication and promulgation of Singapore Standards and Technical References and
thelr implementation.

Singapore Standards are in the form of specifications for materials and products, codes of practice,
methods of fest, nomenclature, services, elc. The respective standards committee will draw up the
standards before seeking finai approval from the Standards Council. To ensure adequate
representation of all viewpoints in the preparation of Singapore Standards, all committees appointed
consist of representatives from various interest groups which include government agencies,
professional bodies, terliary institutions and consumer, trade and manufacturing organisations.

Technical References are transition documents developed to help meet urgant industry demand for
speclfications or requirements on a parlicular product, process or service in an area where there s an
absence of reference standards. Unlike Singapore Standards, they are issued for comments over 2
period of two years before assessment on their suitability for approval as Singapore Standards. All
commants are considered when a technical reference is reviewed at the end of iwo years fo
determine the feasibilily of its transiion to a Singapore Standard. Technicai References can therefore
become Singapore Standards after iwo years, continue as Technical References for further
comments or be withdrawn.

In the irternational arena, SPRING Singapore represents Singapore in the international Organisation
of Standardisation {ISO), the Asia-Pacific Economic Co-operaticn (APEC) Sub-committee for
Standards and Conformance {SCSC) and in the ASEAN Consuliative Commitiee on Standards and
Quality (ACCSQ). The Singapore MNational Commitiee of the International Elsctrotechnical
Commission which is supported by SPRING Singapore, represents Singapore in the 1EC.

50




AMANWIN -2
o =& &
N?ﬂiﬂ@?%@ﬂ&ﬂ’)iﬂ%’)?%ﬁaﬂdlﬂ%




dszmAnam
i 2
1584 dvalfjifmrnrumpayentloom
tunsfadusnamisiursmetng

Tnuﬂtﬁummum:ﬁmunﬁ‘uz}ﬁ:ﬁdm!‘un:mqun1sm~|:'1:mnvmsirnﬁ'\“lmuam‘lmlaﬁ:ﬁ’m
voemmwindiutss Towtkien funsespunmenivvsalszs s luozuonoms ooy
Troonbemminnntod fidmsnugudeatTovnarieRaiuuosesrrhalsmning 4 Tasiss
neioavia

e
urth
4o e fntly .

TsnfiBununs (Legionnuires' disease) AnTrnRndenmnnfauinainiiTonmsedrdouniy
Tusaiitniededauhe Tnongemuitrmutoromsiadonladelosd T fyemg wu #80
Jumasigaieoivas fAdhnedeunenTemieglussrhmainnTintesia v wzds arwa
Tealn unwdsled fub fRAugrmToguysion unsdi#fumainndannnasiia madndoiiens
Shuared T ufesinld Tnu'lmdﬁmm91u1rmmtH1u1n:a1n=nouf‘sﬂt}wﬁeul-‘;siﬂmunm
FutyduTntidunedudud litmgumbyssnehgnibadigiume

faify i'nﬂﬁﬁ'i‘m:muﬂuﬁ"ai'ﬁ'imunn'l'ls dufwsosomrdl  Auwmstut gisRnYIn
unshraTndusionazinayes ] Alhizmnta fodhinamaliifuthiuedy Sl
Tioyere  Ghuitume womFodrsountosomsitnedud insmmsnsuAiososiume Y
isnsunznmhysimnoilain aooneudRiuRsssulumaconiuy mal§Rnainemgquadnon
oz 14BeU R

oy

ol Tagdrsmadicsmliiuly
(a) i’aﬂﬁﬂ‘i‘nﬁuﬁ-‘nﬁwﬁu:#mﬁmm'niﬁﬁ‘ﬁﬂmi’un'nﬂaarTuun.-:n'xuv;mi"nii'[munm'lu

wedduideanmmufounnrmudedemnanavos aifousud

wisdigifumissidesntulmunmitndenri¥omed  Sifluesseeinmndwld
st Wi W8hilarioo aaBue danedundounsyode wnirs dowiio nozdoons dowes
Smmnfinloadour 1 3 Towts 4 nIoonSians wrlelirzan mnafuazinthon
» shflifsrsaie (Makeup watee) * neds szewfiFunsulavedsdudomamniiigy
vt vems sz anssy msdimnSedasosnli
» masewnvasTsnidund o wnnds eedaTsndand ity
* matufineniu (Seale Inhibitar} * nwipda mamiidaunsinisdoisiiumadnaeniic
» prahidaneniiy (Dasealants) * wela mneiiidundillndndo 1eminnens
"BINNI" MW
(o) manIAInpIIhEenAIgA
=) 01ﬁ1iﬁanuﬁxﬂué‘ﬂﬂi'lmiDr{um'nn’mnulru1u:'1ﬁ'1un11tr‘mrmq'u
(@) smriamennneoannsmMseiars L asLANILI WU R ImE N
) s DanmgmrmnriasiesginehduTlausSolingaramaay
(@) ownindsunzronfumAnnusmisivns uonsmuagreiie
TseFausngd unsngruwhdaunoidugasinaasimansns
o) wwvsaquinifiviedunrniuf
(&) DMBIAUNQHUEATUGUOININTONI I ITRIAY
myiinasudmdA wsnis
(=) li’mﬁ‘m1uﬁmr"m1ﬁat§'1mi'm1ummmqu 1:?ﬁ-’;’a'lﬁ'i’u||daﬁ"mm€1\1ﬁ'm1u
Fosdunungrnriiasmessnuny
(le) E-ﬂii’!mm?‘i'lmm'::ﬂnamnmq'luwhﬁ"dlﬁﬂﬁﬁmm'mnmlmunnnmmum
(=} milnammnirany 1|'1‘nﬁi’ai’guun‘?ﬁm!n'r::'n:uu‘mmqmdu‘famﬂu
iR iRntengnse TsnRnde

o o wihiinFufineon
" - ) - & -
(o) MM&5vluoygn Fhuitumyr WwonTedrrsunesomiinmanssnsidusil
Fonlgannfssiu]
) Srtusudo InrannmugullosiuhelRouw iz bonn Tauogedoutosd
4
narznoudsil
Y - - 2 & a .
- ewthzdusoivrogunmos TrafiSmumsdsnnofisiununvydosumems
- - - - - e pm
newmouRmlrsiunmafomonfaTsniRruuvosmodsiuiedolfintd

-
sy dotlfiamidldiFemiinoRatugrinfindiogiuen

$o o Arfivwlubolgimifagad

* gusaon (Aerasat) * wanudit aypialag Aivsnrdnndi 10 unsow

* m3diun13zeInIA (Alrconditionlngd * M ls mamLRLy “n'nn%v'n mIzzweIMA
unsmyienoinalunTasigosms Tisfhunuaigunmimma

« ¥nagremimd (air ntake) * wanads dusilela Fppemadrfsruudsmuiutuoms

* my (Algar) * N2yRA ﬂvsﬁ'\ﬁw1ﬁlﬂn-ﬂ:ﬁnanmufmiulumﬁﬁsyliu'ln

" madasnm (iostde} * 1eds manSfifursfvBamimugiuiin et imnnmin

* Fiflssuiuens (Steed) » ot hgnmnenansmszyhRTiaie g donsugy
Ao azarhub

ommar wule Urmenanazney den mndw 3wl meedu g daomlsn ues
fanlnmlnexla q Tnunmarsnesfaumlin

* wpitadu (Cosllng tawee) * warwia Qﬂn:m’ﬁﬁanqnmq:'i-um:fz'[numv?unﬁ'nn‘lmwn'nu
Iouvesnzoeniwazhuoniy

» nstiufinaifandan (Corroston inbibliors) * Y mnndf1sdoafie 1dovanerrianiou
woeTansdmitiudnfuh

 vodmuiy Mesdieg © wiaolla oftiimelndirilaferregimnioigunniig v
fu fon s udu

" §IMz0 My (Dsper3ant) " w10 SR aumns S dhmiutom it
ﬁun?ﬁ'ﬁ'ln'lsia‘a:l?ﬂmfuﬁ'a\lﬁ'wo:Tml:‘nqnaunmun:s":ufla-:ﬁ'ums%'ur'u‘mﬂuﬁnuun:n*nnnznnu

~ nmhawds v sl mserdmanyRurddTenldmmalneTEniememonm

» neppadia ey * s nznanhide In¥oasEar Aurin

fod W

-
Wi i eliml 3 » wweia nrafnazopnifdoamoroonsin
3!

neulumadoazymny

» aawantan * wned nm]ulﬁnué":ﬁqﬁ%’mu?nmmzrrun:nuﬁwuﬁ‘nn’ﬁ'\mﬁmm';
Wlemsthomsmdsuduihamg Wiismsggdnkeindnmhumstununmeratu

 Ealoninn1 Legionentn) * WdoitiiussuynfiBod ens I humdsd s nnzseumi
myufehidh uasonialin W neamisimnlosfe #3Tonmm Saluflm ieglonetis presmophify

o Tandend (Leglonnales' disensc) * BuTeaRmoodisdundusnunAfongy
#@lomnm nD5F SaufaulngBasnitTounm Falufian FnfrluyiogaorgTnommzdigugd

e

- nemsrouiesnanlz@nEnmuesinznundounmnl§iFer
- mindvrirndd deys wedmhnindinnenzfuosionruf Whiums
muTasamand ol fTAmsdoen
) Elunslhrarmsfunssmmulnonisniforuny unshgeinroitades
smisTaufnuquesdoiimsinoyrundngasdmonunstiadonedabudmn deatme
muqunﬁi‘iumnmﬁmuemﬁmm:mun-mquhnim'm":s.-ﬁur’nmun
i Sntlgnmuunshysfunmodatudiuntos funnsnougudsdt lonomid
aamfrmunmnzonneiluyFsfuiyned fndnnmeaiguiun ouniciueado sl
arsmupumnidsmndug Al mnsaneauffumsmniagy
TardiWmumrodmnfnupuneddmneduduBdunmbeh ¥ PR

oyyn gniinms dwoarfednsounsoseins meuousmnel yannurdedivis Aanmug
44

M »

funm

Mremnnagfinenugdingn sauduumafioos
Yosuunznmunmiaislonans von nunnzihysimmofafumyd

oy TRTVIuoyn  fiduns dwosnifednsounseismdiifesmilouszy
ffuynszyvesmiuminnudhinmanedemisamadamedaikw il iRt

@ f¥fhiogann Fuuns  BwonTednieumsiotnwdosialidgiesmmaily

F2 14 Eb iy

sz nsuundiunmssinmnrruy Tnnljﬂuﬁ'nmmhm.iuﬂuui'neﬁn’fnmﬂua:lﬁaa FaRoli

) unuiayersuudiumEoInm '

o) TEmal¥ruvoarsm

) JomsasTaiuihe firsyTenunsamdineratsynmmveszuusnds
SumsunrnBmlgadlsdoumivai qosrsLy

¢ swnzBramsdinnhoplindsamfunmzoma fogunsimuny Tnsnsiiig
findo

@) FIANlvenym dhvfinorr iwssniofnrounresoimsfoslfiandoudly uiouldy

dgelignnsanstoujintuifmisens



-
tit e
oitudy

foa orrooneun unsdesiaoiiaiudenlGiag

Y Y Ty 1 a 3 -
() WekiliiSnemivefoqymmiosigndodofluomminalisnmatald mefad

sznifafuveieints AoaliTusnuihoousndoygranungruneiidostoson
() 1sunilsibunss Wiunrennu anzdondnlufniazSumnmnminsenuvemeose
Ufrrmezuy imsdwliiRrannaeAIn un::tlnnnﬁ'uﬂ'nmnlﬁﬁﬁnum:ﬁ'lmu;’l’uun:nnﬁ'lmm
nzoimithalizd
(&) maoommusnilaly rnddmumeded
i fw Bammzran hilfmndveroonuuglnsfonniihdiduinime
fu 9 vz nneduen
(x psad lduSondu quosszn 1 Taonzranstonisar ety maity
Mpite nkurEnn n1:ﬁ1n1m§q avdombipunsmsndzandiy
(@) nosduRad e W nlfuthuiivhoifodgnidfssdavanmaieunsny
nyrvwdemeuesnnueinzaonlis Fxiolad
) 1=m nmf‘;mu‘hmnﬁnﬂuiiﬁmm‘un:uualk‘mnnﬂnttnﬁuﬁu’:’auﬁrgﬂ
(%) qﬂnsm’rhi’nn:emdﬁ:ﬂﬂﬂ!:ﬁ'nin1}1§4'lun1sﬁnn=uuu§i1‘1
@ miskomeudmufetmsadilimedsdindommn s
vonfesimmazesalizsenmadndievemodidul Taamizfantrarasuuearitedoatu bl
|1nnri1ut\71"hlﬂ1'h1’xﬁnmmi‘tu;ﬁuh*.mamm’wun:t#’uiﬂmunm
ta) Srini$nnndramoitubufarhifondondn Sommunurbrnell Fop Wiin foees
uredmnmhnudonss nmfaﬁ’-:'lelui'uqr'ie:lgoénnuoiomm?t\gxhﬂn unznTRINIETIet
ranfrensgfunidne gld
(o} suvsanulifg é’uwu'n"umu‘aﬁuqmn4dwoui’u£‘|‘lunnﬁu‘iu el ez
Wansrluzzuuilad Wi inzezaan

4ob mnuAnR s Aoalfauned okl
{e) ﬁmm.iai:‘vfmaF?aLﬁué’n-wq'u'm‘lnu?nmria‘hlﬁ'“lu'ﬂuun'h & e Tnsfnosngnede
ity
{n) wunurth (Air Inlets) l.ﬂm:ma :m:nuuﬁuummﬂumm:

-

75 m:'ﬁimumﬂalﬁwmmn'lsﬁ‘m&lﬁl‘ﬁﬁ'qﬁn'l‘lh{

m osdiiFrsmoduienduinte 1 edutvadesdnldamdunnfnenfusns
i luntiderhunadiii smrRIHmauqua;

W nadgelFmniadnmni e fnf hlnedabudeatunminindn
suFmaiufidonFmmeduduin

()] n:6!1'1'}rqn'li"nuunﬂnﬁuu'luni'l oy Fosrsnoitluneit s udat
srwrsoie nsimadoTunofubidi adlouonns « ps

@ oradugnanaedaiy Tnohiiimn Fosszumithmadatuis Tavhisheu
i

-

4
rsguatisimnunyarrerounsinsuniai

W0 a0 fIMulvoygn Faiunt dwomiodnrountesomrdneduiiuniuncthysinurssin
Autheanotisi]

@) douan geo ansthgednymeiiBulfoilusnmAfissasennioufivy ¥ nuwfanen
num

{0} SmngfomatngaFonmlssiusvulabumouy Frosustanfontznmiay

fusarninmszu e al

n) nﬂuﬂ'ﬂmmfﬂﬂﬂug
v \ :
) FEnmaimauazon mrinwdo unvdunounsdinBahudondoutums
3
dihentrSanertudeenen

n) SEmmluimhlurofsbu

@ Fenwile - ik unsfiuades

(o) matyadmnaziuduithistfortuiumsTnogRBnamdnnumns muasninmg
unhzmumsilumadlosfufunnuiiisfsnn a1

{a) wrdeniranisenn anuemabie urzmarenoshmedudumadvaitnninzafyTno ¥
My

&) i!'aai‘m’hmwﬁuﬁummuuﬂunuﬂmf‘nmnuﬂaﬁm-mﬁ»:maﬁmmnsumnmhmu
donnznmifrhimiunotaduymndes dodhumsflesfunsiuinnyecadofilonnamnsda
Wi umsiimbidsAndnmgaa

b

“w) r{ui’ﬁﬁnunémﬁuunzlﬂnnﬁﬁw

m mitumainunees

@) Sndomammrus

® doasrnmmiasmioants

(8) sspdsmuiusdoninudun -un4::uunuﬁ’qioannmmm\‘l’wudmnuﬁmi‘:
HHENS nlm=:h1|i’unmﬁq;|ﬁu'fwnatgﬁﬁ'ﬂunmm

o fuufnrdosmiosoins

nrdddusmndud Winadaning fosvunnsfunninamsidonsdal
rurnAndaofediiepimBautaduiusaiimun s fodaifmsoudestumsund
nizmwvssnzooakisnmiofaiu

2 v a - 4
() untinrunduminaomoialy fodilfilnineeinmnrsnvesnimsiiogind

) Ao oy -

L} nmrhi{ﬁ":u TN

AafirmiseBanT s nr LnznsRRnIzRUR e
ofiunsofldfmmauendesgaeimmdiuninnidae

roda L H oA
B o ikdnrme hsssmpBosidoedniwined sidessui s oo

Ho o musznoisRseenoiadu FoalfiRgao T

(o) 11'\1‘;umwndau‘mﬁuaﬁqmmu'ii’mmgmnmnuumuﬁﬁwhum

o) trsmivdaiumahdmnrzmnliumasemmdersenng foasuneing (2]
srufigunsahedeiortlosiud by lindsundudigssumbiunazemmidorsnsoms

Ho¢ manatoutoulZanwsme o srunliunrsemndonlfiasmo o]

(a} szvvilfuanzowmussonuniudnues unsms Wauih W memgmnsidams
mIALRILI

tiz) noitedudpeIffunmanouodinnnsaudonlFou wWoldiflehmmnsotaufede
TlzziinEnminzlnonde

{a) '::u'uﬂf'unnzmmm"l’wunmu‘mmm:iﬂwu'1uHm‘nﬂ:umﬂ:mmnémnﬂsnﬁnu'l-f
a

() MAFVeyg I diudums dwowdefaeuntnimmdosinhiinasmaraununay
usdogunimitewAntituszraiidumnesoudenlFng mdefulfu mehosind
aunnisRvorznnifunireme

—afs

, .

) modurdpanszai nmegeadrlalema fheTolewinziy o ulEdwiunsthgainn
efaSuld ko lidunatnn Wi omeursunisimawezon nshmodoimematiminm
usunnlisdludo sote)

i aa mTnaEOIRIRE ML ‘lm:uuﬂuﬁuummm:é’mﬂﬁfﬁ wall
ta) b snhnnursmeesmaidmsnoxhneRiduTavdniga Whosnezi
otwros o efamuTu b MiowsiSernnndndoidy
(e misTrzenunzmshmudofaansetiuwol b fiTemme Suiehil
n} iimiLEmﬁau'lus:mﬁ:msn‘otﬁ’nquﬁun?umsﬁun@ﬁﬁu 9
) wyplFmunumind o don
m gedauned e lndosoatuteenlufme et W redduldi
nuthndon '
@) demmmnfomsunedutuin e o lvm s onguqurmdts
lowedadudog Indiasuiluumdanirsznauns TR o s
® fun mwivinnuduiiiunas
(@) snfvimhimdmedoturnniedy insldmusdivide fodlifumstina
aromsnzandosomli e n g
(@) mytinnznAuashmnd adfiE Ao
i FunnoTunfamnihheuudifusiehiBmoug ot (residut free
chlorios)  oyfluaedy & Tofinfudofing lriu:\amwlﬁuaﬁnqmmwl'v'uéﬂmwtr:uw udahnisnm
Aaslmdon q fanfudsnsznumndodusssfnianlun i Traunanngiu Tnum{uﬁumf1

Whurzezom b F1lm SmrimmBneeneiugnsz Weglusesduliifornh & § fasnnon
]

e
Elumdifidnnmdunraia (pH) wpalinandt 2o munnudufiaoinaeiyirszan
Huiidfowgisnig ag M wo Sndniwsinsdiuion o $1Tus wiol$SEnmazvinieennn
smumeddnidusenm T f2Tua ddonaimowiunmadumeainunnulussuun
) ssnmhimennaduieunshnnunzetnaziush ﬁaqml'mnmmﬂuﬁum
)

mahsyTusTensivad hldncdsthnncginidie  infuaad Bu 4 Hlswnme
dinoen TER L mnalinuminnenzilihislifnnsundnmoiuefudunedua




-g-

WhiFndoriimnmumemaidotiifanzaeniiomoomnduty i seusdnsur
firatga Sk 1T ronBnmu W nlssg whd dnsvesnuiiogInkRe e fnhoumiy
nunEnA
iMnaimbR iz duysRor WumasunnnsRorsugnsalostusuany
fuynnnAIYe ati) 'qum:ﬁﬁﬁmunni":
(@ duneeenzenedudutelsfunneluduacandisiviond  fafntudofns du
10 2T
® saomziumig efmfwinimeen mandiezsiaeai i lumsinage
m‘n\f\'lﬂ'nﬁ'lu-::ﬁunm1z!mn'nuLﬂmﬁum?nuz‘.m
) Tsswhanmhamursaamzsihnedo msﬁnﬁnnuwmnﬂ«ﬁwnnfq
(@) Tnoiahhilumedudufotifrannudutusemsrhlrsani oo ao

finfnfudeiaznnoaim

{o als madriish Tuszuiiduusmnadonfredsiolyd
(=) n1umuquufu‘r'li?'imunmn:w%?nuﬂn]’mf‘lﬁummﬁuﬂuaﬁunmﬁniwn:i\"afha nlu
sadhdudmelul
(ny mendu unsBafitunnninsinmafindon Famwesdhumrsoidzineunroa
ofsTonnmtnzzey
) renmudseminadssRninmm i imrsatath
) miAaunzgiuniati q
(=) 'iﬁ'ms%mmﬂnmuqunme’a‘mcﬁulmoenz‘]ni e AT ﬁm:‘unni-ﬂiln'lm?njzﬁu'in
woangInfunsrmdosinsiada WEmstmrwrzomidqesituh e famehiaanecsen
kst nunzpminsmsiannd onnds
(= Tnisdrnnzaommien i antsewms wiemmnlavielbAamsna g
@) msndR i e TmeR s oo ragunoaddiduoTone f1 uazam
wuvip i 1 sz TrtsAimBoumaiRunddlisdunnafaniouiudu unsdomunzmduomedn
Sqnulasai A lunussuueturio
{£) myuary AussousenuguguarmnaifonififFnu o fmunanguuiifesdos

o am Mo Fammdonlgondeioliil
() AoaldinsTamnnatedon o witn Tanldedufdileninends dlediosty pimreldoms
lnﬂ'ﬁﬂ#l{uﬂﬁ“ﬂiﬂ

e

- Sudhinduinhdsmnnfiunctsdna
- -Tuii-mm:|ﬁm'1'mlhalﬁinn:'ml!umﬂu:i'qqmnmﬁunsa-fuﬁﬂmuam ™
Fuitneaummammrcy
) sweneRonlumnifuslgdi anefufidhudons
() mstufindoynnnds e () Ausdimoduunsdil§iBmmTedifuinsoviuiofifuh
Tiimrdwiiuausha
G tyaiuindoufuimnSodaton 1w 3

%o ne wumdihuanndeifiaeszipvesTirRdmuai e AoalfoRsme s )
(&) Sulnpghindersdrinstinrnnnosndosditntudléivogn s
ma tunwdedsrounssamamdombaninaud i
(e) Tussdflmedvidncumuse e Rmandduisanonvotufuyosom TWninem
smitildonnfovogenmiselondngiandidivlvoyye fuiunn dwonde Fraounies
o il
) wmhusnafsaonsBraduis 1 Tiors Afwomoiut inetoma
tdmfuemansuenizuindigomy
) uwufiaasavaaodaiu
) mynufngssiuofsiu
& velhuimandudumguemrrersaveslsndadbifimpzmnediidoing
Fersouminmunhehdunaiudaediofitmr
() doyndieq Hudhandumnasmumadnnms g
@) deldFugrnniinefrmofiinsiudusgnizanneessadRoud i
duidhfeonfd W ATuluoyge  Shuiune  dwosTedmamitaomhnninseanss
hmuforufluneduduilitindostumnaodmaudmon fiil
Aurannihinidsrsthensusnoiunstaiwe sz winlsRanoTusmslnfog
T o - 4o Oafnfudefas fhnaennn o - o B lumbosfuFednzosrrndnm
(biodispersant) WuFinTo luanifos iy
& nyuimahlussanTastintasmnmodiatios s $1Tus imzfnvesdunnedn
Bors=Weyd et as Safndusiofng pooaam
) wfren b STk hivEannodu @echiorinate) nasszushoenenszyy
@ weaumzmansfaly gl uneszvudeh FsdRETRom il
ginreifloadutunnodauyasnmide cote)

a0

) Aondviviumsinihtwmstnoadsaileirasddugluanedron
() mafissfummliviadsiuduedoyedmF T mnnnio Tesitauke s
%‘-.\annﬁaﬁimnﬁ'u‘lrﬁﬂumze'} nuviinoilos (Shovsiog descins I mfamsimTrenaiengly
SasrosufwonedaduTnons afurzenfniudacBusanfaiu
(=} tnﬁw1m’1‘1ﬂunnm’n|m:mnqunum?qliu'lmnuénﬁﬂunmmﬁnaﬁqmﬂuﬁﬁﬁ‘a
i
) DunfinduiKinnrguns Wunrsanaduotignios Tnomaninnded
Wiunu\11;1’ml'1é‘n:‘1&i’unqq1ﬂ‘ll¥11':m:ﬂ{')‘ﬁ'imm‘r‘aﬁmummmhunuﬁlﬁ'm'ﬁ'm
W SlrAnimmddeioWiumsimodeaTTonmannSogiundity 8ot
anadolflnlBinemevimnifidaufofinholimmad ooy
m tm%—nnmgui%ﬂ'm11'i'é'uqﬂzi'.\u§'1uml’unqu Wmrihawilgandohn
zfniii'lnnmmvhnuulim'a‘di:ﬁni‘n‘mrfuum‘ﬁtgu unerWrzuuitaihalnontinmozla 1 MEn
ey
o nniimesigrstohineiaunsbizameocdoiEToninm

() vungmsfmadunem B dhunmmAinsddanda
@ ol Wunsindusiatie  (Eabbrodecy  AiAndumondamnnmiimiies
mmaisurmomsmmsenile TnonohinsunsedioqummussRuaatoudecipn fmdlu
n:ﬁﬁﬂnmzu1urﬁ'unﬁaw"ﬁmnf”:’luwuu’mmiiﬂ?onﬂnﬁmfr(nﬁwmd:=umJ1mel'1 fiawn
:zmﬁ'mrhun‘Iiahﬁﬂnmmm!'m'uuwuwm\iuuﬁumi’mﬁmn:m:

Yoaet meufindeyn fonfiRswetl
@ fWulvoygm  fudems  Swesidodrrounmnnadesdnldismuielumn
duitnirzbwmodatugnintes  wdonlifoynigndeailomennzasnandonisesasaeyuoguss

- " a - ‘ -
N i 1 mrudindoynd umuy dantuil

(m swnxBoniivafunerady su A i unsene S
) Feffufnunziuinumyeiiuindoun
(ny SounnmiSordinifuimseulumntziunsndss wnalfifime nsanas
nsflasiunnzdonisct:
@ énunnml?nu?ﬂ'nﬁn‘uﬂumﬂhﬁnﬁ?
) TwnviBunlumnligafon s
- FufnenslumsasasnsuifasiuTraeom
- Suitiessmzominedimodo

e

) i nzowidmnnedindemlsznounacTu

m) m;uﬁumlvﬁaﬂnnn?uﬁns:ﬁ & ToBniudeinr  Brndiluvusiimtany
dhaan b 2Tua 136 ao fnfindudefar S o $1Tus

) winnnohuinzrzinaioonnnrzuy

@ RuunsmysBnaieninndutufohniilaysiinaed

@) dndmmznitimudihol

o TR Thi e dndasinSmansnadudu Budnszandidhivoo

nd e.o finfinfunofinannenam

r
4o ob msdudantiadunemsnsasoudinz fimsgniaing feafRRieT
(o) AlRTvluoyye ffutun Bwondednrounsoaemsdnadnliunzduhimmarou

v
v A =
favRamsamuradilizé  fenrsnendseAniamung

wudoRSlonmm  smzmsaszedh
asunidai Tashilimanrstgng = diou duduommaeumonre ansssseiagny b dou
ﬂ'mi’ummrﬁuq
(™) nmr‘mr‘fwimfuﬂonndhz:-‘a‘qmqniﬁnm ﬁnaﬂﬁxﬁﬁ’aﬂ'
) Sufednfrieudmsl¥msiame slefuiihhuuzAinsuniss
PETITTLYS N1y ML TR0 HTTRE SU IS S o

ot

. v o 5 T
@) TunsERdnmtimuinesdnafvirodinimdmomehnedeadlidound o

) Bufmiohaifgungl e svmesdser loiiomemidadiio
UfiRRomanssiinnc i indoodniniy & fu
(9 fufonh o mﬂﬂ"a'hmn‘u’1u1ﬁu-rmsu1ui.':w Tudsosiuihunmiodine
nevoihulundnsindesadiadoy o droi
) FoslfRmmeninrene it onmewos I Fumsnamnainsmnd
et
@ {Hfiluoyyw dudums Swomdodnieuniesensdvidadumrmnmes

w & 4
aroul¥ndnanudindhil wi GO HE: WAz o Y0 SRKIRTTIAIUA

. . o . =
Tu wbie) wouiudoyaiufinrununeBonluniudedeyndwsuntauguioisTounmiu
. -
EE T R 27 (i

&) num'mmmﬂmi'wfuﬁi‘ln:unm'lu\m#eifmlﬂ11lﬁszhﬁ’uuﬂuﬁmmd:vuumuﬂ‘u"‘mn
Fwmmhgaimn miinnunzon unemIARrEmeS I KU D



-

- w

%o ee mudlumstudounndentlonam Eonlfsn dateloi
(@) lumdlinsredos Tounmbaan b ldminmutdhioomife Mgy
fusyann Fuitunn dreoawmfednrommanandosduiumantisfannrsmaian musedun
ud e sdosTonmm dl
) safssrvmdonsTemam oo oov,c00 %101  {Colony Forming Urit) D
fartiehmrBummsigsimnodnAr bhflvme  FownmhWimsuilngng gs

o aamsasouiesSunenmfamunnvearsuniaduiigadioddu

() 8 asaonundodiTomnm faud aos,000 H47HHINNTT 8,000,000 & 100 4 Ao
fiar WGoheqlunmezeitunoofefiId AesonmiRermRo Wil iusTinns
Tmnleg k2 nszmun1:v31n1m§u‘luﬂ'1ﬁ'l§uﬂ il hyrdoa namereudhiss$ unems
FRRIuNn

() nrinsrenudedilonmnt i s.000 000 B il y dedasiul 1Whoiedl
noncifuiussefine doswonddmzusidideiindaifeos wnmmrem tmods
ssenpyithaxFauasdnaunn

(m) 308300 9 0 (o) () itz () RosAuiuntsmoly e F2Tus o0 1A umn

%1““17"!‘)9111“45Ilﬂ:.ﬂWﬂﬁdﬁ'llﬂllﬂ'ﬂﬂ'lull'lﬂiI1'|!l:l'\1nn‘|im’;ﬂl iE mm Fadnd ""*"l.ﬂ':wu
nrefersuiadninmanedon

fw) tuns@id HhifiAmud st dobindos uzsnulednasyhinshido
ndoiTonmmn WinenimiiiifoedDareuiig

vt @
el bnirvbafuiEane

o ax nuinovin
F ! a = H
yranaiimhilungundgaioy masssaoutieeds somhidal nagnedane
. o d - a s
soszmduiutoaimmiinousumunfogarinmnndmnensunouny afndofmn

o a8 {IEuTueygn Ghufiuns dwossSodhseuntosermanofiidsuounems
Jo a(=)tn) AeadaliBunzlnasmsiinafufunrsdannne waolak

~ad-

wstununnrrufelrziinsdssdenita
Tandanunsuo modudy
sanetue g Winunedabn « ming
Tihamwinenan e X » adudos [
o, ffosennsinaRamofalu

Is. M8 tiavwBIneRab

o, mnnmmlateflubi

-+ ~ -
ara nonin TmadlendudoynnsTominauimii

1 biv

<. Mittdunsmassmmbifave i

2.0 Wi T zemnTolnlizd: (x] W ] ww
e Anzanoifarnmeisiumigiendonaznnh =] W [] W
meisny

& funsisinoaneflulin

&0 eRadwRgh e e
ta) tgIndifamumifizvomaszineenimmdo 1w [l
s:‘.i“lif“n'ﬂsninjﬂ

b

3 | ] W [X] hid

4 ’ a_
ainnsiaduddinhinnvnaninfodinfifu:

() m,}'luﬁ'unniaﬁnm.r?nn

b mufuiidtndoyaveads
v Bnmfuiudndeyndmdeiidomiaommmmagy vl [X] W ] e
Wmiineinafunsaemouynam

PP X T—
a.a DismmatmindhIlsonigadmnmud nee g vod FEI W [ hid
nefudu

ads S mindhifufohaaagadie  voarefud
Ao
ta) 6191097808 X] W [ e
) qd BEERET

~od-

(o) iR iBnshillunsdadnmneduiude Adumsnienuesfurmses
Tanidounud ung8SuR s Mpdmsetiosinduns o uynnnignios
(o) GilfiRrviResMinuns19qunaofloais e ot neyannfonnzruannlrznsusaa
wovFnunsnn s Gamsudadotuil
() swasagmey  wapzduazn Won nzooatoy FaduaRndo ¥ unnetd
gintsiflostusunrudayaanlimmsien drononfagmndmnrstoniif onses
symmvmingd & Tunrould wowgandanuntamit
) anlndnilt mn1azunsts T asenaloy nnenreeamnest 'iaﬁﬂﬁﬁﬁma
FoaldTunei$otnriflesfubuanadimprcluvnshamlsznsudaogeniimneaumdon 1wy
1Ruiufie o () (W il n::\ﬁm’:‘auﬁ'ﬁihn‘nnﬁ'ﬂqﬁut{'l SoEtdunTLATR (o 402
() mRmiuiig enveiuerie Wad neesvdos SsUfRedondime
WssdHasutunrodnasnnsusitm drznevdogmnfimoruedant yreinudond
W nfiouns roaiedatsduionsnaiall nzudunsonaia w ¥
@ ehmmrzonnrhEomssbienztian W nzapammaiu iR
s ldfnsidpindliosfutuanuinyeaniuushon  vrznsudaepnhmsaudonh
FnsugadurindiilorzmomysnstnTomannd qnnilmur‘u‘mi'ﬁﬁ 20 wnzzoarfindandade
ﬁmni’nqﬁ‘mfx
() lﬁnﬁmqﬂ’ﬁmqm-jmﬁnmnﬁmn‘fnﬁ’mﬁuﬁ"zmﬁn:mnmn 4 fd
{a) flgNRavdenifianu ¥ lquiovuednyanaamuargu nu!‘w’annwh‘h‘ﬂﬁ:ﬁuu
Sealindnilounzfornniiodafivamo
ta) HwwFlnrenns wdeaiy whoguipd waslfiRuguathgainmn
) Fosfuunsdndollufaiountinnones wdosunSoquynd
(@) QIERmERTA s anivdomfunsnTe B iRyt oo
unsde ate FoalRTumansanguammudeimievesnguicfunomsaam
@  umdiplfRouisilonmdnieimadani: sweunnmale anedug disdoa
fuwfumzniiioriduniy SoEiunuamsiorminemiiug

3
Urzmn w Fufi

sabe

a.a Souazmamantanaliunmofubi

(o} Fwwdrgarand i W 1
(e} meen Tuiirzniuumaden i
W hh
anat Muran nefify Find miunduininttandmiedu it ikt

FTEe]

a. dolfifnnzeoarinio

(]
3]
(@} temnunsiwAen Rz eAunzhnS0 x]
[
x]
O

ab ipsuetnBafuniouuif suhissosalixgmibon
TS ORII N O \‘lﬁ\l

o Emmlfindeahsansecalia dhi i

" P T T p
(o) indpsitianzooainiWiuninmiiafunans ooai

o, mahgednymofad

2.0 Tnudfiifmsdouthydmnwofadhuiulsd: x] W

1
1 Brrpmmmzninahewdohmelibusseoomsw  |X] W
’ : .
diinz wafa vienarusmfimun

4. mnhdmi

v A ) -y
.6 Tupumstiwinin denauguiaag Fuiels

(a) nzndu (x] ¥ [ Wi
() dion X] 15 [ Nid
() nrsfiandey X 1% [ Wil
{«) mInEENDUATMY I@ W[ b
@) yRumAdie akadRTlonnn X W L[] e

Gha STUNSYEIT N ganhifinngrienudfuniiunoil

u
s

{a} pdanden

(I=) pnueAYan

1
]

(o} funre doswoamns mossnouvfedion ] % K] ‘b
(X] % [ '

.o inmstufulrazowunstlonent asnoulnauunsHastien




ao, timrenoudined:

oo Hmmareeomihsefamsihmlniued

Xl %

[1 e

ooz TEauunFIy (Bacweria Count) 101 ac® CFU Aofinl

W

& A

o t3rmLRRs lomam s rsuilutunied soo CFURBARY M w B0 oY
an.d Snudamminysmoufhszimagedrinn i 3 W OO by

Wordontinlist

dasihilan

Ay

it 1oy

-ad-

m@n-‘:ﬁ b

.,

a4
WIDN &3

whosil

wiosth g

-
LT

e

.
nuuvpdunvaennsiinmeiiadu

R
o, mn‘lsmﬁﬁ’maﬁuﬁu
an %ﬂﬂ'lﬂ'ﬂ

ke slizimoinT

d%
@ VNI

it iy
Aue, gng fanin
sinhliudd Turéfnf, Tnims

e, TwntiBomvsafiviveygmm fivduny $woafsdnrountims
e Foraumnn Hsian

e fing
@ inmdo

ni oy

A, fune, fain

syl Tnadnd, Ty

(o) momPrium

i ouy

finun dunp fmdn

sdrudld Tnafi, Tnims
o Swnmedubuinimn__ sim

. 7wnsillumueamilithunsindse

smtmmoiady fumisnrinSaiiinga
ln#u:f‘l L]
1efoefl s
wiedh o
indesdl o
lﬂ?‘\i'ﬂ &
g
nuuivfisdeyn
tmIunnamqudedtionmeihizzniagy
FIESE F L T 1Y N,
&, éuﬂ'"“’
s
ka, |[9ﬁilﬁu1lu1ﬂlﬂ1 'h“"ﬁ‘“’{ﬂgﬂ
nupriin iy wn

o, SoyommlniadarmsiemdnudoRiTonam
o.e SomrEnniie
(=)

()

(=)

{a}

Y
@lo Bnvassmhdmieadeam

LI iorifes seysami

. :
SriTeInel Bl undie wntlidoiies (Shouslug doss



-l

o nnﬁ’uﬁnﬁwnm:mwmmfmi’uhumnm

ol

&. mshiinnues B ommsinadehmedi

o oA
U

RTAA

X
HARIIRIEAIUID Y

4
':aunzmu;%‘u

fnsaonn

-
v, minforwnzBenmminimhidaummnime ssdansTunoiafe

“lue

w
THN

Fomnbadails

- - 1
swezBsanrdinldvezmd
- &
nnsmrFamlunsitu

A )
FTAunERLEY

[admrhin

kil Nensduamsiinunzeians Fo—
- k) -
Auitumy Fmurdolumedady fiiunt
£
E
]
& £
= =
z &
&
5
a
=
-ié
NE
]
H
I
2 ]
gl s
H H
gl %
2 E
&
- -
£ &
« &
m
]
= E
8 &
H
&
w
'5 -
‘E = E
L0=1 g
E I
5;:
5 .
13 &
E 2
P-3
T
[
=
=
g ,E "5
= of
£ £ 2
w Ko 'S
i
£
& g
2 #
s B
Bl R R
"
B =




. maddufinsnzisussenmTelnsntraiuguTmdtaunuiizihemn

-~ap-

£ », )
<, nauiinneaz@esovsnisquginihsinuss ot Tyl

w A
Jur
Andiuns

sunsdeansduimummmunivlazns

Hriruny
mnlfiifam

v o -
Aufi nonzusmmnaugquadigainn Founsaoiiy
fulums unsaFinlgand ety fraugu
MARWIN (N}

: o 4 -
mupirnomseroeuisl v miivademafia

Tantilentudve mofiaiy

(ruredi a ye WewSmedudu o miuy

Tsaaunfessau X ndudes [

». FavnsmmaTAns ol du

[ —

@ mreansitmmpiluly

o0 vl EeanzdoufudoygmiSoninrnudinhi

@1#

]

. vhiflfimemrssinohfoeneiady

<0 MilGuhesnaininlzh

X

[ ‘e

= T 3 Y ¥
<l Srmmnoifinmeiudunigreifonassuui
itkheltH

Xl v

0] s

& dnonleiifivesofatu

-
& NoRuusoghuTndmolud

(o} aflrdfusnanudhgszuunsssmenimmiio
wnnlinnzmmn

(X] hiltv

- v
) afhuiinisfiauesianie e
& 0 ' -
nipnsiatdiuievoinnsiedindifos

[X] T0d

v, mautfuiindayanofaing

e SrafuiuiinteyndmiunliEmdoumesane sfo

Wmlasneiesiunsnanuginm

O W0

o, finynilitvosefudi:

e Bypamatadudh iidonmsfnnnudius § vos
wefady

O] e

sl fdeamadiutilihfusoduaiugadie g voamoitaly
Funlalif

{a) DHTRITVI

7 e

() wrindu

1 g

S0y FftTonsnhmsialuvscomy




a fnumemamonmiahluosteiaiu aa, nsnstenpuihazds
() Memrqesrman v B fudu 0% X o wo.e Enmmmaraude Sl WSt X % [ e
(o) nzoin lilnzndunnadon K w [ W aols TéwauiunfiFu (Bacterin Countyimnhroo” cFUdoiny [ ] W [X] e
(=) temannesuson i mLTzaAtEnt R [X] % [ ‘wid _eos antovuideai e tusevudsbunend soo crudeinr ] W (K] i
o WirunasssnaduingdmiuduialntanToioy 0w X bty acd dnmrdummesnmoudiziimapidnoldihonud (X] W L] by
fuda prtoadiughzia
aa rothfrsseestfiadon W [ b
b inzmdaluilmferiondund wuhnsoonfgmibes [ W [X] il
FzvseEnInTIRNDi daziihilag
.9 Imlfindeaidanzooaiy @) X W [ i ¢ )
ta) izsidnoczonlinlffunmindoiad eerdy K] W [ sy
«, mathgainumoiaiu B Ao .,
da ﬂ|muﬂﬁxﬁn11a’nm]'l;ﬂi'nwmuﬁnfmlﬂmhzh m W D ally
oo Anvnonsemanshoudolneddunsznaiy ] W [ WY
e enfa wfonmernnmiinmg
d. mmininh
d.0 SrHpvTEn ot g FarioTals]
(o) nEndu X W [ N
(i) 1ifen K w O W
() nusfangou W[ W
(a) mnpznowiIY W] iy
(@) yRiEme iRt Tonnan (2w ] Wy
2o Simyusypsiiaen dvasliftengsemutimolaoh
iy X
(e} mifinndou [1W [X] '
(ls) p%anban [ W [X] b
(m} Fuwmu osweanmnd monzasunindon 1w [] ‘i
.0 AT IMee sl nznouTnmaesdesdze (X] 1 [ 3 b
Sadfistnnnmuqudeiilennniomthdusornm Soufjif el umaited
wioid &
MARUIN (%) nfesfi v
stssumsenmedluefiadiy ndoafl &
wioad o
o OMTARsRaRoudy infosf 4
aa Topmi 104l ao
e Wsmnvom
X ﬂr‘ﬂmm
it oy
An, Suny fmin
sl Tnafn, Traen
lo. TwazBonvedFuluzygn fhuliums Wwemlofrisuereieiny
.o Fo-tiumies wiase
oo fiog
e)  iinou
il sy
fun Lyt) Smin
sl rudld Trrin, Tnam
W) Anwie
ln'ﬂ"i"l‘ nuy
LT funy Sandn
i lsudd Tnaen, Tnams
@, Snmumoiafuveoins 1ndeq
. Twazepvosnoiafunrnznios
nnuusnitofy Aumniunzuniifd
infosfl &
lﬂ‘;ﬁﬁ’l’l le
lﬂ?ﬂli’l‘m
e
Foot Iﬁr A &

SodgTannronwieRTiomailoidy




e dumyaiiufindoya

MANWIN (A)

s - ;
dwmiummugauiindSlemanluszuufiaiu

LTS

T oant Pl

<. maufindeynmraiessuilosiuTnemm

fuih

ATIVATY

uanuRTsTiey

é o
Bunznwy
L EELTE}

3

A

fuaflerumnot

mymiuiinieya
dwdunisnagudeiilonmmiluseuiuiy

Q12 11 AL ' RO
a dommy
.
i
£ 48
. HUPNI;I“'Hlﬁmﬂ\E Vhll“\-l.ﬂl!‘;!
1wiin iu VR

o foynmrdirdamamnadwiudoiounm

20 domsnadld

{s)

(),

(@),

(e}

v
@l Ahwermainimidaueninns

-

-

1o

E
$ IR NUG,

b1]

.
PlaTaslémanSiundin v lissios (Shovstug does)

el

]

- 'y )
& mnidinaenz Buamzhanureennsimesohuoiady

$uit
ifunty

munefoamninnunzotiny
o lanedad

&
Feunzmedy
Fauituniy




.
. mathufmas@oaninhdeidemnntunsrn ot aly

Fanlfiams
AITHATRA

-

HRRTTNITR IR

R Teunm

2

S

mmAGOIA

#inaaihe
nanfiuds

shnnpiutes:
anfa

o3

KHUMIBTH

-

H

TIBME

IDEARNNTIATISIRIME AR T

)

fhmndy

Fredinh

2, aufington
W

F
iFpdmi

o
[ty

d. mniudaswnzSuasrunToinsamsnaupTanifuuuilizieins

T oo

it sonzBannindniahifaymngd Sounztiody
v
simsgadmn ansmiEnntumeilai fhmninin
L) ursdeni et "
. mthuiinrunsEunmenouquanaivemuesiudgaanitad
Fuft TwasiBoamanmgequniginn Hounenudu
Anitums unzalimlgulvneitai finounu

fodfnnnnmudatleunmlumsfahvowms

Suit ~ Banuny
swazdBranmdnduouaumadoIntinn .
Aulumy mntlfidanu
daffsAmmmmadolit fi

Feulfy



1 9f U
Foufiiauiasimaduitlowse Legionella

Ald5ulueyana ddwidums mwaawsawmaUﬂ-sa»ammmm%’ﬁ"lﬁa‘?amzﬁuﬁuﬂ'ﬁmﬁﬂnméﬂ
Legionella mamsfmﬁauﬂﬁvﬁmmwwaswwmmm Taldfinsasreiagng = @oudmiveins
ADUNEIUTA LAZATIVIAYAT b Goudmfummsdun  nvdiaTiowy Fossufiumsudludrennims
dqumxﬁumsﬂusﬁamw§a Legionella Soit
o) AsSiaTI9Nde Legionella foun1 100,000 (107 CFUL Waehmeldnasmathyefnyedwhen
oo doalifimsud lufu@npumaihgedam msm"nﬁam’p’his'i’mmzﬂﬁﬁﬂmummmﬁxwﬁq
iuligndeelml
1) TGOS Legionella &auet 100,000 (10% 34 lhinandn 1,000,000 (10°) CFUL HaeTied luanie
fesidunmofaiu Foeiiinssedunaiimatgednning s'mmﬂswmumsmawma’luu'm
190 msuﬁ"lm‘lwgﬂﬁm mﬁﬂmemumﬁﬂﬁvw UBEASARMILNA
) A5EiATTONUIE® Legionella &augt 1,000,000 (109 CFUL w“lﬂ ‘lwaamag“luﬁmwmﬂuaumwswuﬁ
G’i’mﬂmuuwuwmﬂmﬂﬂmﬂmﬁau e waven Taeee aswaeuihs Tuasfianuma
wesmsnsudlvliudes) uave) desduiunsnely be ¢ Tuandenn TdFuswanu masawy
Fo  upzmenddiunI IR TRISIna I mindenensnnudesndes ludhwunssiteszuy
Uswnmmhudion
adn 1 imen o A o v ; o i z &
Tuns@i U §iRmudumshviomdnifen Lazsemevdwssanuhimeluieuninde
Legionella 00 ¢ witpaudhwini mnsadalasyuudiui

KL

CFUJL 8317970 Colony Forming Unit per Liter 114 wihsuresnmdenuniidoiivy urhmdedednlSings ¢ fas

« witnamadashd » wanods

o wmhieduviodmminsuamsaegy ﬂ‘%ﬂrﬁ“ﬁﬂé’%’uuaiaﬁ"‘“amﬂ;%’mﬁnuuﬁaaﬁumunawmﬂéw’{mms
AT

o acﬁﬂ'ﬁmuﬁmmsﬂimiNmmsmqwmm‘lﬂﬂgummngﬂmaﬁn"luwmma

o dwinenenmsegy wiedd v hnsnsy mqqmﬁﬁmqmmam’mLﬂuwuﬂawmwmﬁﬂgummnf,]nms
Tsnfinde

fan: Usemensuounle r,‘%mﬁaﬂﬁﬁ‘ﬁmsmuﬂm%ﬂ‘éﬁmuamlwaﬁ&zﬁu‘uaammshﬁﬁszmﬁ%ﬂ

fhevanneuitfandougurunneiisg Aminounleaunndey nsweuily UnTINY eddd

mnaulineasdomfudy awsesnldan b

MenuniBonaly

dohAsE AR Sy nswinemanimaunnd

o AUBTEU WA, loddd



MANKIN V-3
o/ )
NIATTIHABNINHIAN




Wi eoe
@Y olwe MOUN b 3 $19A91UNYI b NINYIAN lb&ds

ﬂﬁ$ﬂ1ﬁﬂ3$ﬂ5')ﬂ@‘ﬂﬁ'}ﬁﬂiﬁﬂi
AR wdeo (WA, b&dd)
panmuanylunsensiygAnaspundadaaignmvnssy
N bo&ee
B sn@nasTundadaaigamungsu
ThuFlan iy 1 fofmuanaiannn
HAzMVLALATFIUNAR RTINS

k1
RMER TS

Tasfifunsaunislfuljanasgrundasudgamunssy huilaa dy 1
fommuanusigunm asgiuavil ven. 257 wdy 1-2521

gifes AN luNIAT o& uHINTEIITT g RNIRTTIURTARUYigATIINT Y
WA b&es STUUATIINTATENTIGATIMNTTNOONITEMAINENSEMANTENTNATINATTY
AR ool (WA, b&los) 1309 MUUAATTIUATAS U gATIINTTH fsTnn 1y 1
fermuamusinumn asiufl @ woumeay WA w&loe wazesnlszmaiinuaAIgIY
HAASBINATIMATTY 13 Tan 1IASTIU@YT wen. 257-2549 Fulni daflsemsaziSen
1 ¥

K
faelszaiad

¥ ¥ ) '
vail MWilinadledudmue odo fu Wuuafufidszmaluswisenpunuuiiudulyl

Useme o MU be TUINY WA, b
=y . S R} £=9
9302 33u50479

SINUATIINITATENTI|ATIMATIY



yoan. 257-2549

Qs d
MATFIUNAANHNINTHNTTY

YRWELGT

1. YU

P & ¥ode v oo d 5 glal
1.1 mmgmwamnm‘nqmm'ﬁn'i'suumaumquu‘m'lﬁuﬂﬂﬂwﬂﬂLLazm‘n ﬁluqmamnﬁumms

2. UNHY1H

° aJ = gl 4 gn{ @ 1 g
anuwmnarasrldhunaspundadasigamvnssd fdssalyil
¥ ¥V odg wd & 8 dyao o 4
2.1  1uSlne e i ldae nunnhnldmamnsiazniadu
2.2 yheuwafitin-laueas (platinum-cobalt scale) ¥ane i wiheinszaUANUTNYBIFUN (true colour)
youn lnsfSaudisuiuiassmsazmmnasguluunaduunaalsuwadiuanulevasd () aaslss
2.3 whaduily (nephelometric turbidity unit, NTU) nanefia wihedaanuguhunlesisuillawed

3. Uszsm

3.1 wdlne udail 2 Ussian de
o o
3.1.1  Uszand 1 ussalumousussaloaiin
P 1
3.1.2  Ussand 2 Tuussglumsusussy

4. pAANYUENADINS

4.1 dnunemly
daunandaaslaanuasnduuarsa ifalsesdviaduh e
mamadauldmisemsasaniia
4.2 QuEnyNen RGN
4.2.1 #
dasluiiu 5 mheauwahrin-levaad
mwmaau‘lﬁ'ﬂﬁﬁ’amu Standard Methods FOR THE Examination of Water and Wastewater 20th
Edition 1998 %8 2120 B
4.2.2 ANUYY
daeldiiu 5 wieiduiy
msmﬂau’lﬁ’ﬂﬁﬁ'ﬁmu Standard Methods for the Examination of Water and Wastewater 20th
Edition 1998 %8 2130 B

—1-



Hon. 257-2549

4.2.3 smamnidunsa-en
faNagsenin 6.5 B9 8.5
INAea Uiﬁﬂﬁﬁa Y Standard Methods FOR THE Examination of Water and Wastewater 20th
Edition 1998 %8 4500-H'B
4.3  fadnvaemaal
4.3.1 Yssand 1 Wdulumuanend 1.
4.3.2 Usaond 2 Widluldmauened 1n. sneylaalidiuluamumsed 1. lddhesm
4.4 asiidufv
Wi lumuemeei 2

M15197 10, pdnEaEMUAT
(2 4.3.1 Uazdd 4.3.2)

feuit FIENS et Mungege FBiesred*
NadnsudagnUAiaTiINS

1 |Smnmasiiazaaianue 500 78 2540 C
(total dissolved solids)

2 |wEn 0.3 %a 31118 w301p 3111C

3 luwanila 0.05 98 3111B
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List of Certificate of Calibration for Laboratory Instruments.

No. Instrument Parameter Manufacturer Model/serial Number Calibrating Agency Certificate Number | Calibrated Date| Expired Date
1 |pH Meter pH YSI pH100/JC03863 TPA 17CHS17 27 Mar 17 26 Mar 18
2 [|Refrigerator TCB, FCB, E.cofi Senden Interool YPM11P TPA 16TM2834 16 Oct 16 15 Oct 17
3  |Hot Air Oven TCB, FCB, E.cofi Memmert UF110/B416.1008 TPA 16TM3558 12 Jan 17 11 Jan 18
4 |Incubator TCB, FCB, E.cofi Binder BD53M13-07343 TPA 16TM2835 16 QOct 16 15 Oct 17
5 |Water Bath TCB, FCB, E.cofi Memmert WB 14/1401,0569 TPA 16TM2829 16 Qct 16 15 Oct 17

TPA : TECHNOLOGY PROMOTION ASSOCIATION (THAILAND-JAPAN)

rnnudsafumalulad (‘lwu-njﬂu)




FTECHNOLOGY PROMOTION ASSOCIATION (THAILAND-JAPAN)
CORPORATE SERVICES 3 : EQUIPMENT CALIBRATION AND TESTING SERVICES

HIT-TERTIZIFDIS

5344 PATTANAKARN ROAD $G1 18, SUANLUANRG. SUANLUANG BANGKOK 1923 CALIGRATION £408

TEL. R 2717.3000-24  BAX (R2719-9484

Cert.No.: 17CHS17
Page.: 1 of 3

Certificate of Calibration

pH Meter

Equipment :

Mode! : pH 100

Serial No. : JC03863

ID No. : ENV.PH 1310

Manufacturer : YSI

Made in: -

United Analyst and Engineering Consultant Co,,Lid.
3 Soi Udomsuk 41, Sukhumvit Road,
Bangchak, Phrakhanong, Bangkok 10260

Submitted by :

(25 +-2.5) 'C

(50 + 15} %

In «house method :

- CP-CH5 : based on direct measurament by
using slandard vollage calibrator and

certified reference materiat (CRM)

- CP-CHS : based on comparisen technigue by
comparison with referenca standard thermometer

Ambient Temparature :
Relative Humidity :
Calibration Procedure:

Callbrated by : Walalak Sirithean

magia :

Approved Signatory

Approved by @

{ ) Pornthippa Tameyakul
{ ¥} Malee Butkruea

{ }Ponpan Paipim

{ }Saithip Meangmai

Issue Date : 27 March 2017

The Uneertainties are for a confidence probability of appreximately 95%.

This comiftesic may pot be repeodaced sher thaa sn full exoepd with the prier wisite

approval of the head ef Corpoeaie Serviees 3 Eygaipment Colibration and Testing Soovices

ADNR?4R7

Equipment :
Maodel :
Serial No. :
ID NHo. :
Manufacturer :
Received Date :

Condition As-Received:

Calibration Date :
Reference :

Condifion of this calibration result

1. Reference Standard Instrumeant

lastrument

1) Document Process Calibrator

2) Ref, Standard Thermometer

This certification is traceable to the Internaticnal System of Unit maintained at:-
- Traceable to National Institute of Melrology (Thailand}, NIMT

2. Reference Standard Malerials

Material

pH 4.004

pH 6998
pH 10.010

Calibration Resulls

pH Meler
pH 100
JC03863
ENV.PH 12110
YSi

20 March 2017
Used Itemn

24 March 2017
1703-0804WC-1

Model Serial No. 1D No. Cert. No. Dug Date
7418 9771002  120RCO16  16E4077 15 Nov 2017
1521 ASA33G BORCHR0 161537 13 May 2017

Cert.N

Page.: 2 of 3

o.: {7CHE17

: pH calibration standard :

The calibration of the standard buffer solution is perfomed by two-peint

calibration using glass electrode.

[Traceable 1o Danish Institute of Fundamental Metrology (DFMY

Manufacturer
Radiomeler
Radiometer
Radiemeter

3. This certificate was certified only for the instrument we calibrated.

4. This resuit of calibration was found accurate as shown on date and piace of calibration only,

Bunction : mV Measurament

Performing standard curve by Fluke at pH {4,7),(7,10)

Lot. No.
Co2324
02342
02339

Exp. date
10 Aug 2020
07 Qct 2020
26 Sep 2020

Standard

Unit Under Nominal Voltage Actual Reading Uncertainty of

Calibration Value Input Measurement factor
pH mvV my pH {Emv) k

pH Meter 4.00 177.48 179 4.0 0.58 2.00
SIN..IC03863 7.00 0.00 k| 7.00 1.1 2.52
7.00 0.00 1 7.00 11 2.52
10.00 «177.48 177 10.01 1.1 2.52

a NRN7479



Equipment ¢ pH Meter Cert.No.: 17CH517

Modet : pH 100 Page.: 30l 3 TECHNOLOGY PROMOTION ASSOCIATION (THAILAND-JAPAN)
Serial No.: JCo3883 CORPORATE SERVICES 3 : EQUIPMENT CALIBRATION AND TESTING SERVICES
1D No. : ENV.PH 13/10
5341 PATTANAKARN ROAD SO 18, SUANLUANG. SUANLUANG BANGKOK 10250 HEETEINSITOZS
Manufacturer : YSl CALIBRATION cate
. o N » W) v (171400
Received Date - 20 March 2017 TEL Q-ZFI7-3000-11  FAX. (-2719.0484
Condition As-Received: Used ltemn
Calibration Date : 24 March 2017 ) Cert. No.: 16TM2835
Reference : 1703-0904WC-1 - art. ho-:
: . . R Page.: taof 3
Calibration Results __ Certificate of Calibration
Function : pH Measurement
Performing three-buffer standard curve using buffer nominal pH (4,7),(7,10) )
Unit Under Standard pH | Actual pH |ActualmV | Uncertainty of | Goverage : Equipment : Incubator
Calibration Buffer Solution Reading | Reading | pH measurement factor Modet : BD 53
{mv) () k
pH Electrode 4.004 4,01 144 0.0084 2.00 Serial No. : 1307343
SiN.(YSI605377 6.098 7.01 -32 0.0083 2.00 .
14H 6.998 7.01 -31 0.0093 2.00 D No.: UAE.LAB.O05/2558
10.010 10,01 -205 0.014 2.00 i
j Manufacturer : Binder
Eunction : Temperature Measurement
{*) Without adjustment Submitted by : Uniled Analyst And Engineering Consuitant Co. Ltd.

This equipment was connected with Temperature Probe;
- Medel: -
- Serial No. :  YSI605377 14H

Dimension of probe;

3 Soi Udomsuk 41, Sukhumvit Road,
Bangchak, Phrakhancng,
Bangkok 10260

Location | Microbiology Laboratory
- Length : 110 mm,
- Diameter : 3 mmn. Ambient Temperature : (262 10)°C
Immersion Depih : 100 mm. Retative Humidity : {(50£30)%
Calibration Standard uuect Uncertainty of Calibrated by : Kunchit Promprat
Point Temperature Reading Error measurement
(-] i-] a o
{°c) (’e) (c) (c) (£’c)
25.0 25.000 249 -0.100 0.20 Approved by : Wﬁlu'
30.0 20.999 28.9 -0.099 0.20 Approved Signalory
350 35.001 348 -0.201 0.20 { }Pornthippa Tameyakut
{7} Malee Bulkruea
Remark : - HUC* = Unit Under Calibration : { ) Viporn Tanliyawutti

The reported unceriainly of measuerement was based on a standard uncertainty mulliptied by a coverage
factor k, providing a level of confidence of approximalely 95 %.

Issue Date : 16 Oclober 2016
-olo- . The Uncertainties are for a confidence probability of approximately 95%.
E This centrficate may tor be sepreciuced other than in fuil, except with the prior writtzn

approval of the Besd of Corprrate Senvices 3 - Bauipmang Calibration and Testing Services.

Madyi.

a NRNT4RN

lonsslaaInau
e



Equipment : Incubator Cert. No.: 16702835
Model BD 53 Page.: 20f 3
Serial No. : 13-07343

ID No. : UAE.LAB.QDS/2558

Manufacturer : Binder

Received Order: 3 Cctober 2016

Condition As-Received : Used lteam

Calibration Date :
Reference
Procedure Used :-

4 Gclober 2016
1810-00050C-10

Calibration were conducted using in-house calibration procedure CP-OT02Z accarding fo direct

measurement method with Data Acquisition which connected with Resistance Temperalure

Detector { RTD ).

The temperature scale used was based on [T5-20.
Condition of this result of calibration
1. Reference standard instrument;-

Instrument Model Serial No. Cert, No. Due Date
1 ) Data Acquisition 34972A MY49023932 1511362 11 Nov 2018

2. This result of calibration was found accurate as shown on date and place of cafbration only,
3. This certification is traceable to the International Syslem of unit maintained at :-

- National Institute of Metralegy Thailand. (NIMT).

- Thai Airways International Public Ce.,Ltd.

Result of Calibration :=  ( *) Without Adjustment
Function of UUC* : Temperature Source

Eguipment : Incubator Cert. No.: 16TM2835
Maodel : BD 53 Page.: 30f 3
Serial No. : 13-07343
ID No. @ UAE_LAB.OO5/2558
Manufacturer : Binder
‘. Received Order : 3 Oclober 2016
", Condition As-Received : Used [tem
Calibration Date : 4 October 2016
" Reference : 1610-00050C-10
. Result of Calibration :- (*) Without Adjustment
Function of UUC* : Temperature Source
Calibration | UUC* uuc Temperalure Temperature Overall . Coverage
. . N . |Uncertainty
Point Setling | Reading stability uniformity Varialion Factor
{°C) (*’c) | {°¢) (x°C) (’c (°c) (#£C) k
35.0 35.0 35.0 0.089 0.50 0.67 0.30 2
56.0 57.5 57.5 0.060 1.4 1.6 0.40 2
Calibration Measured Temperature (°C}
Point Pasition
{°C) 1 2 3 4 5 8 7 8 G {ref)
35.0 35,152 | 35.222 | 35.165 | 35,243 | 34,829 | 35344 [ 34.768 36.042 34,908
56.0 56.100 | 56.028 | 56.276 | 56.558 | 55.220 | 56.094 : 55.045 56.332 55.538

- Average® : The average of 30 values in each position.

Fresh air setting : Close Environment during calibration Temperature stability : One-haif of the greatest maximum difference of measured temperature at any one sensor.
Beginning End Temperature uniformity ; The maximum difference of measured lemperatures at any sensors and the measured
amp.(°C) o4 24 . temperature at the reference localion which are observed 21 the same time or at as close an observation time as
fz 4 REL, Humid (%} 55 572 . pussible to determine the temperaturs paliern or romogeneily within the chamber under steady-state canditions.
AC Supply (Volty 223 223 Overall Variation : The Difference of ihe maximun and minimum measured temperalures throughout ebservation.
? 2 UUC* : Unit Under Calibration
8 et Note ; The reported uncertainty of measurement was included stability and excluded uniformity .
H 5 i Hiz 8
d i = 4 The reported uncertairty of measuremeant was basad on a standard uncertainly mulliplied by a coverage
______ A ?t c‘? o) Position : | Ref, Std.J/ID No.; : factor &, providing a level of confidence of approximately 95 %.
W2 o2 o 1 12RTD301
e 2 12RTD302 -olo-
w 3 12RTD303
4 12RTD304
Probe Installation Dataiks : Dimension of Chamber : 5 12RTD305
a= 5  om G= 033 m 6 12RTD306
b= 5 om W= 040 m 7 12RTDA0?
c= 5 om H= 040 m 8 12RTO308
Capacity = Q.05 m* 9 {ref.) 12RTD309 _
. Maly. by,
tananslalaauaa Lonaslanauqa

a 0782061

a (782062



TECHNOLOGY PROMOTION ASSOCIATION (THAILAND-JAPAN)
s CORPORATE SERVICES 3 : EQUIPMENT CALIBRATION AND TESTING SERVICES

53473 PATTANAKARN ROAD SOI 18, SUANLUARG, SUANLUANG BANGKOK 10250
TEL.O-2777-300K1-24 FAX 027549454

HEC-TISI-TISI7925
CALIBRATICH 0061

Cert, No.: 18TM2834

Certificate of Calibration

Equipment : Refrigeratar

Model : YPM1TIP

Serial No. : YPM11P-150801805
1D No. : UAE.LAB.012/2558

Manufacturer : Senden Intercool

Submitted by :
3 Soi Udomsuk 41, Sukhumvit Road,
Bangchak, Phrakhanong,
Bangkok 10260
Location ; Microbiology Laboratory
Ambient Temperature :
Relative Humidity :

(26+£10)C
(50 430 )%

Calibrated by : Kunchit Promprat

Withus,-

Approved Signatory

Approved by :

{ ) Pornthippa Tameyakul
{ /) Malea Butkruea
{ }Viporn Tantiyawutli

Issue Date : 16 Oclober 2016

The Uncertainties are for a confidence prohability of approximately 95,

This cettificats 0ay it be reprodiced other than in Rl except with 1he prior wntlen

wpproval nf the head of Comorste Senvicas 3 Equapment. Cahbeation 2 Testing Services

anaslaaipay

Page.: 1 of 3

United Analyst And Engineering Consultant Co.,Ltd.

A 0051687

Equipment : Refrigerator

Madet ; YPM11P

Serial No. : YPM11P-150801805
1B Mo. : UAE.LAB.012/2558
Manufacturer : Senden Intercocl
Received Order : 3 Qcloher 2018
Condition As-Received : Used ltem
Calibration Date : 4 Qctober 2016
Reference : 1610-00050C-8
Procedure Used :-

Cert. No.: 16TM2834
Page.: 2 of 3

Calibration were conducled using in-house calibration procedure CP-OT02 according to direct
measurement method with Data Acquisition which connected with Thermocouple Type T.

The temperature scaie used was based on {TS-90.
Condition of this result of calibration
1. Reference slandard instrument:-

Instrument Madel Serial No. Cert. Na. Due Date
1} Daia Acquisition 349724 MY48023932 1511362 11 Nov 2016

2. This result of calibration was found accurate as shown on date and place of cal
3. This cerlification is traceable to the International System of unit maintained at :-
- Naticnal Institute of Metrology Thailand. (NIMT).
- Thai Airways internationat Public Co, Lid,

Result of Calibration :- (") Without Adjustment
Function of UUC* : Temperature Source

ibraticn only.

Fresh air setting : Not Available

Environment during calibration

Beginning End
Temp.{°C) 23 23
—cl.:/z 4 REL. Humid.(%) 53 56
AC Supply (VoI 223 223
& & upply {volt)
1 3
g (af)
?
H 1 HI2
[:3 i
3 1 13
]

T e %1 c‘/ / Paosilion : | Ref. Std./ID No.:
LoDi2 7 b 1 16A101
= 2 18A102
- w o 3 16A103
4 16A104
Probe Installation Datalls : DD;mensmn gfsTham:]er ' : ::22122
:; 12 Z: W= 102 m 7 16A107
= 0 om H= 1.20 m 8 16A108
Capacity = 0.62 m?® 9 {ref.) 16A109

Tale:
i taﬂa"rﬂaimm;ai
a 0782059



" Equipment :
Model :
Serial No. :
ID No. :
" Manufacturer ;
- Received Order :

= Condition As-Received :

- Galibration Date :

Refrigerator Cert. No.: 16TM2834
YPM11P Page.: 30f 3
YPM11P-150801805

UAE.LAB.012/2558

Senden Intercool

3 Octeber 2016

Used ltem

4 Qclober 2016

TECHNOLOGY PROMOTION ASSQCIATION (THAILAND-JAPAN)
CORPORATE SERVICES 3 : EQUIPMENT CALIBRATION AND TESTING SERVICES

5344 PATTANAKARN ROAD SO 18, SUANLUANG., SUANLUANG BANGKOK 10250
TEL. (L2TI7-MRH-20 FAN AL2710.9484

Certificate of Calibration

3 13
CALIDRATION D3RO

Cert. No.: 16TM3558
Page.: 10of3

Reference ! 1610-00050C-8
- Result of Calibration :- (™) Without Adjustment
Function of UUGC* : Temperature Source

Calibration uuc yuct Temperalure Temperature Overall Uncertainty Caoverage
Point Setting | Reading stabifity uniformity Wariation Factor
(°C) (*¢) [ (*c) (£°CH () (°c) (£°C} k

5.0 5.0 2.4 3.0 2.6 6.5 3.8 2

Calibration Measured Temperature {°C)

Paint Position
[°C) 1 2 3 4 5 8 7 8 9 {ref.)
5.0 2.966 2.818 2799 2.969 3.802 4.054 4.474 4.130 3.305

- Average” : The average of 30 values in each position.
. Temperature stability : Ona-half of the greatest maximum difference of measured temperature at any one sensor,
<. Temperature uniformity : The maximum difference of measured temperateres at any sensors and the measurad
- temperature at the reference location which are observed at the same time or al as close an cbservalion ime as
. possible to determine the temperature pattern or homogeneity within the chamber under steady-state conditions.
" Qverall Variation : The Difference of the maximun and minimum measured temperatures throughout observation.
UUC* : Unit Under Calibration
i Note : The reported uncertainty of measurement was included stability and excluded uniformity .

The reported uncertainty of measurement was based on a standard uncertainly multiplied by & coverage
" factor k, providing a level of confidence of approximately 95 %.

~ollo-

mﬂw.:

Equipment : Hat Air Oven

Model : UF{10

Serial No. : B416.1008

i0 No.: LUAE.LAB.029/2550

Manufacturer: Memmert

Submitted by : Urited Analyst and Engineering Consultant Ce.,Lid.

3 Soi Udomsuk 41, Sukhumvit Road,
Bangchak, Phrakhanong, Bangkok 10250

Location : Laboratory 3" Floar

Ambient Temperature :
Relative Humidity ;

(26%10)C
(50+30)%

Calibrated by : Kritsada Chaitrong

Approved by : ~p—
Approved Signatery

( } Pomnthippa Tameyakul
{ ) Malee Butkruea
{v") Vipomn Tanfiyawutti

issue Date ; 12 January 2017

The Uncertainties are for a confidence probabitity of approsinudely 93%.

Thix cenificats may not be ropenduced ethee han m foll oxceps wal the prior wantien

appreval of tir head of Corporate Servces 3 Fyuposent Calibeatisn aml Testing Seraees

G e e Lanmi’laimu@gm

a 0782060

tananshinugu

AD056890



Equipment : Hot Air Oven Cert. No.: 16TM3558 .
i Model UF110 Page.: Zof 3 Equipment : Hot Air Cven Cert. Mo.: 16TM3558

. Serial No. ¢ 84146.1008 ; - Model : UF110 Page.: 30of 3
"~ IDNo. : UAE.LAB,029/255% o . Serial No. : B416.1008
.+ Manufacturer : Memmert N iD No, : UAE.LAB.029/2559
* Received Order : 28 December 2016 N Manufacturer : Memmert
¥ Condition As-Received : tUsed ltem : . Received Order : 28 December 2016
. Galibration Date : 28 December 2016 . - Condition As-Received : Used item
' Reference : 1642-07850N-1 : "Calibration Date : 28 December 2016
.. Prosedure Used :- "Reference : 1612-07850N-1
: Calibration were conducted using in-house calibration procedure CP-OT02 accerding lo direct Result of Calibration :- (™) Without Adjustment
‘% measurement method with Data Acquisition which connected with Resistance Temperature Function of UUC* : Temperature Source
Detector { RTD ) and Thermocouple Type T. Environment during calibration
The temperature scale used was based on ITS-90, Beginning End
Condition of this result of calibration Temp.(°C) o8 27
1. Referance standard instrurnent:- - REL.Humid (%) 57 55
: Instrument Moadet Serial No. Cert. No. Due Date - |AC Supply (Volt) 955 525
1) Data Acquisition 34970A MY44067817 161266 25 Feb 2017 o
2 ) Data Acquisition 34870A MY44035217 1681131 22 Aug 2017 Calibration | UUC* uye* Temperature Temperature Overalt Uncextainty Covarage
.. 2. This result of calibration was found accurate as shown on date and place of calibration only. Paint Setting | Reading stability uniformity Variation Faclar
3. This ceriification is traceable to the International System of unit maintained at ;- (°C) {°C) (°C) (£°C) {(°C) [°C) (£°C) k
v - National [nstitute of Metrology Thailand. (NIMT). o 100.0 300,0 100.0 0.13 0.56 0.84 0.40 2
- National Institute of Standards and Technalogy (KIST), The United State of America 1700 170.0 170.0 0.27 1.2 1.6 1.1 2
Y. Result of Calibration :- {*} Without Adjustment Calibration Measured Temperature (°G)
. Funetion of UUC* : Temperature Source Paint Position
{ Fresh air setting : Close i {(°C) 1 2 3 4 S 3 7 8 9 {ref)
Ref. Std./ID No.: @ : 1000 100.299 | 99.869 | 100.278 | 100.063 | 100.149 | 100.064 § 10D0.083 99.594 100.110
170.0 170521 | 169,705 | 170.4685 | 169.8962 | 170,262 | 170.169} 170.263 | 169.153 [ 170.238
Calibraticn Paint :
Position - 100°C 170°C i Average” : The average of 30 values in each position,
fa 4 1 70RG239/11 10F101 I Temperature stabifity : One-half of the greatest maximum difference of measured temperature at any one sensor.
& % 2 70RC239/12 10F102 . Temperature uniformity : The maximum difference of measured temperatures al any sensors and the measured
1 o ('eus 3 70RC239/13 10F103 : temperature at the reference Jocation which are chserved at the same time or at as close an observation time as
Q 4 TORC239/14 10F104 o possible to determine the temperature pattern or homogeneily within the chamber under steady-state condilions,
H 3 i k2 $ 5 FORC239/M5 10F105 : Qverall Variation : The Difference of the maximun and minimum measured termperatures throughout cbservatlion.
7= 6 70RC239/16 10F106 UUC* © Unit Under Calibration
Wi ;sz ?1 c / 7 TORC2IINMT 10F107 Note 1 The reporied uncertainty of measurement was inciuded stahility and excluded uniforpity .
e— 7o 8 70RC239/18 105108 :
—t 7 - 9 {ref.) 7ORC239/19 10£109 : The reported uncertainty of measurement was based on a standard uncertainty multiplied by a coverage

bi , £ Chamb faclor k, providing a level of confidence of approximately 835 %.
Prabe instalfation Details : ‘mension of Lhamber :

D= 040 m
aw 5 cm -ofo-

W= 0.56 m i .
b= & om H= 048 m 5
€ s e Capacity = 0.1 m? J’.qfl/ : J{,d/

a 0751033 2 0793043



TECHNOLOGY PROMOTION ASSOCIATION (THAILAND-JAPAN)
CORPORATE SERVICES 3 : EQUIPMENT CALIRRATION AND TESTING SERVICES

53444 PATTANAKARN ROAD S0F 15, SUANLUANG, SUANLUANG BANGEOK 10250 Has TSz ;‘i‘;;"_’ent: xaste::Baih Cer;al::.f ;5;“';2829
TEL 02717200034 £AX. 0-2H10-9:81
Serial No. : 1401.0569
ID No. : UAE.LAB 004/2544
Manufacturer : Memmert
Cert. No.: 16TM2823 Received Order : 3 October 2016
: 2 2 Page.: 1of 3 Condition As-Received :  Used llem
Certlﬁ{:aiﬁ Of Cahbration Calibration Date : 3 October 2016
Reference : 1610-00050C-4
Pracedure Used :-
Equipment : Water Bath Cafibralion were conducted using in-house calibration procedure CP-OT04 according to direct
measurement methed with Data Acquisition which connecied with Industrial Platinum Resistance
Modet : WB 14 Thermemeter [ IPRT }
The temperature scale used was based on T5-90.
Serial No, : 1401.0569 Congdition of this result of calibration
; 1. Reference standard instrument;~
1D No. : UAE.LAB.Q04/2544 o Instrument Model Serial No. Cert. No. Due Date
1 } Dala Acquisition 34972A MY49023932 1511382 11 Nov 2016
Manufacturer : Memmert 2. This result of calibration was found accurate as shown on date and place of calibration anly.
3. This cerlification is traceable to the International System of unit maintained at :-
Submitted by : United Analyst And Engineering Gonsuliant Co.,Ltd. - National Institute of Metrology Thailand. (NIMT).
3 Soi Udomsuk 41, Sukhumvit Road, - Thai Airways International Pubtic Co, Ltd.
Bangchak, Phrakhanong,
Bangkok 10260 : -~ Result of Calibration :- { * ) Without Adjustment
Location : Microbiology Laboratory Funetion of UUC* Temperature Source
Ambient Temperature : (26£10)°C . ’%}"@éx i "g?'g:,'}g D Environmental AC Voltage Supply
Relative Humidity : (50+30)% @%ﬁg}%ﬁ%}%&éﬁ%@%@? = R, Vot
! i Beginning of Calibration 24 55 223
Calibrated by : Kunchit Promprat End of Calibration 23 53 353
. : Position : Ref. Std.
Approved by : lm[d,u, oston ID No.
Approved Signatory ' . 1 70RC208
( }Pomthippa Tameyakul ) //" 1 Stref) 2 P - 2 TORC207
() Males Butkruea . . 4 Yy . 3 7O0RC208
( ) Viporn Tantiyawutti i 4 TORC202
5(ref.) 7ORC210
Issue Date : 16 October 2016 ) Front
The Uncertaintics are for a confidence probability of approximately 935%.,
This vormficare may ant be repeoduz ol vther thim s (Ui, excopt vl the priae watten
approvil of the boad of Corporste Serviees 3 Bgaipmaent. Calibraken and Tesung Servaces ) .
€ EEa 1 % .
lanansianIuga. tansslaaItiag

UAD051683 2 0782050



Equipment :
Model :

Serial No. :

ID No, :
Manufacturer :
Received Order @

Condition As-Received :

Calibration Date :
Reference ;
Result of Calibration :-

Water Bath

WB 14

1401,0569
UAE.LAB.004/2544
Memmert

3 Oclober 2016

Used item

3 Qclober 2046
1610-00050C~4

{* ) Without Adjustment

Cert. No.: 16TM2829
Page.: 3¢f 3

Function of UUC™: Temperature Source

Calibration uucr uuc* Average* Standard Reading ( °C )
peint Setling Reading Position
(°C) {C) (“C) 1 2 3 4 S{ref.)
41.5 41,3 41.3 41.510 41.484 41.500 41.523 41.564
44.5 44.3 44,3 44,477 44 444 44.466 44,490 44.519
Calbration | ) itormity | Stability Uncertainty Coverage
peint Factar
(e} (c) (£°C) { ¥C) k
41.5 0.12 0.052 0.15 2
44.5 0.18 0.078 0.15 2

Average" : The average of 30 values in each position.
Uniformity : The maximum difference of measured temperatures at any sensors and the measured temperature
at the reference location which are observed at the same lime or at as close an observation time as possible
to determine the temperature pattern or homogeneity within the chamber under steady-state conditions.
Stability : One-half of the greatest maximum difference of measured temperature at any one probe,
UUC* : Unit Under Calibraticn
Note : The reported uncertainly of measurement was included stability and excluded uniformity.

The reported uncertainty of measurement was based on a slandard uncertainty multiplied by a
coverage factor k, providing a fevel of confidence of approximately 95 %

-oflo-

tanansla v;{t_la%a\f

a 782051



List of Instruments Certification for Air & Noise Quality Analysis

No.| Instrument/Equipment Parameter Manufacturer Model/Serial No. Calibrator Certification Date of Due date of | Remark
No. Calibration Calibration
Workplace
1 |DryCal Calibrate personal pump Bios International Defender 510-H/M132715 Thailand Insfitute of Scientific MTC.No. 1 Apr 16 31 May 17 -
Corperation, USA. and Technological Research (TISTR) 23-5910289

2 |Aneroid Barometer Respirable Dust Barigo, Germany UAE.EMA2.066-2552 Technology Promotion Association 17P415 23 Jan 17 22 Jan 18 -
Total Bacteria (Thailand-Japan)
Total Fungi

3 |Digitai Thermo - Hygrometer Respirable Dust Testo, Germany 608-H1 Technology Promotion Association 17H245 18 Jan 17 17 Jan 18 -
Total Bacteria {UAE.ANV.071/2548) {Thailand-Japan}
Total Fungi

4 |Stop Watch Respirable Dust Alba SW01-X008 Technology Promotion Association 17E1521 25 Apr 17 24 Apr 8 -
Tota! Bacteria (UAE.LAB.006/2556) (Thailand-Japan)
Total Fungi

5 ]Electonic Balance 6 pl. Respirable Dust Mettler-Toledo, XP6 [ Calibration Laboratory CCW-2480-16/C 17 Jun 16 16 Jun 17 -

Germany B322373893 Metller-Toledo (Thailand) Limited

6 [Water Bath Total Bacteria Memmert WNE14 / L 414.1407 Technology Promotion Association 16TM1604 2 Jun 16 1 Jun 17 -
Tolal Fungi (Thailand-Japan)

7 |Refrigerator Total Bacteria Sanyo SBC-337KD{GYN) / Technology Promotion Associafion 16TM1602 1 Jun 16 31 May 17 -
Total Fungi 71100607 (Thailand-Japan)




otm TECHNOLOGY PROMOTION ASSOCIATION (THAILAND-JATAN)
e CALIBRATION SERVICES AND ENVIRONMENTAL ANALYSIS DEFARTMENT

R

VATISTH

53474 PATTANAKARN ROAD 80| 18, SUANLUANG, SUANLUANG, BANGIOK 10250 \
TEL. 0-2717-3000-24 FAX. £-2719-9484 HICTELTIRTOLS
THAILAND INSTITUTE DF SCIENTIFIC AND TECHNOLOGICAL RESEARCH (TISTR} FrmmTa
Mect Engineering Slandards Lak ¥ Soi 1, Bangpeo Industrial Estate, Muang, Samutpraken 10280, Thaitand. - C 2 o = 3 : B I3
& ertificate of Calibration =~ Certfieatsto.: 17p415
Request No. 23-59/028% MTC.No, 23-59/028% o Page: 10f2
CALIBRATION CERTIFICATE :
Nomenclature : DRYCAL FLOlWMETER ' ) . Equipment : Anerold Baromeater
Manufacturer : BIOS International Corporation, U.S.A. - . This certificate may niaf b reprodace alher than if foll
Serial no. 1132715 p Manufacturer: Barigo '
. o excepl with the prior wiitten approval of the head of
Model + Defender 510 H Mode] ; -

. Cahibration Services and orvironmental analysis deparment.
Scale range : 300 mifmin to 30 f/min

Subdivision (002, 0.1, 1) mifmin Serdat o :

Submitted by : UNITED ANALYST AND ENGINEERING CONSULTANT CG.,LTD. 2 JoNog UAE EMAZ.066/2552
B1 Soi Udomsuk 41, Sukhumvit Road, Bangchak, i Condition As-Recelved: Usad jlem
Phrakhanong, Bangkok 10260, Thailand, !
Cafibration date : 31 March 2015 ;i Recelved Date 13 danuany 2017
Calibration point:  (500.00, 1000.0, 1500.0, 1670.0, 1700.0, 2000.0, 2500,0, 2830.0,.2850,0) ml/min Calitiration Date: 23 January 2037
Standard : The Flowmeter has been calibrated by the Met.Lab ML-800, s/n 119521, o .
Y el fi H -0503W tted by: I i N
due date: 30 Aprl 2016’ traceable to National Tnstitute of _Pej[etn_jlugy (Iha'iland). s Rafergnce; +101-0503 Submitted by:  United Analysl and Engineering Consullant Ceo. Lid
Ambient condition :  Temperature (23 £ 3) * ¢, Relative huiidity {55 = 15)%. Ambient Temperature: (23 £ 23 °C
Measurement data : Relative Humidity: (502 15)% 81 Sof Udomsuk 41, Sukbumvit Road, Bangehak,
- —— — i Phrakhanong, Bangkok 16260
UnderTest Value Standard Value Peviation Uncertainty ; Atmospheric Pressurel 1014 mbar
(mlfmin) {miyrain} (%} (%) :
P Procedure used: The calibration was conducled by direct comparison melhod agalinst Pressure Measuring Instruments
500.43 486.02 +2.96 0.34 : Standard according % in-house calibration procedure GP-P10, using " DKD-R 6-1 | Calibration of Pressure
1000.8 974.12 2.74 0.34 : Gauges. Editisn 01/2003 * as a guidelines.
1501.1 1463.1 +2.60 0.52 i Conditlon of this rasult of calibratjon
1670.2 1629.0 +2.53 0.52 N 1.Reference standards instuments
1699.5 1658.4 +2.48 0.52 ‘ Instrument Mode] Serial No, Certificate No. fue Date
20087 1954.8 +2.40 0.52 - #) Standard Baromeler DPH4z 1432505045 MP.0018-16 23 Feb 20t7
25014 2494.7 +2.32 0.52 2.This instrument was instalied in verlical orienlation and center of lhe dial was used as lhe relerence lavel,
28311 2768.7 +2.25 0.52 3.This restt of calibralion wes mada on requastied at the point spedified by customer,
2851.2 2789.1 +2.23 0.52

4.5cale and converslon factor is 1 &Pa =7.50062 mmHg

" . N i - .-W
The reparted uncertainty is based on a standard uncem@m&ﬂw : z(f_?! e 5.This resuits of cafibration Insirument was caused by clean air as pressure media.
L £} .

a coverage factor & = 2, which provides a level of Coiifidenceis

h Bkt

B.This rasult of cafibsation was found eccurate as shown on dale and plase of calibration anly,

Tetagh i" 7 7.Thls Cedilicalion is traceable in the Inmemalional System of Unil maintained at:-
. R Tane .
Calibrated by : 1._......50 UM L L ST Approved by : _.... Natianal Instituta of Melrotogy Thailand (NIMT)
{Mr.Terasak Panma} i
. A Diretai "
&L ) &r} e
R oot e . Mechanical Engingering Standards Laboratory
{Ms.Hathalrat Or-vises) Ref, 2013259032401283001
Pate 1 Aprif 2016
o
Catibrated by :  Altapol Panurach Approved Signatory © 1< Ply-
The sosulls relate only Lo the iterms tested or cilbrated : Issue Date + 25 Sanuary 2017 { iral Kongsri
Ackertising the Report/Certifitaty and publicits of the residts except, in full e profibites unless weithen parmizsion is cbiained frems the covedneor of TISTR, [ 1Mitr Vearzlizam
FAMEL3ATC.002 Rev.3 : | #Pornihippa Tameyakw
ligad Office CfficesLaboratory Cfflce :
A5 b 3 Fenbon Ko H, Arnphot Kblong tuang, Sof 1C, Banspos Industeial Estate, Sukhurriat Road, 198 Phiahorvathin Road, Thatuthak, Zanghah 10500 -
Chargs? Patbmatlyaes 12120, Thallane frephoe Mosng, Changwat Somueliant2n 10280, Thifand Thailsnd L l} .
Tel. iG0) 0 2577 900G Tet, (660 2323 167230 ext. 115,116 Tel (66) D 2579 1123 20 o, 5210, 5225, 5287 _' T . . . R . .
Fax, {661 0 2577 509 Fax, 1661 2323 165 Fax, {65} 0 2579 8532 EE)]? Effgzgi?zg U ?}11
Eanad - rumspaitisieonth Websiteswmy distr.os th F-mad ¢ ietecpdstronth E-rnat 1 stanaleegrhistrenth hnd

AT AT



TECHNOLOGY PROMOTION ASSOCIATION (THAILAND-JAPAN)

: -
Cert.Mo.: 17P415 CORPORATE SERVICES 3 : EQUIFMENT CALIBRATION AND TESTING SERVICES |

iy Page: 20f2 ] _ 5344 PATTANAKARN ROAD 507 18, SUANLUANG, SUANLUANG BANGKOK 10250 uscTISISe
Result of calibration:- Without ajustment Range: 720 mmHg o 800  mmHg - o TEL.OZINTAR020 TAX 62719210
: function:- Absolute Prossurs mensurement Scale Interyat : 1 mmHg {The Fifth Estimate } : ) Cert. No.: 1741245
'. lncreasing Pressure Fage.: 1of 2
. |Ppplied Pressure fminHg) | 71889 | 2675 | 737,55 | vas51 | 75057 [ 77077 | 78250 | 78827
" juuc” Indication (mmHg) 7200 | 7300 | 740 | vsoe | 7600 | 7vo0 | 7800 | ez K )
|Error {mmHg) 431 325 | 245 149 043 | o7 | 258 | 727 . Certifica te {)f C aﬁbrai‘j On
Gecreasing Pressure
Applied Pressure {minHg} 799.27 | 781.64 | 77005 | ¥58.87 | 747.84 | var.i0 | 72631 | 71581
UG- Indication (mmtig) 7920 [ 7800 | V700 | 7800 | 7500 | 7400 | 7300 ! 7200 - Equipment: Digital Thermo-Hygometer
Error {mmHg) 127 -1.54 0.8 1.13 246 2.90 3.69 419
Model: G08-H1
The uncerlainly of measurerent was + G224 mmiig
" UUEG = Unit tnder Calibration Seriat No.: 34805585
The reporled acedalinty of measurement was based on a standard uncertainty muliipiied
by a coverage factor k = 2, providing a fevel of confidence of approximately 95 %. 1D No.: UAE ANV.071/2548
wote- Manufacturer: Testa
Submitted by: tnited Analyst and Engineering Consultant Go.Lid.

81 Soi Udomsuk 41, Sukhumvil Road,
Bangchak, Phrakhanong,
Banghkok 10260

Ambient Temperature: (256+3)°C

Relative Humidity: (50+20)%

Calibrated bhy: Krafpep Onrat
ot

Approved by: v

Approved Signatory
{ ) Pomthippa Tameyakul
{ )Pitak Srimongkot
{/ } Chakrit Waewwanjua

tssue Date: 28 January 2017

‘Fhe Uncertaintics are for a confitlenee probahitity of approximately 95%.

This certfiat mas mst be asgmesdnend nifier thier b fali, sacepr sk i prier waites

appreval of (e Braad of Corporae Serviozs 10 Eguipment Calibestion amd Testiag Sersites

1 pyyyt

W ; " 0
s A 0058327




Equipment:

Digital Thermo-Hygrometer Cart, No.: 1THZ45
Nodel; B608-H1 Page.: 2of 2
Serial No.: 34805686
1 Now: UAEANV.OT1/2548
Manufacturer; Tesfo
Recelved Date: 16 January 2017
Conditlon As-Received: Used item
Calibration Date: 18 - 24 January 2047
Order jtem No.: 1701.0567WC

Procedure Used
Calibralion were conducled using in-house calibration procedure GR-HO3 sccording to comparisan with
standard chilled mirror sensor for humidity measurement function and compasison with siandard temparature
+ probe for temperature measurement funclien inlo humidity # temperature chamber.
Condition of this resulf of calibration
t. Reference standards instrument :-

instrument Serial No, Cert No. Traceable Due Date
1) Hygro - M2 Dew point Monitor 2360185 14356 NIST 22 Sep 2017
2) Handheld Temperature With Probe ABA339 161537 NIMT 14 May 2017

2. This certificate is traceable to 5! unit.
3. This result of calibration was found accurale as shown on date and place of cafibration anly.

Result of Caltbraflon:~ Without Adjustment
Function: Humidity measuremsant,
Reference Standard uue* Uncertainty
Temperature Humidity Reading Error of Measurement
(°C) {%R.H.) (%RH) (%R.H.) {£5%R-H.)
25.0 4t 43.5 34 1.3
250 501 52.8 27 16
250 60.0 62.2 2.2 16
Rasuit of Calibration:- without Adjustment
Function: Temperalure measurement.
Standard uuc* Uncertainty
Temperature Reading Errer of Measurement
e £e) ) @C)
20.033 0.1 0.087 042
30.01¢ 208 -0.211 D4z
40.0%7 39.8 -0.217 042

ULIC* ; Undt Under Calibralion
The reposted uncerlainty of measurement was base on stendard uncertainty multiplied
by coverage factor k = 2.00, providing conflidencs. Jevel approximalely 85%.
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T

v

i

. .
ENa il
350

u

TECHNOLOGY PFROMOTION ASSOCTATION (FHATLAND-JAPAN)
CALTBRATION SERVICES AND ENVIRONMENTAL ANALYSIS DEPARTMENT

5344 PATTANAKARN ROAR S0 18, SUANLUANG. SUANLUANG, BARGKOK 10250
TEL 0-2H7-3000-21 FAX. 0-2719.9484

HICTIERTIZ TS
CAVFIRATION 0523

Certiflcate No. : 17E1521
Page: $of2

Certificate of Calibration

Egquipmaent : Quartz Step Walch

Manufactarer: Alba This cestificate may not be repreducad other than in full,
excapt Witk the prior wiilten appraval of the head of

Model ; SWO1-X008 Cakbration Services and environmentaf analysia depariment.

Serlat No.: .

10 Mo, UAE.LAB (H06/2556

Condition As-Recelved: Used llem

Recelvad Dafe: 24 April 2017
Callbration Date: 25 Aprll 2047
Reference; 1704-0833WC Submitted by:  Unlted Analyst and Engineering Consultant Co.,Ltd,

Ambient Temparsture: ( 23 & 2 ) °C

Relative Humidity:

Procedure used:

3 8ol Udemsuk 41, Sukhumvit Road,
Bangchak, Phrskhanong, #Sangkok 10280

(50 10) %

Calibration were conducled using In-house cafibration procedure OP-E10 According lo direct messurement
mefhiod with Unlversal Frequency Counter.

Condition of this result of calibration

1.Reference standards instumants :

Instrumant Maodel Serial o, Certificate No. Due Dats
1} Univarsal Frequency Gounter PMSEESNGE SMBDI698 16E3775 19 Apr 2018

2.This pesult of calibration was made on requested at the paint spacified by customer.
3.Conversion factor I8 # = 1/T
Where: F = Frequency (Hi)

T=

Tima (s)

4.This result of callbralion was found aceyrale as shown on dale and place of calibration only.

5.7his Certification
-Natienal Institul

Collbrated by :
I550e Date ;

is traceable to the Internationat System of Unil maintained &t
te of Metrology Thaifand (NIBT)

o
[~ Ehalinea Prabpaipal
{ 1Mir Vearatham

Nivat Nitas
27 April 2017

Appreved Signatory @

[ }Pomthippa Tamoyakut W o1
e s i aun



Cert. No.: 17E1521
Page.: 2 of 2

5. Resulf of calibration:~ {*} Without adjusiment { ) After adjustment
Nominal Freguency Actual Freguency
{Hz) {Hz)
32 32.0000547

Period of time (s = Nominal frequency {Hz} x Time (s)
Aclual frequency {Hz}

The uncertainty of Time measurement was % 0.44 mHz or + 044 ms

The reported uncertainty of measurement was based on a standard uncertzinty multiplied by a coverags factor
“. k =2, providing a Isvel of confidence of approximately 95 %, but exciuding {he effects of display rasolulion of

. Quariz Stop Walch.

-¢0o-

enas hinauan

HEGTRINE 17048
CALIBRATION 0062

METTLER TOLEDO

Calibration Laboratory
Mettter-Toledo {Thaitand) Limited
272 5ai Soonvial 4, Rama 9 Road, Bangkapi, Heaylheong. Bongkok 10320
Tel: 027230300 Fax: 0ZN10 6479
gl o
Centificate Humher:  GCW.-2480-161C

Customer:

Request Number ;
Object f Equipment :
Callbration :
Wanufacturer
Model :

Seriaf Number

1D Bumber ¢
Agreement Humber:
Date of Recelpt :
[rate of Calthration :
Conditlen of Equipment
Place of Callbration -

Comment :

Dats of lsswa

Calibrater :

Approved by ¢

Tht conbanks of 8

CERTIFICATE OF CALIBRATION Page: 1 o ¢
UNITED ANALYST AND ENGINEERING CONSULTANT C0.,1TD.
3 Sof Udomsuk 41, Sukhumyit Road
Bangchak, Fhrakhanong

BANGKOK 10260

R
Eleclronic Bafance / Scale
Eingle Ranga

METTLER TOLEDD

XPB

B322373893

5CL12060075_4

June 17, 2016

June 17, 2018

Good

SALANCE ROOM

Test Waight : 0.0603029= 0.650003g

Test Waight By Filler Pan ; 0.050002g= .050{03g, 0,150006g= 0.01500059

June 20, 2016

Mr.Kassakorn Tassanachalsakul

[Z/Mr.s.-ami Jitniyom

] Mr.Surachat Sukkate

prgyed 1 2 i party ool n B, expypteds g pried wrllan dpproved £f e Caibrason Canter, Kotler-Teleda (Tholind) Lit

Ry Mt Ty b STk, (st B, T

i pogind Ayt
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METTLER TOLEDO

Callbration Laboratory

Mettler-Toledo {Thalland) Limited

272 Goi Seenvial 4, Rama 0 Rond, Bangkap), Huaykwang, Banghok 10320
Tel:02M230200 Fax:02H35472

Calibration Laboratory

METTLER TOLEDO

272 Sol Soonvial 4, Rama 9 Road, Bangkapi, Huaykwang. Tangkok 10328
Tel: 02723820  Fax 0 2T186479

HSCAISETE 17028 hitprhrsner] com REC-TISETH 17028 o
CAUfBRATION 0082 Cetlifleate Mumbers  COW-2480.16/C ‘CALIBRATION Gae2 e Codtificate Number: GO 288 1610
Davice Page: 2 of 4 Hodel : XP& :
Model: XPH Serlal Mumbar : B322373893 Page: 3 of 4
Serlal Humber B322372893
Callbration Single Range For Waighlng Range 2
Capatity : Max 61 g
Readability : 00001 g Notiinal Value  {C: Valuel Mean of fsdi Carectl Uncertainty Coverage Facter
b g {9} () st k
Results of Calibration : without Adjustrent - - - : - :
1, Repeatability ; - : - : -
For Welghing Range 1 Rotinal Yalise (g} Standard Deviation {q) * . . . N )
Max Capacity = 81 a 45 D.0060007 - - . . N N
Readshliy = 0.000001 g s .0000067 - . - .
For Weighing Range 2 Hominal Valua (g} Standard Daviation {o} - - N . N K
Wi Capacity = - q . - - ~ - y . -
Readabilty = - q - - The givew extended measwemen unceelsiaty is the standard inly of he {Efiad by coverage faclerk

35 per Ssted In tabls sbove,which comesponds fo 3 conkdenca leval of about 95%,

2. Departure of Indication form Nominal Value .
P 3. Eceentricity or Off-Center Loading

For Welghing Range s T
Nominaf value  [Conventional Value| Mea of I U inly Cevatage Factor |
{a) fa} gl ] (g} k
0.0¢ 0.0100017 £.0100020 -0.0400003 0.000002% 240 2 2
0.05 0.0500039 £.6600053 -0.0800014 0.000006% 200 T
3] 01200025 £.1000047 -0.0600042 0.0020055 248
0.14 0,8400052 £.1400053 0,080000§ 0020125 Testload detwean 11 and 3 of the svxinim capacity, typicatly placed betwean 172,60 244 of the dislance from the cenko ot e load
015 0.4500057 £.1500083 .0.0000026 0.0060085 receplod to tie edge.
0.15 04608074 ©,1600087 -0.0000209 0.0000122 For el o
0.47 0700074 700088 -0,0000815 5.8000£3) T"" ; Iging Range 1 ForWeighing Range 2
05 05000028 05008033 D IHE0F 0.0008085 estioad 2 2 Test Load . :
1 5.0060058 1.0000047 0.0000011 00000102
3 60000120 50003003 0,0800117 00008392 1o Position Indicatlon (g) Posilion
B 3 . P N 1 1935498 1
- " N 3 T 2 1399885 2 : .
i o : - 3 1299337 . 3 : -
Tha given extended measuranaiant uncarlainly Is the slandard inly of the L mustiipt ’@xmaga fac! ) by 3 18585 3 =
itod in abla . of 7 < L -
a3 per Fsted in table abeve which comesponds Ly a conbidence leved of aboud 85%, é"ﬂ P a3 :
f‘f Max Devialion L.000002 Max Deviatlon
By st [ g b bebad i, 13 LSS by e AR Lo B, 23

B A bt
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Calibration Laboratory

METTLER TOLEDO

272 Sol Seenvint 4, Rama § Read, Badgiapi, Huaykwang, Bangkok 10320
. . = Tet: Q2723030 Faxz{ 7GBTS
RERNISFTIS 17028 g iava L eo

TECHNOLOGY PROMOTION ASSOCIATION (THAILAND-JAPAN)

Prplyai A CALTBRATION SER VICES AND ENVIRONMENTAL ANALYSIS DEPARTMENT
Centificate Number:  CCW- 2480 - 16 iC
33474 PATTANARARN ROAD SO 15, SUANLUANG. SUARLUARG BANGKOR 10740 gi;mf,j';;:’e;
THL. 02717300020 FAX 0.27H0.9084
Model ; XPE Serfal Number : B322372893 Page: 4 of 4

Environmant condition : Cert, No.: 16TM 1804

The mpssuremen] wis carried outinthe  BALANCE ROOM Page.: 10of 3
untet fofiowing envirenmant condition : i . » =
e 195 0 1 2 o Certificate of Calibration
Hemidty: 502 % 1o 567 %
Measurenient method : Equipment : Water Bath
The cafibration was parlormed by using Cabsfion Laboratory's inhouse callvation method 8 GRIW0S2185  bosed on
"UKAS LAB 3 ; Colibyation of Weighing Machines * ; edition 4 J November 2008 Model : WNE 14
The balancofseale was tafbreled by placed sladdord weighls on tha weighing pan, The slandard weights used fot cadbration are made
of stainlsss sleel a dansity of approximate 3,000 kg™ an th Basis of weighing at sir dansity of 1,2 kgfa and a tempershure of 2049°G Serial Np. : 14141407
Reference standards Instrument :
Instrumente OiblL Ciass  Model SarlaliControl Ho.  Carlifizata Mo, Dz Date D No.; VAE.LAB.006/2558
Slandard welgh! sel METTLER TOLEDD  E7 mg200g wsar 140978 Hov 28, 2015
Humidity & Yemperature Moter VAISMLA - HH3C IN74 16HESS Mar 17, 2017 Manufactisrer ; Memmert
Submitted by : United Analyst and Engineering Consullant Co. Ltd.
3 Sof Udemsuk 41, Sukhumvil Road,
Bangchak, Phrakhansng,
Measurement unceriainty ; Bangkok 10260
The given axlended massurement uncorlainty is the standard uncoreinty of the measurement gk by an ex!msim facior &, Location : Microbiology Laboratory
whith corezpends 1o a confidence levet of about B5% for = narmad o tion, Tha siendard ly was g o $43003
Ambient Temperature : (26+10)C
. " Q
Traceability: The measuremens s agsabie 4o llowing Rafonal standar, which reckze the physiel un of measatement (5], Retative Humidlty : (50230) %
- Swiss Federal Office of Maraloy and Accraditption (METAS), teough MatBer-Telado GmbH Swizedand (SCS032) i .
~Physikalisch Tothrische Buid {PTE) thrcugh Technogy Promation Assoclation (Thaiand - Jopen ) {Cefbrskon Ho.0008) Calibrated by : Prercha Hiahib
Approved by : im%&z -
Approved Signatory
{ ) Pomthippa Tameyakul
tkruea
End of Report - M'alee Bu ru i
{ ) Viporn Tanliyawutlj
i Issue Date : 20 June 2016
-
i
i The Uncertainties are for = conlidence probability of approximaiely 959,
?}”f This certifiadte insy w3t By roprodered o tea m Fell azcept with the pelar e
apprval of fie hied of Cobibrstine sorvioes mud navi | 2nstynie adep At P
ELEERFTY ﬂ'ﬂﬂ@&&
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‘ Equipment : Water Bath
Model : WNE 14 Page.: 2 of 3
- Serlal No. : L414,1407
10 No. UAE.LAB.0DB/2558
Manufacturer: Memmeari
Received Order: 1 June 2016
ondition As-Recelved:  Used ltem
alibration Date : 2 June 2016
EReference H 1606-00040C-5
 Progedure Used -
Calibration were conducted using in-house calibration procedure CP-OTG4 according fo direst
S measurement method with Bata Acquisition which connected with Industrial Platinum Resistance
hermometer { [PRT §
The temperalure scale used was based on ITS-90,
Congdition of this result of calibiration
. Reference standard instrument:-

Instrumant Modal Serial No. Cert. Ng, Bue Date
1 ) Data Acquisition 34970A MY44067B17 161380 13 Mar 2017

- Thia result of catibration was found accurate as shown an date and place of calibration only,
3. This certification is traceable fo the Intemational System of unit maintained af :-

. - National frstilute of Metrclogy Thaiand. ( NiMT ),

- Nalional Instilute of Standards and Technclogy (NIST), The United State of America

Result of Calibration :« {*) Withoul Adjustment
Function of UUC* : Temperatwre Source

Environmental AC Veltaga Supply
G %RH. Valt
Beginning of Calibration - 24 88 224
End af Calibration 25 €6 225
Ref. Std.
Positior ; 1B No.
9 MN3SP3eEG48
| 2 -7 2 N42P304005
Slrer’) 3 / 3 N35P306050
- g 4 N38P3080s2
S{rel.) N42P304003

Front

Cert. No.: 18TM1604

ranashinudeul.

Waler Bath Cert. No.: 16TM1604
WNE 14 Page.: 3ol 3
L414.1407
UAE.LAB.006/2558
= Manufacturer : Memmaert
eceived Order : % June 2016
ondltion As-Recgived :  Used ltem
b Gallbration Date ; 2 June 2(HE
‘Reference : 1606-00040C-5
Result of Callbration :-~ {™} Without Adjustment
éFunl:ﬂon of UUC*: Temperature Source
Calibration uuc* uuc Average® Slandard Reading (°C )
point Selling Reading Posilion
{°g) {"C) (C) 1 2 3 4 5(ref.)
445 44.5 44.5 44.494 44.464 44.519 44,541 44.503
C“:‘;ﬁi"’” Uriformity | Stablity Uncartainty C‘;‘;i::rge
(°C) ¢y {£c) { 2C) k
44.5 010 0.036 415 2

; Average* : The average of 30 values in each position.

BN Unlformity The maximum diference of measured lemperatures at any sensors and the measured temperature
at the reference jocalion which are observed at the same time or at as close an chservation lime as possible
to determine the {emperature pattern or homogeneity within the chamber under sleady-slate condilions,
Stability : One-half of the graatest maximum difference of measured lemporature at any one probe,

UUC* : Unit Under Calibration

Note : The reporied uncertainty of measwrement was included stability and excluded unifarmity.

The reporied uncerfainly of massurement was based on a standard uacertainty multiplied by a
coverage faclor k., providing a level of confidence of approximately 95 %.
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TECHNOLOGY PROMOTION ASSOCIATION {THAILAND-JAPAN)
CALTBRATION SERVICES AND ENVIRONMENTAL ANALYSIS DEPARTMENT

>"
y

Equipment : Refrigeratoy Cert. No.: 16TM1602
53574 PATTANAKARN ROAD S0 13, SUANLUANG, SUANLUANG BANGROK 10250 e T Model : SBC-337KD{GYN) Page.: 2o 3
TELDA7H73000-25  FAX.0.2715.5484 't Berial No. : 71100607
1D No.: UAE.LAB.O08/2551

HManufacturer : Sanyo
Recsived Order: 1 June 2016
Condition As-Recelvad :  Used ltem
Calibratioh Date : 1 June 2048
Reference : 1606-00040C-1
Procedure Used :-

Calibration weare gonducled using in-house calibration procedure CP-0T02 according to direct
measurement mathed with Data Acquisition which connected with Themocouple Type T
1 The lemperalure scale used was based on 75-90.

Condition of this result of calibration
1. Reference standard insirument;-

Cert. No.: 16TM1602
Page.: $ of 3

Certificate of Calibration

Equipment : Refrigerator

Mods! : SBC-33TKD{GYN)

Serial No. ; 71100607

Instrumerit Model Serial No. Cert. No. Due Date
10 No. : UAE.LAB.OCBI2551 1} Data Acquisition 349704 MY44060450 181380 13 Mar 2017

2. This result of calibration was found accurate as shown on date and place of calibration onty.
3. Tiis cerlification is {raceable to the Internabional System of unit maintained at :-

- National Institute of Melrclogy Thailand. { NIMT ).

- National Institute of Stendards and Technelogy (NIST), The Uniled State of America

Manufacturer Sanya

Submitted by : Uniled Analyst and Engineering Consuliant Co Lid,
3 Sol tidomsul 41, Sukhumvit Rozd, ;
Bangchak, Phrakhanong,
Bangkok 10280

i ; Result of Calibratlon == ("} Wilhoul Adjustment
.+ Function of UUC* : Temperature Source

Location : Misrobiology Laboratory ‘j Fresh air setfing Net Available Environment during calibration
o Beginnin: End
Ambient Temperature : {26210)°C Temp.(C) 8924 g 20
. PTF e, .
Relative Humidity : {50230)% % —(2 4 REL Homid. (%) 52 e
A
Calfbrated by ! Preecha Hlahib 3 5 e AC Supply (Voll) 224 225
! ?9 (raﬂs
" g " e
Approved by : ‘m&fu. : : .
Approved Signalory o N, i ?tle o Position : | Ref, Sid.JID No.:
o WiZ ~Diz L]
( yPomttéppa Tameyakul il ) 1. 14D
{ 7/} Malee Bulkruea a 2 14D202
{ ) Vipormn Tantiyawstei w 3 40203
4 D204
i f H £
Probe Installation Detalls : D_i'mensmn of Chamber 5 140205
Issue Date ; 20 duns 2018 a= 5 om D= 044 m & 140206
b= 5 om W= 0.50 m 7 140207
The Unetrtainties are for a coufidence probability of approximaicly 955, ¢= 5 ém = . 1.20 ms 8 140208
This may aer ba py d other than in £l except with 132 peier wrivien Capac“y - 0.26 m 9 {Mf) 14D209
apprseal oF the heed of Calibrmtins services and esviemmortal eaalysis feparmuml. \
- B ¥ H
t@naTs LA wanes laa ek,




- Equlpment : Refrigerater Cert. No.: 16TM1602
i Model SBCA37KO(GYN) Page.: 3of 3
Serial No. : 71100607

10 No. : UAE.LAB.008/2551
Manufacturer : Sanyo
Received Order : 1 June 2046

%2 Gondition As-Received : Used item

s Calibration Date ; 1 Junz 2016

< Reference : 1806-00040C-1

[ Result of Calibration :- (*) Without Adjustment

Function of UUC* : Temperalure Sotrce

Calibration uucH e Temperature Temperature Overall Uncartainty Coverage
Paint Selling | Reading slability uniformity Variation Factar
(°C} {°G) | t*¢Cy (£°C} (°c} {*c) (£e) L3

4 4 - 3.6 1.4 7.3 4.3 2

Calibration Measured Temparature {°C)

Point Position
(°C) 1 2 3 4 5 f 7 B 8 (ref)
4 4734 4,482 4,359 4.145 | 41479 4306 3,992 4£.002 4.222

Average® : The average of 30 values in each position.

#! Temperature stabillty : Ons-half of the greatest maximum difference of measured temperature at any cne sensor,
i Temparature unHormity : The maximum difference of measured temperatures at any sensors and the measured
¥ emperature at the reforence localion which are observed at the same time or a1 as close an absarvation {ime as
5, possible to determine the lemperalure patlern or hemogenaity wilhin the chamber under steady-state conditions.
Overall Variation : The Differance of the maximun and minimum nieasured temperaturas throughout observation.
& UUCY ; Unit Under Calibration

‘ Mote : The reporfed uncertainty of measurement was included stehility and excluded upifermily .

The reported uncarieinty of measurament was based on a standard unceriainty mulliplied by a coverage
actor k, providing a leval of confidence of epproximately 95 %.
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Tufusenanh 15T105/0308

o 474 @ el
TuFuseafosfjifinas
anAgd IR mluwsTelygAnisuasgIuusteni we. 2551
BUBNITETINIUARIEIUNRAS NS gRATNTTY

aanlufusasaduills
P & o ¢ 2 o e ar £ 8w
U3t ghudin wouundad waud BulileSe reudauauy sia

iwewfjifin1magiaii ;
3 YpURANEY 41 BUUAYLTY WUNUNIN WaKTElaU NTIIMNUAS

lafumssusesmuannseiesdfjdimsvaaay
MUNTATTNAAUN 1aN. 17025-2548 (ISO/IEC 17025 : 2005)
tafimuaillivesmiamnsafan juRnsmaaeunasaauiio

VN IEHAYATTIUTESA nREaY 0207

{auiianunnnsTusewnuseasdoauuvingluiuses

sanlh w MUl : 28 fusiou we. 2558
dueny Tufl 27 Aueneu v, 2561

el "o

twewis glve)

aain

wwrimsdineunasgrusdniusignamn s

sanliaiasniioiudl 12 guiow wa. 2550
NFENTNPAAMATIY dninamanasgundndugionamn T

wazndonuiuieluiusssienjidinvagey

# 15T105/0308

Bevioafiiintg : U3 gludin wauundas ueus @udidieTs poudaunu swin
ﬁaej ;@3 SDEALEY 61 ALY WEIURN wAvEslIL AgLTIURS
WHRINIFUTENN  ; weasy 0207
aownmianiiios : Mons Cuessewd O $1em O wiloudt
A IIREaU YNTIMAAIY Tnadeu
awndunden
1.4 twaten) - Heavy metals - In-house method: UAETP.SW.01,
» Copper UAE,TP.GW.01 based on Standard
0.025 mg/L to 20.0 my/L. Methods for the Examination of
« Nicket Water and Wastewater, APHA,
0.050 me/L to 20.0 meg/L AWWA, WEF, 22mi edition, 2012,
« Zine part 3030 E and 31118
0.025 mg/L to 20.0 mg/L
« Chromium
0.050 me/L to 20.0 me/L
» Cadmium
0.010 mg/k to 20.0 mg/L
+ Lead

0.100 me/L to 20.0 mg/L
» Manganese

0.025 me/L to 20.0 me/i.
s Iron

0.050 me/L to 20.0 me/L

-l
atun 4

wih 1/9
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aanli o Tuf 28 furnou e, 2558
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: VimEaw 0207
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0.050 mg/L to 50.0 me/L
*  Nickel

0.100 me/i to 50.0 me/L
» Zinc

0.050 me/L to 50.0 me/L
* Chromium

0.£00 meg/l. to 50,0 mg/t
» Cadmium

0.020 mg/L to 50.0 mg/t
* Lead

0.200 mg/L to 50.0 me/L
+ Manganese

0.050 me/L to 50.0 mg/L
+ [ron

0.100 mg/L to 50.0 me/L

AMWIMINAADU MEMAdEy Feveeou
arndwnedan
21bwaniude - Heavy metals - Inhouse method: UAETP.W.01
{water and wastewater} + Copper based on Standard Metheds for

the Examination of Water and
Wastewater, APHA, AWWA, WEFE,
2™ edition, 2012, part 3030E
and part 3111B

S

|
avun 4

wih 2/9
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sl o Fuil 28 Ausnen w2558
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# 15T105/0308
: viaday 0207

v o wa P o5 A a
gouameienlftiies Bl ey O weranufl O dhesn [ wieoud

. Zinc

0.010 mg/L. to 50.0 mg/L
+  Chromium

0.010 mg/t to 50.0 me/l
* Cadmium

0,010 me/L to 50.0 me/L
v lead

0.010 me/L to 50.0 me/L
+ Manganese

0.010 me/L to 50.0 me/L
* [ron

0.010 me/L. 0 50.0 me/L

- Total suspended solids
5.0 mg/L to 5 000 me/L

grmInagoy FWNINAdBY FBnnasy
aredauondan
2 huasindy (win) - Heavy metals In-house method: UAETP.IW.02
(water and wastewater) + Copper based on Standard Methods for
(cont.) 0.010 mg/L to 50.0 mg/l. the Examination of Water and
s Nickel Wastewater, APHA, AWWA, WEF,
0.010 me/L to 50.0 me/L 22™ edition, 2012, part 3030 F

and part 3120 8

Standard Methods for the
Examination of Water and
Wastewater, APHA, AWWA, WEF,
22™ edition, 2012, part 2560 D

=z

aufl 4
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ANINAAEY FlEmsvAgay Fnmany
audndon
2xhuasidy (e} -CoD - Standerd Methods for the
(water and wastewater) 25.0 mg/L to 20 000 mg/l, Examination of Water and
(cont) Wastewater, APHA, AWWA, WEF,
22" edition, 2012, part 5220 D
- COD - Standard Methods for the
40.0 mg/L to 2 000 mg/L Exarvination of Water and
Wastewater, APHA, AWWA, WEE,
22™ edition, 2012, part 5220 C
- Standard Methods for the
+Bop Examination of Water and
20 I’!'Ig/L to 10 000 mg/l. Xamination o aier an
Wastewater, APHA, AWWA, WEF,
22" edition, 2012, part 5210 8
-pH - Standard Methods for the
2010 120

Examination of Water and
Wastewater, APHA, AWWA, WEF,
23™ adition, 2012, part 4500-H" &
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T

A1UAINAADY FBNISRLDY SEmeaou
ananden
3.us581N7# (armbient) - Total suspended particulate - U5 EPA, Cade of Federal Regulations,
matter < 100 pm 40 CFR chapter I-part 50 appendix 8,
2.0 pg/m’ to 750 pg/m’ revised as of July 1, 2012
“(High-Volurne method)
- Particulate matter < 10 pm - US EPA, Code of Federal Regulations,
2.7 pe/m’ to 300 perm’ 40 CFR chapter -part 50 appendix J,
revised as of July 1, 2012
(High-Volume method)
5]
|
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AVINNRATEY FIBNIVRADY FEvedou
mndanandon
3.u55en9 (Ao} - seduides
. 4 ) - Inhouse method: UAESPNOO1 {part 1)
{ambient} (cont.) * suAuBBuaie fequivalent based on IS0 1996-3 : 2003, YseaA
continuous A-weighted sound aatznssumsiwmdausied atufl 15
pressure level; Laqr) (veel. 2540) (30 fvummIgTUTEA UG
30 _?B(A) to 120dB (A Taodtaly aefudl 12 fheu ma.2540,
» iuosgean (maxdmum sound Usenensueauatat (we, 2540) Fa9
tevel; Lama) Tmwmanaeiude atidl 11 fora
3°odB;A“_.° 12?‘3!3.‘” g W.A.2540 uASUTENIANITNII
seiudn . o,
" et Lﬂ "Tm ML soun ningnsermiuardantaude
4 3 -Amin - w
“ AmuAINATEILAIYRNSs AU osuny
o sefudnaanSufindd N L 3? o .
) Frreduaaitou il Tvgelme v
{percentile sound tevel; Ly
30 dB(A) to 120 dB ()
Lo | w -l -
i 4 w1 6/9 oonlA o1 Yull 28 fiuneu w.A.2558

nIsnIRgRaTMRTIN dinenanasguREniusgeamn Ty

{ambient) (cont.)

ATIMITIRFIY FIWAIRAABY Fovraau
aEedon
Ary3ms (8a) - suduBeasuniu - Inhouse method: UAESPNOOT (part 2)

o szfufesugnviosiinds
< ol
WahduRingf 90 (background
noise level; Lagy)

30 dB(A) to 120 dB (A)

» seAvEswnzlifinssunu
(residuat noise level; Lagy)

30 di{a) to 120 dB {A)

« seAusdotoueiimsunu
(specific noise tevel; Lygy)

30 dB{A) to 120 dB(A}

« sERUMTIUMU

based on 15O 1996-1 : 2003, Uszn#t
FOENTRMTRLOAS IR TR 29
oA 2550) 13m0 Avssiuiflssrunau
avuil 29 fnvien 0,250, Usret
ANZATIUNSEIYAMGATY fioa 3
ArvinsAudniug seivdsenshi
SimsTumn msnriatasi sy
Burvninysunu wasmeimandi
seiumsiuniu kazwuudusinans
arneiadeeTuniu aeiud 31 famny
W.A.2550, WSsinnseRTiagaamng Ty
{we. 2508)  Foe AmumdiseAuiAe
sunau wassedud e Adiaeinnts
Ussnaufamdlssem ne 2508 avudl
27 SuTey WA2548 uar Ussnne
Taaugramnss #01 $3manmede

2 dB{A} to 40 dB(A) seffudsmumy sdudswado 20 il
ua::szﬁ'ur.ﬁsaqaqﬁﬁlﬁﬂ'ﬂnn’rsﬂ's:ﬂﬂu
FamsTssns #2553 aaiuil 20 iy
W,H,2553
v ol £ v o o nr —fz#/
atuf ¢4 Wi 7/9 o8Nl o Ul 28 Aumoy w.A.2558

AssnTgARIN T dinarumspusdndosigravngsy
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U IMIMATeY FIMAREEU Fonezay
AT INARAY TIEMIVAFDY iviadey adwnday
R 6 mza (seawater) - Usamvtavun (totat rmercury} - US EPA Method 245.7, Revision 2.0,
4.1’€u’?'rqmm'lﬁusau - Ao mFeY - Inhouse method: UAESPNOO] {part 3) 0020 g/ to 330 g/l February 2005
iy (aircraft sound) based on : UssmeArsumuRmafY
{vicinity of airport) o seAuGnauAsnansuaznanaiy {n.A. 2556) ‘4’9“,”%”"‘5’1”‘3’“”3"‘%
(day-night average sound level ; Bwamagmluiuige de 2 Bas
Lag) anvindudsemagudmivam
asntedrasnlufuityuoy aedud
30 dB(A) to 120 dB(A 4 ffuengu w.1.2556 waxdssmaAnsy
FURUELA 2540) Jo1 nsAnan
SALAER aeiuRt 11 Faem w2540
Sanmuseneunis - sedudea (sound level) - Ivhouse method: UAESPNOOL {part 4) v .
tworkptace) « swiudyseu (equivalent based om: Ussrrwnsvadafinisuas oonli oy Bl 28 Mo 2558
continuous A-weighted solnd fuasaansany foe winnus avda WA,
pressure level; Lasgy) FeAufiuntingate wesiweianty ’
30 dB(A) to 120 dB(A) mirmaienussiummdew i (e glne)
wiadoenieluaatudizneufians I oy
« seidueguan (raximum sound ey kAT umnnﬁnmsﬁanjiﬁ wrdmsdninmenaTywnadudgnavnsy
level ; Lama) fperuliums w2550 medud 11
30 dBIA) ta 120 dBA) WWAIAY W.A.2550, NATENTI
{nyenyaanssn) dwusnasgrulu
. mMsviviseasatTiRn1sdury
+ sefutdisaragn (minimum sound vreadn erihauniie uasammandon
tevel L) Tunsimnisafuraiou uaadw
30 dB(A) to 120 dB(A)} waniiles ws.2549 aniudl 16 quamits
WAZSAG LA SEMNT SN TRYRA TINS5
. sedudpaeddudings N s mmsmisunsesmniniaaaditu
(percentile sound tevelq) msﬂssnauﬁan‘nﬂmm‘n'mr'x‘uan'fs
30 dB(A) to 120 dBIA) wandealuninim we.2566 adiudl 6
woEAneu W.A.25496
- o o v v ¥ oo, o
aiiudl 4 i 979 gerbiATILsn & uil 12 fguieu e, 2550
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1 {Aldrin Liquid-Liquid Extraction, Gas Chromatographic Method!®
2 | Arsenic 1) Digestion, Hydride Generation/Atomic Absorption
Spectrometric Method!®
2) Digestion, Inductively Coupled Plasma Method™
3 Barlum Digestion, Inductively Coupled Plasma Method™
4 | oBHC tiquid-Liquid Extraction, Gas Chromatographic Method™!
5 | B-8HC Liquid-Liquid Extraction, Gas Chromatographic Method™
6 §SpHC tiquid-Liquid Extraction, Gas Chromatographic Method™
T yBHC Liquid-Liquid Extraction, Gas Chromatographic MethodP!
8 | Biochemical Oxygen 1) 5-Day BOD test, Azide Modification Method™
Demand 2) 5-Day BOD test, Membrane Electrode Method™
9 | Cadmium 1) Digestion, Direct Air-Acetylene Flame Method™
2} Digestion, Elactrothermal Atomic Absorption Spectrometric
Method®!
3} Digestion, Inductively Coupled Plasma Method™
10 | Chemical Oxygen Demand | 1} Clased Reflux, Titrimetric Method™
2} Open Reflux, Titrimetric Method!™
3} Closed Reflux, Colourimetric Method™®
11 | Chlordane Liquid-Liquid Extraction, Gas Chromatographic Method™
12 | Chiorpyrifos Liquid-Liquid Extraction, Gas Chromatographic Method™
13 | Chromium 1) Digestion, Direct Air-Acetylena Flame Method?i
2) Digestion, Electrothermal Atomic Absorption Spectrometric
Method?!
3) Digestion, Inductively Coupled Plasma Method™

/14 Copper...
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14 | Copper 1) Digestion, Direct Air-Acetylene Flame Method!

2} Digestion, Electrothermal Atomic Absorption Spectrometric

Method™

3) Digestien, Inductively Coupled Plasma Methog™!
15 | Cyanide 1) Distittation, Colorimetric Method™

2) Distitiation, ion-Selective Electrode Method®
16 | o,p-DOD Liquid-Liquid Extraction, Gas Chromatographic Method™
17 | o,p-DBE Licuid-Licuid Extraction, Gas Chramatographic Method®
18 | op-0DT Liquid-Liquid Extraction, Gas Chromatographic Method!™
19 | p,p-DDD Liquid-Liquid Extraction, Gas Chromatographic Method!!
20 | p,p-DDE Liquid-Uiquid Extracticn, Gas Chrematographic Method!®
21 | pp-0DT Liquid-Uiquid Extraction, Gas Chromatographic Method®
22 | Disldrin Liquid-Liquid Extraction, Gas Chromatographic Method®®
23 | Dirmethoate Liquid-Licuid Extraction, Gas Chromatographic Method®
24 | Endosulfan | Liquid-Liquid Extraction, Gas Chromatographic Method™
25 | Endosulfan 1 Liquid-Liquid Extraction, Gas Chromatographic Method®™
26 | Endosulfan Sulfate Liquid-Liquid Extraction, Gas Chromatographic Method!™
27 | Endrin Liguid-Liquid Extraction, Gas Chromatographic Method™
28 | Endrin Aldehyde Liquid-Liquid Extraction, Gas Chromatographic Method'®
29 | Endrin Ketone Liquid-Liquid Extraction, Gas Chromatographic Method™
30 | EPN Liguid-Liguid Extraction, Gas Chromatographic Method!
31 | Ethoprophos Liquid-Licuid Extraction, Gas Chrormatographic Maethod™
32 | Formaldehyde Distilttation, Colorimetric Method®
33 | Free Chlorine lodometric Method!
24 | Heptachlor Licuid-Liguid Extraction, Gas Chromatographic Method™
35 | Heptachior Epoxide Liquid-Liquid Extraction, Gas Chromatographic Method™
36 | Hexavalent Chromium 1) Filtration, Colorimetric Method!™

2} Filtration, Extraction, Direct Air-Acetylene Flame Methad™

/37 Lead...
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37 | Lead 1) Digestion, Direct Air-Acetylene Flame Method®
2) Digestion, Electrothermal Atomic Absorption
Spectrometric Method™
3) Digestion, Inductively Coupled Plasma Methad™
38 | Matathion Liquid-Liquid Extraction, Gas Chromatographic Method®
39 | Manganese 1) Digestion, Direct Air-Acetylene Flame Method?!
2) Digestion, Electrothermat Atomic Absorption Spectrometric
Method!
3) Digestion, Inductively Coupled Plasma Method™
40 | Mercuzy Cold Vapor Atomic Absorpticn Spectrometric Method®!
41 | Methamidophos Liquid-Liquid Extraction, Gas Chromatographic Method™
42 | Methidathion Liquid-Liquid Extraction, Gas Chromatographic Method®
43 | Methoxychlor Liquid-Liquid Extraction, Gas Chrormatographic Method™
44 | Methyl Parathion Liquid-Liquid Extraction, Gas Chromatographic Method®
45 | Mevinphos Liguid-Liquid Extraction, Gas Chromatographic Method™
46 | Monocrotophos Ligquid-Liquid Extraction, Gas Chromatographic Method™
a7 | Nickel 1) Digestion, Direct Air-Acetylene Flame Method®
2) Digestion, Electrothermal Atomic Absorption Spectrometric
Method?!
3) Digestion, Inductively Coupled Plasma Method™
48 | Oil and Grease 1) Liquid-Liquid, Partition-Gravimetric Method®
2} Soxhlet Extraction Method™
49 | pH Electrometric Method®
50 | Phenols Distillation, Chloroform Extraction Method®
51 | Phosatone Liguid-Liquid Extraction, Gas Chromatographic Method!™
52 | Profenofos Liquid-Liguid Extraction, Gas Chromatographic Method®!
53 | Selenium 1) Digestion, Hydride Generation/Atomic Absorption
Spectrometric Method™
2) Digestion, Inductively Coupled Plasma Method®
54 | Sulfide Zn$ Precipitation, lodometric Method!®

giinansuaiv
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58

Suspended Sotids
Temperature

Total Dissolved Solids

Total Kjeldzhi Nitrogen

Oried at 103-105 °C®

taboratory and Field Methods?!

1) Dried at 103-105 °C%¥

2} Dried at 180 °C®

Digestion, Distillation, Titrimetric Method®

enTe Qﬂ?«j?p /55 Suspended...

59 | Triazophos Liguid-Liguid Extraction, Gas Chromatographic Method™
60 | Zinc 1) Digestion, Direct Air-Acetylene Flare Method®
2) Digestion, Electrothermat Atomic Absorption Spectrometric
Method™
3) Digestion, Inductively Coupled Plasma Method'®
Ay sfiadrsuaNY 3ehaTwed
1 | Antimony Isokinetic, Digestion, Inductively Coupled Plasma Method!”
2 | Arsenic Isokinetic, Digastion, Hydride Generation/Atomic Absorption
Spectrometric Method™
3 | Carbon Monoxide 1) Bag, Orsat Method™
2) Bag, Non-Dispersive Infrared Methad
4 | Chiorine Absorption, lon Chromatographic Method!™
5 | Copper Isokinetic, Digestion, Direct Air-Acetylene Flame Methog®
6 | Cresal Adsorption, Gas Chromatographic Method™
7 | Dioxins/Furans Isokinetic, Analysis by Accredicted Laboratory!™
8 ! Hydrogen Chloride Absorption, lon Chromatosraphic Method!
9 | Hydrogen Fluoride Absorption, lon Chromatographic Method!®
10 | Hydrogen Sulfide Absorption, lodometric Method™
11 | Lead Isokinetic, Digestion ,Direct Air-Acetytene Flame Method!™
12 | Mercury Isokinetic, Digestion, Cold-Vapor Atomic Absorption
Spectrometric Method!™
13 | Opacity Ringelmann’s Method™
14 | Oxides of Nitrogen Absorption, Phencldisulfonic Acid Methad!

L %a)ﬁ‘j\% /15 Sulfuric...
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15 | Sulfuric Acid Isokinetic, Barium-Thorin Titration Method!”?
16§ Sulfur Dioxide Absarption, Barium-Thorin Titration Method!™
17 | Total Suspended Particulate | Isokinetic, Gravimetric Method!
18 | Xylene 1) Bag, Gas Chromatographic Method®!
2) Adsorption, Gas Chromatographic Method™
MNgUAMATIH Sy 32 18013
Egtat ylinansuaiiu FEhamet
1| Aldrin 1) Waste Extraction, Gas Chromatographic Method®
2} Ultrasonic Extraction, Gas Chromatographic Method'™
2 | Antimony Digestion, Inductively Coupled Plasma Method™™
3 Arsenic 1} Waste Extraction, Digestion, Hydride Generation/Atomic
Absorption Spectrometric Method™!
2) Digestion, Hydride Generation/Atornic Absorption
Spectrometric Method!™!
4 Barium 1) Waste Extraction, Digestion, Inductively Coupled Plasma
Method®!
2) Digestion, Inductively Coupled Plasma Method™
5 Beryllium 1} Waste Extraction, Digestion, Inductively Coupled Plasma
Method®
2} Digestion, Inductively Coupled Plasma Method™
] Cadmium 1) Waste Extraction, Digastion, Direct Air-Acetylene Flame
Method!®!
2) Waste Extraction, Digestion, inductively Coupled Plasma
Method!®
3) Digestion, Direct Alr-Acetylene Flame Method™
4) Digestion, Inductively Coupled Plasma Method'™
7 | Chlordane 1) Waste Extraction, Gas Chromatographic Method®
2) Ultrasonic Extraction, Gas Chromatographic Methodt®

e Q‘%ﬂlﬁ

10

il

12

13

14

15

16

17

Chromium

Cobait

Copper

p,p-0D00

p.p-00E

p.p-DOT

2,40 (24-
Dichlorophenoxyacetic
acid)

Dieldrin

£ndrin

Endrin Ketone

1} Waste Extraction, Digestion, Diract Air-Acetytene Flame
Method®™

2) Digestion, Direct Air-Acetylene Flame Method™®

3) Waste Extraction, Digestion, Inductively Coupled Plasma
Method™

4) Digestion, Inductively Coupled Plasma Method™

1) Waste Extraction, Digestion, Inductively Coupled Plasma
Method!!

2) Digestion, Inductively Coupled Plasma Method!®

1) Waste Extraction, Digestion, Cirect Air-Acetylene Flame
Mathod!

2} Digestion, Direct Air-Acetylene Flame Method™™

3) Waste Extraction, Digestion, Inductively Coupled Plasma
Methodt

4) Digestion, Inductively Coupled Plasma Method!®

1) Waste Extraction, Gas Chromatographic Method!™

2) Ultrasonic Extraction, Gas Chromatographic Method™

1) Waste Extraction, Gas Chromatographic Method™

2) Ultrasonic Extracticn, Gas Chromatographic Method'™

1) Waste Extraction, Gas Chromatographic Method!!

2) Ultrasonic Extraction, Gas Chromatographic Method™

1} Waste Extraction, Gas Chromatographic Method®!

2) Ultrasonic Extraction, Gas Chromatographic Method®™

1) Waste Extraction, Gas Chromatographic Method®
2) Ultrasonic Extraction, Gas Chromatographic Method!™
1) Waste Extraction, Gas Chromatographic Method™
2) Ultrasonic Extraction, Gas Chrarmatographic Method!™
1) Waste Extraction, Gas Chromatographic Method!™
2) Ultrasonic Extraction, Gas Chromatographic Method!™!

/8 Chromium...

/18 Heptachlor...
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20

21

22

23

24

25

Heptachlor

Hexavalent Chromium

Lead

Mercury

Methoxychlor

Molybdenum

Nicketl

PCBs

1} Waste Extraction, Gas Chromatographic Method™

2} Ultrasonic Extraction, Gas Chromatographic Method™

1) Waste Extraction, Digestion, Colorimetric Method®!

2) Digestion, Colorimetric Method™

1) Waste Extraction, Digestion, Diract Air-Acetylene Flame
Method®!

2) Waste Extraction, Digestion, Inductively Coupled Plasma
Method!

3} Digestian, Direct Air-Acetylene Flame Method'™

4} Digestion, Inductively Coupled Plasma Method®

1} Waste Extraction, Digestion, Cold-Vagor Atomic Alsorgtion
Spectrometric Method®

2} Digestion, Cold-Vapor Atomic Absorption Spectrornetric
Method™

3} Thermal Decomposition Amalgamation and Abscrption
Spectrometric Method!

1) Waste Extraction, Gas Chromatographic Method?

2) Ultrasonic Extraction, Gas Chromatographic Method!®

1) Waste Extraction, Digestion, Inductivaly Coupled Plasma
Method!!

2} Digestian, Inductively Coupled Plasma Method™

1} Waste Exiraction, Digestion, Direct Air-Acetylene Flame
Method!

2} Waste Extraction, Digestion, inductively Coupled Plasma
Method®

3} Digestion, Direct Air-Acetylene Flame Method™

4) Digestion, Inductively Coupled Plasma Method™

1} Waste Extraction, Gas Chromatographic Method®

2) Uttrasonic Extraction, Gas Chromatograghic Method®!

YipgIsuany
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28

38

30

31

32

Seleniurmn

Silver

Thallium

Toxaphene

Trichloroethyiene

Vanadium

Zing

1) Waste Extraction, Digestion, Hydride Generation/Atornic
Absorption Spectrometric Method!®
2) Digestion, Hydride Generafion/Atomic Absorption

Spectrometric Method™

—
pand

Waste Extraction, Digestion, Direct Air-Acetylene Flame
Method®
2

Waste Extraction, Digestion, Inductively Coupled Plasma
Method™

3
4
1

-2

Digestion, Direct Air-Acetylene Flame Method!™

=

Digestion, Inductively Coupled Plasma Method®

fo

Waste Extraction, Digestion, Inductively Coupted Plasma

Method"!

2) Digestion, Inductively Coupled Plasma Method™

1) Waste Extraction, Gas Chromatographic tMethod®

2) Ultrasonic Extraction, Gas Chromatographic Method®

1) Waste Extraction, Purge and Trap ,Gas Chromatographic
Method)

2) Purge and Teap, Gas Chromatographic Method®

1) Waste Extraction, Digestion, Inductively Coupled Plasma
Method™

2) Digestion, Inductively Coupled Plasma Method!™!

1) Waste Extraction, Digestion, Direct Air-Acetylene Flame
Method®

2) Waste Extraction, Digestion, Inductively Coupled Plasma
Method®

3) Digestion, Direct Air-Acetylene Flame Method!®

4) Digestion, Inductively Coupled Plasma Method®!
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Wastewater, 22™ Washington, DC : APHA, 2012

4. United States Environmental Protection Agency. Standards of Performance for New
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i Cadmium Isckinetic, Digestion, Direct Air-Acetylene Flame Methad
2 Carbon Monoxide Electrochemical Sensor Method
3 Chromium Isckinetic, Digestion, Direct Air-Acetylene Flame Method
) Cobalt lsckinetic, Digestion, Inductively Coupled Plasma Method
5 Manganese Isokinetic, Digestion, Direct Air-Acetylene Flame Methad
8 Hicket Isckingtic, Digestion, Direct Air-Acetylene Flame Method
7 Selenium Isokinetic, Digestion, Hydride Generation/Atormic
Absorption Spectrometric Method
3 Vanadium isokinetic, Digestion, Inductively Coupled Plasma Method
10ng1381983

United States Environmental Protection Agency. Standard of Performance

far New Stationary Sources. 40 CFR 60, Appendix A, 2011, )M (\(\/
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