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me ther  or  not ta es tabhsh a I!ahonal Laboratorv f o r  Pharmaceutical 

Quality control (PEFQC) has been, f o r  several years past, a most contro- 

versial  question f o r  many developing countnes. In prrnciple them is 

no doubt tha t  to ha& a control is useful. In practice, it is debatable 

whether such a laboratory should be established regardless of the general 

level  of technical campetence in the country, whether it might not be 

tetter to maka use of an inter-country laboratory serving several countries 

in common, and whether it is  necessary t o  have a control a t  a l l  a n  the 

foreign producer whose goods are imported has his own production control. 

These are the three main questions most often discussed. Different 

countries have given different answers, depending on the i r  own economic 

and technical situations. 

Clearly, a National Control Laboratory is an expensive, exacting, and 

a t  f i r s t  glance non-prcductivc organization. This legitimately leads to 

hesitation in the decision t o  establish one. Even If a clear answer 

cannot be given a t  once to these doubts, i t  seems likely tha t  most developing 

countnes m s h  to have the i r  own KLFQC ei ther  now or  in the near Ftu re .  

There have been many good articles, papers, and studies clef ining and 

describing the principles and nature of pharmaceutical quality contyol, 

so it is unnecessary t o  repeat here what has already been well said. Instead, 
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an attempt w i l l  be made t o  defrne the stage a t  which a country should 

consider e s  tablishine; a iJLP&C. 

No very detai led guidance can be given slnce the fac tors  vary so 

much from one country to another. I~Jevertheless, thi: so-called developing 

countries can clear lv  be d i n d e d  into t w o  ca tegor~es :  

i )  those with no production of t h e i r  own; and 

i i )  those whlch produce pharmaceut~cal preparatlons, even 

if thls IS done mainly from imported raw materials, 

It must be unreasonable f o r  a country which has no trace of l oca l  

pharmaceutical production and ixqcrts  a l l  ~ t s  preparations to think of 

o r  t o  plan a NI3QC. A t  t h i s  stage o f  ~ t s  development ~t is  advisable 

f o r  it t o  inport  preparatlons fron; firms where adequate qua l i ty  control 

is maintained. A t  a l a t o r  stage, when con&tlons are  different ,  there 

w i l l  be time enough t u  es tab l i sh  i ts  own IVational Laboratory. 

A country i n  the second category, t h a t  is, one producing pharmaceutical 

dosage forms from imported raw nater ihls ,  is  already faced with two problems:- 

i )  the qual i ty  control of thn imported raw materials; and 

ii) the qual i ty  control of the finished product. 

In  additton, of  course, ~t has the task o f  controllinv the qual i ty  of imported 

drugs, whiah should be undertaken st t h i s  point. 

Both the above-mntloned requirements should be carried out as a 

matter of routine, together with a l l  other in-process control measures, by 

the manufacturer, but there 1s every justrf icat lon f o r  government inspectors 

a lso to examhz the processes used I n  the plant. During t h e i r  visits the 

inspectors of the National Laboratory can verlfy the t e c h c a l  and s c i e n t i f i c  

l eve l  of the work dona, evaluate the completeness of the equipment and the 

qualkf~ca t ions  of the staff, and judge any other aspects which might influence 

t h e  quali%y of the product. In Ohis  way the National Laboratory ac t s  as 
a counter-balance tu the manufacturer. 

The Laboratory car r ies  gut the same supervisory d u k s  in comection 

with the dis t r ibut ion of drugs by wholesalers and retail. pharmacie9. 



The system jus t  described is  sometimes cal led a two-step control; 

one a t  the leve l  of production and distribution,  and the other a super- 

control  by the nat ional  authorl t les .  This is the system adopted in 

many indus t r i a l  countries, and it ensures r e l i ab l e  control  of the qua l i ty  

of drugs, 

Two other fac tors  mentioned above wluch it 1s necessary to consider 

when decidlng whether to es tab l i sh  a WLPQC a re  the state of the nat ional  

econoqy arid the a v a i l a b i l i t : ~  of human resources. To put  it in to  p la in  

words: there should be nc- economic d i f f i c u l t i e s  i n  the way of establishing, 

running, and steadiyf developing an appropriate ms t l t u t ion .  

A s  f o r  human resources, a supply of qual i f ied personnel can be obtained 

a s  soon as  there i s  a Pharmaceutical Facultv i n  the country to serve as 

an educational base. Postcgraduate t r aming  can be made available to 

members of the U n t e d  IJations through %THO fellowships, 

Developing countries usually face more problems in the supply of 

t e c h c x a n s ,  since thev often da not  possess sui table  schools or  courses 

to train thls l eve l  of worker. For th~-s reason, almost a l l  the laboratory 

work has t o  be done by the graduates themselves, and so the output of work 

I s  low and its costs  proportionately high. To reme* this s i tua t ion  as 

soon a s  possible, it is recommended tha t  the graduates on the staff of the 

Laboratory should organiee and undertake the progressive t r auung  of its 

technicians. 

'&en a l l  three of the above-mentioned conditions a re  met, the establish- 

ment of a MLPQC i s  possible, and is  probably desirable a s  a fur ther  s t e p  

in the technical  progress of the country. 

In order to have su f f i c i en t  authori ty  and executive power to perform 

i t s  dut ies  i n  re la t ion  t o  the  production and h s t r i b u t i o n  of a l l  marketed 

drugs, includmg those bmorted from abroad, the NLPQC should be a s  close 

as possible to the Minister of Public Health i n  the organizational 

s t ructure  of government. 

Let us now take a d o s e r  look a t  the desirable s i ze  and s t ructure  of 

a National Laboratorg, and a t  the minimum f a c i h t i e s  and personnel it w i l l  
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need. Clearly, an elementary type of qual i ty  contra1 could b.? s ta r ted  

with almost no equipment, but  it 1s advisable when decidmg on a National 

Laboratory t o  think of a l l  aspects of a country's needs over the next ten 

years. It is &ff lcu l t ,  ~f not impossible, -to say how biz  the laboratory 

should be, altlflough experience i n  industrial countries has shown t h a t  there 

may be a correct relationship between the population of a country and the 

number of employees m i ts  National iaborabry ,  i n  the same wav a s  there 

i s  a relationship between the populaticn and the number of physicians, 

pharmacies, hospltal  beds, etc., required to provide an adequate health 

s e m c e .  

It seems safe to say tha t  i n  an advanced country where drug control 

a h a *  ex is t s  a t  the mrmfacturinq -$ant and regional levels, a well 

established and properly equipped NLPQC would be adequatelv s ta f fed  if 

the number cf i ts employees represented about d.OOl$ of the population, 

e.g. 300 employees f c r  a population of 3u million. This is a rough 

approximation, and should be regarded a s  a long-term aim f o r  a well- 

established laboraturn and not  an i n i t i a l  requirement. 

Liegarding the b u i l b g s  and premses needed f o r  a la'soratory, no 

more than planning hints  can ba glven, owing t o  the cornplexlty of the 

problems involved. The building should be erected m a green space 

with ample room f o r  chemical, m~crob~ologlca l ,  biological, and phannac 

cological control laboratories,  administrative offices, a l i b ra ry  and 

documentation centre, a h&me hal l ,  an animal s ta t lon,  a power house, 

garagmwlth a servlce s ta t ion,  m a m ~ n a n c e  workshops, store-rooms, and 

a canteen f c r  employees. 

If the bullding 1s of Rare than one storey, tha ground-floor should 

be ~ s r w k e d  f o r  the phamnacolcqlcal section so tha t  i t  can he close to 

the animal house, and the top f luo r  f o r  the microhlological section f o r  

it to have purer a l r .  The f loo r  in between can be occupled by the 

chemcal see tlons. 

A corridor i s  an advantage i f  ~t 1s s l tua ted  m the middle, with 

room of two standard s izes  opening off it un both sldes. The corridor 

can then house a l l  the necessary ductlng by whch services are  led  into 

the laboratory morns. Air-condi t lonmg m g h t  be useful; central  heating 

m a  the cei- 1s considered the most up-to-date type. 
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The laboratom rooms themselves should preferablv be f u r  no more 

than twv to four persans each, as i n  ths -way there i s  l e s s  interference 

and g r e a k r  concentration m work, and be t te r  precautions against f i r e  

and explosion. The bigger sized rooms should be used only as  laborataries; 

the smaller ones on the opposite side of  the corridor f o r  specla1 and 

a w u l i a r j  purposes such as  weighink r>oms, dark-rooms, chromatographic 

rooms, autoclave rooms, distilling rooms, preparatoq rooms, etc. 

A rdstake is frequentx- made by placlng central  double benches m 
a chemical laborator-r para l le l  with the wmduws. Onlv by p l a c h g  t h e m  

a t  r ight  angles te the windows can enough of the sane kind of l i g h t  

be gimn to both sides of the benches. If the benches are formed of 

bases on castnrs, with the drawers and vorkmg tops f i t t e d  on separately, 

r e p a i ~ c a n  eas i ly  be made k the power lines. The most sophisticated 

labcratories are also equipped wlth central  vacuum and air-taps in addition 

to the water and gas mains. :Jew p las t i c  materials enable the surfaces 

of the benches to be kept clean and undamaged by corrosive chemicals. 

'There should be an adequate number of e f f i c i en t  hoods, and a l l  the power 

contrdls should be eas i lv  accessible from outsida to permit quick action 

ih case of f i r e .  A safety shower is an essent ial  i n  a chemical laboratorp. 

There must also be a suita5le fire-proof place f o r  the s t o r a ~ a  of bulk 

amounts of flammable liquids, A l l  employees must be trained in proper 

safe.ty regulations; these should be written, signed by everyone as seen 

and understood, and kept by the head uf the laboratory. It may be useful 

to give here a t i p  about hvw to prevent errors  when switching off a l l  puwer 

a t  tht; end of the day. 32ch control should be g i ~ n  a smll tag with a 

number; then, the person i n  cnarge o r  the l a s t  person to leave the 

laboratory can check tha t  a l l  have been turned off by fol lowbg the 

numbers se r i a l ly  frcirn No.1 t o  the l a s t  me. This has proved a very 

useful nethod whsrever there are  many controls t o  be checked. 

The rapid development of chromatographic methods makes i t  necessary 

to have a specla1 room f o r  th i s  wlth an efficient ventilation system. 

The wri ter  of t h i s  paper thinks t ha t  it may not be out of place to mention 

here h i s  opinion tha t  the value of chromatography is often ovefiestimated 

and tha t  it is too readikf accepted a s  quick and adequate solution of 
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analyt ical  problems. In his mew ~t 1s not a satisfactory subst i tute  f o r  

more accurate quantitative assays, although it can be a good orientation 

test f o r  ~ d e n t i t y ,  impurity, or decomposition, and can glve a semi- 

quantitative estimate cf the active substance i n  a mixture, and sometimes 

it may he the only possible solution to  a complex ana ly t lca l  problem, 

A t  l e a s t  two rooms should be pronded n t h  alr-conditioning: t h a t  

f o r  rabbi ts  before~vrogen tes t ing and t h a t  f u r  t l t r a t lons ,  a s  the buret tes  
L, 0 

and plpet tes  are calibrated f o r  tempzratures of e l the r  20 o r  25 C1 and it 

is an inconvenience t o  have tu make calculations f o r  d i f fe ren t  temperatures, 

In an lns t l t u t ion  l i k e  a Nathnal  Laboratory i t  1s preferable t o  have 

whole rooms a s  s t e r i l e  boxes f o r  rmcrob~ological work rather  then mere 

s t e r l l e  cahmets, which are only s u t a b l e  f o r  small laboratories. It is 

also preferable to have a separate room f o r  the autoclaves, a s  this mproves 

the safe ty  of the employees not d l rcc t ly  concerned with them. 

Anothiw subject ~t i s  approprlate t o  discuss is  the equipment t o  be 

p r o n l e d  f o r  a National Laboratory. There i s  no doubt tha t  a great  v a r ~ e t y  

of apparatus can be of some use, b s t  experience has already s h m  what can 

be of most use m the i n i t i a l  stage of implementing pharmaceutical control. 

It is necessary to  define here what 1s meant by the m x t i a l  stage. By 

t h i s  is meant a good deqree of chemical and s t e r i l i t y  control, and the micro- 

biological assaying of  ant iblot lcs .  The more expensive pleces of equipment 

which would have t o  be available, in addition to ordmaqr laboratory glass- 

ware, reagents and sundres ,  tL. ensure t h l s  degree of control, are l i s t e d  

in an annex t o  this paper. 

The i n s t m n t s  include apparabls t o  perform spectrophi;tometric 

determinations ul both the UV and vls lble  regions; potentiometers to be 

used mostlv f c r  argentometq;~ and nitritometn-rr; a fluorimeter f o r  the 

assay of vitamins, etc.; and a polarograph, which m11 enable the remaining 

analyt lcal  f l e l d s  t o  'Je covered. In adb t ion ,  a Kjeldahl ~lpparatus and 

a Micro Parr Bomb are included a s  inhspensable f o r  the determination of 

elements m orgaxnc substances. For the measurement of cer ta in  necessary 

physlcal constants f o r  qua l i t~ r  t e s t m g  &ere are  a lso Included a p o l a r b t e r ,  

a refractometer, a micro-meltmg,-point apparatus, a lesintegration tester, 



a pH meter, and a K.Fischer Titrator.  The more important i t e m s  necessary 

f o r  chromatography ara a coater, an UV lamp assembly and a h e r .  The 

remaining equipment is  fL,r general use i n  the chemical laboratory. In 

microbiological testing a l l  the equipment mentioned is f o r  general use 

except f o r  the two items f o r  ant ibiot ic  ac t iv i ty  assays (the Cup Jropper 

and the Zone Reader). 

This can be cons3derad as g1vi.n~ a completa l i s t  of  the more expensive 

items of equipmnt necessa? to sslve the great majority of analyt ical  jobs. 

The acquisition ~f instruments, such as  an 7R spectroph~tcmeter, a gas 

chromatograph and a flame photometer can be deferred f o r  the time being, 

together with the apparatus f o r  e.g. the phannacolog~cal and b lochemid  

control. Some i n s t m a ~ n t s  which might be considered as  very important, 

such as  a Hardness Tester or  a Suppository 14eltmg Point Tester, and others, 

are not  included, as to begin with, simple tests with other equipmnt alreaQ 

provided can take t h e i r  place. Brand names and descrlptlons are deliberately 

omitted from the list, as t h s  paper's intention i s  b speak i n  general term; 

the make and manufacturer adopted i s  a matter of choice, and to make recon- 

mendations here would savour of advertisement. The ccjsts are  roughly 

estimated tu cover duferences between makes and models. 

A s  f o r  the reference library, the hbr ra to ry  would need a t  the s tant ,  

some 500 t o  600 professional books including phamcopoeiae, pharmaceutical, . . 
chemical, micwbiolog~cal,  pharnacological and medical books, i n  addition 

to cata10,gues and lists of pharmaceutical preparations of those countries 

from which drugs are  imported. Sesldes this, about 15 pharmaceutical, 

chemical, and microbiological periodicals should be subscribed to, by the 

Natlanal Laboratomr to pmvlds the most recent n m  on drug problems. 

To start a National Laboratorr it seems sufficient t o  have a staff of 

about 10 pharmacists, some 5 to 8 techniclans and 6 sanitalrans or  auxiliary 

workers, one s tore keeper, one l ibrar ian,  m e  or two typists,  one secretary, 

and two microbiologists w i t h  flve techniclans (even untrained ones if they 

have good personal qual i t ies) .  This number should be considered a s  an 

approximation based on experience. 

The internal o r g m a a t i o n  of a National Laboratory, Ilke the other 
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questions hscussed  above 1s a matter of opiruon and p e r s ~ n a l  experience. 

The writer i g  inclined to  believe tha t  a siiiple d i n s u n  i n m  four  

sections: two chemical, one rmcrobiologlcal and one pharmacological 

(biologlcal)  i s  both easy t o  manage and flexible. The director  cf the 

laboratory need communicate with four heads c;f sectlons only, thus having 

a small adnsory  group able t o  make decisions mbre quickly than a large 

board of section heads, where usually a blg var ie ty  of only s l i gh t ly  

d i f fe ren t  oplnions a re  to  be found. 3very sectlon can be fur ther  s u b  

divided in to  laboratories with speclal  task l i k e  pharmacognosy, bio- 

chemistry, ant lblot lcs ,  histology, hormones, vitamins, etc. 

This kind of organization ensures a '3alance of responsibi l i t ies  among 

the indlvldual sectlon leaders, a s  a l l  of them have about the sane number 

of personnel, and a5  the same time allows a good t ransfer  of information 

from the staff tc, t he l r  heads and n c e  versa. H a m g  two chemical sections 

shows the weight of work among the varlous sc ien t r f lc  f i e l d s  in pharmaceuti- 

c a l  qual i ty  control, where cer taxl ly  some f l f t y  per cent of ana ly t ica l  

problems are  solved by chemcal methods, The reason 1s t h a t  chemical 

testins is done wherever possible and is usually quicker, more accurate 

and l e s s  expensive than biologlcal o r  rmcrobiolo~lcal  testing, which 

should be used only where chemistry cannot give a re l iab le  o r  any answer. 

Examples of t h i s  preference i n  method mclude: a c t i n t y  of ant ibiot ics ,  

hormones, m s u h n ,  e t c  . Laboratories f o r  pharmacognosy and biochemistry 

ere included m one of  the chemcal sectlons as  the deterrmnatlons and 

evaluations made there are increasing17 chemical determinations i n  principle. 

The record-keeping system in a National Laboratorv shows not  only 

the r e su l t s  of analyses but  a lso 'has t o  provide the necessary information 

of the qual i tv  of  e v e q  preparatior, a s  found over long periods. Further 

records should be kept, preferably m the form of s card mdex, on 

analytical methods used o r  developed f o r  tes t ing of the received samples, 

so tha t  when samples are recelved repeatedly the previous expezzence can 

be used. Further records on the r e su l t s  of vlspectlons and on any 

advisory work carr ied out f o r  other authorities, institutions o r  private 

persons should be ava~ lab le ,  The baslc records of a tJLlQC should conslst  
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of: 1 )  a bound ledger f o r  samples received, shorn$: all basic data; 

2)  analytical reports; 3 )  bound allelytlcal note-books; 4) card index 

of preparations tested; 5 )  card index of test ing methods; 6) corres- 

pondence f l l e s ;  7)  inspection f l l e s ,  8) card index of imported prepara- 

tions; 9) card index of local ly made preparatiuns and 10) inventory f i l e s .  

A. fur thsr  aspect to be discussed is  the sampling and inspection work 

which 1s closely related to  the laboratory work. Kuch has already been 

sald or  published about the mportanco of proper sampling and inspections. 

It i s  undoubtedl.~ trua tha t  the Inspection n s i t  i s  the beginning of qual i ty  

c o n t k l ,  the second pa r t  of which is the analytical test ing of the samples. 

An inspector can f c r  instance eas i ly  see tha t  v i t a m i n  tab le ts  might have 

been contaminated by an ant ib io t ic  because the i r  t a b l e t u g  had been carr ied 

out a t  the sanm time on twc. machmes close to each other. It might haw 

taken an analyst working i n  the laboratory a long time to f ind  i4ns out by 

himself. Thus the main pomt  is tha t  the uzspector should bring all 

possible information and observations concerning the quality of drugs into 
the laboratory. Nore about t h i s  par t  of control w i l l  be found in the 

writer 's  paper ant i t led  tlSpeclfications and Analytical Information Obtained 

from the Phanoaceutlcal Manufacturer". 

Relations between a i W C  and other relevant insti tutions,  be it within 

the I f h i s t r y  of Public Health ( d e ~ a r t m n t s  f o r  registration, licensing, 

production) or  m the f i e ld ,  must be constructive and co-operative. Every- 

one who handles drugs i s  a pa r t  of a cham s t r e t c h h g  from the manufacturer 

to the patient. Any and every neglect may resu l t  in undesirable ef fec ts  

when shortcomin@;s are overlooked or ignored, as the control n e t  c a  never 

be as thorough as  t o  allow every package to be checked. Thus everybow 

who i s  in a position t i ,  d;scover a low quality product, whether he i s  the 

wholesaler, the pharmacist, the physician, or  the inspector, must immed- 

i a t e ly  take the necessary actlon. To establish such a collaboration 

requlres a great s e a l  of e f fo r t  on the pa r t  of the ?tiustry of Public Health 

and the National Laboratory. The public health staff can be instructed 

by pu$licatians, papers during meetings, t runing ,  and other adult  educzltlon 

media, 
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Final ly  I would l i k e  t, ~alce a few remarks whrhlch might be useful f o r  

runnmg a IJatlonril Laborabry: 

There i s  an advanbye i n  h a m g  analysts who m addition t o  t he i r  

generalcornpeten-w can specialize f o r  periods in one o r  more groups of 

drugs within the labaratory, so tha t  they become experts: in vltmhs, 

diagnostic preparations, sulfonamides, antlb'olotlcs, antihistaminics, etc. 

The samples to  be analysed are then dts t r ibuted by the head of the section 

to the analyst  who 1s famil iar  with t h a t  group. 

If l a t e r  on other l a b o r a t o r ~ s  a re  established on a regional level,  

the NLFQC: should plav a leadmt: 1-013 m mstruct ing them mtho&caUy, so 

as t o  lceep a uniform control sfstem i n  the country. 

From the very b e g m g  ~t should not be forgotten t h a t  a Laboratory 

is  a place with hlph r l s k  cf f i r e  and health hazards, An adequa t~  number 

of f l r e  extingu;ulshers, face s h e l d s ,  safety showers o r  f i r e  Slankets, 

as w e l l  as other safety alds should he available m a l l  sections. 

Allied to  this qusstion i s  the talany; oa t  of an rnsurance pollcy, 

in whch the employses a s  well  a s  the equipment and the building should 

be included. 

Another very important p rons ion  frequently ignored is  the declaration 

of one of the pharmacopoeiae a s  o f f i c l a l  f o r  the country, '&s single 

a c t  of the Hirastry of Publxc Health would s l m p l ~ f y  evem reference t o  

quality mslde  and outside the National Laboratmy and also facilitates 

the analyt ical  work l t s c l f  a s  it would then not be necessarv t o  prepare 

the ~v sets of reagents prescribed by Af fe ren t  phamcopoeiae. For 

reference pu-rposes, and especially tr, s u n p l a r  work regarding claims, 

it is probably advantageous t o  derlare official the pharmacopoeia of 

t h a t  countrv whence most drugs are imported. The so-called International 

Pharmacopoeia or  Speclflcations f o r  Pharrnaceutlcal Preparations might be 

chosen m a countrv where there i s  a very great varlety of w o r t s  from 

many M f e r e n t p a r t s  of the world, o r  l a t e r  a s  the pat tern f o r  the estab- 

lishment of a ijational Pharmacopoeia when the leve l  of raw materlal  production 

i n  the ccuntry mkes  t h s  necessary. 
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Certainly much more could be wri t ten about a National Laboratory 

f o r  Pharmaceutical Qual i ty  Control, bu t  the purpose of t h i s  paper has 

been l imited and thzrefore only those problems which the writer, well 

aware t ha t  the topic 1s a well-known one, considers worth mentioning, 

have been described as short ly  as possible. In addition, an e f f o r t  

has been made t o  &scuss those points not often shown in such de ta i l ,  

and to mentlon those not found in publications a t  all. It 1s hoped 

that ,  despite the d i f fe ren t  experiences and opinions of the participants 

in this seminar, and the generali ty uf the subject  matter, some useful  

hints and information w i l l  be found in the paper. 



L i s t  of Equipment 

Chemistry: 

Approximate Cost 

$ 
1. Two Potentiometers, w i t h  p o s s i b ~ l l t y  

of ampere measurements 

2. pH meter, electronic, glass electrodes 

4. K'W~ Fischer Titrator,  manually operated 
with reagents 

5. ~ ~ c t r o ~ h o t o c o l o r m e t e r ,  f o r  n s i b l e  
region 

6.  ~ b l a r o g r a ~ h ,  recording type 

7. Fluorimster d t h  photo-cell 

8, Polarimeter, high precision, Kith 
sod im lamp 

9. b f r ac tomte r ,  Abbe tvpe 

10. Ultrathemostat  Vater Bath 

11. lqcro  Meltmg-point Apparatus, complete 
w i t h  Microscope 

12. Two Ba3ances Analytical, preczslon 
about - 0,03mg, capaclty 200g 

13. Torsion Balance, pre-weighmg 

k. Balance, general purpose, capacity 
lOO0g 

15. Disintegration Tester f o r  tab le t s  

16, Automatic Water Dis t i l l ing  apparatus, 
capacity about 4 l i tres/hour 

17. CentrFfuge, table m, universal with 
Interchangeable heads, about 3,000 r.p.m. 

18. Coater f o r  Thin-Laver Chromatograph,y, 
lOcm and 20cm plates  
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Chemistry ( cont' d) 

Approximate Cost 
8 

19. Ultra-Violet Lamp i~ssembly, 366 nm and 
254 nm wavelengths, f o r  chromatography 

20. Dryer, hot-alr blower f o r  use i n  
chromatography 

21. Two Drymg Ovens, temperature range 
30" to 300% 

22. E lec t r ic  Muffle Furnace, about 200UJ, 
operating temp. about l l O d C  

23. 'i'wo Water Baths, e l ec t r i ca l ly  heated, 
withnut thermostat 

24. Hot Plate  Heater, 6 places, with 
scaffolding 

2.5'. Micro-K jeldahl D i s  t l l l a t i c n  Apparatus, 
with Parnass-Wagner automatxc drscharge 

26. Two Magnetic S t i r r e r s ,  electrically 
heated ( m l y  f o r  use with potentlometers) 

27. Two Slectrothermal Heaters Multimantle, 
capacity 50 - 2000ml, 4SCKnl 

28. Z lec t r ic  Shaker, universal 

29, Refrigerator, about cu. ft .  

30. Bomb, lficro Parr ( f o r  det. of halogsns 
organicauy bound) 

Microbiology: 

31. ~ Ie fnge ra to r ,  capaclty about cu. f t .  

32. !Hcroscope, binocular, mth t r l p l e  or 
quadruple nose-piece 
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Microbiology (contfd)  

33. Automatic 'fater 31s t i l l m g  ~ipparatus , 
capacitv about h l l ter /ho~u.  

34. Centrifuge, table type, unl-wrsal, 
Interchangeable heads, 6000 r.p.m. 

35. Homogenizer, umverssl, small, capaclty 
2 - 5'00ml, 18000 r.p.11. 

36. I I ~ t - ~ i i r  S ter i l izer ,  range 30 to 20O0C, 
1803 W 

37. Bacteriological Incubating Cabme t, 
0 - 90°C 

38. Horizontal Universal iLutoclave, diam. 
LOcm, depth 60cm, w i t h  s t e r i l i z ing  drums 

39. Thermoradiator l a t h  fan, 200UtJ, fo r  
the t h e m s t .  chm5er 

40. illater Bath, knth thermostat, 2200:11, 
f o r  microbiology 

41. Colony Counter, m t h  built-in 
illuminatxon, transistorized &git& 
counting c i rcui t  

42. Rro Stemsol  Lamps (germicide), Ceiling 
Suspensxon, mounted on pendula 

~lpproxlmate Cost 

boo. 00 

450.00 

200.00 

500.~0 

300.00 

2,200.00 

400.~0 

60.00 

43. Zone Reader (for det. of mt ib io t i c s )  250.~10 

. P e n l c v h d e r  Dropping Equipment, 
( Cup Dropper), compb te, with 2000 
Stamless  S tee l  Cups ( f o r  det. of antibiotics) 350.00 

Total Cost Us $ 19,505.00 
=33====- 


