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THE DETERMINATION OF PARTICULATE CONTAMINATION 
I N  LIQUIDS BY THE PARTICLE COUNT  METHOD 

1. SCOPE: This  method  describes a p r o c e d u r e   f o r   t h e   s i z i n g  and   coun t ing   o f  
Ø p a r t i c u l a t e   c o n t a m i n a t i o n  i n  l i q u i d  samples  by membrane f i l t r a t i o n .  The 

procedure will a l l o w  measurement o f   p a r t i c u l a t e   c o n t a m i n a t i o n   f i v e  
m i c r o m e t r e s   o r   g r e a t e r   i n   s i z e   w i t h  a maximum v a r i a t i o n   o f  +20% i n   r e s u l t s  
over  an  average o f  two  runs.  This  procedure  can  be  used f o r   a l  1 samples 
where  the membrane f i l t e r   i s   c o m p a t i b l e   w i t h -   t h e  sample l i q u i d  and r i n s e  
1 i q u i d .  

Sec t ion  II o f  t h i s   p r o c e d u r e  may be  used t o   c o u n t  any  sample  on a g r idded 
membrane where p a r t i c l e s   a r e   e v e n l y   d i s t r i b u t e d .  

This   procedure i s  an a l t e r n a t i v e   t o ~ c o u n t i n g   w i t h  an a u t o m a t i c   p a r t i c l e  
counter   a l   though  resu l ts   by   each  method  f rom  ident ica l  samples. m i g h t   n o t   b e  
e q u i v a l e n t  due t o   i n d i v i d u a l   i d i o s y n c r a s i e s   i n  each  technique. 

2. OUTLINE OF  METHOD: A known volume o f   l i q u i d   i s  fil tered   t h rough  a membrane 
fil t e r .  The p a r t i c u l a t e   c o n t a m i n a t i o n   i s   d e p o s i t e d  on   t he   su r face   o f   t he  
membrane f i l t e r .  The r e s i d u a l   c o n t a m i n a t i o n   i s   t h e n   s i z e d  and  counted  by 
mic roscop ic   ana lys is .  

3. MATERIALS: 

3.1 Membrane fil t e r ,   p o r e   s i z e   l e s s   t h a n  1 .O micrometres. The f i l t e r   s h a l l  have 
a n   i m p r i n t e d   g r i d  on 3.1 O + 0.02 Em centers .  The c o l   o r   s h a l l   b e   c h o s e n   f o r  
maximum c o n t r a s t   w i t h   t h e   p a r t i c u l a t e   c o n t a m i n a t i o n  t o  be  observed. 

SAETechnical Board  Rules  provide that “This  report is published by  SAE to advance  the  state  of  technical  and  engineering  sciences. 
The’use of this repon is  entirely  voluntary,  and  its  applicability  and  suitability  for any particular use, including any  patent  infringement 
arising  therefrom, is the  sole  responsibility of the user.” 

SAE reviews each technical report  at  least  every  five  years  at  which  time if may be reaffirmed,  revised,  or  cancelled.SAE  invites  your 
written  comments  and  suggestions. 
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3.2 Petri  dishgs,  plastic or g1 ass . 
3.3 Glass bottles, small mouth, screw capped, permanently marked to  indicate 

sample vol Ume. (1 1 

3.4 Plastic film, 0.05 m (0.002 i n )  min imum thickness. (2 )  

4. APPARATUS: 

4.1 Filtration Apparatus: 

4.1.1 Funnel, Filtration: The lower hole shall have a diameter of approximately 
35 mm IR. The effective  filtering  area  shall be calibrated by f i l  tering a 
contrasting  particulate  pigent through a membrane f i l t e r .  the diameter 
o f  the  residual pi gient  shall be  measured a t  quadrature  diameters. I f  the 
receiver  is t o  be  used for rileasuring the sample  volume, the funnel shall 
be cal  ibrated w i t h i n  - f 2% o f  the  required volume. 

stainless  steel screen may be used. The support shall be so designed as 
t o  enable attachment t o  a vacuum source. 

4.1.2  fkmbrane f i l t e r  support - Either a fritted  glass,  sintered metal or 

4.1.3 Vacuum flask 

4'1.4  Funnel hold ing  device - A provision should be  made for the  dissipation of 
s ta t ic   e lectr ic i ty  from the funnel . 

4.1 .S Funnel cover - t o  prevent  extraneous  contamination. 

4.1 .6 Vacuum source - m i n i m u m  vacuum of 457 mm (18 i n )  of mercury. 

4.1.7 Forceps - unserrated tips. 

4.1.& Rinse dispenser ( 3 )  

4.2 Partícle Count  Apparatus: 

4.2.1 Wicroscoye - ßinocular or monocul a r  (Stereo ai croscopes shall no t  be 
employed with this procedure) e 

4.2.2 Objectives and oculars  (eyepieces) i n  combinations t o  give magnifications 
s f  50 .t. lox  and 100 + lox.  The higher power objective  shall have a 
minimuiñ  Ejumerical Apïfrture (N .A . )  of 0.15, The ocular  shall n o t  be 
greater than 15x. 

Note: (1 The standard sample volume shall be 100 3- 5 ml t o  al 1 ow complete use 
o f  f1 u i d  and t o  allow the bottle t o  be rinsed w i t h  solvent. 

(2) Plastic film raust be compatible w i t h  sample and rinse liquids. 

( 3 )  A pressurized  container equipped to  pass rinse l i q u i d  through 
meriibrane f i l  t e r  having a pore sine of 1.2 micrometres or finer. 

B 

D 

B 
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4.2.3  Ocular  Micrometer - l inear   sca le   ins ta l led  i n  one eyepiece. The smallest  
division  shall   not subtend a distance 1 arger  than  the srna1 1 e s t   pa r t i c l  e to 
be counted a t  a particular  magnification. 

4.2.4 Mechanical Stage - capable of traversing  the  entire  area of  the membrane 
f i l t e r .   I t   s h a l l  have provision  for  holding a membrane container. 

4.2.5 Stage  nlicrometer - divis ions o f  0.1 mm and  0.01 m. 
4.2.6  blicroscope l i g h t  - external,  focusing - I t  shall be equipped w i t h  an 

external  adjustable ann to  give oblique  incident  l ight.   I t   shall   provide 
an illumination  of 54 t o  65 kilo1  mens  per  square  metre (5009 t o  GOOC f t -c  
a t  the counting  surface. 

5. REAGENTS: 

5.1 L i q u i d  detergent  solution  that   leaves no solid  residue, 

5.2 Isopropyl  alcohol,  acetone  free. 

5.3  Petroleum  naphtha - minimum in i t ia l   bo i l ing   po in t  o f  2 9 . 4 O C  (85 F )  and  a 
maximum end point of 104.4OC (220 F ) .  Halogenated  hydrocarbons may be used 
where petroleum  naptha  presents a safety  hazard,  providing the subs t i tu te  
solvent i s  compatible w i t h  the membrane f i l t e r  and adequate  precautions  are 
taken to  avoid  inhalation of the vapors. 

6 .  FILTRATION OF REAGENTS: The f i l t r a t i o n  of  reagents  shall be 
the apparatus  described i n  paragraph 4.1.8. 

7 .  PREPARATION OF APPARATUS: The apparatus used i n  the f i l  t r a t  
shall  be prepared as follows: 

7.1 The apparatus  shall be thoroughly washed i n  a solution of 1 
and hot  water. 

performed w i t h  

ion  of sampl es  

i q u i d  detergent 

7.2 Rinse w i t h  -hot  dist i l led  or  de-mineralized  water.  

7.3 Rinse w i t h  1 micrometre filtered  isopropyl  alcohol t o  remove water. 

7.4 Kinse with 1 micrometre f i l t e r e d  petroleum  naphtha, 

7.5 Sample Bottle  Preparation - Repeat  paragraph 7.1 through 7.4,  then  allow  the 
bot t les   to  drip dry. Pl ace a piece of p l a s t i c  f i  lm, which has been rinsed 
with f i l t e red   l iqu id ,   over   the  mouth of the bottTe. Hold the  filn;  while 
screwing on the cap to  prevent  the fi lm from rotating ( 4 ) .  

Note: ( 4 )   I t  i s  important  to  hold the fi lm when applying and removing t o  
prevent serra t i  on. 
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8,l The standard sample should he 100 + 5 m1 except i n  the following cases: 
Rhen the particle count from this vol ilme i s  greater than 100,000 or less 
than 500 pat*ticles t o t a l ,  the sample vol urne may be al  tered. For counts less 
than 508 particles, the volume should be a miniinum o f  200 m l .  For counts 
greater t h a n  100,000 particl  es,  the volume may be decreased t o  al low proper 
particle  differentiation. In a l l  cases,  the sample volume shall be recorded. 

possible. Procedures for sampling shall be established by ind iv idua l  plants 
or laboratories.  To assure  reproducibility, the sampling program  should  be 
checked by testing repl icate samples from the sample port. 

8.2 Sdmpl ing  Procedllre - Samples shall  be as  representative of the system as 

9 . SAblPLI FIG PREPARATION PROCEDURE : 

9.1 Blank Analysis Filtration 

Remove a membrane fil t e r  using forceps from the  container and rinse  the 
Pi  1 tered 1 i quid,  

Place the f i l   t e r  on the support, lower the funnel , and secure w i t h  the 
hol ding device, Cover the funnel , 

Place an amount o f  nlembrane f i l  tered 1 i q u i d  from the  rinse  dispenser, 
equivalent i n  volume t o  the f l u i d  t o  be tested, i n  a bottle ( 5 )  and 
agi tate,  

Remove the cover and pour the contents of the b o t t l e  i n to  the  funnel. 

Pour approximatley 50 ml of rinse 1 i q u i d  i n to  the  bottle and agi tate. 

Pour the  contents of  the  bottle i n t o  the funnel and replace  the funnel 
cover, 

Turn  on the vacum and al low the sample t o  f i l  ter  u n t i l  approximately 50 
ml remain. 

Remove the cover, rinse  the funnel wall S and repl ace the cover (6). 

Note: (5) This procedure i s  designed t o  utilize  glass  bottles. I f  other 
containers are t o  be used, t h i s  procedure  should be deviated and 
proper identification given t o  the containers used. 

( 6 )  When the f l u i d  f i l t ra t ion  rate is  excessive, causing a vortex,  the 
vacuum should f x  released t o  allov; adequate rinsing of the funnel 
walls and t o  eliminate  the  possibility o f  upsetting  the  particle 
d i s t r ibu t ion  by the  rinse l i q u i d .  
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9.1.9 A l l o w   t h e  sample t o   f i l t e r   u n t i l  dry. 

9.1.10  Remove the   cove r ,   ho l   d ing   dev i ce   and   immed ia te l y   t u rn   o f f   t he  vacuum. 

9.1.11  Remove t h e  membrane f i l t e r   u s i n g   t h e   f o r c e p s  and p l a c e   i n  a p e t r i   d i s h  
and l a b e l .  

9.1.12 Perform a p a r t i c l e   c o u n t   a s   - s p e c i f i e d   i n   p a r a g r a p h  11. 

9.1.1 3  The b l -ank   count   sha l l   no t   exceed 1 OX o f   t o t a l   a l l o w a b l e  sample  count. I f  
the   b lank   ana lys is   exceeds 10% o f   t h e   c o u n t   o f  an acceptable  sample, o r  
one pa r t i c l e ,   wh ichever  i s  g rea ter ,   and  the   to ta l   count   exceeds  the   count  
o f  an   acceptab le   sample ,   the   appara tus   sha l l   be   rec leaned  to   p roduce a 
l ower   b lank  and the  procedure  should  be  rerun.  

9.2  SamDle F i l t r a t i o n :  

9.2.1 Repeat  steps 9.1.1 th rough 9.1.2. 

9.2.2 Thorough ly   ag i ta te   t he  sample  and then remove t h e  cap. 

9.2.3  Remove t h e   f u n n e l   c o v e r   a n d   p o u r   t h e   c o n t e n t s   i n t o   t h e   f u n n e l  

9.2.4 Pour   approx imate ly  50 m l  o f   r i n s e   l i q u i d   i n   t h e   b o t t l e  and  ag 

. 
i t a t e .  

9.2.5 Pour t h e   r i n s e   l i q u i d   i n t o   t h e   f u n n e l  and  cover. 

9.2.6 Turn on t h e  vacuum  and a l l o w   t h e  sample t o   f i l t e r   u n t i l   a p p r o x i m a t e l y  
50 ml remain. 

9.2.7 L i f t   t h e   c o v e r   a n d   c a r e f u l l y  wash  down t h e   f u n n e l   w a l l s   w i t h   r i n s e   l i q u i d  
(6). 

9.2.8 Replace  the  cover  and f i l t e r   u n t i l   t h e  membrane i s  dry.  

9.2.9  Remove the  cover,   c lamp  and  funnel   and  then  release  the vacuum immediately. 

9.2.10 U s i n g   t h e   f o r c e p s ,   t r a n s f e r   t h e  membrane f i l t e r  t o  t h e   p e t r i   d i s h .  

9.2.11 L a b e l   t h e   p e t r i   d i s h   g i v i n g   t h e  sample  volume  and i d e n t i f i c a t i o n .  

9.2.12  The f i l t e r  i s  now ready   fo r   m ic roscop ic   examinat ion .  

Note: ( 6 )  When t h e   f l u i d   f i l t r a t i o n   r a t e - - i s   e x c e s s i v e ,   c a u s i n g  a vo r tex ,   t he  
vacuum s h o u l d   b e   r e l e a s e d   t o   a l   l o w   a d e q u a t e   r i n s i n g   o f   t h e   f u n i l e l  
w a l l s   a n d   t o   e l i m i n a t e _ t h e   p o s s i b i l i t y   o f   u p s e t t i n g   t h e   p a r t i c l e  
d i s t r i b u t i o n   b y   t h e   r i n s e   l i q u i d .  
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18.1 

10.2 

10.3 

10.4 

Place the  stage micrometer on the nechanical stage and adjust  the l i g h t .  

Place the  -required  objective and oculars i n  the microscope and focus on the 
micrometer. 

Calibrate  the  ocular micrometer located i n  one eyepiece ( 7 )  a t  each 
magnification t o  be used. Each operator  shall perform this ca l ibra t ion  
when using a binocular microscope (8). The cal i h ra t ion  nethod requires 
that  the length o f  the  entire 1 inear  scale be measured rather than only a 
p o r t i  on 

The operator  shall  calculate  the number of 1 inear  divisions required t o  
measure each range a t  a l l  magnifications. For example: I f  an ocular 
micrometer w i t h  100 divisions measures 250 micrometres a t   OX, then  each 
divis ion would equal 2'5 micrornetres. By calculating  the ranges, you would 
measure as follows: over 100 micrometres equals 40 division, 50 t o  100 
micrometres  equal S 20 t o  40 divisions , 25 t o  50 micrometres  equal s 1 O t o  2C 
divisions. 

11,l The particle  size  shall be determined by measuring the  largest dimension. 

11.2 The size ranges *shall be as follows: 5 t o  15 micrometres, 15 t o  25 
micrometres, 25 t o  50 microaetres, 5C t o  1 O0 picrometres, over 100 
micrometres and fibers (9) . 

11,3 Remove the  container l i d  and place the sample on the elechanical stage. 

11.4 Select the proper magnification and focus on the membrane grid  lines. 

11 .fi Turn the petri  dish un t i l  the g r i d  1 ines  are aligned with the  vertical and 
horizontal  stage axis. 

Note: (7 )  Bo n o t  place the eyepiece conta in ing  the  ocular misror" i n  an 
adjustable draw tube eyepiece because the  calibration will change as 
the 06111 ar  i S adjusted . 

( 9 )  A fiber- i s  def ined  as a particle  greater than 100 nicrometres whose 
length ex~cccJs the w i d t h  by a t  least 10 times. 
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11.6 Focus t h e   l i g h t ,  a d j u s t -  the  angle ( 1 0 ) ~  and  intensity t o  obtain.maximum 
part ic le   def ini   t ion.  

11.7 Examine the membrane  by scanning  the  surface  to  determine  that  the 
par t ic les  have a random dis t r ibut ion,   I f   the  membrane shows evidence o f  
spot ty   dis t r ibut ion or rings-of  heavier  particle  concentration~around  the 
outside edge o f - t h e   f i l t r a t i o n   a r e a ,  the statistical  counting  procedure 
shall  not be used. The 1 i q u i d  sample should  be rerun  or a to ta l   par t ic le  
count performed. 

11.8 This  procedure  defines a Ïnethod o f  sizing and countl’n? par t ic les  5.0 
micrometres and greater.  

11.8.1 In obtaining  the number o f  par t ic l   es  of a given  particl e s ize  range , the 
number of pa r t i c l e s  on a representative nunber o f  grid  squares on the 
f i l   t e r   d i s c   - a r e  counted. From this  count,  the t o t a l  number of par t ic les ,  
which would  be p re sen t   s t a t i s t i ca l ly  on the  total   effect ive f i l t r a t i o n  
area of  100 imprinted~grid  squares,  i s  calculated. 

11.8.2 I f  the t o t a l  number of  particles o f  a given pa r t i c l e   s i ze  range i s  
.~ 

estimated t o  be between 1 and 50, count  the number of particles  over  the 
en t i r e   e f f ec t ive   f i l t e r ing   a r ea .  

11.8.3 I f  the   total  number of  par t ic les  of  a given pa r t i c l e   s i ze  range i s  
estimated t o  be between 50 and 1,000, .count the number of  par t ic les  i n  20 
randomly  chosen grid squares and nul t - iply  this  number  by 5 t o  o b t a i n  the 
t o t a l  s t a t i s t i c a l   p a r t i c l e  count. 

11.8.4 I f  the t o t a l  nuiber  of  particles o f  a given pa r t i c l e   s i ze  range i s  
estimated t o  be between 1,000 and 5,000, count  the number of par t ic les  on 
1 O randomly  chosen grid  squares and rnut i  ply  this number  by 1 O to  obtain 
the  total   s ta t is t ical   par t ical   count .  

11.8.5 I f  the  estimated  total number of  par t ic les  of a given s i ze  range  exceeds 
5,000, com€  the  par t ic les  w i t h i n  a t  least   ten ~ ( 1 0 )  randomly chosen u n i t  
areas. To a r r ive  a t  the t o t a l  s ta t i s t ica l   count ,  the sum of the 
particles  counted i n  10 o r  more u n i t  areas i s  mu1 t i - p l  ied by the 
cal ibrat ion  factor .  

Note: (10)  The  recommended angle i S 15 - 45 deg frocr the RorizonZal. 
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11.8,6 Count ,the  number of  particles i n  each field ( 1 1 )  for each size range by 

"Gating" ( 1 2 )  the nembrane f i l t ra t ion area. As t h e  particles pass by the 
ocular micrometer  measure ( 1  3 )  and record the number of particl  es i n  each 
size range (141, 

11.8.7 If a particle  lies on the upper  or l e f t  boundary line of a counting area, 
count this particle as i f  i t  were ni t h i n  the boundaries of  the counting 
area, Particles on the 1 ower and r i g h t - h a n d  boundary 1 ines of the 
count ing area shall n o t  be counted, 

12, PARTICLE COUNT CALCULATIONS: 

12.7 The t o t a l  particle count for each range shall be calculated using the 
following formula: 

Total count = A x P t  
En X Fa 

Where: A = Filtration area of membrane (normally 960 nrnz). 

Fn = EJumber of fields ( u n i t  areas) counted. 

Fa = Area of each field ( u n i t  area) mm 2 , 

P t  = Number of particl  es i n  Fn f i e lds  or u n i t  areas, 

12.2 Particle counts shall be expressed i n  particles per 100 mL, If  the volume 
i S other t h a n  100 mL, the results  shall  specify  the sampl e vol Ume. 

Note: (11)  Select a field  size so t h a t  there  are no more t h a n  about 50 
particles of the  size t o  be counted i n  the  field, Optional fields 
are: a g r i d  square; a rectangle defined by the width o f  a g r i d  
square and the cal ibrated  length o f  the  ocular micrometer scale; a 
rectangle defined by the width  of the g r i d  square and a portion of 
the length of  the ocular micrometer scale  as shown i n  Fig. 1 . 

(12)  Gating i s  the technique where  one s tar ts  a t  a reference po in t  and 
traverses  the  entire f i l t r a t i o n  area i n  a systematic manner. 

(13) For particles improperly oriented  relative t o  the ocular micrometer, 
an estimate shall he made,  The eyepiece containing  the ocular 
micr-ometer should not he rotated t o  size  specific  particles. 
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