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MODIFICATIONS OF A NILAB DILUTER-SAMPLER USED I N  THE 
DEVELOPMENT OF AN AUTOMATED GeMSAEC SAMPLE-REAGETJT LOADER 

C. A. Burtis W. F. Johnson 

J. C .  Mailen 

ABSTMCT 

An antomated sample-rea,gent loader f o r  use with a GeMSAEC Fast 

Ana,lyzer has been developed a , t  t h e  Oak Ridge Na,tional La,bora,tory. 

it, the  loading time i s  s i g n i f i c a n t l y  decreased; f o r  example, a, 15-place 

GeMSAEC t r a n s f e r  disk can be automatically loaded with reagent and 

sasnples i n  3.25 min, while manual methods requi re  15 min. I n  a-ddition, 

t he  instrument i s  capable of providing prec is ion  and accuracy equal to, 

o r  b e t t e r  than, ma.nua,l methods. The a,utoma,ted loa,der was  developed from 

a commercially a,va,ilable Nila,b Diluter-Sampler. 

were required a re  described i n  t h i s  report .  

With 

The modifications t h a t  

1. INTRODUCTION 

The GeMSAEC Fast Analyzer recent ly  developed a f t  the  Oak Ridge 

Na,tiona,l Laboratory’-’ i s  p o t e n t i a l l y  ca,pa,ble of increa,sing t h e  r a t e  art 

which many cl inica.1 and biochemical a,na,lyses may be performed a s  wel l  

a s  improving t h e  precis ion and accuracy of  these a,nalyses. However, 

before these  potent ia , l  capa ,b i l i t i es  can be realized., a, rea,sonable and  

economical sample ana.lysis r a t e  must be obtained. 

The sample a,na,lysis r a t e  can be increased by modifying t h e  GeMSAEC 

a,na.lytica.l module per se  ( i .e . ,  a. previous paper’ has reported an in-  

crease i n  the  sample ana lys i s  r a t e  of a, GeMSAEC Fast  AnaLyzer by in- 

creasing t h e  number o f  cuvets per rotor). Alternat ively,  it can be 
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increased by automating one o r  more of t h e  var ious s t eps  necessary i n  

the  rout ine  operattion o f  a GeMSAEC Fas t  Analyzer. For exa,mple, t he  

d i sc re t e  loa,ding of samples a,nd rea,gents i n t o  t h e i r  respec t ive  c a v i t i e s  

i n  a, t r a n s f e r  d i sk  i s  a, bas i c  procedure i n  t h e  operat ion of a, GeMSAEC 

Fas t  Analyzer. Upon a,pplication o f  a, centr i fuga, l  f i e l d ,  t h e  samples and 

rea.gents a r e  mixed and t r a n s f e r r e d  in to  t h e  proper cuvets, where t h e i r  

a,bsorbances a,re monitored. Automa,tion of t h i s  procedure, which here- 

t o f o r e  has been performed manually with va,rious micropipets, would prove 

a,dva,ntageous i n  t h r e e  r e spec t s :  

GeMSAEC Fas t  AnaLyzers would be increa,sed, ( 2 )  t he  technic ian  would be 

r e l i eved  of t h e  tedium of loading t h e  t r a n s f e r  disks,  and ( 3 )  t h e  pre- 

c i s ion  and accuracy of t he  system would be improved because ma,nua,l 

p ipe t t i ng  (with i t s  accompanying human e r r o r )  i s  o f t en  a,ssocia,ted with 

imprecision and inaccuracy. 

(1) the  sa,mple ana,lysis ra , te  of t h e  

Consequently, an automated sample-reasgent loader  f o r  use with a, 

GeMSAEC Fas t  Ana-lyzer wa,s developed a,t t he  Oak Ridge Na,tiona,l La,bora,tory, 

u t i l i z i n g  commerciaUy ava.i lable components where poss ib le .  A previous 

report'' descr ibes  t h i s  1oa.der and presents  evaluat ion and performance 

da.ta,. 

Nilab Diluter-Sampler. The modifications t h a t  were made axe discussed 

i n  Sect.  3. 

The loader  i s  a, modified vers ion of t he  commercia,lly a.va,ila;ble 

2.  GENERAL DESCRIPTION OF THE GeMSAEC SAMPLE-REAGENT LOADER 

The sample-reagent loader  (SRL) designed t o  automatica,lly 1oa.d a 

GeMSAEC t r a n s f e r  disk i s  shown i n  Figs.  1 and 2. 

i s  a, modified Nila,b Automatic Diluter-Sa,mpler (Nakional Instrument 

Basica,lly, t he  system d 
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d Fig. 1. Front view of GeMSAEC sample-reatgent loader .  
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Fig. 2. Side view of GeMSAEC sample-reagent loader, 
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Labora,tories, Incorporated, Rockville, Maryland) t o  which a Hamilton 

Precis ion Liquid Dispenser (Hamilton Company, Whitt ier,  California,)  has 

been added f o r  a,utomatic reargent dispensing. The inkegraked instrument 

u t i l i z e s  the  Nila,b module t o  obtain a, d i sc re t e  volume of sample, t r ans -  

por t  t h i s  sample t o  a GeMSAEC t r a n s f e r  disk, and then t r a n s f e r  t h e  

sample i n t o  i t s  respect ive sample cavi ty  i n  t h e  disk by expel l ing it 

with a, prese t  volume of wash di luent .  

loa,ded i n t o  the  rea,gent c a v i t i e s  by means of t he  Hamilton Precis ion 

Liquid Dispenser. 

Discrete  volumes of  reargent a,re 

The time required t o  a,utomatica,lly load a, 15-place 

t r a n s f e r  d i sk  with samples and rea,gent i s  3.25 min. 

3. MODIFICATIONS 

Sample Ra,te. - The sampling r a t e  of t he  Nila,b u n i t  was increased 

by a, f ac to r  of 3 by replacing the  o r i g i n a l  dr ive and motor gears  with 

Boston gears (Boston Gear Works, Quincy, Massachusetts) Nos. ~ 2 6 1  and 

~ 2 6 5 ,  respect ively.  

Turntable. - The o r i g i n a l  tu rn tab le  was replaced with a, b i l e v e l  

The loca t ions  of these  gears a r e  shown i n  Fig. 3. 

u n i t  thak contains a, c e n t r a l  peg and indexing pin on i t s  upper deck. 

The modified tu rn tab le  i s  shown i n  d e t a i l  i n  Fig. 4 and i n  place i n  

Fig. 5. 

A GeMSAEC t r a n s f e r  disk can be placed onto the  upper deck of  t h i s  

turnta,ble and properly posi t ioned by ma,tching t h e  holes found i n  t h e  

bottom of t h e  disk with t h e  cen t r a l  peg and indexing p in  of t he  turn-  

tab le .  A savnple carrousel  conta,ining compartments fo r  15 sample cups 

(Fig. 6 )  i s  posi t ioned concentr ical ly  atround t h e  t r ans fe r  disk. 

indexing of t h e  sample ca,rrousel and t h e  t r a n s f e r  disk i s  accomplished 

Proper 
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ORNL PHOTO 0005 -72 

Fig. 3. Bottom internal view of GeMSAEC sample-reagent loader. 
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O R N L  PHOTO 0010 -72 

Fig. 4. Close-up of  b i l e v e l  tu rn tab le  used i n  t h e  GeMSAEC sanple-rea,gent 
loa,der . 
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O R N L  PHOTO 3 C Q 8 - 7 2  

Fig. 5. Side internal view of GeMSAEC sample-reagent loader. 



9 

PHOTO 2094-1 

. 
J 

Fig.  6. Sample ca,rrousel containing 15-saaple cups. 
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by f i t t i n g  the  three  o f f s e t  l egs  of  t h e  sample 

matching supports mounted on the  lower deck of 

carrousel  i n t o  th ree  

the  turn tab le .  This 

ensures a, s ing le  o r i en ta t ion  o f  t h e  ca,rrousel and t h e  t r a n s f e r  disk.  

Turnta,ble Indexing. - A s  delivered, t he  Nilab u n i t  had provis ions 

f o r  30 sample compartments i n  i t s  sample carrousel ;  however, t he  number 

of  compaxtments was decreased t o  15 i n  order t o  make t h e  u n i t  compatible 

with a 15-place GeMSAEC F a s t  Analyzer. This cha,nge, i n  turn,  necessi-  

t a t e d  replacing the  turnta,ble dr ive assembly with t h e  new dual-pin u n i t  

shown i n  Fig. 7; i n  a.ddition, the  origina.1 motor timing switch was 

moved t o  accommodate t h e  new assembly. These modifications, a,long with 

t h e  a i r  l i nes ,  solenoid va,lve, and ac tua tor  switch f o r  t h e  Hamilton 

Dispenser, a r e  shown i n  Fig. 3. 

Diluent Pump Ca,pa,city. - The requirement t h a t  t h e  combined volume 

and d i luent  i n  an individual  casrity of  GeMSAEC t r a n s f e r  d i sk  cannot 

exceed 0.3 m l  necessita, ted a, change i n  t h e  d i luent  pump (Fig.  2 )  o f  

t h e  Nilab module since,  a s  delivered, t h e  Nilab Diluter-Sampler a,llowed 

sample pickup and d i luent  volume se lec t ions  o f  0 t o  0.05 and 0 t o  5.0 ml 

respect ively.  The 0- t o  0.05-ml range of t h e  sample pump i s  idea,l  for 

GeMSAEC a,pplica,tions, 

would d i c t a t e  a, d i luent  volume ra.nge of 0 t o  0.25 m l .  

t h a t  t h e  5.0-ml di luent  pump be operatted a f t  l e s s  than 10% of i t s  caEa,city, 

with a, r e su l t i ng  l o s s  i n  precis ion and accuracy. 

5.0-ml di luent  pump was replaced with a 0- t o  0.05-ml pump. 

i n  order to obta,in a, diluent/sample r a t i o  of a t  l e a s t  4/1, a, new p i s ton  

was f ab r i ca t ed  fo r  t h i s  pump from conveniently axa i lab le  1/8-in. s t a in -  

l e s s  s t e e l  rod stock. 

but  t he  volume r e s t r i c t i o n s  o f  t h e  t r a n s f e r  disk 

This would requi re  

For t h i s  reason, t he  

Consequently, 

Ca,libra,tion of t h i s  pump indicated a volumetric 
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Fig. 7. Turntable dr ive  and indexing assembly used i n  GeMSAEC sample- 
rea.gent loader .  
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range of 0 to 0.2 ml with the  same degree of prec is ion  and a,ccuracy a,s 

had been obtained with t h e  5.0-ml pump. 

Sample and Reagent Probe. - A s  delivered, t he  Nilab u n i t  contained 

two probes a,ttached to t h e i r  respect ive support a,rms and cylinders.  

These have been u t i l i z e d  as sample and rea.gent probes i n  the  modified 

u n i t  (see Figs.  1 and 2 ) .  The reagent probe i s  s ta t ionary ,  while t h e  

sample probe i s  movable i n  order tha,t  it may obtain,  t ranspor t ,  and 

dispense a,n a,liquot of  sample. 

The o r i g i n a l  sample probe on t h e  Nilab u n i t  was a l s o  replaced with 

a, sect ion o f  0.027-inrID Teflon tubing, as shown i n  Fig. 1. This r e -  

duction i n  t h e  cross-sectiona,l  a,rea, of the  probe caused a n  increase i n  

the  del ivery pressure encountered by t h e  s l i d ing  valve assembly ( see  

Fig. 5 ) .  To prevent l e a h g e ,  t h e  valve assembly was modified a,s shown 

i n  Fig. 8. 

General. - The o r i g i n a l  prime push button w a s  replaced with a 

toggle switch t o  f a c i l i t a t e  t h e  priming operation. A s  shown i n  Fig. 3, 

c 

the  cam-opera,ted switch supplied with t h e  u n i t  was u t i l i z e d  to operate 

t h e  Hamilton Dispenser. Minor adjustments were a,lso made to t h e  re la , -  

t i v e  pos i t ions  of t he  remaining cam-opera,ted switches i n  order to 

optima,lly operate the  loader.  

e a r l i e r ,  t he  e l e c t r i c a l  por t ion  of t h e  system was a , l te red  only s l i g h t l y .  

Except f o r  t he  timing changes mentioned 

4. EVALUAT I Om 

A d e t a i l e d  descr ipt ion and an evaluation of t h e  inkegraked 

reagent loader have been presented previously.  To summarize, 

instrument i s  ca,pa,ble of providing prec is ion  and accuracy equal 

10 

sample - 

t he  

to, o r  
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bet te r  than, manual methods of loa,ding. Sample ca,rryover of  t h e  system 

was found t o  be a,pproxima,tely 1%. 
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