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 63 
Foreword 64 
 65 
 66 
 67 
Air filters are widely used in heating, ventilating and air-conditioning applications and play a 68 
significant role in improving the quality of air in terms of particle concentration.  69 
Classification of air filters based on this standard will facilitate engineering personnel to 70 
choose the correct type of filter for particular application.  71 
 72 
The application of air filters can be broadly classified into two types. In the first type, the 73 
applications are sensitive to the performance of air filters for a threshold particle size and 74 
greater. These include several industrial and commercial applications where control on 75 
particles larger than a threshold size is considered important. In the  second type, the 76 
applications are sensitive to the performance of air filters for a threshold particle size and  77 
lower. These include applications concerning general human health and wellness where 78 
control on particles smaller than a threshold size is considered important. These two 79 
applications demand classification systems that address their requirement uniquely. 80 
Irrespective of the application, air filters used to filter out coarse particles need to be classified 81 
separately. For this reason, this standard provides for three unique classification systems.  82 
 83 
The filtering media used in air filters could carry an electric charge that could diminish over 84 
time. As a result, the removal efficiency of filters could reduce with use. This uncertainty 85 
could be addressed by measuring the performance of the air filter after removing the electric 86 
charge on the air filter. This standard specifies the conditioning procedure on the test device 87 
to neutralize the filter. 88 
 89 
Since the test conditions cannot be same as that of the service environment, the performance results 90 
obtained in accordance with this standard cannot by themselves be quantitatively applied to predict 91 
performance in service with regard to efficiency and lifetime.  92 

 93 
In the formulation of this standard, assistance has been derived from the international standards as 94 
listed below. 95 
 96 
 97 
ISO 15957  : 2015  Test dusts for evaluating air cleaning equipment 98 
 99 

ISO 16890 – 1 : 2016 Air  filters  for  general  ventilation- Part  1 : Technical   100 
    specifications,  requirements  and efficiency classification  101 

    system based upon Particulate Matter (PM) 102 
 103 
ISO 16890 - 2 : 2016 Air filter for general ventilation — Part 2 : Measurement of fractional 104 

efficiency and air flow resistance 105 
 106 
ISO 16890 – 3 : 2016 Air filter for general ventilation — Part 3: Determination of the 107 

gravimetric efficiency and the air flow resistance versus the mass of test 108 
dust captured 109 

 110 
ISO 16890 – 4 : 2016 Air filter for general ventilation — Part 4 : Conditioning method to 111 

determine the minimum fractional test efficiency 112 
 113 
ISO 29464 : 2011  Cleaning equipment for air and other gases — Terminology 114 
 115 
ISO 5167 – 1 : 2003  Measurement of fluid flow by means of pressure differential 116 
    devices inserted in circular cross- section conduits running  117 
    full — Part 1: General principles and requirements 118 
 119 
ISO 21501 – 1 : 2009  Determination of particle size distribution — Single   120 
    particle light interaction methods — Part 1: Light scattering  121 
    aerosol spectrometer 122 



 

 

 123 
ISO 21501 – 4 : 2018 Determination of particle size distribution — Single   124 
    particle light-interaction methods — Part 4: Light scattering  125 
    airborne particle counter for clean spaces 126 
 127 
ISO 29463 : 2017  High-efficiency filters and filter media for removing particles in air 128 
 129 

 130 
 131 
 132 
For the purpose of deciding whether a particular requirement of this standard is complied with, the 133 
final value, observed or calculated expressing the result of a test or analysis, shall be rounded off in 134 
accordance with IS 2 : 1960 ‘Rules for rounding off numerical values (revised).’ The number of 135 
significant places retained in the rounded off value should be the same as that of the specified value in 136 
this standard. 137 
 138 
In reporting the result of a test or analysis made in accordance with this standard, if it is to be rounded 139 
off, it shall be done in accordance with IS 2 : 1960 ‘Rules for rounding off numerical-values (revised)’. 140 
 141 
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Section 1 : Scope 185 
 186 
The standard deals with the classification of particulate air filters for general ventilation and air 187 
conditioning purposes and specifies the test equipment, method and calculation used for measuring 188 
the performance of air filters through a laboratory test.  189 

 190 
The standard further deals with the general requirements for reporting and marking of the air 191 
filters. 192 
 193 
This standard is applicable to assess the performance those air filters having an initial particle size 194 
efficiency of < 98% for 0.4 µm particles at air flow rates between 0.25 m3/s to 1.5 m3/s for the 195 
particle sizes between 0.3 µm and 10 µm. 196 
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Section 2 : References 240 
 241 
The standards listed below contain provisions which, through reference in this text constitute 242 
provisions of this standard. At the time of publication, the editions indicated were valid. All 243 
standards are subjected to revision and parties to agreements based on this standard are encouraged 244 
to investigate the possibility of applying the most recent editions of the standard listed below  245 

 246 
 247 
Section 3 : Terminology  248 

 249 
For the purpose of this standard the following definitions shall apply 250 
 251 
Gravimetric retention efficiency (Arrestance) 252 
It is a measure of the ability of a filter to remove mass of the standard test dust from the air passing 253 
through it under given operating conditions. 254 
Note :  This measure is expressed as a weight percentage. 255 
 256 
Initial gravimetric efficiency (Initial arrestance) 257 
It is the ratio of the mass of a standard test dust retained by the filter to the mass of test  dust fed 258 
after the first loading cycle in a filter test. 259 
 260 
Average gravimetric efficiency (Average arrestance) 261 
It is the ratio of the total mass of a standard test dust retained by the filter to the total mass of dust 262 
fed up to final test pressure differential. 263 
 264 

Filter Efficiency 265 
It is the fraction of a challenge contaminant removed by the filter. 266 
 267 

Fractional efficiency 268 
It is the ability of an air filter to remove particles of a specific size or size range. 269 
Note :  The efficiency plotted as a function of particle size gives the particle size efficiency spectrum  270 
 271 
 272 
Minimum fractional test efficiency 273 
Fractional efficiency after applying the conditioning method for discharging the air filter. 274 
Note: Also named as “minimum filter efficiency” or “minimum test efficiency”. 275 
 276 
 277 
Particulate matter efficiency  278 

It is the efficiency of an air filter to reduce the mass concentration of particles with an optical diameter 279 
between 0.3 µm and x µm. 280 
 281 

Test dust capacity 282 
It is the amount of loading dust retained by the filter up to final pressure differential. 283 
Note : Test dust capacity is expressed in grams. 284 
 285 

Loading dust 286 
Synthetic dust formulated specifically for determination of the test dust capacity and arrestance. 287 
of air filters 288 
 289 

Particle size 290 
It is the geometric diameter (equivalent spherical, optical or aerodynamic, depending on context) of the 291 
particles of an aerosol. 292 
 293 

Filter element 294 
It is the structure made of the filtering material, its supports and its interfaces with the filter housing 295 
 296 

Group designation (Filter Classification) 297 
Designation of a group of filters fulfilling certain requirements in the filter classification. 298 



 

 

 299 

Nominal Air flow rate 300 
It is the volume of air (in cubic meter) passing through the filter per second. 301 

 302 
Rated air flow rate 303 
Air flow rate specified by the manufacturer. 304 
 305 

Test air flow rate 306 
Air flow rate used for testing.  307 
 308 

Resistance to airflow 309 
Difference in pressure (measured in Pa) between two points in an airflow system at specified conditions, 310 
especially when measured across the air filter. 311 
 312 

Filter face velocity 313 
Air flow rate divided by the face area. Filter face velocity is expressed in m/s. 314 
 315 
Recommended final resistance to air flow 316 
Maximum operating resistance to air flow (in Pa) of the filter as recommended by the manufacturer. 317 
 318 
Initial resistance to air flow 319 
Resistance to air flow (in Pa) of the clean filter operating at its test air flow rate. 320 
 321 
Final resistance to air flow 322 
Resistance to air flow (measured in Pa) up to which the filtration efficiency is measured to 323 
determine the average arrestance and test dust capacity. 324 
 325 
Particulate matter 326 
Solid and/or liquid particles suspended in ambient air. 327 
 328 
Particulate matter - PM10 329 
Particulate matter which passes through a size-selective inlet with a 50% efficiency cut-off at 10 μm 330 
aerodynamic diameter. 331 
 332 
Particulate matter- PM2.5 333 
Particulate matter which passes through a size-selective inlet with a 50% efficiency cut-off at 2.5 μm 334 
aerodynamic diameter. 335 
 336 

Particulate matter - PM1 337 
Particulate matter which passes through a size-selective inlet with a 50% efficiency cut-off at 1 μm 338 
aerodynamic diameter. 339 
 340 
Liquid phase aerosol 341 

Liquid particles suspended in a gas. 342 

 343 
Solid phase aerosol 344 

Solid particles suspended in a gas. 345 
 346 

Reference aerosol 347 

Defined approved aerosol for test measurement within a specific size range. 348 
 349 

Neutralization 350 
Action of bringing the aerosol to a Boltzmann charge equilibrium distribution with bipolar ions 351 
 352 

Particle counter 353 
Device for detecting and counting numbers of discrete airborne particles present in a sample of air. 354 
 355 
Optical particle counter (OPC) 356 
Particle counter which functions by illuminating airborne particles in a sample flow of air, 357 
converting the scattered light impulses to electrical impulse data capable of analysis to provide data on 358 



 

 

particle population and size distribution 359 
 360 
Sampling air flow 361 
Volumetric flow rate through the particle counting instrument 362 
 363 
Particle size 364 

Geometric diameter (equivalent spherical, optical or aerodynamic, depending on context) of the 365 

particles of an aerosol 366 
 367 
 368 
Particle size distribution 369 
Presentation, in the form of tables, numbers or graphs, of the experimental results obtained using a 370 
method or an apparatus capable of measuring the equivalent diameter of particles in a sample or capable of 371 
giving the proportion of particles for which the equivalent diameter lies between defined limits 372 
 373 
Isokinetic sampling 374 
Technique for air sampling such that the probe inlet air velocity is the same as the velocity of the air 375 
surrounding the sampling point 376 
 377 
Penetration 378 
Ratio of particle count detected downstream versus the particle count upstream 379 

 380 
Correlation ratio 381 
Calculation of any potential bias between the upstream and downstream sampling systems 382 

 383 

HEPA filter 384 
Filters with performance complying with requirements of filter class ISO 35 H to ISO 45 H as per IS 385 
16753 – 1: 2018 386 
 387 
 388 
Reference filter 389 
Primary device possessing accurately known parameters used as a standard for calibrating secondary 390 
devices 391 
 392 
 393 
 394 

 395 
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 397 
 398 

 399 
 400 
 401 
 402 

 403 
 404 
 405 

 406 
 407 
 408 
 409 
 410 

 411 
 412 
 413 
 414 
 415 

 416 
Section  4 : Symbols and abbreviated terms  417 
 418 



 

 

 419 

Ai Initial arrestance, % 

Di Lower limit particle diameter in a size range i, µm 

di+1 Upper limit particle diameter in a size range i, µm 

di
 Geometric mean diameter of a size range i, µm 

Δdi Width of a particle diameter size range i, µm 

Δln di Logarithmic width of a particle diameter size range, i; ln is the natural 
logarithm to the base of e, where e is an irrational and transcendental 
constant approximately equal to 2.718281828 

 

∆ln di  = ln di +1  − ln di  = ln(di +1 / di ) , dimension less 

d50 Median particle size of the log-normal distribution, µm 

Ei Initial fractional efficiency of particle size range, i, of the untreated and 

unloaded filter element, % (equals to the efficiency values Eps of the 

untreated filter element resulting from ISO 16890-2) 

ED,i Fractional efficiency of particle size range, i, of the filter element 
after an artificial conditioning step, % (equals to the efficiency 
values Eps of the filter element resulting from ISO 16890-2 after a 
conditioning step has been carried out according to 
ISO 16890-4) 

EA,i Average fractional efficiency of particle size range i, % 

PMEx, min Minimum efficiency value with x=1 µm, 2,5 µm or 10 µm of the 

conditioned filter element, % 

PMEx Efficiency with x=1 µm, 2,5 µm or 10 µm, % 

q3(d) Discrete particle volume distribution, dimensionless 

Q3(d) Cumulative particle volume distribution, dimensionless 

σg Standard deviation of the log-normal distribution                    

Y Mixing ratio of the bimodal particle size distribution 

ASHRAE American Society of Heating Refrigeration and Air Conditioning 

Engineers 

CEN European Committee for Standardization 

DEHS Di-Ethyl-Hexyl-Sebacate 

KCl Potassium chloride solid phase aerosol 

CV Coefficient of variation 

Δ Standard deviation of the data points 

Mean Mean value of the data points 

Uc,i,ps Upstream correlation count for sample i, and particle size, ps 

Dc,i,ps Downstream correlation count for sample i, and particle size, ps 

UB,b,ps, UB,f,ps Upstream beginning or final background average count at a specific 

particle size, ps 

DB,b,ps, DB,f,ps Downstream beginning or final background average count at a specific 

particle size, ps 

DB,ps Downstream background average count for efficiency sample, i, and for 

particle size, ps 

DB,c,ps Downstream background average count for correlation sample, i, and for 

particle size, ps 

Bb,i,ps, Bf,i,ps Measured beginning or final upstream background count for sample, i, 

and particle size, ps 

db,ps, df,ps Measured beginning or final downstream background count for particle 

size, ps 

UB,ps, UB,c,ps Upstream background average count for efficiency or correlation at a 



 

 

specific particle size, ps 

Ni,ps Measured upstream efficiency count for sample, i, and particle size, ps 

Ui,ps Upstream efficiency average for sample, i, and for particle size, ps 

Utot,ps Sum of the upstream particle counts for particle size, ps 

Di,ps Downstream efficiency average for sample, i, and for particle size, ps 

Ri,ps Correlation ratio for sample, i, and for particle size, ps 

   ps Correlation ratio at a specific particle size, ps 

N Number of samples 

ec,ps 95 % uncertainty of the correlation value at a specific particle size, ps 

St Student’s t distribution variable 

V Number of degrees of freedom for student’s t distribution variable 

Rlcl,ps Lower confidence limit of the correlation ratio at a specific particle size, 

ps 

Rucl,ps Upper confidence limit of the correlation ratio at a specific particle size, 

ps 

δc,ps Standard deviation of the correlation value at a specific particle size, ps 

Uc,tot,ps Sum of the upstream particles sampled during correlation at a specific 

particle size, ps 

Uc,i,ps Correlation particles sampled for sample, i, and for particle size, ps 

P Penetration or the fraction of particulate that penetrates the test device 

Po,ps Observed penetration at a specific particle size, ps 

Pps
 Final penetration at a specific particle size, ps 

Plcl,ps Lower confidence limit of the penetration at a specific particle size, ps 

Pucl,ps Upper confidence limit of the penetration at a specific particle size, ps 

Eps 95 % uncertainty of the penetration value at a specific particle size, ps 

Δps Standard deviation of the penetration value at a specific particle size, ps 

Ei Static or dynamic uncertainty 

Utot,ps Sum of the upstream particles sampled during penetration at a specific 

particle size, ps 

Eps Fractional efficiency at a specific particle size, ps 

CL Concentration limit 

NIST National Institute of Standards and Technology 

PSL Polystyrene latex spheres 

RH Relative humidity, % 

TR Test rig 

A Arrestance, % 

Aj Arrestance in loading phase “j”, % 

Am Average arrestance during test to final resistance to air flow, % 

Mj Mass of dust fed to the filter during loading phase “j”, g 

Mean Mean value 

Md Dust in duct after filter, g 

Mj Mass of dust passing the filter at the dust loading phase “j”, g 

Mtot Cumulative mass of dust fed to filter, g 

m1 Mass of final filter before dust increment, g 

m2 Mass of final filter after dust increment, g 

P Pressure, Pa 

Pa Absolute air pressure upstream of filter, kPa 

 
 



 

 

Psf Air flow meter static pressure, kPa 

Qm Mass flow rate at air flow meter, kg/s 

qV Air flow rate at filter, m3/s 

qVf Air flow rate at air flow meter, m3/s 

T Temperature upstream of filter, °C 

Tf Temperature at air flow meter, °C 

Ρ Air density, kg/m3 

Φ Relative humidity upstream of filter, % 

Δm Dust increment, g 

Δmff Mass gain of final filter, g 

Δp Filter resistance to air flow, Pa 

Δpf Differential pressure used for determination of air flow rate, Pa 

Δp1,20 Filter resistance to air flow at air density 1,20 kg/m3, Pa 

IPA Isopropyl alcohol (isopropanol) 

MSDS Material safety data sheet 
 420 
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Section 5 : Classification system based on removal efficiency of the test device 439 

5.1 – Basis for the Classification system 440 



 

 

This standard specifies three methods for classification of air filters based on the removal efficiency of the 441 

test device. The first method is based on Particle size efficiency (PSE), the second method based on 442 

Particulate matter efficiency (PME) and the third method based on Gravimetric retention efficiency (GRE).  443 

PSE classification groups air filters based on their capability to remove particles of a specified threshold size 444 

and above (subject to a maximum of 10 µm) from the test air. This classification provides the removal 445 

efficiency based on the number concentration of particles of in the specified optical size range.  446 

PME classification groups air filters based on their capability to remove particles of a specified threshold size 447 

and below (subject to a minimum of 0.3 µm) from the test air. This classification provides the removal 448 

efficiency based on the mass concentration of particles in the specified optical size range.   449 

GRE classification groups air filters based on their capability to remove the “Loading dust” from the test air.  450 

For purpose of this standard, both the PME and the PSE consider the removal efficiency of the test device for 451 

particles falling between the range of 0.3 µm and 10 µm. Performance of the test device beyond this range is 452 

out of the scope of this standard. 453 

The user can select one or more of the classifications systems, based on the application needs. 454 

5.2 - Classification system based on PSE 455 

The PSE classification of air filters is based on the average removal efficiency of the test device at three 456 

different particle size threshold – 1 µm, 3 µm and 5 µm. The average removal efficiency is based on the 457 

number concentration of optical sizes of particles.  458 

Table 5.1 459 

Filter group Minimum requirement 
PSE 1 Min PSE 3 Min PSE 5 Min 

IPSE 5 - - ≥ 80% 
IPSE 3 - ≥ 80% - 
 IPSE 1 ≥ 80% - - 

 460 

In the Table 5.1, PSE X Min (where X = 1 µm or 3 µm or 5 µm is the minimum removal efficiency for the particle 461 

size ”X” derived from the “Discharged initial efficiency values”.  462 

Filters classified in accordance to this classification shall be designated as IPSE X (Y%), where “X” is the 463 

designated particle size and “Y” is the average removal efficiency (EA,i), derived from the “Average initial 464 

efficiency curve”, rounded downwards to the nearest multiple of 5 % points. 465 

EA,i = 0.5 * ( Ei + EDi )                                                 (1) 466 

5.3 - Classification system based on PME 467 

The PME classification of air filters is based on the minimum removal efficiency of the test device at three 468 

different particle size threshold – 1 µm, 2.5 µm and 10 µm. The minimum removal efficiency is based on the 469 

mass concentration of optical sizes of particles.  470 

Table 5.2 471 

Filter group Minimum requirement 
PME 1 min PME 2.5 min PME 10 min 

IPME 10 - - ≥ 50% 
IPME 2.5 - ≥ 50% - 
IPME 1 ≥ 50% - - 

 472 

In the Table 5.2, PME X min (where X = 1 µm or 2.5 µm or 10 µm) is the minimum removal efficiency for the 473 

particle size ”X” arrived from the “Discharged initial efficiency values”. 474 



 

 

Filters classified in accordance to this classification, shall be designated as IPME X (Y%), where “X” is the 475 

designated particle size and “Y” is the average removal efficiency (EA,i) from the “Average initial efficiency 476 

curve”, rounded downwards to the nearest multiple of 5 % points. 477 

To evaluate air filters according to their PME, standardized volume distribution functions of the particle 478 

size are used which globally represent the average ambient air are used. This is detailed in Section 5.5 479 

5.4 - Classification system based on GRE 480 

The GRE classification of air filters is based on the overall removal efficiency (also called as the gravimetric 481 

retention efficiency or arrestance) of the test device for the loading test dust (“L2” dust according to ISO 482 

15957) as obtained from the loading test. The overall removal efficiency is calculated based on gravimetric 483 

methods. 484 

Table 5.3 485 

Filter Group Average gravimetric retention 
efficiency for “Loading dust” 

IGRE 1 50% to 65% 

IGRE 2 66% to 80% 

IGRE 3 81% to 90% 

IGRE 4 ≥ 91% 

 486 

Filters classified in accordance to this classification, shall be designated as IGRE X (Y%), where “X” is the 487 

designated “Filter Group” number and “Y” is the overall efficiency derived from the loading test.  488 

 489 

5.5 - Global standardized volume distribution of particles in ambient air 490 

The standard specifies methods for conversion of number concentration efficiency to mass concentration 491 

efficiency by using a global standardized particles volume distribution of ambient air.   492 

Typically, in the size range of interest (>0,3 µm), the particle sizes in ambient air are bimodal l o g  493 
n o r m a l  distributed with a fine mode (A) and coarse mode (B). R e f e r  F i g u r e  5 . 1 .  T h e  494 
d i s t r i b u t i o n s  v a r y  d i s t i n c t l y  f o r  u r b a n  a m b i e n t  a i r  a n d  r u r a l  a m b i e n t  a i r .  W h i l e  i n  495 
u r b a n  a m b i e n t  a i r ,  t h e  F i n e  m o d e  ( A )  i s  p r e d o m i n a n t  t h a n  t h e  C o a r s e  m o d e  ( B ) ,  t h e  496 
o p p o s i t e  i s  t r u e  f o r  r u r a l  a m b i e n t  a i r .  Fine filters, mostly designed to filter out the PM1 and 497 
PM2.5 particle size fractions, are evaluated using a size distribution which represents urban areas, while 498 
coarse filters predominantly designed to filter out the PM10 fraction are evaluated using a size 499 
distribution which represents rural areas. 500 
 501 
NOTE 1: The actual particle size distribution of ambient air depends on many different factors.  Hence, 502 
depending on the location, the season of the year and the weather conditions, the actual measured 503 
particle size distribution may differ significantly from the standardized one given in this part of the 504 
standard. 505 

NOTE 2: The differences between aerodynamic and optical particle diameters are neglected an d  506 
additionally, it is assumed that the particle density is constant across the size range under consideration. 507 

In the Formula 1.1, “f (d,σg ,d5 0)”  represents the lognormal distribution function for one mode – Coarse 508 
(B) or Fine (A) , where,  509 
d is the variable particle size, for which the distribution is calculated,  510 
σg is the standard deviation 511 
and d5 0 is the median particle size for that particular mode, coarse or fine. 512 
 513 

𝑓(𝑑, 𝜎𝑔, 𝑑50) =  
1

ln 𝜎𝑔  . √2𝜋
 . exp[− 

(ln 𝑑 − ln 𝑑50)2

2 . (ln 𝜎𝑔)2
]                           (2) 514 

  515 



 

 

The bimodal distribution is derived by combining the lognormal distributions for the coarse (B) and the 516 

fine (A) mode, weighted with the mixing ratio, y. 517 

 518 

𝑄3(𝑑) =  
𝑑 𝑄3 (𝑑)

𝑑 ln 𝑑
= 𝑦 . 𝑓(, 𝜎𝑔𝐴, 𝑑50𝐴) + (1 − 𝑦). 𝑓(, 𝜎𝑔𝐵, 𝑑50𝐵)                (3) 519 

 520 

where the parameters are defined to the values given in Ta ble 5.4, representing urban and rural areas.  521 
 522 

Table 5.4 523 

 524 

 Urban  Rural  

 q3u (di) 
Mode A Mode B  q3r (di) 

Mode A Mode B  

 Fine Coarse  Fine Coarse  

 d50, u 0.3 μm 10 μm  d50, r 0.25 μm 11 μm  

 σ g ,u 2.2 3.1  σ g ,r 2.2 4  

 yu 0.45  yr 0.18  

         
Figure 5.1 shows a graphical plot of Formula (3) using the parameters given in Table5.4.  525 
 526 

 527 

               528 
              529 

 530 

Figure 5.1 - Discrete and cumulative logarithmic particle volume distribution functions of ambient aerosol as typically found in urban and 531 
rural environments  532 

5.6 – Calculation of Particle Size Efficiencies 533 
 534 
The particle size efficiencies PSE5, PSE3 and PSE1 are calculated from the average fractional efficiencies 535 
EAi ,  536 
 537 

𝑃𝑆𝐸 5 = (∑ 𝐸𝐴,𝑖 ) /𝑛𝑛
𝑖=1         ; (5µ𝑚 <  𝑑𝑖 <  5.5 µ𝑚) 𝑎𝑛𝑑 (𝑑𝑖 + 𝑛 =  10µ𝑚)  (4) 538 

𝑃𝑆𝐸 3 = (∑ 𝐸𝐴,𝑖 ) /𝑛𝑛
𝑖=1            ; (3µ𝑚 <  𝑑𝑖 <  3.5 µ𝑚) 𝑎𝑛𝑑 (𝑑𝑖 + 𝑛 =  10µ𝑚)  (5) 539 

𝑃𝑆𝐸 1 = (∑ 𝐸𝐴,𝑖 ) /𝑛𝑛
𝑖=1          ; (1µ𝑚 <  𝑑𝑖 <  1.5 µ𝑚 𝑎𝑛𝑑 𝑑𝑖 + 𝑛 =  10µ𝑚)  (6) 540 

 541 
The minimum particle size efficiencies PSE5min, PSE3min and PSE1min are calculated from the 542 
Discharged fractional efficiencies E D i   543 

__________logarithmic distribution 

_ _ _ _ _ _ _ logarithmic distribution (cumulative) 



 

 

 544 
𝑃𝑆𝐸 5𝑚𝑖𝑛 = (∑ 𝐸𝐷,𝑖 ) /𝑛𝑛

𝑖=1         ;   (5µ𝑚 <  𝑑𝑖 <  5.5 µ𝑚) 𝑎𝑛𝑑 (𝑑𝑖 + 𝑛 =  10µ𝑚)  (7) 545 

𝑃𝑆𝐸 3𝑚𝑖𝑛 = (∑ 𝐸𝐷,𝑖 ) /𝑛𝑛
𝑖=1          ; (3µ𝑚 <  𝑑𝑖 <  3.5 µ𝑚 𝑎𝑛𝑑 𝑑𝑖 + 𝑛 =  10µ𝑚)   (8) 546 

𝑃𝑆𝐸 1𝑚𝑖𝑛 = (∑ 𝐸𝐷,𝑖 ) /𝑛𝑛
𝑖=1         ; (1µ𝑚 <  𝑑𝑖 <  1.5 µ𝑚 𝑎𝑛𝑑 𝑑𝑖 + 𝑛 =  10µ𝑚)   (9) 547 

 548 
 549 
5.7 - Calculation of Particulate Matter Efficiencies 550 
 551 
The particulate matter efficiencies PME10, PME2.5 and PME1 are calculated from the average fractional 552 
efficiencies EA,i, and the standardized particle size distribution  553 
 554 

𝑃𝑀𝐸 1 =  ∑ 𝐸𝐴,𝑖. 𝑞3𝑢(�̅�𝑖). ∆ ln 𝑑𝑖 / ∑ 𝑞3𝑢(�̅�𝑖). ∆𝑙𝑛𝑑𝑖
𝑛
𝑖=1

𝑛
𝑖=1  (𝑢𝑟𝑏𝑎𝑛 𝑠𝑖𝑧𝑒 𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛)  (10) 555 

𝑃𝑀𝐸 2.5 =  ∑ 𝐸𝐴,𝑖. 𝑞3𝑢(�̅�𝑖). ∆ ln 𝑑𝑖 / ∑ 𝑞3𝑢(�̅�𝑖). ∆𝑙𝑛𝑑𝑖
𝑛
𝑖=1

𝑛
𝑖=1  (𝑢𝑟𝑏𝑎𝑛 𝑠𝑖𝑧𝑒 𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛) (11)               556 

𝑃𝑀𝐸 10 =  ∑ 𝐸𝐴,𝑖. 𝑞3𝑟(�̅�𝑖). ∆ ln 𝑑𝑖 / ∑ 𝑞3𝑟(�̅�𝑖). ∆𝑙𝑛𝑑𝑖
𝑛
𝑖=1

𝑛
𝑖=1  (𝑟𝑢𝑟𝑎𝑙 𝑠𝑖𝑧𝑒 𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛)  (12) 557 

𝑤ℎ𝑒𝑟𝑒 �̅�𝑖 =  √𝑑𝑖  . 𝑑𝑖+1 𝑖𝑠 𝑡ℎ𝑒 𝑔𝑒𝑜𝑚𝑒𝑡𝑟𝑖𝑐 𝑚𝑒𝑎𝑛 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑎𝑛𝑑 ∆ ln 𝑑𝑖 = ln 𝑑𝑖+1 − ln 𝑑𝑖 = ln(
𝑑𝑖+1

𝑑𝑖
⁄ ) 558 

 559 
In Formula (10,11 &12), i is the number of the channel (size range) of the particle counter under 560 

consideration and n is the number of the channel (size range) which includes the particle size, x (dn < x ≤ 561 

dn+1), where x = 10 µm for PME10, x = 2.5 µm for PME2.5 and x = 1 µm for PME1. To determine the efficiency 562 

PME 1, the upper limit of the largest channel considered in Formula (10) shall be equal to 1 µm (dn+1 = 1 563 

µm). To determine the efficiency PME 2.5 it shall not be larger than 3.0 µm (dn+1 ≤ 3.0 µm), as considered in 564 

Formula (11). To determine the efficiency, PME10, the upper limit of the largest channel considered in 565 

Formula (12) shall be equal to 10 µm (dn+1 = 10 µm). The lower size limit of the smallest channel of the 566 

particle counter taken into account for the calculation of the efficiency values, PME X shall be equal to 0.3 µm 567 

(dn = 0.3 µm). The minimum number of channels considered 3 for PME 1 (n ≥ 3), 6 for PME2.5 (n ≥ 6) and 9 568 

for PME 10 (n ≥ 9). In any case, all channels used shall be adjacent not missing out or overlapping any particle 569 

size in-between. 570 

Additionally, the minimum efficiencies, PME 2.5, min and PME 1, min are defined by Formula (13).  571 

𝑃𝑀𝐸 𝑋𝑚𝑖𝑛 =  ∑ 𝐸𝐷,𝑖. 𝑞3𝑢(�̅�𝑖). ∆ ln 𝑑𝑖/ ∑ 𝑞3𝑢(�̅�𝑖).  ∆𝑙𝑛 𝑑𝑖
𝑛
𝑖=1

𝑛
𝑖=1      (13) 572 

 573 
As an example, Ta ble 5.5 gives the values of the standardized proportion by volume, q3, calculated using 574 
Formula (3) for the particle counter channels recommended by this standard. 575 
 576 

Table 5.5 577 

Optical particle diameter in µm Discrete particle volume distribution  

di di+1 
𝑑�̅�

=  √𝑑𝑖 . 𝑑𝑖+1  
 ∆ ln 𝑑𝑖 = ln (

𝑑𝑖+1
𝑑𝑖

⁄ ) 
Urban  

𝑞3𝑢(�̅�𝑖)  
 Rural 

𝑞3𝑟(�̅�𝑖) 

0.30 0.40 0.35 0.29 0.22627 0.09412 

0.40 0.55 0.47 0.32 0.19891 0.08395 

0.55 0.70 0.62 0.24 0.15837 0.07432 

0.70 1.00 0.84 0.36 0.11522 0.07014 

1.00 1.30 1.14 0.26 0.08503 0.07628 

1.30 1.60 1.44 0.21 0.07618 0.08833 

1.60 2.20 1.88 0.32 0.08022 0.10804 



 

 

2.20 3.00 2.57 0.31 0.09984 0.13726 

3.00 4.00 3.46 0.29 0.12688 0.16708 

4.00 5.50 4.69 0.32 0.15556 0.19542 

5.50 7.00 6.20 0.24 0.17757 0.21671 

7.00 10.00 8.37 0.36 0.19157 0.23143 

 578 

Section 6 : Technical specifications and requirements 579 

6.1 – Concept of the test method 580 

The concept of this test method will be that the test device will be mounted in a test set up, through 581 

which the test air is passed at a defined volumetric flow rate and challenged with a combination of poly 582 

dispersed aerosols to evaluate the various performance metrics of the test device. The test device is 583 

then conditioned to remove the presence of any static electric charge on the test device and the 584 

performance of the test device is evaluated once again. 585 

After running through the test procedure mentioned in Section 7.0, using the recommended test 586 

arrangement as mentioned in Section 6.2 and 6.3, the following performance metrics can be measured 587 

/ calculated. 588 

1) Resistance offered by the test device as a function of the volumetric flow.  589 
2) Initial Fractional efficiency of the un-conditioned and unloaded test device for the different 590 

particle sizes in the test aerosol in the size range between 0.3 and 10 µm. 591 
3) Initial Fractional efficiency of the conditioned and unloaded test device for the different particle 592 

sizes in the test aerosol in the size range between 0.3 and 10 µm. 593 
4) Gravimetric retention efficiency for the test dust. 594 
5) Test dust holding capacity. 595 
6) Resistance offered by the test device as a function of test dust loading.  596 

 597 

6.2 – Test setup and components 598 

6.2.1 – Test set up general requirements 599 

The entire test setup shall be designed and installed in a way that will be free from undesirable air leaks 600 

or bypass within and/or outside the test setup.  601 

The test setup may be constructed out of non-shedding and non-porous materials, that have a smooth 602 

surface and are rigid enough to retain its mechanical shape and dimensions and withstand the 603 

conditions encountered during the entire testing process. 604 

The test setup shall have suitable arrangements to install the test device in accordance to 605 

manufacturer’s recommendations, so as to avoid all possibilities of the test air bypassing the test device. 606 

The test set up shall draw the test air from the lab environment and discharge back into the lab 607 

environment. It is suggested that adequate filtered outdoor air can be added to the lab environment in 608 

view of indoor air quality requirements.  609 

The lab environment shall be maintained at a temperature of 23 ± 5 °C and a relative humidity of 45 ± 610 
10%. The temperature measurement device used shall be accurate to within ±1 °C and the relative 611 

humidity measurement device used shall be accurate to within ±2 %.  612 

The particulate cleanliness of the lab shall be such that it shall  meet with ISO Class 8 in at “Operational 613 

condition” for 0.5 µm particles in accordance to ISO 14644-1:2015. The lab shall be maintained at a 614 

Negative pressure of a minimum 5 Pa with respect to the unconditioned corridor. It is suggested to have 615 

an ante room to the lab room with interlocked doors in order to avoid loss of negative pressure during 616 

door openings. 617 



 

 

6.2.2 – Test set up components 618 

The entire test arrangement consists of the following sections: 619 

1) Test air supply 620 

2) Test aerosol and test dust - generation and injection 621 

3) Aerosol sampling, transport and measurement 622 

4) Test device holder and transitions 623 

5) Flow measurement 624 

6) Resistance measurement 625 
 626 

A schematic test arrangement is shown in Figure 6.1.  627 

 628 

Figure 6.1 – Schematic of test arrangement 629 

 630 

6.2.3 – Test duct 631 

The test duct shall have a rectangular cross section with nominal inner dimensions of 610 x 610 mm. 632 

This is applicable to all parts of the test duct excepting test device holder, transitions, bends etc. The 633 
test duct can be constructed in separate sections and fastened together. The joints between the sections 634 

shall be smooth (void of projections to the interior surface of the test duct) and suitably sealed to avoid 635 

air and aerosol leaks into the test lab. The length of each section of the test duct shall be as shown in 636 

the Figure 6.1.  637 

The test duct shall be constructed out an electrically conducting material and each section of the duct 638 

shall be electrically grounded to enable dissipation of static charge build up. 639 



 

 

The test duct shall be a “U” shaped duct or a straight (inline) duct. When a “U” shaped duct is chosen, it 640 

may be installed such that upstream side arm and the downstream side arm can be in “side by side” 641 

configuration or in “above and below” configurations.  642 

Inspection windows or view panels at key positions, made of transparent materials, shall be used to 643 

facilitate visual monitoring of the test progress and for maintenance.  644 

During the test dust loading cycle (as in gravimetric retention efficiency measurement and for test dust 645 

holding capacity measurement), it is likely that there might be settlement of the test dust on the floor 646 

of the test duct. Suitable leak free hatches, shall be provided in the upstream and downstream sampling 647 

sections of the test duct to facilitate manual collection of the settled test dust from the duct floor after 648 

the completion of the loading cycle. A wander lead with a compressed air connection shall be provided 649 

in the upstream sampling section of the test duct for re-entraining the settled dust during the test dust 650 

loading cycle. 651 

The test rig shall be designed such that the test duct will be operated in a pressure positive to the 652 

ambient lab pressure.  653 

The test duct shall be installed in such a way that it shall be free of vibrations from the lab floor as well 654 

from the fan. 655 

 656 

6.2.4 – Test air supply  657 

6.2.4.1 – Blower Assembly 658 

The motor blower assembly shall be selected so as to meet a maximum flow rate of 5100 m3/hr at the 659 

fully loaded condition of the test device. The motor blower assembly shall be mounted on vibration 660 

isolators and have a flexible connection at the fan discharge in order to reduce transmission of 661 

vibrations to the test duct. The selection of the blower type is discretionary. 662 

6.2.4.2 – Diffusers and flow straighteners 663 

The discharge end of the fan shall have suitable blast reducers to reduce the impact of the high velocity 664 

draft from the blower discharge. This shall be followed by a perforated diffusio n plate with 40 to 50% 665 

opening area to improve the flow uniformity in the test duct. 666 

6.2.4.3 – Volumetric flow rate adjustment  667 

The suction side of the blower shall be provided with mechanical flow control devices. Additionally, the 668 

blower motor shall have suitable speed control devices to enable fine adjustment of volumetric flow 669 

from the fan.  670 

6.2.4.4 – Air filtration for the test air 671 

The blower unit shall have a set of Coarse filters on the suction side of the fan as the test air is drawn 672 

from the lab environment. A HEPA filter shall be provided on the discharge side of the blower to provide 673 

clean air into the test duct. An additional HEPA filter at the discharge end of the test duct upstream of 674 

the flow measuring device, ensures that the test aerosols are prevented from entering the lab 675 

environment. 676 

6.2.5 – Test aerosol and test dust generation and injection 677 

6.2.5.1 – Test aerosol 678 

This test method uses poly dispersed challenge aerosol to measure the fractional efficiency of the test 679 

device. The use of a combination of solid phase aerosol and a liquid phase aerosol is adopted to achieve 680 

a particle size distribution in the range of 0.3 µm to 10 µm in the challenge aerosol. The test aerosol is 681 

injected at the centre point of the duct cross sectional area in a direction that opposes the air flow direction 682 

in the test duct. 683 

6.2.5.2 - Liquid aerosol generation and injection 684 



 

 

The liquid phase aerosol is used for measuring the filtration performance of the test device for particles 685 

ranging from 0.3 µm to 1 µm. This standard recommends the use of Di Ethyl Hexyl Sebacate (C26H50O4), 686 

more commonly known as DEHS for liquid aerosol generation.  (Note: CAS No. of DEHS is 122-62-3). The 687 

test aerosol shall consist of untreated and undiluted DEHS, or other liquid phase aerosols with similar 688 

characteristics. Figure 6.2 gives an example of a system for generating the aerosol. It consists of a 689 

container with DEHS liquid and a Laskin nozzle. The aerosol is generated by feeding compressed, particle-690 

free air through the Laskin nozzle. The atomized droplets are then directly introduced into the test rig. 691 

The pressure and air flow to the nozzle are varied according to the test flow and the required aerosol 692 

concentration. For a test air flow rate of 3 4 0 0  m 3 / H r , the n o z z l e  pressure is about 17 kPa, 693 

corresponding to a compressed air flow of about 1.4 m 3 / H r  through the nozzle. Before testing, it is 694 

necessary to regulate the upstream concentration to reach steady-state and to have a concentration below 695 

the coincidence level of the OPC. 696 

 697 

Figure 6.2 – Liquid phase aerosol generator 698 

6.2.5.3 – Solid aerosol generation and injection 699 

The solid phase aerosol is used for measuring the filtration performance of the test device for particle sizes 700 
ranging from 1.0 µm to 10.0 µm. This standard specifies the use of Potassium chloride (KCl) aerosol 701 
for the solid phase challenge. The KCl test aerosol shall be poly-disperse solid-phase (dry) KCl particles 702 
generated from an aqueous solution. For example, a KCl solution can be prepared by combining 120 g of 703 
reagent grade KCl with 1 litre of reagent grade distilled water.  (Note CAS No. for Potassium chloride is 7447-704 
40-7).  705 
 706 
The solid phase test aerosol generator shall be assembled as illustrated in Figure 6.3. The aerosol 707 

generator shall be so adjusted to provide a stable test aerosol of sufficient concentration without 708 

overloading the OPC. 709 

The nozzle is positioned at the top of a 305 mm diameter, 1300 mm high transparent acrylic spray 710 
tower. The tall tower serves two purposes: it allows the KCl droplets to dry by providing an approximately 711 
40 s mean residence time and it allows larger-sized particles to fall out of the aerosol. The solution is fed to 712 
the atomizing nozzle at around 1.2 ml/min by a metering pump. Varying the operating air pressure of the 713 
generator and the solution flow rate allows control of the challenge aerosol concentration. To neutralize the 714 
aerosol, the aerosol shall be brought to a Boltzmann electrostatic charge distribution (the average 715 
charge found in ambient air) by using a Corona discharge ionizer with a minimum corona current of 3 716 
µA and shall be balanced to provide equal amounts of positive and negative ions.   717 



 

 

 718 

Figure 6.3 – Solid phase test aerosol generator 719 

The aerosol thus generated, is injected into the test duct upstream of the upstream mixing orifice,  where 720 

it is mixed uniformly with the test air and challenged onto the test device.  721 

6.2.5.4 - Challenge aerosol concentration 722 

The aerosol concentration on the upstream section of the duct should be below the coincidence limit of 723 

the OPC used. Usage of diluters is not recommended.  724 

6.2.5.5 – Test dust  725 

A test dust, also called as the Synthetic loading dust is required for determining the gravimetric 726 

retention efficiency and for calculating the test dust holding capacity of the test device. This test dust 727 

shall be a “L2” synthetic loading dust as specified in ISO 15957 : 2015.  728 

 729 

6.2.5.6 – Test dust generation and injection 730 

A test dust feeder is used to aerosolize the synthetic loading dust and feed it into the test duct at 731 
constant rate in order to provide a coarse particle challenge to the test device. The general design of the 732 
dust feeder and its critical dimensions are given in Figure 6 . 4  and Figure 6.5. The dust feeder shall be 733 
so adjusted to provide a loading dust mass concentration of 140 ± 10%  mg/m3 in the test duct over the 734 
entire duration of the loading cycle. The compressed air supplied to the feeder shall be c lean, oil-free 735 
air with a dew point no higher than 1.7 °C and shall  be adjusted to  achieve a  flow rate of  24.  ± 736 
0.7 m 3/Hr.  The dust feeder shall have facility of variable speed for the paddle wheel drive in order to 737 
adjust and achieve the required dust concentration in the test air. Backflow of air through the pickup 738 
tube from the positive duct pressure shall be prevented when the feeder is not in use. The dust injection 739 
nozzle shall be positioned as shown in the Figure 6.1 and be collinear with the duct centre line.  740 
 741 
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 765 

Figure 6.4 – General design of dust feeder 766 

 767 
 768 

 769 

 770 
 771 

Figure 6.5 - General design of dust feeder 772 

 773 

 774 

 775 

 776 

6.2.5.7 – Mixing orifice & perforated diffusion plate 777 



 

 

The mixing orifice and the perforated diffusion plate ensures effective and uniform mixing of the 778 

aerosol in the test air. There shall be two such systems, one upstream and the other downstream of the 779 

test device.  780 

The downstream mixing orifice and diffusion plate shall be installed only for measurement of fractional 781 

efficiency and should be removed during the dust loading cycle.  (During the dust loading cycle, the final 782 

filter will occupy its position)  783 

The upstream mixing orifice and diffusion plate shall  be in position during the dust loading cycle as 784 

well as during fractional efficiency measurement. 785 

Figure 6.6 shows details of the mixing orifice and diffusion plate arrangement.  786 

 787 

Figure 6.6 -Mixing orifice and diffusion plate 788 

6.2.6 – Aerosol sampling, transport and measurement 789 

Aerosol sampling and transport shall be done in such a way that the sampled air will be a true 790 

representative of the air in the test duct and that there shall be no loss or addition of particles to the 791 

sampled air while it is transported for measurement. The measurement of particle concentration will 792 

be done by using “light scattering optical particle counters” in number concentration per unit volume 793 

of the sampled air. 794 

6.2.6.1 – Aerosol sampling 795 

Aerosol sampling heads for both upstream and downstream samples shall be tapered, sharp edged 796 

sampling heads designed for iso kinetic sampling within a 10% tolerance at test air flow. Th e sampling 797 

heads shall be installed at the centre of the duct cross section and shall point tow ards the air flow.  798 

6.2.6.2 – Aerosol transport 799 

The upstream and downstream sampling lines shall be made of electrically conducting rigid metallic 800 

tubing that have smooth internal surfaces. The tubes shall be made with smooth radius bends and they 801 

shall be electrically grounded. They shall be secured in such a way that they may not move or vibrate 802 

during the testing process. The upstream and downstream sampling lines shall be identical in length, 803 

diameter, bends. Short length of electrically dissipative, flexible tubing can be used to make the final 804 

connection to the OPC.  805 

In order to reduce particle losses in aerosol transport lines, the use of primary and secondary aerosol 806 

transport & sampling technique is advisable. The primary system uses an independent auxiliary pump 807 

to isokinetically aspirate the primary air from the test duct. The vacuum pump of the OPC is  then used 808 

to isokinetically sample the secondary air from the primary air. This is applicable for both upstream 809 

and downstream sampling.  810 



 

 

Figure 6.7 provides a schematic arrangement of aerosol sampling, transport and measurement by this 811 

method. The valves shown in the aerosol transport section shall be of straight through design to 812 

minimise impaction loses.  813 

Note : Between each upstream and downstream readings a Clean mode sampling should be done using 814 

the HEPA filter connected to the 3 way valve.  815 

 816 

 817 

Figure 6.7 - Schematic arrangement of aerosol sampling, transport and measurement method 818 

 819 

6.2.6.3 – Aerosol diluters 820 

The use of Diluters to reduce the particle concentration in the upstream duct is not recommended. 821 

Hence the aerosol concentration in the test air should be below the coincidence loss limit of the OPC. 822 

6.2.6.4 – Aerosol measurement 823 

Optical particle counters (OPC) also called as Discreet particle counters, employing a light scattering 824 

principle, having a minimum size threshold of 0.3 µm and a maximum size threshold of 10 µm shall be 825 

used to measure the upstream and downstream particle number concentration. The OPC shall have a 826 

minimum count efficiency of 50% for 0.3 µm particle measurement. The calibration of the particle 827 

counters shall be performed in accordance with ISO 21501-4 using NIST traceable Poly styrene latex 828 

spheres. The recommended boundaries for the OPC particle size channels are shown in Table 6.1. 829 

Table 6.1 – Recommended size channels for OPC 830 

 
Size 

range 

 

Lower limit 

µm 

 

Upper limit 

µm 

Geometric mean 
particle size 

µm 

1 0.30 0.40 0.35 

2 0.40 0.55 0.47 

3 0.55 0.70 0.62 

4 0.70 1.00 0.84 

5 1.00 1.30 1.14 

6 1.30 1.60 1.44 

7 1.60 2.20 1.88 

8 2.20 3.00 2.57 

Primary air 

8 

7 

Isokinetic 
sampling of 

secondary 

air from 

primary air 



 

 

9 3.00 4.00 3.46 

10 4.00 5.50 4.69 

11 5.50 7.00 6.20 

12 7.00 10.0 8.37 

 831 

It is advisable to use an OPC with the size boundaries as shown in Table 6.1 to calculate the fractional 832 

efficiency of the test device.  833 

Alternatively, this standard allows the use of an OPC with size boundaries as shown in Table 6.2. In such 834 

a case, it is necessary to mathematically arrive at the fractional efficiency values for the 12 particle sizes 835 

(Geometric mean sizes) mentioned in Table 6.1 from the fractional efficiency data points obtained from 836 

the OPC having reduced size channels mentioned in Table 6.2. This shall be done by arriving at a curve 837 

fit equation from the fractional efficiency data points obtained from the OPC having reduced size 838 

channels mentioned in Table 6.2 and calculating the fractional efficiencies for the 12 particle sizes 839 

(Geometric mean sizes) mentioned in Table 6.1. It shall however be ensured that the Coefficient of 840 
determination value (R2) of the curve fit shall be above 0.95. This shall be applicable for computation 841 

of both the unconditioned and discharged efficiencies.  This procedure is illustrated in Annexure # of 842 

this standard.  843 

Table 6.2 – Recommended size channels for OPC with reduced number of size channels 844 

Size range Lower limit Upper limit Geometric mean particle size 

1 0.3 0.5 0.39 

2 0.5 1 0.71 

3 1 3 1.73 

 4 3 5 3.87 

5 5 10 7.07 

 845 

 It is recommended to use a single particle counter with switchable valves for measuring the upstream 846 

and downstream concentrations. However, when two particle counters are used, one for upstream 847 

concentration measurement and the other for the downstream concentration measurement, it is 848 

advisable to use OPCs of identical make and models and specifications and the usage of valves will not 849 

be needed in this case. 850 

OPCs should be so chosen that their coincidence limit should be above the upstream aerosol 851 

concentration likely to be encountered during the testing process. 852 

6.2.7 – Test device holder and transitions 853 

The standard test device holder should be capable of accommodating a standard test device having face 854 

dimensions of 610 x 610 mm. The holding arrangement of the test device must be designed  in 855 

accordance to the test device manufacturer’s recommendations or acceptance so that there is zero 856 

possibility for the test air bypassing the test device.  857 

Test devices having face area from 60% to 150% of the standard face dimensions can also be tested in 858 

accordance to this standard by using transitions. Transitions (reducers or enlargers), when used should 859 

have a transition angle of not more than 7°. Transitions can also be used to accommodate test devices 860 

that have asymmetrical face dimensions. 861 

When the size of the test device is less than 60% of the face area of the standard test device, suitable 862 

arrangements can be made to the test device holder to accommodate a bank of more than one test 863 

device.   864 



 

 

 865 

Figure 6.8 – Test device holder 866 

 867 

6.2.8 - Test duct volumetric flow measurement  868 

The test device shall be tested at its nominal air flow rate for which the filter has been designed by the 869 
manufacturer. This standard is applicable for flow rate range between 850 m3/Hr and 5100 m3/Hr. If the 870 
manufacturer does not specify a nominal air flow rate, the filter shall be tested at 3400 m3/Hr. The flow 871 
measuring instrument shall be in compliance with ISO 5167 – 1 : 2003, reaffirmed 2014. 872 
 873 
6.2.9 - Test device Resistance measurement device 874 

The resistance to air flow for  the  test  device (pressure differential across the test  devic e ) is 875 
recorded at the test air flow rate. Measurements of resistance to air flow shall be taken between the 876 
static taps located in the test rig wall. Each measuring point shall comprise four interconnected static 877 
pressure taps equally distributed around the periphery of the test rig cross section. Figure 6.9 shows 878 
a static pressure tap. The static taps shall be provided at a distance of 150 mm from the 879 
test device on both upstream and downstream sides.  880 
The pressure measuring equipment shall be capable of measuring pressure differences with an accuracy 881 
of ±2 Pa in the range of 0 Pa to 70 Pa. Above 70 Pa the accuracy shall be ±3 % of the measured value. 882 

 883 

Figure 6.9 – Test Resistance measurement device 884 

 885 

6.2.10 – Final Filter 886 

The final filter is used to determine the gravimetric retention efficiency of the test device. The final 887 

filter captures any test dust that has penetrated through the test device. The final filter shall hav e a 888 



 

 

retention efficiency of ≥98% for the test dust used. It is installed in place of the downstream mixing 889 

orifice when loading dust is injected. The design of this filter is discretionary.  890 

6.2.11 – Weight measurement  891 

In order to determine the gravimetric efficiency and the test dust holding capacity of the test device it 892 

is necessary to weigh the Final filter as well as the test dust. Precision weighing scales shall be used for 893 

this purpose. The Final filter shall be weighed to an accuracy of 0.5 g and the test dust shall be weighed 894 

to an accuracy of 0.1 g. 895 

 896 

6.3 - Test set up and components for Conditioning procedure 897 

6.3.1 – Conditioning procedure - General 898 

The Conditioning procedure is used to discharge the filter to determine the fractional efficiency of the test 899 

device that is purely based on mechanical filtration, devoid of the effect of any electrostatic charge that the 900 

media may hold. The methodology adopted in the conditioning procedure is to expose the test device 901 

(especially the filtration media) to a vapour of Iso propyl alcohol (IPA) in a conditioning cabinet for a 902 

stipulated amount of time. The conditioning procedure may cause degradation to certain types of filters. If 903 

the degradation results in a visual, physical change or a resistance to airflow change of more than 10 % 904 

(subject to a minimum 10 Pa), the filter cannot be tested and classified in accordance with this standard. 905 

 906 

6.3.2 – Conditioning material 907 

The active material for the conditioning step to discharge the filter media is isopropyl alcohol (IPA, 908 

commonly known as isopropanol or 2-propanol, chemical formula: C3H8O) having a purity of 99.5% and 909 

above.  (Note CAS No. of IPA is 67-63-0). 910 

The IPA l i q u i d  is placed inside the conditioning cabinet to evaporate until the equilibrium of IPA vapour in 911 

ambient air inside the conditioning cabinet is reached.  912 

 913 
 914 
6.3.4 - Conditioning cabinet  915 

The conditioning cabinet shall consist of a filter holding chamber and a n  I P A  h o l d i n g  c h a m b e r .  916 

The two chambers may have separate doors for service. The filter holding chamber shall allow the 917 

installation of a full-sized filter (the test device) in a way that the filter does not touch the walls of the 918 

conditioning cabinet and allows air / vapour to pass around freely by diffusion. T h e  I P A  h o l d i n g  919 

c h a m b e r  s h a l l  h a v e  m u l t i p l e  t r a y s  f o r  h o l d i n g  t h e  I P A  l i q u i d .  There shall be an air 920 

passage between the IPA holding chamber and the filter holding chamber. I t  is  necessary to have 921 

suitable  arrangements  in the conditioning cabinet  so that  test devices with non-rigid, self-922 

supporting structures, like bag filters, are installed in a way that exposes the full media surface to the air / 923 

vapour mixture. 924 

 925 

The conditioning cabinet shall be made of stainless or galvanized steel. The construction design of the 926 

conditioning cabinet is discretionary. Figure 6.10 shows a suggested method for constructing the 927 

conditioning cabinet. 928 

 929 

The IPA liquid trays shall be so sized that they should be hold a minimum of 1 litre of the IPA liquid in total 930 

and offer at least 1 m² free surface area for IPA evaporation in total.  931 

 932 



 

 

The conditioning cabinet shall be so constructed in such a way that the ambient lab air will not come in 933 

contact with the IPA vapour during the conditioning process. This is achieved by having a leak tight cabinet 934 

construction. 935 

 936 

 937 

 938 

 939 

 940 

 941 

 942 

 943 

 944 

 945 

 946 

Figure 6.10 – Conditioning cabinet 947 

 948 

6.3.4 – Lab environment for conditioning procedure and safety precautions 949 

The conditioning procedure room shall be a separate room adjacent to the main test lab. The room shall be 950 

controlled at a temperature of 25 ± 5 °C, with a relative humidity of 40 ± 20 %. The temperature 951 

measurement device shall be accurate to within ±1 °C (1.8 °F). The relative humidity measurement device 952 

shall be accurate to within ±2 %.  953 

It is suggested to install exhaust fans in the conditioning procedure room to exhaust out the residual IPA 954 

vapour after the completion of the procedure.   955 

It is to be noted that this conditioning procedure requires the use of reagents known to pose health hazard 956 

reagents. Suitable safety and health precautions in accordance with the Material Safety Data sheets are needed 957 

during the use of these reagents. 958 

 959 
 960 
 961 
 962 
 963 
 964 
 965 
 966 
 967 
 968 
 969 
 970 
 971 
 972 
 973 
 974 
 975 
 976 



 

 

 977 

Section 7 : Test methods and procedures 978 

 979 
7.1 – General 980 
 981 
This section shall deal with the  982 

1. Qualification tests for the test apparatus,  983 
2. The test methods and measurements 984 
3. Data reduction and calculations 985 

 986 
7.2 – Qualification of test apparatus 987 
 988 
Apparatus qualification tests shall verify quantitatively that the test rig and sampling procedures are 989 
capable of providing reliable measurements. Full system qualification testing shall take place every two 990 
years or sooner if any change is made to the system that may alter performance, such as changing a major 991 
component of the system. The qualification tests be performed in the order listed in Table 7.1. A change to 992 
the system requiring requalification would include, but is not limited to, changing the blower, 993 
reconfiguring the test rig dimensions, changing the locations of the OPC, generators, etc. The test rig 994 
owner / operator shall always have a qualification testing report available, documenting the results of the 995 
latest qualification testing. 996 
 997 

Table 7.1 - Qualification testing requirements 998 

 

 

Qualification testing 

Sub 
clause 
Ref No. 

 

 

Requirement 

Test rig — Pressure system testing 7.3.1 No change in Pa 
 

OPC — Air flow rate stability test 
7.3.2 < 5 % of the set sample air flow rate 

< 2 % between U/S and D/S 

OPC — Zero test 7.3.3 < 10 counts per minute from 0.30 µm to 10.0 
µm OPC — Sizing accuracy 7.3.4 Relative to the max in the appropriate 
channel OPC — Overload test 7.3.5 No predetermined level 

Aerosol generator — Response time 7.3.6 No predetermined level 

 999 
 

 

Qualification testing 

Sub 
clause 
Ref No 

 

 

Require
ment 

Aerosol neutralizer — Corona discharge current 7.3.7 ≥3 µA 

Aerosol neutralizer — Corona discharge bal- 
anced output 

7.3.7  

As close as possible a reading of zero 

Test rig — Air leakage test 7.3.8 <1 % 

Test rig — Air velocity uniformity 7.3.9 CV < 10 % 

Test rig — Aerosol uniformity 7.3.10 CV < 15 % 

Test rig — Downstream mixing 7.3.11 CV < 10 % 

Test rig — Empty test device section pressure 7.3.12 <5 Pa (0.02 inch H2O) 

Test rig — 100 % efficiency test 7.3.13 >99 % for all particle sizes 
 

 

Test rig — Correlation ratio 

 
  7.3.14 
 

0.30 µm to 1.0 µm: 0.90 to 1.10 

1.0 µm to 3.0 µm: 0.80 to 1.20 

3.0 µm to 10.0 µm: 0.70 to 1.30 

 1000 
 1001 
 1002 
 1003 
 1004 



 

 

7.3 – Qualification testing for the test apparatus 1005 
 1006 
7.3.1 – Test rig - Pressure system test 1007 
 1008 
The pressure system test is to verify the lines, connectors and equipment used to measure pressure in the 1009 
test rig do not significantly affect the accuracy of the measurements of air flow rate or resistance to air 1010 
flow. 1011 
 1012 
The test shall be made by calibrated pressure measuring devices or by the system described in Figure 7.1. 1013 
Carefully seal the pressure sample points in the test rig to be able to withstand a negative pressure of 1014 
5000 Pa (20 inches H2O). Disconnect the pressure sensor(s) and apply the negative pressure to each 1015 
individual sample line until all sample pressure lines have been tested. For each pressure sensor connected 1016 
to the system, apply the maximum pressure allowed by the manufacturer to the sensor. This test shall be 1017 
carried out sequentially on all pressure lines attached to the test rig. 1018 
 1019 
For each sample line or sensor port, after 30 s of testing there shall be no change in the pressure from the 1020 
applied pressure value. 1021 

 1022 
 1023 
 1024 
 1025 
 1026 
 1027 
 1028 
 1029 
 1030 
 1031 
 1032 
 1033 
 1034 

 1035 

Figure 7.1 – Schematic of pressure system test 1036 

 1037 
 1038 
7.3.2 – OPC - Air flow stability test 1039 
 1040 
The OPC air flow stability test ensures that the sampling flow rate from the test rig as well as into the OPC 1041 
on both the upstream and the downstream sides will remain stable during the fractional efficiency test.  1042 
 1043 
Install a very high resistance to air flow filtration device or a perforated plate which generates a 1044 
minimum of 1000 Pa (4.0 inches H2O) resistance to air flow between the upstream particle sampling 1045 
location and the downstream particle sampling location at an air flow rate of 0.944 m3/s (2000 ft3/min). 1046 
Measure the sampled air flow rate from the test rig at both the upstream and downstream sampling 1047 
locations. If using a secondary sampling system, both the air flow from the test rig and the air flow to 1048 
the OPC shall be individually verified. Measure the sampled air flow rate through the OPC by either 1049 
measuring the exhaust or the inlet air flow at both the upstream and downstream sampling locations. 1050 
 1051 
The air flow rate from the test rig at the upstream and downstream sampling locations shall be within 5 1052 
% of the set sample air flow rate. The difference between the sample air flow rate from the test rig for the 1053 
upstream and downstream sample lines shall not exceed 2 %. 1054 
 1055 
The air flow rate of the OPC using upstream and downstream sampling points shall be within 5 % of the 1056 
instrument’s specified air flow rate. The difference between the sample air flow rate into the OPC from the 1057 
upstream and downstream sample lines shall not exceed 2 %. 1058 
 1059 

 1060 
7.3.3 – OPC - Zero count test  1061 
 1062 
The OPC zero test is done to ensure that the OPC is not contaminated with aerosols and is free of defects that would 1063 
result in the OPC giving spurious and false measurements during the fractional efficiency test. 1064 
 1065 
For each OPC on the system, install a minimum HEPA level efficiency filter directly to the instrument’s 1066 



 

 

inlet and run a 1 min count.  1067 
 1068 
The zero count of the OPC(s) shall be verified to be < 10 total counts per minute in the 0.30 µm to 10.0 µm 1069 
size range. 1070 
 1071 
 1072 
7.3.4 – OPC - Sizing accuracy test 1073 
 1074 
The OPC sizing accuracy test is performed to ensure that the OPC is sensitive to the entire spectrum of aerosol 1075 
sizes that it would be exposed to during the fractional efficiency measurement test. 1076 
 1077 
The sizing accuracy of the OPC(s) shall be checked by sampling an aerosol containing monodisperse 1078 
polystyrene spheres (PSL) of known particle size. Checks with PSL particles at the low and the high end 1079 
of the OPC’s particle size range are essential.  1080 
 1081 
A relative maximum particle count shall appear in the OPC sizing channel that encompasses the PSL 1082 
particle diameter. This result is not intended to be an OPC calibration, but simply a sizing accuracy 1083 
check of the OPC. 1084 

 1085 
 1086 
7.3.5 – OPC - Overload test 1087 
 1088 
The OPC overload test determines the maximum aerosol concentration at which the measurements remain 1089 
unaffected due to the coincidence loss of the OPC. 1090 
 1091 
A series of initial fractional efficiency tests shall be performed over a range of challenge aerosol 1092 
concentration to determine a total concentration level for the fractional efficiency test that does not 1093 
overload the OPC(s). If the upstream concentration in the test rig cannot be reduced, a dilution system may 1094 
be used to reduce the aerosol concentrations below the OPC´s concentration limit. The lowest total 1095 
concentration level shall be less than 1 % of the instrument’s stated total concentration limit. The tests shall 1096 
be performed on a media-type air cleaner using a range of upstream aerosol concentrations. The tests shall 1097 
be performed at 0.944 m3/s (2 000 ft3/min). The filters selected for this test shall have an initial fractional 1098 
efficiency in the range of 30 % to 70 % as measured by the 0.30 μm to 0.40 μm particle size range and >90 1099 
% for the 7.0 μm to 10 μm particle size range. The aerosol for these tests shall be generated using the same 1100 
system as that for the fractional efficiency test. 1101 
 1102 
The tests shall be performed over a sufficient range of total aerosol challenge concentrations to 1103 
demonstrate that the OPC is not overloaded at the intended test concentration. The measured filtration 1104 
efficiencies should be equal over the concentration range where overloading is not significant. The 1105 
maximum aerosol concentration used in the tests shall be kept sufficiently below the rated coincidence 1106 
limit of the OPC, so that the counting error resulting from coincidence loss does not exceed 5 % 1107 
 1108 
7.3.6 - Aerosol generator response time test 1109 
 1110 
The Aerosol generator response time test determines the amount of time delay needed for the test rig 1111 
to reach a steady- state condition prior to beginning the upstream/downstream sampling sequence 1112 
during the filter testing. This is applicable to both turning ON and turning OFF operations of the aerosol 1113 
generator. 1114 
 1115 
Measure the time interval for the aerosol concentration to go from background level to steady-state 1116 
test level. The test shall be performed at an air flow rate of 0.944 m3/s (2 000 ft3/min) with the OPC 1117 
sampling from the upstream probe. Similarly, measure the time interval for the aerosol to return to 1118 
background level after turning off the generator. Use the OPC t o  find the aerosol generator response 1119 
times for the liquid phase aerosol generator and the solid phase aerosol generator. 1120 
 1121 
The response time recorded shall be used to fix the time delay required between two successive steps in 1122 
the fractional efficiency measurement test procedure.  1123 

 1124 
 1125 
 1126 

 1127 
7.3.7 - Aerosol neutralizer effectiveness test 1128 



 

 

 1129 
The Aerosol neutralizer effectiveness test is to ensure that the aerosol neutralizer is capable of 1130 
neutralizing the electrostatic charge on the solid aerosol generated by the KCl generator.  1131 
 1132 
The aerosol neutralizer current for corona discharge devices shall be measured as part of qualification 1133 
and as part of each test. The minimum corona current shall be 3 µA. The neutralizer output shall be checked 1134 
for balance at a minimum of every two weeks. To check for balance, remove the neutralizer from the spray 1135 
tower, but leave it attached to the drying air source. Support neutralizer 300 mm from any object except 1136 
for a small support arm that is on the side or rear of the neutralizer. Start drying air flow 1.9 dm3/s (4 1137 
ft3/min). Hold a  static voltmeter 305 mm (12.0 inch) in front of the neutralizer in the centre of the air 1138 
stream exiting the neutralizer. If the positive and negative outputs are user-adjustable, adjust the positive 1139 
and negative output to obtain as close as possible a reading of zero. Then, repeat the measurement of 1140 
corona discharge current and confirm that the minimum corona current specified is still achieved. The 1141 
corona discharge points shall be inspected at a minimum of every two weeks and cleaned if needed. 1142 

 1143 
7.3.8 – Test rig - Air leakage test 1144 

 1145 
The test rig air leakage test measures the leak tightness of the fully assembled and functional test duct.  1146 
 1147 
The test rig shall be sealed at the beginning of the 610 mm × 610 mm (24.0 inch × 24.0 inch) section 1148 
and immediately upstream of the exhaust filter bank by attaching a gasketed solid plate to the test rig 1149 
opening or other appropriate means. To establish the pressure for the leak test, the pressure at the 1150 
aerosol injection location shall be measured with the test rig operating at air flow rates of 0.236 m3/s, 1151 
0.944 m3/s and 1.416 m3/s (500 ft3/min, 2000 ft3/min, and 3000 ft3/min) without a test device 1152 
installed. To determine the test pressures, add 250 Pa (1.0 inch H2O) to the measured pressures to 1153 
account for the added resistance of an air cleaner. 1154 
 1155 
Carefully measure the amount of air entering into the test rig. The air flow rate required to maintain 1156 
the pressure at a constant value shall be measured and recorded as the leak rate, and the test shall 1157 
then be repeated for the other two test pressures. The measured leak rates shall not exceed 1.0 % of 1158 
the corresponding test air flow rate. The highest pressure anticipated by this is 3200 Pa (13 inches 1159 
H2O). The user should exercise caution and should not pressurize the test rig beyond its design limit 1160 
for personal safety. 1161 
 1162 
7.3.9 – Test rig - Air uniformity test 1163 

 1164 
The test rig air velocity uniformity test determines the uniformity of air flow across the cross section 1165 
of the test duct. 1166 

 1167 
The uniformity of the tes t  air velocity across the test rig cross section shall be determined by a nine-1168 
point traverse (Figure 7.2) in the 610 mm × 610 mm (24,0 inch × 24,0 inch) test rig immediately upstream 1169 
of the test device section without any test device installed in the test device section. The uniformity 1170 
test shall be performed at air flow rates of 0.236 m3/s, 0.944 m3/s and 1.416 m3/s (500 ft3/min, 2000 1171 
ft3/min, and 3000 ft3/min). The velocity measurements shall be made with an instrument having a 1172 
minimum accuracy of 10 % with a minimum resolution of 0.05 m/s (10 ft/min). 1173 
 1174 
A one-minute average velocity shall be recorded at each grid point (Figure 7.2). The average shall be 1175 
based on at least 10 readings taken at equal intervals during the one-minute period. The traverse shall 1176 
then be repeated two more times to provide triplicate one-minute averages at each point for the given air 1177 
flow rate. The average of the triplicate readings at each point shall be computed. 1178 
 1179 
The CV (where CV is the coefficient of variation, computed as the standard deviation divided by the mean) 1180 
of the nine corresponding averaged grid point air velocity values shall be less than 10 % at each air flow 1181 
rate. 1182 
 1183 
 1184 
 1185 



 

 

 1186 
 1187 
 1188 
 1189 
 1190 
 1191 
 1192 
 1193 
 1194 
 1195 
 1196 
 1197 
 1198 
 1199 
 1200 
 1201 
 1202 
 1203 
 1204 
 1205 
 1206 

Figure 7.2 – Grid points for velocity measurement for air velocity uniformity test 1207 

 1208 
7.3.10 - Test rig - Aerosol uniformity test 1209 
 1210 
The test rig aerosol uniformity test determines the uniformity of aerosol concentration across the 1211 
cross section of the test duct. 1212 

 1213 
The uniformity of the challenge aerosol concentration across the test rig cross section shall be 1214 
determined by a nine-point traverse in the 610 mm × 610 mm (24.0 inch × 24.0 inch) test rig immediately 1215 
upstream of the test device location using the grid points as shown in Figure 7.3. The traverse 1216 
measurements shall be performed at air flow rates of 0.236 m3/s, 0.944 m3/s and 1.416 m3/s (500 ft3/min, 1217 
2000 ft3/min, and 3000 ft3/min). The traverse shall be made by repositioning a single probe to maintain 1218 
the same sample line configuration for each of the nine grid points. The inlet nozzle of the sample probe 1219 
shall be a tapered sharp-edged sample probe and meet the requirements of isokinetic sampling at 0.944 1220 
m3/s (2000 ft3/min). This same inlet nozzle diameter shall be used at all air flow rates. 1221 
 1222 
A minimum of a one-minute sample shall be taken at each grid point with the aerosol generator 1223 
operating. After sampling all nine points, the traverse shall be repeated four more times to provide a 1224 
total of five samples from each point. The five values for each point shall then be averaged for each of the 1225 
OPC size channels. The number of particles counted in a specified size range in a single measurement 1226 
shall be >100 in order to reduce the statistical error. Both the solid and liquid aerosols shall meet this 1227 
qualification requirement. 1228 
 1229 
The CV of the corresponding nine grid point particle concentrations shall be less than 15 % for each air 1230 
flow rate in each of the OPC size channels. The coefficient of variation CV shall be calculated for each 1231 
particle size range at each flow as follows: 1232 
 1233 
 1234 

𝐶𝑉𝑝𝑠 =  
𝛿𝑝𝑠

𝑚𝑒𝑎𝑛𝑝𝑠
                                                                                                                                                     (14) 1235 

Where  1236 

𝛿𝑝𝑠 𝑖𝑠 𝑡ℎ𝑒 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑛𝑖𝑛𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑖𝑛𝑔 𝑝𝑜𝑖𝑛𝑡𝑠 𝑓𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑠𝑖𝑧𝑒 𝑟𝑎𝑛𝑔𝑒, 𝑝𝑠; 1237 

                𝑚𝑒𝑎𝑛𝑝𝑠 𝑖𝑠 𝑡ℎ𝑒 𝑚𝑒𝑎𝑛 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑛𝑖𝑛𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑖𝑛𝑔 𝑝𝑜𝑖𝑛𝑡𝑠 𝑓𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑠𝑖𝑧𝑒 𝑟𝑎𝑛𝑔𝑒, 𝑝𝑠; 1238 

 1239 
 1240 
 1241 
 1242 
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Figure 7.3 – Grid points for particle concentration measurement for aerosol uniformity test 1261 

 1262 
 1263 
7.3.11 - Test rig - Downstream mixing effectiveness test 1264 
 1265 
The Test rig downstream mixing effectiveness test is performed to ensure that aerosol that penetrates the 1266 
air cleaner (media or frame) is detectable by the downstream sampler. 1267 
 1268 
The point of aerosol injection immediately downstream of the test device section shall be traversed 1269 
using the grid points as shown in Figure 7.4. The downstream sampling probe shall remain stationary in its 1270 
normal centre of test rig sampling location. A HEPA filter with face dimensions of 610 mm × 610 mm (24.0 1271 
inch × 24.0 inch) shall be installed to obtain smooth air flow at the outlet of the test device section. 1272 
 1273 
The downstream mixing measurements shall be performed at air flow rates of 0.236 m3/s and 0.944 m3/s  1274 
(500 ft3/min and 2000 ft3/min). An aerosol nebulizer (The nebulizer can be of user discretionary design 1275 
and not necessarily the aerosol generator used for fractional efficiency test. A small hand-held nebulizer 1276 
facilitates the traversing process) shall nebulize a KCl/water solution (prepared using a ratio of 300 g 1277 
of KCl to 1000 ml water) into an aerosol of primarily sub micrometer sizes. A rigid extension tube 1278 
with a length sufficient to reach each of the injection points shall be affixed to the nebulizer outlet. A 1279 
90° bend shall be placed at the outlet of the tube to allow injection of the aerosol in the direction of the 1280 
air flow. The injection probe shall point downstream. The aerosol shall be injected immediately 1281 
downstream within 250 mm (10.0 inch) of the HEPA filter at preselected points located around the 1282 
perimeter of the test rig and at the centre of the test rig as indicated in Figure 7.4. The flow rate through the 1283 
nebulizer and the diameter of the injection tube outlet shall be adjusted to provide an injection air velocity 1284 
within ±50 % of the mean test rig velocity. The downstream aerosol concentration shall be measured as 1285 
total aerosol concentration >0.30 µm. 1286 
 1287 
A one-minute sample from the downstream probe shall be acquired with the nebulizer operating and the 1288 
injection tube positioned at the first injection grid point. The injection point shall then be moved to the 1289 
next grid point location. A new one-minute sample shall be obtained after waiting at least 30 s. The 1290 
procedure shall be repeated until all nine grid points have been sampled two more times to provide 1291 
triplicate measurements at each grid point for the given air flow rate. The average of the triplicate 1292 
readings at each point shall be computed. 1293 
 1294 
The CV of the corresponding nine grid point particle concentrations shall be less than 10 % for each air 1295 
flow rate in each of the OPC particle size ranges. The coefficient of variation CV shall be calculated for 1296 
each particle size range at each flow as follows: 1297 
 1298 

𝐶𝑉𝑝𝑠 =  
𝛿𝑝𝑠

𝑚𝑒𝑎𝑛𝑝𝑠
                                                                                                                                                     (15) 1299 

Where  1300 

𝛿𝑝𝑠 𝑖𝑠 𝑡ℎ𝑒 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑛𝑖𝑛𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑖𝑛𝑔 𝑝𝑜𝑖𝑛𝑡𝑠 𝑓𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑠𝑖𝑧𝑒 𝑟𝑎𝑛𝑔𝑒, 𝑝𝑠; 1301 



 

 

                𝑚𝑒𝑎𝑛𝑝𝑠 𝑖𝑠 𝑡ℎ𝑒 𝑚𝑒𝑎𝑛 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑛𝑖𝑛𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑖𝑛𝑔 𝑝𝑜𝑖𝑛𝑡𝑠 𝑓𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑠𝑖𝑧𝑒 𝑟𝑎𝑛𝑔𝑒, 𝑝𝑠; 1302 
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Figure 7.4 – Grid points of aerosol injection for downstream mixing effectiveness test 1320 

 1321 
7.3.12 - Test rig - Empty test device section pressure difference test 1322 

 1323 
The test rig empty test device section pressure difference test measures the pressure difference across 1324 
this section in the absence of the test device and to ensure that it is minimal. This pressure difference will 1325 
not include any filter mounting hardware which may be used to hold the filter in a normal installation of the 1326 
test device. 1327 
 1328 
Set the test rig air flow rate to 0.944 m3/s (2000 ft3/min) with no test device in the test device section. 1329 
Record the resistance to air flow of the empty test device section. 1330 

 1331 
The measured resistance to air flow across the empty test device section shall be less than 5 Pa (0.02 inch 1332 
H2O).  1333 
 1334 
 1335 
7. 3. 13  -  Test rig - 100 % efficiency and purge time test 1336 
 1337 
The Test rig 100% efficiency and purge time test ensures that the test rig and sampling system 1338 
are capable of providing a 100 % efficiency measurement. In addition, this test assesses the adequacy of 1339 
the aerosol generator response time and pro vi des  a  m et r i c  fo r  s et t i ng  u p  the  time required 1340 
between subsequent upstream and downstream sample measurements.  1341 
 1342 
An initial fractional efficiency test shall be performed using a filter element with an efficiency of at least 1343 
that of a HEPA filter (according to IS 16753-1) as the test device. The test procedures for determination 1344 
of fractional efficiency shall be followed and the test shall be performed at an air flow rate of 0.944 m3/s 1345 
(2000 ft3/min). 1346 
 1347 
The fractional efficiency shall be greater than 99 % for all particle sizes. 1348 
 1349 
One parameter affecting the efficiency during the 100 % efficiency test is the purge time. The purge 1350 
time is too short if, after switching from the upstream to the downstream line, residual particles from the 1351 
upstream sample are counted during the downstream sampling and yield an efficiency of <99 %. In this 1352 
case, the purge time shall be increased and the 100 % efficiency test repeated. Determine an acceptable 1353 
purge time to meet this test requirement and double the time needed as a safety factor. Use this as the test 1354 
purge time. 1355 
 1356 
7.3.14 – Test rig - Correlation test  1357 
 1358 
The Test rig correlation test establishes the similarity in particle sampling, transport and 1359 
measurement at the upstream and the downstream sides.  1360 
 1361 
The correlation ratio test shall be performed without a test device in place to check the adequacy of the 1362 
overall test rig, sampling, measurement and aerosol generator. 1363 



 

 

 1364 
The test shall be performed as a normal fractional efficiency test but with no test device installed. The 1365 
test air flow rate shall be 0.944 m3/s (2000 ft3/min).  1366 
 1367 
Correlation ratio (R), for a given particle size is calculated as the ratio of downstream counts over upstream 1368 

counts. 1369 

The correlation ratio for each particle size shall meet the data quality requirements mentioned in 1370 
7.5.3.7. 1371 

 1372 
 1373 
7.3.15 - Test rig - Background count test 1374 
 1375 
The Test rig background count test measures the availability of residual particles in the test system 1376 
when the aerosol generators are not functioning. Test rig background counts are part of the normal 1377 
fractional efficiency testing process. Regular monitoring of these results enable the test rig owner / 1378 
operator to find potential issues with the system before they become a problem. 1379 
 1380 
Background counts are required to be measured for Correlation ratio test as well as the Fractional efficiency 1381 
test. The background counts for each particle size shall be less than 5% of the average upstream particle 1382 
measurement made during the test.  1383 
 1384 
 1385 

7. 3.16 - Test rig – Reference filter test 1386 
 1387 
For each test rig, a minimum of three identical reference filters shall be maintained by the testing 1388 
facility solely for initial fractional efficiency and resistance to air f low testing,  which are to be 1389 
carried out  on a biweekly basis. The reference filter shall be of structurally stable design. The 1390 
fractional efficiency of the reference filters shall be < 35 % i n  t h e  particle size range of 0.30 µm to 0.40 1391 
µm, > 50 % in the p a r t i c l e  s i z e  r a n g e  of 0.7 µm to 3.0 µm and be > 70 % in the particle  size 1392 
range of 7.0 µm to 10.0 µm. The three reference filters shall be labelled as “primary,” “secondary” and 1393 
“reserve.” These reference filters shall remain protected when not in use and stored in a safe place from 1394 
potential damage. 1395 
 1396 
The “primary” reference filter shall be tested at an air flow rate of 0.944 m3/s (2000 ft3/min) for 1397 
fractional efficiency and resistance to air  f low once e very two weeks. If the fractional efficiency 1398 
values shift by >5 percentage points ( n o t  5 % )  for any of the particle sizing channels, the 1399 
“secondary” reference filter shall be tested. If both the primary and secondary reference filters show 1400 
shifts >5 percentage points for any of the particle sizing channels, system maintenance shall be performed 1401 
as needed (e.g. clean sample lines, recalibrate the OPC, etc.) to restore the reference filter fractional 1402 
efficiency test to a <5 percentage point shift. The “reserve” reference filter shall be used if either the 1403 
primary or secondary reference filter becomes unusable (e.g. damaged). 1404 
 1405 
The measured resistance to air flow across the reference filter shall be within 10 % of the reference value for 1406 
that reference filter.  1407 
 1408 
Immediately after recalibration of the OPC(s), the reference filters s h a l l  b e  r e t e s t e d  (or a new 1409 
set of reference filters provided) to establish new fractional efficiency and resistance to air flow reference 1410 
values. 1411 
 1412 

When either the primary or secondary reference filter shows a shift >5 percentage points for any of the 1413 
particle size ranges and the secondary or reserve reference filter does not show the shift, the primary and 1414 
/ or secondary reference filter shall be replaced with an identical filter or filters, if available, or a new 1415 
set of identical reference filters shall be obtained. 1416 
 1417 
 1418 
7. 3. 17  -  Test  rig  –  P ressur e reference test  1419 
 1420 
The Test rig pressure reference test ensures that the test apparatus is reliable in measuring the 1421 
resistance offered by the test device to air flow.  1422 
 1423 
The resistance to air flow o f  a perforated plate (or other reference) having known resistance to air flow 1424 



 

 

values at a minimum of four air flow rate data points between 0.472 m3/s (1 000 ft3/min) and 1.416 m3/s 1425 
(3000 ft3/min) shall be used as a resistance to air flow reference. It is recommended to use a test device 1426 
with stable resistance to air flow over repeated use as the pressure reference device. 1427 
 1428 
7.3.18 - Test rig – Final filter Efficiency and resistance test 1429 
 1430 

The Test rig final filter efficiency and resistance test ensures that the final filter used for the loading test is 1431 

in good condition. 1432 

 1433 

Weigh the final filter to the nearest 0.1 g and install it in the test duct without the test device installed. The 1434 

final filter shall then be challenged with 100 g of loading dust. Remove and weigh the filter. Its weight 1435 

increase shall be within 2 g of 100 g. 1436 
 1437 
The final filter should be checked on a monthly basis at a typical air flow rate of 0.944 m3/s (2000 ft3/min) 1438 
and the resistance to air flow should not exceed 500 Pa (2.0 inch H2O). If the resistance to air flow exceeds 1439 
this level, the final filter should be replaced. 1440 

 1441 

7.3.19 – Dust feeder air flow rate test 1442 
 1443 
The purpose of this test is to verify that the air flow rate for the dust feeder which will ensure delivery of the 1444 
loading duct into a pressurised duct. 1445 

 1446 

The aspirator Venturi is subject to wear from the dust and compressed air and will thereby become enlarged. 1447 

It is therefore important to periodically monitor the air flow rate from the dust feeder. The flow shall be (6.8 1448 

± 0,2) dm3/s (14.4 cfm ± 0.4 cfm) while maintaining the static pressures to (0.0 ± 0,1) Pa. The required gauge 1449 

pressure on the ejector tube supply line necessary to provide this air flow at discharge duct pressures of at 1450 

least 300 Pa (1.2 inch H2O) above ambient pressure shall be determined using the test device shown in Figure 1451 

7.5. 1452 

 1453 

 1454 

 1455 

 1456 

 1457 

 1458 

 1459 

 1460 

 1461 

 1462 

 1463 

 1464 
Figure 7.5 – Setup to determine the 1465 gauge pressure of ejector tube supply line  

 1466 
7.3.20 - Conditioning cabinet leak tightness test 1467 

 1468 
Air tightness of the conditioning cabinet shall be checked by a leakage test on a regular basis, equivalent to 1469 
the leak test described for the test duct. The seal of the cabinet shall be qualified by subjecting the cabinet to an 1470 
applied overpressure of 200 Pa and the pressure shall not drop more than 30 Pa in 1 min.  1471 
 1472 
 1473 

 1474 

 1475 

 1476 

 1477 

 1478 



 

 

7.4 - Maintenance 1479 

 1480 

7.4.1 – General 1481 

Apparatus maintenance testing gives the user a way to check the system on a regular basis and keep it 1482 
in good operating order. A recommended maintenance schedule is shown in Ta ble 7.2.  1483 
 1484 
 1485 

Table 7.2 - Maintenance Schedule 1486 

 1487 
 

 

Maintenance items 

Subclause 
Ref No. 

 

 
Each 
test 

 
Two 

weeks 

 

 

Monthly 

 
Six 

months 

 

 

Yearly 

Test rig — Correlation ratio  X     

Test rig — Empty test device section pressure  X     

Test rig — Background counts  X     

OPC — Zero count test  X     

OPC — Sizing accuracy     X  

Test rig — Reference filter test    X   

Test rig — Pressure reference test    X   

Test rig — 100 % efficiency test    X   

Test rig — Final filter resistance    X   

Test rig — Pressure system testing     X  

Aerosol generator — Response time     X  

OPC — Calibration      X 

Pressure sensors — Calibration      X 

Temperature, RH — Calibration      X 

Air flow rate measurement — Calibration      X 

Aerosol neutralizer — Corona discharge current  X     

Aerosol neutralizer — Corona discharge output    X   

Aerosol neutralizer — Corona discharge inspect 
and clean if needed 

  
 

X    

NOTE Regular cleaning of all equipment is needed to maintain the performance of the test rig. 

 
 1488 
 1489 
 1490 

 1491 
7.5 – Test sequence, procedures and calculations 1492 

 1493 
7.5.1 – Measurement of air flow rate 1494 

 1495 
The test device shall be tested at its nominal air volume flow rate for which the device has been specified by 1496 
the manufacturer. If the manufacturer does not specify a nominal air volume flow rate, the test device 1497 
shall be tested at 0.944 m3/s (2000 ft3/min). The air flow velocity associated with this volumetric flow 1498 
is 2.54 m/s (500 ft/min). Unless otherwise specified, the test shall be performed at 0.944 m3/s (2000 1499 
ft3/min). 1500 
 1501 
For test devices that are not nominal 610 mm × 610 mm (24.0 inch × 24.0 inch) in face area, the nominal face 1502 
area shall be multiplied by 2.54 m/s (500 ft/min) to get the test air flow rate. 1503 

 1504 
Test methodology as prescribed in ISO 5167 – 1: 2003 shall be adopted to measure the air flow rate. 1505 
 1506 
7.5.2 – Measurement of resistance to air flow 1507 
 1508 
Install the test device in the test rig and record the value for the initial resistance to air flow when the 1509 



 

 

test rig air flow has stabilized to each of 50 %, 75 %, 100 % and 125 % of the test air flow rate. These 1510 
values will establish a curve of resistance to air flow as a function of the air flow rate. The resistance to air 1511 
flow readings shall be corrected to an air density of 1.20 kg/m3 (0.075 lb/ft3) if the air density of the test 1512 
air is outside the tolerance limit of 1.20 ± 0.4 kg/m3 (Refer to annexure) 1513 

 1514 
 1515 
7.5.3 - Measurement of fractional efficiency 1516 
 1517 
7.5.3.1 – Aerosol sampling 1518 
 1519 
All particle counting samples shall be a minimum of 30 s sample time and all particle count samples for any 1520 
test shall be at the same sample time. The minimum number of particles to be detected per each 1521 
upstream sample for each particle size is 500 particles. The sample time for each count shall remain 1522 
the same throughout the test. 1523 
 1524 

7.5.3.2 – Background sampling 1525 

Begin the initial background sampling after the test device is properly installed, the air flow has 1526 
stabilized to the test air flow rate, with the aerosol generator turned OFF. The final background 1527 
sampling is run at the test device air flow rate, after the fractional efficiency testing, and with the aerosol 1528 
generator turned OFF. Each particle count sample for the background sampling shall have a minimum 1529 
sample time of 30 s and all background particle counts shall have the same sample time as the fractional 1530 
efficiency counts. The average background count shall be less than 5 % of the average measured upstream 1531 
count during the fractional efficiency test. 1532 
 1533 

 1534 

7.5.3.3 - Testing sequence for single OPC method 1535 
 1536 
7.5.3.3.1 - Single OPC method - Sequence description 1537 
 1538 
a) Start the Correlation measurement procedure in (Table ) with no test device installed in the test duct  1539 

 1540 
b) Start the air flow and let stabilize. 1541 

 1542 
c) Measure the beginning background counts for correlation measurement. 1543 

I. Purge the upstream/downstream lines according to the purge time value determined.  1544 
II. Sample the upstream (Bu1,ps) background particles. 1545 

III. Purge the upstream/downstream lines. 1546 
IV. Sample the downstream (Bd1,ps) background particles. 1547 
V. Purge the upstream/downstream lines. 1548 

VI. Sample the upstream (Bu2,ps) background particles. 1549 
 1550 

d) Start the aerosol generator and let stabilize as per the response time determined. 1551 
 1552 

e) Measure Correlation counts. Repeat for 6 upstream and 5 downstream sample counts 1553 
alternatively with purging in between. 1554 

I. Purge the upstream/downstream lines. 1555 

II. Sample the upstream (Uc1) particles. 1556 

III. Purge the upstream/downstream lines. 1557 

IV. Sample the downstream (Dc1) particles. 1558 

V. Similarly, repeat for the other upstream counts (Uc2 ……Uc6) and downstream counts (Dc2 1559 

……Dc5) with purging in between. 1560 
 1561 
 1562 

f)  Stop the aerosol generator and let stabilize as per the response time determined. 1563 
 1564 
 1565 
g)       Measure the final background counts for correlation measurement. 1566 

I. Purge the upstream/downstream lines. 1567 

II. Sample the upstream (Bu3,ps) background particles. 1568 



 

 

III. Purge the upstream/downstream lines.  1569 

IV. Sample the downstream (Bd2,ps) background particles. 1570 

V. Purge the upstream/downstream lines. 1571 

VI. Sample the upstream (Bu4,ps) background particles. 1572 
 1573 

h) Stop the air flow and install the test device to start the Efficiency measurement procedure (Table ) 1574 
 1575 

i) Start the air flow and let stabilize. 1576 

j) Measure the beginning background counts for the efficiency measurement. 1577 
I. Purge the upstream/downstream lines according to the purge time value determined.  1578 

II. Sample the upstream (Bu5,ps) background particles. 1579 
III. Purge the upstream/downstream lines. 1580 
IV. Sample the downstream (Bd3,ps) background particles. 1581 
V. Purge the upstream/downstream lines. 1582 

VI. Sample the upstream (Bu6,ps) background particles. 1583 
 1584 

k) Start the aerosol generator and let stabilize as per the response time determined. 1585 
 1586 

l) Measure Efficiency counts. Repeat for 6 upstream and 5 downstream sample counts 1587 
alternatively with purging in between. 1588 

I. Purge the upstream/downstream lines. 1589 

II. Sample the upstream (Ue1) particles. 1590 

III. Purge the upstream/downstream lines. 1591 

IV. Sample the downstream (De1) particles. 1592 

V. Similarly, repeat for the other upstream counts (Ue2 ……Ue6) and downstream counts (De2 1593 

……De5) with purging in between. 1594 
 1595 
 1596 

m)  Stop the aerosol generator and let stabilize as per the response time determined. 1597 
 1598 
 1599 
n)       Measure the final background counts for efficiency measurement. 1600 

I. Purge the upstream/downstream lines. 1601 

II. Sample the upstream (Bu7,ps) background particles. 1602 

III. Purge the upstream/downstream lines.  1603 

IV. Sample the downstream (Bd3,ps) background particles. 1604 

V. Purge the upstream/downstream lines. 1605 

VI. Sample the upstream (Bu8,ps) background particles. 1606 
 1607 

q) Check the data quality requirements. 1608 
I. If the data quality requirements are satisfied, stop the air flow and remove the test device. 1609 

II. If the data quality requirements are not acceptable, repeat as a complete set and use all data 1610 
collected in the data quality calculations. 1611 

 1612 

Table – Single OPC counting cycle for Correlation measurement 1613 
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 1614 
 1615 
 1616 
Table – Single OPC counting cycle for Efficiency measurement 1617 

 Background, beginning  1  2  3  4  5  6  7  8  9  10  11 Background, final 
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 1618 

 1619 
7.5.3.3.2 – Single OPC method – Background calculations 1620 
 1621 
For a single OPC system,  1622 
The average upstream background counts for correlation measurement is : 1623 

𝐵𝑢𝑐,𝑝𝑠 =  
𝐵𝑢1,𝑝𝑠+ 𝐵𝑢2,𝑝𝑠+ 𝐵𝑢3,𝑝𝑠+ 𝐵𝑢4,𝑝𝑠

4
           , where                                                                                (16)      1624 

 𝐵𝑢1,𝑝𝑠  𝑎𝑛𝑑 𝐵𝑢2,𝑝𝑠 𝑎𝑟𝑒 𝑡ℎ𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑏𝑒𝑔𝑖𝑛𝑛𝑖𝑛𝑔 𝑢𝑝𝑠𝑡𝑟𝑒𝑎𝑚 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑐𝑜𝑢𝑛𝑡 (𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡) 1625 

𝑓𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑠𝑖𝑧𝑒, 𝑝𝑠; 1626 

                   1627 

 𝐵𝑢3,𝑝𝑠 𝑎𝑛𝑑 𝐵𝑢4,𝑝𝑠 𝑎𝑟𝑒 𝑡ℎ𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑓𝑖𝑛𝑎𝑙 𝑢𝑝𝑠𝑡𝑟𝑒𝑎𝑚 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑐𝑜𝑢𝑛𝑡  (𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡) 1628 

𝑓𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑠𝑖𝑧𝑒, 𝑝𝑠;  1629 

 1630 

 The average upstream background counts for efficiency measurement is : 1631 

𝐵𝑢𝑒,𝑝𝑠 =  
𝐵𝑢5,𝑝𝑠 + 𝐵𝑢6,𝑝𝑠 + 𝐵𝑢7,𝑝𝑠 + 𝐵𝑢8,𝑝𝑠

4
       , where,      (17) 1632 

 𝐵𝑢5,𝑝𝑠  𝑎𝑛𝑑 𝐵𝑢6,𝑝𝑠 𝑎𝑟𝑒 𝑡ℎ𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑏𝑒𝑔𝑖𝑛𝑛𝑖𝑛𝑔 𝑢𝑝𝑠𝑡𝑟𝑒𝑎𝑚 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑐𝑜𝑢𝑛𝑡 (𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡) 1633 

𝑓𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑠𝑖𝑧𝑒, 𝑝𝑠; 1634 

                   1635 

 𝐵𝑢7,𝑝𝑠 𝑎𝑛𝑑 𝐵𝑢8,𝑝𝑠 𝑎𝑟𝑒 𝑡ℎ𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑓𝑖𝑛𝑎𝑙 𝑢𝑝𝑠𝑡𝑟𝑒𝑎𝑚 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑐𝑜𝑢𝑛𝑡  (𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡) 1636 

𝑓𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑠𝑖𝑧𝑒, 𝑝𝑠;  1637 

 1638 

The average downstream background counts for correlation measurement is : 1639 

𝐵𝑑𝑐,𝑝𝑠 =  
𝐵𝑑1,𝑝𝑠+ 𝐵𝑑2,𝑝𝑠 

2
      , where,         (18)  1640 

𝐵𝑑1,𝑝𝑠 𝑖𝑠 𝑡ℎ𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑏𝑒𝑔𝑖𝑛𝑛𝑖𝑛𝑔 𝑑𝑜𝑤𝑛𝑠𝑡𝑟𝑒𝑎𝑚 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑐𝑜𝑢𝑛𝑡 (𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡)  1641 

𝑓𝑜𝑟 𝑠𝑎𝑚𝑝𝑙𝑒, 𝑖 𝑎𝑛𝑑 𝑓𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑠𝑖𝑧𝑒, 𝑝𝑠; 1642 
 1643 
𝐵𝑑2,𝑝𝑠 𝑖𝑠 𝑡ℎ𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑓𝑖𝑛𝑎𝑙 𝑑𝑜𝑤𝑛𝑠𝑡𝑟𝑒𝑎𝑚 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑐𝑜𝑢𝑛𝑡 (𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡) 1644 

𝑓𝑜𝑟 𝑠𝑎𝑚𝑝𝑙𝑒, 𝑖 𝑎𝑛𝑑 𝑓𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑠𝑖𝑧𝑒, 𝑝𝑠 1645 
 1646 

 1647 

 1648 

The average downstream background counts for efficiency measurement is : 1649 



 

 

𝐵𝑑𝑒,𝑝𝑠 =  
𝐵𝑑3,𝑝𝑠+ 𝐵𝑑4,𝑝𝑠 

2
       , where,         (19) 1650 

𝐵𝑑3,𝑝𝑠 𝑖𝑠 𝑡ℎ𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑏𝑒𝑔𝑖𝑛𝑛𝑖𝑛𝑔 𝑑𝑜𝑤𝑛𝑠𝑡𝑟𝑒𝑎𝑚 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑐𝑜𝑢𝑛𝑡 (𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡)  1651 

𝑓𝑜𝑟 𝑠𝑎𝑚𝑝𝑙𝑒, 𝑖 𝑎𝑛𝑑 𝑓𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑠𝑖𝑧𝑒, 𝑝𝑠; 1652 
 1653 
𝐵𝑑4,𝑝𝑠 𝑖𝑠 𝑡ℎ𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑓𝑖𝑛𝑎𝑙 𝑑𝑜𝑤𝑛𝑠𝑡𝑟𝑒𝑎𝑚 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑐𝑜𝑢𝑛𝑡 (𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡) 1654 

𝑓𝑜𝑟 𝑠𝑎𝑚𝑝𝑙𝑒, 𝑖 𝑎𝑛𝑑 𝑓𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑠𝑖𝑧𝑒, 𝑝𝑠 1655 
 1656 
 1657 
7.5.3.4.1 – Dual OPC method - Sequence description 1658 
 1659 
8 Start the Correlation measurement procedure (Table ) with no test device installed in the test duct. 1660 

 1661 
b) Start the air flow and let stabilize. 1662 

 1663 
c) Measure the beginning background counts for correlation measurement. 1664 

I. Purge the upstream/downstream lines as per the purge time value determined. 1665 
II. Sample the upstream (Bu9,ps) and downstream (Bd5,ps) background particles. 1666 

 1667 
d) Start the aerosol generator and let stabilize as per the response time determined. 1668 

 1669 
e) Measure the correlation counts. Repeat for 5 upstream and 5 downstream sample counts. 1670 

I. Purge the upstream/downstream lines. 1671 
II. Sample the upstream (Uc7,ps …… Uc11,ps) and the downstream (Dc7,ps….Dc11,ps) particles. 1672 

 1673 
f) Stop the aerosol generator and let stabilize as per the response time determined. 1674 

 1675 
g) Measure the final background counts. 1676 

I. Purge the upstream/downstream lines. 1677 

II. Sample the upstream (Bu10,ps) and the downstream (Bd6,ps) background particles. 1678 
 1679 
h) Stop the air flow and install the test device to start the Efficiency measurement procedure (Table )  1680 

 1681 
i) Start the air flow and let stabilize. 1682 

e) Measure the beginning background counts for efficiency measurement. 1683 
I. Purge the upstream/downstream lines as per the purge time value determined. 1684 

II. Sample the upstream (Bu11,ps) and downstream (Bd7,ps) background particles. 1685 
 1686 
f) Start the aerosol generator and let stabilize as per the response time determined. 1687 

 1688 
f) Measure the efficiency counts. Repeat for 5 upstream and 5 downstream sample counts. 1689 

I. Purge the upstream/downstream lines. 1690 
II. Sample the upstream (Ue7,ps …… Ue11,ps) and the downstream (De7,ps….De11,ps) particles. 1691 

 1692 
f) Stop the aerosol generator and let stabilize as per the response time determined. 1693 

 1694 
j) Measure the final background counts. 1695 

I. Purge the upstream/downstream lines. 1696 

II. Sample the upstream (Bu12,ps) and the downstream (Bd8,ps) background particles. 1697 

g) Check the data quality requirements. 1698 
 1699 

I. If the data quality requirements are satisfied, stop the air flow and remove the test 1700 
device. 1701 

II. If the data quality requirements are not acceptable, repeat as a complete set and use all 1702 
data collected in the data quality calculations. 1703 

 1704 

 1705 

Table – Dual OPC counting cycle for Correlation measurement 1706 
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Table – Dual OPC counting cycle for Efficiency measurement 1708 
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 1709 
 1710 
 1711 
7.5.3.4.2 – Dual OPC method – Background calculations 1712 
 1713 
For a Dual OPC system,  1714 
 1715 
The average upstream background counts for correlation measurement is : 1716 
 1717 

𝐵𝑢𝑐,𝑝𝑠 =  
𝐵𝑢9,𝑝𝑠+ 𝐵𝑢10,𝑝𝑠

2
       , where,                                                                                                 (20) 1718 

𝐵𝑢9,𝑝𝑠 𝑖𝑠 𝑡ℎ𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑏𝑒𝑔𝑖𝑛𝑛𝑖𝑛𝑔 𝑢𝑝𝑠𝑡𝑟𝑒𝑎𝑚 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑐𝑜𝑢𝑛𝑡 (𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡)  1719 

𝑓𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑠𝑖𝑧𝑒, 𝑝𝑠; 1720 
 1721 
𝐵𝑢10,𝑝𝑠 𝑖𝑠 𝑡ℎ𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑓𝑖𝑛𝑎𝑙 𝑢𝑝𝑠𝑡𝑟𝑒𝑎𝑚 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑐𝑜𝑢𝑛𝑡 (𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡)  1722 

𝑓𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑠𝑖𝑧𝑒, 𝑝𝑠;               1723 
 1724 
 1725 
The average upstream background counts for efficiency measurement is : 1726 
 1727 

𝐵𝑢𝑒,𝑝𝑠 =  
𝐵𝑢11,𝑝𝑠+ 𝐵𝑢12,𝑝𝑠

2
       , where,                                                                                                     (21) 1728 

𝐵𝑢11,𝑝𝑠 𝑖𝑠 𝑡ℎ𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑏𝑒𝑔𝑖𝑛𝑛𝑖𝑛𝑔 𝑢𝑝𝑠𝑡𝑟𝑒𝑎𝑚 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑐𝑜𝑢𝑛𝑡 (𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡)  1729 

𝑓𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑠𝑖𝑧𝑒, 𝑝𝑠; 1730 
 1731 
𝐵𝑢12,𝑝𝑠 𝑖𝑠 𝑡ℎ𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑓𝑖𝑛𝑎𝑙 𝑢𝑝𝑠𝑡𝑟𝑒𝑎𝑚 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑐𝑜𝑢𝑛𝑡 (𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡)  1732 

𝑓𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑠𝑖𝑧𝑒, 𝑝𝑠;     1733 
 1734 
The average downstream background counts for correlation measurement is : 1735 
 1736 

𝐵𝑑𝑐,𝑝𝑠 =  
𝐵𝑑5,𝑝𝑠+ 𝐵𝑑6,𝑝𝑠

2
       , where,                                                                                                        (22) 1737 

𝐵𝑑5,𝑝𝑠 𝑖𝑠 𝑡ℎ𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑏𝑒𝑔𝑖𝑛𝑛𝑖𝑛𝑔 𝑑𝑜𝑤𝑛𝑠𝑡𝑟𝑒𝑎𝑚 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑐𝑜𝑢𝑛𝑡 (𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡)  1738 

𝑓𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑠𝑖𝑧𝑒, 𝑝𝑠; 1739 
 1740 
𝐵𝑑6,𝑝𝑠 𝑖𝑠 𝑡ℎ𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑓𝑖𝑛𝑎𝑙 𝑑𝑜𝑤𝑛𝑠𝑡𝑟𝑒𝑎𝑚 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑐𝑜𝑢𝑛𝑡 (𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡)  1741 

𝑓𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑠𝑖𝑧𝑒, 𝑝𝑠;               1742 
 1743 
 1744 
The average downstream background counts for efficiency measurement is : 1745 
 1746 



 

 

𝐵𝑑𝑒,𝑝𝑠 =  
𝐵𝑑7,𝑝𝑠+ 𝐵𝑑8,𝑝𝑠

2
       , where,                                                                                                         (23) 1747 

𝐵𝑑7,𝑝𝑠 𝑖𝑠 𝑡ℎ𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑏𝑒𝑔𝑖𝑛𝑛𝑖𝑛𝑔 𝑑𝑜𝑤𝑛𝑠𝑡𝑟𝑒𝑎𝑚 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑐𝑜𝑢𝑛𝑡 (𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡)  1748 

𝑓𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑠𝑖𝑧𝑒, 𝑝𝑠; 1749 
 1750 
𝐵𝑑8,𝑝𝑠 𝑖𝑠 𝑡ℎ𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑓𝑖𝑛𝑎𝑙 𝑑𝑜𝑤𝑛𝑠𝑡𝑟𝑒𝑎𝑚 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑐𝑜𝑢𝑛𝑡 (𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡)  1751 

𝑓𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑠𝑖𝑧𝑒, 𝑝𝑠;     1752 
 1753 
  1754 
7.5.3.5 - Correlation ratio calculations 1755 
 1756 

The correlation ratio, R, shall be used to correct for any bias between the upstream and downstream 1757 
sampling systems. The correlation ratio shall be established from the ratio of downstream to upstream 1758 
particle counts with the aerosol generator ON, but without any test device installed in the test rig. The 1759 
correlation ratio shall be determined for each test device and at the air flow rate of the test device. To 1760 
measure the correlation ratio, follow the sampling requirements of 7.5.3 without installing a test device. 1761 

The general formula for correlation ratio is: 1762 
 1763 

𝑅 =  
𝑑𝑜𝑤𝑛𝑠𝑡𝑟𝑒𝑎𝑚 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑐𝑜𝑢𝑛𝑡

𝑢𝑝𝑠𝑡𝑟𝑒𝑎𝑚 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑐𝑜𝑢𝑛𝑡
         (24) 1764 

 1765 
The correlation ratio shall be calculated for each upstream and downstream sample in each particle size 1766 
range using the upstream and downstream values. 1767 
 1768 

𝑅𝑖.𝑝𝑠 =  
𝐷𝑐,𝑖,𝑝𝑠

𝑈𝑐,𝑖,𝑝𝑠
 ,where          (25) 1769 

 Ri,ps   is the correlation ratio for sample, i, and for particle size, ps;  

 Dc,i,ps   is the downstream correlation count for sample, i, and for particle size ps; (Dc1,ps….Dc5,ps 

for Single OPC method. See Section7.5.3.3.1) or (Dc7,ps….Dc11,ps for Dual OPC method. See 
Section 7.5.3.4.1) 

 Uc,i,ps   is the upstream correlation count for sample, i, and for particle size ps; (Uc1,ps….Uc5,ps 

for Single OPC method See Section7.5.3.3.1) or (Uc7,ps….Uc11,ps for Dual OPC method. See 
Section 7.5.3.4.1) 

 1770 
These correlation ratios shall be averaged to determine a final correlation ratio value for each particle size. 1771 
           1772 

�̅�𝑝𝑠 =  
∑ 𝑅𝑖,𝑝𝑠

𝑛
𝑖=1

𝑛
 , where          (26) 1773 

�̅�𝑝𝑠 𝑖𝑠 𝑡ℎ𝑒 𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑖𝑜 𝑓𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑠𝑖𝑧𝑒, 𝑝𝑠; 1774 

𝑅𝑖,𝑝𝑠 𝑖𝑠 𝑡ℎ𝑒 𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑖𝑜 𝑓𝑜𝑟 𝑠𝑎𝑚𝑝𝑙𝑒, 𝑖 𝑎𝑛𝑓 𝑓𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑠𝑖𝑧𝑒, 𝑝𝑠 1775 

𝑛 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒𝑠 1776 

 1777 

The standard deviation of the correlation ratio shall be determined by: 1778 
         1779 

𝛿𝑐,𝑝𝑠    =  √
∑ (𝑅𝑖,𝑝𝑠− �̅�𝑝𝑠)2𝑛

𝑖=1

𝑛−1
 , where        (27) 1780 

𝛿𝑐,𝑝𝑠 𝑖𝑠 𝑡ℎ𝑒 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑖𝑜 𝑓𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑠𝑖𝑧𝑒 𝑝𝑠; 1781 

�̅�𝑝𝑠 𝑖𝑠 𝑡ℎ𝑒 𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑖𝑜 𝑓𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑠𝑖𝑧𝑒 𝑝𝑠; 1782 



 

 

𝑅𝑖,𝑝𝑠 𝑖𝑠 𝑡ℎ𝑒 𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑖𝑜 𝑓𝑜𝑟 𝑠𝑎𝑚𝑝𝑙𝑒 𝑖 𝑎𝑛𝑑 𝑓𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑠𝑖𝑧𝑒 𝑝𝑠; 1783 

 1784 
The 95 % uncertainty of the correlation value shall be determined by: 1785 
                 1786 

  𝑒𝑐,𝑝𝑠 =  𝛿𝑐,𝑝𝑠 ∗  
𝑠𝑡

√𝑛
      ,where         (28) 1787 

ec,ps is the correlation uncertainty for particle size, ps;  

δc,ps is the standard deviation of the correlation ratio for particle size, ps;  

st is the t distribution variable from Table 7.3 for a given value of n; 

n is the number of samples. 

 1788 
The 95 % confidence limits of the correlation value shall be determined by: 1789 
 1790 

 �̅�𝑙𝑐𝑙,𝑝𝑠 =  �̅�𝑝𝑠 −  𝑒𝑐,𝑝𝑠            (29) 1791 

�̅�𝑢𝑐𝑙,𝑝𝑠 =  �̅�𝑝𝑠 +  𝑒𝑐,𝑝𝑠            (30) 1792 

where  1793 

�̅�𝑙𝑐𝑙,𝑝𝑠  is the lower confidence limit of the correlation ratio for particle size, ps;  

�̅�𝑈𝑐𝑙,𝑝𝑠  is the upper confidence limit of the correlation ratio for particle size, ps;  

ec,ps is the correlation uncertainty for particle size, ps. 

 

 
Table 7.3 – Student’s distribution variable 1794 

Number of samples n 
Number of degrees of freedom 

 v = n-1 
st 

5 4 2.776 

10 9 2.262 

15 14 2.145 

20 19 2.093 

25 24 2.064 

30 29 2.045 

 1795 
 1796 
The total upstream particles sampled during the correlation counts shall be calculated. 1797 
                1798 

𝑈𝑐,𝑡,𝑝𝑠 =  ∑ 𝑈𝑐,𝑖,𝑝𝑠
𝑛
𝑖=1  , where         (31) 1799 

Uc,t,ps is the total upstream particles sampled during correlation measurement for particle size, 
ps;  

Uc,i,ps is the particles sampled during correlation measurement for sample, i, and for particle size, 
ps. (Uc1,ps….Uc5,ps for Single OPC method See Section7.5.3.3.1) or (Uc7,ps….Uc11,ps for Dual OPC 
method. See Section 7.5.3.4.1) 

 1800 
 1801 
 1802 
 1803 
7.5.3.6 – Penetration and fractional efficiency calculations 1804 
 1805 
Penetration measurements are done with the aerosol generator ON and the test device in place. The fractional 1806 
efficiency is a measure of the fraction of particles that the test device removes from the air that passes through it 1807 



 

 

and is calculated from the amount of particulate that penetrates the test device during the test. The general 1808 
formulas for penetration (P) and fractional efficiency (Eps) are shown below. 1809 
 1810 

𝑃 =  
𝑑𝑜𝑤𝑛𝑠𝑡𝑟𝑒𝑎𝑚 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑖𝑜𝑛 

𝑢𝑝𝑠𝑡𝑟𝑒𝑎𝑚 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛
        (32) 1811 

𝐸𝑝𝑠 = (1 − 𝑃𝑝𝑠 ) ∗ 100  ,where        (33) 1812 

Eps is the particle fractional efficiency at particle size, ps, %;  

Pps is the particle penetration at particle size, ps. 
 1813 
The observed penetration shall be calculated for each upstream and downstream sample in each particle 1814 
size range using the upstream and downstream values. 1815 
 1816 

𝑃𝑖,𝑜,𝑝𝑠 =  
𝐷𝑒𝑖,𝑝𝑠

𝑈𝑒𝑖,𝑝𝑠
 , where          (34) 1817 

Pi,o,ps is the observed penetration for sample i and for particle size, ps;  

Dei,ps is the downstream particle count for sample, i, and for particle size, ps; (De1,ps….De5,ps for 
Single OPC method. See Section7.5.3.3.1) or (De7,ps….De11,ps for Dual OPC method. See Section 
7.5.3.4.1) 

Uei,ps is the upstream particle count for sample, i, and for particle size, ps. (Ue1,ps….Ue5,ps for Single 
OPC method See Section7.5.3.3.1) or (Ue7,ps….Ue11,ps for Dual OPC method. See Section 
7.5.3.4.1)  

 
These penetrations shall be averaged to determine the observed penetration value for each particle size. 1818 
 1819 

�̅�𝑜,𝑝𝑠 =  
∑ 𝑃𝑖,𝑜,𝑝𝑠

𝑛
𝑖=1

𝑛
  , where         (35) 1820 

�̅�𝑜,𝑝𝑠  is the observed penetration for particle size, ps;  

Pi,o,ps is the observed penetration for sample, i, and for particle size, ps. 

 1821 
The standard deviation of the observed penetrations shall be determined by: 1822 
 1823 

𝛿𝑜,𝑝𝑠 =  √
∑ (𝑃𝑖,𝑜,𝑝𝑠− �̅�𝑜,𝑝𝑠)2𝑛

𝑖=1

𝑛−1
  ,where       (36) 1824 

δo,ps is the standard deviation of the observed penetration for particle size, ps;  

�̅�𝑜,𝑝𝑠  is the observed penetration for particle size, ps;  

 𝑃𝑖,𝑜,𝑝𝑠 is the observed penetration for sample, i, and for particle size, ps. 

 1825 
The observed penetrations shall be corrected by the correlation ratio to give the corrected penetration 1826 
values for each particle size. 1827 
 1828 

�̅�𝑝𝑠 =  
�̅�𝑜,𝑝𝑠

�̅�𝑝𝑠
  , where          (37) 1829 

 �̅�𝑝𝑠  is the corrected penetration for particle size, ps;  

�̅�𝑜,𝑝𝑠  is the observed penetration for particle size, ps;  



 

 

�̅�𝑝𝑠  is the correlation ratio for particle size, ps. 

 

The standard deviation of the correlation ratio shall be combined with the standard deviation of the 1830 
observed penetration to determine the total error. 1831 
 1832 
            1833 

𝛿𝑝𝑠 =  �̅�𝑝𝑠 ∗  √(
𝛿𝑐,𝑝𝑠

�̅�𝑝𝑠
)

2

+ (
𝛿𝑜,𝑝𝑠

�̅�𝑜.𝑝𝑠
)

2

 ,where       (38) 1834 

       1835 
𝛿𝑝𝑠    is the standard deviation of the observed penetration for particle size, ps;  1836 

 1837 
�̅�𝑝𝑠    is the corrected penetration for the particle size, ps; 1838 

 1839 
𝛿𝑐,𝑝𝑠  is the standard deviation of the correlation ratio for particle size, ps; 1840 

 1841 
�̅�𝑝𝑠    is the correlation ratio for particle size, ps 1842 

 1843 
𝛿𝑜,𝑝𝑠  is the standard deviation of the observed penetration for the particle size, ps;  1844 

 1845 
�̅�𝑜.𝑝𝑠   is the observed penetration for particle size, ps. 1846 

 1847 
 1848 
The 95 % uncertainty of the penetration value shall be determined by: 1849 
 1850 

𝑒𝑒,𝑝𝑠 =  𝛿𝑝𝑠 ∗  
𝑠𝑡

√𝑛
  , where         (39) 1851 

𝑒𝑒,𝑝𝑠  is the penetration uncertainty for particle size, ps;  

δps is the standard deviation of the penetration for particle size, ps;  

st is the t distribution variable from Table 7.3 for a give value of n;  

n is the number of samples. 

 1852 
The 95 % confidence limits of the penetration shall be determined by: 1853 
 1854 

�̅�𝑙𝑐𝑙,𝑝𝑠 =  �̅�𝑝𝑠 −  𝑒𝑒,𝑝𝑠          (40) 1855 

�̅�𝑢𝑐𝑙,𝑝𝑠 =  �̅�𝑝𝑠 + 𝑒𝑒,𝑝𝑠           (41) 1856 

where  1857 

𝑒𝑒,𝑝𝑠     is the penetration uncertainty for particle size, ps;  

�̅�𝑙𝑐𝑙,𝑝𝑠  is the lower confidence limit of the penetration for particle size, ps;  

�̅�𝑢𝑐𝑙,𝑝𝑠  is the upper confidence limit of the penetration for particle size, ps. 

 1858 
The total upstream particle counts measured during the efficiency measurement, for particle size, ps, shall 1859 
be calculated. 1860 

𝑈𝑒𝑡,𝑝𝑠 =  ∑ 𝑈𝑒𝑖,𝑝𝑠
𝑛
𝑖=1  , where         (42) 1861 

𝑈𝑒𝑡,𝑝𝑠  is the total upstream particle counts measured during efficiency measurement for 
particle size, ps;  



 

 

𝑈𝑒𝑖,𝑝𝑠 is the efficiency particles sampled during efficiency measurement for sample, i, and for 
particle size, ps. (Ue1,ps….Ue5,ps for Single OPC method See Section7.5.3.3.1) or 
(Ue7,ps….Ue11,ps for Dual OPC method. See Section 7.5.3.4.1)  

 

 1862 
 1863 
7.5.3.7 – Data quality requirements 1864 
 1865 

7.5.3.7.1 - Correlation background counts 1866 

The correlation background count values for each particle size shall be less than 5 % of the average 1867 
upstream particle measured during the correlation measurement. 1868 
          1869 

𝐵𝑢𝑐,𝑝𝑠   <  
∑ 𝑈𝑐,𝑖,𝑝𝑠 𝑛

𝑖=1

𝑛
∗ 0.05         (43) 1870 

and 1871 

𝐵𝑑𝑐,𝑝𝑠  <  
∑ 𝑈𝑐,𝑖,𝑝𝑠 𝑛

𝑖=1

𝑛
∗ 0.05         (44) 1872 

where  1873 

𝐵𝑢𝑐,𝑝𝑠 is the upstream background average correlation count for particle size, ps;  

𝐵𝑑𝑐,𝑝𝑠 is the downstream background average correlation count for particle size, ps;  

Uc,i,ps is the upstream average correlation count for particle size, ps. 

 1874 
7.5.3.7.2 – Efficiency background counts 1875 
 1876 
The efficiency background count values for each particle size shall be less than 5 % of the average upstream 1877 
particle measured during the efficiency measurement  1878 
 1879 
 1880 

𝐵𝑢𝑒,𝑝𝑠   <  
∑ 𝑈𝑒𝑖,𝑝𝑠 𝑛

𝑖=1

𝑛
∗ 0.05         (45) 1881 

and 1882 

𝐵𝑑𝑒,𝑝𝑠  <  
∑ 𝑈𝑒𝑖,𝑝𝑠 𝑛

𝑖=1

𝑛
∗ 0.05         (46) 1883 

where  1884 

𝐵𝑢𝑒,𝑝𝑠 is the upstream background average efficiency count for particle size, ps;  

𝐵𝑑𝑒,𝑝𝑠 is the downstream background average efficiency count for particle size, ps;  

𝑈𝑒𝑖,𝑝𝑠 is the upstream average efficiency count for particle size, ps. 

 1885 
7.5.3.7.3 – Correlation ratio 1886 
 1887 

The correlation uncertainty 𝑒𝑐,𝑝𝑠 the total upstream count 𝑈𝑐𝑡,𝑝𝑠  and the Correlation Ratio �̅�𝑝𝑠  shall meet 1888 

the requirements of Table 7.4. 1889 

Table 7.4 – 1890 

Size range 
Particle size range 

µm 
Total count minimum 

Correlation ratio value 
limits 

𝑒𝑐,𝑝𝑠 

1 0.3 - 0.4  𝑈𝑐,𝑡,1  ≥ 500  0.90 to 1.10 𝑒𝑐,1  ≤ 0.05 



 

 

2 0.4 - 0.55  𝑈𝑐,𝑡,2  ≥ 500  0.90 to 1.10 𝑒𝑐,2  ≤ 0.05 

3 0.55 - 0.7  𝑈𝑐,𝑡,3  ≥ 500  0.90 to 1.10 𝑒𝑐,3  ≤ 0.05 

4 0.7 - 1.0   𝑈𝑐,𝑡,4  ≥ 500  0.90 to 1.10 𝑒𝑐,4  ≤ 0.05 

5 1.0 - 1.30  𝑈𝑐,𝑡,5  ≥ 500  0.80 to 1.20 𝑒𝑐,5  ≤ 0.05 

6 1.30 - 1.60  𝑈𝑐,𝑡,6  ≥ 500  0.80 to 1.20 𝑒𝑐,6  ≤ 0.05 

7  1.60 -2.20  𝑈𝑐,𝑡,7  ≥ 500  0.80 to 1.20 𝑒𝑐,7  ≤ 0.05 

8  2.20 – 3.00  𝑈𝑐,𝑡,8  ≥ 500  0.80 to 1.20 𝑒𝑐,8  ≤ 0.05 

9  3.00 – 4.00  𝑈𝑐,𝑡,9  ≥ 500  0.70 to 1.30 𝑒𝑐,9  ≤ 0.10 

10  4.00 – 5.50  𝑈𝑐,𝑡,10  ≥ 500  0.70 to 1.30 𝑒𝑐,10  ≤ 0.10 

11  5.50 – 7.00  𝑈𝑐,𝑡,11  ≥ 500  0.70 to 1.30 𝑒𝑐,11  ≤ 0.15 

12  7.00 – 10.0  𝑈𝑐,𝑡,12  ≥ 500  0.70 to 1.30 𝑒𝑐,12  ≤ 0.15 

 1891 
 1892 
7.5.3.7.4 – Penetration  1893 
 1894 
The penetration uncertainty 𝑒𝑒,𝑝𝑠 and the total upstream count 𝑈𝑒𝑡,𝑝𝑠  shall meet the requirements of Table 1895 

7.5. 1896 

If the penetration uncertainty cannot meet this data requirement, the penetration upper confidence limit 1897 
�̅�𝑢𝑐𝑙,𝑝𝑠  shall be used for that particle size penetration calculation. 1898 

 1899 
Table 7.5 – 1900 

Size range 
Particle size range 

µm 
Total count minimum Static Uncertainty 

Dynamic Uncertainty 

1 0.30 - 0.40  𝑈𝑒𝑡,1  ≥ 500  𝑒𝑒1  ≤ 0.05 𝑒𝑒1  ≤ (0.07 ∗  �̅�1) 

2 0.40 - 0.55  𝑈𝑒𝑡,2  ≥ 500 𝑒𝑒2  ≤ 0.05 𝑒𝑒2  ≤ (0.07 ∗  �̅�2) 

3 0.55 - 0.70  𝑈𝑒𝑡,3  ≥ 500 𝑒𝑒3  ≤ 0.05 𝑒𝑒3  ≤ (0.07 ∗  �̅�3) 

4 0.70 - 1.00  𝑈𝑒𝑡,4  ≥ 500 𝑒𝑒4  ≤ 0.05 𝑒𝑒4  ≤ (0.07 ∗ �̅�4) 

5 1.00 - 1.30  𝑈𝑒𝑡,5  ≥ 500 𝑒𝑒5  ≤ 0.05 𝑒𝑒5  ≤ (0.07 ∗  �̅�5) 

6 1.30 - 1.60  𝑈𝑒𝑡,6  ≥ 500 𝑒𝑒6  ≤ 0.05 𝑒𝑒6  ≤ (0.07 ∗  �̅�6) 

7 1.60 -2.20  𝑈𝑒𝑡,7  ≥ 500 𝑒𝑒7  ≤ 0.05 𝑒𝑒7  ≤ (0.07 ∗  �̅�7) 

8 2.20 - 3.00  𝑈𝑒𝑡,8  ≥ 500 𝑒𝑒8  ≤ 0.05 𝑒𝑒8  ≤ (0.07 ∗  �̅�8) 

9 3.00 – 4.00  𝑈𝑒𝑡,9  ≥ 500 𝑒𝑒9  ≤ 0.05 𝑒𝑒9  ≤ (0.15 ∗  �̅�9) 

10 4.00 – 5.50  𝑈𝑒𝑡,10  ≥ 500 𝑒𝑒10  ≤ 0.05 𝑒𝑒10  ≤ (0.15 ∗  �̅�10) 

11 5.50 – 7.00  𝑈𝑒𝑡,11  ≥ 500 𝑒𝑒11  ≤ 0.05 𝑒𝑒11  ≤ (0.20 ∗  �̅�11) 

12 7.00 – 10.00  𝑈𝑒𝑡,12  ≥ 500  𝑒𝑒12  ≤ 0.05 𝑒𝑒12  ≤ (0.20 ∗  �̅�12) 

 1901 
 1902 
7.5.3.8 – Fractional efficiency calculation 1903 
 1904 
The fractional efficiency is determined by one of the following formulae. 1905 
 1906 
For all particle sizes that meet all of the data quality requirements, the fractional efficiency for the particle 1907 
size(s) is determined by: 1908 
 1909 

𝐸𝑝𝑠 = (1 − �̅�𝑝𝑠) ∗ 100   , where       (47) 1910 

𝐸𝑝𝑠 𝑖𝑠 𝑡ℎ𝑒 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑒𝑓𝑓𝑖𝑐𝑖𝑛𝑒𝑐𝑦 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑠𝑖𝑧𝑒, 𝑝𝑠, 100% 1911 

�̅�𝑝𝑠 𝑖𝑠 𝑡ℎ𝑒 𝑝𝑒𝑛𝑒𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑓𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑠𝑖𝑧𝑒, 𝑝𝑠 1912 

 1913 
For any particle sizes that cannot meet all of the data quality requirements, the fractional efficiency for the 1914 
particle size(s) that cannot meet the data quality requirement is determined by:  1915 
 1916 



 

 

𝐸𝑝𝑠 = (1 − �̅�𝑢𝑐𝑙,𝑝𝑠) ∗ 100  ,where       (48) 1917 

Eps is the fractional efficiency particle size, ps, %;  

�̅�𝑢𝑐𝑙,𝑝𝑠  is the upper confidence limit of the penetration for particle size, ps. 

 1918 
If the efficiency measurement was made in the unconditioned (before discharging) state of the test 1919 
device, then,          1920 

Eps = Ei            (49) 1921 
 1922 

If the efficiency measurement was made in the conditioned (after discharging) state of the test device, 1923 
then,                     1924 

Eps = Edi            (50) 1925 
 1926 

 1927 
 1928 
7.5.4 - Procedure for conditioning the test device 1929 
 1930 
The conditioning procedure for the test device shall follow the listed steps. 1931 
 1932 

a) Equilibrate the test device under standard climatic conditions for at least 30 min. Weigh the test 1933 
device to the nearest gram and measure the initial fractional efficiency and the resistance to 1934 
airflow values for the new untreated device. 1935 

b) Fill the trays with IPA (Minimum of 1 litre of IPA with a free surface area of 1 m2) and weigh each 1936 
tray to the nearest gram.  1937 

c) Place one IPA tray after the other inside the chamber and remove its cover. Close the tray section 1938 
door and wait for 30 min. 1939 

d) Open the door of the filter section and immediately insert the test filter in place. Make sure that the 1940 
filter is installed in a way that the levelling of the IPA concentration within the conditioning cabinet by 1941 
diffusion is easily possible (no blockage). Close the door and tighten the curl knobs. 1942 

 1943 
e)   Set the conditioning time on the timer to 24 h and start the conditioning procedure; test device 1944 

exposed to saturated IPA vapor/air mixture at (25 ± 5) °C [(77 ± 9) °F] run for 24 h. Room climatic 1945 
conditions including barometric pressure shall be reported (and controlled if necessary). 1946 

 1947 
f)   Once conditioning time is reached, open the filter door and immediately remove the test filter.   Close 1948 

the door and tighten the curl knobs.  1949 
 1950 

g)   Equilibrate the test device under standard climatic conditions for at least 30 min. 1951 

h)   Pull out the IPA trays and place them covered inside the extraction hood. Weigh each tray to the 1952 
nearest gram to determine the amount of IPA evaporated. 1953 

i)    Weigh the filter to the nearest gram and measure the fractional efficiency and resistance to airflow 1954 
according to S e c t i o n s  7 . 5 . 2  a n d  7 . 5 . 3 . After purging for 10 min, the fractional efficiency 1955 
test is repeated once more. 1956 

j)    As an additional indication for full discharge by conditioning, a third fractional efficiency test at 1957 
50 % air flow rate shall be performed. When the efficiency curves show a variation >5 % points for 1958 
0,4 µm, the same test device shall be conditioned for another 24 h. Repeat the same until the 0,4 µm 1959 
efficiency measured at 100 % and 50 % air flow rate differs less than 5 percentage points. 1960 

A test including conditioning on a second new test device shall be done when 1961 
 1962 

a. The change in weight of the test device is more than ±1 % or exceeds the maximum of ±20 g 1963 
b. The resistance to airflow has changed by more than ±10 % or exceeds ±10 Pa  1964 



 

 

c. The fractional Efficiency for 0,4 µm has changed more than ±5 % in measured efficiency percentage 1965 
points after purging. 1966 

 1967 
 1968 
7.5.5 – Test sequence for dust loading procdure 1969 
 1970 
7.5.5.1 – Preparation of the test device for dust loading procedure 1971 
 1972 
The test device shall be mounted in accordance with the manufacturer’s recommendations and after 1973 
equilibration with the test air (23 ± 5)°C and RH (45 ± 10) %, weighed to the nearest gram. The filter, 1974 
including any normal mounting frame, shall be sealed into duct in a manner that prevents leakages. The 1975 
tightness shall be checked by visual inspection and no visible leaks are acceptable. If for any reason 1976 
dimensions do not allow testing of a test device within the applicable air flow rates of the duct [between 1977 
0.25 m3/s (900 m3/h, 530 ft3/min) and 1.5 m3/s (5400 m3/h, 3178 ft3/min) at standard test conditions], 1978 
assembly of two or more test devices of the same type or model is permitted, provided that no leaks occur 1979 
in the resulting test device. The operating conditions of such accessory equipment shall be recorded. 1980 
 1981 
 1982 
 1983 
7.5.5.2 – Dust loading procedure 1984 
 1985 
The test device is progressively loaded with the synthetic test dust and the consequent changes in 1986 
resistance to air flow are measured. Dust increments are weighed to ±0.1 g and placed in the dust 1987 
tray. The dust is fed to the test device at a concentration of (140 ± 14) mg/m3 (4.0 ± 0.4 g/1 000 ft3) until 1988 
each air flow resistance step value is attained. The arrestance is determined after each incremental 1989 
dust addition. Before stopping the dust feeding, brush whatever dust remains in the feeder tray to the 1990 
dust pickup tube so that it is entrained in the duct air flow. Vibrate or rap the dust feeder tube for 30 s. 1991 
The dust fed to the test device could also be estimated by weighing the remaining dust in the feeder. 1992 
With the test air flow on, re-entrain any synthetic dust in the duct upstream of the test device by the use 1993 
of a compressed air jet directed obliquely away from the tested test device. 1994 
 1995 
Stop the test and reweigh the final filter (to at least 0.5 g accuracy) to determine the amount of synthetic 1996 
dust collected and calculate the arrestance. Any dust deposited in the duct between the test device and the 1997 
final filter should be collected with a fine brush and included in the final filter weight. 1998 
 1999 
The first 30 g dust loading [or 10 Pa (0.04 inch H2O) increase, whichever comes first] will give the initial 2000 
arrestance and the additional dust increments should give a smooth curve arrestance versus dust 2001 
loading up to the final resistance. 2002 

For filters with particle removal efficiency <50 % in the PME10 particle range, the final resistance to 2003 
air flow is 200 Pa (0.8 inch H2O), while for filters with a particle removal efficiency ≥50 % in the PME10 2004 
particle range, the final resistance to air flow is 300 Pa (1.2 inch H2O). 2005 
 2006 
The test dust loading curve should be built up by a minimum of five data points evenly distributed to 2007 
create a smooth curve. However, a filter with low initial pressure loss, or a filter with low increase of 2008 
pressure versus loading dust, requires one or more measuring points in the beginning of the dust loading 2009 
procedure, while other filters may need an extra measuring point at the end of the dust loading procedure 2010 
to give an even distribution of measuring points  2011 
 2012 

Table 7.6 - Performance values to measure or calculate after each dust loading step 2013 

 2014 
 

Stage 
Parameter to be determined 

 

Arrestance Test dust 
capacity 

Resistance to 
air flow 

Initial, before dust loading NO NO YES 

After 30 g dust, or 10 Pa (0,04 inch H2O) 
increase, whichever comes first (the first 
loading to give initial arrestance) 

 
YES 

 
NO 

 
YES 

At the end of each intermediate increment YES NO YES 

After the last increment 
(final resistance to air flow) 

 

YES 
 

YES 
 

YES 

 2015 



 

 

 2016 
 2017 
7.5.5.3 – Measurement of Arrestance 2018 
 2019 
The arrestance shall be determined after each dust loading step. 2020 
 2021 
After reaching the next resistance to air flow level, the previously weighed final filter is removed from the 2022 
test rig and reweighed. The weight increase indicates the mass of dust that has passed the test device. 2023 
The arrestance, Aj, for the dust loading step “j” shall be calculated as 2024 
 2025 
 2026 
Aj = ( 1 - mj / Mj ) 100 %          (51) 2027 

where 2028 

mj is the mass of dust passing the filter (the mass gain of final filter Δmff and the dust after the 
device md) at the dust loading phase “j”; 

Mj is the mass of loaded dust (dust increment Δm) during the dust loading phase “j”. 
 2029 
The test is stopped if the arrestance is lower than 75 % of the maximum measured arrestance or if two 2030 
values are lower than 85 % of the maximum measured value. If test has to be stopped, test dust capacity 2031 
shall be reported “not applicable due to loss of arrestance during loading process”. 2032 
 2033 
An average arrestance is calculated from at least five single values of the arrestance. The average dust 2034 
arrestance, Am, shall be calculated as : 2035 

 2036 
 2038 

𝐴𝑚 = (1
𝑀⁄ ) ∗ [𝑀1 ∗  𝐴1 + 𝑀2 ∗  𝐴2+ . . . . . . + 𝑀𝑛 ∗ 𝐴𝑛]     (52) 2037 

 2039 

where 2040 

M = M1 +M2 +.... + Mn     is the total mass of dust fed; 

M1, M2 .... Mn      are dust masses successively fed to reach the final resistance to air flows   

     Δp1, Δp2 .... Δpn. 

 2041 

Arrestance values above 95 % should be reported as >95 %. 2042 
 2043 
In plotting a continuous curve of arrestance against loaded dust, the curve shall be drawn through 2044 
arrestance values plotted at the mid-point of their associated weight increment. 2045 
 2046 
 2047 
7.5.5.4 – Test dust capacity calculation 2048 
 2049 
The test dust capacity for a given final resistance to air flow is calculated by multiplying the total mass of 2050 
loaded dust (corrected for the losses upstream of the test device) by the average arrestance. 2051 
 2052 
 2053 
 2054 
 2055 
 2056 
 2057 
 2058 
 2059 
 2060 
 2061 
 2062 
 2063 
 2064 
 2065 
Section 8 – Reporting & Marking 2066 

 2067 
This section provides the formats for preparation of various reports based on the measured values, 2068 
computations and test results. 2069 
 2070 



 

 

  
 

 

  

 

 
 

 
 

 

 

 
 

   
 

  
 

 
  

 
 

 
 

 

 

 

 

 

 

 

 

 

 

  

 

 

  

 

 2071 
 2072 

Format for Summary of the Performance report 2073 
 2074 
 2075 
 2076 
 2077 
 2078 
 2079 
 2080 
 2081 
 2082 
 2083 
 2084 
 2085 
 2086 
 2087 
 2088 
 2089 
 2090 
 2091 
 2092 
 2093 
 2094 
 2095 
 2096 
 2097 
 2098 
 2099 
 2100 
 2101 
 2102 
 2103 
 2104 
 2105 
 2106 
 2107 
 2108 
 2109 
 2110 
 2111 
 2112 
 2113 
 2114 
 2115 
 2116 
 2117 
 2118 
 2119 
 2120 
 2121 
 2122 
 2123 
 2124 
 2125 
 2126 
 2127 
 2128 
 2129 
 2130 
 2131 
 2132 

    2133 

 2134 

 2135 

 2136 

Format for Summary of the Performance report (Contd) 2137 



 

 

2138 



 

 

 
 
 

Format for Summary of the Performance report (Contd) 
 

 
 

 

 

 

 

 



 

 

Test report format for Fractional efficiency 
 

 
 



 

 

Test report format for Fractional efficiency (Contd) 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

 
 

  
  

 

  

  

 

   

 

 
 
    

 
  

 
 

   

 
 

 

 

Test report format for Gravimetric efficiency 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 



 

 

Test report format for Gravimetric efficiency (Contd) 

 

 

 

 

 

 

 



 

 

Table format for Air flow rate and resistance to air flow after different dust loading phases 

 
 

ISO 16890-3:2016 - Air flow rate and resistance to air flow after different dust loading phases 

Test device: 

Test no.: 

Test aerosol: 

Air flow rate: m3/s 

Date Loaded 
dust 

mtot 

g 

Air flow meter Filter 

tf 

°C 
psf 

kPa 
Δpf 

Pa 
qm 

kg/m3 
t 

°C 
φ 
% 

pa 

kPa 
ρ 

kg/m3 
qv 

m3/s 
Δp 
Pa 

Δp1,20 

Pa 

Clean filter 

yyyy-mm-dd             

yyyy-mm-dd             

yyyy-mm-dd             

yyyy-mm-dd             

yyyy-mm-dd             

 Clean filter resistance to air flow is proportional to (qv)n, where n = 

 Dust loading phase 

yyyy-mm-dd             

yyyy-mm-dd             

yyyy-mm-dd             

yyyy-mm-dd             

yyyy-mm-dd             

yyyy-mm-dd             

yyyy-mm-dd             

yyyy-mm-dd             

yyyy-mm-dd             

yyyy-mm-dd             

yyyy-mm-dd             

yyyy-mm-dd             

Symbols and units 

mtot Cumulative mass of loaded dust to filter, g tf Temperature at air flow meter, °C 

pa Absolute air pressure upstream of filter, kPa ρ Air density upstream of filter, kg/m3 

psf Air flow meter static pressure, kPa φ Relative humidity upstream of filter, % 

qm Mass flow rate, kg/m3 Δp Measured filter resistance to air flow, Pa 

qv Air flow rate at filter, m3/s Δpf Differential pressure used for determination 
of air flow rate, Pa 

t Temperature upstream of filter, °C Δp1,20     Filter resistance to air flow at air density 
1,20 kg/m3, Pa 

NOTE Units are shown in SI, but can be converted to IP. 

 

 

 

 

 

 

 

 



 

 

 

 

Table format for Resistance to air flow and arrestance after different dust loading phases 
 

ISO 16890-3:2016 - Resistance to air flow and arrestance after different dust loading phases 

Test device: 

Test no.: 

Test aerosol: 

Air flow rate: m3/s 

Date Δp1 

Pa 
Δm 
G 

mtot 

g 
Δp2 

Pa 
m1 

g 
m2 

g 
Δmff 

g 
md 

g 
A 
% 

yyyy-mm-dd          

yyyy-mm-dd          

yyyy-mm-dd          

yyyy-mm-dd          

yyyy-mm-dd          

yyyy-mm-dd          

Mass of tested device 

Initial mass of tested device: g 

Final mass of tested device: g 

Symbols and units 

A Arrestance, % 

md Dust in duct after device, g 

mtot Cumulative mass of loaded dust to filter, g 

m1 Mass of final filter before dust increment, g 

m2 Mass of final filter after dust increment, g 

Δm Dust increment, g 

Δmff Mass gain of final filter, g 

Δp1 Resistance to air flow before dust increment, Pa 

Δp2 Resistance to air flow after dust increment, Pa 

NOTE Units are shown in SI, but can be converted to IP. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 



 

 

 

ANNEXURE 

EXAMPLE FOR CALCULATION OF FRACTIONAL EFFICIENCIES FOR 12 RECOMMENDED PARTICLE SIZES FROM THE 

FRACTIONALEFFICIENCY VALUES OBTAINED WHEN USING AN OPC WITH REDUCED SIZE CHANNELS 

When using an OPC with lower resolution in size channels as shown in Table 6.2, it is necessar y to 

mathematically arrive at the fractional efficiency values for the 12 particle sizes (Geometric mean 

sizes) as mentioned in Table 6.1 from the fractional efficiency data points obtained from the OPC 

having reduced size channels as mentioned in Table 6.2.  

This shall be done by arriving at a curve fit equation from the fractional efficiency data points obtained 

from the OPC having reduced size channels as mentioned in Table 6.2 and calculating the fractional 

efficiencies for the 12 particle sizes (Geometric mean sizes) as mentioned in Table 6.1. While arriving 

at the curve fit equation, it shall be ensured that the Coefficient of determination value ( R 2 ) of the 

curve fit shall be above 0.95.  

This is shown in n illustrative working below:  

Table # - Initial Fractional efficiency of the unconditioned test device for the five size channels 

measurable in the OPC  

Sl. 
No 

dL 
[µm] 

dU 
[µm] 

d 
[µm] 

X =  
log [d] 

Y = E i %]  
Actual (5 Ch OPC) 
Illustrative values 

1 0.3 0.5 0.39 -0.4089 60.71 

2 0.5 1 0.71 -0.1487 81.74 

3 1 3 1.73 0.2380 97.02 

4 3 5 3.87 0.5877 99.78 

5 5 10 7.07 0.8494 99.92 

 

Table # - Curve fit method for estimating the fractional efficiencies for the 12 particle sizes from the 

fractional efficiencies for 5 particle sizes. 

 

 

 

 

 

 

y = 25.747x3 - 57.953x2 + 42.746x + 89.596
R² = 0.9999
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Table # - Initial Fractional efficiency of the unconditioned test device estimated for the twelve size 

channels. 

Sl. 
No 

dL 
[µm] 

dU 
[µm] 

d 
[µm] 

X =  
log [d] 

Y = E i [%]  
Estimated (12 Ch) 
Y = 25.747 X3 – 57.953 X2 + 42.746 X + 89.596 

1 0.3 0.4 0.35 -0.4535 55.90 

2 0.4 0.55 0.47 -0.3279 68.44 

3 0.55 0.7 0.62 -0.2069 78.04 

4 0.7 1 0.84 -0.0778 85.91 

5 1 1.3 1.14 0.0569 91.85 

6 1.3 1.6 1.44 0.1584 95.01 

7 1.6 2.2 1.88 0.2742 97.49 

8 2.2 3 2.57 0.4099 99.15 

9 3 4 3.46 0.5391 99.83 

10 4 5.5 4.69 0.6712 99.96 

11 5.5 7 6.20 0.7924 99.89 

12 7 10 8.37 0.9227 99.92 

 

The estimated fractional efficiencies can be further used for calculation of PSE and PME of the test device. 

The same methodology may be applied for estimating the discharged initial fractional efficiencie s of 

the test device also.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

ANNEXURE 

Resistance to air flow calculation 
 

 

All resistances to air flow measured during the test should be corrected to a reference air density of 
1,20 (1,1987) kg/m3 (0,075 lb/ft3) which corresponds to standard air conditions: temperature 20 °C 
(68 °F), barometric pressure 101,325 kPa (14,7 lb/in2), relative humidity 50 %. However, as long as the 
air density is between 1,16 kg/m3 (0,072 lb/ft3) and 1,24 kg/m3 (0,077 lb/ft3), no corrections need to 
be made. All calculations are expressed in SI units only. 

 

The resistance to air flow of a test device can be expressed as given in Formula (A.1) and Formula (A .2): 
 

∆p = c (qv )
n 

(A.1) 

 



 

 

c = k × µ 2− n × ρ n – 1                          (A.2) 

 

where 
 

 

 

 

 

 

 

 

  

 

The readings of the air flow measuring system shall be convened to the volumetric air flow 
rate at the conditions prevailing at the inlet of the tested device. With these air flow rate values 
and the measured resistances to air flow, the exponent “n” from Formula (A.1) could be 
determined by using a least square technique. 

 

With a known value of exponent “n”, the measured resistances to air flow can be corrected to 
standard 
air conditions using the 
Formula (A.3): 
 

where the unsubscripted quantities refer to the values at the test conditions, the subscripted 
quantities to values at the standard air conditions and: 
 

ρ1,20 = 1,1987 kg/m3 

 

μ1,20 = 18,097 × 10−6 Pa s 

 

The exponent “n” is usually determined only for a clean test device. During the dust loading 
phase, exponent “n” can change. As it is undesirable to measure pressure loss curves after 
each dust loading phase, the initial value of exponent “n” may be used during the device test. 
The air density ρ (kg/m3) 

of temperature t (°C), barometric pressure p (Pa) and relative humidity φ (%) can be 
obtained by 
Formula (A .4): 

 
 
 
 
 
 

Δp is the resistance to air flow, in Pa; 

k is a constant; 

qv is the air flow rate, in m3/s; 

μ is the dynamic viscosity of air, in Pa s; 

n is an exponent; 

ρ is the air density, in kg/m3. 



 

 

 
 
  

 


