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mixer and count 2 separate drops, counting in the first
drop the four corner squares (Squares Nos. 1,4, _13. and 16
in Fig. 555), i.e.. 1% of the whole field; then in the sec-
ond drop the same four corner squat i.e., v also—our
two counis combined will represent 3 of the field;
this multiplied by 2 represents the whole field, i.e., of
a cubic millimetre. This multiplied by 10 and by 100 or
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F1G. a60.—Routes to be Taken in Counting Entire Field and One-
Sixteenth of Entire Field.

200, according to dilution, gives the number of red cells
in a cubic millimetre of undiluted blood. These calcula-
tions may be expressed as follows:

e = a—+b —+e - =
White Cells - ———* " 1 = 5 10 % (100 or 200) = =;

2
a, b, ¢, d, and e being the c arate drops taken
from mixer; 5 the ave e = of
a cubic millimetre E \ the
number of corpuscles in cubic millimetres of undiluted
blood.

(Separate drop.) (Separate drop.)
Fad Cdils : ( (a+btct+d)+ (at+btctd) %3

(14 of field} } (14 of field) = Lgof
% 10 ¢ (100 or 200)==z;a, b, ¢, each the numbe
corpuscles in ¢ of field—therefore to wer equal to
or + of field; plus second eount obtained from anoth
drop from mixer equals # of field; and multiplied b)
equals whole field.

One-sixteenth of the field can be readily counted by
counting #nside the double lines up and down, as i
p‘,:-u_g]niii»_f a field, and then counting along two sides in
the double lines. The route for counting in this way is
shown by the dotted lines ién the upper right-hand corner
of Fig. 560. For counting the entire field the dotted
line in the whole field of Fig. 560 marks the route.
This method will be found to save much time.

In order to avoid recounting corpuscles on the line, and
to decide to which square these corpuscles belong, the
following rule will be found valuable. Count only those
corpuscles on the left line of the column down which you
are counting, and in the {5 square count only those corpus-
cles which lie on the double-line boundary of the square.

With practice a blood count can be made in from 15
to 20 minutes, unless the blood be from a case of marked
leucocytosis or grave ansmia in which one wishes an ex-
tremely accurate count.

Cleaning the Apparatus.—The Thoma and Zeiss appara-
tus has received much condemnation from the difficulty ex-
perienced in eleaning it. By strictly observing the follow-
ine rules, this difficulty will be almost wholly overcome.

©1) If by accident the blood is drawn into the bowl
before being mixed with the diluting fluid, immediately
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draw up distilled water and proceed to clean as given
below. Do not use aleohol until all trace of blood has been
removed.

(2) Do not draw the blood into the pipette until the
bottle holding the diluting fluid 7s at kand and the cork
out of the bottle (see Fig 6).

(3) See that the diluting fluid contains no flakes or
fungu -owth: if these be present, filter the fluid be-
fore using. : ;

(4) Dry the mixer by drawing ether up and blowing it
out.

(5) See that the rubber tube is free from saliva and
food particles. It is well to do this from time to time,
while using the apparatus, by detaching the tube from
the mixer and blowing it out and then passing distilled
water through it. Suppose these precautions to have
been taken and the diluted specimen to be in the bowl
and our count completed; we then proceed to clean the
mixer

(6) Remove the rubber tube, blow out the saliva, etc.,
which mayv have collected (see (5). above). Attach the
tube Zo the pipette end of the mixer and blow out the con-
tents of the bowl (Fig. 561).

(7) Replace the rubber tube on the large end of the
mixer and draw distilled water into the bowl. Shake
the mixer well and blow this water out by reversing the
tube as recommended in (6), each time blowing the rub-
ber tube free of saliva.

(8) With the tube on the big end of the mixer draw up
95 per cent. alcohol. With tube on pipette end blow this
out. Thisremoves the stain. If the glass is not entirely
freed from stain, repeat until desired result is obtained

(9) With the tube on the big end of mixer draw in
ether, and then (without reversing tube) blow the ether
out through the pipette. This shows that the whole
apparatus is « r and ready for use next time.

If epithelium or mucus from the mouth, et rets into
the bowl, it is best removed by drawing undiluted hydro-
chloric acid up and then introducing an especial make
of wire which the writer has suggested to Messrs. Eimer
& Amend to procure. It is known in commerce as
“stiff brass wire, B. & 8. (Brown & Sharp), No. 31
gauge,” and has the advantage of being very fine but
very stiff, and ecan
be tun the whole
! i of the Tho-
ma and Zeiss mixer.
With this wire, and
most decidedly with

, one

no kinks, ¢
may bres

leaving the wi
the mixer—an awk-
ward accident.

In the Deutsche
medicinische Woch-

chrift, July 29,

B R k2
Friedlinder, of
iesbaden
red

ment, devised 3
himself, for count-
ing leucocytes. He
was led to the con-
struction of this in-
strument by a sense
of inaccuracy while FiG. 561.—Cleaning Mixer. Rubber tube on
using the Thoma pipette end of mixer.
and Zeiss counter.
His objections to the latter instrument were, first, too
considerable a dilution and therefore too few white cells
from which estimate; second, the calculations nec-
essary with the Thoma and Zeiss instrument are so exten-
sive that a small variation in the number upon which these
calculations are based means an error of many thousands.

Blood.
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Friedlinder confirmed these objections by obtaining dif
ferent results in a number of counts of blood taken from
the same individual on a sin In order to
overcome these objections Friedlin construct
the following apparatus:

A pipette similar to that employved in the Thoma and
Zeiss apparatus—dilution 1 in 10 or 1 in 20: a counting
chamber 0. mm. deep X 0.3 mm. square, with the
floor divided into squares—16 X 16 256 squares in all.
Th yuble ruling is omitted; a mechanical s
ployed. )

In order, by this method, to arrive at a figure expressive
of the number of leucocytes in a cubic millimetre, the fol-
lowing formula is employed:

AXZ
MxQ
= amount of dilution.
number of leucocytes found in these sections.
number of tions observed.
the cubic area between the floor of the counting
nd the cover sliy .. 0.09 x 0.22 — 0.0198.
ixample: Suppose 192 squares to have been counted
and 1,522 leucocytes found; dilution 1 to 20.
<)

age is em-

> 0.0198
te: There is a mistake edliinder’s formula;

I should read as above, 0.0198.
As diluting fluid he employs on . salt solution
tinged with gentian violet to which is added one-third-
per-cent. aceticacid. Thus the red cells are destroyed by

= 8,007 leucocytes in 1 c.mm.

results by simple methods an apparatus loses its  nical
value.

A number of counti chambers have been devised.

These differ chiefly in respect of the size of their rulings:

er on r given the preference in order to

the possibility of error. The following are some

counting chamber of Zappert, counting chamber

i v, counting chamber of Miessen.
CORPUSCLE ENUMERATION BY MEaNs oF THE CEN-
TRIFUGE.— We now approach the task of corpuscle enu-

FIG. 563.—The Daland Hematocrit. (From Simon’s ** Clinical Diagnos

—Hedin's Hematocrit. (From von Jacksh’s ** Cliniecal Diag-

nosis.

the acetic acid and the nuclei of the white cellsintensified,
and at the same time the cell is stained by the gentian
violet. 2

The writer has had no experience with this instrument.
If the steps as laid down in describing the Thoma and
Zeiss instrument are followed the resulis should be as
accurat

As a clinical instrument Friedliinder's would seem to
be objectionable if for accuracy it is necessary to count a
thousand or more cells. Unless we can arrive at accurate

yuscles are particles floating in a fluid, we should be able
to precipitate these and measure the precipitate. If, as
is the case in ansemia, the corpuscles are few, our sedi-
ment should be less than in the normal. The task, then,
is to throw the corpuscles down. This is done by the
use of the ntrifuge. This machine was employed a
t to obtain serum. and its use for the latter purpose
suggested its applicatior 3 & corpus
Principle.—When blood is placed in the tu
trifuge and the apparatus rotated, the corpuscles collect
as a red mass at the distal end of the tube and tie serum
as a colorless, semitransparent liguid at the proximal end.
By taking a fixed guantity of blood and subjecting it
to a fixed number of revolutions for a fixed time, and by
noting and marking height of the column of co
puscles in the tube filled with blood from healthy indi-
viduals, 2 normal standard is determined. Deviations
from this standard may be taken to indicate an increase
or a decrease in the number of red cells.
counting the blood corpuscles with the Thoma and
instrument at the same time that the blood sub-
ed to the centrifu markings to express this c
may be made upon the glass tube containing the column
of corpuscles.
The instrument for this method of counting is known

meration from a different point of view. s the ecor-
1
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as the hsematoerit (aiua, blood ; xpiTzc, a separator or dis-
cerner), blood separator. Hedin’s instrument was among
the first devised for this purpose (Fig. 562).

In using this instrument the blood is sucked into a
capillary tube t« 5 per cent. bichromate
of potash solution or Miiller i revent clotting,

ing

and the tube placed in the limb of the centrifuge. The
wheel is then revolved for a fixed time at a fixed number
of revolutions (fif to seventy seconds with the instru-
ment here represented), when the red cor “les 1 be
found arranged as a sediment at the distal e the
tube, wi a layer of white cells next, & above the
white cells, again, the diluting fluid and rum. This
instrument has 1 n simplifi very by Judson
Daland worki von Jakseh’s clinic (Fig. 564) By
comparing the cuts (Figs. 562, 563) it will be observed
how much simpler the latter is, the principle in both,
however, being the same.

An instrument (as shown in Fig. 565) is now upon
the market for the attachment of tubes for testing blood,
urine, or milk. TIn using the Daland instrument no pre
ervation fluid (bichromate of potash or Miiller's fluid) is
employed, a questionable omission.

The instrument is operated as follows: A large punc-
ture is made in the lobe of the ear in the usual way. A
rubber tube is attached to the pillary tube and blood
sucked up, more than is required to fill the tube. The in-
dex finger (with a little vaseline to prevent blood from
adhering to it) is placed on the far end of the capillary
tube to prevent the blood from escaping, and the rubber
tube removed. The excess of blood is wiped aws y from
the end to which the rubber tubing was attached. The
capillary tube is now placed in one arm of the machine
and an empty tube to balance placed in the opposite arm ;
then the handle of the instrument is revolved for two

three minute e instruments differ in the num-
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ber of revolutions which they make, and each instrument

should be tested to ascertain how many times it is neces-

sary to turn the large handle in order to throw down the

corpuscles so completely that ne fur

them. It is therefore impossible to

rule for the number of revolutions necessary bey

ing that about four thousand revolutions of

bar to the minute should be the basis upon which to cal-
By notin ] 1tions made by

i handle this

ENCER

be readily made for
18 stated above, is the
the corpuscles. The capillary tube is then
moved and the column of co scles noted, the count
being according to the figures 2, 3, 4, 5, 6, etc., in mil-
lions oppos: which the is found to
be. See Fig. 564.
Dr. J. Metcalfe Polk, working
he Ce 11 University Me
n rried out systema

toerit, comparing it with the

Fi1G. 565.—Daland’s Hematoerit. 1 attachment for urine
as wel

blood-counting apparatus. The instrument upol
these observations were made is that shown in F
The following are his findings
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Remarks. 0 aing Remarks.
; .

4 100,000 | 4,472,000

3.700.000

4,748,000 - i ).000

2 600,000 | 2.650.000

1.800.000 | 2200000

4,960,000

2,000,000

4,900,000

5.200,000 | 4.656.000 | Per self.

From the lk draws the owing

conclusions: r handle of hsematocrit the num-

ut 5 - the watch.

as no stop between the fir nd minutes

as indicated wunc the time column. The number of
revolution iin number, say 3,900, means v

4,063,000

3,650,000

3.500,000

little, as it is impossible to maintain a uniform number per
five sec throughout t minute and a half or two
minutes, as > case may If at any time the handle
i : ra violence for ten or twenty seconds

3.150.000

3,400,000

in one specimen and not so in the second, although the
number of revolutions will be the same per two minutes,
the reading of the fi specimen will be from 4° to 8
1at of the second. By looking over and com-

3 and 4, the above point will be ev

Time in taking a blood count with the hsematoecrit,

3.000.000

mnats-
Tit.

7.000,000 | 5,056,000

5,200,000

5,100,000

4 060 4 450,000

4 200,000

puncture of the finger to the reading, was on an aver
and forty-five seconds, or in round numbers,

under thr int two minutes t allowed for turn-

i the instrument. Time of a Thoma-Zeiss enumer-

n was (
ime ) ng the drop of blood to getting it into
matocrit and artir the me was never over fif-
1 seconds. The patier "as close to the instrument.
e heematocerit made so much noise that it could not
used in t wards.
Our co u as to the v
1 with that of von Jakse
strument is extremely useful routiz

4 600000

4 800,000

3,700,000

£.900.000

1st min.

2d

Vor.

. but that in accuracy it does not equal the Thon
iratus. ’ =
is to em the hsmatocr routine ex-
1 case present grav emia, to
int with the Thoma-Zeiss apparatus.
RATION oOF Broop CoRPUSCLES BY THE
44 eral I . MeTHOD.—The third method by which the enu-
: the corpuscles is made may be termed the
4,350,000 about s ptical method.
e The instruments used

4,968 000

A C - these
Instruments, 2 instr : iver of
glass with p llel wal e -r the blood is

x times its vol-
) . A lighted candle
is placed on the other side of the receiver, and the flame

* Berliner klin. W April 8, 1878 ; New York Med. Record, Octo-
ber 5. 1878.
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observed through the diluted blood. Blue gla
after another, are placed between the observ
blood until the lame can no longer be detected.

(see Fig. 578), the blood entering until the tube is entirely
filled. There should, of course, be no air spaces in the
column of blood. E: of blood is wiped from off
the sides of the tube. care

being taken not to soak out

the blood from the tube.

This may be avoided either

by not allowing the linen

used to wipe away the ex-

cess of blood to touch the ori-

fice of the tube, or by hold-

ing the finger over the upper

end c he tube while wiping

away the excess. The drop-

s now filled with Hay-

solution and the capil-

n to squirt throu
as shown in F
:an be done by insert-
pointed end of the
illary tube into the mouth
the receiver d holding

the dropper close to the
blunt end of ﬂ capillary,
iving a quic r\ pinch to

-r end of the drop-

or. L&
r Hayem’s

000 red cells. From one to
be added. when b ing to the
table the mlnaTu'l nr corpuscles will be ascertained.

EKnowing La we now do, that the amount of heemoglobin
may be far below the number of red cells, this instrument
seems to be based upon a false principle. The opacity
and color of the blood are separate conditions, and bear

no constant relation to 1im number of the corpuscles.
: O r, London, devised an instrument
1 he used in T]u-pr paration of his Croonian Lec-
tures “ On the Study of the Blood and Circulation.” pub-
in 77 ¢, June 20, 1896. This instrument de-
upon the opacity of the blood, and
1 i so that the term

pends for it
has nothing
\inrun.w’u hi : 1 ied to it, ;
r. 566) consists «
]:AH«: .]\ ‘\_ €S 1]»1114! ¥ ‘hlu', capacity 10 c.mm.
5 -eiver whose sides are flattened so that it
ym before backward than from side to side.
be isabout fourinchesin length, oneir
and about one-fourth of an inch from befi
{ dropper. (4) A small eandle, the size of l(\
tree candle. (5) Hayem’s solution (for formula,
The principle of the instrument is that in ¢
fluid (like blood), contained in a flattened 3 Teceiver
with vertics L' striations. to which is gra y added
less opaque fluid (like Hayem's solution), ST evelops,
when such a receiver is placed between a ¢ le flame
and the ey point in the process of the less
opaqgue fluid to the more opaque fluid at which the candle
flame may be seen as a continuous bright line of light,
which, before this point in dilution is reached, is not
visible, and which after this point is passed no longer
appears continuous, but as separate images of the f-;uni!n_{
flame. Moreover, the bright line of light consists of
myriads of reflections of the candle flame produced by
the vertical striations upon the glass re ceiver, which re-
flections cannot be appreciated by the eye of the ob-
server until the opacity of the blood has been overcome
by the addition of the less opaque solution. The point
at which this line appears is constant for normal blood,
from which constancy a unit may be established to meas-
ure blood rich or poor in c« yrpuscles.
The instrument is used as follows: The skin is punc-
tured in the usual way and the capillary tube applied to
the drop as in using the von Fleischl heemoglobinometer
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flattened receiver; 3.
ch to place blood and

s¢ a strong
am through the capillary
empties it almost en-
tirely. Repeating the process
will certainly clean the cap-
illary of blood. It is not mnecessary to attach the drop-
per by a rubber connection. as shown in Oliver's illus-
tration. This is difficult and takes time, and allows the
blood to clot in the . We may now either
proceed at once to the esti , or the mixture thus
made may be put intoa s 1 wal'lv and estimated at any
time within twelve hours. Thus several such mixtur
may be made in the course of the morning’s round and
placed in bottles properly labelled, the estimation being

Oliver's mocytometer. Washing blood with Hayem's
sol yn from e Y >, by means of dropper, into flattened
graduated receiver.

made when the physician returns to his office. Or the
specimens may be sent by mail, if the distance be not
such as to require more than twelve hours in transpor-
tation. These are distinct advantages over the Thoma-
Zeiss instrument.
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Blood.

TENCES. Blood.

If a candle flame ten feetaway be viewed in a perfectly
dark room through the receiver held as shown in Fig. 568,
the receiver containing blood and Hayem's solution up to
the 10 mark, for example, owing to the o ty of the mix-
ture the flame will appearas a faint diffuse light. If now
we add little by little the Hayem’s solution, as the opacity

ecomes less the flame will become clearer, and will be

ht by the vertical striations on the receiver, which
minute mirrors to reflect the flame as a continuous
g ‘When the mixture has reached that degree
of opacity which allows of this phenomenon we read off
the upper limit of the fluid in the re ver: 100 on the scale
represents 35,000, 000; 80, 4.000,000;
t.e., 20 on the scale indi s 1,000,000

corpuscles.
3y moving the receiver slightly
from side to si and from before
backward, the > may be detected
tln- sides a litt it extends
s B a signal to the
rnh - to s the solution cau-
tiously drop by drop. Before the
fluid has reached the height at which
-the line appears continuous the line
is noticed to be blurred. As we add

meter. Waic
flaitened rece

more fluid than is necessary to » produce the continuous
line, the line c« : c one and becomes
a series of minu 1t arate i ges of the
flame. The point, t fore, at which the
uld be made is vrf'!'v- f?u 4 ceases to b
> separate 1 .
ndle should 1
than th

e held in the r
into the side of th
as shown in F

III. HEMOGLOBIN ESTIMATION.

Apparatus and T que. » task of estim
am t of hsemoglobin has long been an unsat
one, because s methods, excepting 1
rravi 1 pend upon the cor
1 1 nearly all individuals differ, and upon
:e of opacity, which is supposed to vary with the
lobin, a supposition by no means
The instruments group themselves into three
as follows:
Based upon the
supposition that
Bizzozero’s chromocytometer ) the amount of
Henoque’'s heematoscope.. .. .. § ~ 7 hzemoglobin va-
s with the de-
gree of opacity.
Gowers” heemoglc binometer ( Bas upon the
Von Fleischl’s s sition that
Von Fleischl’s amount of
and Meischer’s "" | he#moglobin va-
Taylor’s | ries with the in-
Oliver’s tintometer tensity of color.

1

Based upon the

supposition that

1. Hammerschlag’s nuﬂ]uul the amount of
Roy’s 1y 1 hs lobin va-

ies spe-

cific gravity.

ITY METHODS. — T fhie Clhromocytometer of Bi
for ira principle upon the suppositi
rh,u the opacity of the blood varies with the amount of
heemoglobin.

The instrument may also be used to estimate the num-
ber of red cells, but its value for this purpose is ninuhtt'll
for it is based in this application, as is Mante i
strument, upon the false supposition that the opacity of
the blood v with the number of cells contained.

v ometer, instead of adding color
zZza's instrument (see p. 49), Bizzo-
more 4131[ mn' e Mm'ul until the opacity of
dwlllmnl I
The thickness J he layer of alm--l producing this ce
dition is then measured by comparison with stands
observations, and the amount of hsemoglobin estimated

The chromocytometer of Bizzozero is an instrument
ied primarily for
S tion of hee-
£ The name
misleading. The
instrument is

y two methods:
By observin
gree of opac
duced by the Immn
globin wunremored
from the -:urpw-rlr'-_
and therefore the ac-
tual corp cular
value of heemoglobin
—in which applica-
al =

tion it is called a eytometer ell ;
5, as at first the name

It does mot number the
seems to imply. olor produe (.,1 by
the hsemoglobin re dissolved) from the c ¢
and comparing this cc -lnr w 1.11 a standard colore
in which application it is called a chromometer
a color; pérpov, a measur Its application as a ham
- is a wrong already stated.
as above described).
ed g l-..ulll v of blood be mixed wi

569.—Diagram Showing Const ruc tion of Bizzozero’s Chrom
h

¢ g W e 11 conpecting wit *hamber formed by v’. which
screws into v; d z”, glass windo

a fixed quantity of pres i fluid (saline solution), and
the mixture placed in a receiver, and a candle flame
viewed through the mixture in a dark room. then, accord-
ing to the amount of heemoglobin and the amount of the
mixture used, the flame of the candle will either be seen
or will not be seen. By observing the amount of this

* Atti della regia Acecad. d. Sc. di Torino, xiv., 1879,
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mixture necessa
the candle, and c
such a mixture is

the decrease or increase in the amount of heemog

., in normal cases, partially to

o this 100, we n, as more
required in diseased cases,

y obsc

or less of
ascertain
rlobin.

The instrument consists of a well which eonnects with
t both ends with colorless glass. The
chamber con-

a chamber closed a

placed in the well
blood will flow int
1t only just so

sists

of two

pieces of met-
al, one screw-
into the

other.

are

for:

out so as

These
hollowed

n the

chamber w ith-

in (Fi
By
or

one
piece
men
the
may

crease

CTeas

will
that i
bloc«

which connects with this char

ig

ons of
chamber
be de-
d or in
sed.
be
f diluted
y be
nber, the

» the chamber through this conn

uch blood will flow into the

chamber

allowed by unscrewing the outer screw. When the
er portion of the instrument is screwed lmnzm} ig. 571

no fluid at all ent
other words, the c

unscrewing or screwing the piece of tal w

ers the 1ce betwee
hamb then ob

hich

» the other Jnhu E: vhich, - with its fel-

low, forms the cha
amount of fluid in
(1) Suppose nov

pletely screwed tog

tiu.-m the
’11“
- h
normal 2
part of blood; or,

accurate, by means of a pi-
pette 2 mix 10 c.mm. of
blood with 0.5 c.c

lution
100 ¢

Serv the rpuscles

candle is placed in

about four aw

iM.

close B

the candle.

of the (]mn!.
membered

dows, so 'hx I]u-
will be

the 1

the metal ¢

ed, which

flow from the we

chamber. (7
more and mo

mber
the
v the two pieces of met

well (Fig

50 parts of
ution to 1
to be more

line so-
Cl in

a dark room
ay from the
instrument

into the
> introduce

uid into the chamber, howev

gree of opacity must be llm hed at which the car
will i-v.!]muu or wholly obscured. This is just
curs. 3y observing the degree of unscrewir

speak, necessar)
blood, we obtain a

be compared. By
lobin may ther > AS

amount of hsemo
When the space

ated by screwing

52

to produ this opac
v unit with which diseas
means of the table given 1

betweer : indows
the outer portion home, the

rether, so that no space exists bet
then stands at

er, a de-
flame
what oc-
SO 10
normal
wd may
elow the

is obliter-
index on

the scale stands at 0. Omne complete rotation of the
serew produces a space in the instrument measuring 0.5
mm. This is therefore the thickness of the contained
solution of blood. One complete turn, however, renders
the candle flame idedly less visible. Tl complete
rotation is therefc subdivided on the secale into 0.02
mm., 25 such subdivisions (0.02 X 25 = 0.5) constituting
one complete revolution, and 50 such subdivisions (0.02 X
50 = 1.0) constituting 1.0 on the scale. a number
of obs ions (as stated by von Jakseh) 1 i
of althy individuals, the outlin
are ( i~ii';z-tl}' seen through a layer of
thic
This, 1111 n, is the unit; #nerease of this number
amount of hsemoglobin. if we must
thickness of the stratum od in order to
: the candle flame indicates that the fluid is poor
nul'w:ii:: mat nd that an excess is requ 1
oduce dimness of the candle flame.

Haema

represents 100

that 110 = 100
to be 160 on the scale:

100 :110 ::160 : ?
100 x 110 =— 160 = 68.7

term nnw.n rstood as above
k the parts of tl 1Istrume
alre u!\ enumer: y {

and the glass windows
of the instrument are side
b J be the

air of ope

if one \]:ie' were

st of only the eyej

H..l .\'rh a colored
In this use of
MOTEeOVer,
in is dissolved
in prepar
the blood for observa-

f"}‘u""]n'vv -
ored to ¢
de 1
li x]{_\'- and bes
1e col of the tint
of hsem bin will be found to d
or less of the s ion be added,
ached at which these ¢
unt of solut juired to make these tly
spond scale maj > made by wh;nl: the amount
gemoglobin o i
Given a tinted
»wn solution of hsemo
v of blood (10 c.mm.) wi ]Ld k‘u\\u-, ater
> blood to be tested cont s much colox
globin), it will be necessary to add but
n in order to make the 1 -
ontains little coloring matter, much
to make these colors correspond These
re noted and compar with a scale, each
corresponding with a percer e of

lors correspond.

570 and 571, the working of the
tus will be 1‘(1 ily understood.
The colored glass is not of the same intensity of color
in every instrume so that the glass must be tested for
each instrument.
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Blood.

The test performed in the following way: Normal In addition to the apparatus already described, there is
blood is te 1, and is found to be, by the cytometer | an enamelled plate, as seen in Fig. 575. : :
method, 110, and b Ih\-(h'nmnmuz , say 130. Omne hun- This p is placed behind the prismatic laver of

ed and ten of the 2 ) as
globin. For this

s in the case of the ¢ I liuui. we
- ms. Suppose
(h-nmumwru to be 190.
190 - 2
= 190 = 68

(From von Jaksch”

m is formec
m the use the i so £l the ures 0, 10, 20, etc., corresy
I ass 1\1.1 e of th
1 i

lh- <11mv n
ately stat and are the m o f blood
I can no l-m.‘

oA o L 1 H
eater, & pu tin :
s b ete., ¢ ch is obscuri ) ¢ 3
gl Seale cmm ECIT7E. 2, as seen in the illustration. on the other
the M-»r--t be pw-‘ in hsemoglobin, the opacity will
ly 3 e able 10 see the

10, 9. 8.

> hundred
*h( u fo
vh yelobin
author comme

nethod is based upon

cher the blood is in I

i yer necessary to detect t

Lereglh Sealr-crm.__ e SRS R 7 B scope the i E
r the

hsemogiobi I £

which deviations from th reasured.

with the exq n of the enamel plate,

Lrchpess. ormmy

1ss are in contact at one end, forming The prism is nt of a -]wm”' scope and is
matic space. le of measu med until the bin bands appear, whe
int is not I = 2 al Bbloo
separated by a vhaemoglobin s s seen opposite 14 «

m‘Hlm‘ tre le. r for ev illin > on the scale

the thickr of the prismati > increases 0.005 mm.

; This can be demonstrated by mul |] slying 0,005 b =
l(;i]\' unde: 1-..n;..] 1Dy E y 60, the

The scale upon the glass is marked from 0
to 60, as observed in F 574. ] r
There are two methods of using the instru- /0 20
ment. 7 1 ! !
(1) The first method is based upon the supposi | HH T il
tion that varying opacity of the blood dif : kg el o il e
cording to varying quantity of heemoglobin, so 7z, 2
that by observing t]lll‘ former the lat may be Mw}z&f?;z‘(y/g’ & yg;”ﬂ?{(e
estimated. 3 15. 14. 13. 12. 11. 10. 9.8.7.6.5
To use the instrument upon this basis, pune-
ture is made in the skin in the usual way and
the drop brought to the or of the prismatic - c s H =Ope.
space, which, from its dimensions, will be ob- : :
erved to be capillar The blood on this ac-
count passes readily into the space without bei sing diluted, | length of the scale: the result is 0.3 mm
an advantage over the dilution methods. T ) t i B
About_six drops of blood are necessary to fill the
space. Excess is wiped away.

z?l(/ | 4i6' (5‘6 60
|

(From vom

: : the thickness
of the prism at its base, 7.e., at the 60 mm. end. As,
therefore, for normal blood the spectrum appears at 14
on the millimetre scale, we determine the thickness of
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Blood.
Blood.

blood required to produce this spectrum by multiplying
14 mm. X 0.005 .= 0.07 mm.

This, then, is a unit; it is the thickness of normal blood
required to ;»unln(u the oxyhsmoglobin spectrum.

Suppose a specimen of blood produces the oxyhsmo-
globin bands at 40 on the millimetre scale. The thick-
ness of this specimen would be 40 mm. X 0.005 mm. =
0.2 mm. Then:

L 0.07

X 14_ ,_49 gm. of hemoglobin in 100 gm.
- - -

0.
of blood.

An equation for any reading is tlu' lnlint\luﬂ':

(y > 0.005) : 0.07 :: 14 :
in which "

y — reading on the scale.

0.005 — thickness of prism for each millimetre division
on the scale.

0.07 = thickness of layer of normal blood by which
oxyhzmoglobin spectrum is produced—i.e., at 14 on the

ale (14 X 0.005 = 0.07).

14 = guantity of oxyhsmoglobin in 100 gm. of normal
blood.

From these calculations one can make for him E
table w h will at once give him the amount of 'h--
hsemoglobin for any reading on the scale. Thus be-

nni with 5 on the millimetre scale, and substituting

for % in the lnllllllis[! we get the following:
(5 > 0.005) x 0. 07 =
Therefore 5 mm. of the scs
in 100 gm. of blood.

If we substitute in the same way 10, 15, 20, etc., the
table becomes complete.

The instrument has not been much used in this country
and, as already stated, except for the opacity method,
it requires more apparatus than would be practicable at
the bedside.

The author has not had sufficient experience with this
mn-ihml to a\pv s an n;ulmnn its value.

upon the

scription of those haeme Vi..h:'z-_mu-u-r instruments which
depend for their principle upon the comparison of colors,
ir would be well to n{uum from Lovibond’s very

Uul valuable work on “ Measurements of l_;;h‘
("N r

“ Tt is almost impossible,” says Lovibond,* without spe-
cial arrangements toarrive at a re le judgment between
two colors which are very nearly, but not quite, <
when these are placed openly side by side. The difficulty
arises t:mr'l the une 2qual incidence of light—sometimes of
the direct light, fr > of the > lights, or
lm111 combined. e disturbing effect i

f ion in either of
rses the

h:emoglobin

two per
r sensations of ou
(-\’!-1‘—\';11'_\'i1|-_' conditions of
2 and chemical composition. :
] u»lluum_ are Ilu-vsp-: nents carried out by Prof.
nmu!:

“ _Tuf Tubes containing colored liquids.—The first
tempts were T le with colored liquids in test tubes
equal diamete and by these means some useful in
mation was obtained. The liquids, however, soon elar
color, Tequiri frequent rene d there was alwa)
a little une inty concern *ir exact reproduc IiulL
Also a curious inequality of tion was found

ist between the regular increase of ata thickness s

- resulting color. This prevented liquids from being

dards, because some liquids increase in

h in direct proportion to increase of strata thick-

Some increase in color in a less but ilar pro-

portion to increase of strata thickness, whilst others
increase in a less and irregular proportion.

Another difficulty arose from the convex surfaces of
the test tubes acting as a lens, and increasing the disturb-
ance arising from unequal light incidence. The convex-
ity was reduced by using larger tubes, and enclosing

54

REFERENCE HANDBOOK OF THE MEDICAL SCIENCES.

them in a blackened case with narrow longitudinal aper-
tures for looking through the middle of the tubes 3
results, although useful, were too unsatisfactory for sj
tematic work

“ Oolored glass was next tried, and long rectangular
wedgesin ss of different colors, with
tapers, were ground and polished for standards, whilst
correspondingly tapered vessels were made for m-
liguids to be measured. 3¢ were arranged to work,
at the end of the instrument, up and down at
angles before two apertures, side by side, with ¢
centre line to read off the thickness of each before the
aperture when a color match was made; but here also
the difference of ratio between the thickness and color

pth of the different colored glass and Ii 1ids proved
fatal to the method.

< An incidental observation was made during these ex-
periments concerning the difficulty of arriving at a final
judgment with tapering colors, owing to one shade
gradually blending into the next without a break of any
kind to arrest llu» vision. The mental effort to
a decision, under these conditions of gradual color-blend-
ing. was troublesome and vexatiousin the extreme. Any

yerson may realize this difficulty by attempting to fix
definite point by the vision in a graduated color line. I
was enabled entirely to remove the diffict r by using
separate glass slips for standards; the line of color de-
sion made by 1ditional standard s }l used
ingap ecise de ition between the most minute shades.

“The effect of these 1l failures enabled me more
clearly to define the conditions from which successful
work might be expected, which are as follows:

¢ Gauged Cell 1e cells for the liguids must have
parallel transpare ends and be gauged to definite strata
thickness.

“ Optical Instrument.—The stan dard and sample must
be viewed under equal conditions of illumination.

“ Suitable Light for Color —Considerable differ-
ences of view exist conce r tl nost suitable light for
color work. ¢ authorities consider that ~ll\ i "llw is
too unreliable "omj ion, 1 that an artificial light

> is best, 30 alws 1y S unifi |m
ey’s
'\n:‘.-_: way toward estab
]1.-\\. ver, in my opinion, l'\]‘-[
"]IL to which normal vi

v le, without cost
notice, i ';' ht hours, whereas ar
require to In_-' in camera with somewhate XT

by .'m' the largest proportion
1l color work is carried on by
t measurements made by means of any
e transposed into terms of daylight values
le comparisons can be made. Without doubt
-an work longer and with less fatigue by day-
artificial 1 |
m the g i it will be seen that liquids and
colored glasses ] a distinctive color value, and that
any method whi employsblending colors, as the colored
prism of the von Fleischl apparatus or the gradually
diluted blood in the Gowers instrument, presents a wider
field for error t icl 3
uniform colors for comparison. Also daylight is the
most reliable.

Gow Hemoglobinometer.—This instrument is one of
color «

Prineiple : ed fluid representing a very low

entage of Immw'lnlﬂ‘- be placed by the side of a so-
lation of a T!_\ul quantity of blood, to which water is
added little by little, a point in the process of dilution
will be reached at which the two colors correspond.

By observing the amount of diluting fluid required to
bring normal blood to a corresponding color with the
fixed color, a scale may be made by which deviations from
the normal may be detected.

The parts of the instrument (Fi ) are (numbers
correspond with thosein cut): 1. A solution of picrocar-
mine glycerin of the color of a one-per-cent. solution
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of normal blood, contained in a sealed tube. 2. An
open tube ade om 10 to 120. 3. A pipette measur-
ing 10 and 20 ecm. 4. A dropper.

To use the instrument: A little water is put into the
gradu tube. Puncture of the skin is made in the
usual way, and blood drawn up to the 20 c.mm. mark.
The blood is at once blown into the duated tube con-
taining the water. The blc -ml mvl wat re then thorough-
ly mixed, and more wi » by little, added by means
of the dropper until the c‘n!nrut he diluted blood and that
of the standard solution correspond. It will be seen that

color equal t

':ln- -]ﬂo"i is rich in h®mog w nbm 1t will be nece

to make it of the
ndard solution., “h[Lh represents only one

ﬁnLl more water, hf:‘\\' K 3 Tll(_'
he scale, and therefore in-
emoglobin. In
of ansemia the correspondence will be sooner re;
and the column of fluid will stand at a lower
in the tube, and will therefore indic:
centage of heemoglobin.
This instrument has the advantage of being cheap
as well as accurate. :

Blood.

The standard solution, picrocarmine, changes color in
time, a point noted by Lovibond and by Oliver working
in Lovibond’s laboratory.

on Fl Haemometer—or, more correctly, hsemo-
globinome __de spends Im its principle upon the sup-

78.—Von Fleischl’s Hae ybinometer. Taking drop of blood
inc lary tube.

ition that a solution of hsemoglobin varies in color

ording to the amount of heemoglobin which it contains,
and that the latter may be mec m~--l 1»\ (nu]ul on with
the varying colors in a prism of rree of color
corresponding to a percentage of hemog rlnl n.

We must keep in mind that when ws is add
blood the hsemoglobin is dissolved out of the corpuscles,
and it is the lored solution which we are compari
not the heemog '11-11’1;4,1 in the corpuscles.

The parts of the in are (numbers correspond
with those in illus . F i : A stand (1) with a
horseshoe base. ’ with a round hole in t}u’

1itre for the recep C )awell 1.5 em. ind
divided into two ¢ bottom of this w

1 i c 1ss. Below the stage
s lector of plaster of Paris (4). Ina
metal frame is a prism of colored gls )
the frame « the apex ni lnf
o s, the i

osite the I
120. At O the tint of the color is
t, this tint in ing intensity
s the maxim . 120. The frame i
d into two tracks (6) which run lu
L It is plac so ths Lt the
prism shall pass benes
well, mld the series
through an oval o
behind the well. v means of a rac "k (8)
pinion tll.[ltu.)'[ par of the \’urirui red
1 alor E:
bottom of one division of Im- well
nd at the same time the i
ng the color intensity of the
at that point will a r in
wal ope ning behind the well
There are also a ra;ullar\' tube (9) by
which a fixed guantity of blood may
be obtained ; a medicine dropper (10),
a candle (11), a black tube (12) to

shut off the surrounding light from
the e.
have, therefore: 1. A colored
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