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. sodium Tablets 
{sr•l1 ,,r . 

, rill sodium Tablets contain not Jess than 
11i' nt and not more than J 05.0 percent of the 

!ot ce ount of C19H 1sNa04• 
L'· ,;d 3Jll . . 
/.l'" ,nd storage-Preserve m tight, light-resistant con­

tiJ'I 
-~' ce standards (II )-USP Warfarin RS. 
,.f ~tfe~ n-- . . 
,. '(~ tJO tention time of the maJor peak obtained from th 1 fbe ::arion correspo~ds to th~t obtained from the Sta,,: 
~rpreP,arion, both relative to the internal standard, obtained 
jprtP0 in the Assa;:. . 

~,rt't~~urate a quantity ?f fm~ly pow~ered Tablets, equivalent 
't fn 00 mg of warfann sodm~, ~Hh 50 mL of water, cen-
1,iut 2 d filter the supernatant hqu1d. Extract with so mL of 

,Jif 3~sfcr the aqueou~ layer to a se~ond separator, and dis­
;;tr• rra ether. Adjust with ~ydrochlonc acid to a pH of less 
·~ rbe • g short-range pH indicator paper and extract with ;,J, fs~Joroforll_l, Transfer the c~lorofor~ layer to another 
ymL ~ extract with 50 mL of sodium hydroxide solution (I 
tJl'lto' d discard the c~loroform. Transfer the aqueous layer 
,1.W), kan and adjust with hydrochloric acid to a pH of Jess 
' "'8 er, H · d · t ) t · · , 1 II" using the p m 1ca or paper. ? prec1p1tate the warfarin. 

>JD J( •xture and allow the prec1p1tate to coagulate Filter 
; rhe ::he precipitat~ with four _5-mL portions of w~ter. If 
cJ11'85

• •tate is not white or practically white, dissolve it in a 
Jff';[:.01ume of sodium hydroxide solution ( I in 250), dilute 
;:iim_ ter to 50 mL, and repeat the foregoing procedure, be­
~~ ~awith "Extract with 50 mL ~f ether." Dry the precipitate 
P"\m over phosphorus pentox1de for 4 hours: the infrared 
,_i
3C~ion spectrum of the warfarin so obtained exhibits maxima 

iii-~ the same wavelengths as that of a similar preparation of 
til B • RS ' -p U'arfarm • 
C Dissolve a quantity of finely powdered Tablets, equivalent 
rout JOO mg of warfarin sodium, in 25 mL of water, and f~.if necessary: a 5-mL portion of the filtrate responds to the 

:i.l for Sodium (191) . 
~ lution (711)-
Vtdium: water; 900 mL. 

iP War-' .~paratus 2:' 50 rpm. 
ask, and Time: 30 mmutes. . 
'.5.0 m .Vobile phase and Chromatographic system-Proceed as di-
vater to ::.1ed in the Assay. 
'nternal lllfernal standard solution-Prepare a solution of propylpar-
1itb pH oo in water containing, in each mL, an amount of propylpar­

ttn equivalent to 0.0025 times the labeled amount, in mg, of 
riarin sodium in each Tablet. [NOTE-A small amount of 
tt'Janol may be used if necessary, to dissolve the propylpara-
~) ' 

in w~ich C is the concentration, in mg per mL, of USP Warfarin 
RS in the Standard stock solution, 330.32 and 308.34 arc the 
molecular weights of warfarin sodium and warfarin, respectively, 
and Ru and Rs arc the ratios of the peak responses of v.:arfann 
toh those of propylparaben obtained from the Test solutwn and 
t e Standard solution, respectively. 

C 
Tolerances- Not less than 80% (Q) of the labeled amount of 

19H1 5NaO4 is di ssolved in 30 minutes. 
Uniformity of dosage units (905): meet the requirements. 
Assay-

pH ~.4 buffer and Chromatocraphic system- Proceed as di­
rected m the Assay under WarJarin Sodium. 

Sol~ent mixture- Prepare a mixture of pH 7.4 buffer and 
accton1trile (85 : 15). 

Mobile phase- Prepare a filtered and degassed mixture of 
!]lethanol, .water, and glacial acetic acid (68: 32: I). Make ad­
Justments 1f necessary (sec System Suitability under Chroma­
tography ( 621) ). 
bbrt~rnal standard solution- Prepare a solution of propylpar­

a e~ m acetonitrile having a concentration of I mg per mL. 
Diluted ifllernal standard solution- Dilute a volume of Inter­

Ila/ standard solutio11 with Solvent mixture to obtain a solution 
having a concentration of 0. I mg of propylparaben per mL. 

~tandard preparation- Transfer about 62.5 mg of USP War-

d
f~rm RS? accurately weighed, to a 200-mL volumetric flask, and 
issolve m 78 mL of O. J N sodium hydroxide. Add 50 mL of 

0.2 M monobasic potassium phosphate, dilute with water to vol­
ume, and mix. Transfer 15.0 mL of this solution to a 50-mL 
v?lumet~ic flask. Add 5.0 mL of Internal standard solution, and 
dilute with Solvent mixture to volume. 

Assay preparation- Weigh and finely powder not less than 20 
Tab_Jets. Transfer an accurately weighed portion of the powder, 
equ1~alent to about 5 mg of warfarin sodium, to a 50-mL volu­
metnc flask, and add 5 mL of Internal sta11dard solution and 
about 30 mL of Solvent mixture. Sonicate for IO minutes, and 
then shake by mechanical means for 60 minutes. Dilute with 
solvent mixture to volume, and filter. 

Procedure-Separately inject equal volumes (about 20 µL) of 
the Standard preparation and the Assay preparation into the 
chromatograph, record the chromatograms, and measure the re­
sponses for the major peaks. Calculate the quantity, in mg, of 
C19H1sNaO4 in the portion of Tablets taken by the formula: 

(330.32/308 .34)C(Ru/Rs), 

in which 330.32 and 308.34 are the molecular weights of warfarin 
sodium and warfarin, respectively, C is the concentration, in mg 
per mL, of USP Warfarin RS in the Standard preparation, and 
Ru and Rs are the ratios of the peak responses of warfarin to 
those of propylparaben obtained from the Assay preparation and 
the Standard preparation, respectively. 

Water for Injection 

» Water for Injection is water purified by distillation 
or by reverse osmosis. It contains no added substance. 

han 10 
nt vol· 
,Jution 
5 rnL 
7ution 
J vol· 

'JSOJ 
mg, 

1jec· 

S1andard stock solution-Dissolve an accurately weighed 
i.!Dtity ofUSP Warfarin RS in water to obtain a solution having 
!~nconcentration of about 0.001 IL mg per mL, L being the 
~tkd amount, in mg, ·of warfarin sodium in the_ Table~s. 
· DTE-Use a small amount of 0.1 N sodium hydroxide to aid 
1Diss-Olution.J 
Ji1@dard solution-To 3.0 mL of Standard sfock solution, 
l .O mL of Internal standard solution, and mix. . 

; ; solution-To a filtered 3.0-mL aliquot of the solutJ_on 
i CSI, add 1.0 mL of Internal standard solution, and mix. 

tin J tdure-Separately inject equal volumes (about 40 µL) of 
be t- lofldard solution and the Test solution into the chromato-
]~111 ~~}COrd the chromatograms and measure the responses for 

'-'J'Jr ks ' ~· !l. ·•,:id~ pea • Calculate the quantity, in mg, of war,arm so-
solved by the formula: 

NOTE-Water for Injection is intended for use as 
a solvent for . the preparation of parenteral solutions. 
Where used for the preparation of parenteral solu­
tions subject to final sterilization, use suitable means 
to minimize microbial growth, or first render the 
Water for Injection sterile and thereafter protect it 
from microbial contamination. For parenteral solu­
tions that are prepared under aseptic conditions an.d 
are not sterilized by appropriate filtration or. in !he 
final container, first render the Water for lnJection 
sterile and, thereafter, protect it from microbial con­
tamination. 
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Packaging and storag~ Where packaged, preserve in tighta~~~; 
taincrs. Where packaged, it may be sto~ed at a temper 
below or above the range in which microbial growth occurs. 
USP Reference standards ( 11 )- USP Endotoxin RS. 
Bacterial endotoxins (85)- lt contains not more than 0.25 USP 
Endotoxin Unit per mL. 

Bacteriostatic Water for Injection 

» Bacteriostatic Water for Injection is Sterile Wat~r 
for Injection containing one or more suitable anti­
microbial agents. 

NOTE-Use Bacteriostatic Water for Injection with 
due regard for the compatibility of the antimicrobial 
agent or agents it contains with the particular me­
dicinal substance that is to be dissolved or diluted. 
Packaging and storage-Preserve in single-dose or in multiple­
dose containers, preferably of Type I or Type II glass, of not 
larger than 30-mL size. 
Labeling-Label it to indicate the name(s) and proportion(s) of 
the added antimicrobial agent(s). Label it also to include the 
statement "NOT FOR USE IN NEWBORNS" in boldface capital 
letters on the label immediately under the official name, printed 
in a contrasting color, preferably red. Alternatively, the state­
ment may be placed prominently elsewhere on the label if the 
statement is enclosed within a box. 
USP Reference standards ( 11 )-USP Endotoxin RS. 
Antimicrobial agent(s}-lt meets the requirements under Anti­
microbial Preservatives-Effectiveness ( 5 l), and meets the la­
beled claim for content of the antimicrobial agent(s), as deter­
mined by the method set forth under Antimicrobial Agents-
Content (341). · . 
Bacterial endotoxins (85)-It contains not more than 0.5 USP 
Endotoxin Unit per mL. , · · 
Sterility-It meets the requirements under Sterility Tests (71). 
pH (791): between 4.5 and 7 .0, determined potentiometrically 
in a solution prepared by the addition of 0.30 mL of saturated 
potassium chloride solution to l 00 mL of test specimen. 
Particulate matter (788): meets the requirements under Small-
volume Injections. . 
Other requirements-It meets the requirements of the tests for 
Sulfate, Calcium, Carbon dioxide, and Heavy metals under Ster­
ile Water for Injection. 

Sterile Water for Inhalation 

>~ ~teri!e Water for Inhalatio~ is water purified by 
d1stdlat1on or by reverse osmosis and rendered sterile 
~t cont~in_s _no antimicrobial agents, except.where used 
m hum1d1f1ers ?r o~her similar devices and where li­
able to contammatlon over a period of time or other 
added substances. . , ' . . . ' 

NOTE-Do not _u~e St~rile .Water for Inhalation 
f?r p~renteral admm1strat1on or for other sterile com­
pend1al dosage forms. 

Packaging and storag~Preserve in single-do~e· ~ontain 
Labeling-Label it to indicate that it is for inhalation e~s. 
only an'd that it is not for parenteral administration - therapy 
USP Re~erence standards ( 11 )-USP Endotoxin RS. 
Bacteria! endo_toxins (85)-It contains not more than o 5 USP 
Endotoxm Umt per mL. · 

Sterility-It meets the requirements unde f.Js~ 
pH (791): between 4.? and 7.5, in a sor ~terifitn 23 
mL of saturated potassmm chloride sol rlutton Co .% ( 
specimen. . u ion Per 1&la1ning t 
Chloride-To 20 mL ma _color-compari llll rir ,~ 
nitric acid and 1 ~L _of silver nitrate T~n tube add 
turbidity fo~m~d w1thm 10 mmutes is not' and genu 5 ~re;, 
duced in a s1m1larly treated co~trol consisti~reater thf II mu.: 
purity Water (s~e under Chemical Resista g of 20 llJL 1ha1 ~ 
( 661) ), conta!mng 10 ~g of Cl, viewed 3i~-Glass Coor lt1i_ 
surface with hght entering the tubes from hnw~rd ov ~'Qi~>--

. I t e s1d er a ~:-' Other reqmrements- t meets the require cs (0.5 ~'i 
Sulfiate Calcium, Carbon dioxide and H ments of the r,~l. 

' d f h ' eavy le , rifted Water an o t e tests for Amm . metals u l lS I· 
stances, and Total solids under Sterile W,n,a, Oxidizal,er ~ 

aterJorJn · _e 1~ 
~tctzor.. 

Sterile Water for Injection 

» ~t~rile Water. for Injection is Water f . 
stenhzed and smtably packaged. It co t 10Jection 
timicrobial agent or other added subst~~~ns no an. 
Packaging and storage--Preserve in single-dos · 
containers, of not larger than I-liter size. Gla~/ass ~r Plast!c 
preferably of Type I or Type II glass. containers a.1 

Labeling-Label it to indicate that no antimicrob· 1 stance has been added, and that it is not suitable f~a _or others~~ 
injection without its first having been made app; 1~travascu1zr 
tonic by the addition of a suitable solute. oximately ~ 
USP Reference standards ( 11 )-USP Endotoxin RS 
Bacteria~ endo!oxins (85)-It contains not more than.or U 
Endotoxm Umt per mL. · ) SP 

Steri_lity-It meets the requirements under Sterility Tests (ii). 
Part1culat~ m~tter _ (788): meets the requirements under Sma!J. 
volume In1ectzons. 
A~monia-For Sterile Water for Injection in containers haiiq 
a fill volume of less than 50 mL, dilute 50 ml with 50 ml ci 
High-J?ur~ty !'Yater (see Reagents under Containers (661)),and 
use this dilution as the test solution; where the fill volume~ SO 
mL or m_ore, use 100 mL of Sterile Water for Injection as tbc 
test solution. To 100 mL of the test solution add 2 ml of alkaliDc 
mer~uric-p?tassium iodide TS: any yellow color produced im­
mediately 1s not darker than that of a control containing 30 P! 
of added NH3 in High-purity Water (see Reagents under Cc:.,, 
tainers ( 66 I)) (0.6 ppm for Sterile Water for Injection in coo­
tainers having a fill volume of less than 50 ml; 0.3 ppm 11·b~ 
the fill volume is 50 mL or more). 
C_hl?ride:-To 20 mL in a color-comparison tube add 5 ~roP5d 
mtnc acid and I mL of silver nitrate TS and gently mu: !.nJ' 
turbidi~y formed within 1 O minutes is not' greater than that fZ 
duc~d, m a si~ilarly treated control consisting of 20 ml of H~ 
.purzty Water (see under Reagents in Containers (661))_~:rf~tt 
m_g 1 O_ µg of Cl (0.5 ppm), viewed downward over a dark ) • 
with hght enJering the tubes from the sides. , ulfcric 
Oxidizable substances-To 100 mL add 10 ml of 2 !' s . ... 'd I · uon 1n ,, 
ac.1 , and heat to boiling. For Sterile Water for nJe~ 0 4 [Ill I 
tamers having a fill volume of less than 50 mL, a~ · .. ~bt.1 

0.1 fl!· potassiu~ permanganate, and boil for 5 mi~~;isi..~~ 
the ftll volume 1s 50 mL or more, add 0.2 mL of O. l. itate i~ 
permanganate and boil for 5 minutes. If a precip thft"'' 1 

l · ' d filter ,.,.._ 
C?O m an ice bath to room temperature, an 1 

1 disJr~31· 
smter~d-glass filter: the pink color does not complete y / 51,Jib 
T t I • . . for Tora · •Cf 0 a sohds-Proceed as directed in the te5t f Sterile \H· 
under !'urijied Water. The following limits apply orf 1p5 thanlcSI 
for lnJection in containers having a fill volume 

0
morc. but :i. 

mL, 0.004%; where .the fill volume is 30 m\ %0 rnL or 1111 
. 

than 100 mL 0.003%· and for a fill volume 0 

0.002%. ' ' 

purU 

HP 
» Pu: 
ion-ex 
suitab 
with · 
Prote1 

conta 
Ne 

ingret 
form~ 
than ; 
to me 
or fit 
after 
use F 
ente1 
for I 
Steri 
P1ck1 
tainc1 
label 
Prcpa 
p1i ( 
lll a ! 
l>Otas 
t\Jo1 
Sih,c1 ~. 
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~ 
Potai 
. t ~ 
\ti It 
l0.3 
c'1c! 
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)ltf requlremen1s- 1t n, 
Of/1 sulfate, Calcium c c;:1s the requirements of the tests for [ •,r;,a IVater. ' a, on dioxide and f/eavy metals under 
f~flJ• ' 

Heuy metals- Adjust 40 mL of Purified Watei: wi~h 1 N acct:) 
acid to a pH of 3.0 to 4.0 (using short-range pH '"<!;.s tor ~aft

0
.,.; 

add 10 mL of freshly prepared hydrogen sulfide .' ai:1 a 

sterile Water for Irrigation 

the liquid to stand for 10 minutes: the color of the hquit w~hn 
viewed downward over a white surface, is not darker t an . h 
color of a mixture of 50 mL of the same Purified W ater wit 
the same amount of 1 N acetic acid as was added to the teSl 
specimen. matched color-comparison tubes being used for the 
comparison. 

Sterile Water_f or Irrigation is Water for Injection 
~erilize~ a

1
nd suitably packaged. It contains no an­

s,..,icrob1a agent or other added substance. 
1111• 

O~idizable substances-To 100 mL add 10 mL of 2 N_ sulfuric 
acid, and heat to boiling. Add 0.1 mL of 0 .1 N potassium per• 
manganate, and boil for 1 0 minutes: the pink color does not 
completely disappear. 
Total solids-Evaporate 100 mL on a steam bath to dryness,_and 
dry l~e residue at 105° for 1 hour: not more than 1 mg of residue 
remains (0.001%). 

}(aging and storage-:--Preserve in single-dose glass or plastic I'•' ainers. Glas~ containers arc preferably of Type I or Type II 
c0nt The cont~mer may contain a volume of more than I liter 
!tass. y be designed to empty rapidly. ' 
nd tllll 1 · . d' a rng-Labe tt tom 1cate that no antimicrobial or other sub-

i,bt 1 has been added. The designations "For irrigation only" 
stan:~r,,1ot for injection" appear prominently on the label. 
and Reference standards ( 11 )-USP Endotoxin RS. Wax, Carnauba-see Wax, Carnauba NF 

Wax, Cetyl Esters-see Cetyl Esters Wax NF 
Wax, Emulsifying-see Wax, Emulsifying NF 
Wax, Microcrystalline-see Wax, Microcrysta\\ine 

lJSP . uircments-It meets the requirements or all or the tests 
ot11tr ~rile Water for Injection except the test for Particulate 
under (788) . 
,natter 

NF 

purified Water 

Wax, White-see Wax, White NF 
Wax, Yellow-see Wax, Yellow NF 

~O J8.02 .. 
2 purified Water is water obtained by. distillation, 
~ xchange treatment, reverse osmosis, or other 
10~~\le process. It is prepared from water complying 
5~~: the regulations. of the federal_ E~vironmental 
; tection Agency with respect to dnnkmg water. It 

White Lotion 

» Prepare White Lotion as follows: 

r~tains no add~d substanc.e. . · 
co NOTE-Purified Water_ is intended for .use as an 
in redient in the prepar.atlon of compendial dosage 
f ~s Where used for sterile dosage forms, other 
ilian i or parenteral administration, process the article 
to meet the requirements under Sterility Tests (71 ), 
or first render the Purified. Water st~rile. and there-. 
after protect it from microbial contammahon. Do not 
use Purified Water in preparations intended for par­
enteral administration. For such purposes use Water 
for Injection, Bacteriostatic Water for Injection, or 
Sterile Water for Injection. 
Ma~ng and storage-Where ·packaged, preserve in tight' con­
tainm. 
ubtling-Where 'packaged, label it to indicate the method of 
preparation. , , . . . • , · , 1 •• 

1H (791): bet~een 5.0 and 7.0, determined potentiometrically • 
in a ~lution prepared by the addition of 0.~0 mL. of _saturated 
lll!assium chloride solution to l 00 mL of test specimen.. . 
~~To 100 mL add 5 drops of nit~ic acid ·and l' mL of 
~ . d er nitrate TS: no opalescence is produce . 
~ te_-To 100 ml add l mL of bariurri ·chloride TS: no tur-
• .' ty 15 produced . 
:rra~monia~To.'ioo mL add 2 mL of alkaline m~rcuri~­
ttdarkm todid~ TS: any yellow color pro.duced immediately is 
•Hi her t~an that of a control containing 30 µg of added NH3 

Zinc Sulfate .. .. . .. .. .. .. .. .. .. .. .. .. . . . .. 40 g 
Sulfurated Potash........................ 40 g 
Purified Water, a sufficient quantity, 

to make ................................. 1000 mL 

Dissolve the Zinc Sulfate and the Sulfurated Potash 
separately, each in 450 mL of Purified Water, and 
filter each solution. Add the sulfurated potash so­
lution slowly to the zinc sulfate solution with constant 
stirring. Then add the required amount of purified 
water, and mix. 

NOTE-Prepare the Lotion fresh, and shake it 
thoroughly ~efore dispensing. 
Packaging and s~orage-;--Dispense in tight containers. 

Witch Hazel 

» Witch Hazel is a clear, colorless distillate prepared 
from recently cut and partially' dried dormant twigs 
of Harnarnelis virginiana Linne. . 

~l: ·p
1
uruy Water (see under: Reagents in Containers ( 661)) 

~m. . . ·.· 
: :di,;To 100 mL add 2 mL of ammonium oxalate TS: no 

Prepare Witch Hazel as follows. Macerate~ weigh­
ed amount of the twigs for about ~4 ~ours. m about 
twice their weight of water, then distil until not less 
than 800 mL and not more than 850 mL of clear, 
colorless distillate is obtained from each l OOOh g

8 
~6 

the twigs taken. Add l 50 mL of Alcohol to eac 
mL of distillate, and mix thoroughly. . 

~ _is Produced. . · · . 
·~t0rjde-To 25 mL add 25 mL of calcium hydroxide.TS: 

re remains clear. , ' . . . . 

Packaging and storage-Preserve in tight containers, and avo1d 
exposure .to excessive heat. 

C 
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---
General Chapters 
General Tests and Assays 

General Requirements 
for Tests and Assays 

(1) INJECTIONS 

INTRODUCTION 
Parenteral articles are preparations intended for injection 

through the skin or other external boundary tissue, rather than 
through the alimentary canal, so that the active substances they 
contain are administered, using gravity or force, directly into a 
blood vessel, organ, tissue, or lesion. Parenteral articles are pre­
pared scrupulously by methods designed to ensure that they meet 
Pharmacopeial requirements for sterility, pyrogens, particulate 
matter, and other contaminants, and, where appropriate, contain 
inhibitors of the growth of microorganisms. An Injection is a 
preparation inte~de~ for parenteral ad~inist~ation and/o~ for 
constituting or diluting a parenteral article pnor to administra­
tion. 

NOMENCLATURE AND DEFINITIONS 

Nomenclature 
The following nomenclature I?ertains to five_ general types of 

preparations, all of which are smtable f~r, and intended for, _par­
enteral administration. They may contain buffers, preservatives, 
or other added substances. 

l. [DRUG] Injection-Liquid preparations that are drug sub-
stances or solutions thereof. . . . 

2. [DRUG] for Injection-Dry solids th~t, u_pon the addition 
of suitable vehicles, yield solutions conforming in all respects to 
the requirements for Injections. . 

3. [DRUG] lnjectabl~ Emulsi£?n-Li9uid preparaJ1ons of ?rug 
substances dissolved or dispersed in~ smta~le ~mulsion m~dmm. 

4. [DRUG] I1:jectab_le Susren!wn-~iqmd preparations of 
solids suspended in a smtable hquid medium. . 

5. [DRUG] for lnjectabl~ Susp~nsion-Dry ~ohds that, U}?On 
the addition of suitable vehicles, yield preparations confo~ming 
in all respects to the requirements for Injectable Suspenswns. 

Definitions 

PHARMACY BULK PACKAGE 

C,()rltcnts arc i_ntcnded for use in a pharmacy ~dmixturc program 
and are rcstncted to the preparation of admixtures for infusion 
or, ~hrough a sterile transfer device, for the filling of empty sterile 
synnges. 

The closure shall be penetrated only one time after constitution 
with a suitable sterile transfer device or dispensing set which 
allows measured dispensing of the contents. The Pharmacy bulk 
package is to be used only in a suitable work area such as a 
laminar flow hood (or an equivalent clean air compounding area). 

Designation as a Pharmacy bulk package is limited to prep­
arations from Nomenclature categories 1, 2, or 3 as defined above. 
Pharmacy bulk packages, although containing more than one 
single dose, are exempt from the multiple-dose container volume 
limit of 30 mL and the requirement that they contain a substance 
or suitable mixture of substances to prevent the growth of mi­
croorganisms. 

-Where a container is offered as a Pharmacy bulk package, the 
label shall (a) state prominently "Pharmacy Bulk Package-Not 
for direct infusion," (b) contain or refer to information on proper 
techniques to help assure safe use of the product, and (c) bear 
a statement limiting the time frame in which the container may 
be used once it has been entered, provided it is held under the 
labeled storage conditions. 

LARGE- AND SMALL-VOLUME INJECTIONS 

Where used in this· Pharmacopeia, the designation Large-vol­
ume intravenous solution applies to a single-dose injection that 
is intended for intravenous use and is packaged in containers 
labeled as containing more than 100 mL. The designation Small­
volume Injection applies to an Injection that is packaged in con­
tainers labeled as containing 100 mL or less. 

BIOLOGICS 

The Pharmacopeial definitions for sterile preparations for p~r­
enteral use generally do not apply in the case of the b1olog1cs 
because of their special nature and licensing requirements (see 
Biologics (1041) ). 

INGREDIENTS 

Vehicles and Added Substances 

A Pharmacy bulk package is a ~ontainer o~ a sterile prepa­
ration for parenteral use that contains many smgle doses. The 

Aqueous Vehicles-The vehicles for aqueous Injections m~e} 
the requirements of the Pyrogen Test ( l 51) or the Bacte~ia 
Endotoxins Test (85), whicheve~ is specified. Wat.~r f0\~(i; 
tion generally is used as the veh1~le, unles~ othen~ise ~~ded in 
in the individual monograph. Sodmm <:blonde i:na) . be a ·c· and 
amounts sufficient to_ re~der the ~esult,mg s_ol~!1on isot?~e 'used 
Sodium Chloride huect1011, or R111ger s ~111e~t,or1 , n:a) thef\\ is, 
in whole or in part instead of Water for huect,011 u~~e~s_o Jyin~ 
specified in the individual monograph. Fo~ con_dition~t; f P • • 
to other adjuvants, see Added Substa11ces m this chap · 

1650 
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f 1 . 
(5 . ·ctes- Fixcd 01I~ 1;1sed as vehicles for nonaqucous 

er \ e~1 of vcg~tablc or!g!n, arc odorless or nearly so, and 
01~ {I~ are u gcstmg ranc1d1ty. They meet the requirements 
;~1

1
0 od9' ~;lid paraffin under Mineral Oil, the cooling bath 

~; ," {11,st t
0~ncd at 10°, have~ Saponi.fication value of between 

l'~' 11u1in1a1 (sec fats and Fixed Oils (401) ), have an Iodine 
tl '~g{ld 200 , en 79 and 128 (see Fats and Fixed Oils (40l)) 
,~~'of bel''e equirements of the following tests. ' 
./1Jl thC r R n 

,, {ltcc1 . ble Motter- e u_x on a steam bath IO ml of th 
,r.d,t.saPo~~f of sodi~m hydrox!de solu_tion (1 in 6) and 30 mL 
. L,iith 1, with occas1o~al shakmg until the mixture becomes 

,u! li.-ohOI, ·fer the solution ~o a shallow dish, evaporate the al­
~',!r. ,ra~;earn bath, and mix the residue with 1 oo ml of water: 
11,hol on_ 31 tion results. 
~c1,3P

0
0

~ty Acids-The free fatty acids in 10 g of oil_require 
free F lization not more than 2.0 ml of 0.020 N sodium hy­

ff 0eutra Fats and Fixed Oils ( 401) ). 
d~0,ide (~f~ mono- or diglyc~ri~es of fatty acids may be used as 

5ynthe ovided they are hqmd and remain clear when cooled 
i,hiclein~\ave an Iodine value of not more than 140 (see Fats 
10 tO . ed Oils (401) ). . 
and fix and other nonaqueous _v~h1c!es may _b~ used, provided 
wse af e in the volume of tnJect1on administered and also 

1hey_ard ~hey do not interfere with the therapeutic efficacy of 
provide ration or with its response to prescribed assays and tests 
h prepa . · 
t e ed Substances-:-~mt~ble su~stances ma)'. ~e added to prep-

A~d s intended for mJ~Ct~o~ to increase stab1hty or usefulness, 
arau~n roscribed in the md1v1?~al monograph, provided they are 
unles1 P5 in the amounts adm1_rustered and do not interfere with 
harmh~~peutic efficacy or with the responses to the specified 
the 

1
5 and tests. No colorin~ agent may be added, solely for the 

assay se of coloring the finished preparation, to a solution in­
purrd for parenteral administration (see also Added Substances 
~e:dtr General Notices and Antimicrobial Preservatives-Effec-
rireness ( 51) ). . . 

Observe special c~r~ m _the choice and us~ ?f adde~ substances 
·n preparations for tnJectton that are adm1mstered m a volume 
~xceeding 5 ml. The following ma~i~um limits prevail unless 
otherwise directed: for agents contammg mercury and the cat­
ionic, surface-active compounds, 0.01 %; for those of the t):'pe~ of 
cblorobutanol, cresol, and phenol, ~.5%;_ and_ for sulfur d_10x1~e, 
oran equivalent amount of the sulfite, b1sulf1te, or metab1sulf1te 
of potassium or sodium, 0.2%. · · . 

A suitable substance or mixture of substances to prevent the 
growth of microorganisms must be adde~ to pr~parations in­
tended for injection that are packaged m multtple-dose con­
tainers, regardless of the method of sterilization employed, unless 
otherwise directed in the individual monograph, or unless the 
active ingredients are themselves antimicrobial. Such substanc~s 
are used· in concentrations that will prevent the growth of or kill 
microorganisms in the preparations for injection. Such sub­
s~ances also meet the requirements of Antimicrobial Preserva-
11ves-Effectiveness (51) and Antimicrobial Agents-Content 
(341}. Sterilization processes are employed even. though such 
s?bst~nces are used (see also Parenteral and Topical P:epara­
llons tn the section Added Substances under General Notices and 
Sreri/ization and Sterility , Assurance of Compendia/ Articl~s 
0211}). The air in the container may be eva~u_ate~ or be dis­
placed _by a chemically inert gas. Where spec1f1~d m a mono­
~raph, tnformation regarding sensitivity of the article to oxyge~ 
15 to be provided in the labeling. 

LABELS AND LABELING 
u ~beling-[Norn-See definitions of "label" an~ "labeling" a~t lab~ling in the section Preservation, Packaging, Storage, 

Th be/1ng of the General Notices.] f 
liquid label states the name of the preparation; in the case O f 
drug • Prepara!i?n, the percentage content of drug or am_ount ~ 
a""o in a spec1f1ed volume· in the case of a dry prep~ration, t e 
'" Unt of ' d · · t t10n- a state-ment active ingredient; the route of a m1ms ra • ·. f 
the rn of storage conditions and an expiration ~at_e; the name ~ 
lhct0~nufacturer and distributor· and an identifying lot num~e · 
~istory nrnber is capable of yielding the complete manuf~~turf"~~ 
1ng, st ~ .t~e specific package, including all manufacturing, 1 

\1, er1hz1ng d I b 1· . . IYhere , an a e mg operat10ns. . centra-
lions of th~ individual monograph permits varying con 

1 
the 

active ingredients in the large-volume parentera ' 

General Requirements / Injections (1) 1651 

concentra~ion of each ingredient named in the official title is sta~d as if part of the official title, e.g., Dextrose Injection 5%, 
or extrose (5%) and Sodium Chloride (0.2%) Injection. 
f The la~cling includes the following information if the complete 
ormula 1s not specified in the individual monograph: (1) In the 

case _of a liquid preparation. the percentage content of each in­
gredient or the amount of each ingredient in a specified volume, 
except that ingredients added to adjust to a given pH or to make 
the so!ution isotonic may be declared by name and a statement 
of their ~ff ect; and (2) in the case of a dry preparation or other 
preparatton to which a diluent is intended to be added before 
use, the amount of each ingredient, the composition of recom­
!llended diluent(s) [the name(s) alone, if the formula is specified 
m th_e _individual monograph], the amount to be used to attain a 
spec1f1c. concentration of active ingredient and the final volume 
of solution so obtained, a brief description of the physical ap­
pearance of the constituted solution, directions for proper storage 
of t_he constituted solution, and an expiration date limiting the 
penod during which the constituted solution may be expected to 
h~ve the required or labeled potency if it has been stored as 
directed. 

Containers for Injections that are intended for use as dialysis, 
hemofiltration, or irrigation solutions and that contain a volume 
of more than I liter are labeled to indicate that the contents are 
not intended for use by intravenous infusion. 

Injections intended for veterinary use arc labeled to that effect. 
The container is so labeled that a sufficient area of the con­

tainer remains uncovered for its full length or circumference to 
permit inspection of the contents. 

PACKAGING 

Containers for Injections 
Containers, including the closures, for preparations for injec­

tions do not interact physically or chemically with the prepara­
tions in any manner to alter the strength, quality, or purity beyond 
the official requirements under the ordinary or customary con­
ditions of handling, shipment, storage, sale, and use. The con­
tainer is made of material that permits inspection of the contents. 
The type of glass preferable for each parenteral preparation is 
usually stated in the individual monograph. . 

For definitions of single-dose and multiple-dose containers, see 
Containers under General Notices. Containers meet the require­
ments under Containers ( 661}. 

Containers are closed by fusion, or by application of suitable 
closures in such manner as to prevent contamination or loss of 
content;. Closures for multiple-dose containers permi~ the with­
drawal of the contents without removal or destruction of the 
closure. The closure permits penetration by a need!~, and, upon 
withdrawal of the needle, at once recloses the contamer agamst 
contamination. . 

The use of a black closure system on a vial (e.g., a bbck fhp­
off button and a black ferrule to hold the elastomeric clo~ui:e), 
or the use of a black band or series of bands above the constnct1on 
on an ampul, is prohibited except for Potassium Chloride for 
Jnject~on Concentrate. \ 

Containers for Sterile Solids 
Containers, including the closure~, for dry soli~s inten~ed for 

parenteral use do not interact physically or chem1c~lly with t_he 
preparation in any manner to alter the strength, quahty, or purity 
beyond the official ~equire~ents under the ordinary or customary 
conditions of handling, shipment, storage, sale,_ ~nd use. . 

A container for a sterile solid permits the add1t1?n of a st1:1table 
solvent and withdrawal of portions of th~. resulting solution <?r 
suspension in such manner that the stenhty of the product 15 
maintained. . d f r 

Where the Assay in a monograph provides a proce ure 0 

Assay preparation in which the total wit~draw~ble ~onted~~!~~ 
to be withdrawn from a single-dose container \~tth a ypos com­
needle and syringe, the contents adre t~ be ,y1thdorafwanr!ted ca-

l 'bl · t dry hypo erm1c synnge plete Y as possi ~ m O a . 1 t be withdrawn and 
pacity not exceeding three times the vo ume ~ 5 cm ( I inch) in 
fitted with a 2_1-gauge needle tt Jes~ t~~bbl~s and discharged 
length, care bemg tak~n t? expe any au ' 
into a container for d1lut1on and assay. 
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, 111 u~r Kercrcnce Standards / General Requirements 

Volume in Container- Each container of an Injection is filled 
with a volume in slight excess of the labeled "size" or that volun:ic 
which is to be withdrawn. The excess volumes recommended m 
the accompanying table arc usually sufficient to permit with­
drawal and administration of the labeled volumes. 

DETERMINATION OF VOLUME OF INJECTION 
IN CONTAINERS 

Select I or more containers if the volume is IO ml or more, 
3 or more if the volume is more than 3 mL and less than IO mL, 
or 5 or more if the volume is 3 mL or less. Take up individually 
the contents of each container selected into a dry hypodermic 
syringe of a rated capacity not exceeding three times the volume 
to be measured, and fitted with a 2 I-gauge needle not less than 
2.5 cm ( I inch) in lengt_h. Expel any air bubbles from the syringe 
and needle, and then discharge the contents of the syringe, with­
out emptying the needle, into a standardized, dry cylinder (grad­
uated to ~ontain rather than to deliver the designated volumes) 
of such size that the volume to be measured occupies at least 
40% of its rated volume. Alternatively, the contents of the syringe 
may be discharged into a dry, tared beaker, the volume, in ml, 
being calculated as the weight, in g, of Injection taken divided 
by its density. The contents of two or. three 1-mL or 2-mL con­
tainers may be pooled for the measurement, provided that a sep­
arate, dry syringe assembly is used for each container. The con­
tent of containers holding 10 ml or more may be determined by 
means of opening them and emptying the contents directly into 
the graduated cylinder or tared beaker. 

The volume is not less than the labeled volume in the case of 
containers examined individually or, in the case of 1-mL and 2-
mL containers, is not less than the sum of the labeled volumes 
of the containers taken collectively. 

For Injections in multiple-dose containers labeled to :yield a 
specific number of doses of a stated volume, proceed as ~irected 
in the foregoing, using the same number of separate synnges as 
the number of doses specified. The volume is such that each 
syringe delivers not less than the stated dose. . . 

For Injections containing oil, warm the containers, 1f ne~essary, 
and thoroughly shake them immediately · before removing the 
contents. Cool to 25° before measuring the volume. 

Packaging and Storage 
The volume of Injection in single-d_o~e co~tainers pro~ides the 

amount specified for parent~r~l administr~tion at _one time _and 
in no case is more than sufficient to permit the withdrawal and 
administration of I liter. : . . ' · . 

Preparations intended for intraspina~, i~tracisternal, or. pen­
dural administration are packaged only in_ s_ingle-dose containers. 

Unless otherwise specified in the ind1vidua_l m_onograph, no 
multiple-dose container contains a volume of lnJect10n more than 
sufficic,nt to permit the withdra~al_ of ~O mL. . 

Injections packaged for use as imgat1on_s?lutions or for hemo­
filtration pr dialysis or for parenter~l nutntl~m are exempt_ from 
the 1-lit<f restriction of the foregorng reqmrements relatmg to 
packaging. Containers for Injections packaged for use as he!llo­
filtratior / or irrigation solutions may be designed to empty rapidly 
and ma} contain a volume of more than I liter. 

Injections labeled for veterinary use are exempt f~om pa~k­
aging and storage requirements concerning the limitation to. sm­
gle-dose co_ntainers and the limitation on the volume of multiple~ 
dose containers. 

FOREIGN MATTER:° AND PARTICLES 

Foreign Matter 

Every care shou~d. be ~xercised in the prepar~tio~ of al_l pro~­
ucts intended for mJe7t10n, to ~revent contammation. with. mi­
croorganisms and foreign ~a ten al. _Good ph~r~aceutical. prac­
tice requires also that each _final co_ntainer of InJect1on be subJected 
individually to a physical mspect1on, w~enever .the nature of the 
container permits, ai:id t~at e~ery ~o~tamer ~hose cont~nts show 
evidence of contammat1on with v1S1ble foreign material be re­
jected. 

Particulate Matter 
All large-volume Injections for single-dos · 

small-volume Injections for which the monoe infusion a 
· b' graph · no requirements, arc su Ject to the particulate rn t ~ spec·r 1~ ... 

under Particulate Matter in Injections (78S) tcr hrnits ~ 1~J 
aged as both a large-volume and a small-volu · An articl lf'•.i~ 
h • r rneJn · Cr.. ·• t e requirements set 1orth for Smal/-vo/urne In. )Cction ritl 

container is labeled as containing I 00 ml or le~e~}10ns Wh/n~ 
mon?graph includes a test for Particulate rna;,~/~e indi? t~: 
requirements set forth for Large-volume Inject" · •t lllet

1
1d•il 

dose Infusion where the container is labeled as ~ons for s;~ 1 ~~ 
than 100 mL. Injections packaged and labeled ~nta1ning J11. 

gating solutions are exempt from requirements for Use a\'t: 
matter. or Pan;c

41
•~ 
a:t 

STERILITY 
Sterility Tests-:-~reparations for injection meet th 

ments under Sterzilty Tests (71). e rcqui:e. 

CONSTIT:tJTED SOLUTIONS 
Dry solids from which constituted solutions are pre 

injection bear titles of the _form [DRUq] for lnjecu!nareo_r~ 
these dosage forms are constituted at the time of use by th . Sl!Jtt 
care pr~ctitioner, test~ ~nd s_tandards ~ertaining to the ~~ca_lth 
as constituted for admmistratlon are not mcluded in the ind· ~J10n 
rrionog_raphs on sterile ~ry solids or _liquid_c?nc:ntrates. H;:~vual 
in the interest of assuring the quality of mJectJon preparatio er, 
they are actually administered, the following nondestructive~sas 
are provided for demonstrating !he sui_tability of constitutill 
lutions when they are prepared Just pnor to use. so. 

Completeness and Clarity of S~lution-Constitute the solutio 
as directed in the labeling supplied by the manufacturer for th~ 
sterile dry dosage form. 

A: The solid dissolves completely, leaving no visible residue 
as undissolved matter. . 

B: The constituted solution is not significantly less clear 
than an equal volume of the dilue~t or ~f furified Water con­
tained in a similar vessel and exammed s1m1larly. 

· Particulate Matter-Constitute the solution as directed in the 
labeling supplied by the ma~ufacturer for the st~rile dry d~ge 
form: the , solution is essentially free from particles of foreign 
matter that can be observed on visual inspection. 

Labeled Size 
0.5 mL 
1.0 mL 
2.0 mL 
5.0 mL 

10.0 mL , 
20.0 mL 
30.0 mL · 
·5o.o m'L' 

· Recommended Excess Volume 
For Mobile For Viscous 

Liquids Liquids 
0.10 mL 0.12 mL 
O.lOmL 0.15ml 

15 L 0.25 mL 
O. m 0.50 mL 
0.30 mL 0.70 mL 
0.50 mL 
0.60 mL. . 0.90 mL 
0.80 mL 1.2o mL 

201 3% -----~o~r.!.!m~o!!-r~e ____ _:.~'o~.-~--:----

( 11) -USP REFERENCE 
STANDARDS 

d under 
bl. h d and release rnJ!lcn-USP Reference Standards are esta is e upon reco as¢ 

the authority of the USPC Board of Truste~ttee, w~\chP~baf• 
dation of the USP Ref er~nc~ ~tandards c1; The criuca\d ari 
on the selection and smtab1h_ty of each d for the stand\orics­
acteristics of each lot of specimen _sel~cte or more lab07eJa.rt) 
usually determined independently 1!1 t ttorator)' (see :u n,1 
The USP Drug Resear~h and ~e.Slmg. a testing aJrnOSl dditi~t1, 
and the FDA laboratories partici~at~ m Standards. l~:dustfl!L 
Standards and replacements for exi5tmg cademic and 1 

laboratories throughout the nation, both a 
participate in the testing. 
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1J i,ograph or on the anhydrous bas· 

Physical T 
ests I Particulate M 

attcr In lnJec.:tlon (78R} Jij JJ ,, ~, (llO Is Where 
• -~ 111 

.~ ',iricd, ,.-jhe rcf ercnce 1ng~lar rotation (7S . 
, f 1,t1oll unless otherwise directed that th 1 A~ in 

~cnt . is ca Ii bra tee.I b usin. . 
c •~ride that Rpan th~ cxpc~t~dll tanrbml " >1111 1,,11~ nf 1;11! i11111 
le sr~omctcrs that mc:1aurc tt . ra,ny,1; '1f ,~,, ,,larit r. rt? ~~si~oifie:-'quid is measured in a 1.0-dm tube 0Pticat 

•f~ ·ne:it , e at the 
~ •, ,~e I z50. 
I ~1,~e' 
;' tt" 

' 
i ss frequently employee.I The le var:1r pr •~u, ' ,,f >.1111,11,,n li t ,; 
hen (generally about S. I ) b rclt111 r,: ,, , mall ,; r •11,l11 me ,,f ~,~,,,. 
t be ~csulting osmolality dci~ ~t _tl!r. nccur~t.y 1111<1 / '' 'l(,1~i,,n ,,r 
o tamed by the use of o rrn1 n,lt1<,n arc v 1111parn ii,; 111 lh<r. 
freezing points of Roi t~mometcr~ thr,1 depc,,d ur,.m ti r. ,,1~,v,;1 

(78\ r,~.~~a~ :~,!!!1Y.ologica\ 
~ ~rc~s~;diffusion of solutes or transfer of fluids thro~roh 

,.-1 ti~1-o\1 knowledge of the osmolar concentrations ~f 
• ~, . 1hU~, essential. The labels of Pharmacopeial 
iffouidS '·de intravenous replenishment of fluid so­
ihlt prov~lyte(s), as well as of the osmotic diuretic M;~· 
~ ·{~re1eetr c required to state the osmolar concentration· 
' .~tio\f~11 of osmola! co~centr~tion on the label of ~ 

l b u 10n . 

ind~id~1:1g; ~here hn o11rnolarity declarati•l11 ,~ r jlilwl 111 th 
tration in millio~~ ~rc , the !a?el st:,te~ !ht 11,1111 o:imi,lar o ,11 .r;, 
100 mL or wh . cs per liter. Where the conltnt, :i re I,;' 11,;in 
injectio~ but t~ t~e la_bcl statc th~t the itrt icle i~ not r,n di,~ 1 
may state th I c c.lilutec.l before use, th,, label :tl tcrnJi tiv ly 
milliliter. c Iota osmolar concentration in rnilli~ m,,k f!Cr 

I ~eela%tiol1 se~ves pnmanly_ to. inform t_he practitioner 
r,i~~I so olution is hypo-osmot~c., 1so-osmot1c, _or hyper-os­
f'.cl the 5 titative statement fac1ht~tes calculal!on of the di­
/~ ~~uao 10 render a hy~er-o~mol!c solution iso-osmotic. It 
,. tcll~1red many calculat1ons involved in peritoneal dialysis 
:~i!lph~ef ,sis procedures. 1:he osmolar concentration of an 
~\:niod1a Jusly compounde_d mtra~enous s~lution prepared in 
•~r1rane (e.g., a hyperahmen~at1on ~olul!on) from osmolar­
f ,wnincY. ns also can be obta~ned simply by summing the 
~<~ solu:ributed by each consli~uent. 

!ts C?~ of osmo_la~ concentration are usually e~pressed as 
~: un1t (abbrev1at1on: mO~mol) of solute per liter of so\u. 
p~rrfJ es era! terms, the weight of an osmole is the gram 
11 In g~neighl of a substance divide~ by t?e num~er of ions 

:11\~r I species (n) formed upon d1ssolul!on. In ideal solu• 
,~etn'~xample, n = l for glucose, n = 2 for sodium chloride 

for ··um sulfate, n = 3 for calcium chloride, and n = 4 
,,20C)I 

1'} um citrate. 
sTheideal osmolar concentration may be determined according 
:!he formula: 
oisr concentration (mOsmol/liter) = mOsM 

~~ of substance (g/liter) X b f . X l000. · num er o species 
moi. wt. (g) 

lithe concentration of the solute increases, interaction among 
·.ieparticles increases, and a~tu_al osmola_r values d~c'.eas~ when 
"'pared to ideal _values_. J?ev1at1on fr_om 1?eal cond11Ions 1s usu­
~slight in solutions w1t?m the phys1olog1c rang~ and for more 
e-.tesolutions, but for highly concentrated solutions the actual 
Cillarities may be appreciably lower t?an ideal _value~. ~or 
mple, the ideal osmolarity of 0.9% Sodrnm Chloride ln3ect1on 
11/58.4 X 2 X 1000 = 308 milliosmoles per li!er. In f3:ct, 

ever, n is slightly less than 2 for solutions of sodrn~ chloride 
1ihis concentration and the actual measured osmolanty of 0.9% 
i:iium Chloride InJection is about 286 mill~osmoles per liter. 

(788) PARTICULATE MAT''I ER 
IN INJECTIONS 

Particulate 1 · f • trancou ma ter constsL, o mobile, ra ndomly-llliu rced, e,,. 
tit t d s substa~ccs, other ~han gas bubble, , 1hat canngt be qua n­
th at by chemical analy~1s due to the sma ll am,,unt of m:i teri:i l 

a ,t rc~rcsc~ts and to 1111 heterogeneous compooition. Inject• 
~bile ~ol~tions, mcluding solution11 con, titutcd fmm terile ~lid1 t f" \ for parenteral use, should be essentially free from p:ir, 

IC _cs t at c~n be observed on visual inspection. The le5l3 de­
scribed h~rein ar~ P.hysical tests perfo~med f?r ~he pur,J??Se . cif 
enumeratmg subv1s1blc extraneous particles w1thm spec1f1c 111~ 
ranges. 

_Mi~roscopic ~nd light obscuration procedure& for the deter• 
mm~t~on ~f particulate matter are given herein. Unlc-~, otherwi 1e 
spec1f1ed m the i_ndjvidual monograph, the article i5 expected to 
conform to the hmrts for the light Ob1curation Particle Count 
Test . 

All largc•volume injections for single-<losc infusion and thl)".,c 
smal\-volume injections for which lhc monograph!; specify uch 
requirements are subject to the particulate matter limits Kt forth 
for the test being applied, unless otherwise specified in the in• 
dividual monograph. 

Not all injection formulations can be examined for particle;,; 
by one or both of these tests. Any product that is not a pure 
solution having a clarity and a viscosity approximating those of 
water may provide erroneous data when analy,..cd by the light 
obscuration counting method. Such materials may be analyzed 
by the microscopic method. Emulsions, colloids, and liposomal 
preparations are examples. Refer to the specific mono~raphil 
when a question of test applicability occurs. Higher limn.s are 
appropriate for certain articles and arc specified in the individual 
monographs. 

In the tests described below for large•volume and small•volume 
injections,. the results obtained in examining a discrete unit _or 
group of units for pa~ticulate matt.er cannot be extrapolat_ed_ with 
certainty to other units that remain untested. -:mus, stat1st1cally 
sound sampling plans based upon known operational factors must 
be developed if v~lid inferences are to. be drawn fro"! ob!.crved 
data to characterize the level of particulate matter m a large 
group of units. Sampling plans should be based on consideration 
of product volume! numbe_rs ~f parti~les h_istor\cal_ly f~und to be 
present in comparison to hm1ts, particle size d1stnbutron of _par• 
tides present, and variability of particle counts between units. 

LiGHT OBSCURATION PARTICLE 
COUNT TEST 

The theoretical osmolarity of a complex mixture, such as Pro­
ti Hydrolysate Injection, cannot be readily c~lculated. In such 
Qi!nces, actual values of osmolar concentration are to be used 
1~ct the labeling requirement set forth i'n the individu~l mono­
~1h. They are determined by calculating the osmolanty from 
-tilurcd values of osmo\al concentration and water conte!}t. Ea~h 
~ c_of solute added to 1 kg of water lowers the freezn~g pomt 
't°Xlmately 1.86° and lowers the vapor pressure approximately 
~mm of mercury (at 25°) . . These physical chang~s are mea­

... lhlei and they permit accurate estimations of osmolal con· 
,.1Jat1ons. 
};ere osmometers that measure the freezing•point depressio_n 
£. mp\oycd, a measure·d volume of solution (usually 2 mL) is 
1: in.a glass tube immersed in a tempe~ature•cont~olled bath. 
~ lcrm1stor and a vibrator are lowered mto !he mixt~re, an~ 
· lllpcrature of the bath is decreased until the m1x!ure. is 
t -tooled. _ The vibrator is activated to induce crystallization 
~ ~ater in the test solution, and the released ?eat of fusion 
~ J he temperature of the mixture to its freezm~ pom~. B_y 

t of a Wheatstone bridge, the record~d. freezm~ pomt .1s 
~ ~ to a measurement in terms of m1lhosmolahty,_ or its 

tquiva\ent for dilute solutions, milliosmolarity. The mstru· 

USP Reference Standards (l l )-USP Particle Count ~-. 
The test applies to large-volume injections labc_led as ~on~ining 

more than 100 ml, unless otherwise specified m th~ md,~id~dl 
monograph. It counts suspended particles1 !h1at ~re e~~~tt~;~f~~; 
Th. t pplies also to single-dose or mu 11P e-uos • 

1s tes a . . 100 ml or less that are either m 
injections labeled as contammg t 'le solids where a test 
solution _or in solution c~nstituin~drin~~cei~dividuai monograph. 
for part1culat\ matJe~ ts s~ll~d syringes and cartridges are ex­
Injections pac age '"· pre ts as are products for which the 
empt from •these requiremen • 
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1814 (788) Partaculate u·itcd cyli11u er (sec Vo/111111 ·/rlc· 1111 it, 11, 1 
' . . I . lubcl Stutes thut the prod· ' 1· I i · t J • • l '/ ' 11111 1 ( '1 ' h l t 1e strumcnts o t I N y lC rcqu re 11 v111 1i11,1 tr, 11 l} ii rh sru•c1f1es t a I ltl I ' ' I individual monodgrJ. th .:--rinal filler. •unounl of sa111p C W I( rawri J)ri(,r le) (:I Vrilu, ! ,, 

u.:t is 10 be use ''' • be dctcrrnincd for ~yr i11gc•opcr11 1 •cl 11
111't 11 ~ ,t 11'' I 

pie volume tu , ero unit lnhi11 tl11g narripl l;,1P ' ~y ,;'11 ~,,1,,, ~ i' 
Test Apparatus . of ~olut ion drnw11 is I Ire tare. S11btr1tct ri• 11 11,:,11111111, 11 • ' . 

. r uid-bornc particle count mg totul volume of solut io rr drn wn 111 1 fi e Nnrr, 11.t:11 .,,,11,, '~.1, ;:,~ 1 
3 ra1us i an electronic, 1.q r with a suitable sample- the sample volume . I P 111 V. ly 1.0 ' '• 1, ' ·, 

y~~~1 ~f.fi u~cs a light-?bscu?!~1~as; 1~sdeviccs of this type arc 1,, ,1< , · 
fc~ding device. ,~ variety .0 · res onsibility of those ~crfor(n· SAM Pl fl l' I ow 
commcrci:t ll}' av:ulable. It is ~:eopeiating parameters ol the in· . , . lll\ 'I I' 
ing the te•a 10 ensure thai t to the required accuracy and pre· Verify that the flow rate i~ withiu Ilic . · 
trumentation arc appropnaJeth t adequate training is provided cations for the Rensor 111,ed . Thin may lie '::~u fat lurc,· 

ci ion of the test. result . an tectnical performance of the test. a calibrated Sh!P watd1 lo measure the I' 11111Pl111i / 1:,-{ ~ 
for those responsible for t\het for Pharmacopeial applications the instrument to w1thdraY: ar!d count a Rpecifi~rnc tcqu.,eii'l ,; 

It is import~nt to note '!rticle c~unter reproducibly si1.c and the time between be1.1 1nr11111.1 ancl end ing I Mun pit vr I I, , 
ultimate goal is Lllat \"~/the injectable material under invcsti- denoted by instrument indicator lights or ,~'11 ll,c l<Ju~,U,1<1, 1 
cou,nt par~idi~l~~~~~lSI available range f~om _systems where ~al- may be operated accurately over a rarr gc or ~r lr1can,1 t i,,; 
~31.'°!'· T n~ other components of standard1zat1on m~st be carr!cd the 'fr.rt l'roct'du~e al the same flow rate . uw r.ttc1 1, .r,,,,1 
ibra~ion ~ al procedures to sophisticated systems incorporating calibration of the mstrurnent. a5 that 'tic%~ 
ohutd Y m,in~r software-based functions for the standardi1.ation ttt4 !1 

ar wdaurrec-s T·hus it is not possible to specify exact methods to CA LI BHATl()N 
procc • • • f h · d · · be followed fo r standardizali?n o t e mstrumcnl, an 11 _1s n~c-
essary to emphasize the reqmrcd end result of a standard1zat1on 
pr~cedure rather than a specific mc~hod for o~tai_ning this result. 
This section is intended to emphas11.c the criteria that must be 
met by a system r~ther than sp~ci~ic methods to be used in t~eir 
determination. It 1s the rcspons1bhty of user to apply the various 
methods of standardization applicable to a specific instrument. 
Critical operational criteria consist of the following. 

Sensor Co11ce111ratio11 Limits- Use an instrument that has a 
concentration limit (the maximum number of particles per mL) 
identified by the manufacturer that is greater than the concen· 
tration of particles in the test specimen to be counted. The ven­
dor-certified concentration limit for a sensor is specified as that 
count level at which coincidence counts due lo simultaneous pres­
ence of two or more particles in the sensor view volume comprise 
less than I 0% of the counts collected for I 0-µm particles. 

Sensor Dynamic Range-The dynamic range of the instrument 
used (range of sizes of particles that can be accurately sized and 
counted) must include the smallest particle size to be enumerated 
in the test articles. 

Instrument Standardization 
The following discussion of instrument standardization empha­

sizes performance criteria rather than specific methods for cal­
ibrating or standardizing a given instrument system. This ap­
proach is particularly evident in the description of calibration, 
where allowance must be made for manual methods as well as 
~hose based on firmwai:e, software, ?r t~e use of electronic testing 
mstruments. Appropnate user vahdat10n of software and firm­
ware. systems is ~ssent\al to performance of the test according to 
reqmrements. Smee different brands of instruments may be used 
m th~ test, the user is ~esponsible for ensuring that the counter 
u_sed 1s opera!ed_accordmg to the manufacturer's specific instruc­
tions; the _Pr!nc1ples to be followed to ensure that instruments 
operate w1th1_n a~ceptable ranges are defined below. 

The following mformation for instrument standardization helps 
e_nsure. that the sample volume accuracy, sample flow rate par­
ticle size re~ponse curve, sensor resolution, and count acc~racy 
arc appropi:1ate to performance of the test. Conduct these pro­
cedures at mtervals of not more than six months. 

SAMPLE VOLUME ACCURACY 

_Since the particle ~ount from a sample aliquot varies direct! 
with the v9lume of fluid sampled, it is important that the sampli/g 
accuracy is known to be within a certain ran e F 
:olume determi~ation, determine the dead (ta~e) vo~~~esi:ile 
~:f~a~~~je{h;~~~[a}~~foh Injection or d!stilled water that h~~ 
Transfer a volume of a , er avm~ a I?Oros1ty of 1.2 µ.m or finer 
sample volume to Wa~er for lnJec~1on tha~ is greater than th~ 
sample feedin de:i contamer, and w~1gh. Withdraw through the 
sampler, and !gain c;ci vhl~he that ,.s appropriate for the specific 
volume by subtractin tf e contamer. Detennine the sample 
plus tare volumes Vg . e tare volume from the combined sam le 
of the appropriat~ sa:1~Y that the value obtained is within ± ~% 
sample volume may bepd c volu_me for _the test_. Alternatively the 

etcrmmed usmg a suitable Class A grad-

Use one of the foll owing rncth ()ds. 
Manual Method- Calibrate the instrurncnt . . 

of three ealibi:ators., each consisting of ncar-monw•!h a rn in, rn4 
spheres drawing drnmcters of about 10 15 . U'ld11c1X>ly11,, 

h. I • Tt l'b ' • ,in 25 ' trc aqueous vc _ 1c _e. ,, 1c ca I rator spheres rnu~t Ir ltrn, ,n 
amcter of within 5 'Yo .of I.he 10-, 15-, and 25-µrn n a.Ye a rncan d 

d d. •d , , · · · <m11nal I • and be stan ar 1ze ,1ga inst materials traccabl ' 11arnc1t~ 
dard reference materials. The number of sphc c to ISl Iii~ 
be within the sensor's concentration limit flrcrc~ Counted rn,,., 
f h t'b h · · p,irc su, ' o t e ca I rator sp crcs in water at a conccntrat' Pen1u,r• 

5000 particles pc.r rnL, determin~ the channel ~c\~.n or I0111 1t, 
responds to the highest count setting for the phc . '1~ l~at c,~, 
This is determined by using the highest count 1t < 1'lri butv,~ 
to split the distribution into two bins containing t~';'d V.tt,r.1 
of counts, with the instrument set in the diff crcnt i~ua nurnb( r1 
(moving window half-count method). Use only the ~ nc,ount mrA~ 
of the distribution in this calculation to avoid incluJal P'lrtv~ 
me~rical portion~ ?f the peak . . The portion of the di~~~b~11rr, 
which must be d1v1ded equally, 1s the count window l h , • •. .i.ti, 
· b d d b h h Id • · · • C Nin(ll/ f 1s oun e y l res o settings that will define a thre$hold 01 
age wi~dowo~ ~ 20% aroun~ the mean diameter of the te~t~ph;r~ 
The wmdow 1s intended to_ m~lude all single spheres, taking in~ 
accoun_t the s_tandard ~cvmt1?n of the spheres and the SCrt'/K 
resolution, while cxcludmg noise and aggregates of spheres. The 
value of 20% was chosen based on the worst-case scmor re~lutiGn 
of I 0% ~nd the worst-case standard deviation of the sphere1• f 
I 0%. Since the thresholds arc proport ional to the area or 1tt 
sph~res rather than the diameter, the lower and upper voltay. 
settmgs are determined by the equations: 

Vl = 0.64Vs, 

in which Vi is the lower voltage setting and Vs is the voltageal 
the peak center, and 

Vu = l.44Vs, 

in which Vu is the upper voltage setting. 
Once the center peak thresholds arc determined, use th~ 

thresholds for the standards to crea tc a regression of log .voltage 
versus log particle size, from which the instrument set11ng.1 for 
the 10- ·and 25-,um sizes can be determined. 

Automated Method-The calibration (size response) curve ma~ 
be _determined for the instrument-sensor system by the ~s~ ~ 
validated software routines off cred by instrument vendors. 1 {'!' 
ma~ be \nclu~cd as part of the instrument software or USC Th~ 
con Junction with a m1crocomputer intcrf aced to the counter. r 
us~ of t~ese automated methods is appropriate if )he vend0' s~ 
phes written certification that the software provides a ~fP0d if 
curve equivalent to that attained by the manual rnc th h 3~scr. 
the automated calibration is validated as necessary by I c a 

EI · · · k height an . ectromc Mcthod- Usmg a mulllchannel pea r pule 
lyzer, determine the center channel of the particle countc 

-:--------------:----:;;: • AST · f I d' ·cussion5 r· . . M standard f 658-87 provides use u is size latej 
taming to calibration procedures applying near-mono 
spheres. 

inwbic 
for the 
!or the 
'J)ccifi, 
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for each standard . • 
,ut. h threshold . d suspcn, 1on. Th is ~ a k ,·oltage selling 

,JIIC 1 ~ inst rum u. e for calculation of the voltage response 
,"""c (,•r I_ c . cnt. l_'he sta ndard ~us~nsion~ to be used 
• c c,1hbrntion ~re run •n order and median pulse voltages 
< \ch ar_c determined . These thr~shold~ arc then used to gen­
,; C th' s11c response_ curve manually or via software routines. 
(' r. 111, Mid~ determined from the multichannel analyzer data 
{~ ~,n trJn~ferr~d to the counter to complete the calibration. 
« i:· procedure is u~ed With a comparator-based instrument 

1
1 , . .ismr.· rators of the counter must be adjusted accurately be: 
..::<' t• 3r, . 
,,<' SEN 

· SOR RESOLUTION 

rticlc size resolution of the instrumental particle counter 
rte ~cnt upon the sensor used and may vary with individual 

. .::~"or the s:ime model. _Deter~ine the resolution of the par­
~--!P ntcr for I 0-µm pa~t1cl~s using the i_no_nosizcd t 0-µm cal­
•!: C\lu heres. The relat1\'c standard deviation of the size dis­
:-st~ spof the standard parti~l~s used _is no_t more than 5%. 

c.,u~~nblc metho~s o[" determining particle stzc resolution arc 
,_,.-c, ·3 al determination of t~c amount of p~ak broadening due 
1\ 111,nu cnt response:_ (2) using an electronic method of mcas­
,i. ·trll~ sorting par11clc sensor voltage output with a multi­
~,11 an 3 1,·zer· and (3) automated methods 
•·• I an , • · 

;~,Jn~' 1 Method- Adjust the particle counter to operate in the 
~t•n~rc mode or total count m~de. Refer to the calibration 

_1,;;~!Jl ll ained earlier, and deteri_nme the threshold voltage for 
•'!'" obi n,onosize spheres. AdJust J channels of the counter 
:'. t0-1'0d1 •n the calibration procedure as follows: •' use 1 
pl< / / is set for 90% of the threshold voltage. 
(har.ntl l is set for the threshold voltage. 
(f.ar.nel J is set for I IO% of the threshold voltage. 
(hJllfle le through the sensor, observing the count in Channel 

r,t' 8 53~~ particle count in that channel has reached approx­
: \\'h~~OOO, stop counting, and observe the counts in Channels 
, ,tel) Check to see if the Channel l count and the Channel 
11nd 3· e !68 ± IO% and 32 ± I 0%, respectively, of the count 
;c.111°1 ar, 2 If not adjust Channel l and Channel 3 thresholds 
, chlnnhes~ cri1eda. When these criteria have been satisfied, 
illl(Cl I pie of suspension through the counter until the counts 
~• a sa~ , have reached approximately l 0,000, or until an 
, Ch3~n~e ~olume (e.g .• IO mL) of the sphere suspension has 
•;,rnpna ted Verify that Channel l and Channel 3 counts are 
~ 0:'f% and 32 ± 3%, respectively, of the ~ount in Ch~nnel 2. 
•1 - rd the particle size for the thresholds Just determined for 
Recc 1 2 and 3. Subtract the particle size for Channel 2 

" n~:!\i;e i or Channel 3. Subtract the particle size f~r Chan­
-~ from the size for Channel 2. The val~~s so determ1!]ed ~re 
~obserred standard deviations on the pos1t1ve and negative side 
foe mean count for the 10-µm standard. Calc~late the per­
~ oe of resolution of the sensor by the formula . • .tae _____ , 

JOO ( V S0 2 - Ss2/D). 

nhichS0 is the highest observ_ed standard deviation deterf!li~ed 
ir ~e sphere, Ss is the suppl!er's rep~rted standard deviation 
~ ~e spheres, and D is the diameter:, m _µm, of the spheres as 
~ified by the supplier. The resolution 1s not more than 10%. 
.lttomated Method-Software is available for some coun!ers 

..:t!l!ows for the automated determination of sensor res~lut1on. 
:i3software may be included in the instrument or _used m con­

crion with a microcomputer interfaced_ to ~he counter. The 
. it~cse automated methods is appropriate 1( the vendor s~p­
~•ntten certification that the software provides a ~esolution 
~:ennination equivalent to the manual method and if the a{ 
'tt-Orcsolution determination is validated as necessary by t ~ 

le, 

~~oaic Method-Record the voltage output di~tributioriif 
' ~ c!cscnsor, using a multichannel analyzer while samp . g 
. ~mion of the I 0-µm particle size standard. To determine 

, ;~n, rov~ the cursor of the multichannel_ analy1er :6tt!;~ 
1 4:.tf ~ CCtnc potential seal~ from the median pu tthat has 
i~:t- i a channel on each side of the I 0-µm pea el 
•~~t tely6J% of the counts observed in the center tha°t e~ 
~;:(()unter size response curve to c~nvert the mt' r s~ze 

0 channels to particle sizes provides the par ic e 

at within t standard deviation of the 10-µm M, ndard. U. e these 
values to calculate the resolut ion n, described under Manual 
Method. 

PARTICLE COUNTING ACCURACY 

Determine the particle counting accuracy of the instrument, 
usi ng Method J (for small-volume Injections) or Meth od 2 (for 
large-volume injections). 

Method 1-
P~ocedure- Prepare the suspension and blank using the USP 

Particle Count RS. Set the instrument to count at IO and IS 
µm , Mix the blank by inverting 25 times within 10 second~, and 
degas the mixture by sonicating for )0 seconds or by allowing t.o 
Sland. Remove the closure from the container. and gently stir 
the contents by hand-s~irling or by mechanical means, taking 
care not to introduce air bubbles or contamination. Stir contin• 
u~usly throughout the analysis. Withdraw directly from the con­
tainer. three consecutive volumes of not less than 5 ml each, 
obtain the particle counts, and discard the data from the li n1t 
portion. [NOTE-Complete the procedure within five minutes.} 
Repeat the procedure. using the suspension in place of the blank. 
From the a~crages of the counts resulting from the analysis ~f I 
the two portions of the suspension at 10 µm and from the analysis 
of the two portions of the blank at 10 µm, calculate the number 
of particles in each ml taken by the formula: 

(P, - Pb)/V, 

in w~ich P,_ is the average particle count ob~ained from the sus­
pension, Pb 1s the average particle count obtained from the blank, 
and V is the average volume. in ml, of the 4 portions tested . 
Repeat the calculations, using the results obtained al 15 µm . 

Interpretation-The instrument meets the requirements for 
Particle Counting Accuracy if the count obtained al 10 µm and 
the ratio of the counts obtained at IO µm to those obtained at 
15 µm conform to the values that accompany the USP Particle 
Count RS. If the instrument does not meet the requirements for 
Particle Counting Accuracy, recalibrate with the remaining sus­
pension and blank. If the results of the second test are within 
the limits given above, the instrument meets the requirements of 
the Particle Counting Accuracy test. If the results of the second 
test are within the limits given above, the instrument meets the 
requirements of the test for Particle Counting Acc11raq. If on 
the second attempt the system does not meet the requirements 
of the test, determine and correct the source of the fo.1\ures, and 
retest the instrument. 

Method 11-
Procedure-Using standard calibrator spheres ~aving a !lo.m­

inal diameter of 15 to 30 µm, prepare a suspension cont~tntng 
between 50 and 200 particles per mL. Degas the suspension _by 
mild sonication (at 8 mW or less) for 30 seconds or by allowing 
to stand. Properly suspend the particles by stirring g~ntly, 3:nd 
perform five counts on 5-m1:, volumes of the s~spcnston, using 
the particle counter 10-µm size t~reshold. Obtam t!te mean ~u­
mulative particle count per mL. P1pet a volume of this suspension 
containing 250 to 500 particles into a filter f_unncl p~epnrcd_ ns 
described for Filtration Apparatus under M1croscop1c Particlt 
Count. After drying the membrane, count the_ total nu~nber ol 
standard spheres collected on the membrane f 1\tcr. This coun 
should be within 20% of the mean instrumental count per ml 
for the suspension . 

Test Environment 
Perform the test in an environment that does not. contribu 

any significant amount of particulate matter. Specimens ~'~ 
be cleaned to the extent that any level of extrar~u\ P•t 1~ 

dded has a negligible effect on the outcome o t e es .. 
fest specimen, glassware, closures, ~nd other rcqut~~~db~·phi: 

bl epared in an envtronmcnt pro J • 

pref era y are_ prl . (HEPA) filters Nonshedding garme 
efficiency partlcu late atr f bly are w~rn throughout the pr 
and powder-free g oves pre era 

aration of samples. d other required equipm, 
Cleanse glas_sware, .clos~~a\::Ubbing in warm. no~ionic 

preferably by 1mm_ersi~g fl wing tap water, and then nnse a1 
tergent solution. Rmse m O •c solvents may also be use 
in flowing filtered water. rgam 
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less than 3 aliquot port\ons, each not les t,~f 
. 1-1 . .1 ps describe one way to 

fud litnle deaning. (NO IB·- iese , s e · · ment may 
clean cqulpt11cot: ulternutively, p(lrll"._~lute-fr~e e~hie ui ment 
be oh1a lnc1I from n suitable vendor., bnnlly, nnse l ~ii final 
In fihc rcil water. using a hnnd-hc d pressure . nozz h us distilled 
fill er or other upproprlntc filtcrc_d wut.ch sof~l~~~•::ed should have 
wntcr pnsscd 1hrou11h II capsule ftltcr . r e t 
11 llllfll it y of 1.2 11111 or fmcr. 1 f h t 

1f0 c,,llcct b11ck~1round counts, use 11 cleaned _vesse o t ep{pe 
nnd volume representative of that _10 be use~ m _the ~cs_t., . ace 
n 20-ml. volume of filtered water 11) the ~esscl, an_d _,1g1tate the 
sample in the cleaned glassware by mverston or sw1rhng. pegas 
tiy sonicntln~ for JO seconds or by allowing to stun~. Swirl the 
vcs cl cont11ming the water sall)Plc by l!and or agitate by me­
chanical means to suspend p11rt1cl,es. Withdraw and obtam the 
particle counts for three consecutive samples of not less th~n 5 
mL each, disregnrding the first count. If more_ than 10 particles 
of IO µ111 or greater si1.c, ~r more thnn_ 2 particles of 25 µm or 
greater size arc observed Ill the c~mbmcd 10-m_L samp\e, the 
environment is not suitable for part1culate analysts: the filtered 
water and glassware have not been p~opcrly prepared or the counter 
is generating spurious counts. In this case, repeat the preparatory 
steps until conditions of analysis ure suitable for the test. 

Test Procedure 

TEST PREPARATION 

For contnincrs having volumes of less than 25 mL, test a so­
lution pool of 10 or more units. Single units of small-volume 
injections mny be tested individually if the individual unit volume 
is 25 ml or greater. 

Prepare the test specimens in the following sequence. Remove 
outer closures, scaling bands, and any loose or shedding paper 
lubcls. Rinse the exterior of containers with filtered distilled 
water ns described under Test Environment, and dry, taking care 
to protect the containers from environmental contamination. 
Withdraw the contents of the containers in the normal or cus­
tomary mnnner of use, or ns instructed in the package labeling, 
except that containers with removable stoppers may be sampled 
directly by removing the closure, or if test specimens are being 
pooled, by removing the closure and emptying the contents into 
a clean container. · 

DETERMINATION 

Liquid Fill (where the contents of each unit are less than 25 
mL)- Mix each unit by inverting it 20 times to resuspend any 
partic_les. (NOTE- Because of the small volume of some prod­
ucts, 11 may be necessary to agitate the solution more vigorously 
in order to suspend the particles completely and homogeneously.] 
Open and combine, in a cleaned container, the contents of 10 or 
mo~~ u!1its to obtain a volunie of not less than 20 ml. Degas by 
~omcatmg for_ 30 seconds or by allowing to stand until the solution 
1s free from air bubbles. Gently stir the contents of the container 
~y hand-sw_irling or by mechanical means, taking care not ' to 
mtr~duce air ~ubbles or contamination. Withdraw not less than 
~ aliquot port!ons, each ,not less than 5 mL in volume, into the 
h~ht obscuration counter sensor. Obtain the particle counts and 
discard the data from the first portion. ' 

Liquid Fill (wher~ the contents of each unit are 25 ml or more 
an? wher~ the. opt10!1 of testing individual units is selected~ 
!'11x, I umt by mvc~tm~ it 20 times. Degas the solution b son-
1~atmg or by allowing 1t to stand until the solution is frei from 
~1r bubbles. Remove the _closure, and insert the counter probe 
mt? the center o~ t~e solution. Gently agitate the contents of the 
k~t.t tty h;ntsw1rhng ~r by mechanical means. Withdraw not 
. 1s than 1. ah 1qubot port!ons, each not less than 5 mL in volume 
m o e 1g t o scurat1on counter sensor Obt • th . . 1 • 
counts. and disc?~d the dat~ from the first porti~~- e parllc e 

Dry or Lyoph1hzed Fill- Open the container t k. 
to contaminate the opening or cover. Constitut~ !·thg ca~e bolt 
yolumc ?f filtered water, or with the appro r' 1 a su!la e 
if water is not suitable. Replace the closure pa~~e filtered d1l~ent 
~he container l? dissolve th~ drug. Allow t~ sta~anu~py agitate 
is completely dissolved. Pnor to analysis gentl s _unti the drug 
of the containers by hand-swirling or by n{echanfca\tr the conte!'ts 
~adr~ !101 to introduce air bubbles or contamination rnian~. takmg 
in iv,dually the appropriate number of units and · ·thood or teSt 

• wt raw not 

into the light obscuration counter se s than 5 li 
counts, and discard the data from thenfi~~- O_bta~l in ~tl 

Solid prugs Packaged with Diluents-ft aliquot. the ~:\ 
in containers that are constructed 10 hold or PrOdu 
a solvent in sepa~ate_compartm~nts, mix e the dl'IJgc4 rr,,, 
the labeling, acuvatmg and agitating c heh Unit t(jj ~!'.4 
thorough mixing of the separate comp~c Unit so~ di:c,_~~ 
lutions as described under liquid Fill. ncnts. Ani to tr.-

c t , Yie t' .:1 Multiple-dose on amers-For products 1 be ~>t 1t, 
Packages, proc~ed for each unit as direct!d lcdpha,llt 
ration, calculating the r~sults on the basis ofnder i ti~h"1l 
that is equal to the maximum dose stated . a sa rnp\ J;,,k. 
the calculations below, consider a maximu~n the labcji ~!JI,~ 
the equivalent of the contents of one full -d~e voiu ni. f~ 

container. me Iii t,. 

Calculations · 
Pooled Samples (Small-volume Injections}-

from the 2 or more aliquot portions analyzed Average the 
ber of particles in each container by the for. Ca1lculate th~r.~ mu a: nulJl. 

PVJV0n, 

in which Pis the average particle count obtained f 
analyzed, V, is the volume of pooled sample . rom the P<in~ 
volu~e, in mL, of each portion analyzed, and 'n1r hl, v. ii I ( 
containers pooled. s t c number ~ 

Individual_ Samples (Small-volume Injections}-
. counts obtained . for the 5-mL or greater ali uot Av~ragc 1~ 

each separate umt analyzed, and calculate the iu rnioll\ rrir­
in each container by the formula: m er of panic!~ 

PV/V0 , 

in which Pis !he average par~iclc count obtained from the . 
analyzed, .V ~s the volume, m m~, of the tested unit a: , ~ 
the volume, m mL, of each portion analyzed. ' 1•1 

Individual Un_it Samples (Large-volume Injections}-A. .• 
the counts obtained for the two or more 5-ml aliquot ~­
taken from the solution unit. Calculate the number of~: 
in each ml taken by the formula: 

P/V, 

in which P is the average particle count for an individuals tl 
or greater sample volume, and V is the volume in ml of tr! 
portion taken. ' ' 

Interpretation 
The injection meets the requirements of the test if the a-~~ 

numbers of particles present in the units tested do not e1cc:d tl! 
appropriate value listed in Table 1. If the average r:uml:cr .:i 
particles exceeds the limit, test the article by the MicTO!co;f.: 
Particle Count Test. 

Table 1. Light Obscu~ation Test Particle Count. -
~ 10 µm 925 µ.in _ 

Small-volume 
Injections: 6000 600 per cooti:~ 

Large-volume 
_I_nJ,t.,;;·e;..:.c-=-=ti.:.:on:.:.:s:.:..: ____ _:__::2::::.5 ___ ....:3~pe_r_~ 

MICRoscoPIC PARTICLE coUNi T£Sf 
' ' ,,_. 

1 The microscopic particulate matter test may _be a?P·:~;!~:; 
arge_-~olume and small-volume injections. Th•~ tot_;rti . 

subvlStble, essentially solid, particulate matter in ti• ~, c 
on a per-volume or per-container basis. after col!e,.~~e-~ 
~ro~rous membrane filter .- Some articles e3nn~t ~ ~di0 ·•~ 
mg ully by light obscuration. ln such ClSC:S, tn<l.1~ ,,:::1-: 
raphs specify only this microscopic ass;iy. Solu~ti:uf~ . . 
rom analysis using the microscopic_ as...'3Y ~~;\, ti)) - . 

monograph basis. Examples are solutions of m~ 1 ;;.,,.:;.-. • 
filter read_ily_ (e.g., concentrated dextrose, sttl~h :;;~~,o. v 
trans). S1m1larly, products known to cont:un 3 

~ • 

0 
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·P .f Physical Tests 
~ wwi c morphologically indistinct . 

j , r ,)t \ tw th~ microscopic method Thes~atc~ia~s should 
f ·~ 1t$1'\ur·f:\CC relief nnd present a· gclatino~a ena_ls show 

.~ ,,r 00 • Since in solution this material consis: orf fil~-likc 
1;<_,r:1n•~;r I µm or \~ss, which may be counte~ o units on 
~: ,,~c~ n or deformation on an analytical memb~nly _after 
1,~1C~~1\r enumeration mny be aided by testing a s~e, mter­
(':1tl'~~i~n by the light obscuration particle count met~~e of 
1~· 

Test Apparatus 
. . ..... -use a compound binocular microscone th t 

\\t(rOS•"r- · · ·11 d' r a cor­
.. for 1.'.h:\n~cs m mtcrpup1 ~ry istance by maintaining a con-

r.-'I ube length. The ?!'Jec_ttvc ~nd eyepiece combination f 
~~:/n1ust ~ivc n ma~mltcatton_ ~I 190 ± IO X. The objecti~e 
~ t-c of 1q, n~mmal ~1~gmf1cut1on, a planar achromat or 

t~- ·n qu,1hty, ,~·1th. u mm1mum numerical aperture of o 25 
t<:tdrJlii.:,n, the obJcct1ve must be _compatible with an cpisc~pi~ 
i, _s ·n:illlf attac~mcnt. The eyepieces must be of \OX magni­~~~tn. ~1i1h t\ l_1dd nu~~ber of ~ 15 (widefield). In addition, 
-.. ffCl'tc:\-C mu~t be deMgncd to accept and focus an eyepiece 
·• • ·uk- The m1crosc?pc must h~ve a mechanical stage capable 

t"1_~ldin£. and tnwe_rsmg the entire filtration area of a 2S-mm 
· ,i-ntll\ membrane filter. 

,,r T ·11 . 
IU.tnin3IOTS- \''? 1 u!lunn~ors are r~quired. One is an exter-
1 f,,ui-:\b\e au:uhn. ry 11\ummator adJustable to give incident 

n1 . . . I f 10° , 1ique illu~nn:\!Wn :ll an_ ang e. o to 20°. The other is an 
c i..'-''pic bn£.htl1eld \\l~1mmator mternal !O the microscope. Both 
t'., Jmin:\l,C$ m~st be_ ol ~\ wattage sufficient to provide a bright, 
:ien 5(ur.:e of 1llummat1on and may_ be equipped with blue day­
i~I filters 10 decrease operator fattguc during use. 
(i~ul:lr Dillmeter Grsticule--Use a circular diameter grati­

:cl: lSte Fig.ure I) matched to the microscope model objective 
~,ii eyepie\.--e such that t~e sizing circles are within 2% of the 
sn.tJ size at the plane ot the stage. 

O• -0 

/ Linear S~le 

o... ~ 

~]'• •~ t ' ,,, .,.h •• , t.. r 1•1 ,o , .. : •• , • ., .. , 1 ,l,n f' ' •-
.Jj • -,---.- ~ -r - 1· 1 · , ti.., \ ,- , '· I 

~ ~3:l-40~60"1'0S0901CO 

Fi_. I. Circular diameter graticule. The large c~le divided 
~ trosshairs into quadrants is designated the grau~ule field of 
titw (GFOV). Tra.nsparent and black c~rclcs h:!g ;~: 
OU lS-µ111 diameters at IOOX are P!'°~,ded as P 

scales for p:irticle sizing. 

Micrometer-Use a sta2e micrometer, graduated in lO-µm in­
:.itLc., that is cc.rtifielbv KIST. 

Filtn.tioo. Apparatus-Us~ :1 _filter fu_nnel ~~i~rb1~~~ ~e ;:~ 
• l\l be tested, ha,-ing a minimum dia~et .. -ice\ Use a filter 

Rt fmi el is made of plastic, glass. or st3inl~:,, d · glass as the 
S:::--......... d f . I - . l -creen or sinterc - . 

~ ~~• ~ c o stain ess st~ :. _ r:nus is equipped with a 
_ -.l}n diffuser. The fi\~r:i.uon a~p;l. ble of delivering soh-ents 

·:•um source, a sofrent d1.spe~er c:i~ · t a renge of pressures 
r-'!?td,u l. µm or finer retenuon r.iujing/ a (2~ mm or 47 mm 
• 10 nci to 80 =i and mtmbrcne I ttr~ of-mi·xed cellulose · ....,.. .,... ' d k era, · 
ts:t nd . cd or gridded, black er fi -) ·use blunt forceps to 
• -~• 1th a porosity of 1.0 ,-:m or iner · 

e membrane filters.. 

/ Particulate Matter in Injections (788} 1817 

Test Environment 
A laminar flow hood th I • . a ca · . or O er ammar airflow enclosure having 

is pr~~~:~dsu!r~~e~tEWl.fi~~lopde t~e are~ in which the ;nalysis 
particl (o' 1 ere air having not more than 100 
termin~~i ·5 µ'!' or smaller) per cubic foot. For the blank de­
tcred on, deliver from the pressure dispenser a volume of fil. 
pa t wate; equal to the sample volume into the Fitration Ap­
th;~ uh. th pply vacuum and draw the entire volume of water 
filt g e membrane filter. Remove the membrane from the 
a p:~/u,~el base, a~d _place atop a strip of double-sided tape in 
ex .1 s ~ e ~r petn ~•sh. After allowing the membrane to dry 
mi:•ili/ micros~op1cally at a magnifi~ati?n of JOOX. If not 
25 n I0 particles 10 µm or larger m size and no particles 

µm or la~ger are present within the filtration area the back­
gr?und pa_rt1cle level is sufficiently low for performa'nce of the 
microscopic assay. 

Preparation of Test Apparatus 
Throughout this procedure, preferably use suitable powder-free 

ilovcs,_and thoroug~ly clea~ glassware and equipment that have 
een rmsed successively with a warm, residue-free solution of 

~ctergent, hot water, filtered distilled or deionized water and 
isopropy\ alcohol. [NOTE- Filler the distilled or deionized ~ater 
an~ the 1sopropyl alcohol prior to use, using filters having a po­
rosity of 1.2 µm or finer.) Perform the rinsing under the laminar 
flow enclosure equipped with HEPA filters. Allow the glassware 
and filtratio~ apparatus to dry under the hood, upstream of all 
other oper~llons. Preferably, the hood is located in a separate 
rO?m that 1s supplied with filtered air-conditioned air and main­
tamed under positive pressure with respect to the surrounding 
areas. 

P~or to conducting the test, clean the work surfaces of the 
lammar ~ow e~closure with an appropriate solvent. Prepare the 
test _specimens m the following sequence. Remove outer closures, 
sealing bands, and any loose or shedding paper labels. Rinse the 
exterior of containers with filtered Purified Water. Withdraw 
the contents of the containers in the normal or customary manner 
of use or as instructed in the package labeling, except that con­
tainers with removable stoppers may be sampled by removing 
the closure and emptying the contents into a clean container or 
into the filtration funnel. 

The number of samples chosen must be adequate to provide a 
statistically sound assessment of whether a batch or other large 
group of units represented by the samples meets or exceeds the 
limit. Test a solution pool of 10 or more units, or test individual 
units. For large-volume injections, individual units are tested. 

MICROSCOPE PREPARATION 

Place the auxiliary illuminator close to the microscope stage, 
focusing the illuminator to give_ ~ concentrated. area of illumi­
nation on a filter membrane positioned on the microscope stage. 
Adjust the illuminator he!ght so tha~ the angle _of incid_ence of 
the lieht is I 0° to 20° vmh the honzonta\. Usmg the internal 
episcopic brightfield illuminator, fully open the field and aperture 
diaphragms.~ Center the lamp filament, and focus the microscope 
on a filter containing particles. Adjust the intensity of reflected 
illumination until particles are clearly visible and show pro­
nounced shadows. Adjust the intensity of episcopic illumination 
to the lowest setting, then increase the intensity of episcopic il­
lumination until shadows cast by particles show the least per­
ceptible decrease in contrast. 

OPERATION OF CIRCULAR DIAMETER 
GRATICULE 

The relati\·e error of the graticule used must initially be mea­
sured \\ith an NIST-certified stage micrometer. To accomplish 
this. align the graticule micrometer scale \\1th the stage microm­
eter so that they arc parallel. (Compare the scales, using as large 
a number of graduations on each as possible). Read the number 
of graticule scale divisions. GSD. coi:npared to stage micrometer 
di\'ision5, SM D. Calculate the relat1\'C error by the formula: 

(GSD - SMD)/ IOOSMD. 

A rebtive error of ± 2% is acceptable. The basic technique of 
measurement applied \\ith the use of the circula.r diameter gra-
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.1 ,,·thm'4 / 1'111•.~lc-11/ 'frsts 
\ . l \ 11 l',utkuh,h' l\h U '" In h"'t 

ttM N< 11 11 If ll ~11111ll -vol11111c Injection un· us~ 
11 111 "1'"" 11,11 Id,• 111111 !' 1,,11,1 111 1c~" thnn 25 ml--: total volurne !1 Of 25 ml lJ 

I 111, \II 11111,h,111\ 111 11111 l1\ lll: 't1\. 111I '11 111 l,1,11 1\'u l ' I :I• 1111rtl11I ~1111111 pr ocedure ,s to be used au to be lcs()ral(). 
ll\'h' 1111I11•11 111111\' ·11 \' I\ 11' 1111 : 

1, ,11 1\-111111\ \\ llhillll upci• ldcnl 111 \11 l11tt the 1.ot11l volume 10 ~b<;u\ 1"0°01urnc 011dtd ari'. 
,, , 11\'h ' I I\,• If 111 111,1 ,, u ' ,, ,, I' II lk l llll' 11,11 . I n mnll ·r f I rnL ilu I 

, ,'1~,:11 ,11 , \\\II ·h 11\\ 1111• 11•1~1,•11, \ \ '\,1'1 ~1il,1f1•k 1\•(th• 111,1111(1111111\IC'j , ' C unnc tnay beuseu l'llayhctr,tt · 
'1
1111111 ,I 111,111 lhi•lf ""\ llh•11 , ,, 11111,11111', i,111,111,\: 'lt ,1,, , \ I, · the llllll'I plmk1I 11111tcri:il, nppl}'. Vl!Cuum !lhd proceed · ~fttr a~ a~:~ 

I I , 111 " I ii ·dfil'll 11b1ive for n lll1111d ~olut,on unit "'"h "il d, , td1 , I 11 •, 11\'I,' ) 111111•1111 I \WI\"' I Ii' I~' ~ , ' , \'I~~ \11 sl;~ whit• 11 111 . i1 lr a11,~ 
,I, 1111 ,, ' I ,,f I h,• ,., \ \I i Ill\ 1,·11h' I \'I ~Ii"' I ',\' ., 111 I 111• 11111 -~ ,1p111111l' " 
11111 \'If\ 111 1111111·k, . \ 1,1, 1111· 1111~1' 11 1 '"'.~,,~Id ,. Enumeration of Particles 
l{,ll h 111 ll' h ' ll' I\\' \' ,•111'11•• \II'" ' "'" ~ ·' \i\\' \I I\',, 'l'I' C\' \' • ,, th 11 

p,,lll l\' 1111, ""'"'' "'-' 1,1 1111• 11t hi "''t ) th~ 1 chi ,if \'I ,w, The 111kroscopic test c.lescribcc.l in this cct' . 
11 i' 11111',I{ "'·'"' \ h•1'.1t1•1I ,, 1111' 'r':I) ,':'1;,,; 11,ll11~111111 '"~ rluhl It Cllll c,111111. in particles per mL, specimens ion 1s_nc~ibl 
1,11 11 1,1 1h , 111,111,•11\ • 111 111 , h11111 ' 1 ;111 ,,t'-hi .,,~ )4pcdlllCII , 11 r 1111. 11 s well ns tl10~e. containing signifi~a~~1ta,~ing 1\ ~11 

,,,. I'''''' '' ''ll\\'t TIHI 11hlk \'ll' ,d llt\ "~t111 " 1111 ,11,llh th ih\ht ofpurtklcspcr111L. ll11s method111aybcused Yh1ghcr n/11 
\ •\l\' II 11", 1,1 ,•11'-''" I' • ,111 ,1 ~11 \'. "'" \'\,: 1 l~ll 1, ·,• pk.-, '!"I.lust 01111 111111nlyi:is 111cmbrn11~ surface nrc count~d where all Pall''~!\ 
(' \'1'1' H'l' l•t1l \' . I 111•11 , ""'~1111 ''"'','' ~ . , . ' 111\l ll 111111 ~,111rp IO\'. \l lt , pnrticlcs 1)11 Sl) llle rrnct1011al urea or a mc;br:~crc on1;:r ~ 
iii,• 11,f\ i'}'''I' i'l' I' 11 ll \111'1 111 111 Ill I I( ~, n : ·01111ted , c su rface ait 

· \ 'l'IPN ·\1'1'/\l{ t\ 'l'US 'f 1'/\L COU l'IUi l'1\1{ 1\ l'll>N \W 1-11.'1 lt i . NT PROCEDURE 
I ·1 ,· h1111111I t,,,, . 111111 ,lllflls •r 111 11 111 pcrforn11111cc of II total count, the gratic 

111 1.'f 1•111\ll r , '''Mh t II' 11 trn T\' t , t .'r 0Hli;~c wil h hot Wllter. 1 (i FOV) dcfi_11ed by the _lar_g. c circle of the graut_lc fi11c\d _ol ~1 .... 
~1•htl h• 11 t•f hq11 l1I 1ktl'fi\l't~I 11111 111 1 " 11 ~-·. ,,,,1 lin~c with filt ered , 1 1 d 1cu c '" 
I. II · I I 1, ,1 •r flll ~l' 111'1' y ~C\:1 1 nml the vert1cn . cross m1r 1s use . Scan the c . is 1gnor,A .,, '"""II I II' Il l \'I I.: ' . ,l . I ,r WIiier 111·er lhl' e11t r • I f . I I d" . ntirc m "", 
P111il'll·1I \\ 111\'I', 11 ~in11 , yr,·~s1111 1c'. Ci~ rt~1h111 n ip11rn111s. Repent from right to e I in n pnt l t mt a Joins but docs not cmbrane 
1,,1~ih1r 11 111~ illll' t',lt11 s111l 11. :,·,~ ,1~ 11~1 1 'rntcml \s,,pn,pyl nlci)hol. first scnn pnth. Rc1~eat this procedure, moving fro ftlap lht 
1h11 p1,•m1n1(·d flllM' l' fl'\:~ 1 ~11,c !' ,'.'rl\ ,·111,l' lhc 11pp11r1t11~ with ti> ldt u111il nll particles 9n the membrane arc cou~t ~ttorigtt 
Flllttll ·• 11 ~i ll l\ 1lw 111c~s11111c1 rum , 1hc total number of particles that nre 10 µm or la c · Rceord 
hi\ •ml l'11tif11:1I W11tcr, . . ,' ti \Iii.' Iliff user 011 number that nre 2_5 tm or la~ger. F~r large-volu~ri~j:~~-t c 

,\ s~i·i11hk thl" ch-:,nc1I ri11rnt(''" '',\t'l~I~\~~ ~~i\.:,:,br·ille filter 011 cah.:nlnte the part11.: e count, 1n particles per ml f 10 
t11p ,,t thl' fi llrnti,111 \\11 ' I.', pla1.'ll1lt l c . i"ller frnm ,its co11t11i11er tested by the formula : , or the u ~ 
H•p l1f thl' 11iff11~1·r. Rcnm~·c 1~ mcm ;:nn,c 11\w ,rcssuri ;ell ~trcam P/V 
11~llt ll, 11llmdr:1_11_~1I blunt lur~el:li · 1 \ cti' •i 1c1 11f 1he filter thor.· • 
,,r fi\\\•1c1I l'unhcll Water Ill \11\S I ' 0 I li I. . 11· I ti ,, . ti t t 11 number or pa t" I 
,,11 hlv b , starting al the top nml swcepintt b:.11:k nn,t or,t I to . _,c where .1s 1c o : • . . . r 1c es counted: and vis It 
t1J\oin. ~l'l:Wl' the funnel assembly ,,11 tllp 111 the f11trn11011 b.1i;c, volume, m mL._of the solu!1on. F~r small-volume injections ctt 
mid IN·k it into 1,lncc. cu late the particle count, m particles per container, by th~ for­

mula: 
TH T 1'I{ 'Pi\RATIONS 

Liquid f.'111 (l.1tr)ll' or S11111ll•rnhm"' htj,"·~ltnis)- Thm\)uµhl y mix 
the units Ill l•c tested by i11\'crti11~\ 20 tunes.. lc:111 th_c out~r 
smfnce uf thi.' solulhJ11 l·o11111i11cr tlwro11ghly with prcs~unt cd f1l­
icrl·ll Purificll Wntcr. Open the units in 1111m11ner co11s1stent.w1th 
1cnrn11i011 of lowest l'-n ibk 11u111bcrs 11f lrnckgrouml 1,ur11clcs. 
~n a cl l·:111cd 1·011tni11a, opc1111ml combine ~l~c ~01.1tcnts ol no.t less 
tlmn I() l)Mlnincrs. or filler the c,mtcnls ol 1111ll\'1du11I contmners. 

Un· Pow1ler \'h,ls- onstitulc the mntcrial with 1111 nppropri­
llll' i1ll11,·111 using the method l~ast likdy l~ introduec .. cxtmnclms 
conlaminntion. Add the constituted so\u11on to the tilter funnel 
utop a suffidcnl \'Ol11111c of fillcrcu w11tcr Ill brin~ the total volume 
10 be filtered tll nbout IOO ml. or use n smnllcr funnel. Pool the 
desired number or units, and proceed us directed under Test 
PrtK'C,lu r(. 

Urni:-l>llucnl l'rnducts- For pr1id11cts packaged in containers 
thnt arc C\lll . lr111:tcd to hold th ,!rug prnduct nnd n sohient in 
scrnrntc ~·0111p:1rt111c11t :1, mi:\ each unit us directed in the labeling, 
11c.1i~·;11i11~ :inil ugi1111i11g each unit in order to cns_ure thorough 
mmn~ or the scp.1r Ile components. Proceed t.1s dm:ctcd under 
·tr,.u l1r-ot'rd11rr. 

Mulllplt'-dosr Conhllncrs- For products lnbckd ns Phurmacy 
llu/k i'<l(·/i.ugrs, prl)Ct:cd ns directed under Liquid Fill. nnd cnl­
c11l 11 tc thc results on n snmple ,·olumc thnt is cqnnl to the max­
imum lfo_,;c ~in-n in tho I 1bcling. For tJ1c cnkululions below, 
C\)n:~idcr thi . portion to be the cquivnlent of the contents of one 
Ml container. 

Tm Proc"clur f'ill the filtrntion funnel with te.~t solution 
i, nd urply ,·ncuum. I NOTH- for lnrse-volumc injections, do not 
nllow the nu id \'Olumc in the filtration funnel to drop below \00 
n,,L . bel\,ccn_ rcntls.\ Aflcr the la~t a~dition of solution, begin 
UMin.g the \\OIi . or I ,e funnel by d1rc\; ttng n low pressure stream 
or filtered Purifitd Wnt.er ,in I cir\,;ular p111tcrn along the ,,.:;Its 
or th~ funnd. t111d , top ri!1sm~ _thc fun~cl b1:fon· the \'olume fulls 
~le,,\ ab(iut one-fourth o,I th~ f1ll lcvcl ,f I purtia\ t1.>Unt procedure i '1 be: r>crr1:rmcd. ' Mnml:1111 the \":ICllllnl until :111 the liquid in 
} c unncl 1s (!Cine. 1 un~ tho vucuum off, nnd retnO\'C t.he filtmtion 
trtnd from the .m~rlll\(lf~ h !L\ C, . removing the filler with blunt 
orJ~P ~~' 1, r,ttu slide-. Sc urc III pince with double stick t•1pe 
nth " 1 _w,~!• ~11 mplc idc11tific,1tion. Allow the filter· to uir~dry 

~-rn c; tJn ucnd, with the ccivcr njur. 

P/11, 

in which P is the total number of particles counted, and II is th 
number of units pooled ( 1 in the case of a single unit). 

PARTIAL COUNT PROCEDURE 

\fa partial count of particles on a membrane is to be perforn:td, 
the analyst must first ensure that _an. even distribution ?f pmi :~ 
is present on the membrane. This_ 1s assessed by rJptd scan~ 
in order to look for clumps of particles. None should be p~r.~. 
Count the 10-µm or larger particles in one GFOV at th~ edgt ~ 
the filtrntion urea as well as those in t~e ce~ter of the GtO\ 
The number of 10-µm or larger particles m th~ GFO\ ~~ 
the highest total particle count is not mar~ than twice t_h~t citt: 
GFOV with the lowest particle count. ReJect a filterfa~~ 
criteria, and prepare another ir a partial count procedure 15~:~ 

or, ulterrmtivcly, analyze this membrane by the total ~nt :Uni .. 
The norm:.11 number of GFOV counted for a partt~ d •- i 

20. If u smaller confidence interval about the result~ f~;. 
n larger number or field~ and particl~ may be count or h~ 
nil particles that have a c1rculnr area d1a1;1eter 0~ 1? Jl~t !lt. i: 
nnd 25 ~1m or larger within the GFO'\ an~ t os~ nv< c..ari: 
contact with the right side of the GFOV circle. touch tht :r. 
particles outside of the GFOV. Ig~o!e th~se th:i!ieen ri~:t 1:c 
side of the GFOV circle. The div1dm~ hne ~l h· . [~OlE­
lcft sides of the G FOV circle is the vcrtt<.:.il e~ .... ~~~o,.:t d':!~!" 
Muke the best possible judgment on l?aruc~e s,_z .. 
ins the microscope n~agnific:.ition or 1\lumm:itio:~ber of f. :'. 

The nnnlyst may mcrease or decre.is~ the 1 ~1,cui the ei.'IU:; 
counted to achieve a desired confidence mtervl ~then rn'):s,, 
obtllincd. Calculate the confidence inten":ll_aru~r ml t. tr. 
I O-i1m or larger and 25-µm or larger p:iruc e~ 
formula: 

\IF. , ttl'. 
Io the e1-t-;•, t1: 

in which P is the number of particles cou~tf\:\1unt t~l hi;flJ" 
filtration of u solution results in a _p:uuc :.idr;1nt ,ft~-1:.:t 
enumerate uccur..itely in u GF.O 'i, a smgld q fractional sk-. 
may be counted , ith u. 47-mm filter an n 
tht' unit 

in ,r, 
ill 
tbl 
slli 
,1 
of 

io 
sii 
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-p:3 
1 rot :, partial count of the part·ic\ 

..:r•' . h t d f es on a m b p , h-c nil. t ccn er e ge o the filtraf em rane 
~ i;.'; dj:1.:'cnt GFOVs. When the left edon area and begi~ 

;, ~ti,-!' J,hed: move one GFOV toward the t~e 0 } the filtration 
1•:l . • ~ ,"1unt111S GFOVs by moving in the lo ~he fi_lter and 
:,"'•••·:•fNtll one GFOV to the next can be ac/pos1~e direction. 
,r,r.-,1; ethods. One method is to define omp •shed by one 
J 1~"-~"' irrtg.ularity in the filter) and mo:C landmark (particle 
J'~rl: tJ the landmark. A second method iso:ir one GFOV in 
-r,ill',1~,i.:R-.scupe stage to move one millimet b use the vernier 

1!':: •• h I tte d ' h · er etween GFOV ,,, . :ilit:1tc t c a r. a Just t e microsco d s. 
f,111\~ ,-.introls to a whole number at th pet a_n Y s~~e po­
;1 '1~'i'er right edge of the filtration area th s artmg gis1t1on at 
ci:~ whole division of movement of tb en eac F<;>y "."ill 
~ :~ . If the tor of the filtration area i~ : sttg~ ~•honing 
•' '-'rcil number o GFOVs is reached be . eac _e efore the 
J:'.~ edge of the filtr-.1tion area one GFotn1 a~am at the ri!lht 
,t ••· This time move downward on the bower than the first 
u'."\\lw of GFO\ s is reached. Contiem rane when th_e end 
!;tier of GFOVs_i~ ~omplete. _ nue as before unlll the 

for 1a01e-1-o\umc mJect1ons. 1f a partial co t d 
lo-- and .._ '>5 m · . un proce ure for 

tht ~ µml b t=h- f-µ s\1ze ranges is used, calculate the par-
rides per m y e ormu a: 

PA,/ApV, 

in ~foch Pis the number of particles counted A is the filt t· 
· mm2 of the memb A · • 1 1 ra ion artJ, 1n , rane. p ts the partial area counted 

in mml, b:1.s~d on the numb_er of graticule fields counted, a vi~ 
the l'olume. 1~ ~,L,_of soh_itton filtered . For a solution I (for 
;mall-nilu~e mJectton umts containing less than 25 L) f 
1 sing\~ umt of a ~mall-volume injection, calculate t~e n;~b or 
~f p:irttdes per umt by the formula: er 

PA,/Ap11, 

i~ 11hich_n is the number of units counted (l in the case of a 
smgle umt), and the other terms are as defined above. 

Interpretation 
, The injection_meets the requirements of the test if the average 
.umber of ~arttcles present m the units tested does not exceed 
the l'lllues hsted in Table 2. 

Table 2. Microscopic Method Particle Count. 

Large-volume 
Injections: 

;;;,,10 µm 

12 

(791) pH 

;;;,,25 µm 

2 per ml 

. Physical Tests I pH (791 1 ~ 19 

ts established by assi nin 
lu_tions for Standardfzati~;~~e~ pH values to the /Ju/Ju Brr 
Slttlute of Standards and Tech I e corresponding NatKmal In-

l should be em hasized no ogy molal soluti(J!l.1. 
scale. and the valu~s assi that the definition_, of pH , the s,H 
dar1ization are for the g~red to th.e Buf f~r ~·olut/om fr,r Stan­
eraltoi:ial system so that ~es~ of establishing a practical, ('1>­
~rathones. The pH values thu~ ~C:ay ;:docompared between Lab-
o l OSe obtained by th 1 • · 1 ur . not correspond euctly 

So long as the soluf ect!~s1ca definttiory,pH ~ - lo-6(H .. (aq}J, 
~mposition to the •i;ffe mg ~e,ured 11 suf~ciently similar ,n 
ltonal pH corre d ~ us or standardization th~ c,-pe-ra­
though no clai~~t ~ ~airly_ ~osely to the theoreti~al pH. ~Al• 
system for measurin a e wit ~es~ ~o the suitability c,f tt>.e 
yalues obtained are ~!~f0 gfn-idn activity ?r_conccntration, the 
ton in aqueous soluf y re ate to the act1VJty of the hydro-6en 

Where a H 10?5· 
and then uied ;;;e~e::u~taoda~?ize.~ by \UC of an aqueous buffer 
suspension the ionizaf e the pH of a nonaqueous 1vlution or 
electric co'nstant f ion con_stant of the acid or base, the di­
(which ma . ? the medium, the liquid•/·unction potential 
the hydroie!\~~ ~~:~~:ti/~t approtmate y 1 pH unit), and 
For these reasons h e g]as~ e ect~ode are all changed, 
only partially aq~ t e -.:aluhs so obtamed with solutions that are 
parent H v I eous m c ara_ct_er can be regarded only u ap­
with thp a ues. However. ac1d1ty may be accurately measured 

e prope~ use of electrodes and instrument n andardization. 
Buffer Solutions for Standardization of the pH MtttT­

d/f f _So/hutions for St~ndardization are to be prepared as 
e_c e m t e ac~mpanymg table.• Buffer ~Its of r uishe 

~~dt~e~n be obtame~ from the National Institute of ~ence 
. h hno_logy. Solutions may be stored in chemically resistant 

llg t contamers, such as Type I glass bottles. Fresh solutio~ 
sh~f 1~ b~ prepared at intervals not to exceed 3 months. Toe 
ta e md1cates the pH of the buffer solutioM as a function of 
tem?erature. 1:he iMtf1:1Ctions pre~ented here are for the prep­
a_rat1on of soluttoM havmg the designated molal (m) conccntra­
ltons . . For co~vemence, _and !O facilitate their preparation, ho-..v­
cver, mstrucltoM are given m terms of dilution to a 1000-mL 
yolume ra_ther than spec!fying the use of 1000 g of solvent, which 
!S t~e basts of th~ _molaltty system of solution concentration. Toe 
1~d1ca~ed quan~1t1es cannot be computed simply without addi­
ttonal mformatton. 

Potassium Tetraoxa/ate, 0.05 m-Dissolve 12.61 g of 
KH3(C2O4)i•2H2O in water to make 1000 mL. 

Potassium B~phthal~te, 0.05 
0 
m-Disso\ve I 0.12 g of 

KHCsH4O4, previously dned at 110 for l hour, in water to make 
1000 ml. 

Equimola/ Phosphate, 0.05 m-Dissolve 3.53 g of Na2HP04 
and 3.39 g of KH2PO4, each previously dried at 120° for 2 hours 
in water to make 1000 mL. ' 

Sodiu_m Tetraborate, 0.01 m-Disso\ve 3.80 g of Na2B40r­
\0H2O m water to make 1000 mL. Protect from absorption of 
carbon dioxide. 

F?r compendia! purposes, pH is defined as t~e. value given by 
1 suttable, properly standardized, potentiometnc mstrum1:nt (pH 
mc1cr~ capable of reproducing pH values t? 0.02 pl:1 umt usmg 
an indicator electrode sensitive to hydrogen-ion act1V1ty, the glass 
c)cctrode. and a suitable reference electrode such as calomel or 
1!h·cr-silver chloride. The instrument shou)d be capable of sen­
Smg _the potential across the electrode pair and, for pH sta_n• 
da~dization purposes. applying an_adj!-lst~~}.e pot~,n.~1al to the c1~~ cu:~ by_ manipulation of .. standard1zat1on, zero, asymmetry, 
?r cahbration" control and should be able to control the change 
1n millivolts per unit change in pH reading through a "temper• 
~~urc'' and/or •' slope" control. ~easur~m:n.ts are made at 25 ± 
h• , ~nless otherwise specified m the md1v1dual monograph or 

Calcium Hydroxide, saturated at 25°-Sha\cc an excess of 
calcium hydroxide with water, and decant at 25° before use. 
Protect from absorption of carbon dioxide. 

Because of variations in the nature and operation of the avail­
able pH meters, it is not practicable to give universally applicabl.e 
directi~ns for the potent1omctric_ dctermi_nations of pH . The gen­
eral pnnc1p\es to be followed m carrymg out the instructions 
provided for each instrument by its manufacturer arc set forth 
m the followin~ paragr_aphs. Examine the electrodes and, if pres­
ent, the salt_bndge pnor to use. If necessary, replenish the salt 
bridge so\uuon, and observe other precautions indicated by the 
instrument or electrode manufacturer. 

To standardize the pH meter, select two Buffer Solutioru for 
Standardization whose difference in pH does not exceed 4 units 

crein. 
The pH scale is defined by the equation: · 

pH .,, pHs + (£ - Es)/ k, 

in Which£ and Es are the measured potentials where the galvanic 
CCII contains the solution under test, repre~ent_cd by pH, and the 
appropriat 8 .q; Solution for Standard1zat,on,_represen~ed by 
PHs, res e . 111~:' The value of k is the change m potential per 
tni1 thapccti_ve YH and is theoretically [0.05916 + 0.000198(t 
... 25"))nge in P ,c ture t This operational pH scale 

volts at any · 

• Commercially available buffer solutions for pH meter stan­
dardization, standardized by methods traceable to the National 
Institute of Standards and Technology (NISn, labeled with a 
pH value accurate to 0.01 pH unit, and provided with a table 

. showing the pH values at various temperatures, may be used. 
Solutions prepared from ACS reagent grade materials or other 
suitable materials, in the stated quantities, may be used provided 
the pH of the resultant solution is the same as that of the solution 
prepared from the NIST certified material. 
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