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TE C H N O L O G I C developments in analytical chemistry have made it poss ible 
for the modern clinical chemistry laboratory t o meet an ever-increasing work-

load despite a shortage o f trained laboratory technologis t s . Furthermore, automat ic 
machines have m a d e poss ible an accuracy and a reliability se ldom attained before 
in the laboratory. B u t the new and seemingly compl ica ted equipment has b r o u g h t 
with it a greater than ever need for mechanical , electrical, and electronic training 
for laboratory supervisors. 

A n u m b e r o f technics ate used to speed up various steps in analytic procedures 
that are performed in large numbers with repetit ive steps; for example, it has been 
easy to a u t o m a t e pipet ing. T h e Brewer automat ic pipet (Fig. 1) uses a syringe driven 

Fig. 1. Brewer automatic pipet: as drive shaft revolves, the plunger moves in and out of the 
syringe barrel, drawing in solution from a reservoir and pushing it out through a delivery tip. 

by an offset cam and pumps, and delivers solut ions through a system o f ball-and-
check valves t o a delivery table. Another device used in s o m e l a b o r a t o r i e s 1 , 2 to 
el iminate the manual step, o f p ipet ing o f sample and diluent consists o f a buret 
that has a two-way s t o p c o c k . O n e side o f the s t o p c o c k is connected to a vacuum 
line and can be used to pull the sample in to the calibrated delivery tip. A turn o f 
the s t o p c o c k connec ts to a diluting solut ion which flushes out the sample. An 
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automat ic version o f this is used for dilutions o f microquant i t ies , and is especially 
valuable in m a k i n g h e m a t o l o g i c cel l -count di lut ions (Fig. 2). 

Fig. 2. Microdilutor. 

Auto Analyzer* Full automat ion in clinical chemistry came with the development 
o f the AutoAnalyzer by Skeggs . 3 Th is machine is c o m p o s e d o f a number o f separate 
funct ional modules and uses a constant- f low system (Fig. 3 ) . All manual processes 
have been replaced, inc luding pipet ing, transferring filtration, colorimetr ic reading, 
and recording (Fig. 4). Sampl ing rates are variable, and theoretically as many as 6 0 
samples per hour can be run. T h e actual practical l imit is a b o u t 50 different speci-
mens per hour , because in practice, the run includes standards and blanks as well 
as samples. 

T h e AutoAnalyzer system begins with a sample plate (Fig. 5) that holds th imble -
sized polystyrene cups that can contain the various standards and specimens. A 
c l o c k w o r k mechanism and cams m o v e a sampl ing c r o o k in and out o f the spec imen 
cups. T h e t i m i n g is regulated so that for 4 0 percent o f the t ime interval the sample 

* Manufactured by the Technicon Instruments Corporation, Chauncey, Ne-w York. 

1 3 2 Cleveland Clinic Quarterly 



AUTOMATION IN THE CLINICAL CHEMISTRY LABORATORY 

Fig. 3. View of AutoAnalyzer showing typical modules. (Courtesy of Technicon Instruments 
Corporation, Chauncey, New York.) 

is withdrawn, and for 2 0 percent the crook is l ifted between samples and is drawing 
air. T h u s each sample is separated from the next by air. 

T h e withdrawal o f samples and m o v e m e n t s o f other l iquids are accompl ished 
by the m o t i o n o f roller bars a l o n g a manifold (Fig. 6 ) o f T y g o n tubes stretched out 
against a platen in t h e p u m p . T h e diameter o f the T y g o n tubes controls the a m o u n t 
o f fluid pumped. Changes in the quantit ies t o be p u m p e d can be made by using 
t u b i n g o f t h e appropriate diameter. M i x i n g o f so lut ions is accompl ished by transit 
through coils o f glass tub ing , the liquid be ing s e g m e n t e d with bubbles o f air, 
which are p u m p e d in cont inuous ly through o n e or m o r e o f the T y g o n tubes. T h u s , 
t h e p u m p and sample turntable modules accompl ish automatical ly what is done 
manually with the pipet or bure t—measur ing out o f samples and reagents. F r o m 
this point o n the instrument modules used vary with each type o f procedure. 

I f protein can interfere in a test , it may b e removed. T h e AutoAnalyzer system 
includes a dialyzet that permits the separation o f crystalloids from proteins. T h e 
solut ions pass through a spiral t u b e that has been formed by m a t c h i n g identical 
grooves cut into two m a t c h i n g plastic discs. T h e two discs (plates) are placed 
together with a thin ce l lophane m e m b r a n e between t h e m . T h e m e m b r a n e thus 
divides the tube in to two parts, through o n e part o f which passes the sample. A 
recipient stream flows through the other part o f the tube . B e c a u s e the rate o f 
dialysis is affected by temperature variations, the dialyzer plates are immersed in a 
constant- temperature bath. 

In many procedures, it is necessary to heat the mixed so lut ions ; the t ime interval 
is regulated by the length o f glass t u b i n g that is used, and the temperature is con-
trolled by a heat ing bath in which the tub ing is immersed (Fig. 7) . T o increase the 
t ime another glass coi l may be added within the bath. H e a t i n g in such a bath is 
usually necessary to develop a co lor in the so lut ion , and it is desirable that the 
intensity o f this co lor be proport ional to the a m o u n t o f u n k n o w n to be determined 
just as is required in a manual analysis. 

T h e exit side o f the heat ing bath is connected t o a color imeter flow cell (Fig. 8). 
T h i s cell is constructed so that a turbulence-free flow will pass between two optical 
windows that are interposed between a l ight beam o f an exc i tor lamp and a p h o t o -
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Fig. 4 . Shows how functional modules of the AutoAnalyzer substitute for typical manual steps 
in analysis. (Courtesy of Technicon Instruments Corporation, Chauncey, New York.) 
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Fig. 5. Sample module. Tests-per-hour lever regulates the rate at which sample crook lifts and 
table turns. (Courtesy of Technicon Instruments Corporation, Chauncey, New York.) 

cell (Fig. 9). As the intensity of the color increases, the light absorbed from this 
beam also increases, and the light falling on the sample photocell decreases. The 
reverse situation produces the opposite effect. The electrical output of the sample 
photocell is balanced against the output of the standard (reference) photocell, 
which receives an uninterrupted portion of the light from the lamp. These cells are 
so connected with a recorder that whenever the output of the sample photocell is 
out of electrical balance with that of the standard photocell (as would happen 
whenever the intensity of light passing through the solution in the flow cell 
changes), a servomechanism in the recorder restores the electrical balance. A record-
ing pen traces these changes on a chart paper in the conventional system. The 
tracings are in the form of peaks the highest points of which are used for calculation 
of concentrations. Concentrations of unknowns are estimated from the values 
obtained with standards. By careful comparison with the sequence used for loading 
the sample plate, one can identify the various peaks with the samples. 

Recent advances have replaced the recorders with automatic readout devices 
that either print results on a tape (Fig. 10), or activate a typewriter. The combina-
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tion of the recorder and the readout device is valuable because the shapes of the 
tracings on the recorder may be useful in the diagnosis of trouble within the system. 

The main advantage of the readout is the avoidance of errors in the interpretation 
of the tracing peaks; also, the results are immediately available. 

Illustrative example of automation. To illustrate how the AutoAnalyzer performs a 
complete analysis, the determination of glucose in blood is herewith described. 
The sample cups are filled with specimens of blood and are arranged in order on 
the sampler. The sampling crook withdraws blood from each cup for a definite 
period of time, thus controlling the volume of the sample. As the sample proceeds 
along the tubing it is combined with potassium cyanide solution. Bubbles of air 
also are pumped in to separate the solutions into many segments. The air helps to 
mix the sample and the potassium cyanide solution, and also helps to prevent 
retention of the aqueous solutions on the walls of the nonwettable tubing. 

Fig. 6 . Proportioning pump complete with manifold for inorganic phosphate determination. 
View from above shows roller head assembly open. (Courtesy of Technicon Instruments 
Corporation, Chauncey, New York.) 
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Fig. 7. Heating bath. Side view showing the glass coil. (Courtesy of Technicon Instruments 
Corporation, Chauncey, New York.) 

Fig. 8. Colorimeter flow cell, open type. Solutions enter from the side arm and exit from the 
bottom ball joint. Top ball joint assists in alignment. (Courtesy of Technicon Instruments 
Corporation, Chauncey, New York.) 

After passing through a glass m i x i n g coil the solut ion enters the dialyzer. T h e 

crystalloids, inc luding glucose , diffuse through t h e cel lophane m e m b r a n e o f the 
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Fig. 9 . Schematic diagram of colorimeter optical system. (Courtesy of Technicon Instruments 
Corporation, Chauncey, New York.) 

Fig. 10. Readout with recorder in use for the glucose determination. (Courtesy of Technicon 
Instruments Corporation, Chauncey, New York.) 

dialyzer in to a stream o f potass ium ferricyanide. T h e nondif fusible substances 
cont inue on through the dialyzer and out t o a waste drain. T h e ferricyanide stream 
leaves the dialyzer and enters a 95 C. heat ing bath. After a b o u t seven minutes o f 
transit t h r o u g h the coils o f this bath the g lucose has reduced yellow ferricyanide 
t o colorless ferrocyanide 4 in proport ion to the a m o u n t o f g l u c o s e present. 

T h e exit tube o f the heat ing bath leads to the co lor imeter flow cell where the 
air escapes ; t h e solut ions pass through the cell and finally i n t o a waste drain. T h e 
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recorder records the changes in l ight absorbance o f the solut ion. In this analysis, 
the greater the g l u c o s e concentra t ion in the original sample , the less dense will be 
t h e color in the final so lut ion . Concentrat ions o f g lucose are est imated from a curve 
o f absorbance against concentrat ion prepared f rom standard solut ions . 

It is now poss ib le for the AutoAnalyzer t o perform a lmost any color imetr ic 
analysis. O n e o f the l imitat ions has been the capacity o f t u b i n g to transport various 
so lut ions ; with the newest tub ing c o m p o s i t i o n s , l iquids such as sulfuric acid and 
other st'rong acid mixtures , and certain solvents such as a lcohol can be pumped. 
I t is poss ible to transfer liquids that cannot be p u m p e d directly, by displacement 
f rom a container with a l iquid that can be p u m p e d . 

Certain analyses that have required considerable manual dexterity and manipu-
lat ion have been automated. For example , the K j e l d a h l determination o f total 
n i trogen is carried out by means o f a cont inuous digestor (Fig. 11). T h e digestor 

Fig. 11 . Continuous digestor in use with other modules for the determination of total nitrogen. 
(Courtesy of Technicon Instruments Corporation, Chauncey, New York.) 

t u b e continually turns, carrying the digest ing sample through a heater by means 
o f a spiral g r o o v e manufactured into the tube. B y the t ime the sample reaches the 
end o f the digestor, digest ion is complete . A sampl ing t u b e removes a port ion o f 
the sample, which is mixed with o ther reagents to dilute it and to develop a co lor 
that can be read in the constant- f low color imeter and is recorded on the recorder. 

T h e constant- f low system works particularly well with the flame p h o t o m e t e r for 
the analysis o f sodium and potass ium 5 (Fig. 12). T h e electrolyte analyzer system, 
which s imultaneously analyzes each sample for sodium, potass ium, carbon dioxide, 
and chloride content , el iminates certain o f the c o m p o n e n t s that would be used i f 
the determinations were carried out individually. B y judic ious c o m b i n a t i o n o f 
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Big. 12. Flame photometer. Recorder is equipped to record simultaneously sodium and potas-
sium levels. (Courtesy of Technicon Instruments Corporation, Chauncey, New York.) 

modules , o n e sample turntable, o n e pump, and o n e dialyzer may be used for the 
analysis o f the four electrolyte c o m p o n e n t s . 

M a n y other innovat ions us ing this system have been devised or are in the 
process o f deve lopment , in addit ion to improvements and changes within the 
system. However , all changes have been made so that the original equipment is 
still useful—an advantage o f the modular system. T h e cont inuous filter is an in-
tr iguing development that will n o d o u b t expand t h e usefulness o f a constant- f low 
system (Fig. 13). T h e sample and t h e extract ing solvent are pumped together into 
a m i x i n g chamber where rapid m i x i n g is assured with a motor ized stirrer. A slurry 
o f precipitated protein and solvent drop down o n t o a strip o f filter paper m o v i n g 
cont inuously over a plastic plate. T h e precipitate remains on the filter paper and is 
carried forward while the filtrate is col lected from below the plastic plate and is 
pumped elsewhere for analysis. 

Bench-Top Robot Chemist* Another type o f automat ic device based on interrupted 
sequences is the B e n c h - T o p R o b o t Chemist (Fig. 14). Th is apparatus performs 
various analyses in a fashion that more closely imitates the act ions o f the h u m a n 
analytical chemist than does the constant- f low systems. 

Specific volumes o f samples and other l iquids are pipeted, are transferred, and 
are carried through analysis by a system o f t imers, relays, cams, and pumps. B y 
"Manufactured by Research Specialties Co., Richmond, California. 
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means of the glass pipets that project out above the center of a turntable that 
contains the samples, the Bench-Top Robot Chemist can withdraw, can move, and 
can transfer samples to test tubes, can add reagents, and even can wash and dry the 
test tubes! At the proper time a pipet will transfer solution to a colorimeter (not 
shown) where the amount of color developed is estimated and then is recorded. 

Such a device will fit in best where the continuous-flow system type of automatic 
analyzer is not so efficient. For example, the continuous-flow system is not at its 
best in procedures where long intervals of time are required; the Bench-Top Robot 
Chemist however, can more easily be programmed to handle long intervals. It 
appears to be superior to the constant-flow system when performing tests that 
require high heat, such as one would encounter in the typical nonprotein nitrogen 
or phospholipid analyses. 

The main defect of the Bench-Top Robot Chemist may lie in its highly me-
chanical nature that limits its versatility and ease of repair. The AutoAnalyzer on 
the other hand is particularly easy to repair, to adjust, or to convert to other analyses. 
For specific tests, such as those using strong acids and hot digestions, or those in 
which one or more steps require extensive periods of time for incubating, such as 

Fig. 13 . Continuous filter. (Courtesy of Technicon Instruments Corporation, Chauncey, New 
York.) 
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Fig. 14 . Bench-Top Robot Chemist. All working parts are contained within the cabinet; turn-
table and transfer pipets project above; complicated analysis may require two or more units 
placed side by side; colorimetric system is not shown. (Courtesy of Research Specialties Com-
pany, Richmond, California.) 

in the measurement of enzyme activities,6 the Bench-Top Robot Chemist has much 
to offer. 

Comment 

It is possible now to automate most of the tests used in the modern clinical 
laboratory. Those tests that require extraction with solvents such as the determina-
tion of fecal fats are not often automated. Among those for which automation 
procedures exist, a number of factors must be considered. An important factor is 
the work-load volume, because large numbers of samples are often best handled 
by automation. However, some laboratories do not limit the use of automation to 
those tests done in large numbers. In some instances automation may be the most 
practical way of performing an analysis. For example, column chromatography of 
amino acids or steroids is much more satisfactorily done with automatic equipment 
(Fig. 15)\7 performed manually these procedures are time consuming and require 
exacting meticulous care—the machine easily bears much of the burden. 

One area of automation in clinical chemistry is of special interest: the use of 
the constant-flow systems for in vivo analysis. With automatic analysis available, 
physiologists and pharmacologists should be able to make measurements that were 
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Fig. 15 . Beckman Spinco Amino Acid Analyzer. 

never before practical or even possible . Sampl ing rates at less than 0 .1 ml. per 
minute will enable cont inuous sampl ing from m a n y test subjects wi thout fear o f 
exsanguinat ion . B y proper p lacement o f a catheter , sampl ing can be m a d e from 
any part o f the body. 

W o r k o f this nature on patients undergo ing thoracic surgery has been reported 
by Clark . 8 C o n t i n u o u s m o n i t o r i n g o f patients is done for electrolytes, p H , and 
b lood gases during and after the surgical procedure. Special r o o m s for study with 
the e q u i p m e n t m o u n t e d in the walls, h o u s e the patients (Fig. 16). For analysis at 
the bedside o f patients , carts have been m a d e which conta in the automat ic 
analyzers. 

Gradual ly the automat ic analyzing instruments are br ing ing us closer to the 
realization o f a dream held by many workers in the medical field. T h e well -equipped 
hospital o f the near future may have an automat ic laboratory in the walls o f each 
pat ient ' s r o o m . At tending physicians would k n o w at a g lance the level o f a certain 
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Fig. 16 . Analytical wall designed for continuous direct monitoring of patients. (Courtesy of 
Leland C. Clark, Jr. , Ph.D., Medical College of Alabama, Birmingham, Alabama.) 

b lood c o m p o n e n t at that m o m e n t , and what changes occurred s ince their last 
observat ions o f the patient. I t may even b e poss ib le that e q u i p m e n t that can 
analyze can also set up corrective measures. For example , when the b l o o d sugar 
rises above certain l imits , insulin could be automat ica l ly in jected, and at low levels, 
g l u c o s e could b e in jec ted . 9 

O n e m u s t not forget , t h o u g h , that with its advantages , automat ion brings 
problems t o o . 1 0 First, it requires o f laboratory personnel that they learn maintenance 
and repair o f mechanica l and e lectronic equipment , because sooner or later, t rouble 
develops and s o m e o n e m u s t be able t o repair the device quickly and properly. 
Secondly, the user o f the automat ic e q u i p m e n t tends to surrender surveillance to , 
and t o place t o o m u c h reliance on, the machine . T h e r e is also the tendency t o rely 
upon the manufacturer o f the machine , rather than o n the clinical chemist ' s ex-
perience and ingenui ty in the development and use o f m e t h o d o l o g y for such 
devices. I t is important to realize that machines are fall ible, and that accuracy, even 
by a u t o m a t i o n , requires h u m a n aid ( the difficulties experienced by several o f the 
American astronauts are notab le examples ) . General ly , when instruments are in 
error there are definite signs o f difficulty which trained workers can recognize . In 
the hands o f skil led operators, a u t o m a t i c equipment can of ten b e as accurate and 
dependable as the best h u m a n technic ian. W i t h the skill and tireless capacity o f 
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automation for work, the future of medical care from the clinical laboratory view-
point is indeed bright. 
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