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1.0

This S ta tus  Report  fo r the MODULAB Prog ra m (Cont rac t  No. N00014-77-C-0 153) for

the  U . S .  Navy Office of Naval Research covers the first six months of effort——

March 23, 1977 , to September 23, 1977.

Section 2.0 describes the activities p lanned for the six—month r epo r t i ng  period.

Section 3.0 desc r ibes the work accompl ished.  The act ivi t ies  planned for  thc

next six months are described in Section 4.0.

IR-27 02-10l 1-1

_



,~
—-~

. • -—,

2.0 PR O(~~AN P I A N ~~~N ARChI SEPTENhW R , 1977

The MODUI .AB Pro~;rain was p l a n ne d  to ac~-om p I i sh  the  f o l l o w i n g  tasks :

• Review the measu r emen t  requl re incot s  and app li cable  s p e c i f i c a t i on s .

• Review the i n s t r u m e n t s  t h a t  bud been recommended for  procurement  to

assu re the most ap propr i a t e  se lect ion.

• Re view the app l i c a b l e  s pec i f i c a t i ons , sel ected In s t  ruments , and

desi gn approach wi th  the Navy .

• Procur e the  In s t r u m e n t s  of choice.

• Test the  i n s t rum ent s  In the o f f — t h e — s h e l f  condi t ion  to establish a

r e f er e n c e  b a se l i ne  of pe r f o r m a n c e .

• Make an eng i ne e r in g  anal ys is  of the e lec t r o n i c  and mechan ica l

astembi ies  and est ablish mod i f i ca t ions  to rugg edize  the  i n s t rumen t s .

• Implement the mod i fications.

• After modification , retest each instrument against the established

baseline to ensure that no performance degradation had occurred.

At t his time , ou r program is about one ~nont h behind our or iginal  schedule.

This Is due to a greater  number of s t a r t — u p  problems wi th  the Ins t rumen t s  than

we had expected .  The details  of these problems and a discussion of all the

work performed is included in Section 3.0. :1

IR —2 7 02— 1O1 2—1
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3.0 r1:SCRIPTION OF’ WORK l’h RFORNPl )

3. 1 Rev i -w of App i i cable Specifi c at ions and N a v y  Requ I r enco  t S

3.1 .1 Document s  Reviewed -.

We rev iewed several mu itary spec I ficat ions to determine whether tht- could to

used as reasonab le g u i d e l i n e s . The fol lowing document were rev t ~‘w ed

1. Genera l Specificat ion for Shi ps of the tint ted States

2. NIL—F—I 6400: Electronic Equi pment , Naval Shi ps and Shore: Gou~~ra i
Specification

3. MIL—STD—167 : Mechanical Vibr at ions of Shipboard Equi pment

6. MIL—S—90l: Shock Tests , High Impact

5. MIL—STD—131.0: Shipboard Bonding and Grounding

6. NAVSHIPS 25—423—30 : Shock Desi gn of Shipboard Equi pment

7. MIL—M—l7l85: Mounts , Resilient

8. MIL—M— 17508: Mounts , Resil lent

9. MIL—N--19379: Mounts , Resilient

10. MIL—M—19863: Mount , Resilient

Many were found not applicable , because of various program limitations , such as

equipment design , weight of the equipment , and bud get considerations.

3.1.2 Limitation of Commercial_ Instruments

The instruments purchased are all off—the—shelf commercial units. The instru-

ments meet the manufacturers ’ claims, arc listed by Underwriter Laboratories ,

and arc assembled according to good commercial practices. The manufacturers

had no intent to design into these instruments any capability greater than that

required for adequate performance under normal clinical laboratory conditions .

As it is not our intention to change the functional designs In this program , we

must limit modificat ion to accessible areas involving parts replacement or

add itions , to ruggedize , and design to improve resistance to the shipboard

env i ronmen t .

I R—27 02 - . lO l 3— 1
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‘l ’ ie p e ‘.L ~ O i cent i t~urat ions ace su I table I or b e n ch—i  op ~ I P ~ ‘ rat Ofl . iht  t ip t ’ r.l  or

must ha ve access  to the t o p ,  s i d es , and b ack  0 1 some of the i n s t  i et~t e i i t  s . ‘to

ra~ k — n o u u t  these Instruments where onl y the t ront p a n - l  woo l ii be i e . t d t  I v

accessible , mod i f i ca t ions b e y on d  the  scop e of t h i s  cu r r e n t  t I  I o F t  t~~’u l d  he

req uired .

3 , 1 . 3 Spec i f  t ea t  Ion Levels  St -i cot 0d for l’rsent  I n s t  1n ~s n t

The spec i t  t e a t  ion 1 eve is to be app i led t o  t he  M Ol)t !LAII i n s t  rum en t  we 1 t ~ set  e~’ t ed

on the b a s i s  of:

1_ Ant Ic i ~~~~ ed shi pboar d  env i r o n men t

2 . Potent  Ia I f or  modi f lo a t  ion t h a i  can be r e a l  I :~ed v i  t l~ in  t t i e  scop e o I
the cu r r e n t  p rogram.

These levels are a compromise and could cert a l t i l v he c a l  sci l  at  a i . i t  e r d a t  ‘ i t

found to be n e c e s s a r y .  For now , the object [y e  is the  p r o v i s i o n  ot an Inst rumei tt

set ca p a b l e  o f being used on hoard to pr oduce va.l Id da t  .i .

3. 2 RevIew of Recommend ed In s t rumen ts

3 . 2 . 1  ~~~~ trophoiometry_Ver~ us Cl in1card

It was reported tha t  Itarleco had failed to develop kits for tho dt -tonn tttat ton  of

amylase ci— UBDU wit h the Clinicard  Sys tem.  We had heet ~ informed earlier that these

ki t s  were being de veloped . A d iscuss ion ts’.ls held r e g a r d i n g  the d e le t i o n  ot  t hese

measurements from the required list , versus select ion of an a l t e r n a t e  a p p r o a c h .

The re la t ive advantages and disadvantages of v e r s a t i l it y  and f l e x i b i l i t y  vet  .505

ope ratio n al s implicity was discussed. It was conclud ed that. g u i d i n g phi1~ s~ p hv

was op erati onal simp l i c i ty ,  si nce this approach is central  to the MODULAR concept.

I t was determined that anal yses for amy la se and ci—HB DH wi l l  not be required.

3. 2 . 2  Cell Coun t er

A subst i tut ion of a Hycel Blood Cell Counter for the orig inally proposed C l a y

Adams HA—4 was discussed . It was recognized that the Hycel Counter would not

IR—2702--iQl 3—2
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.i~ ’~ ’ t ’~ ‘~iO~latt ’ t h e  t o  I p t i  d b en t  s v s t  ~~~~~ w h i c h  t,~~u l d  hav e  ( ‘~ t o  t op  I . t c ’d by  .t

p i p e t  e t / d  I i u t o r  . i i  wa-  I c i t  t h a t  t f t  s w .o . a c c e p t  tI ’ I t ’

~‘ .%0 ~~ l’ ) W 5 % 5 t J O ~ I ’

I t ~ .t~. po i n :  c c it  t t h a t  isO y ou I d  be t t n . t ~’ t o  o i s ’  c t 0 I — spe  shoe t ~‘~pt  s ’ ’ S ’ F .  t S

01 i ~P i e  I t O t  i n s t  i u~~e t t t  dos  I i’~ t 1 i i t  a t  I .it i ~. - We w o u l d , h~’w~-ve  i • t -s tp  b y

s h o c h — p i o t  oct  f y I ’ m o u n t  t u g  des i gns . in . I  o i L , - .i~ . % ‘ ~~~ ‘ s50~’ % t t  e t  shock 1 1 %  s t  . I n c e .

ap p i  oa~~t i was  a c c e p t a b l e .

I. —~ — 1 t ’ape t . i t t t i  e ( o t t . I ~ o t a  I I d o .

The t eUtpL ’ I at  t i l t ’ e N t  t e i ~t es l i t i  ted in ~‘t I t . f-~i I t~~. ‘.10 we i e d I s 0 t i~ w i t  h p a r t  c i i i  a r

re t e i c t ice  t o t lie h i  gli end ~~t t he  spec f t  c . t  1 b I t .  i i i  cc i t  Is  i c q u t  I i t ’d 1 c t. i i i—

t . t i i i  t e inpe ra t O i t ’S at I,’’C t o t  ‘t eve t  i i  o t  t he m e . i s t i i e m t ’ t t t  5 , O~’,’! . i t  Ion . i t  I e m p~’l

ill ores .ubove thi s love I would r e q u l  t O  .1 coo t l u g  capa t ’  l i l t  v - it was pci i t t  ci out

I ha t  t here wer e net Sot  I I c  f e a t  t u u d  f i t  t he cu r  t ’ t t i t  1’ l o g  ran t  I - ‘ l ’l  or ide  coo I i ng

modi I t e a t  i on s ,  i t  w.is d e t . e i m i n t’J t h a t  .i i t  au.i  I v~ i s  e t  t t t ~’ d o .  i~ :it i m p . t ~~t o t

coo l log provi ion sh o u l d  be made .1 ra~~t o l  he I na I rep5 ’t  t - Ui , ’s, - mod I I —

oat  ions may be accomp I I s l ic i  in t l t t ’ u e \ t  p lt .is t ’ ~‘t I lie p l t ’g t . t n t .

Tra i i i  i n~

At. the t ime of the Design Revi ew , t h e re was no r e qu i r e m e n t  t or t ra  l o t  ug . Tb is
opt t en should be kept open , however .

3. 3 Desi go Rev i ow

A Desi gn Review was held w i t h  the Nay  R &P ‘.‘oinmand on A p t - i l  1) , 1Q . The

technical issues ti Iscussed ar t’ host’ lu s t  desc t ibt ’d in p ar a g r a p h  1. .‘ -

3.4  Hardw a r e l’r~ ou reuient

The instruments purch ase d wer e fr om vend er s t oc k .itt,l net special lv p !t’fOi t - d  I or
t h i s  program.  The t e l  lowing  un i t s  v o t e  p t i t o l t . i s e d :

• Cl int car d Blood C h e m i st  i v  Sv st em t~ lost r u ment  at t on 1 . t b o ta t  o t  v • lOt ’
113 I ta t - tw el  1 venu e , Lexington , ~ii ss.ictitt s c t s 021~ 1 ’)

IR— 2 702 —j O l 3...)
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• Corning 13 toed Cat; Anal  v .~. or  , ~I odeb  165 (Corn in g  ~h-J i c a l  , 
(‘o r b - l i  ng  C l ass

Works , Hod f i e l d  , ~‘I t s s ~i chnse  Its 02052)

• Orion Biomedi cal Sod i u t u / P o t  ass t u rn  A n a l v . e r , Model S5—3 () (Orion Iii~ —
med l en t  , 380 Put  n.uu Avenue , Camb 1.1 dge , Nas sac lo is , ’ t t  s 021 39)

• l i v e d  R ieo~t C e l l  Coun te r , ~iodel  IIC— 300 (Ang e l Vng i n t ’o r i n s ~ Co t  1s or a i  Ion ,
40 ~lea d St r e e t  , St rat f o r d , Connecticut 0(~i97) . A Dade lii lut ~
P1pct t e~ (Da de , I ) i v l s  ion of A m e r i c a n  llosp tt ;il. S u p pl y  C o t p e i - . it  ion , P. O.
Box (72 , M i a m i , F l o r i d a  33i~~~) w ’ ’~ purc1i ~~st’d to  use w i t h  t h i s  u n i t .

The ityce 1 counter was chosen oven the Clay Adams ~lOLld .1 IlA—~ d i  scii~~~t-d In  ou r

MOl ’U L Ah design r ep o r t  (FR—2697— 102) ot June 1976. Our r ev i ew  of the ii.triware

1.IOW av a i lab l e  revea  l e d  des i gn f e a t u r e s  and con t ;t  ru ~-t. Ion d e t a i l s  ot  ( l i e  I1vc~’l

which  we b i t  were superior for this app lication.

No dif fi c u l t y  Was e n c o u n t e r e d  in ob ta in ing  prompt  d e l i ver y  o I any of t he  ~‘qu I p—

ment . However • we did f Intl more problems than expected in start i ug up ho

instruments , lie t . t i l ~ of the  problems we found are covered in the fe l l  ow t u g

pa ragraphs .

3. S i~~
-)
~ 

ne P e r f e r m a i t o e T o s t s

Since the i n s t r u m ent s  compr i s ing  the MODULAR system are to ho niod i fied as m d i—

cat ed by the design analyses , it is necessary to  e s t ab l i sh  p e r f o r m a n ce  base l i nes

in order to evaluate the e f f e c t , if any , of the modifications .

One of the select ion c r i te r ia  for cacti of the instruments was that It be in

common use in c l in ica l  laboratories from which it follows that the prin cip le  of

operation , accu racy ,  etc., are gene rally acceptable and would not  require  cx-
t ens ive eviluat i en.  What was required , however , wj s to d ev elop a set of dat a

that would allow analysis of performance changes , if any , I ndu ced by the modi-

fications , It was felt that this could he accomp lished by analyzing for inter-

and in trad aily precision on secondary standards since such standards can he

relativel y easily controll ed when compared to blood .

A test plan to evaluate base line performance for each instrum ent was prep ared .
The sal ien t  features  of the Teat Plan ar e these :

1R — 27 02—i O l 3—4
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• Centnts ’ut s ott I. l it  ;; t a n dat d  i . at  [Ot t  ~~t oc s ’ .I u i c c

• Re s;; 1 s of p u c e  (ot t  test I 0 anal \‘ sec tit.idt ’ 5Li I 1 \ 1 ~ ‘ I I i v ~-
c o i t s e, -; i  I I \‘ t ’ t l . IV  5

• i’v.i I t a t  j ott o t t.i ~f Cat ci .ini I t o e  g o u l d  r . I  t s t I  ci 00 t r  I , t l  l i l t 0! I c i  ~- l t ~ t ’ —

• i t t  s s ’t s  ~ ‘ t .‘ I , ;c,~t , -, ’ t ( I t  ~‘tt I t is t 1 t t r i c t t t  pe t  1 o t •
~~, ; i i ~~t

I . , I 131 oo,.t t~~m. Ana lv .~, - t

1 , ~~, 1. 1  l) , - s c u  p t  io n

Ot tc  e ~‘J I lls ~ .i s i , ( i t t ’ Ce t u ; I t i e  I -‘ l~ I 5 ’od C.i s Ana ~, 
•
~~~~ v i i i  pt~’v I do six is h o o d

gas tu e . i t :u v s ’a, - u t t  s I rorn  one s.unp l e w i t  it it t  ‘hi sec o n d s . Pus h i sut  t on cont  t o t s

~ Id5 - di git .1 1 r eadou t  s of  d u s c  t 1 v-—tts ’ o  u red p U , P0 , .ini 1”.’’. , . An . i4h l  i t  i o n a l

L i t r e s - pucht su t  t o n s  g i v e  t h e  ca l  c ut  at  ci v a t  l i t ’S t or t o t  a t  ‘.“ .~~ ( l t t ’O ~ , and i’ .ise

exce ss .  For h~ se t ’xOess  , t h e  hemog I oh~ in v.i l no ot  h i t ’ s . I t u j ’  I c  ( i t t  g /d 1 ’) i s  t h e

Ott l v  .idd it icn,i 1 r equ  [red  I tt ~’tt t sl.i I t int -

A g t ao s  e l ec t rode u n o . i s t u u  es p H ;  ,i m o d i f i e d  oh cot t ode ot  t h e  St ow and Sever  i oghaus

t)’~~s’ I~K’~1SIt Vt ’S l’ ’.’~~, O~S\ gen p.1 i t  1.t l ~~i t ’S Sn 10 15 t t1O.tS ’ . t i  ci tsr a I i t t  i i  e ls~~t t ode

Ut iii t ug  a p t at Int uit c at  hode . i t t  Ag 1 .\g C I . i u l o s l e , and n u t  e l e c t  rd V t  e.

An eve t.il I. vi ew of t l t c  Co i i i  tog lb ‘~ “ ‘  Is shown in Ft gure  I . 1 no I udt ’d l i t  t ito

syst em is a built—in I lush  s st e m , ca l  i br . tt  ion gases , b u l l et  sd t t t  ion  • .ini

memt ’r.tnc — ch .tng I t ic, k i t s .  it t t ’ r e  a r t ’ no vat c r h a t  its  or exposed  y. l ,t ss  ci  emcn t

E l e ct r o n i c  h eat  log m a l ut a  hi s c los e t h er m a l  coot  id (+0 . O~ °C~ e t  t h e  hi oci~ eon—

ta in ing the e he c t rode s and samp h e  eh.tmhe i.

3.5. l .~ Test lug  t h e  Bleoth Cas : \n. i lr :s ’r

The Corn Ing Blood Cas  Ann I ?t’r w.is t os t  5’d by p e r t  e t -m in g  t en  in .t  lvs os a Jar  fo r

live consecu t I ye J ay s  us ing  a t onentet eyed hi c . i t  l ’ot t . t  I o ~h t t o r t  do so hut. ion. This

soluti on ap p c . i r e d  p r e f e r .i i~ he  I or eva l t i , i  in g  the  pu cc is  ion e f t i t t ’ Inst r’.tntcnt

$ ince th e co l le c t  ion • st e  r .igs’ , and hand I ing of who 1 e hi OOtl i s  t m e  cet i sum tog

and d i f f i c u l t , and does ne t . i l low t i ts ’ d e sIr e d  c o n t ro l .

I R- .U02—101
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Figure 1 - Coi n ~q Blood Gas Ana l ~~~~~~ ~~~s:t ’ is.’ ~

Our test so lu t ion  was prepared accord  tri g to a method teport ed in C ~f l I~ ’J1

Chemistry by Daniel C. Noonan and Robert W . Burnet t (Vol. 20 , No. 6, l9 7-’~).

Their formula specifi es a solution of t~aCl (150 mm ol/l iter) and N .-tHCO 3 (50 mmcl !
liter) equilibrated at room temperature with a gas composed of 21% 0~ , 12 ’. (/0 ),

and 67% N 2. This solution , in the Corning 165/2 , gives a p11 of 7.20 +0.02 , a
Po, of 170 +10 mmllg , and a of 110 +10 mrnllg. The P02 and P(/0) valttes ar c
apprecia bly hi gher than the gas calibratio n values for the instrumen t , hut the
21~ 02 of the sojutio~ has the advantage of not being appr ec iabl y affected by

02 contamina tion from ambient air . Also , because of the hi gh so lu hil it v of C0

in t he  solution , the loss of this gas to the a mb i e nt  air is i n s i g n i f i c a nt .  

- ‘
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The 15 flu t s  10 Insert ion Techni que was per fo u t-s d for ca ct i  s a m p le  nea cur t -men  a

0. 5— ni t  it1 ~tte t i o n  fo l l ow e d  by a pauS e 01 abou t  13  st icond s , t h e n  ~. second 0 . 5— mi

in cc l ton from t h t t  same sy i-i nge . Only tu e L i t  ree dl roe t mea su  reim ui t e t~ p11

ari d I’(~Q) are made with this solut ion,

Be f or  making sample  mea sur t ’ :uenu  s the  ann  ly r e  r titu s I be p 1t-~’a red , as w e l l  as

c a l i b r a t e d .  The ‘‘0p er a1in ~ P r o c e du r c c ’ g i v e  dci  , t i l e d  i nt r o d u c t ion s  b r  h it ’

daily p r e p a r a t i on  of the  1i
1
st  r u m e n t .  P r e p ar at  to ut cons ists large lv  of checking

c o n n e c t  ions , gas f low r at e s , b lock t t ’m p e r i t u r e , coin ]  i t i o n  of w a s t e  bett it ’ and

f i l ter , act io n of f l u s h  rie~- 1ianism , and chang ing t h e  ye f t ’ r t ’ne c o i e c tr o d t - so lt t—

t ion . Sp ec i a l  a t t e n t i o n  must  be g iven to the  c o n d i t ion  of lie e l e c t r o d e

membranes.

Two standard buffer solutions are used to set the  c a l i b r a t i o n  and slope of the

p11 electrode. A two—point calibration of the  gas e lec t rodes  is p e r f o r m e d  at

the start of each day ’s work and should be repea ted  e v e ry  2 to 4 hours. A one—

point calibration should he performed immediately pr ior to cacti unknowtt sample

measurement. These procedures  utilize a calibration and a slope gas , as well

as p11 bu f f e r s .

Preparation and calib ration is somewhat involved and must be carefully per-

formed. The complete procedure may require 15 to 30 minutes. The i n s t r um en t

remains fairl y stable for the 20 minutes required to make the nicasuremetlis , as

evidenced by the one—point calibration made at the end of the test period . One

should note , however , that a one—point calibration is suggested be fo re  each new

sample and at the end of 2 to 4 hours. Since the gas electrodes tend to equil—

ibrate very slowly, it is desirable to use the built— in timer (set for the

slowest electrode ) so that measurements will not be made prematurely .

3.5.1.3 Test Results

Test results for the Corning instrument are summarized in Table I. The indi-

vidual measur ements are p lotted in Figures 2 through 5.
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TABLE I. TEST RESULTS FOR C ORNI N G  BLOOI) GAS ANALYZER

DAY NO.

1 2 3 4 5 6 7

Set I :  N= lO Samp les

pH :

7.188 7 .196 7 . 1 9 8  7 . 1 9 4  7 . 182
a: 0.003 0.003 0.001 0.006 0.003
CV ,%: 0.04 0.04 0.01 0.10 0.10

- P02 mun fl g:

171.8 174 .6 177.3 179.9 182.6
a: 1.11 3.00 0 . 3 6  0.80 1.42
CV , %: 0 .6  1 .7  0 . 2  0.4 0 .8

~CO 2 mmhlg :  - 

*

119.9 13 4 . 7  119.1 133.7  119.0
a: 0 .54 3.16 0 .64  2 .06  1. 29
CV , %: 0 .4  2 . 4  0 .5  1.5 1.1

Set II:  N l 0  Samples

pH:

7 .204 7 .192 7.191 7 .246  7 . 189 7 . 193  7 . 186
a: 0.006 0.002 0.005 0.012 0.013 0.002 0.001
CV ,%: 0.10 0.03 0.10 0.20 0.20 0.00 0.00

mmhlg:

175.7 180.7 179.1 183.4 172.2  178.6 174 .2
a: 3.19 2.60 3 .02  0.99 1.10 1.43 2 .00
CV,%: 1.8 1.4 1 .7  0.5 0.6 0.8 1 .2

~CO2 mmHg:

120.2 126.0 134.4 103.2 127.9  125. 2 129.1
a: 1.10 3.97  2 . 2 1  2 .16 2 .03  0 .62  0 .93
CV , %: 0 .9 3.1 1.6 2 .1  1.6 0 .5  0 . 7
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Figure 2. Individual Values for p 11 and P02, 
Set I (Corning 165/2)---Five-Day

Tes t
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Figure 4. Individual Values for pH and P02, 

Sot II (Corning 165/2)--Seven-Pay
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}

110 —

5 5
5
5

• 5 •5S

100 I I 
~~~~~ j  I~ - -

1 2 3 4 5 6 7
DAY NO.

Fi gure 5. Indi vidual Val ues for Set II (Corning 165/2)--Seven-Da y Tes t

The avera~e values for P02 
In Set I increased from day—to—day , but there is no

similar trend in the pit and values. We decided to run a second set , over

a seven—day period . No trend is apparent in the second set .  The published

data for  the test solution shows similar five—day trend s when the test period

is extended to thirty days.

Another test solution which may be usefu l for on—boar d quality control of the

measurements is made by General Diagnostics , and is provided in sealed ampu les

containing liquids and gases which simulate normal and abnormal blood conditions.

We tested four of the normal—level ampules on consecutive days and obtained

the following results:

lk—2702—101 3—12
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S

- - - __A __
pH 7.381 7.395 7.387 7.374

P02 (mmfl g) 100.3 108.2 103.3 108.5

~co2 ( mntfl g) 44 .2  40 .7  43.1  4 3 . 5

Still another system has been recently descrihed* hut has not  been t e s t  ed in

th is current program .

A Beckman Noise Generator was used to inject 100 Vac in 5O—b s pulser , at a

phase angle of 90 degrees , on the power line to the Corning 165/2 . There was

no d iscernib le  e f f e c t  on the instrument readouts for any test paramett ’r . Radi-

ated noise , provided by a “noisy ” electric drill , had no e f f e c t  on t h e  Per-

formance of the Corning 165/2.

The Instrument was tilted from side—to—side approximately 23 degrees from the

horizontal with no discernible e f f e c t  on i ts  per fo rmance .

3.5.1.4 Comments

Initial calibration of the Corning 165/2 and samp le measurements requir ed about

an hour each day . The instruction manual assumes that the comp~ete calibration

and slope pr ocedure will be carried out every 2 to 3 hours , and that a one—

point calibratio n check will be made before each different sample measurement.

Since we were using only the simp le tonometered salt solution , we made the two-

point calibration once a day and followed immediately with the test samp le

measurements . At the end of these measurements , a one—point ca l ib ra t ion  was
made to check on any evidence of drift. In general , there was little or no

evidence of drift .

*Evaluation of ~inpuled Tonometered Buffer Solution , A.H .J. Ma as , ~ t a l . ,  d i n
Chem 23(9) 1718— 1725 (1977).
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Frequen t l y ,  the f i r s t  P~ o2 measurement  of a set has  the lowest  v a l u e .  This

would suggest  d ropp ing the  f i r s t  r ead ing ;  however , t i ll s  was not g e n e r a l l y  don e .

In one set , fo r examp le , inc lud ing  the low first I’co2 va lue , It gave ai~ X of

103 .2  mmll g,  a=2 .16 , and CV=2 . 1%.  O m i t t i n g  the low f i r s t  v a l u e  changed t h e  re—

su i t s  to X~~l0 3 .9  nmlH g,  o~ 0. 30 , and CV=0 . 3~ . F u r t h e r  inves t  iga t ien is  m d i  * ‘ i t e d

b e f o re  coIn ing to any conclusion about  r ej ec t i n g  da t a  p o i n t s . (Th i s  ef ~~ei - t i~
also men tioned la ter , in paragraph 3.5. 3.4.)

Dur ing  t h e  t e s t ing  of Set I , the red li ght w a r n i n g  f or  “D e f e c t i v e  O~ ~1emhr w : ”

pe rs i s ted  in coming on. The suggested remedies of w a s h i n g ,  d r y i n g ,  er c h i u ~~in g

the membran e did nothing to e l imina te  the warning li ght. Subseq uent I y, (‘~ - rn ing

informed us tha t  several  ana1y~~ers were known to have d e f e c t i v e  ci r c uit ht- rJ~;

controlling the warn ing  light . When we rep laced the f a u l t y  bo ard , the  j~rob 3 em

disappeared .

A rubber stopper closing a hu m i d i f i e r  v i a l  in the instrument c o n s t a n t l y  work e d

its way out. This , too , was replaced . A l t h o u g h  the  ori g inal  s t o p p e r  was soini e—

what loose , it Is also possible that too hi gh a gas pr essur e in  the  l in e  may

force the stopper out .  Al though the manual g ives 20.7 to 34.5 kPa (3 to S psi)

- for  the gas pressure , t he Field Representa t ive  p r e f e r s  13.8 to 20 .7  ki ’a (2 t o  3

psi), to avoid popping the stoppers.

When making ad jus tments  on the back of the ins t rument , one must  he c a r e f u l  to

avoid moving a small projecting switch which adjusts the “CO2 Zero.” Acci—

dentall y moving this switch from “operate ” to “adjust ” will freeze the CO2
readout. This should be mentioned in the manual.

It appears to be more convenient , in practice , to set the calibration first ,

follow with the ~~~ slope adjustment , then set the P02 
Zero before making the

final p02 calibration adjustment. There is a minor error in the manual (para-

graph 6.2.3) , with respect to pushb utton settings for gas calibration.

There are no ins t ructions for completel y shutting down the instrument. h owever ,

this is readily done by leaving a buff er—filled syringe in the viewer socket and

inserting the Gas Tubing outlet into the Sample Inlet Port.
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the Po7 kit contained an obsolete tilting, our instrument was missing a

Vi ewer and two etectrode cleaning reagents. The gas cylinders were o u t — d a t e d ,
but  p robab ly al l  ri ght to use.  We did not receive a custome r ’s m a n u a l .  All
of th e se  i t em s  were  ev e n t u a l l y  supp l  Led . The friendly interest , f u l l  t-vo p t - r —

jtlon , and p r a c t i c a l  ass I st ance  given by Corn ing ’ s Field Reprosent.- ,t ly e  wer e

greatly appreciated.

• ~L’mbranc c i t an g i n i g ,  f r equ en t ly required , is readily accomplished by means of a

~OtWi~fl1eflt kit .

Secau se of the inheren t  n a t u r e  o f b lood gas systems , st r ict  adherence  to

~ched ul~ d maintenance rout inc~; is  necessary to enjoy trouble— free service .

There are dail y, weekly, and m o n t h ly  ma i nt e n a n c e  p rocedures  to observe .

Co rning also provides a variety of p r ev en t i v e  m a i n ten a n c e  agreements  which , for
th i s  t ype of ins t rument , may be of value . Of course , t h i s  se rv ice could be
imp lemented on ly when the  shi p was in p or t .  -

Perhaps more so titan with the other MODULAB ins t ruments , the blood gas analyzer
requires a knowledgeable , ca r ef u l , conscientious opera tor .  That the instrument

remains on does not mean it is ready to make a measuremen t .  Manual , two—point

calibrations must be made every 2 to 4 hours , and one—poin t  calibration up—

dates must be made before  each samp le. These procedures are t ime—consuming,
and must be accu rately performed in order to enjoy accurate results .

3.5.2 Blood Cell Coun ter

3.5.2.1 Description

~~nod cell counts and hemoglobin determinations for MODULAB are made with  a

~-cel 300 Counter (Figure 6). Measuring 30x2l.5x33 cm (ll—l/2x9/14—l/4 inches)
.is instrumen t measures RBC and WBC by the cell— conductivit y method , and hemo—

.t.uhi~ by the colorimetric cyanme themoglobin methodology . The three tests can

Performed accurately in less than two minutes. No tables are required to

~rrect for Coincide nce counts , as this is done by automatic count compensation.

~~ ‘ ‘702—1o1 3—15

—- -- -

~

_

~

. ~~~ - - - ---
~~

-
~~~~~~~~~

. - - - - --~~~~~~~~~~~~~~~



--
~

-— -

14
. U) 1186

~d .0- V

U)

> - ,.
‘—I U)

V . 0

o V . 0

~~ t.)~~~~

‘U) -. . -

S . . - - -  
-

1.4 - .-- -

- . 
.. .

~~~~
.‘ - , —c.- 

-

- :  - U
V - - ,. . - - - 0

~~~~~~~~~ . - - - - - ‘—4

\ . (~~~~ 1.4
• . - \_ J V

- —,-•.r-.—.— - - . - - .\ . . - — . -- - . - • -, 1.4
- - 1.4

V I I

~

t

~~~~~~~EjIIiI -.-_ 1 ~~~~~~~~

• .• - 

~~~~~~~~~~~~~~~ — —  

— ‘— - _ . - -.. -• . -  

~
. )  I

1.4 ..—.—... - ~~~~~~~~~~~ ~~~~~~~~~~~~~~ .,._- ~~~~~~~~~~~~~~ — ... ,.-
~~ ~

,. . ~~~~~ _.•..• ~~~~~~~ .~
,. . .. 

~~~
- 1V~

_
~

-
~~

- -
V . e  . .. . 0
C .-. - i -

- I‘~~-~H . 4
•

V U ) . ’ -: - . • i . 
~

- .
/ . I -. • - 0
í ,

. - -• i ‘-:
• I - . I U~-~~~~~,:~ • . ( I I ‘ “ - - -  . H
- - - I ._ 

.
-~~~ 

.
U) 

/ 
-

~~: i :  ::±:tt::::± .~!
- .

1R—? 7a?— lfl l
L~~~.



-~~~~~~~~~~~~~~~~~~~~~~ 

~~

A dua l 11 g u t beam (540 urn ) colorfr ~e t er makes th e  hemog l o b i n  de termina ion using

the i sed WBC so lu t i on .  The sol i d — s t a t e  svs t ern  is op er ated  by p u s h b u t t on s .

Only 2 5 — g  samples are required . The r e a d ou t  ts di g i t al  . An audible and visual

sigoal  i n d i c a te s  a clogged cond it  ion t~ h i ich is read L i v  r~-n ~ ’ved by a manu a l  ha ck—

flush feature . No mer cury is used in the v o l um e t r ic  sy s t e m .

Although samp ling and diluting may be p er f o r m e d  manuall y , using p ipettes , better

r e p e a t a b i l i ty  and a c c u r a cy  can be reaii :~cd by u s ing  a hi gh ly  p rec ise  a u t o m a t i c

d i l u t e r. Hence , a Dade Automat ic  D i l u t e r  is used in con junc t ion  with the Hy cel

Blood Cell  C o u n t e r .

3. 5 . 2 . 2  Tes t ing  the Blood Ce l l  Counter  -

The Elyc el Counter 300 r equires  several a d j u s t m e n t s  for  setup  and s t a r t u p .
Fi rst , the de te rgent and d i luent  are checked for  possible c o n t a m i n a t i o n .  Then ,
using a su i t ab le  hematology control , the threshold  voltage is es tabl ished for

huma n blood cells. This procedur e is per form ed for  both red and white cells
(RBC and WI~C) - On ce establ ished , the  thr eshold vo l tage is checked dai l y (b y
depressing the THRESHOLD pushbutton) . Diluent and lysing agent is used to set

t he hemog lobin zero . A hemato logy control fo r  RBC is used to calibrate the

colorimeter section of the Hycel for hemoglobin measurements.

Our test program required our making eleven RBC , WBC , and Ugh ~~t cr m i nation s
daily for five consecutive days. This ~as done using both normal and abno rmal

hematology controls .

We also checked the Hycel for any abnormal effects on opera tion caused by radi-

ated and line—imposed electrical interference.

A final test , the 23-degree tilt , has yet to be performed .

3.5.2.3 Test Resul ts

The results of the threshold check on the Hyc ci counter are sho’~rn in Figure 7.

The precision tests for RBC , WBC , and hemoglobin are tabulated in Table IL.
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__ WBC :* SERIAL NO. 1556, 6 JUNE 1977
2 -

*OADE HEMATOLOGY CONTROL : “NORMAL” (DIFFERENT VIALS)
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THRESHOLD SETTI NG VOLTS

Figure 7. Hçjc~’1 Count-~-r Thr oshoh-J Piot
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TAJ~LE I I .  TEST RES ULTS--RBC , P/B C , 11g b

DAY

1 2 3 4 5

RBC : x106

Control-Normal

4.42 4.55 4.34 4.50 4.56
a:  0.04 0.04 0.05 0.05 0.05

CV , % :  1. 1 1 1 1

Control  —Abnormal

2.91 3.32 3.26 3 .27 3 .27
O f  0.03 0.07 0.04 0.04 o.o~CV , %: 1 2 1.3 1 1

WBC: x103

Control—Normal

8.1 8.5 8.4 8.5 8.5
0.08 0.12 0.08 0. 12 0.13

CV ,% : 1 1.4 1 1.4 1.5

Control-Abnormal

K: 13.6 15.2 15.2 14.8
0: 0.18 0.14 0.14 0.20 0.14

CV , % : 1.4 1 1 1.3 1

11gb : gm/d l

Cont rol—Normal

K : 12.5 14.2 13.7 13.6 13.4
a: 0.18 0.24 0.11 0.11 0.17

CV ,¼: 1.5 1.7 1 1 1.3

Control—Abnormal

8.2 9 . 3  9 .5  9 . 5  9 .0
a: 0.09 0.09 0.21 0.09 0.11

CV ,?.: 1 1 2 1 1.3

IR—27 02—101 3—19
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Ind iv idua l  m e a s u r em e n t s  c o n t r i b u t i n g  to LI:~ dail y average are displayed in

Figures 8 through 10.

4 Hematology controls (normal and abnormal) prepared b y Dade Division of •\i~e r ican

Hosp Ita l  Supp ly  Corpora t ion  ‘~- ere used to  make the m ea s u r e m e n t s.  These controls

contain m o d i f i e d  human and f ixed  avian  blood cells in a buf ered m e d i u m  w it h

added preservatives and stabilizers .

Dade ’s assay of the control s gives the following mean values ( C o u lt e r  methods ):

RBC — norma l :  4 .49x 106 a = 0.05
— abnormal: 3. 28x106 a = 0.05

WBC — normal:  8.1x103 = 0.3
— abnormal: 14 .4xl0 3 o = 0.4 

-
-

11gb — normal:  13.6 g/d l a 0.1
— abnormal : 9.4 g/dl a = 0.1

Line—imp ressed e lect r ical  noise as low as 25 Vac (50 ~is pulses) increased the
.background count  from 0.05 to 0 5  (x106) in the RBC mode. In the WBC mode , the
ba ckground count rose from 0.1 to 1.1 (x103) .

Increasing the impressed noise voltage to 200 V made little difference. RBC

counts rose from 3.4x106 to 3.9x106 when the noise generation was set at 200 V.

WBC counts rose from 15.0x103 to 17.0x103. The noise effects were reduced by

50% when a voltage regulator was used between the noise generato~ and the counter.

Radiated interference was simply performed by approaching the counter with a
“noisy” electric drill. Both the RBC and WBC readouts became very erratic when
the drill was within two feet of the counter. The hemoglobin colorimeter was

not affected by either of the EMI tests.

3.5.2.4 Cotrsnents

The daily RBC , WBC, and Hgb data were all obtained from one sample of the hema—

tology control for “normal” blood , and from one sample for “abnormal” blood .
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The .•II:a , v i a ls  of hematology controls yore used f o r  the five—day period . Thus ,

the t a b u l a t e d  da ta  may be looked at v e r t i c a l l y f o r  s.-tmp ) e pr ec is Ion , and hori-

zon ta l l y  fo r va r i a t i on  f r om day—to— .d.n’.

The daily dist r  thution of eleven v a lue s  f or  norm al , or abnorma l , hemog l o b i n  was

not obtained f rom eleven d i f  f cr e n t  p r e p a r a t i o ns . The dist r i h u t  ~d va lues  show

what happens  when the same cuvet te is removed f r ~ m the  hemog i  oh I n co .I or i met or

compart ment of the counter , r ot a t e d  90 degrees , and rcp i aced l o  r a new me asur e-

ment: . This process was r epe ated  ten times (after the first determination). The

data suggest  tha t  s l i g h t)  v bet  t er  hemog lob in  d e t e r m i n a t i o n s  may be o b t a i ne d  by

t h i s  process of measur ing ,  r e c o v e r i n g  and r o t a t i n g ,  and rt ’n leasur ing  t h e  I I L m i - ’—

globin cuvet te  perhaps  th ree  times .

Once an accurate l y known hemoglobin samp le has been m e a s u r ed , and the I ii:; t r t uu t -n t

calibrated for this value , it is convenient to measure s an ~I I )p r o p r 1 at e  Opt  S ea l

f i l t e r  at tha t t ime to serve as a c a l ib r a t i o n  check t h e r e a f t e r . We found that

an Eastman CC5OR ( p i n k )  gel a l l  ti f i l ter  gave a r ead ing  of 19. 1.

Al though not statistically verified , i t  appears  t ha t  the  f i r s t  measur ement .  of an

RBC sample may g ive a hi ghe r reading than subsequent  ones.  I t  may he we l l  t o

reject  the f i r s t  measurem ent .

We found that if the operator ’s hand is near the Cuvet t i ’ (o r touch ing  i t )  d ur i ng

a measurement , the count ra te  wil l  be g rea t ly  acce lera ted , caus ing  a lar ge  ci ror

in the final c o un t .

The Dade diluter must be cycled a few times before using it to aspirate or dis-

pe nse a sample , and care mus t be taken to remove all air bubbles in the delivery
tubing.

One cannot leave the Hycel counter on for any length of time , or the cell will

deplete the beaker solution (even in a non—counting mode) and finally asp irate

air. Aspirated air is difficult to purge , requiring extensive liquid flushing

I
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to remove. When not in con t inuous  use , th is  l u s t  ru inent  should be urno d  off

i t  r equires o n L y  15 m lu u r e s  to stab 11 f -he a f t e r  t u r n — o n .

The lived c o u n ter  is  s i mp l e  and easy to opera t o  and  m a i n t a i n .  t gav e  i N i - i -  I —

lent , t roub .1 i - — f  roe p er f or m a n c e  t h r o u g h o u t  the  t i - s t  per iod

3.5. 3 Sod iu m/ }’a i a s s i um  Ana lv :~t ’r

3 . S. 1 . 1 l)t 5cr I p l i u n

Because i t  einpl ovs spe c i t i i- - I on el eel rodes to  inem;ure t he  e l ec t  r i -t i v t  e:; sod l unt

and p i - t t a . s s i u l n  p0 ten t I o i n e t  rically, the Or ion Sp a c e— St  at  30 has I) 0t’ll i - O t~ i d~ i i - d

f o r  the t ’IODULAII sy St e m . Th i s  Inst  rtimen t was a sp in— off of a prot ot vpi - - i- 1 oct  ro—

ly t e  a n a l  ~- .-~er (ca l led  Sp a c e — S t a t )  deve loped  b r  NA SA .  The Mo de l SS— 30 i s

in Fi gure 11. This  i n s tr u m e n t  d e ter m i ne s  Serum sod Sum (N a +) and pot as: ; i tmm (K +)

values  of whole  blood (or serum) in 48 seconds . Less t h a n  0.5 m~- of samp le is

required (whole blood , p lasma , or serum)  . The m easurement :  range ext en ds f r o m

20 to 199.9 m e q/ i  f o r  Na , t o  0.2— 11 9 .9 meq/~ fo r  K.  The o u t p u t  is di g i t a l  and

t e r m i n a l s  a r t - p r o v i d ed  on t h e  back of the  I n s t  rument for a recordi -’ r , I f  d e s i r ed .

Standard [zat ion and wast e  l i quids  are con t a ined  in a closed c o n t a i n e r  w i t h  t he

i n s t r u men t  . The operator need onl y inj  i- - c t  a samp l e , pu sh a bu t  ton , and read

the resul ts .  Mov ement of sample and the n e c e s s a r y  reagents  t h rough  the  I n st ru -

ment is accomplished w i t h  a 4—channel pen s La I t  i i -- pump.  The pump and a i r

F valves operate in a timed cy c l e  h i c h  moves the liquids  and ai r through a n e t —

work of Lub ing and the elei --trode modu le . In  a dd i  t ion to the  s e l l — c o n t a i n e d
- s t a n d a r d i zat i o n  so lut ions , c a l i b r a t i o n  s tan d ar d s  are also provided .

3 . 5 . 3 . 2  T e st i n g  the Sod iu m/ P o t a s s iu m  A n a ly z e r

The Orion Sp.- ice— St at 30 N a / K  Anal y ? e r  r e q u i r es  a sp e c i f i c  checkout  procedure  to

be performed daily. This procedure Incl udes che cking l u b r i c a n t  d i s t r i hu t  Ion
over the tubing in the pump comp ar t me n t , v e r i f y i n g  the “set of s t a n d a r d ”

settings , and p er f o r m i n g  the  S t a n dar d i z e  and Calibration routin e . During these

exercises , the Set Slope procedure may also he required.

‘ 

-
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For our prt - i--Lsi on tests we made ten analvsi --: ; at each of two l e v e l s  (normal amid

abnormal )  , us ing  r e c o nst i t u t e d  1vop1iili~ ed serum . These an.tlvsi s w e r e  repeated

on I ive  consecu t ive  days .

Rail Ia Led a m id I the— imposed e le c t r ic a l  i n t e r  fe  r ence t e s t  s w ere  mad e a t  the  eon —

cius ion o f  the preci Sion runs .

rho 2 3—dog ret’ tilt t t~5 t was a I so per formed en ti t  is i n s t r u me n t .

3 . 5 . 3 . 3  Test R e s ul t s

The Or ion  Sp a c e — S t a t  30 Na /K Ana ly zer  f a ile d  t o  meet  I t s  sp e c S  f l o a t  io n  t or I lie

sod m u m  response r a n g t~ . The ei t- i-~ t rode m o d u l e  \s’~ I : ;  rep lac ed  but  t:he Lu st:  r umi --n t

cont jutted to show n o n — i  incar and non—repeatab l i  r e su l  t . The St t Slope mode

was very  noisy and difficult to use. The i l t - o e s s a r v  }~ -i ;ove Svr  l o g o / A n a l  v;: e si g--

nal failed so that an o v er — r i d e  t e c h n i q u e  was r e qu i r e i -1 i n  or d e r  to obtain a test

r eadou t .  It was noted , however , t ha t  dur ing t. he p - ~
-
~ 

- 1  the lust i omi- - m i t  was

operating, tilt’ p roe ( ion was excel lent . Al 1 efforts t o hr I ng ;iIs’o t no rita 1

opera tion failed and we rej ected th e  i n s t r ume n t  . O r i o n  P i omed ical  rep laced
t h is in s t rumen t  and we again began our tests. The second j u s t  ru ntemit :  i~t’r f o r n i- -J

faultlessly.

The test results arc tabulated in Table I l l  and t h e  in d iv id u a l  da t a  points  an - ’

d isp l ayed in Fi gures 12 th rough  14.

The e lec t r ica l  in te r fe rence tests , line— Impressed ( to 100 Vac) and r a d i at e d ,
had no e f f e c t  on the Orion Space—Stat  30.

Na/K measurements perfor med while the Instrument was tilted about 23 d eg r ees

from side—to—sid e yield ed all normal results.

3.5.3.4 Commen ts

Although the Orion Space—Sta t  30 was on t h r o u g h o u t  the test period , and was

always standardized dail y , the first measurem ent of the day was Invariably

IR—2702—LQi 3—27
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TAiJL ~E I l l .  O R l~~f J SPACE—STAT 3 O — — i Vj ,- ! - ~ Ph ’E CISIO N TESTS (VAI : Y AVERA( ;Es : NEQ/ ~~)

I)AY

1 2 3 4 S

N t

Cont ro l  —Normal

X: 141.0 140.3 141.6 141.9 l!iO .8
a :  0.69  0.89 0 .67  0.58

CV , %: 0 .5 0 .6  0 . 5  0 .4  0 . 3

Cont ro l—Abnorma l

X : 127.1 128.5 ]2 9 .8  125.5
a : 0 .46  0 .4 4  0.4 1 0.46 0 . 6 7

CV ,%: 0 .4 0.3 0.3 0 .4  0 .5

K
Cent rol—No r m al

X: 4 . 2 0  4 .2 3  4 .25  4 . 2 6  4 .16
a: 0.04 0.04 0 .03  0.03 0 .03

CV , %: 0 . 9  0.9 0 .7  0 .7  0.6

Control—Abnormal

5.66 6 .20  6 . 15 6 . 0 3  6 .15
a: 0.11. 0 .05 0 .03  0.04 0.0 4

2.0  0.8 0.5 0 . 7  0 . 7

Test Material:

Normal: Moni—Trol I Chemistry Control
Abnormal: Moni—Tro l 11 Chemistry Control
Dade Division , Am erican Hospital Supply Corporation

Dade Assays (Flame Photometer ) :

Normal. Na 139 meq/t , a 0.7
Abnormal Na — 124 meq/ t , a 1.19
Normal K 4.1 meq/l , a — 0.02
Abnorma l K — 5.8 tneq/ Z , a 0.03

__ — -  
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lout-r than any other in the set .  Tin S low va lue  ( per h a p s  3 meq/ C. I ~ t.’e r t han

a v e ra g e ’)  of course a f f e c t e d  the  s t a t i s t i c a l  c a l c u l a t ion s  .m l i t t l e.  As an

eximtp Ic , the  values  [or one set of  “normal”  N a / K  d e t er m in a t i o n s  was , for N a :

X = 140.3 nmeq / ’~, = 0.89 , CV = O . 6~-

O m i t t i n g  tile lower va lue  (137.8) gave

X = 140.6 meq/~~, c’ 0.37, CV = 0. 3%

Fo r K in the same set we obtaIned

X = 4.23, a 0.04 , and CV 0.9 %

Om i t t in g the  K ’ s lowest value

X = 4 . 2 4 , a = 0 . 0 2 , and C V = 0 . 5 %

The d i s t i nc t ion  is of course  academic , as the results ar e exce l l en t  wh e t h e r  he

lowest value is kept or omitted. We would , h owever , l ike to d e t er m i n e  why tht i

phe nomenon occurs .  (Not e s imi l a r i ty  to test  resul t  descr ibed e a r l i e r  in  i~~~-’-
graph 3.4.1.4.)

The Fie ld Represen ta t ive  who ins ta l l ed  the Space—Stat  30 Analyzer found that

several Important parts were missing . One , a special  bolt  to hold down the

module , was quickly made by our model shop and the others were supp i ied by the

se r vice man .

One problem af ter  anot her beset this Instrument during the next few w eeks .  I t
failed to consistently meet the span specif icat ions .  “ Set St a ndards ” could not

be correctly used . The signal to analyzer failed , necessitating an ever—ride

mode. The counter for the Fluid Pack Consumption miscounted. A “Test Mode”

signal light failed. Our very cooperative Field Representative labored .issidi-

ously to remedy these defects , but the instrument failed to give consis tently

normal performance . Nevertheless , when it was working the precision was

e x c e l l e n t — — t h e  c o e f f i c i e n t  of va r ia t ion  was genera l l y  only a f r a c t i o n  of Oflt ’

percent !

TP_ 1 Pfl’
~
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This i.nstru~ ent was , of course , rejected . A sect~nd u n i t  was dcl  ivered  .iiid in—

stal  led ; t h i s  one wa s  comp le t e , and p r o v i d e d  cxc t -11eu~ p e r t  o r m I l l e e  -

Once chv c~ id and calibrated , th is inst rument is ex t  ve rne  lv  s imple  to operate .

There .i~ n~ external reagents (except cal ibra t ion st a i id ard s)  to handle. Even

t h e  w a s t e  m at e r i a  is are co l l e c t ed  in the  Li u i d s  p a c k .  The da i ly  checkout  pr o-

cedure  is s imp le  and st r a i g h t f o r w a r d .  P er i o d i c  ( d ai l y ,  week ly)  m a i n t e n a n c e  is

unco:::pl i cat e d .  A t r o u b l e s h o o t i n g  guide in t h e  form of flew c har t s  is quite

he lp fu l .

The “Orion Number Two” analyz er , as no ted , worked  except ionall v well throughout

the test period. 
-

One feature needs comment: the fluids pack. This package containing the

standard and reference solution and a waste hag makes o p e r a t i o n  of the anaiy.:cr

neat and convenient .  It also enables the in s t r u m e n t  to remain in the stat mode

by au tomat ica l ly  drawing upon the pack every four  hours  to flush the system .

Even if no sample measurements are  made , however , the pack  wil l  be dep ic ted  in

two weeks j u s t  to m a i n t a i n  the s t a t  mode . Seven of the available 220 c o u n t s  - -

are used when the pack is first installed ; every fou r  hours  two counts  ar e  used

by s tandard iza t ion  in the stat mode , and each ana ly t i c a l  cycle uses one coun t.

If the instrument is shut down , the fluids pack must be discarded , even if otil

partially used . Considering the inexpensive reagents and simple packag ing, the 
—-

flu..ds pack appears expensive at $60 each.

3.5.4 Clinical Spectrophotometer

3.5.4.1 Desc r ip t ion

In the in teres ts  of methodo log ic simpl i f i ca t ion , t he Cl in icard  sys t em——supp l i ed
by Instrumentation Laboratory , Inc.——was selected for making calorimetric chem-

ical analyses. This instrument is especially well adapted to meeting the design

concepts of MODItLAB.

Clinicard is an integrated analytical system (see Figure 15) consisting of a

module containing a photometer , aspirator/dispenser , incubators , a punched card
reader , shuttle ~iec t a i s~~, and digital readout . A Dead Light information

IR—2702—l 0l 333 
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center provides critical test s t a t u s  d a t a,  i f  a p rob l em ar ises  in the ~- e t j u e n—

t ia i  ope ra t i ons , w a r n i n g  si gns appear in t i le  r eadou t  a rea  in d i c at  Lu g the source

of the problem . This feature , together with a Cliiiicard Test Kit , helps the

system sta\- in a precise test condition at all t imes.

All ma te r i a l s  r equ i r ed  to make a p a r t i c u lar  c l i n i c a l  m e a s u r e m en t  a re  i n d i vi d u a l ly

prepackaged . These chemis t ry  k i t s — — m a n u f a c t u r e d  by H a r l e c o — — c o n t a in  t he  samp le

cuve t tes , reagents , and pUnched cards f o r  programming the C l i n i c a r d . A Pro-
cedu re Organizer describing in de ta i l  each of the av a i i ah le  t w en t y — t h r e e

chemis t r ies  (more are being developed) is included with the  Op e r a t o r  M a n u a l .

To accomm odate the various chemis t r ies , t h ree  modes of anal y s i s  are  a va il a hi e

in the Clinicard ; st a n d a r d , abso lu te , and rate. The operator makes no adjust—

ments to meet these modes——the app licable prepunched Clinicard automatical lv

programs the ins t rument  for  r eading the correc t  sections of the three—section

cuvettes .  A p las t ic  f lag  on the cuvette ennures that the cuvette will receive

the correct incubating temperature for the correct period of t i m e .

An integral part of the analyzer  is an asp irator/dispenser which eliminates the

need for manual aspiration of samples or pipetting of reagents. The punched

card for each test controls the action of the . dispenser. Volumes of 25, 50,

100, or 200 p~ are available.

3.5.4.2 Testing the Clinical_Sj~~~ ro hiot~~~~~~

The Test Program for the Clinicard system Is quite simp le. Once the Clinicard

Analyzer has been properly installed and checked by a Field Representative ,

there are no daily standardization procedures to be performed. It is assumed ,

of course , that the instrument remains on continuously. If the instrument has

been off , it will require about an hour to reach temperature equilibrium and

maximum s tab i l i ty .

Although there are no standardization procedures , as such , it is advisable to

make a daily check of the analyzer by performing a series of eight tests using

the Clinicard Test Kit; in less than four minutes , the operator can confirrn

-_
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a Lhcr t h e  I n s t r u m e n t  oper a tes  c o r r e c t l y .  The ei ght . punched tent cards emp 1ev

all progr am bits in some kind of combination and give readouts on the state of

various decoding circuits , noise levels , e tc .  I f  t he analyzer fails to pans a

certain test , the Lest card g ives a s tar t i n g  point  towards i s o la t i ng  the  s o u r ce

uf  the failure .

In addition to the Test Kit program , we made ten ana lyst -n a day b r  f i v e  consec—

u tive  (toy s  on two till ferent chemistries , and at two levels for each .  Recoun t  1—

tuted serum was used at the normal and abnormal levels. Blood Urea  N it rog en

~ lUN) and Total Protein were tin’ two clinica I t e n t s  se lec ted  for establishing 
*

the base] i n c  p er f o r m a m-e  of the  Cl i n lcar d  svst  em.

This i n s tr u m e n t  was also tes ted  for  e f f e c t  of e l e c t r i c a l  in t e r fer en c e .  Tin. 23—

degree t i l t  test has not yet  been p e r f o r m e d .

3.5.4.3 Test Resu l ts

The Clinicard rest Kit , conr ist ing of a special  Cuve tt  o and ei ght punched c a r d s ,

wan used as part of the d a i l y  t e n t  p rog ram.  The test re sults were so non—var y ing

during a ten—day period that stat ist Ical calculatIons ar&~ virtu ally meaningless——

the  C o e f f i c i e n t  of V a r i a t i o n  fo r  all tes ts  was zero to three decimals. These

tests  a rc valuable , nonet heless , as they give the oper a tor assura nce that the

in sLomen i  is operating in a normal manner.

Test resu l t s  are tabula ted  in Table IV . Individual measurements are charted in

Figures 16 and 17. it will be noted that the Coefficient of Variation is some-

what hi gher than is desirable or normally acceptable. No attempt to ascribe

this t o  the standard , chemistry kit , or instrument has been made to date.

Electric a l in terfer ence tests , both line—impressed and radiated , had no effect

in any of tile eight Clin icard check tests.

The 23-degree tilt test has not yet been performed .
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‘i t ) TAI .
PRO’I’KI N , g/ni~

ii 7 3 4

bV N

Con t ro l—No r ma l

X : 14.0 13.8 i L b  14.1 13 .8
a:  0. 3(~ 0. U 0. 6’) 0. 42 0. l 7

CV , Z : 2 . 6  2 . 2  5 .1 ) •
() 3.8

Cont  r o t  —- Abnorma l.

X: 36.~
) 1 3 1 .  3’ .8 3 1 . 2 3 ( , 5

- 0: 1.0’) 1.1 O. ’)4 0 , 1 3  1. 38
2 .9 7 ,9 2 .6 2 .0 3 . 8

To tal  P r o t ein  
--

C o n t r o l — N o r m a l  
-

X: 7.8 7.4 7.4 ~~~ 7.?
a: 0.18 0.1 (1 0 . 3 /  0. 3( 3 0. 3( 1

2.3 2 .?  7 .  3 3.9 6.2

Control—Abnorma l

X: 5.6 5. ’) ~~.
() 6 .0 5.8

a:  0.26 0 . 2 3  0.1.’ C .( ’ 2 0 .2 2
CV ,X: 4 . 7  4 .0  2.i 10.1 4.0

Test Materi a l:

Normal : Mont — Ire I I Cht’m 1st ry Cot i t ro 1 (Dade
Abnormal :  MonI —Tr o l  11 C h e m I s t r y  C on t r o l  (1” .nt, )

Dade Msays ( C l l n l e a r d :

Norma l H U N :  139 mg~ d 1 , o • 0 .43
Abnorma l BUN: 37.b mg /d1 , a 0.58
Norma l Total Prot e in: 7 . 2  g/ d l . a 0 . 15
Abnormal To ta l  P r o t e i n : 5.8 g/ d l , a — O .2t)
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3. 5 . 4 . 4  co~~~~~ts

In our work with the Clin icard  sys tem , we found  tha t  a t imer , or s topwatch , was

quite u s e f u l .  Espec ia l ly when making a ser ies  of ten de t e rmina t i ons  where i n —

cubat. ion is the f i r s t  s tep,  a t ime r can aler t  the operator when ~o t o p  p r e p a r in g

c u v Ot t e S  fo r incubat ion  and when to s t a r t  p repar ing  fo r sa:np li ng.  A t imer can

hel p one avoid being caught  in a sampl ing  p r oc e d u r e  j u s t  when he is si gnaled to

make a mea su remen t .

t~e used only two chemi s t ries :  BUN and To ta l  P ro t e in .  For BUN , we foun d i t  d o —
si r ab i t  to allow at least 50 seconds between cuve tt e  prepara t ions  go : a~; into the

incubators for the f i r s t  time . It does not t ake l ong to prep are  th e c t t v t -i :

(knock out  s toppers , drop in reagent  p ills , remove labels) , bu t  it r eq u i r es

about 50 seconds to replace dispenser  t i ps , aspi r a te  samp ler , dispense them ,

put s t o p per  s t r i p on , and insert  Into incubators  fo r  the second time , it is

very impor t an t  to prac t ice  a simple , s t ra igh t f o rwa rd p r ocedu r e , a l lowing no

va r ia t i on s in the protocol.

it was impor t an t  to be on guard for  knocked out caps floating in the cuvett e

li ght pat h .  This wil l  cause an “error  message ” to be displayed . The remed y is

to tap the cuvet t e  and immediately re inser t .  But , even a sl ight delay can a l t er
the r eadIng .

Some cu v e tt e s  are almost too tigh t to go into e i ther  the Incubator  or the
shuttle . If they are not inserted all the way into the incubators , no timing

cycle will be initiated . If not all the way in the shuttle , “error” will be

displayed.

Care must he taken to ensure that  reagent p i l l s  go only into the intended cell.
It is possible for a pill to bounce from the target cell into one already con-

taining its pill.

The Clinicard system required no daily standardization , no startup procedures ,
no m ain t e n a n c e .  I t  was left on and was always ready to make a Clinica rd
measu re m en t .

L IR-2702-iOl 3—40
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Remarkably l i t t l e  operator  t ra in ing is required , even though some of the chem-

istries are quite involved . The operator , however , is not involved in complex

chemistry . Me merely opens the desired kit , adds one or two reagent-s as re-

quired , aspirates and dispenses the samples, incubates the cuvette as directed ,

inserts the cuvette , and reads the result .

The Clinicard system appears well suited to the Navy MODULAB program. Of all

the instruments , this one requires the least attention and maintenance. The

Test Kit , requiring only four minutes to use, gives assurance that all is well

with the instrument . If, however , it indicates malfunction , there appears to

be nothing the operator can do except contact a ClinIcard Service Representative .

Indeed , such complete automation of a rather complex system may be something of

a drawback. The operator is so isolated from the system that he is not allowed

to over—ride the fixed automation in the event of malfunction and use his own

capability and resources to operate in a manua l mode .

3.6 In s t rumen t  Modifications

3.6.1 Design Philosophy 
-

The major concern is to improve the reliability of the instruments for ship-

board use. Our approach was to examine each instrument and determine which

co:-ponents or structural features would be susceptible to failure in the ship—

board environment. Each case was then evaluated in terms o. what migh t be done

to improve the resistance to failure.

A list of recommended changes was then compiled. In some cases, recommended

changes could not be carried out in this program. For example, some parts are

proprietary and no substitute is available . The structural arrangement limited

access to other parts.

It was not considered practical to attempt revisions to the basic instrument

design. Therefore , nothing was done to intentionally change instrument per—

formance. Verification tests will reveal any failure points——which may be on - 

-
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the recommended change list——even though it may not be possible to make modif  i —

cat ions at this time.

3.6. 2 Modi f i ca t ion  L i m i t a t i o n s

The d i f f e ren c e  between desirable m o d i f i cat  ia~e; to the i n s t r u m e n t s  and pos s ible

m o d i f i c a t i o n s  is established by:

• Cost—— many desirable modi f ica t ions  are too c o st l y  to consider;

• Practicality——in some areas, modifications t o  improve  r e l i a b i l i t y  may
be desi rable , but  s u b s t i t u t e  components with acceptable p e r f o r m a n ce
specifications may not be available.

The imposition of cost restraints leads to a number of design guidelines. For

example , repackaging to alter th e size or shape of any of the instruments is

not within the scope of this program. Protection against th~ full levels of

high impact shock , per MIL—S—901, was likewise deemed impractical , although a

measure of shock protection can be achieved . Implementation of full—level shock

protection would have to start with  the instrument design. This would also be

the avenue of approach for  el iminating some of the p r o p r i e t a r y  or non—approv ed

components; it would also be a viable approach for an eventual procurement pro—

gram . Within  the scope of the present program , however , marty of these desirable

modifications are not practical.

3.6.3 Electronic Analysis

The instruments will be modi f ied based on a visual inspection of the e lec t ronic

assemblies . Commercial grade components will be replaced with components de—

signed to withstand the more severe environment of a shipboard installation.

For example , commercial capacitors will be rep laced with hermetically sealed,

mil i t a ry—qua l i ty  uni ts  when packaging l imitations are not a probl em. All
plastic low—power signal transistors are to be replaced with hermc .tically sealed ,

military—qualified JAN components where possible. In some instances , however ,

special components——such as semiconductors which are designed to a manufacturer ’s

source control  drawing——cannot be replaced without affecting the basic circuit
desi gn and i n s t rumen t  pe r fo rm ance .

______ ‘1 1~~ — 
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Cabling and harnesses will be rerouted to clear any sharp—ed ged metal l ic  hard—
ware to prevent chaffing of the insulation due to the continuous vibration of

shipboard equipment. Cable clamps will be added as required to support

harness wiring.

A f t e r funct ional  checkout of each p iece of equipment , all circuit boards will

be removed and conformal coated to reduce moisture absorption .

3.6.4 Mechanical AnalysIs

Mechanical analysis has been completed on the hlycel Blood Cell Counter and the

Clinicard Blood Chemistry Analyzer , and preliminary work done on the  O r i on

• Space—Stat 30 and the Corning Blood Gas Analyzer. The work was done by analy—

ses and visual inspection of the instrument subassemblies and parts.

The }lycel counter was found to have inadequate retention of the  rear corner of

the large vertical board , and several poorly supported components. Also , the

lower end of the liquid probe is retained in the cell body only by the friction
of its 0—ring sea]., which is not adequate.

The Clinical Chemistry Analyzer was found to be basically sound in regard to

case design , adequacy of subassembly mountings , etc. Areas requiring modifi-

cation were pinpointed on some of the circuit boards , and in detail component —

areas. Several large capacitors needed extra support , as well as a few m di—

vidual transistor heat sinks. The indicator lamps near the front of the instru-

ment , over the ovens, were found to be inadequately supported. Finally , the

small linear optical encoders in the diluter—dispenser portion of the instrument

are not rugged enough. The mounting of the encoded glass strips is with ad-

hesive, in such a manner that the adhesive can be stressed in peel. Breakage

of the glass strips or failure of the adhesive are possibilities , and design

features to relieve the bending stress on the encoder are needed.

A preliminary examination of the other two instruments has been completed ; how-

ev er , no documented inspection has yet been done, and modification parts have
not been detailed ,

- __ - I
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3.7 Ii t it at ic ’n of _M o d L f i cat i o n s

3.7. 1 Methods

In order to remedy the design and construction deficiencies noted above , modifi— -

cation parts will be designed and fabricated as necessary .  The s imp lest  e f f e c —  
-

tive design approach to these modificat~on parts will be taken.  In many cases ,
brackets , stiffeners , etc., are needed for the  required reinforcement.

Observations , recommendations , measurements , and sketches are kept in laboratory

notebooks . A book is main ta ined  fo r  each i n s t r u m e n t.  Many of the  necessary

pa r ts to implement the  required mod i f i ca t i ons  are p r e sen t ly  in f ab r i c a t i o n  (some

arc completed), and assembly of the modification parts to the instruments will -

be documented in the instrument log books.

3.7.2 Electronic_Mod ifications

Currently, all instruments have been disassembled and examined fo r  pa r t  rep l a c e —

ment. All replacement components have been ordered. Co dponents are expected to

be complete by late October . 
-

The Hycel Blood Cell Counter circuit board rework !s complete , with the exception

of replacing one capacitor and conformal coatIng.

Rework of three circuit boards in the Clinicard instrument is comple te  except
for conformal coating each board . ‘

Rework will continue as components are received . j
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PLANNED FOR THE NEXT SIX MONTHS

c rhijor tasks pl anned for  the next  six months  are :

1. Comp lete inst r ume n t m o d i f i c a t i on s
2.  Comp lete r et e s t ing  against  baseli ne
3. P repare system for  sh ipment
4 . Support  Navy c l inical  l abo ra to ry  tes t s
5, Suppor t  shi pboard i n s t a l l a t i o n
6. Support verification tests
7. Prepare and submit final report

This a c t  ivity will complete the program. At this time, we are working to im-

prove delivery of components needed to complete mod i f i cat io n s . (We have been

quoted th ree  months  del ivery  on some capac i tors . )  if a l t e rna te  components or
improved deliveries cannot be obtained , there will be some impact on the pro—

gra~ schedule.
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