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pH Simplified

Robert J. Joyee
Markson Science, Inc.*

Editor's Mobe: This is the last of a three part article. Part one
appanred in Histo-Lagie, Vol [X, Ma. 2, April 1979 part two
appeared in Vol. [X, No. 3, July 18979

The pH Meier:

A pH meter is a specialized voltmeter which has two
fundamental requirements, First, it must be able to fanction
securately when measuring Lthe voltage of extremely high
resistance electrodes. Second, one must be able to change its
sensibivity ns o voltmeter to correspond to the pHivoliage
characteristics of the electrode system

Most modern pH meters use all solid state eblectronies with
very high inpul resistance or impedance characteristics.
These meters measure the voltage of the pH electrode
system while drawing extremely little current.

Fortunately, the valtage change of o pH electrode varies
linearly with pH units. At room temperatore, o change of 1
pH unit causes a voltage change of abowt 60 millivelts mY)
or (L&D volts, AL 0° C {temperatore at which water freezes| 1

#pH unit change causes a 54 mV change. At 100° C, a 1 pH

unit change causes a 70 mY change, Thus, a properly de
signed pH meter will have a temperature dial which varies
the senzitivity of the meter to mateh the voltage from the
electrodes,

Decazionally, specialized sensing electrodes fall short of
delivering the full voltage which theory would predict. Ac-
cordingly, very versatile pH meters will also have an addi
tipnal sen=itivity control, enlled & slope control. This control,
like the temperature dinl, allows the analyst to vary the sen-
E:it.i‘.-'ii}' of the mewer to maich the vnll.ag‘n from the elec

trasies.

The pH Siandard:

Thie voltage from the pH electrodes at any given pkH value
can be predicted approximately, However, for highest ac-
curmcy, the pH electrode syvstem can be dipped into a solu-
tion of known pH and then the meter adjusted to correspomnd
to this pH value. This adjustment is called stondardizing the
F!.]I system. The solution used is ealled o pH standard buffer
=plution,

Tahle 4
pH Value 25° C Composition
1,64 Potasziom Tetroxalave (058
1.58 Potassiom Hydrogen Tartrate
ISaturated)
4.01 Potnssiom Hydrogen Phthalate fi.0EM)
L1 Potassium [Mhydrogen Fhmphau_l
{0Lr25 )
918 Borax 40.01 M)
12.45 Caleium Hydroxide (Saturated)

*Copyright 1975, Markson Science, Inc. Reprints available
from; Edivor, Science Sopply News, Markson Science, PLO,
Box 767, Del Mar, CA 92014
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The chemical compaosition of pH standard buffer solutions
has been defined by the U5, National Bureau of Standards,
Such solutions may be prepared by a competent chemist or
technician, They pre also available from most pH meter
mandfacturers. Table 4 lists the more popular pH standard
solutions,

For best sccuracy, a pH meter should be standardized us
ingr m standard solution whose value is near that of the test
salution. However, standardizing with the pH = 6.86 stan-
dard constitutes a good compromise when the test solutions
cover § broad range of pH values. A pH meter may be stan-
dardized as follows:

1. Rinse eblecirodes with distilled ior deionized) water and
hlot dry.

2. Place electrodes in pH standard buffer solution.

&. .ﬁ.:fju&t ]:H mieter temperatore denl o the temperature of
the standard solation.

4. Turn pH meter to “operate.’

B A.djllil pH feler Liv Lhe pE{ value of the standard, using
Illh:"'sl-n ndardize”’ control. The pH meter is now s tandurd-
1 5

6. Turn pH meter to “standby,”

7. Hemarve electrodes from standard and rinse with water.

The pH Measurement Procedure:
Unee the pH meter is standardized, the measurement pro-

cosdure is as sim;|1|n ns this:

1. Rin=e electrodes with distilled jor deionized) water and

blot dry,

Plaee alectraclos in Lest salution

Adjust pH meter temperature dial to the temperature of

the test solution

. Turn pH meter to “operate.”

. Head the pH of the test solution on the pH meter directly.
Turn pH meter to Vstandby.™

. Hemove electrodes from test solution and rinse with
W llir,

=] &% dw

Redox Measurements:

The measurement of the oxidation-reduction potential of a
snplution is commonly called a redox messurement. This
measurament gives an indication of oxbdizing or reducing
power of a solution, Since a pH meter is also a very good
voltmeter, it can be used in making redox measurernents,

The sending electrode used in this measurement is usually
platinum, although gold and silver have been used for special
purposes. The reference electrode is Lhe spme as that used in
pH measurements. The electrode potential B8 usually ex-
pressed in millivelts imV). Thus, most pH meters have a
imV) seabe, ps well as a pH scale, Also, since the temperature
coeflicient varies with the particular redox couple being
measured, the temperature control is deactivated during the
(m¥'}) measurement.

plon Measurements;

In recent vears elecirodes similar to the pH electrode but
specific for other ions have been developed. These include
electrodes for ammonia, chloride, cvanide, nitrate and
sulfide, Lo name a few, These electrodes may be used in com-
hination with a reference electrode with any modern pH
miler. The meter should be standardized in o solution of
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known plon of the ion of interest, just as in the pH standard-
ization. The plon of a test solution can then be read directhy
on the meter as in the pH maessurement,

Effects of Dehydrants and Clearing
Agents on Improperly Fixed Tissue
An Editorial

I nadequate fixation of surgical specimons and subsequent
exposure to debydrants and clearing agents may cause ir-
reversible changes in tissue. Alterations {nuclear shrinkage)
may ooeur in the central areas. and the quality of the section
rapidly improves toward the properly fxed margin or

riphery.

Tuhle 1, adapted from Lillie,' demonstrotes time and
temperature requirements for adequate flxation in formalin
with specimens 4 mm thick. Lillie also states. ". . . an 8-8%
formaldehyde solution 120% formaling hardens tissue in 3
hours at 55° C." Conversely, in the ltypikasl surgical
laboratory-type facility, most of the surgical specimens are
exposed to the fixative for 6 to 8 hours. [t is obvious from the
foregolng that a greal many surgical specimens are not ade-
quately fixed prior to processing,

Tahle 1
Time and Temperaiure Bequiremenis
Temperatare Specimen Thickness Time
20-26° C 4 mm 48 hours
35° C 4 mm 24 hours

The following mini-report is the resolt of a study | con-
ducted to determine the effects of dehydrating and clearing
agents on Lissue Lhat was not sdequately fixed.

Specimens of human skin were exposed to § dehydrants
and & clearing agents for 4 hours. In order t0 secure an exag-
gernted representation of the elfects, the specimens were
fixed after exposure to the respective dehydrating and clear-
ing agents. One specimen was fixed in phosphate-buffered
10% meutral formalin to serve as a control for comparison.

Figure 1 is the specimen properly fixed in phosphate-
buffered 10% newtral formalin, The effects of diowane are
demonstrated in Figure 2. Chloroform and xylene, popular
clearing agents, produced the marked allerations depicted in
Figures 3 and 4, respectively. Dehydrants and clearing
agents will produoce significant alterations in  fissue
specimens that are inndequately fixed,

The problems of inodequate fixation and subsequently
altered tissue structures mentioned can be redoced by Lhe

FIGURE 1:

Specimen fixed in phosphate-buffered 10°% neutral formalin,
Excellent preservation of cellular structores (H&E x5751.
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FIGURE 2:
Effects of diocane: Dense nuclear structores (HEE x5675).

FIGURE 3
Effects of chloroform: Marked nuclear shrinkage, no detail of
nuclear chromatin or nucleoli visihle IH&E x5751,

FIGURE 4: : :
Effects of xvlene: Severe nuclear shrinkage, no detail of

nuelear chromatin, and ohscured nucleoli (H&E x575)

—
use of tissue processors which contaln heat, vacuum anc 1
pacillatbon. This equipment, which incorporates gentlo heat
138-40° C), vacuum (15 Hgl, and oscillation, sceelerates fixa-
tipn, dehydration, clearng, and Impregnation of tissue
speCimiens,
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PROCERSE PARAFOHM TRAMNSTAIN CAYOCHALLE

High-guality colar reprinis ol the dramatic armsork ussd n
Lab-Tek's “Art of Hsiplogy' ™ series of journal agsarlisemanis are
Being olféred fres ol champe 1o Hisle-Logic® readers These
criginal drasings were created 10 symbolze the imparancs and
drama of varius hisloiogc iechniguees

The niaraction al fluds and fs=ue n 1he embedding prooess is the
Iooal ponl Detesen Bnigesy and palhalogcal esaminalions in
Fermardo DaSilva s Procanss,

In Paraform, Dasoo Csanady symboizes tha high degres of akill ax-
mibetad by lhe nislologsd n 1ha embeddng procegurg

Mika Hagal intarprals the modern HBE process which tranglomms
ihe sommingly irvissble warkd of tesue intg a mearmgiul 1o in
Transtain,

Hapal's second cantrioulion, Crpochallenge, is a montage whch
winifigs e crucial maburg ol crpolamy and the immedacy o
diagnoses

SUITABLE FOR FRAMIMNG — Mo advertising messago appaars
o repeinle,

To gel your “Arl of Histology'® regrinds, wrie Markabng Services,
Lab-Tek Dredmon, Medes Laboratories, Ine. 30WATE MNorgh Auroea
Fpad, Naparvilla, IL 60540

Practical Stain-Technology Workshop

A 4l day practical workshap will be presented by the Conter
for Histotechnobogy Training and the Mational Society for
Histotechnology March 914, 1980, Hegistranis will utilize
22 special stains, demonstrating more than 30 pathologic en-
Lities,

Some of the entities being stained are: gram positive and
gram negative bacteria: hepatic B antigen (HBAg): glyeogen
and other periodic acid Schifl positive substances; fungr;
caleium: acidic and sulfated mocossgecharides; elastic fibers;
tubercle bacilli: nucleic seids — KN A and DN A cell granules
from the neurcemdocrine system; copper; connective tissue
muucin: spirochetes; Legionaire s disease hacilli; and melanin
In addition, the phosphotungstic acid hematoxylin (FTAH),
a Giemsa, and a hematoy lin and eosin procedure will be per-
EDFITHE’L‘L

At the conclusion of each day s staining sctivities, a lec:
Lure will b presented Lo emphasize the chemistey of staining
and staining mechanisms. The workshop will be conductad

by Mr Lee G, Luna.

Upon completion of the course, the registrants will be able
to ctfickently perform 22 special stains and have good
knowledge of general and specific pitlalls regarding cach
stain. They will aequire the knowledge to determine when
gtains are properly performed and have good overall
knowledge of stain teghnology as it applies to a hospital
lnhoratary service.

For further information, coniect: Registrar, Center for
Histotechnology Training, PO Box 2453, Rockweille, MD
20852,

Histotechnology Education Seminar

The University of Texas Health Scence Center at San An-
tonio will present the Third Annual Histotechnology Contin
uing Education Seminar on Febroary 20123, 1980, For fur-

thir :ini'imnl:.im: contact; Lyn Hichardson; Liniversity 111'.____
Texas: Health Seience Center: 7704 Floyd Curl D San An”

tomin, TX THERS,

To receive soar own porsaaal ¢opy off HESTOSLOGIC, or (o have an associaie

pdded 10 the mailing list, submid home address 10: Lab-Tek Divison, Miles

Laboraiories, Inc., NPATS Marth Awrora Bd, Maperville, llinces 60580
Primied in L5 A,
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