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Abstract 

A semiautomated method for the measurement  
of serum total cholesterol, based on the Abell- 
Kendal l  procedure, is described by which 100 to 
140 samples may be analyzed in duplicate per 
day. The method was made possible by the de- 
velopment  of a Liebernmnn color reagent  which 
is stable for  8 hr. Meehanized pipet t ing units 
are used to measure all reagents and the 0.1 ml 
samples of serum. One analyst  can analyze 60 
samples in duplicate per  day. Determinat ions 
are carried out on an assembly line basis so that  
2 analysts can analyze more than twice as ninny 
samples as can one analyst.  Representat ive data 
collected over a period of 2 years for  the anal- 
ysis of routine samples showed that  the s tandard 
deviation for  duplicates, randomized over 6-day 
periods, ranged f rom 2.7 to 3.0 rag% af ter  re- 
peat ing the analysis of the 6 to 8% of samples 
whose duplicates differed by  more than 9 rag%. 

Introduction 

N ACCURATE I~r for the determination of 
serum cholesterol in large numbers of samples 

would be very  desirable. In  the present publication 
a semi-automated method is reported which has been 
used over a period of 2 years for the precise and 
accurate determinat ion of sermn total cholesterol in 
duplicate for  500 to 750 subjects per  week. 

This procedure is based on the Abell-Kendall  
method (1). The la t ter  procedure has been used in 
many  studies of the role o f  cholesterol in hear t  dis- 
ease and has been shown to give results which par-  
allel very  closely those obtained with the more spe- 
cific procedures  involving precipi tat ion of the steroid 
with digitonin (2-6) or separat ion of cholesterol by 
means of gas-liquid chromatography (7,8). 

The development of the present  method was made 
possible by the finding that  the Liebermann reagent 
of the Abell-Kendalt  method could be used for at 
least 8 hours if kept in a d ry  atmosphere. Fur ther -  
more, the analysis of large numbers  of samples was 
facil i tated by the use of commercially available mech- 
anized pipet t ing units of high precision and re- 
producibili ty.  The method should be of interest, par-  
t icular ly when large populations are involved, in 
investigations of environmental  and physiological 
factors which influence the level of serum cholesterol. 

Experimental 
Reagents 

The reagents are made up as described by Abell 
et al. (1) with the following exceptions: I t  is un- 
necessary to redistill the absolute alcohol or the high 
boiling petroleum ether. Skellysolve B, bp, 65-80C, 
purchased in ]5-gallon drums is a suitable type of 
petroleum ether. This solvent must,  however, be ill- 
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tered before use through Eaton-Dikeman filter paper  
512 i n  order to remove a fine deposit. Cholesterol 
was purified through the dibromide according to 
Fieser (9). F o u r  s tandard solutions of cholesterol 
in absolute alcohol containing 100, 200, 300, and 400 
rag% of the stero] are prepared.  These solutions arc 
kept  in the dark  in tubes with Teflon-lined screw 
caps in desiccators over absolute alcohol at room tem- 
pera ture  and under  these conditions are stable for  
1 or 2 months. 

The Liebermann reagent for  color development is 
p repared  in the following way:  Into  a 3-necked stan- 
dard taper  1000 ml round bottom flask equipped with 
a silica gel d ry ing  tube and a thermometer,  weigh 
442.3 g of acetic anhydride (97.0% pur i ty ) .  Im- 
mediately insert  a 250 ml s tandard  taper  separa tory  
funnel  with stopcock which has been lubricated with 
sulfuric acid and closed. Af te r  weighing the set-up, 
weigh 38.1 g of sulfuric acid (98.0% pur i ty)  into 
the separa tory  funnel  and then cool the contents of 
the flask to 7C in an ice bath. Add the sulfuric acid 
at the rate of 4 to 5 drops per  second with eontin- 
ued swirling of the flask so that  the tempera ture  
does not rise above ]2C. Then remove the flask from 
the ice bath and  add with swirling of the flask 200 
nil of glacial acetic acid (99.9% pur i ty)  through 
the separa tory  funnel  taking care to rinse the sulfuric 
acid f rom the sides of the funnel. Keep the reagent  
protected f rom moisture with the silica gel dry ing  
tube. Before use bring the reagent  to 25C in a wa- 
ter bath. Under  these conditions the reagent will 
be stable for about 8 hr. These quantities yield 
620 ml of reagent,  an amount  sufficient for 300 
determinations. 

Equipment 
Mecha~ized Pipetti.ng U~dts. Four  mechanized pi- 

pet t ing units are used to measure reagents and serum. 
The units are the Trimatie model #26'42, 2 pipet te  
units, which were supplied by  the Research Specialties 
Company. This supplier  is now the Ins t rument  Divi- 
sion, Warne r  Chileott Co., Richmond, California. These 
units are equipped with mechanically operated sy- 
ringes which have polypropylene barrels and glass 
pistons. These syringes may be connected in a vari-  
ety of ways to measure and deliver the required 
aliquots of samples and /or  reagents. The syringes 
may be set up 1) to withdraw a sample f rom a tube 
into the glass pipet te  and then wash the sample out 
with a reagent or 2) to deliver one or two reagents. 
Tile reagent reservoir for each unit  is kept in a 25C 
bath. All units except (d) have valve systems which 
contain nylon end elements. Glass delivery pipettes 
of 1 mm bore are used for all units except unit  (a) .  

Unit  ( a ) :  (Fig.  1) One syringe of this unit  is 
of 0.25 ml capaci ty  and is equipped with a pipet te  
of 2 mm bore. This unit  is set to remove 0.1 ml of 
serum from the sample tubes. The other syringe is 
1 ml in capaci ty  and is connected in series with the 
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FIG. 1. Mechanical pipetting unit (a) for pipetting serum 
and alcoholic potassium hydroxide. 

first. One millili ter of alcoholic potassium hydroxide 
is drawn into this syringe f rom the reagent  reservoir 
while 0.1 ml of sample is drawn simultaneously into 
the 2 mm pipet te  on the first stroke of the unit. The 
sample and then the measured aliquot of alcoholic 
potassium hydroxide are expelled f rom the pipet te  
on the second stroke. All tubing which comes in 
contact with potassium hydroxide is Teflon. At  the 
end of a work day, the uni t  is rinsed with distilled 
water  which is left  in the unit. The glass pipet te  
is t reated with silicone once a week. 

Uni t  ( b ) :  (Fig. 2) This unit  is equipped with 
polypropylene tubing and each syringe has a needle 
valve to regulate air  flow. One syringe is of 4 ml 
capaci ty  and is set to deliver 2 ml of petroleum 
ether;  the other is of 1 ml capaci ty and is set to 
deliver I ml of water.  Each syringe is connected to 
a separate pipet te  and measured aliquots of the re- 
agents are delivered simultaneously. The syringes 
must  be freed of air  bubbles before use. Reagents 
are left  in this unit  at all times. 

Unit  (e) : This uni t  has syringes of the same size 
as those in uni t  (b) ,  hut  both syringes are connected 
to the same delivery pipette. The mechanical pipet-  
t ing unit  is set up to measure a i ml aliquot of pe- 
t rolemn ether extract  f rom a tube and a 2 ml aliquot 
of petroleum ether f rom the reagent  reservoir on the 
first stroke and to deliver the extract  followed by 
the solvent through the pipet te  on the second stroke. 
Other features of this unit  are the same as uni t  (b).  
Precautions are the same as with uni t  (b) except 
tha t  air  flow must  be regulated by the needle valve 
to avoid the format ion of bubbles in the t ip of the 
pipette.  

Unit  ( d ) :  Teflon tubing is used in this uni t  and 
the valve system has Teflon end elements. Only one 
syringe of 4 ml capaci ty  set to deliver 2 ml is con- 
neeted in this unit. The Liebermann color reagent  
is left  in this uni t  at all times. Before use, fresh 
reagent  is flushed through the system. 

Vacuum Oven equipped with silica gel d ry ing  tube 
for air  inlet, d ry  ice-alcohol t rap  for  solvent and 
vacuum oil pump.  

Kahn or Platform Shaker modified to hold tubes 
in horizontal position. 

Beckman DB Spectrophotometer. 
Water Baths. Two water  baths at 25C. 
Oven at 45C. 

FIG. 2. Mechanical pipetting unit (b) for pipetting petro- 
leum ether and water. 

Procedure 

Calibration of Mechanized Pipetting Units. The 
mechanized pipet t ing units are calibrated to the ap- 
propr ia te  volume at the factory.  This calibration 
should be checked init ial ly and then every 3 or 4 
months using water  as a calibration fluid. The units 
should be checked each day for  absence of leaks and 
presence of bubbles. 

Analytical Procedure. 

1. Each day 's  analyses include duplicate s tandard  
cholesterol solutions of 100, 200, 300 and 400 rag%, 
respectively, and 5 control samples. Also one reagent  
blank is run  for  each 45 determinations. The re- 
agent  blank includes all steps of the analyses. Serum 
samples are analyzed in duplicate. The samples are 
divided at the time of collection and each is stored 
in 2 vials. Subsequently all sample vials are ran- 
domized over a 6-day period without regard  to Sam- 
ple number  s o  that  a given pair  of duplicate sam- 
ples may  be analyzed on the same day or as many  
as 6 days apart .  The serum samples, standards,  and 
control samples are placed in random order in each 
day 's  analytical  run. Serum samples are kept  in 
t ight ly  capped screw cap vials at - 2 0 C  except when 
thawed for  analyses. The caps are either sealed with 
tape or the vials are kept  in vial boxes in order to 
prevent  the caps f rom loosening dur ing storage. 

2. Wi thdraw 0.1 ml of standard,  serum sample, 
or control serum, each at 25C (unit  a) ,  and rinse 
the pipet te  with 1 ml of alcoholic potassium hydrox- 
ide (uni t  a),  into a 13 x 100 mm borosilicate glass 
screw cap tube. Cap tubes t ight ly  with Teflon-lined 
caps. 

3. Incubate  the saponification mixture  in a n  oven 
at 45C for 60 rain. The saponification mixture  may  
be kept  at room tempera ture  in the dark  for  as long 
as three days without change in results. Usually in- 
cubate in groups of 45. 

4. Add  1 ml of distilled water  at 25 C and 2 ml 
of petroleum ether at 25C with uni t  (b) to each 
tube at room temperature .  Cap tightly. 

5. Clamp each tube in the horizontal position in 
a Kahn- type  shaker and shake for 5 rain at the rate 
of 280 strokes per  minute.  Allow the tubes to stand 
for 15 min. Usually they are shaken in groups of 45. 
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6. Pipet te  1 ml aliquots f rom the petroleum ether 
phase and rinse with 2 ml of petroleum ether into 
15 • 85 mm borosilieate glass tubes using unit  (c).  
Be careful  to avoid the lower aqueous phase. When  

p ipe t t i ng ,  uns topper  only one tube at a time in order 
to prevent  evaporat ion of the petroleum ether phase. 
A t  this stage the extracts  will keep at least a week 
in the dark  at room temperature .  

7. Evapora te  the samples to dryness at 40-50C in 
a vacuum oven equipped with a silica gel d ry ing  
tube Over the air  inlet, d ry  ice-alcohol t rap  and vac- 
uum pump. I f  the tubes are cold when taken f rom 
the vacumu oven, immediately warm them in the 
d ry ing  oven at 45C for  10 rain to avoid condensation 
of moisture. All tubes should be allowed to come to 
room tempera ture  before going on to the next step. 

8. The color is developed in groups of 45 tubes 
containing the d ry  residue f rom the petroleum ether 
extraction. Since samples, s tandards,  and control 
sera have been randomized for the daily run, at 
least one s tandard  and /o r  control usually are in- 
cluded in each group of 45 tubes. At  40-see intervals 
add 2 ml of Liebermann reagent f rom unit  (d) to each 
tube being careful  to wash down the entire inner 
surface of the tube. Place the tube in a water  ba th  
equipped with agi ta tor  so that  uni form bath tem- 
pera ture  of 25C is obtained. Read the absorbance of 
each sample in the Beckman DB spcctrophotometer  
at 620 mt~ against  the Liebermann reagent blank at 
exactly 30 rain af ter  the color reagent  is added to 
that  sample. One blank is used for each group of 
45 tubes. A set of 3 matched euvettes, each of up- 
proximate ly  3 ml capaci ty  and 10 mm light path, is 
used; one cuvette contains the blank, the other 2 
are used for the samples. The lat ter  two cuvettes 
are allowed to drain on paper  towels between read- 
ings. The euvettes chosen for the readings are al- 
ternated with each successive tube. I t  is essential 
for proper  maintenance of the spectrophotometer  that  
the euvettes placed in the ins t rument  always be 
capped. 

Results and Discussion 
P r e c i s i o n  of  M e c h a n i z e d  P i p e t t i n g  U n i t s  

The preeisio~ of these pipettes, expressed as co- 
eflleient of variat ion and measured for  20 aliquots 
of water,  was 0.4 to 1.0% for  the 0.1 ml uni t  and 
0.1% or less for the mechanized p ipe t t ing  units which 
delivered larger volumes. Over a period of 2 years 
dur ing  which time the precision was checked in this 
manner  every 4 months, the means of the volume of 
water  measured did not differ by more than 1.5% 
for any  of the pipettes. 

TABLE I 
Stabi l i ty  of L iebe rmann  Rea~'ent in Dry  Atmosphere at  25C 

Time of 
Age of Maximal  maximal  color 

Exper imen t  reagent  absorbance development  
(hours )  at  620 m# (rain) 

1 ,0 550 29 .0 -32 .5  
1 539 30 .0-32 .5  
2 545 29 .5 -32 .5  
4 542 29 .0 -32 .0  
5 555 31 .0-33 .0  
8 558 30 .5 -33 .0  

24 540 37.5--40.0 

2 2 576 28.0-30.0 
2 a 556 35 .0 -37 .0  

* U s u a l  reagent  to which 0 .1% ( v / v )  water  has  been added af ter  
reagent  has been prepared  2 hr. 

The rate  of color development  of the L iebe rmann  reagent  was inves- 
t iga ted  at  var ious  t ime in te rva l s  at  25C us ing  a record ing  Beckman  DB 
spectrophotometer,  The colored solution conta ined 0.125 rag of choles- 
terol per mil l i l i ter .  

S t a b i l i t y  o f  t h e  Color R e a g e n t  

Exper iments  i l lus t ra t ing the stabil i ty of the dry  
Liebermann reagent are given in Table I. The dry  
reagent appeared  to be stable for 8 hr  at 25C. The 
time of color development was increased when the 
reagent  was kept for  up  to 24 hr al though the max- 
imal absorbanee showed no change. I f  small amounts 
of water  were present,  the time of color development 
also was increased. 

The addition of 2% sodium sulfate  to the Lieber- 
mann reagent  used in this s tudy as recommended by 
H u a n g  et al. (10) and Vanzett i  and Gatti  (11) did 
not increase the stabil i ty of this reagent. 

P r e c i s i o n  o f  t h e  M e t h o d  

Reproducibility of the Cholesterol Standard Curve. 
The values of the absorbances obtained f rom the cho- 
lesterol s tandards  and the slopes of the s tandard 
curves relat ing cholesterol concentration to absorb- 
antes are quite reproducible. As can be seen in 
Table I I ,  the coefficient of variat ion for  the absorb- 
ances of the s tandards  varied f rom 1.2 to 2.5%, 
whereas that  of the reciprocal of the slope of the 
s tandard  curve was 1.1%. In  addition the total vari- 
ation and within-day var ia t ion in the absorbances of 
the cholesterol s tandards  were similar. Because of 
this low variabili ty,  the color reaction thus appears  
suitable for use in data  processing systems which 
are based on calculations of an average slope of a 
s tandard  curve. 

In  this procedure cuvettes were not rinsed but  
were allowed to drain for short periods between read- 
ings of absorbanee. Rinsing the cuvettes between 
readings with the solution whose absorbance was to 
be measured did not increase the precision of the 
measurement  of the absorbanees beyond values given 
in Table I [  or change the value of the slope of the 
line relat ing absorbance and cholesterol concentration. 

Analyses of Qualily Control Samples. A measure 
of the reproducibi l i ty  of the semi-automated method 
is given in Table I I I  in which are presented repre- 
sentative daily analyses over a period of 6 months 
of a frozen pooled serum used as a measure of qual- 
i ty control. I t  can be seen that  there was very  little 
change in mean value for these specimens from day to 
day and month to month dur ing this period. In  fact, 
analysis of variance technique applied to these data 
revealed that  the day-to-day variat ion was no greater  
than the usual within day  variat ion indicating a high 
degree of reproducibi l i ty of the method. The s tandard 
deviation, calculated for  each of the 6 weeks in Ta- 
ble I I I ,  ranged from 1.7 to 4.1 rag%. 

Analyses of Routir~e Samples. The reproducibil i ty 

TABLE II 
Precis ion  of Measurement  of Absorbances of S tandards  and of Slope of 

S t anda rd  Cholesterol Curve  over a 20-Day Period 

Concent ra t ion  of cholesterol in  mg% Reciprocal  

100 200 300 400 of slope 

Mean absorbance 
at 620 m~ 0.121 0.243 0.364 0.484 824 

Range  0.114 to 0.232 to 0.357 to 0.471 to 805 to 
6.126 0.254 0.373 0.498 838 

Coefficient of 
va r i a t ion  2 .5% 1.9% 1.2% 1.3% 1.1% 

Duplicate standards were run over a period of 4 weeks for 5 days a 
week, These data were taken from the routine analyses of 1O0 to 125 
samples per day. Analysis of variance technique (12) showed the day 
to day va r i a t i on  in absorbanee to be s ignif icant ly  h igher  than  the w i t h i n  
day v a r i a t i o n  at  the 0.05 level except with the most  concentrated solu- 
tion. S t a n d a r d  devia t ion  was calculated from the fo rmula :  ~ ~  S.D. 

S . D . =  . Coefficient of va r i a t ion  = 
(n -- 1) mean 
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T A B L E  I I I  
Reproduc ib i l ty  of Analyses of Qual i ty  Control  Samples Over a 6-Month Per iod 

Weekly 
Men. Tues. Wed. Thur .  Fr i .  Weekly precision,  

Month Un i t s  mg% rag% m g% m g %  rag% average S.D. 
rag% mg% 

Oct. Mean 184.8 184.2 184.9 183.3 183.4 184.1 2.61 
l~ange 6.6 3.3 10.6 3.2 4.9 5.7 

Nov. Mean 184.6 ]84 .7  183.0 186.5 182.8 184.3 2.28 
Range  8.2 5.7 3.3 3.4 4.0 4.9 

Dec. Mean ]85.2  182.9 182.7 183.9 184.1 183.8 3.27 
Range  5.2 11.9 10.4 6.1 6.9 8.] 

Jan .  Mean 183.2 182.5 182.2 182.9 ] 83.7 ] 82.9 2.22 
Range  7.5 2.5 1.4 6.8 5.9 4.8 

Feb. Mean 184.5 183.4 183.8 184.4 184.5 184.1 1.66 
]r 7.3 4.2 3.5 3.4 2.5 4.2 

Mar. l~Iean 182.9 182.1 183.0 184.5 184.3 183.4 4.13 
Range  4.0 20.7 3.2 4.9 2.5 7.1 

The analyses of one week per  month  were chosen at r andom for  p resen ta t ion  in the table. F ive  al iquots of frozen serum were analyzed per 
day. Prec i s ion  is expressed in  the last  column as s t anda rd  devia t ion for  analyses carr ied out  in a g iven  week. S t anda rd  devia t ion  was calculated 
as in Table I I .  Analys is  of va r iance  technique (12)  showed tha t  the wi th in  day v a r i a t i o n  was not  s ignif icant ly  different  than  the day to day 
var ia t ion .  

of the method also is i l lustrated in Table IV with 
representative data taken from the duplicate anal- 
yses of routine samples during a period of 2 years. 
The 2 analyses were performed at randomly selected 
times within the 6-day period as outlined in the Pro- 
cedure; hence, the daydo-day variation is included 
in the measurement of precision. The s tandard devi-' 
ations, based on differences between duplicates, for  
analyses performed in a given week, ranged from 
5.5 to 10.1 mg%. In this laboratory analyses were 
repeated in duplicate on those samples whose dupli- 
cates differed by more than 9 rag%. 

In the representative group of analyses reported 
in Table IV from 6 to 8% of the samples were re- 
analyzed. When the original results in Table IV are 
corrected for the repeated analyses, the corrected 
weekly s tandard deviations, which are a measure of 
the precision of the values actually reported, ranged 
from 2.7 to 3.0 rag%. 

I f  the less rigid criterion of rejecting those anal- 
yses whose duplicates differed by more than 16 rag% 
had been used, only 3.5% of the samples would have 
had to be reanalyzed. The "corrected standard de- 
viations" for the analyses of each of the weeks given 
in Table IV would have increased by approximately 
20% to values ranging between 3.2 and 3.6 rag%. 

T A B L E  I V  
Prec i s ion  of Rou t ine  Analyses for Serum Cholesterol Before and After  

Correct ion of Analyses Which  Were Repeated  

Prec i s ion  of analyses, 
s t anda rd  deviat ion,  rag% 

% Analyses 
repeated Number  of Corrected Corrected 

samples for repea t  for repea t  
analyzed analyses analyses At  9 At  16 
per  5-day above above m g %  m g %  

Week week Or ig ina l  9 m g %  16 m g %  level level 

1 395 10.1 2.9 3,6 8.2 4.1 
2 605 7.9 2.8 3.3 5,9 3.2 
3 725 8.7 3.0 3.4 7.0 3.6 
4 535 6.4 3.0 3.3 7,5 3.6 
5 711 5.5 3.,0 3.3 6.0 3.4 
6 722 6.6 2.7 3.2 6.4 3.6 

Weigh ted  
average  7.1 3.6 

These da ta  are taken  f rom rou t ine  analyses f rom serum cholesterol 
car r ied  out  over a per iod of 2 years  d u r i n g  which  f rom 400 to 700 
samples were analyzed in  dupl ica te  per  week. The weeks included in  
the table were chosen by a process of r andom selection. The s t anda rd  
dev ia t ion  was  calculated on the basis  of the difference between dupli-  
cates accord ing  to the equat ion  S.D. ~ V Z R e / 2 N  where R equals dif- 
ference between dupl icate  deYerminations and iN equals the number  of 
samples. Dupl ica te  samples were analyzed from 0 to 6 days apart .  The 
"corrected s t anda rd  dev ia t ion"  was calculated af ter  subs t i tu t ion  of the 
values  obtained af ter  r epea t ing  dupl ica te  analyses of samples in which 
dupl icates  differed by more t han  9 rag% for the o r ig ina l  values  on 
these samples. For  purposes  of i l lus t ra t ion,  another  "corrected stan- 
dard  dev ia t i on"  also was calculated_ by subs t i tu t ion  of the  second analysis  
of specimens whose duplicates  differed by more than  16 m g %  to show 
wha t  the  effect would  have  been on the overall  precis ion i f  17 r ag% 
had been choseu as the difference between dupl ica tes  which requi red  
repeat  analyses.  

In  the 2 years in which this semi-automated method 
has been used in this laboratory for the analyses of 
approximately 40,000 samples, the analyses of about 
7% of these samples have been repeated because dup- 
licates differed by more than 9 mg%. This percentage 
of repeated samples is in excellent agreement with 
the precentage of repeated samples in the represen- 
tative data in Table IV. Therefore, it is highly prob- 
able that  if values above 16 rag% had been chosen 
as the unacceptable difference between duplicates, 
only about 3% of the analyses would have been re- 
peated and the reported precision still would have 
been approximately 3 rag%. This degree of precision 
would be satisfactory for most epidemiologic or phys- 
iologic investigations of cholesterol levels. 

Comparison of Results of the Semi-Automated 
Procedure with Those of the Usual Abell-Kendall 
Methad. Experiments  set up to compare the results 
obtained with the semi-automated Abell-Kendall pro- 
cedure and those obtained with the usual method 
employing volumetric pipettes are given in Table V. 
I t  was found that  the mean value was 3.4 rag% 
higher with the semi-automated procedure than with 
the usual manual method. This 1.5% difference was 
significant at the 0.001 probabili ty level. Investiga- 
tion of the various points of difference between the 
semi-automated and manual Abell-Kendall methods 
failed to reveal a reason for this difference in re- 
sults. However, since both procedures are based on 
the same method of purification of cholesterol and 
on the same color reaction, there is no reason to 
anticipate that  discrepant results due to the pres- 
ence of interfer ing materials would affect the semi- 
automated method to a different extent than it would 
affect the manual procedure. In this connection it 
is of interest that  Antonis, Platt ,  and Thorpe (13) 
also have reported an approximately 1% difference 
between mean values for the acyl ester level of 
serum as determined by an automated method and 
those determined by a manual procedure. 

T A B L E  V 
C,omparison of the Resul ts  of the Semiautomated  wi th  Those 

of the M a n u a l  Abell-Kendall  Method 

Range  of Mean 
Number  of values  va lue  

Method samples rag% m g %  

Manua l  102 1 2 6 - 3 3 4  219.0 
Semi-automated 102 127 -345  222.4 

The samples were analyzed in  dupl ica te  u s i n g  both methods. Dupli-  
cates were randomized  over a per iod of 6 days and analyses were  car- 
r ied  out  a t  the same t ime by both methods. The difference between 
means is s igni f icant  at  the level p----0,001 when calculated by the t-test 
for pai red observat ions.  The s t anda rd  error  of differences between means  
was 0.44 rag%. 
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Number of Samples Analyzed. With the usual 
equipment an analyst  is able to analyze 14 samples 
in duplicate in one day by the manual  Abell-Kendall  
procedure. With  the equipment  and modifications 
described in this communication, the same analyst  
can determine 50 to 60 samples in duplicate per  day, 
an increase in rate  of analyses of 3- to 4-fold. This 
estimate of the number  of samples is based on the 
assumption that  8 s tandard solutions and 5 aliquots 
of control serum also are analyzed. Because of the 
high reproducibi l i ty  of the method, more than one 
analyst  may analyze the same group of samples with- 
out noticeable change in results. When two analysts  
work together, it is possible to analyze somewhat 
more samples, i.e., a total  of 120 to 140 samples per 
day, than with the two analysts  working separately. 
The analyses presented in Table IV  were carried out 
by two analysts working together. However, as a prac- 
tical consideration, it is not possible for more than 
two analysts to work sinlultaneously in order to in- 
crease the number  of samples analyzed per  day  un- 
less a second speetrophotometer  is available or par ts  
of the procedure are delayed overnight. 

A fur ther  saving in nlanpower is brought  about 
by this modified procedure, since it is unnecessary 
to wash large numbers  of pipettes. All of the glass- 
ware in this procedure with the exception of the 
mechanized pipet t ing units, the s tandard  taper  glass- 
ware, and the speetrophotometer  cuvettes, may be 
cleaned by mechanical dishwashers. 
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