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Why Set Specifications?

Product release (quality)
Communicate grade to buyers
Internal requirements
Required in regulated industries (food & 
drugs)
Will focus on drugs, but same concepts 
applicable to other industries
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This is not New!
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Examples (Sieves)

The following convention is used to characterize particle size by mesh designation:
a "+" before the sieve mesh indicates the particles are retained by the sieve; 
a "-" before the sieve mesh indicates the particles pass through the sieve; 
typically 90% or more of the particles will lie within the indicated range.

-4 +40 mesh, then 90% or more of the material will pass through a 4-mesh sieve
and be retained by a 40-mesh sieve

-40 mesh, then 90% or more of the material will pass through a 40-mesh
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Example (TiO2)

Does this mean 0.06%
fails?? They are the same
numbers!

Easier to understand, but:
How was it measured?
Dispersion?
Ultrasound?
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Specification Definition*

“a list of tests, references to analytical 
procedures, and appropriate acceptance criteria, 
which are numerical limits, ranges, or other 
criteria for the tests described”

“chosen to confirm the quality of the drug 
substance and drug product rather than to 
establish full characterization, and should focus 
on those characteristics found to be useful in 
ensuring the safety and efficacy of the drug 
substance and drug product”

*ICH HARMONISED TRIPARTITE GUIDELINE,   SPECIFICATIONS: TEST PROCEDURES AND ACCEPTANCE CRITERIA FOR NEW DRUG SUBSTANCES 
AND NEW DRUG PRODUCTS: CHEMICAL SUBSTANCES , Q6A, Current Step 4 version, 6 October 1999
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Pharmaceutical: FDA Guidance
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FDA Guidance

Is the drug a solid oral dosage form or suspension?

Is particle size critical to: 
Dissolution, solubility, bioavailablility?
Processability?
Stability?
Content uniformity?
Maintaining appearance?

Set Acceptance Criterion

Yes

Yes
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FDA: Nanoparticles
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Particle Size and Processability

Milling/size 
reduction
Mixing/blending
Separation
Filtration
Granulation
Homogenization
Crystallization

Narrow particle size distributions 
minimize segregation problems 
during mixing – more homogeneous 
distribution of components in final product
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Particle Size and Dissolution

David R. Friend, PhD; Gregory E. Parry, PhD; T. Francis, PhD; Gary Kupperblatt, PhD; Suggy S. Chrai, PhD; and Gerald Slack,
Mathematical Modeling of a Novel Controlled-Release Dosage Form
Drug Delivery Technology, 

•

XS is the mass of solid drug (mg),
t is time (minutes), 
D is the drug diffusivity (cm2/min), 
X0 is the initial drug mass (mg), 
r is the drug density (mg/mL), 
h is the diffusion layer thickness (cm), 
r0 is the initial particle radius (cm),
CS is the drug solubility (mg/mL), 
Xd is the mass of dissolved drug (mg), 
V is the volume of dissolution media (mL). 
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Content Uniformity

good                 good good bad

Idealized concept:
Powder particles compacted into tablet
All particles are active ingredients
Small particles = specified dose
Large particle  = over dose
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Content Uniformity*

*Zhang, Y, Johnson, K, Effect of drug particle size on content uniformity of low-dose solid dosage forms, 
International Journal of Pharmaceutics 154 (1997) 179-183
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Tablets                   Suspensions

Size of active 
ingredient effects 
content uniformity
Size influences 
tablet hardness
Size and shape 
effects packing
Size and shape 
effect powder flow

Dissolution and 
absorption
Content 
uniformity
Ability to stay in 
suspension
Feel in mouth
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Only API’s? No, Also Excipients

Particle size and physical 
characteristics critical in selection and 
performance
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Techniques and Specifications
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DLS: Brownian Motion

Particle is randomly diffusing from Brownian motion
Larger particles will diffuse more slowly
Smaller particles will diffuse more quickly

Scatter light off this diffusing particle
Measure the frequency shift of the signal

Laser

De
te

ct
or

Frequency Shifted Signal
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Two Approaches: Correlator or Power Spectrum
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ISO 22412: PSA by DLS

Correlation method or frequency analysis
Measure at least 3 times
Record average particle size XDLS & PI 
Repeatability better than 5%
Check for sedimentation
Dilution study, use most dilute if changes
Verification: within 2% of 100nm 
standard, repeatability < 2%, PI< 0.2

–All specs too tight for reality
–Within 5% OK
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DLS Specifications

Only z average & PI defined in ISO
Can convert intensity to volume 
distribution

Requires RI of sample
Can dramatically alter reported values
Typically used for industrial products 
where D10, D50 & D90 familiar
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Laser Diffraction
Particle size 0.01 – 3000 µm

•Converts scattered light to 
particle size distribution

•Quick, repeatable
•Most common technique
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Distribution Parameters

Size

Fr
eq

ue
nc

y

Mode - Peak of the 
distribution

Median - 50% Point
(50% above - 50% 
below)

Mean – Weighted 
Average - Center of 
Gravity of Distribution

Symmetric Distribution
Mean = Median = Mode

Narrow

Broad

Central point same
for narrow & broad
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Other Data Points: D10, D50, D90

Size

Fr
eq

ue
nc

y

D10          D50        D90  D100

10%
below

90%
below

50%
below

100%
below

Never use D100 
from laser diffraction
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Other Data Points: D10, D50, D90

Size
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D10          D50        D90D10                                                 D90

Central value the same
but D10 & D90 significantly
different
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Distribution Parameters

Mode

Median

Mean

D4,3

Fr
eq

ue
nc
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Size

Mode<Median<Mean
if skewed to larger sizes

Note: D4,3 sensitive to large particles



© 2010 HORIBA, Ltd. All rights reserved.

Volume Mean Diameter

• D[4,3] which is often referred to as the Volume Mean Diameter [ VMD ]

D [ 4,D [ 4, 3 ]3 ] == ∑
∑

i i

i i

D n
D n

4

3

Setting a D [4,3]  specification will emphasize  the presence of large 
particles
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D 4,3 Volume Mean

15%
difference

Classic example:
CMP slurries
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Bimodal Distribution

Which numbers to use for specifications?
D50 still an option, but some prefer finer details
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Bimodal Distribution Result Details
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Laser Diffraction Standards

Standards good source for guidance to methods 
& specifications

ISO13320
Pharmaceutical: EP 2.9.31 & USP<429>

All based on ISO standard
Test Reproducibility

Don’t believe anything unless it’s reproducible
Verify your system

On a regular basis using polydisperse standards



© 2010 HORIBA, Ltd. All rights reserved.

Reproducibility

Prepare & measure sample 3 times
Record D10, D50, D90
Calculate average D10, D50, D90 and COV

ISO: COV < 3% at median x 50

COV < 5% at x10 & x 90

EP/USP: COV < 10% at median x 50

COV < 15% at x10 & x 90 

Can double COV values when D50 <10 µm
Part of specification? Perhaps internal
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Calculation Automation

From LA-950 Software
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System Verification

Use polydisperse standard
Whitehouse, NIST

3 independent measurements, calculate mean
Accuracy:

X50 <3% certified range of values
X10 & X90 < 5% certified range of values

Repeatability
COV X50 < 3%
COV X10 & X90 < 5%
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Calculation Automation

From LA-950 Software
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Pharmaceutical Specifications

What Information Should be Included?

Analytical procedures (sampling, dispersion, 
system suitability, etc.)
Method Validation (precision, ruggedness, 
dispersion stability, robustness, etc.)
Acceptance Criteria (upper and lower limits)
Representative plots of particle size distribution 
measurements should be included well as the 
method validation report.
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Justification

Justification should be presented for each 
procedure and each acceptance criterion 
included 
Should refer to relevant development data, 
pharmacopoeial standards, test data for drug 
substances and drug products used in 
toxicology and clinical studies, and results 
from accelerated and long term stability 
studies, as appropriate. 
Additionally, a reasonable range of expected 
analytical and manufacturing variability 
should be considered. 
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Example Specifications

Dv50 = 25 µm + 15%        Dv50 NMT 25 µm
21.2 to 28.8 µm 

Dv10 = 8 µm + 25% Dv10 NMT 8 µm
6 to 10 µm 

Dv90 = 75 µm + 25%        Dv90 NMT 75 µm
56.2 to 93.7 µm 

Maybe D[4,3] 

Looks busy
Looks cleaner

Sufficient?

Both better than: Average = 25
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Example Specification from FDA Website
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Pharmaceutical Reference*

*John, E, How to Set Specifications for the Particle Size Distribution of a Drug Substance?, 
American Pharmaceutical Review, April 2009, 72-77

Includes manufacturing and analytical variability over 3 years
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FDA Reference*

*http://www.aapspharmaceutica.com/meetings/workshops/Arden/presentations/
Regulatory_Issues_on_Particle_Size-_Sun.pdf
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FDA Reference*
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Inadequate LD Criteria
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Specification on X or Y Axis
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Specification with Error

http://www.spcpress.com/pdf/Manufacturing_Specification.pdf, By David Wheeler

Must tighten internal spec by lab error %
Then product always within performance specification
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Specification with Error

Must tighten internal spec by lab error
Therefore minimize lab error makes life 
easier 
How to minimize error?

Get sampling right
Structured method development
Eye on the goal: reproducibility
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Conclusions
Specifications based on product performance
Tighten internal specification to include 
measurement error
Report results in format created by 
instrument

Zave & PI intensity from DLS
Volume results from laser diffraction

Standards provide help to set specifications
Avoid Dv100 with laser diffraction
Use D 4,3 if performance sensitive to small 
amount of large particles

http://www.horiba.com/scientific/products/particle-characterization/
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To Learn More

http://www.horiba.com/scientific/products/particle-characterization/


