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" SECTION A—THE .CQMPQSiTmii QF -
UBLOOD -0
~"=‘;”_"'1!1 Irltruductmu ‘Blood. is a cornple'{ and

: .. unique fluid of variable composition: cuculat-'
e e ing threugh the vascular- System ‘of the body.-

A ‘»;_»It is a tlSSUE in whlch celllﬂar consfltu-

7 funétions;
B . complex,. Fo
. e prommately 4!
.7 -7 The remammg 7
very’ ce mp]exc natur hlasma, Plasma

+ is:composed mnstly of w T but it also con-»
s . tains other 1mp01tant substances

B

1 2 Genera] Cel]ular Structure“

typlcal cell is composed of a smgle*"

. »nucleus embedded :in cytoplasm. The living
" substance of the cell is a grayish viscous
'Ilqmd called“protoplasm. Protoplasm is en-
-, -closéd in the cell interfaces. by a cell mem-
. brane which selectively regulates the inter-
change of materials’ between the -cell and
- its env1ronment A typlcal cell 13 dlagramed
“E - in figure 1-1.. : :

b. The. nucleus 15 a spherlca] or ov*11 body

membrarie). Contained in the nucleus is*a’

: thought to be an organizing “center for the

' LE“ and can have the ‘eapacity for. cell pro-. .- : :
o -prowzlmataly 4.8: mlllmn/:u ‘min red cells, and -

- L {hlctmn The: absem:e of nuclecll slgmﬁes the

¥ ¥end of cell development. Also found within ;

'153 C‘ellular Cﬂnstftuents

. .conicave disc ha a diafnet fi';lpplmila o
i 15: " The ' dcell c@n—f

; sulmunded by.. a‘thm,n@mbrane (nuclear :

- $phere called the nucleolus. The nucleolus is

. 'ﬁlaments and glabules ’These stluctmes ale 7
" divided into two groups khown as organoids” “ g
;}(G‘l‘ganellés) and. inclusions. The mganmds L '
“-oare thought to per fo;rn rncxst of the métftbchc _
- functions- of “the "cell. "Mitochoridria, Golgl .
P appalatus ﬁblllS centrmles and the chroma-h i

mulatmn nf p1 otems llpldS‘ cal boPydx
plgments, and sEEre’tﬂry granules b

blund c:ell) is ar

:plé‘( iron- bearmg plg’ment whlch t1ansp01t§
'ny‘gen) Hemoglobm is ﬁontamed in the in- - .
 terior of the cell,-and the outer surface.of the 7

- cell is surrounded by acell membrane; When | - -

:unstamed the' cell - has a pa]e,_greemsh-_

- yellow appearance; and light orange with an' -
‘accented Centlal zone of pallor when stamed- .

fwrth erght’s stain. The productmn of er yth7
rocytes, or erythmpmesm, occurs primar-
ily in the Qed marrow of the spongy ‘bones
‘(see figure 1-2). An adult ‘female has ap- -

anadult maie has’ app1 ms:lmately 5. 4 IThlllan/' '
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Flgure 1-1 Typlcal Cel] Structure_

o cu mm 1ed cells The erythrcscy‘tes have an
"+ average life span of SO to 120 da.ﬁ’s ‘

. b. Leukncytes Leukocytes ‘are commnnly :

knoWn -as whlte b]cmd cells because of theu‘
“‘lack of color in unstained preparatmns They

- are nucleated cells which. have an averdge di-
= ameter.of 8 to 12 mn:rcms Leukacytes are:di- -
- “vided into three groups:
" (2) lymphocytes, and (3) ‘monocytes. They .

(1) granulocytes,

‘are differentiated by the spemﬁc nuclear and

- cytoplasmic staining propertles

e Thrcmbccytes‘ Thrombocytes ‘are mc»st

. .. eommonly known. as—platelets P]atelets are
- detached fragments of. the Ey‘tﬂplasm of their
- - ‘precursor ce ls—m“egakaryacytes which are },

found in the bone marrow. Unstained plate-" .

lets appear as ‘small hyalme stru«:tures w1t
. d1 ,eter of appraxlmately 2 mlcrans

: pale blue cytnplasm w1th a daﬂc granu]ar
- center. Platelets are.very fragile and llve for
- a perm? offabaut 3 to 5 days e

'1—4 qumd Cunsfltueﬁis

: _' a, Plasma Blcod plasma is the'ﬁmd pcr- s

NUELEAR MEMBRANE L;jy;ﬁ?_?if

tm_,

mtmgen) pmtems (alburmn glabulm. ‘And

ﬁbxmogan) Calbchydlates -(glucose), lipids .

APPARAfU$ N

o blpnd befare c};{tmg oceurs -’
“(serum- p]us ﬁbrlnogen) The chemical: na- '
ture of plasma is very complex: Plasma is 7
ccmposed mostly of water but it alsa cnntamsj o
“dissolved gages (oxygen, carbon dIDiildEi and

(fats, lecithin, ‘and Ch«:lestewl), nonpxotem”;i_'.- »

«nitr cgencus substances and mmgamﬂ salts

b Serum Sex urn :
blncxd after the clottir
i ogen, :the .precursor. of fibrin, . is

mcved fr@m plasma to form the framew@r e

SECTIDN BsFDRMATION DF ELDDD

:CELLS e

é - a. The prlmary SDUI‘CE cf blmd cel]s 15 the )

. the fluid. pDrtmn nfl"'
g process is.complete.

mesenchyrne ccmnectwe tlssue in the embrya o

ThlEE phases of ernbryc:mc hematapmeas'_

,,,,,

b. Durmg the ﬁxst 2. mnnths of embryonm
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‘dévelop, :having -1
~ - Vesicular. ¢hromatin me%hwmk -The fwclei
*-apessur rounded by a thin.’ rim' of eytoplasm,
7' The cells gradually dev‘el@p ‘hemoglobin™ to
LR '_" becém

eurs and daughter: cells ‘¢ontain more. Nemo-
globm Flna]]y the" nucleus is lost and the

mafiux e erythl Qcyte is J;n oduced

nf the feftxs as the or gans of the retlculoen- o

dothelial system (liver, spleen;: thymus ete.)
are foilmed. During'this’ phase, g‘ed cells begin

thrombgcytes are fnrmed in ‘the IIVEI WhllE

the splee } and thYmus

Cod) Thé‘*‘ﬁazelmd phase beg‘ms durmg thev l:md ﬁlaSmocytes v;

.- fifth “'month - Df gestatlgn Blood .¢cells are . . o ‘
SECTTGN —,NQFMAL CELL
MATUEATIDN ‘

’“ formed 4n -the* bone marrow' and nymphgtu:"'_ :

- .- system: whlch- at the time Jf birth:constitute
.’= the total sources of: hematopoxes1s The bone

. "cjf erythrocytes; granulocytes, ar

g A . cytes. The lymph nodes arethe primary sites,

-of -production of lymphacytes monocytes
fmd plasmacyte% : . .

£ T

“a, Eloud fmmatlcm at. blrth is conﬁned
‘primarily * to the bone :marrow !,(central

“medullary. structure of ‘Ehe bone), ‘Blood cells..
L mllltlpl)f by mltasliand then mature to a -
_ e .mature. cells Jose ‘the .

- ability. tG repmduce and develop a- definite life,
. span.’ Regenex ation’of bIDDd cells after bi th -

specific cell type

., ' mvnlva multlphcatmn of ~precursor:’

eva]utmn of ﬁhe deﬁmtlve cﬁaractérlstlcs of _

each type and. release Df mature cells L.

: b Myelopm,,
i cel]% by the. bone marrow (medullary site -of
p1 Dduc.tnjn )

,.b_,lrth the ;en

5 December 197

devel@pmenﬁ the mesnblastlc phase geeurs.

* The; blgad ceHs are formed. in ‘the blood ig-. -
Isnds of the’ yolk ‘8ac.” Immatme blood cells,
arge. nuelei chtalm’ng’ A ;
~tential tends.to: replace mbst of the ‘ved bone...
-+ marrow, This g cement of red mar--, .

- row is:complete when. tﬁe

.

e a'nifcleated ted blood cell. Mitosis oc- n
tlme active hematopoietic cen ers m bone tis< "
‘Sue,are limited 'ﬂmc:st excluswely to the ster--"
-, num, pelvm area, vertebrae, sicul] ribs, elavi-, .
cles, scapull, and th’ eprhyses of the lnngi,

- -their normal development Granufocytés ‘and ‘\

-marrow is the pr mt:lpie source of :productlon ,

w

. he: red bone marrow is the -
pllnC]p]E saurce of praductlon -of ‘red cells "

* - " and. whife cells fothe granulocytlc: SEI’IES Atj

' I‘nedullary structure of bones )

. is I‘ed bone marl ow.and iti 15 actw&]y eng“lged o K
An hematopmesxs At aboyt 5-years-of age.’ . .

yellow bone marrow):which isa reser Ve po-.

artial rep.

1div1,'cllial reaches
maturity (about 18 years .o

-8 nonhematopoxetlc typ&- f mal ow (fﬂ.tty

f age) at whlchz_:;“ :

bnnes (_ﬁg‘ure 1=2)°

ii. E};tlg T
. production Wyhi

the’ bone markaw. Active sites are the- spleen,

thymus, lvrnph nr:xdesi and other, lymphoid

tissues: '[ﬁgme 1-2).. Cell plOdUCtlQD is

largely limited to ]ymphop01251s The lyrnph
't’nDdes are ‘the primary sour ce- of lymphocytes

Eﬂnllaly h matomeSE is bluod

'1'—7? General Features Iri t&he course “of -

“blast cell contains a’large nucleus, a small

o ;arnmmt of cytoplasm, and no granules. As

hich occurs in sites other than'

" blood cell,: maturation, certain specifi¢ fea-. .
tures are developed. Each of t}le_cpﬁiponenf;" :
parts of the cell undergoes a transformation:
during , maturation. ‘The ‘immadture. cell “or-

the cell ages, the cytoplasm becomes less bascn-s LS

~ philic-and: puclear chromatin hetcmes heav-
. ier (darker stair Reduction in size and loss ’,.

.of nuélec:h cu:uurs as.the. cell beccrhes-aid“er

The  thiee types of granu]atmn (neutro-

more: specific and-smaller as the cell ages.

tlon 'md (3) leductmn 1n cell sme (SEE ﬁgure '
15-'13 the praductlon nf blood_ VA ’ R
o LS Cytnplasm The basgphlha of a blast
‘cell is. proportional to the ribonucleic. acld .

I\Iaturafmn, m general, mvalves (1) cyto-’, E

phllIC basoph;lkc ‘and’ eosmaphllic) becamey.f .

(RNA). content. -As +the. cell- matures the.. -

“*RNA content decragtses and the. cell becameif

‘a paler blue In the myelmd cells a speclﬁc




RED BDNE MARROW

PRDDUCFS

T T e Cymphagytes . Monoeytes . - :
%7 Neutrophils - Basophils: e L e
R S o 25 Ribs 77

PR‘DDUCES O !
F‘rnthmmbxn, flbrrnagin

EXCRETES: ,Bihrutul*n

’ STDRES Erythrocyte
matunng factor.. RS

hematapmetnc c:enter gn
demanth .

SECF\‘ETES Intnnsu: érythracytlc
maturmg factm Se e

A Lymihacyie_s W
DESTROYS: Worn out. blood -cells.”.

ACTS as. extramedullary

ERIC

Aruitoxt provided by Eic:



| AFM 160-51/TM 8-227-4 ; December 1973 " .00 g

.-“- S ol MESENGHYMEL <L T
T T BLDDD ISLANDS YDLKSAC BRI

P . 1

S | LIVER SPLEEN

L B ‘RETICULO —EN DD THELIAL CELL. 2 SR
N (PARENT'CELL OF ‘ALL-BLOOD CELLS) :

'LYMPH GLANDS,
" SPLEEN, ETC.

RED BONE MARROW R

Basophilic
“Myelocyte

i ' ' ' Metarﬁyéiacyte :
- Neutraphnllc Eand _

Diffusely
Basophilic
Erythrocyte

Seg

Eosinaphilic Basnphnl:c
] Band : |

Immature
Lymphocyte.
. ¥

» ? 1
Hypersegmented - s ) Thrombocyte.
Neutrnpml :

i Lymphtj!:‘yté e Ensmnph”

s

Figure 1-3. . Develnpment of mad Cells.

ERIC

Aruitoxt provided by Eic:



- . progresses, the _nucleus,

1-6

type le gmnu]atmn oceurs. When granule;-

appear they ‘are pmkmh red and few in
number. The gmnulea ineréase in number and
differentiate into three types upon matura-

tion: As the cell matures it develops an af-

finity for the acid or hasic portion -of the
- stain (Wright’s stain). Basophilic granules
-stain blue, eosinophilic granules stain bright
orange, . and neutrophilic granules stain

pinkish-purple. Lymphocytes are usually de-
void 'of cytoplasmic granulation but they can

~possess nonspecific azurophilic (dark purple)

. gr :muleq usually characteristic of munncvtes

and plasmocytes. Upon maturation, the eryth-

. rocyte develops -a light orange respiratory

pigment ealled hemoglobin.

1
is. large,. mund, _and oceupies  most af the
cell: As the cell- mafures the size of .the nu-

A‘cléus decreases,’ 1"'-Tucle1 of early ar pumltlve‘
- cells. usually have one or mnre nucleoli. The

latter aré&:small, round, h@mngenenus areas

- whu;h usually stain light b]ue with a darker

iry. In appearance nucleoli are some-
: what‘ like eraters in the nucleus. They are
-syrrounded by strands of chromatin. These
nucleoli, plus a’delicate reticular network of

chromatin, are the principal indicators of

bood' cell ‘immaturity. As the cells mature
the nueleus gr adu*ﬂlv becames Sﬁlalla stalnq

fguax_sa, ‘with the strands of thmfxtlp les?

fine and lacelike. In the course Df cel] dev’e]—
"tlcul'u]y in ’the or anulm;ytl.t: series, whexe it
_becomes indented, lobulated, segments, or
fragmented. As maturation or development
Jf still intact, be-
‘comes small, compact, usually ,dark, and
structureless and can completely disappear.
"The loss or shrinking of the nucless is ac-
companied by a decrease in cell size. N

SECTION D—ABNORMAL CELL

.

\/IATURATION ‘ _ e

'1a1_0r General Features.
maturation is asynchronous development as
opposed ‘to normal cell matiration or syn-

AFM lbD—gl/TM‘ §-227-4 -

" Yyods (leukemia), and toxic-

; 'Vn:u:leué; The. nueleus of the yoﬁrig.' It:elll

Abnormal cell

5 Decembm 197.3

chronous dEVEImeent Smce the nor mal ge-
:quence of cel] maturation is upset; atypical

- cells will be. present. ‘Abnormal cells can be

recognized <by: (1) - abnormal cvtnplasmlc
maturation,

tlcm and (3) abnm\m;xl size.

1-11. Cytnplaam A%ynchlunlsm of the cvto-
p]asm is most commonly seen in the granu-
locytes. Gr anu]atmn can be primitive or ab— :

~gent. In some instances the granules-fail o e

differentiate.. Erythrocytes show basophilia
late in the series and retarded. hemoglobina-
tion. Inclusions, in the cytoplasm, such as-
Dohle bodies (infectious diseases),
;1anu]at1c)n (in-
fection affecting the ms ‘fdw) are. seen in
the ‘1bnmmal white cells -

1-12. Nucleusg “Abnormil® cells often show
two nuclei in severe disturbances, such as -
leukemia:. Nucleoli have-a retarded reduction.
The nucleus can have an irregular outline or
indentation (Rieder ecells). Hypersegmented

nuclei occur in the neutrophils in-sepsis and in

. pernicious anemia. Abnormal maturation of

the nucleus often 1esulta in vallatmn m cell
size.

SECTION E—FUNCTION‘% OF BLOOD
CELLS

1—1_3; Introduction. Each component -of blood
is uniquely capable of. performing one or
more functions. Together, these compon-
ents provide the maintenance of a relatively
stable environment .of the body by a variety
of mechanisms. This maintenance of a réla-
tlve lnaloﬁ’lcal mnst'mcv or mteglltv 15

1each full matmity they entex the blrmd=
sti*eam and hegin fulfilling their functions.

functmmng L‘Dmponent Df the cel_l It_carnes_
out the transportation of oxygen to the tis- -
‘sues and the removal of carbon dioxide.
Hemoglobin also aids in the maintenance of
the delicate acid-base buffer system of the
body. The erythrocyte must also supply
energy to accomplish the active transport
[ -

F

atd

(2) abnormal nucleai matum—

Auer .



=

: AFM 160¥=31/T1\' 227=4

of ﬂ‘]ucgsa and ions agamqt a gl ﬂdlént acr 085
the red’ CE]] membrane -

Leuk@cytés
(for éxample, -

1-15. Jeukacytésg
admrr antigens

_and to some extent transport ;md letllb—’
all of the-

. ute antibodies. Monocytes and
granulocytes have been shown. to< demon:
_strate “directional movement. Their move-
ment is subject to chemotaxis, which is de-
+fined as the response of living pmtop]asm
"to a chemical stimulus. This is a means, of
attlactmﬁ’ Lells tQ s‘.ubstances whlch they

Df engulﬁnﬁ' ;md deqtm}mg bactena or

phagocytosis,
cytes- :

is a prime function of laukt}—
< . . \7 . : "

a. Monocytes. These cells will engu]f bac-
teria and larger materials,

_phagea In this 1egald "m@nccvtﬁ are per-

haps the most efficient phagncytes of all the
. cells. Manocytes contain many of the.lytie.
in ml;lapbanes

(frlanulcpcvtésj '1n"adc1iti0'n monocytes con-

enzymes that are found

tain llpdses' which enable them to dissolve
the lipoid capsules af caztaln bagferla

b. ‘\Teutmphllé NEutmphllm ]Eukgcytés_

" are extellent microphages. That is, they en-
gulf bacteria and other microscopic partlcles
The particles are first surrounded by cellu-
- lar p%EUdeDdlﬂ and then incorporated mtn
a cell viéuele. There the foreign bodies mix

with sitibstances reléased from-the cytoplasm .
. Of leukocytes. In this way the leukocyte is -

not mjmed by whatever “combat activity”

_is taking, place in the vacuole. Neutrophils.
are ‘fully-developed (mature) cells that are :

incapablé of ‘mitotic division: They catry on
active metabolism. Eventually the granulo-
cytes disintegrate and in inflammatory proe-
“esses are succeeded by monocytes.

~ ¢. Eosinophils. Eosinophils are found in
.tissué fluid as well as in peripheral blood,

" especially in areas where there is an aller-

gic reaction. Current thinking holds that eo-
sinophils -are involved in antigen-antibody
reactions, and have heen shown to phagocy-
tize antigen-antibody reactants. Eosinophils

: 'tam

.

‘remiove i,ﬂ:—_ '

qlhlv lEplESEnt a vestlg‘e 0
including’ even’

plotnmd and red cells, and are called macm= -

~ tions.
- many of the activities plevmua]y thought

ponents which are either

5 Décemberrbl'g’i':j, . o ' S =

are a]so thaught to tmmpmt or at least con-
lysins- which act-on fibrin. It is sug-’
rre'%ted that eosinophils limit thg action of
substances such as histamine. How- this -is.
-llci.nnl'plislle(l is not vet clear.
tion of E‘p%lllﬂphll% from their ‘reserve in the.
hone marrow is at least in pmt under hor-
monal LD‘ntm] If the adrenal cortex is func-

- tioning pmpenlv an injection of adlenocm- -
. tl(OtlelC hormone (ACTH)

results ¢in a
marked decrease in-the number of circulat- -

. ing eosinophils and in the number of cii:

‘culating lymphocytes, On the .other hand,
there is ‘an increase in the number -of EII‘-=
;C'U]J.tlng neutr ophils.- . :

d. Bﬂ‘sﬁlphl]‘s <The functlon (:f ba;aphl]s lD L
.man }gas not been ascer tained. They quite pos-
volution. Their ‘

1t has bééh suggesteﬂ thev may be mmlved '

. in E‘]Dt absorption.

e, Lymphﬂcytes The IYmphocytE is' now -

. believed to be directly connected with anti:

body pmductujn Undnuhtedly, the lvmphg—n
cvte performs lmpmt‘mt immunologic func-
According tq, very recent studies,

to take plaue in-the zetmulaendathehal (REY:

‘ system actuallv tike p]ace in lymph@cytlc' '

. tlssue

EV%tEI"ﬂS expand enelgy, ;a,nd 1espand tD stlm-
uli. They contain many enzymes and undel go
respiratory activity and glycolysis. They-pos-
tess coagulation factors-usually designated

-as PF-1, PF-2, and on, through PF-7. The

cells contain fibrinogen and vasoconstrigtor
substances, calcium, and many t’)_t!her com-
known ‘or pre—x -
c%urned to pmtlclpaté in the clotting mecha-

,,,,, Clot-promoting lipoproteins are also
"found in platelets. In addition, well-defined
antigeris have been found in platelets. The
role of platelets in the blood. coagulation
mechanism ‘will be described in more detgil
in chapter 6. - ”

The mDhi]i;&a-'-; '
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ZECTTDN AELABORATDRY REAGENTS

-".=—1 Preparatmn Valnjus stalns and- qDlu-
! tions” are utilized i routine hematological
examinations. ' These stains and =solutions

- must be prepared-with the utmost care and =~
- Dbrecisely aecording to for mulatlons Detailed- -

5-Décember 1978 - -

Chapter 2
MATER’AL EMPLOYED IN’ I—IEMATOLOGY

directions for the preparation of all 1eagents .

~ which are required for pe;felmmg pmce-

dures outlined thlcraaghcmt this manual are
contained in the respective pmcedme Care-
ful attention shoudd be given to predise meas-
urements, order in which reagents aye added,

-control of tempem’ture where indicated, fil--

:thatmn and aging. Particular attention must
be given to stmagé of 1eaggnts paztxcu]al Iy
. with 1efexence to requir ements for refrigera-

. tmn mcubatmn, and pm;teetmn f1 o’ mtense*-"-
o hg’ht S :

£

. tant. detail. Labels should be domplete’

’ _'desned 1esulta are bemg Dbtam‘ed Unsatls- .

eurely attached,-and neatly and legibly wr 1ta’
ten or preférably, typewritten. Items recorded
* on the :label should.includé all constituents -

and quantities utilized, date of pr eparation,

Adnitials cf‘_the individual who " ‘prepared the -

reagent and- ewipnatlcm date if the solution
deteriorates with age. Labels should be. pro-.
tected against damage from 'water or. other

. fluids by covering with a protective' coating
+ of cellophane tape over the surface of the

lahgf

2-3. Séiféiy EPrecaﬁtiuhé There are vafious
precautions which must be taken in handling
reagents in the hematnlagv laboratory.

&

. Amang’ the most important are the follow- .

ing:

T oa. Dnce a pmtlon of a reagent has been re-

moved from. the Drxrrmal cantalner, it .shcmld_

A
|
[
I
!

omnsenn i,

e,

.

never be pomed b'iék because 1t can (:'Qn—_,

tamnmte the 1emammg reagent.

" b. Reagents alepzefemb]y storeéd in alpha- - -
) on shelving protected from
. dmt mm;tme, Vand direet sunllght L

betical order

_c]e‘mly iﬂentiﬁ'ed ft Drri the lahgl on the t:oiii

' ar;cmatelv 1dent1ﬁed

d. Always read the ]aibel befme dlspensmg ; A

a reagent. -y

- e, When working W1th
agents, ‘especially stains,

p“

ascertain .whether

'p]aced

stor age of zeagents

‘¢. Never use a reagent which cannot be

ewa prepared re- .

" £.° All mixing containers, stirxiﬁgfnds aﬁd :

“-Enﬂtamms used for

abelmg Reagent C‘Dntamers PIBPEI . thuld be chemically cleaned prior to use.

- abe]mt‘f of reagents is an e*{tlemely rmpm—, ‘
86 -

B Dmmg ml*{mg and. plepam&:mn, as well - '

“as in ‘stoirage, it'is good practice to avoid.” *

contact. of reagents with metals,
"agents- contain substances which will réact

chemically with metals and produce changes )
which will render them unusable for labora-

tory.work,
h, DE
prepare reagents without close sfipervision,
i.. Certain reagents are j:misanaus (that is,
Drabkin’s solution and™ bichloride of mer-
cury); and adequate precautions should be

Do not allow inéxperienced personnel to

‘taken-to prevent acmﬂéntf}l QDlsonmg All +
highly toxic reagents Sth]Id "be conspieu-

ously labeled “POISON’' and should be stor ed

in a separate cabin“ef in the Iabmia‘tt:xry

j. Commercial reagernits shnuld be chenked
\nth '%tdndmd% ft;\l puutv Recmd all th

‘Many re- & ..
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. k. Test all new reagents to assure that

¢

- pro er 1*e’$ults are"a'ttainéible.
N ¥

SECTION B—EL BORATORY

(:LAH;}W ARE

1\-
—4 ﬁDllutmg P;pets. v .

2= 1) mnalsts of a ﬂ’mduatéd capl]]aly tube

having an glljbltl aty volume of one unit and
marked .in irdcrements of that unit, each

deagnated as D 1: tiote thdt this unit.is not a .

-standard measurement but merely an’ arbi-
" travily selected unit. Above the mpl]];uy ‘tube
: 1=. a mixing bulb. Lnntatmnﬂ' a. color- -coded
glass bead, and above the bulb another
shorter L;lpl]laly tube with “an engraved
mark. The pipet for perfoyming the white
blood cell count has a white bead, the mixing

“bulb s smaller than that of the red count -

pipet, and the marking- above’ the bulb Ieads
“11.” The.pipet for pexfm ning the red blood- |

cell count has a red beéad in-the mixing bulb
and the’ marking above the bulb is “101.” -

" b. ‘THese pipets are used to take the spécle
- men duect]v ff’ﬁm a caplllazy" puncture or,

- . ".after careful mixing, frgm a “ial of fluid or of
blood tredted with an anticoagulaht, such as -

EDTA. The blood or fluidtis drawn, into the

_ pipet to"a pleﬂetermlned .point -and diluted . »

~ to the correct mark with diluting Auid. After™’
‘proper  mixing, the diluted . gubstance is

' , Dlaced in the: t:mmtmg ChﬂfﬂbEI and the cells :

are counted.

.y Usually, the techmque for dilutmg the

1 hlcmcl specimen with a pipet calls for whole -

blood to. be drawn exactly to the 0.5 mark

- _and diluted only to the “11” or “101” mark
with appropriate diluting fluid dependent
upon the type of cell coynt. Since the volume
of fluid in the stem dés not enter into the
dilution, the dilation iscalculated on the vol-
ume in the bulb, thus ‘with the whlte b]m:xd

. t:E]l Emmltg. -

ol " Whole blood: 0.5 .- 1

é@ Dilution g‘msﬁ T

aml in the RBC count

Whglﬁﬁnn_d> o Qi )
LA Dilution = 37 b =100~ 200

Volume 1ﬁ bulb

b2 o T AFM lbosal/TVI ;_—gzm

-
T
1&m

ARBE PIPET .

9 -
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The (hlutmn of thé bleod sample in the \V}llt&;‘i: o
blood count is L to 20 and the. dl]utmn factor .
15 20, Inthe IEd blood count the b]cmd ss\mplg .
1 diluted 1 to 200 and the dilution factor
is 200. The permissible ervor of the red cell E

pipet is £5% and the white cell pipet- ha:a a

oy

-pelmlsslhle error of *3.5%.

. Blood cell dllutmg‘ plpetq are delicate
plE\‘_E‘% ‘of equipment and. should have care-

“ful treatment. It is also 1mpmtanfthat Tlean,

dry diluting pipets be used to pr event dilution

errors aud hemolysm of r;e]]s

e. If an aspir ator is wallable plpets can
be easily washed by drawing cold tap wa-
ter (distilled water. is preferred) through
the pipet. If a deposit remains, it can be dis-

~ solved by drawing dilute sodlum hypochlorite ’

(thl‘%Ehﬂ]d bleach) through- the pipet f01=

]

14 ¥

a le
|

11

W s
o

. " WBC PIPET s

Fi 'ure 2-1. Hematological PIDEtS.

=

SAHLI PIPET ~
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'(l.shmg!thh dlStllIEd Wa-

Whén néée’ssaryi pipets may he
dly by drawing a small amount. of
hr;o_tjgh -the,m and then ethep or ace-

Lo

it;meﬁnrf capillary. - Obtain
from free-flowing finger punctme (or

3 DEcember 1973 _ W S _ ' 2.3 :

e -

(3) Holding

Unopette systerﬁ (Becton-

d plaz.tzg tgb for handlmg The plpet
'_ﬁﬁ‘ure 2 ?) i§. attqt:hecl tn a plastlt:

thé dllutmg ﬂuxd car be mlx_e_d ‘and |
'enserl with great ease and %peed '

5. The Unopette system’ ean be used: for

{plastlc shleld ‘of,, the caplllmy hnlder,
p]y ﬁlm and even plessule and punctme

Figire 2-2." Unopette System.

] and CD) ;:DnSIStS uf a dlspnsable :

-variety *of hematological procedurps. In .
3 the‘ Unépette s-ystem is used as,

~ opening of overflow ¢thamber
finger

(4) Squeeze reservoir

and .seat holder

Release pressure on reservoir and rémove

finger from overflow chamber cpenmg Suc=

tion will draw blogd into diluent.

invert- and

5y reservoir gently: two or

Bqueeze

(2) Remiove protective plastic shield .
blood sample
v use
* thoroughly mixed venous blood qpecmjen)
eapillary, almost’ horizon- -
tal, tmlt:h tip to blood. Capillary action fills-,-
the plpet Cmeiullv wipe excess blood off
. the tip without removing zmy blnnd fmm
the inside of the fnhp e R A
. _sligfhtly! Cover
with index
in reservoir neck.

three tires to rinse capillary tube, forcing .

diluentt .up into,
chamber, ré_leasi'ng pressure each time to
return diluént to reservoir. Ml\ blood sam-
ple- w1th dlluent by inversion. *

('h) To dlspense, reverse czaplllazy tube
seal overflow chamber
squeeze. Procedures for
Uﬁnpette system are available in the manu-

- ffa«:tma “s instruction booklet.

(7) Always follow mamzfacturex 8 1n=
bttuctmns :

.‘Z—G Calibr’at.ian of Sahli Pipéts:

" a. Introduction. Sahli hemoglobin pipets
are volumetric pipets (see figure 2-1). The
volume is “supposed” to be 20 lambda as
registered on thg side of the: pipet. Nor-

-mally, because this volime is not an accurate
- measurement, standardization of the pipet

into the broad end nf
, stappex size 0.

is necéssary. This is usually done with mer- °

cury and the procedure is necessary to as-
certain the correction factor for each pipet.
b.. Procedure: .
(1) Heavily lubricate the barrel of a
2 ml syringe with stopcock grease.
(2) Tightly fit the tip of the syringe
a 1-holed rubber

(3) Clamp the stopper to a heavy re:
tort stand: Insert the base of the pipet into

but not_out -of, overflow -

end onto reservoir,..
‘the



Tmercur V

‘the Dt'hEL end Df the rubber stnpper untll '

it is in contact with the’ tip-of the gyringe.

'_:_Adjust the assembly:so_that: the plpet oc-

cupu‘s a ver tlLd.l anltan

(1) Al IDW the mercury and the plpet

.to reach room temperature hefore startmﬁ'jf
~the calibration.

'

+{3) hDE'tEélenE

(6) %hwhtlv withdraw the plungél of
the HVIIH“‘E .

(7) "Hold. the heakm containing  mer-.

cury so that the tip of tﬁ‘e plpet is immersed.
. (8) ‘Withdraw the plinger nf the sy-

ringe until melcmv IEREhEb the 20 cu mm

mmk

{9) Hold the h;mél of the s'yringe

" steady and quiekly pull the beaker of mer- -

cury away from the tip of the pipet. (Slight
fluctuation in the.column “of mercury at

. this point has no dppreciable significance

provided there is no loss of mercury from
the tip of the pipet.) :

(10) E‘{pel the mercury from the plpét
into-a weighing hottle by manipulation of

‘the syringe. (The weight of the weighing
.bottle is precisely ﬂetelmmed befme stmg

ing thé calibration. ) A

{11) Weigh the mercury and the weigﬁe

\h‘ig_ bottle on an énalytica] balance.

Q

ERIC

Aruitoxt provided by Eic:

. Caleulationa:

(1) Determine the W‘Elght of the plpat-
ted mercury hy subtraetion: (weight o
weighing bobtle + mercu™ - (weight

of weighing bottle). As an example consider .

the weight of fthe mercury tD be 0.268,
grams. 5

1,_.

(2) Convert giams ta I’I‘ll“lg‘l amiy'

1000 mg‘
lg

0.268 g Hg = HGS mg ‘He.

factm (that is, the wmght Df_l mlcfgllte,r-
. of mercury in milligrams) from below®

o oo . Mercury
Temperature (weight of 1 ,,;1)"
(degrees Centigrade) v omg
: 20.0 13.55
21.0 - 13.55

s

¥,

AFM 1&041/’11@1 ~227-4

e teﬁlﬁeratuvé t}f the‘

- for the. red cell count.

- .
.7

5 Decernber 197&
o L4 . . ..
: o L ‘Mercury
Temperature o (weight of 1 ul}*
(degrees C:?nt'xg:radé) o . mg

bl R §: 5
© "13.54
o 13.54
L o . 13.583
C © 13.53
13. 5'}

_"Thése viﬂues do nat mﬂlgate the trug densities ©
and weights i)f water and mercury but lﬁChldEg:ClI‘x Ce

rections for various factors, sueh. as the cocflicient
of expansion of glass and thu hugyaﬁt Lﬁect of air

‘on th& ﬂmd wmg‘hed

(4) #The “volume of qthe pipet is ob- -

" tained by calcilating the volume of mer-

cury. ;
Example:

¥

in miLroIiters v

(Wt Df delwered HE:) 268 m;: Hg ® 13
. ¥ E =.,19.8B yl vnl
The expected weight for 90 cubic ‘micro-

. liters of mercury is 270.8 mg. L

"~ NOTE: For routine purposes, it ‘is accept-
able to. use pipets-‘within %= 1 percent of -
20 microliters without making a correction, :

Therefore, pipets which. deliver 268.1 to

273.5 mg of mercury would be acceptable. .
. Discard unacceptable pipets. '

T #

2-7. Blood Cell CﬂhmiﬁgChamb_érs‘:,

a. The most common type of hemacytom-

eter consists of two' counting chambers
separated by grooves or . canals: On the
smooth glass surface of the ‘counting cham-
ber are straight lines etched into, glass in

~a gridwork pattern. The Nefbauer ruling,
" preferred for hematological work, consists

of a gridwork with dimensions of 3 mm
by 3 mnr. It is further divided into 9 smfﬂlez

squares with dimensions of 1 mm byl mm’,*

4 of these squares are used for the Whlte
count. The 8 outer squares are further sub-

s+* divided into 16 squares 0.25)mm on a- side.

The centrall square is djvided into 25
squares, 0.20 mm.on. a side, which are used

L e 13.54 -

Thus the large -

squares are 1 square mm) the 16 small : '
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square mm and the 25 central squares are

. 1/25 square mm (see fizure 2-3). .

i b The ccsvérglass must -be free of visible -
defects_and must be opticall¥ plane on both

sides .within = 0.00‘;E}mﬁ' according to the
US Bureau of Stgndards. Wheij-the ‘cover-
glass is placed on the platform ‘the sphce
between it and the ruled platform should
be 0.1 mm: = S

, L . i ) o ¢ .
2-8. Cleaning. Glassware can be cleaned in

5 Décember 1973

' St;uéyeg in the.outer large sgua_res are 1/16 -

_ paper to avoid marring or fusrther etching -

hot, -soapy water and thoroughly rinsed in -

be. washed by flushing ‘water and_acetone
through them. Ordinary .household bleach

i

.

- distilled water.. Blood dilution ‘pipets ecan.’

o

can he'-used.to remove blood clots in. the -
bore of pipets. Dilution pipets \ire dry when
‘the bead mo\Efreely in the bulb. Glassware
pr coagulation studies must be
7/ clean. This glassware should
aned in -nonorganic  detergents and
rinsed well with distilled water. The etched
surface of -the hemacytameter .should- be ,”
rinsed in watel’ and blotbed dry .with lens

cleaning small bore tubes and pipets (such-
as Wintrobe sedimentation rate tubes). is to
attach a r:ap’i'llarg pipet, by a rubber hose,
to a water type suction pump. Attach the
‘tube to the flat ed of the pipet and hold

/

ro

Figure 2-3. .Rulings on a Hemacytometer.



the tube under water.

k=

Lemdual \\dtm In suctmn J.lld illlow to rhy 3
LOccasionally,” the tube should be cleaned

" with dilute sodium hypochlorite (household

7 Aleach). to remove dEpG%It‘% of residual blood.

_ 229, Prépfmratmn of i‘uhmmzed G]aséwale

i

\jﬁdeﬁmte]y

> Sil-
‘icore Produfts  Division, *Waterford,
York). i '
{23 Xylene. . ) : .

(3) 107 Silicone .Solution. Add 100~
ml oftconcentrated silicone solutioy tg,.900
ml  of xylene in a #ean ground-glass-
étoppered bottle. This solution can be used-

able from Ge{eral Electric Corporat

=

b. Pmuedm @

(1) Handle the 109% silicone solution -

‘with
aqu ipped

(2)%y11naes
are coated wifh 10

rubber . gloves and work in a hocd
ﬁ'lth an ethaust fan

bauels, zmd'
silicone solution in a

- large béakel

-dly in an oven.

(3) To coat test tubes, fill one tegt
tube with the 10% silicone solution. Rotate
the tubd

(4). Pipets are c¢oated by placing tip
of the pipet about 2 inches into the solution.
Draw the solution up-with a suction bulb
an inch below the mouth end. ©

E]

5y Allow the’ glassware to drain for
20. minutes after ecoating. Rinse well in tap
water and then in three or four rinses of
‘rhstllled water. Dr‘\\r in an oven at 120° C.

e, Dmcussmn

(1),Glasswafe can be desiliconized by

soaking in saturated sodium hydroxide for

Rinse in distilled - wata and

.
(2) Silicone glassware can be used sev-
eral times hefore recoating.

16 minutes.

. AFVI 16

‘Blood -is drawn from
the 'tube' as '\‘J.‘:ltEl is thawh in When the -
remove the "~

A Loat-ing.Mate-gialsf:- ) (
Y (1) Silicone  (SC-87 ‘Dri-Fillj avail-

Néw .

.
plungers

=

and’ transfer to other test tubes, -

“tability” of the Goated glad
‘,i:r;kgeni'scusin a properly coated tube.

1 - .

/TM 27-1 5 December
(8). All si]iémﬁzéﬂ glassware. should be

plepmeﬂ washed, and- stored in .an area

sepalate from: legulal glasswavre.

1D As the 51]1((311@ ages or ‘2 new batch
is’ prepared, peltmm a
normal whole hlood to check on the “wet-
sware. In addi-
convex

water should have a flat or

SECTION C—COMPOUND MICROSCOPE.

2-107 Introduction. A modern microscope for

use in the hematology laboratory. is equipped “
“with an illauminator system, a substage con-

densel avﬁtem, an DbJELtIVE svstem, a pm=

dmphlagm, _
(monocular or binocular bodies), and a
mechanical stage (see figure 2—1). A- com-
pound microscope uses a combination of

" lenses, the objective lens (lens closer to the

‘object) and the ocular lens (lens closer to
the eye) to project the image to the retina
of the eve. The ohjective lens acts rhuch
like a small projection lens which projects
an enlarged primary image near the top
of the tubular barpel. T:hl'% image, formed

. in air, is known.as an “aerial image.” This

object is viewed through' the projector or
eyepiéce which acts like a magmﬁm except
that it magiifies an aerial object instead
of an actual object. The final image ‘pro-

jected on the .retina of the eye is called a
“virtual image” because the light rays ap-

pear to ‘come f{@ﬁithe image. The rays
are actually created by an increase in mag-
nification by the lens system. |

2-11. Magnification:

3. Magnification’ in a microscope is lim-

" .ited to the useful magnification th‘at} cah

be achieved, that is, the ability to ‘obtain
fine detail of the object being examined.

_ This ability to 1endel visible the fine detail-

is the resolving power of the miecroscope.
The tesolviig power of a microscope 'is de-
pendent on the numerical ape1tﬂre {N.A))
of the objective ‘lens and condense1 lens.

1973

nicol pusmsh a tubuku barrel.

.
- ’

clotting time on.
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“\Figure 2-4. Compound Micrpscope.

B R 1 ‘ .
Thexefm'é * proper adjustment of these
lensyg is essential in order: tD Dbtam useful
ication. « :

Mn:macopes in genélal use in medlca]
lahm atories are-provided with 'thr'ee objec-
tives with focal lengths of 1.9 mm, 4 mm,

usually provided. with 5X and 10X (most
oculars.

“'magnification is

‘respectively. \Microscopes are .

Mtiltjplying the power

"vg CDHDENSER
, Lock

‘-3‘_4f © .. SUB STAGE ‘
©UWe o CONTROL

of the ocular by the power of ‘the objective
gives the degree of magnification of “the
Ql{)“ject under observation. The degree of
expressed in diameters
(refers to an increase in diameter). The
ocular magnification, the millimeter length" -
of the objective, its magmﬁf:atmn power,
and the total apparent increase obtained

‘using oculars and objectives nf the: powers

shown are given below:, .




*
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" Ocular’ © ‘Objective * . .Magnification . specimén. The size of the ‘opening’ in the - -
110X 16 mm (10X} © -, 100 diameters condenser together with its position up or
, mt -1 mny (13X) . © . 430 diameters " down controls the light entering the- -system. -
BRLA S L9 mm (97X) 970 diameters | ywhen the, condenser, is ‘close to the.stage,

L

ERI
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. w1th ease; e

Magmﬁcatmn is muea‘aed in plstlLE by
using a

hlghEl power c}b_]ectlvt‘;_ Most micro-_

mmentmtmn of léght is

condenser” is moved downward,

greater;

, Scopes are .equipped with a IEVDlVl'hg‘ nose-

piece, and Ezf;lEEtlDll of-an obJectl\re )lens is dcme
. ,-i *
2-12, U]ummatmn. n

'ffmlect 1]lumlnatmn_nf thé Dbgect
ﬂndel atudv is an extr emely important de-
- bail, Inc:mxent llrrhtmﬂ' of the object can
~léad to_inacclirate results and- conclusjons.’

i
L wig

# Db%éﬂlﬂgﬁ

C‘mlect 1llummatmn can be obtamed from

o
a concave mir ror or substage llﬁ'ht

. Ilumination - entezmn* the mlcmscope

can he cential or obllque To,obtain céntral
tllumination the light fmm the source: must
be leﬁected fmm the . mnrm directly 1ntﬂ
the miecroscope tube ()bhque llghtmg must -
. be .avoided bacause an -object in ‘the *centex
,af the field will sway from sldeﬁ- to. gide
“whert the;ﬁp‘e adjustment i rotated, Oblique
hght is “us ally' no. "problem with', suhstage

s\illuminators/ .

ion of the amuunt of ’lrght ad- -
'u:c‘ompllshed by the iris dia-
phlagm in, the substage condenser, The size

¢

- of the opening in the diaphragm is contrélled“
: byj a™lever on the .side of the condenser.
- The lever of the iris diaphragm should never

be forced to the full limit in either direc-
tiom. Dmng §0 may damage the delicate
‘leaxes of the. diaphragm. Generally, when
llqmd;,prepamtmns under low_
‘power, t’he dlaphragm ,ope; 'ng' should be
'p;;'x'tia'llv ‘losed. Undez the High. disz_ob-
jective, the diaphragm is generally open&d”
to a greater degree to allow - more- lighits-
'tn pa%g through- the material. When " ob-
“serving ‘stained prepmatmns under the ml
‘immersion bbjective, the iris dlap}n‘agm 15
u%uf;l]y Gpéneﬂ wule

~*- ? ) &

-The« gubstarre LDH(IEHE.EJ funections to
dn‘egt light beam of the desired numeri-
cal apextme (N.A.) and field size onto the
.. i ) ﬁ fe .

[, N s L

~

Db%El vation.

e Improper .illumination is indicd {ied
when (1) dark pmnts ot shadows appear
in' the field;. (2) the outline of an
-js brigl}t on one side and dark on the

* (3) the object .appears t

as ‘the-
less light.
passes - upw‘?ﬁ;d thlcmgh the ubJect uudel'

objget -
g‘ér; ’

‘be in a glare -

Df light. This can usually be vowrected by

changig the: position of the mirror, by
ng the amount ‘of llght by adJuqtmg
‘the size of the Dpenmn‘ in - the iris dia-

- phragm, or by 1113111g or luwenng the con-

- denser., - .

2-13. Focusmg, Fagusmg canp. he ﬂeﬁned as

‘the adjustment of the 1Elatlonsh1p between
. the' optical svstem ;md the ‘object so that’m .

. ﬂ{ ¢lear image is Dbtamed =Sevé 1 1mpcut:mtr_

1'11133 to be Oﬁqérved .“‘;h
croscope on the pi ap

A, After
stage,

the .object is mounted on the

h. anement of the Gb]ELthE is accom-
pll%heﬂ “by 1evalvmg the nosepxecei
IID%EDIECE is plﬂvlded‘m Dltlel
rapid; ,mwement substitution. of one ob-
1e¢:t1ve ‘for another. This Lhange is effected

d :;pmg two of ]ECthES betwe&r‘l

llﬁtllzth ;desuéﬁ ‘ohj

thE is - hrought into,

~exact - alinement be ‘obtained.. The correct
settmg is indicated by, a- %llg‘ht “elick” as
the objective comes th sijion. *

¢. Whenever the ncséﬁie B i's I@-VD]VE@;

its movements should be ohsh
certain that the objectiveg™do ncxt come ;ntg
contact with the object. Some microscopes
are not’ palﬁmal that is, objects ‘in f«jtzus

undar low’ pawez will not, he in focus when '

._\

i

5

The - -
to enable

e v
‘ umb. and- fmeﬁ:‘i’el of the iflg‘ht hand
- and lDt’ltIl g the" .
) ne,- w1th the axis of .
the hody tube. It'1is, vaﬁv‘lm‘pmtaﬂt that

the ebjective to be used is turned-
~into hne Wnth the eyepiece. R




. -

;;“- x?

K%

the nDseplece is, rohted tcx a hlghél pc:we,z

of magmﬁcatmn It may, therefma- ‘be neces-’

sary. to refocus when changmg to highér

magmﬁcatmn In mmlnscgpe% which are par-

foca] 1t is ﬁns:ﬂble to ;-;wmg chEI ob_]ectlves;__

,Justment and with Dnly a sllght turn cxfx,"

- the fine adgustment knob - required- t(: re
" store perfex:t focusing. :

d.-To bring an ob_jlect mtu focus': 78

from the side and -use the coarse

ment to lower the DbJECthE until it is belawh

_the point at which. the object would nor-
-mally “be Expected ) ‘come -into view.
NDTE To avoid damage to slide or micro-
sc«:\ge view fmrﬂ side for preliminary. focus-
ing. Then

raise _the’ bbjective very glowly ‘until the

ment

e, In fm:usmg ‘upward Wlth the fine ad-

JllStmEDt the ﬂbJEL‘t will. first. appear din .,
faih_t Buthne, then gradually more dis- -
sharply defined. If the

IR and finally,
ad.]u'st;r{'%nt goes. beyond the .point of sharp
definition, return to the point of greatest

~ clarity by using the fine adj usfment'

e

f. Never

héld leve] W1th tha. mmmscﬂpe'stage Fallura

<to anérye these" precautions can result in

damage to the ]Ens Df the thec‘tlve or the )

R

2-14. Care gf ‘the Microscope. The miero-
“scope is dn  instrument of precision with
many delicate parts, and it must be handled
with the utmost care, Care should not be

confined to the opticdl elergents alone. The .

L mmrnscnpg is a combination of optu:a,l and

mechamcal excellence, one cemplementing
the-6ther. The fﬁllnwmg plecautmns should
always be t}bserved in the care of the micro-
JEsscope A o T

) Daemhen 19’73

« parts.

sing the. coarse adjustment and_
." at the %"u“ne tlme looking through the ocular, .
- hands by the arm and base. e,
field. comes into view., Further adjust to . ‘
the best lmage, usmg Dnly thé ﬁne adjust--

: ﬂecentered and dust can entet.-

move an objective dawnwardr.
while ]cxc:kmg thmugh the E}’EPIECE“W}IEH{ }

'lmpu]ate the micr DSEDDE

_ b Keep the mier DSQDpE as flEE fmrn dn‘t ﬁ
'md dust as-possiblej Dusty lenses" ploduee” :
Efﬂggy images, while dust in the. fgcusmg'

mecliahisms causes excessive wear: Df those . .
A

c. . The fﬂlElDSCGpE shméﬁ/ always he cov=' .
ex ed whén not inuse, .t

d ‘Care “should: T)é taken to prevent all
parts .of the microscope from. coming into '
contact with acid, alkali,. chlmofmm,i aleo= -+
* hol, or other substances ‘:}vhlch corrode frietal

r‘l

" or dissolve the cementing. substance by

means of which the lenses are. secmed into
tha Db_]ECthES and m:ulaa-s )

e: Always carry the mlcloqcope wth twé! .

§. Avoid sudden Jars such as plaé*i'n»g the
microscope on the table - w1th undue force.

B 4 No dust shc,\uld be pezmltted to settle -,

on the lenses nor; should the finger c-ame in
contact with any of the surfaces.

h. Tl/e ]ens éystem should nﬁef be sep-
arated, as the lenses are liable to. become 5

‘tlve ]en% an,cl t'he cover g]ass

e }xeep Eye] IECES in the mlcmsgnpe at

k 'T’c: remove dllst" 2ish the Ienﬁ;’és with :
a camels hair brush: Avoid hard w1p1ng‘, :
as duqt is often hard and abrasive. :

I. Xylol is the only agent which- should
be used “in Eléanmg lenses or removing il
from ab_]ectlves' Only small amounts of
xylol are necessary and should he used thh
care. : :

'm When sewing machine oil is used to
]ubrlcate maving palts of the microscope,
all ‘éxcess should be wiped off to prevent -
the collection of grit and dust. -

‘n. The microscope should be profected
against direct sunlight and moisture.




2-10 A

walmi humld chmates mlcrcf-
- scﬂpés sho ld_-be stored, in dry’ cabinets.
.when not in “535 Such cabinets should- be,.

1easonablv airtight, qullpped with"a light
_ bulb ta supply heat, and several cloth bags
'_ contammg a hvgr@scoplc salt such as cal-

S o In'vm

¢ium chloride to absolb moisture. In’ warm, -

’h m'ld L]lmatés the lenses f unpxotected

QbJectlve_ into dlregt lme, vw1th the openmg
‘in the substage condenser. If this precau-
:tion is not taken,“the longer highef'pmﬁered
§bJECtIVES can accldenjally come mto con--
o tat:t w1th the cpndenser lens.

q. .{I.‘he entire | mlmosgﬂpe
- cleaned: flequently to remove. dust, finger
marks, oil;
., mens, "All' parts of the I'I‘IIEIDSCO}Z\E should -
rbe kept ser upulously clean.at all times.

B [ T

11 "Never t
‘.of the micr

,the! matter to the attentmn
ry officer.

- mediately eal
" of the labmi? .

3. Mamtenance of the mlcrbscope should

be’ done in accordance with the manufac-
tl,_lrers Lvacxklet of instruction. . -

t. Immédlately ‘after use, the oil II‘I‘IITIEI‘-

. sion Oh_]EL‘tIVE must be wiped clean’ of oil
with a Soft; abscu‘bent lens pa er.) - :

S

‘E‘lj Types

 a. Binocular. This type of mmmscope is

preferred since it g‘lves a more natural and

restful condition of . ob}arvatipn ‘A beam- -
dl\rldmg prism and three- rrurrcn'f%i divide

- the llght equally, sending half to the left
" eye and half tb the right -eye. The,goatmg
~on the mirrors *s" enhanced by aluminum

to increase the reflectivity. The-binocular.
bedy is protected by coverglass seals'té keep

..-dust from entering.. The binociila
paund microscope is the preferpedr.
" *.scope for routine hem!atala_gy L

.AFM 1&0=;1/TM 82 751 ‘

shDuld be 3

rease, zmd remnants of speci-.

fper w1th any’ nf fthe pérts‘g
dcope. If the _mstlume_nt; does -
not seem to be 'functioning properly, im--

b Phase thlS
mcleasmgly préevalent ln p]atélet countmg

" In bright-field  illunfinati A comp]eté]v
transparent %pEClmEll is dlfﬁcu]t to “see in
any dét;ul By using phasg L’Dlltla.‘at tmns-

. p;nent llvmg abgects can ‘he atudled Ph;l'%‘é

iy

, l_f a pmtmn i!f Ilght is ‘tleated dlffEIEntly

the 1est 1t p!DdULES a visible image of an
Dthétwlse invisible transparent specimen.
- Phase u:mtlast accessories are dleklblE
-~ from the atanda;ﬁ optlcal ccxmpames

#

_ SE&‘:TIQN ngCENTRIFUGES

- a2=16 Types: R S

a. Table %‘Dp Models. These units are
* mounted on rubbér feet which absorb vi-
bration. The speed is conh lled by means, of
a vheostat -on the ‘fmﬁt pane] Tnp speeds
- of centrifug
of.a

Thnae ﬂentqlfuges have Hdlptéls to }m]d
tubes’ and a apteré, for 12 tubes.-

b. Flom Muunted Models. The " heawer
floor-mounted made]s agcommndate a l'irge
umber - of . tubes at oné ‘time. Thc; “top
speed of these mstluments ig hlghél’ than
that of table models. Because of tl eu in-'
_ creased inertia they, - are eqmpped w1th a
_ brake to facilitate Stapi) . In. thede unjts, .

. the tubes are placed in’ halamed 1eceptagles
which ; are: thounted on apokeg Emanatmg
. fmm .a central hub. ’ A L

- &. Microhematocr lt Centr lfugé This cen-_
trifuge is :a special type, of - hlgh speed
centrifuge employed to spinf caplllaly tubes

(see figure 2-5). The cire 1Ia1 tube holder

a rubber ring. It has a - paclty of 24 cap-
. illary tubes. After aicapillary tube is filled .
with blood, it is elosed with .a commercial
plastic Eséalmg materiz : 8 centllfug’a-_
tion ‘the - sealed end’ is. always placed in
position facmg towaﬂi the DutSI& of the
holder plate. Most 4 engl ifuges of-this type:
spin the tubea at 103,000 rpm. :

ﬂ‘@

ot e
[ ';

. '3 Dﬂéeﬁlber 1.973 -
£ JREET

mm ﬂscﬁpy 13 becerm, o

flam the rest,: ;md ‘caused to interfere with* N

;utlculal lnStl ument qhmlld be klmwn -'.‘
in' mdez to. use the speed control device.

*

=

on this' centrifuge is ﬂat\, sunounded by‘rf'



\\ ight and thev mu%t COR
amounf Df ﬂunl If at all ]m‘%%ll'
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- procedures, such as-hematocrits,” require: a
“eritical relative centrifugal force (RCF orG)..

-should "be "oceasi

nily:-open; the Jid . when the oontrlfuge has.
'ped lotatmg RV . .

'2‘18 Introductioni In reoent years instru: ,
L "'mentatloo has: been deve]oped to automate”g
:many. hemotologloal analyses? The use of"
automated equipment in the laboratory has -
;;ooreasod(tho number of ‘analyses pEIformed
by .decreasing the man-hours spent on the
‘analyses. These instruments perform various
functions such” as: dllutzons staining, cell -

. counts, “hematocrit

! . hemoglokinm,.. .coagula-
- tion StudlES ~and

' ing the analysis. If the number of hema-

o tology requests; recewed is 30-40 'a day; ‘it
would be. advantageous to have automatic

1’:f’d11uters, plpetters, and e]ectromo cell count-
ers for blood cell counts and hemoglobin

determinations. When the number of routine A

requests ‘approaches 100-150- per “day, an

e outomatlo hemoto]ogy system should be oonri :

T . suﬂered

2—19 Dllutors Automatlo dl]UtOl’S 3.53131: in
the prooessmg of large numbers of speci-..

mens by reducing technician time per test.

“Repetitive diliutions c¢an be accomplished -

. rapidly with an instrument similar ‘to the

an automatlo dilutor mvolves the ‘sampling

from a larger volumg and the dilution-of the .

~ sample. The automatic dl}luto‘r_ls essentlally
“two syringes that can be operated in a .sys-

ﬂ"SPEEd may‘be Ehec'jgd Ikd oontxolled Ce;tam :

. To determine’the RGF (or, G) for these pro-
edure_s, consult - the’ Sezologjr mﬂnual or.a. ..
- “.nomograph. - The .ingide of “the’ oentrxfuges”f:’
,a]]y c:leaned to prevent
ﬂust portlolos frorn ‘being: lblown into speci- """
mens. The lid on the oentnfuge sholild ‘be -
losed and locked béfore and during operation.-

2_20 Shde Stamer.

7 ces. The type of instru-" -
— mont used by-'a’ -partloular laboratory de-"

. Tpends ‘on_the gize off the *daily . workload, -
* . thé complexity of the method used, and the -

‘technical . ability of the- technician- perform-,
** Since" blood-" cells ‘are poor electrical con-

o duotors they act as resistors to ¢urrent flow. .

‘tematic manner.” One syringe measures and -

draws the sample the othez syrmge meas- "
\ores the dlluEnt Both syrmges can be set to

A dally oollbra- :

a]lowable range of erlol
tion oheok of this mstrurnent 15 recom-
_mended to 1nsu13 aoourooy :

"I‘he “automatic, slide’ :

i’fstalner is. a coordinated three- phase opera-'r
" -tion ‘that ﬁxes stains, buffers, - rinses, and
~dries dlfforentlal slides at a rate of approxi-

:motely -one . per -minute.-. Stain. .packs are

avallable with this- 1nstrurnent but. satis-
—-—u——/_,faotory Wright-stain- and. ‘buffer-can- be:pre-—-
* . pared in’the laboratory. Tho _slide “stainer

1s 1llustrated in ﬁguze 2-=7

}21 Countmg Devnoes‘

" a. Introduction. Two automated anthDds

“are available. for: oountmg blood cells. The .

~opt1oal system is based upon. the produotmn

- of light impulses. In- this system, the-cells

ed and drawn through the counting .
by a}’* j6sitive - displacement ' meétering
'pump As oells .pass through the counting’

area,; they prodnco photoelootromo’ 1mpu]ses _
“+which can be counted. Another method of

"automating blood “cell counts utilizes the
principle of resistance in an ‘electrical field.

As more -cells pass’ into. the electrical field
they ‘offer oorrespondmgly more resistance.

’ The change in the current flow caused by the.

’ohonge in reslstanoe is sensed. ‘and counted

by a dlgltal counting-apparatus. The digital

' ooonter is designed to produce numbers.in a

range: which approximates the number of_ _

blood cells;that cause the resisftmo'e S
b Coulter Counter (Model FN):

" (1) .The Coulter Counter (seo ﬁgure P
S) operates on the prmcuple .of resistance, .
A suspension of blood cells in an electrolyte

-one illustrated in figure 2-6. The concept of (that is, saline) is drawn through an aper-

“ture ,with electrodes on each. side to form -
- an Eleotrloo.l circuit. As the blood cells pass .

through the aperture, the mass. of the cell

~ changes the resistance between the elec-.

trodes ’T‘he ohange of resxstanoe alters the

2

"

T Y ey
A
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Figu'i'e z-a 'Aumméﬁe Diluté’r.‘;

~eurrent.. flow. and- causes electrctmc pﬂlses_
as a resiilt:of the varlatmn in the field. The: -
i changes are-amplified, inspected, and- counted
' "electmnlcally The end pruduct is .a number
_whlch I‘epl esents the nurnber Df blood cells

in the sample being counted. Ey"a'i‘raljging:_
the pulses, the. sampling volume, and the " -

N

samplmg time, the Coulter Ccunter 1epcrts~ .

- directly’ the number of cells per cubic milli-
' meter A ‘schematjc of the Dperatlcm Qf the



. Fi gure 27 Automahc Slxde Stamer.,. c

‘_""vCDulter Cuunter is 1llustrated 111 ﬁg‘ure 2 9
“When' the -valve -is Dpened “the mewury

fallsp thus creatmg a v;acaum in the sampléx R
" This change in pressure causes cells in.the

“'sample ‘to be sucked through  the. aperture"-
and into the 'sampler. The removal of cells
- from the sample causes a Eh&nge"*m elec
*conductivity - between" the. two. elei:tmdesz

. This: change .is arnphﬁed and: dlsplayed on

“'the scope.' It is fyrther; amplified and. re-
. gistered on the digital cnunter The. higher -
“.the count,-the ‘greater the probability that
. more ‘than one cell will enter the aperture -
~at, orie time" (cmnmdence passage). Fm this- .
fj?re;asnn,,WBCs dver 10,000 .and ‘all RBCs are -

, ,corrected for cmncldence passage

(2) Adequate mamtenance of the Gouls’if"
+ ter Counter will reduce incidence of lnstru-;'._‘ :
_'ment failure. The fo]lowmg Shﬂuld be done

on.a daily basis:”
{a) Observe the mercury traveltlrﬂe

~in .the manometer If ‘the mercury column":ﬁ A
- does. not move, moves erratically, or flows

s

eter needs «:leamng PR

T - (b) Récord a backgl c:mnd count w1th:_-...ai )
: dllueht and diluent. plus saponm at the WBC S

'thxeshold setting. : L

(c) Reémd the ccntrol suspensmn.i

ical -

: .:nrmnth 3

quu:kly into the ape;tme tube, the manom; :

. (d) Flush Duﬁce w1th dllute sa&mm
"hypnch]@rlte (bleach)..
. thoroughly. WIth dlstllled Water and then

Flush ‘the system

salme _
(3) In ‘addltlon tD the dally mamte§ -

ééi%@rmed once a week
" .(4) Oil the vacuum pump :
(b) C‘,lean the- brlfice be very cares -

ful w1th the grifice insert.

- (e) heck thres‘hal&z‘eré : A
(4) Check the threshold plateau everyﬁ '

(5) C)m:e EVEI‘Y 6 months perfgrm ‘the . :

' fallowmg mamtenance
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‘.'Flgure 2—9 Sehematlc Dlagram of the Cnulter Cnunter

(a) C,hange the latex tubmg
(b) Cléan the manometer.

(c.) Check the callbratlon factor for"

: ithe instrument;

e Fisher Autoﬂytameter This

_sentation of this arrangement appears. in
_figure 2-10: The blood cells. .are diluted,

syrmge fed mta the couﬂtmg area, and 1n-j~£

' arrangement When no partlc]es are presen’t
_ in the’ sarﬂple, the narrow light beam from
. the lamp passes straight through to a dark-
- field disc, which blocks further passage.
“However, any suspended particles; such as
+blood cells, will interrupt the light beam.

‘Scattering of the light beam. due to the
‘mass of each blood cell causes a light flash -

* to pass. around the dark-field dis¢. The light
flash is focused lnto ‘a detectlcm system and
" converted into an electrlgal pulse that can

be cgunged A . Do

‘ d Problems of Electrnmc C‘cuntera

(1). Dilution maccurac;es then resu]t

-in erroneous reaults N

‘ instru- ;
- ‘ment 13 a photoalectramc counting devn:e:
- which’ uses an thlcal sensing system and an -

electronic counting system. A schernatlc pre-

whlte b]ond cell caunts

. BIZE OF LIGHT BEAM-
- , — *“““If' 3

(2) False 1mpulses reaultmg from elec— .

- ‘tronic problems such as -interférence from’ :
‘Dthm machmes can cause erroneous’ 1esu]ts -

(3) Cantamma’cmg particles ‘in appar- .

. ently clear diluent are another iource of ‘
. impulse. Baekgrﬂund counts must be’ made\ S

‘Adally on all diluents. , A

(4) Whjte b]ﬁad ce}l counts are not
_accurate over 10,000 per cu mm and rnust
"hbe diluted with saline, S

(5) ngh platelet cgunts or nucleafed :

A Eorrectmn must‘A
" be made if these cells are observed. on the
* blood ﬁlrn ' o . :

F‘HDTGMULT!F‘EIER
©TUBE

SQUARE APERTURE DEFINES

MIEROSCOPE. T
LENSES

CONDENSING
LENSES ,
. DARK FIELD DISC-

LAMP
*70 ELECTRONIC

EDUNTING CIRCUHT

Flgure 2—10 Schemahc Dlagram DE a thﬂ_,
electnc Partlcle Cﬂunter. L




30 _f1ﬁyms_sz’mi .

 ; :’mll-be coin d as cells

L counter should be c]eaned IR, -

- (9)- The eqmpment has a hlgh —mltlal_ _
smeticulous’ .care is reqmred for the-:

R vcast
e '~=proper malntenance of the counter

%22 IL Eemnglubinnmeter" )

a:

precisiorf

-]eng‘th nf 5485 nm.’ In principle, this

! vmstrument measures the three natura]]y -
. oceurring hemng]obm plgments (oxyhemo- -
Srbnxy’u”'

7 - globin, reduced  hemoglobin, and ¢
‘hemioglobin). This instrument is not suitable

. for -rapid measurement of - cyanmethemg- '
: 'Iobm and hence cannot be eﬁ’eetlvely used 1

T of methemog]abm

- “machine must. bhe.set using'a baseline saline

; 1thraugh the machine and adJustlng to zero
- with"the zero control, Next the machine. is

_ cas]lbrated using an amaranth dye solution. ‘
" The machine is ‘adjusted to 15 grams per
.. dl with this calibration solution. The ma-

chine is now ready . ta accept the actual' '
- 'and rruxmg cmls an Dptlcal electrcmm cell

. spemrnen ‘An internal pump draws the spema
. -men up through the long slender sampler on
. the front of the machine. An aliquot of a

(8) Thé\ arlﬁce of the cgunter can. be- E
‘corne plugged.’ All equlpment used w1th the’

b Dperatlon of the rnachme ls'qlmple-
Prlor to actually testlng a -specimen, the -

“solution: : This.is_done by - running . saline-

5*De¢erﬂbér 1978. ..

~—Thls mstrumenti_v tlhzes adirect dlgltal

, L rapic
‘globin concentratmn It contams a hlgh-
mterference filter with -a. wave- -

timer, a 87.2" + 0.7°C incubator block, .and

-;»__an ‘automatic ' pipet: The. automstlc pipet,. ..

attached to- the: Flbrcrrneter by an- EIECtI‘I(}

..cord, dispenses reagents or plasma and - ¢
- automatically activates the Fibrometer. A -
plastic cup beneath the pere on'the Flbl‘C!-- o
.meter is charged with reagents. When the
" plasma-is delivered with the switch on the
.. pipet in" the “ON” pDSltlon .the -timer is..
- started and the electrodes- drop mto the. -

" mixture.” The first_fibt _
- electrodes-cloges-the ¢ireuit -and- stops-the--
-timer. ‘The’ efapsed timein,seconds is read -

“in” formation~on: ‘the -

directly from -the digital ‘readout rquster

" on the timing device. This instrument.is .
- manufactured by the . Baltlmme Blologlca]._ A

LabDrathy . _. :

2.24. Heﬁ‘tuluglca] Systems Gcmplete he- B
matcloglca] systems have been - developed:

- that ‘perform seven hematalog‘y palam-ﬁ":-

'!etersq-red blood célls eount, white blood cell- '

' count hemoglcbm concentration, hemato- .. - .

‘ arnp]gs whleh cgntaln varlable quantltles -Cl‘lt’ mean corpuscu]ar volume, ‘mean cor-

-

puscu]ar hemoglobin, anid mean- corpusc:ular o
‘hemoglobin - concentration.. These

_ ments autcsmatlcally dilute and anilyze the -

specimen;--and- tﬂbulate the: 1esu]ts on data -

: forrns

- ;-'heﬁmlyzing .solution is then.pumped from -

" the reservoir. The specimen is mixed, hemo-

lyzed; and passed thrgugh a filtered cuvet
- for" reading. The """
ana]og ccmputer

’ :dlglta] readnut reglster
Tf

2-11) is an automatic instrument used to

| 2.23, Fibrcmetér_ The Fibrometer (see figure. . -

a. The. Technicon SMA '7A ThlS system

is a seguentlal ‘miultiple autoanalyzer’ can-

smtmg of: a. samp]er containing 40 cups,
a proportionating pump which premsely pro-

-_pe]s reagents and samples -a mamfold can- .

counter, an electrlcal conditctance ,flow “cell '
to. deterrnme hefnatgcrlt a ‘colorimeter for
hemoglobin ‘determination,- and -recorder to -
measure the data, The sample: is split into
four streams to- perform (1), RBC count,

. (2) WBC count, (3) hematocrit, and (4)

hemoglobin.-The instrument performs four

fseparate determinations at a rate of 60 :
‘samples per hour” or 240 tests per ‘hour, . .

b Model S Caulter'{!ounter This instru- =~ .

ment (see figure-2-12)  utilizes automatic

.perférnx'l Youtine ?cnégiilattiol tests Thl% in-

. strument consists of a- pleclsian caagulatmn -

instru-.
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Figure 2-11. Fibrometer.

“tology ' parameters.

dilution analysis to perform the seven hemia-

is any -disagreement due to debris or other

‘error, the technician will be alerted by an -
alarm system. The petlent;eernple is intro- .
_ duced to the sample aspirator and the patient.

The RBC and WRBC .
- counts are performed in triplicate. If there

S

idéntification card is ‘submitted to an auto-

matic printer. The instrument is activated,

" it aspirates a sample, it- -perfoyms the neces-

. automatically ‘on the patient’s
tion card. The Coulter Model S analyzes
‘and records the data quickly and-accurately. - -~

sary ‘dilutions, and. the reeulte are printed

ZEES‘

'--inetruetlens is 1mperatwe fm‘ velld lesulte

erating procedtires must be performed to keep
the equipment in operating condition. All op-

"eration and maintenance must be performed
by competent persennel :

i-*s‘g R

S

Meiﬁteﬁe’nee ef :Autemeted Iiiema’te-'

identifica-

In addition, periodic maintenance and clean-
ing following manufacturers” and internal op-

‘ .
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BASIC HEMATOLGGICAL PRQCEDTIRES

SECTIDN AECOLLECTIDN OF ELGOD
SPECIMENS -

3—1 Introduetmn..

are_ based. ‘upon t 1€
' spécimens.

specimeéns must be properly. collected, proc-"
~essed, andd recorded. Blood epeelmene are”
Q115~.;.
lary puncture. The source of the spec men

ueua]ly obtained by either -vepous or

is: determined chiefly by . the quentlty of

bleed requ1red= to perforrn the laboratory
procedures and ’che age- al‘}d CQHdlthD ef"

- the petxent

.-

. from -such source

" value.' For general ‘purposes, howéver, ve-
nous eamples are preferable since they eIIOW' :
~ for multiple and repeated hematological ex-
aminations and provide a sufficient quantity

b.’ There 1e“ generelly ]lttle dszerenee in

bleed counts performed -on ‘venous or capil- -
ldry blood if-a free-flowing capillary blood-

epemmen is, ebtemed Velld bleed cmmts

are net taken frem a free—ﬁeng eampie‘
or when they are obtained from cyanotic¢ or .

¢ calloused areas or areas of local stasis. White v
‘made-on blood obtained -

blood cell counts

can vary as. rnuch as

1000—15()@ cells pelnaf mm from their real

- of blood for performing any other required

. cause operatmne are made under ideal condi- .

. -

lebefatory procedure. FurtherA with venoys .

blood ‘the chances of error arée rediced be-

tions and repeat operations are posaible. In

eltuetlone where there are limitations on
the quantity- of.blood which ‘can be obtained,
‘that is, in small infants, or extenelve burn
- cases, mlerequentltetzve methede are satis:

faetory for . perferrnmg an analysis on ‘a

- specimen ebtemed by eaplllary puneture '

1 Hemetelegwal ‘-Iebaretery preeedu;reei ;ﬂ_{

vlood: . In adults use the veins Iecated in the:prox-
To -obtain- vahd test reeu]te
" trated in figure 83-1.:In" Ainfants. employ the . ;
-jugular of femoral vein fqr the venipune- -
ture. The .vein selected should be large,
" readily aeceeelble and. sufficiently close’ to

"FEMORAL VEIN. This should be left to :-

3—2 Vempuneture

. a. Site. To obte.m bleod by vempuneture,- S
draw the epeelmen directly from a patient’s. "~ .
vem ‘with-a sterile hypadermle ‘needle and‘- S
eyrmge or. a.vacuum . blood ‘sa . device B

imal forearm or ‘antecubital space as illus-

the surfeee te be ‘seeri and palpated. If vem-: s
puncture poses a ‘problem due to the age'of =’ .

~the patient; selemtlze.tlon due to repeated

venipuncture, or any other unusual ecircum- . ¢
" stance,
. physician concerning: the procedure. UNDER_ S
- NO CIRCUMSTANCES SHOULD. A TECH- ~

the teehmele.n .should - "consult a

S S

NICIAN WITHDRAW BLOOD FROM A .
SAGITTAL SINUS, JUGULAR VEIN; OR

- ' R S Y

. CEPHALIE
VEIN

TB'A;’LIC LR
CVEINT

\,

MEELIAH ANTEh
BRAEHIAL VEIN




L hand Teg ,OF | fv:mt These areas aré rfmré L
and’ “the . veins. are not , as ﬁrmly' '
“nchnred -as those of- the arm, “Veins can "

" gensi

" Derome distended -and. easxer ‘to enter by al-
e lowmg the arm tc hang down for 2 or 8
‘minutes,  by. massaging " the .-blood VESSET

: toward the body, .or by ge:itly slapplng ﬂle e
.. - site of puncture; Young and vigdrous persons - !
. v\usually ‘have elastic veins well. filled w1th~.!-.
' F y . or. debilitated perscnns can.
sedor- fragile.veins, .which. are;.._,,._;,‘_:: s

ard to Entéf nr whlch collapse easﬂy

b;,Eqmpment Al syrmges needles, 1'1;

- lection of blood specimens must: be sterile.

. Disposable syringes . or blood Eﬁlléctlﬂn sets:"
-with - vacuum tul;es are available through -

.. normal - supply channels.” These should be
used whanever possible. Aseptxc technique

- s negessary to -prevent ‘the . pogsible- trans----
“of homologous serum hepahtls “The -
fﬂllowm.g ‘equipment is: necessary ta perfﬂrm -

’ m1551

. avempuncture )
(1) Isopropyl aIccshcll 70% Dllute 726

. .distilled water. -+ -
(‘3’) Tourmque‘t
‘ (3) Alcc:hﬂl spornges. .

~'(4) Sterile" syrmges or. vat:qu
sample dewr:es T

v (5) Gauze pads, 2 x 2 2 lnChES

(6) Needle Tto1l 1/2 1nches lnngi 19- .

) -93 gauge - -

(1) ‘Smtab]e blcmd q:cllectlcm tubes and straighten the arm. Frequently it is helpful

" to have the patient place the clenched fist of .
- the other hand under the E]bOW to stralghten sl

L Iahe]s ,

- e Preparatlgn

(1) Clearnse . hands thomughly ‘W]th
soap and water.-

(8) Assemb’ff""“
syringe: Tf a vacuiim system is used, screw

- tapered. Discard aamaged needles

\;Brks srnclothly and that the nee_d

cets,-and other instruments used for the .:.;3_

-_jtléﬂts arm above the elbow: tightly énough-
‘t6 check- venous -circulatign, but not so
~ tightly as to.stop arterial flow. CAUTION: 4~
Do not allow thetourniquet to remain inplace ~ -~ © ..

"..at the: wrlst to make’ sure that arterla’l eir--"
cu]atlon is not cut off. . ' — '

clo§e the fist severa] times to mcrease CIr- T

:_’ ] of 95% lsopmpyl alcaho] to 1 hter w1th _"-T"Eu}atlon )

the’ sterlle needle. and;;

L 3:15 DR

(4) Inspect the naedle bevel and o ﬂt'

‘agamst a:light backgrourrd The bevel should,

be SmDth ‘and. :shiny and the" pmnt sh irply - -

(5) Check to be sure that the

" (1)'47P1ace a tourmque‘t around ‘the pa-:

for miore than 2 minutes. Check the pulse -
S(2) ‘Instruct the -patient tn Qpen and,;»

~(8)- By 1nspectmn and pa]patmn loeate,

the désired vein, determine the direction of
~its:‘course, and estimate 1ts sme and depth =
'-Iseeﬁgure3=za) S oy

(4) Cleanse the skm over the selected S
n W1th gauze soaked in: percent iso- "

_ .p apyl aleohol” Wipe off ‘excess alcoho] with. -
‘a sterile dry gauze. Do.not -contaminate the = "
. area-after cleanmg (see ﬁgure S—Eb) coe T

( 5) Have:. the patlent “make a fist” a.ndi

the arm.- _ .
(6) Grasp the syringe in the rlght

" hand and place forefinger on the ‘hub ‘of the
. needle to guide it. Grasp the forearm with
. 'the left hand about 2.inches below the area -

to be: pujnctured arnd hold the skm i;aut W1th' T

" theChumb (see ﬁgurag-zc) L

‘the need]e mto the p]astlc hulder Always' .

(7 Wlﬂl the needle bevel &p, para]]e] Sl



.

- § .,X’L;“ C z '
F;gu re ;LE Vempuncture Procedure.

: tu, and alongSIde the vem msert the ne,dlé -
_qun:k]y under the skm and - then, into; the = ] gent]y pu]hng upnn,,the S‘yr ge.'
vein. The insertion into the skin and ven Kplunger (see figure 3_,33*) The: §yringe bar--
; ?an }i)ie pergozgg)ed Altz}t one tCDmP{EEtihmﬂtlon_- ‘. rel should be held steady during . this proc-
(see figure 3= er entry into the vein, . P
blood- will appear in’ the needle hti'b Do nc:t!‘ 88 Wlthdraw the dESHEd Guantity.
,,probe or move ,the needle. hcmzﬂgtaily, as .

dlszomfort and pcbsmble nerve darnage may'_-.._‘
result oo Co o . i’_‘drawmgthe needle fmr_n the vein. .,

i

. (9) Rern vé the tourmquet (sée ﬁgure--_ )
' SSf) Thls must ‘be done. prior to w1th- -

-
-

ERIC
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Place a stenle gauze pad over:

?he gterand'wlfhdmw the needle

( IG) Place a stérile gauze pad over the '

.point where-the needle ‘enters the skin. and,.
_deftly - WIthdraW thé needle- mmultanegus]y
puttfmg presstre on the site.{see ﬁg re B—Eg)

(11) Have the patlent extend the ‘arm

RS

ERIC

Aruitoxt provided by Eic:

.‘and
.pad over vempuncture gite (

Y

, hHave f_he‘;-'pa't.ieni exfend the

~arm-and: méviiin:fa; in-:_ light pressure

on the gauze
ﬁ ure-3-2h)

maintain hght pressu

e Vacutamer Procedure:. . :
(1) Place the Vacuta"é '-"_tube in” he




j the tourniquet as e*u]y as -
Dnce ‘good flow. of .blood’ h-:is been
estabhshed Prolonged. apphcqtmn of’ the
,;tourmquet results in partial stasis of blaod
'land changes many quan‘txtatlve values_ of

: : .’Figilre 3?3 Vﬁeutainer S&stem;:‘

gmdehne The short needle shuuld be
bedded in the stoppél‘ but, the needle ‘
“not break the; vacuum (see ﬁgure 3-4y..
sllow 'Steps,_‘-l—ﬁ in- paragraph

wed in order 0. in-
“sure a-valid analygi efore, w1thdlaw1ng
. "blood fmm its container, make sure .. Tl
blood ~sample " is thorough]y‘ but’ gently o
mixed. Blood containers should be - tlght]yr e
stappered at-all times to prevent drymg or ..

contammatmn . Store the blood spemmen in.

_ ) Dther tubes’ can be inserted in the. .
16 manner if needed. ~ » "‘the refrigerator. Blood ounts - should be.

" {6) Place a sterile gauze pad. over the A ‘done within 3 hours ‘after collegtion. Under-

point ‘where the’ needle. enters: the’ skm anq. - no circumstances should blood . taken for .- 1
deft]y withdraw the needle p]acmg pres- . hemato]ogmal exammatmns be sto' d uver- ‘

"7 : - sure on the site. - mght A R A R
(7) ‘Have theé patient e:;tena the arm 3_3 C P L e }
- and maintain light presv-iure on’ the gauze_ aplllary uncture S \.A o

ce pad over*the vempuncture sat L
‘ : fm caplllaly punctgre Eecausé it is the most '

Eey ;éaniiﬁess 13  ks J -~ accessible; the palmar or lateral surfage of .
] fo;'rmnga ven}puncture UL ;7 ¢ -the tip of the finger (preferably ring finger) -
. s : " the most common SLtE in adults. However,
R ¢ Tt is  most. important. that orrect ceftaih’ .problems- ¢an be' encountered such
',te‘zhmque be practiced in grder to avoid un- . a5 heavy ca]luused .areas or EKGESSIVE tissue’
necessary pain to the patiert, pre:vent tlSSUE . fluids (edema) ‘that tend to- result in hon- - :
damage; secure a-good represen%‘atlve blood. replesentatlve saniples; The' lobe .of the eay
spgclmen and prevent contamination of, the  “can be used. for- caplllaryvpunctme How ever,
specimen or infection of the patient. - '+ differences 'in ‘ cell. concentration ::do. .t
A :(3) Syrmges -and needleg must- be thmz © when. blood: is obtained from ﬂ’l
] for d: 1alfL ( primatily because ‘of highér lymphocyte
1, Expenenged in- en- . 'c‘oncentratmns in the ear