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DEVELOPMENT, FABRICATION, AND TESTING 

OF A MAGNETICALLY CONNECTED 

PLASTIC VACUWf PROBE SURFACE SAMPLER 

By G. B. P h i l l i p s  and V. A. Pace, Jr. 
Becton,  ilickinson  Research  Center 

Raleigh,  N. C. 

INTRODUCTION 

The Becton,  Dickinson  Research  Center  of  Raleigh,  North  Carolina  entered 
i n t o  a c o n t r a c t   w i t h  NASA on  Apri l  13, I970   fo r   t he   pu rpose  of  designing, 
f a b r i c a t i n g   a n d   t e s t i n g  a magnet ical ly   connected vacuum probe  surface  sampler .  
The major  advantage of such a probe w a s  t h e   p o t e n t i a l   f o r   t o t a l   a s e p t i c   o p e r -  
a t ion  during  the  sampling  and  assay  procedures .  

The development  program  has  been  concerned  with  the  selection of materials, 
s e l e c t i o n  of optimum coupling  and  decoupling  method,  methods of f a b r i c a t i o n ,  
and microbio logica l   t es t ing   o f   comple ted   un i t s .  Late i n   t h e   c o n t r a c t ,  i t  was 
dec ided   to   redes ign   the   machined   pro to type   un i t s  s o  t h a t   t h e   d e s i g n  would 
l e n d   i t s e l f   t o   p o t e n t i a l   m o l d i n g .   T h e r e f o r e ,   t h e   f i n a l   d e l i v e r e d   u n i t s  re- 
p resen t  a magnet ical ly   coupled vacuum probe  surface  sampler  which  can  be 
molded i f  and when t h e   d e s i r e d   q u a n t i t i e s   w a r r a n t .  

TECHNICAL APPROACH 

The i n i t i a l   e f f o r t s  on t h i s   c o n t r a c   i n c l u d e d  a review of t h e   o r i g i n a l  
Sandia vacuum probe   sur face  sampler'*and the  sampler  previously  developed 
by BDRC under NAS1-9398; ' The d e t a i l s   o f   t h e s e   p r e v i o u s   d e s i g n s  were consid- 
e r e d   i n   o r d e r   t o   r e t a i n   i d e n t i c a l  dynamic a i r f low  charac te r i s t ics   and   micro-  
b i o l o g i c a l   s a m p l i n g   e f f i c i e n c i e s   f o r   t h e   m a g n e t i c  sampler .  

Liesign C r i t e r i a  

In   accordance  with  the  contract   workscope,   the   fol lowing cr i ter ia  were 
c o n s i d e r e d   i n   a r r i v i n g  a t  t h e   f i n a l   d e s i g n :  

1. Forces  available  from  magnetic  holding  devices  must  be 
s u f f i c i e n t   t o   e f f e c t   s e a l i n g   o f   t h e   h e a d / c o n e   a s s e m b l y .  

* S u p e r s c r i p t s   r e f e r   t o   r e f e r e n c e s   c i t e d   i n   t h e  Appendix. 



2. Holding  mechanism  must  be  designed s o  t h a t  a convenient   decoupl ing 
means can  be  employed. 

3. P o s s i b l e   e f f e c t   o f   m a g n e t i c   h o l d i n g  components  upon  microbiological 
sampl ing   e f f ic iency .  

4 .  Nethod  of  removal  of f i l t e r  and o v e r a l l   a s s a y  of f i l t e r  and  cone. 

5. Packag ing   and   s t e r i l i za t ion  of f i l t e r / cone   a s sembly .  

Design  Concepts 

Severa l  means to   accompl i sh   t he   des ign   ob jec t ives  were c o n s i d e r e d   i n   a r r i v i n g  
a t  t h e   f i n a l   d e s i g n .  

1. Metal r ing   a round  per iphery   o f   cone   assembly   wi th   a t tachment ,v ia  
permanent  magnets i n  head. Release to   be  accomplished by f r i c t i o n  
f rom  an   assembly   to   be   des igned   to   accept   cone ,   o r  by an   e l ec t ro -  
magnet in   such  an  assembly.  

2 .  E lec t romagne t   bu i l t   i n to   head   a s sembly   t o   be  powered  by a b a t t e r y  
housed in   t he   p robe   hand le .  Cone t o   b e  molded  from a magnetic 
material such as Devcon, o r  cone to   house  metal r i n g  as i n  (1) 
above. On-of€ s w i t c h   i n   h a n d l e   t o   c o n t r o l   p i c k u p  and release of 
cone.  (Figures 1 and 2 i l l u s t r a t e   t h e s e   m e t h o d s ) .  

Final   Design 

All of t h e   d e s i g n   c o n c e p t s   o u t l i n e d   i n  (1) and (2)  above were thoroughly 
eva lua ted .  I t  w a s  concluded  that   the   concept  of an   e lec t romagnet ic   ho ld ing  
c o i l   w i t h  power supp l i ed  by a b a t t e r y   i n   t h e   h a n d l e  w a s  impract ical .   Ant i -  
c i p a t e d   d i f f i c u l t i e s   i n   o b t a i n i n g   r e a s o n a b l e   b a t t e r y   l i f e  and  holding  forces  
p rec luded   fu r the r   cons ide ra t ion  of th i s   approach .  The i d e a  of a s e p a r a t e  
holding  device  for  detaching  the  cone  from  the  head  assembly was a l s o   r e j e c t e d  
due to   t he   f ac t   t ha t   such   an   a s sembly   compl i ca t e s   t he   ove ra l l   s ampl ing   p ro -  
c e d u r e ¶   i n   a d d i t i o n   t o   i n c r e a s i n g   t h e   m a n u f a c t u r i n g   c o s t .  

The f i n a l   d e s i g n  was s e l e c t e d  a f t e r  cons ide ra t ion  of a l l  aspects of t h e  
sampling  procedure.  The fol lowing  decis ions  were made: 

1. The hold lng  mechanism  would c o n s i s t  of  permanent  magnets i n  head 
and s o f t   i r o n   d i s c s   i n   c o n e .  

2 .  Detaching  would  be  accomplished by a thumb ope ra t ed   fo rk  mechanism 
on the   handle .  

3. The cone  and f i l t e r  would be   r e tu rned   t o   t he   o r ig ina l   sh ipp ing  con- 
t a i n e r   f o r   a s s a y .   F i g u r e  3 i l l u s t r a t e s   t h e   f i n a l   d e s i g n   c o n c e p t .  

2 
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I n   o r d e r   t o   o b t a i n  a q u a n t i t a t i v e   i d e a  of the  holding  forces   which  could  be 
obtained  from a given  magnet   s ize ,  a pro to ty?e   ho ld ing  mechanism w a s  con- 
s t ruc t ed .   Th i s  wechanism cons i s t ed  of a p l ex ig l a s s   ho lde r  5 1/2" i n   d i a -  
meter by 1/2"  thick  which  held  four  magnets  1/2"  diameter by 1 /2"   th ick .  A 
similar p i e c e  w a s  f i t t e d   w i t h   f o u r   m a t c h i n g   s o f t  s teel  p i eces  3/8"  t h i ck .  
This  assembly was a t t a c h e d   t o  a Chatil lon  Force  gauge. The tes t  assembly is 
d i a g r a m m a t i c a l l y   i l l u s t r a t e d   i n   F i g u r e  4.  

The h o l d i n g   s t r e n g t h   o f . t h e   p r o t o t y p e   a s s e m b l y  was t e s t e d  by s lowly   pu l l ing  
the  pole   piece  holder   f rom  the  magnet   holder .  The same test w a s  repea ted  
us ing  a .003 inch  gap  between  the  magnets  and  the  pole  pieces.   Results of 
both tests are shown i n   T a b l e  I. 

TABLE I 

MAGNETIC HOLDING STRENGTH 

P u l l  Number Force 
No Gap 

1 

2 300 9 
2400 8 
2300 7 
2400 6 
2300 5 
2300 4 
2500 3 
2550 2 
2800  grams 

10 2 300 

Force 
.003 Gap 

1000  grams 
9 00 
900 
900 
9 00 
9 00 
900 
900 
900 
9 00 

It w a s  concluded  from  the  above tests t h a t   t h e   f o r c e   o b t a i n a b l e  from four  
DNH-10 magnets w a s  s u f f i c i e n t   t o  seal  cone  assembly  and  that  any a i r  gap 
must  be  kept  very small t o   a v o i d   e x c e s s i v e   l o s s  of ho ld ing   s t r eng th .  

The m a g n e t i c   f i e l d   s t r e n g t h  of t he  DMH-10 magnet w a s  measured  using  the Bell 
Xodel 640 Gaussmeter  and  the T-6030 Transverse  Probe. The measured f i e l d  
s t r e n g t h   i n  a .030 i nch  a i r  gap was 3 ki logauss .  

6 
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Container  

I n   o r d e r   t o   o b t a h   t o t a l   a s e p t i c   o p e r a t i o n  of t h e   c o n e   a n d   f i l t e r ,  i t  w a s  
mandatory t h a t   t h i s   a s s e m b l y   b e   s u p p l i e d   t o   t h e   u s e r   p r e s t e r i l i z e d   i n  a low 
c o s t   c o n t a i n e r .  It w a s  a l s o   d e s i r a b l e   t h a t   t h e   c o n t a i n e r   b e   u s e d  as a 
r e c e p t a c l e   f o r   t h e   c o n e   a n d   f i l t e r   a f t e r   t h e   s a m p l i n g   p r o c e d u r e .  The  con- 
t a i n e r   s e l e c t e d  w a s  a 24 oz.   polypropylene  food  container ,  4 3/8" diameter 
and 3" deep. 

This   conta iner  was modif ied by p l ac ing  a s u p p o r t i n g   t u b e   i n   t h e   c e n t e r  and 
a r e t a i n i n g   r i n g   i n   t h e  cap. The tub ing  was p e r f o r a t e d   t o   a l l o w   f r e e  ex- 
change  of  media when t h e   c o n t a i n e r  i s  used   fo r   cu l tu r ing .   F igu re  5 shows 
t h e   c o n t a i n e r  and a s s o c i a t e d   p a r t s .  

Re-Design of   Probe   for   Xoldabi l i ty  

The o r i g i n a l   p r o t o t y p e   u n i t  w a s  completed  and  submitted  to NASA i n   J u l y ,  1970. 
F igure  6 shows t h e   u n i t  as o r ig ina l ly   submi t t ed .   Af t e r   r ev iew  o f   t h i s   un i t ,  
t he   fo l lowing   changes   i n   des ign  were recommended: 

1. Re-design  of  decoupling  mechanism t o  ease decoup l ing   e f fo r t .  
2 .  Re-design  of  head/cone  assembly to   a l low  packaging of f i l t e r   w i t h  

3. Re-design  of   container   to   a l low  cul tur ing  of   cone and f i l t e r .  
cone. 

Further   review by NASA ind ica t ed   t ha t   subs t an t i a l   advan tage   migh t   be   ga ined  
by  modifying  the  design s o  t h a t   t h e   u n i t  would l e n d   i t s e l f   t o  molding.  There- 
fore,   the  head  and  cone  assemblies were re-designed  by BDRC as shown i n   F i g u r e  
7.  The changes  which were made are obvious  from  comparison of Figure 6 and 7. 

It  i s  i m p o r t a n t   t o   n o t e   t h a t   t h e   p r e s e n t   d e s i g n ,   w h i l e  i t  l e n d s   i t s e l f   t o  
molding, is  not   in tended   to   be   the   f ina l   moldable   vers ion .   Cer ta in   changes  
w i l l  undoubtedly  suggest  themselves when t h e  mold i s  f a b r i c a t e d .   I n   f a c t ,  
c e r t a i n   c h o i c e s  w i l l  need t o   b e  made by the  mold des igner .   Therefore ,   the  
p ro to types   de l ive red   t o  NASA are dimensional ly  as c l o s e   t o   t h e  molded confi-  
g u r a t i o n  as t h e   s t r u c t u r a l   c h a r a c t e r i s t i c s  of t h e  material w i l l  p e r m i t .  
Fur thermore ,   the   submi t ted   engineer ing   drawings   ident i fy  a l l  c r i t i c a l   t o l -  
erances  and  dimensions.  The u l t imate   molder   should   submi t   ac tua l  mold f a b r i -  
cation  drawings  which will s p e c i f y   e x a c t   d i m e n s i o n a l   c h a r a c t e r i s t i c s .  

A i r  Flow C h a r a c t e r i s t i c s  

The internal   d imensions  of   the   probe are e s s e n t i a l l y   t h e  same as t h e   p l a s t i c  
vacuum ?robe  designed by BDRC under NAS1-9398 and  the ear l ie r  Sandia vacuum 
probe .   Severa l   p rev ious   publ ica t ions   p rovide  a d e t a i l e d   a n  1 sis  of t h e  air-  
f l o w   c h a r a c t e r i s t i c s  of  both vacuum probe   sur face  samplers. ? , 3 , 3 , 4  
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Final   Design Review 

The re-designed,;   moldable  version of the   p robe  was reviewed  by NASA personnel  
in   January ,   1971.   Severa l   recommendat ions   resu l ted   f rom  th i s  review: 

1. I n v e s t i g a t e   c o s t  of  molded t e f l o n   t i p s   t o   b e   u s e d  on f i n a l   u n i t  
o r  t o   b e   o f f e r e d  as a n   o p t i o n a l  i t e m  t o   f u t u r e   u s e r s .  

2. Considera t ion  of cu l tur ing   procedure   us ing   cone   conta iner   wi th  
e n t i r e   c o n e / f i l t e r   a s s e m b l y  immersed i n  media. 

3.  I n v e s t i g a t e   p o s s i b l e   u s e  of a f i x e d  "0" r i n g  seal r a the r   t han  a 
poured s i l a s t i c  r i n g .  

4 .  Use 0.f a keyway t o   o r i e n t   t i p   w i t h   c o n e .  

A quo ta t ion  w a s  o b t a i n e d   f o r   t h e   f a b r i c a t i o n  of a mold  and supply ing   of   t e f lon  
t i p s   f o r   t h e   p r o b e .  The e s t i m a t e d   c o s t   f o r  a s i n g l e   c a v i t y  mold was $870.00 
and  the cost  f o r   t h e   t e f l o n   t i p s  w a s  $.29 each i n  q u a n t i t i e s  of 500 p i eces .  

A s o f t  s i l as t ic  Parker  "0" r i n g  was obtained  and w a s  i nco rpora t ed   i n to   t he  
f i n a l   d e s i g n .  . -Tests showed t h a t   t h e  seal  was a d e q u a t e   w i t h   t h i s  "0" r ing .  
The cos t ly   p rocess   o f   pour ing   the  s i las t ic  "0" r i n g  was thereby   e l imina ted .  

The problem  descr ibed   in   po in t  4 above is t h a t   t h e   c e n t e r l i n e  of t h e   c r i t i c a l  
o r i f i c e  of t h e   t i p  i s  somet imes   inadver ten t ly   o r ien ted  a t  an   ang le   o the r  
than 90" t o   t h e  head  and  handle   assembly  center l ine.   Figure 8 i l l u s t r a t e s  
t h e   c o r r e c t   o r i e n t a t i o n .  

FIGURE 8 

ORIENTATION OF HAiiDLE WITH TIP 

I 

c e n t e r l i n e  of 

of  o r i f i c e  

head  and  handle  assembly 
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After  review of the   p ro to type   des ign  by B-D mechanical   engineer ing  personnel ,  
i t  was conc luded   t ha t   t he   t i p   w i th  c r i t i c a l  o r i f i c e  w i l l  be  cemented t o   t h e  
cone  on the p r o t o t y p e   d e l i v e r e d   u n i t s  t o  prevent  misalignment.  To f u r t h e r  
a i d   i n   a l i g n i n g  the cone  to   the  head  assembly,  a r ed  alignment  marker  has 
been  included on the   de l ive red  items. Reasonable care i n   t h e   u s e  of t h e  
p robe   shou ld   e l imina te   any   d i f f i cu l ty   w i th   t i p / cone /head   a l ignmen t .   I f  a 
keyway o r   o t h e r   o r i e n t i n g  mechanism i s  deemed n e c e s s a r y   i n   f u t u r e  molded 
u n i t s ,  i t  can   be   incorpora ted  a t  no i n c r e a s e   i n   c o s t  via s l i g h t   m o d i f i c a t i o n  
of   , the   drawings.  

S t e r i l i z a t i o n  Method 

The s t e r i l i z a t i o n   p r o c e d u r e   s e l e c t e d   f o r   t h e   c o n t a i n e r   a n d   c o n e / f i l t e r  
assembly w a s  a chemical  process  using  formaldehyde  gas.  The  mechanism f o r  
formaldehyde  gas  production w a s  paper  impregnated  with  paraformaldehyde  and 
used as a n   i n s e r t   w i t h i n  a polyethylene  bag  housing  the  container   and  cone/  
f i l t e r  assembly.   Ster i l iz ing  formaldehyde  gas  was evolved  from  the  paper 
ins ide   the   package   us ing  a temperature-time  exposure  cycle  of 45°C f o r  25  
hours .  The top of t h e   c o n t a i n e r  was l e f t   l o o s e   d u r i n g   t h i s   p e r i o d .   A f t e r  
exposure  the  top was t igh tened   wi thout   rup ture   o f   the   po lye thylene   bag .  Tests 
i n d i c a t e d   t h a t   t h i s  method  produced s a t i s f a c t o r y   s t e r i l i z a t i o n  of the  assembly. 

Microbio logica l  Tests 

The  magnetic vacuum probe w a s  t r i a l  t e s t ed   t o   de t e rmine   r ecove ry  of meso- 
phi l ic   o rganisms on t h e   p r o b e   f i l t e r  membrane a f t e r   s a m p l i n g   f l o o r  t i l e  
squares .  T i l e  f l o o r   s q u a r e s  were sampled ( s ix   squa res   each   day )   fo r  a 
per iod  of four   consecut ive  days.  

Table  I1 shows organism  recovery  using  the  magnet ic  vacuum probe. The 
average  recovery p e r  t i l e  each day  appeared similar to   t ha t   ob ta ined   p re -  
v ious ly   w i th   t he  p l a s t i c  and  Sandia vacuum probes  using similar tes t  pro- 
cedures.  Comparative tes t  da ta   f rom  prev ious   s tud ies  are shown i n   t a b l e s  
I11 and IV.2 The overa l l   average   o rganism  recovery   us ing   the   magnet ic   p robe  
w a s  h ighe r   t han   fo r   t he   o the r   p robes   t e s t ed .  

13 
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TABLE I1 

NORMALLY ',OCCURRING MESOPHILIC ORGANISMS RECOVERED FROM FLOOR 
TILE U S I N G  THE MAGNETIC VACUUM PROBE(a) 

Xesophilic  Organism  Recovery a t  I n d i c a t e d  
Test Tile (b)  Average 

Test Recovery 
Day p e r  Ti le  6 5 4 3 2 '  1 

i 
\ 

1 

6 , 323 2,120 26,100 660 5,260 1 ,200  2,600 2 

6,182 3,400 12,900 2,670  5,860 3,000 9 , 260 

3 

8 , 745 5,500 16,300 18,100  8,800 1,650 2 , 120 

27,235 37,000  7,340 9,900 3,390 2,780 103,000 

I .4 

(a) Vacuum source ;  1 CFM Gast vacuum pump; average  vacuum p u l l   r e c o r d e d  
d u r i n g   t e s t i n g  w a s  9-11  inches of mercury.  

(b) Ti le  s q u a r e s   l o c a t e d   i n   l a b o r a t o r y  room a t  no rma l   t r a f f i c   wa lk .   Each  
t i l e  s q u a r e  (9" s q u a r e )  was s a m p l e d   h o r i z o n t a l l y   a n d   v e r t i c a l l y   f o r  
t ime  per iod   of  3 minutes .  
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TABLE I11 

7 Test ing 
I Unit 
I 

! 

t 
! .  ‘P la s t i c  Probe 
Teflon t i p  

i 
I 

Pias t i c  Probe 
Teflon t i p  

P las t ic   Probe  
Folystyrene 
t i p  

P las t ic   Probe  
Polystyrene 
t i p  

Sandia  Probe 
Teflon t i p  

>IICXOORGAIISX RECOVERY FROM NOFWAL ROOM CONTAZINATION 
OF FLOOR T I L E  SQUARES USING VACULI PROBES 

Vacuum Force Range 
Inches of llercury 

T i l e  No. 

1 2 3 4 5 

9-10 10-11  10-11 9-12 11-12 

9-10 10-12  11-12 11-12 11-12 

LO-14 10-14 10-14  12-13 11-14 

12-15 12-14  11-14  11-15  10-14 

LO-12 10-12 11-12 12-13  12-13 

PIicroorganisms  Recovered 
Per T i l e  Square 

Tile No. 

1 2 3 4 5 

2200 

3400 

500 

7800 

600 

400 2800 

1600 22600 

600  500 

900  6200 

3300 15600 

1200 

3800 

1100 

5200 

2600 

6000’ 

700 

700 

3700 

10600 

Per Tile Square 

2520 

6 420 

Average 
Organism  Recovery 

I 
I 

680 

4760 

6540 



TABLE  IV 

MICROORGAXISM  RECOVERY  FROM XOP>U ROOM  CONTANINATION 
OF  FLOOR  TILE SQUARES WING DILUTION  ASSAY 

Testing  Unit 

Plastic  Probe 
Gelman  Filter 

Sandia  Probe 
Gelman  Filter 

Plastic  Probe 
Millipore  Filter 

Sandia  Probe 
Millipore  Filter 

Nicroorgansim  per  Tile  Square 
Tile No. 

1900 500 900 

1400 1200 600 

600 1800 7 00 

1200 800 1000 

1000 

600 

200 

1900 

2000 

1100 

400 

1400 

Average 
Recovery 
per  Tile 

1260 

9 80 

740 

1260 
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U1WACKING AIJD OPERATING INSTP3JCTIONS 

It is d e s i r a b l e   t h a t   s t e p s  1-3 be  performed i n  a laminar flow hood o r   o t h e r  
clean envi ronment .   I f   th i s  is no t   poss ib l e ,   t he   ope ra to r   shou ld   t ake   p re -  
c a u t i o n s   t o   i n s u r e   t h a t   t h e   c o n e  and f i l t e r  are not  contaminated.  Figure 9 
i l l u s t r a t e s   t h e   r e q u i r e d  s t e p s  i n   t h i s   p r o c e d u r e .  

1. S l i t  polyethylene  bag  and remove con ta ine r .  

2. With con ta ine r   i n   up r igh t   pos i t i on ,   unsc rew  cap .  Check t o   i n s u r e  
t h a t   f i l t e r  i s  p r o p e r l y   p o s i t i o n e d .   I f   n o t ,   p o s i t i o n   f s l t e r   w i t h  
s ter i le  fo rceps .  

3 .  Note  red  alignment  marker  on  cone. Also note  red  alignment  marker 
on head  assembly.  With  these  marks  aligned  slide  the  head  over  the 
cone/f i l ter   assembly  unt i l   magnets   engage.  L i f t  assembly  from con- 
t a i n e r  . 

4 .  Attach vacuum supply  to   handle .   Probe is  now ready  for   use.  

5. To disengage  cone  from  head,  sl ide  the  fork mechanism  forward  with 
the  thumb u n t i l   t h e   s t o p  i s  r eached .   Ro ta t e   t he   fo rk  mechanism 
s l i g h t l y   t o   t h e   l e f t   w i t h   t h e  thumb. Cone w i l l  detach.  (Note: Cone 
may b e   r e t u r n e d   t o  i t s  o r i g i n a l   c o n t a i n e r   i f   d e s i r e d   o r  may be 
detached  into  any  convenient   holder) .  

CONCLUSIONS 

The design and f a b r i c a t i o n  of the  magnetically  coupled vacuum probe   sur face  
sampler  h a s   s a t i s f a c t o r i l y   d e m o n s t r a t e d   t h e   f e a s i b i l i t y  of  producing a 
sample r  which  can  be  used  in  a t o t a l l y   a s e p t i c  manner. It has   been   fur ther  
shown that  the  magnetic  components  have no demons t r a t ab le   e f f ec t  upon the  
sampl ing   e f f ic iency  of the  probe. 

The f i n a l   d e s i g n   h a s   a l s o   b e e n  made s u c h   t h a t  a moldable   vers ion   of   th i s  
un i t   can   be   p roduced   i f   the  demand for   such  probes  should  warrant .  
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ALIGNMENT 
MARKER 

MARKER  ON HEAD  ASSEMBLY.  WITH 
THESE  MARKS ALIGNED  SLIDE  THE 
HEAD OVER THE CONE/FILTER 
ASSEMBLY UNTIL MAGNETS  ENGAGE. 

LIFT ASSEMB-M CONTAINER 

PROBE IS NOW  READY  FOR  USE 
ATTACH  VACUUM  SUPPLY  TO HANDLE 

UNSCREW CAP CHECK  TO INSURE THAt 
STEP 5 

TO  DISENGAGE=  FROM  HEAD, 
SLIDE THE FORK MECHANISM  FOR- 
WARD WITH THE  THUMB  UNTIL  THE 
STOP IS REACHED.  ROTATE THE 
FORK MECHANISM  SLIGHTLY TO THE 
LEFT WITH THE THUMB. CONE WILL 
DETACH. (NOTE: CONE  MAY BE  RE- 
TURNED TO ITS ORIGINAL  CONTAINER 
IF  DESIRED OR MAY BE DETACHED 
INTO ANY  CONVENIENT  HOLDER 1 

STEP 1 
SLIT P O L Y E ~ N E  
REMOVE  CONTAINER 

BAG AND 

FIGURE 9: UNPACKING AND ASSEMBLY OF PROBE/HEAD 
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