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ABSTRACT 
POLYP is an automatic device consisting of an electronic equipment 

which drives sequentially 8 small pumps for drawing samples of gas. 
The electronic circuit is driven by a quartz oscillator and allows for the 
preselection of a waiting time in such a manner that a set of similar 
instruments placed in suitable position in the open country will s tart 
simultaneously. At the same time the first pump of each instrument 
will inflate a plastic bag for a preset time. Thereafter the other seven 
pumps will inflate sequentially the other bags. The instrument is 
powered by rechargeable batteries and realized with C-MOS integrated 
circuits for a nearly negligible consumption. As it is foreseen for field 
operation it is waterproof. 
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1. GENERALITIES 

In the study of the complex prob lem which is a tmospher ic pollu­

t ion, of utmost impor tance is the knowledge of the dynamical behaviour 

of pol lu tants . Mathematical models enable to forecas t to an acceptable 

degree of approximation the pollutant diffusion in the a tmosphe re , de ­

pending on the local micrometeoro logy conditions. In most c a s e s , how­

e v e r , because of the par t i cu la r nature of the emiss ion sources (single, 

mult iple or extended) as well as of the soil profile and nature (vegeta­

t ion, cove r , water bodies , buildings , hills) in the studied a r e a , the de ­

velopment and test ing of a mathemat ica l model needs some sort of expe­

r i m e n t s . 

At the state of the a r t , the most suitable exper imental technique 

appea r s that of making use of t r a c e r s , i. e. of substances in the ae roso l 

or gaseous state which, if injected in the a t m o s p h e r e , can simulate the 

dynamical behaviour of pol lutants . 

An a tmospher ic t r a c e r must have severa l r equ i rement s and t h e r e ­

fore only a l imited number of substances is actually considered suitable 

for a i r pollution t racing exper iments . 

Among these , Sulfur Exafluoride (SF.) is one of the most i n t e r e s t ­

ing and widely used for i ts following main c h a r a c t e r i s t i c s : 

no toxicity, lack of odour , colour and t a s t e , no fire hazard; 

high thermal stability (up to 600 °C) and therefore possibi l i ty of 

r e l e a se from indus t r ia l s tacks; 

chemical stability towards hydro lys i s , oxidation and photolysis; 

chemical i ne r tnes s to some of the most react ive a tmospher ic 



pollutants; 

r e s i s t ance to solar radiat ion and to removal by washout and r a i n -

out. 

An a tmospher ic diffusion or t r a n s p o r t expe r imen t , using S F , l i ­

ke a t r a c e r , usually needs an a i r sampling network p rope r ly d is t r ibuted 

downwind the r e l e a s e point and along the a tmospher ic path of the t r a c e r . 

Frequent ly , in each sampling point, there i s a lso the necess i ty of s a m ­

pling a i r at different t imes during the t r ans i t of the t r a c e r p lume . 

Sampling of SF , i s normal ly done by pumping a i r with a smal l ba t ­

te ry operated pump into a plast ic (Saran) bag and th is operat ion is done 

by a man. As a consequence, since a few score of sampling points a r e 

requi red for each exper iment , finding manpower is one of the biggest 

difficulties which conditions the execution of the expe r imen t s . 

To overcome this problem an automatic ba t t e ry opera ted device 

has been rea l i zed , which is able to collect up to eight a i r s amples into 

plas t ic bags for SF, a n a l y s i s , s tar t ing f rom a prefixed t ime and running 

in sequential p rog re s s ion for fixed p re selectable t ime i n t e r v a l s . This 

ins t rument can be used in field (waterproof) , adapted eas i ly to many dif­

ferent exper imenta l conditions and i t s cost i s re la t ive ly low when com­

pared with other commerc i a l ins t ruments suitable for the same pu rpose . 

2. DESCRIPTION OF THE EQUIPMENT 

POLYP is essent ia l ly composed of: 
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a) a set of eight membrane pumps 

b) an electronic c i rcu i t . 

Both par t s a) and b) , powered by recheargeable b a t t e r i e s , a r e 

enclosed in a waterproof box, which is easi ly instal led before i t s ope­

ra t ion , on the top of an over turned meta l basket which holds the sam­

pling bags a lso . An inlet tube allows the immiss ion of the a i r into the 

box for sampling. 

F ig . 1 shows the genera l layout of the whole appara tus . A small 

m e m b r a n e pump (commerc ia l type for aquarium) has been used to co l ­

l ec t a i r samples into the Saran bags which will be par t ia l ly filled, to 

prevent leaks due to o v e r p r e s s u r e and to mantain a constant pump flow-

r a t e . 

In F ig . 2 the f low-rate of th ree of such pumps is plotted v e r s u s 

the applied D . C . voltage. F r o m the graphs one can see that around the 

operat ion point ( 1,3 V), the f low-rate i s fair ly constant and i ts value 

i s about 1 ,4 l /min . This f low-ra te can be reduced, if n e c e s s a r y , by pla­

cing an appropr ia te orifice at the outlet tube of the pump. 

The outlets of the eight pumps a r e connected by plas t ic tubes to 

the inle ts of the sample collection bags which a r e inside the metal 

basket . A diaphragm between the pumps 'membran e and i ts outlet a s ­

su re s no leakage of the sampled a i r back through the pump. 
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3. PRINCIPLE OF OPERATION 

POLYP is conceived to opera te s imultaneously with many o the r s 

s imi la r i n s t rumen t s . In order to reduce manpower the i n s t r u m e n t i s 

able to be p rese lec ted in such a manner that i t will s t a r t at a defined 

t ime . A single opera tor can as a consequence go around the country 

and place in suitable positions some tens of i n s t r u m e n t s . Any s u c c e s ­

sive ins t rument is put into place and set to a decreas ing t i m e . The t i ­

me which is selected , named WAITING TIME, is the number of minu­

tes before the s t a r t of operation. This t ime i s fixed by the ope ra to r 

(or by the opera tors ) simply by calculat ing the number of minutes need­

ed to go to the effective s tar t of the exper iment . To be conc re t e : l e t ' s 

consider the s ta r t of the exper iment at 12. 00 A . M . The ope ra to r se ts 

in the c o r r e c t position an ins t rument at 10. 39 A. M. He p r e s u m e s that 

the waiting t ime will s t a r t in the next minute . He will the re fore p r e s e ­

lect the waiting t ime a s 80 minutes and he will switch on the i n s t rumen t 

at exactly 10.40 A . M . The same some minutes l a t e r for another in­

s t rument . He will p r e se l ec t 75 minutes to s t a r t a t 10.45 A . M . As a con­

sequence of this all the ins t ruments suitably placed in a l imi ted region 

will s t a r t exactly at 12.00 A .M. 

At this t ime each POLYP will inflate i t s 8 t en tac les (Saran bags) 

sequentially each one begins when the preceding ends . A s a m a t t e r of 

fact the state of the a tmosphere during 8 success ive in t e rva l s of t ime 

is kept and will be analyzed in the l ab . 

Two va r i ab les of t ime a r e allowed to the opera to r : a) the Waiting 

Time which can be selected by a two decades thumbwheel switch and 



a "χ 2" mul t ip l ie r , b) the Operation Time which can be selected by 

a rotating switch in binary p rog re s s ion . The t ime in unit of minutes 

can be direct ly read on the front panel . T imes from O to 99 minutes 

(with the χ 2 mul t ip l ier if the case) a r e p rese lec tab le for waiting t i ­

m e . These t imes will be set by the field opera to r . T imes from 2 up 

to 64 minutes (in binary steps) a r e allowed for the operation t ime 

and a r e settled in the lab before the exper iment . Obviously each one 

of the 8 pumps will inflate i t s " ten tac le" for the same t ime as the 

o the r s . 

4. DESCRIPTION OF THE CIRCUITS 

The ins t rument i s designed to work in the country so that p a r t i ­

cular ca re has been taken in o rde r to have a self contained equipment 

working with a unique independent power supply. Four rechargeable 

ba t t e r i e s a re connected in s e r i e s . The nominal voltage of 1. 3 V is 

used for the pumps while the s e r i e s of the ba t t e r i e s allows for a 5.2 

V that i s sufficient for driving C-MOS integrated c i rcui t s. 

The very lov/ power r equ i remen t s of C-MOS c i rcu i t s a r e well 

known. In effect they have a near ly negligible sink of cu r r en t when 

they a r e not operated or switched at modera te frequency. In this in­

s t rument (see F ig . 3) the re is a quartz osci l la tor at the frequency of 
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279620 Hz which d r ives by a suitable divider the whole opera t ion. Two 

C-MOS I. C. ' s type 4020 A a re used for obtaining the frequency of l / 60 

Hz, say a per iod of one minute. This clock (or the clock divided by a 

factor of two) d r ives a two decades synchronous counter (Waiting T i ­

me rea l ized with two I. C. ' s type 4029 A) which will opera te a diode 

AND when the p rese lec ted number is reached . At that t ime the Waiting 

Time is stopped and the operation t ime is s t a r t ed . A. Johnson type s c a ­

le of 8 (C-MOS I. C. type 4022A) will dr ive in success ion the eight pumps 

via a divider obtained by six D-type f l ip-flops. A suitable four input 

gate will p revent the operation of the f i r s t pump ai r ing lazy t i m e s . 

The power c i rcui t i s obtained by two cascaded t r a n s i s t o r s which d r i ­

ve the pump with a smal l saturat ion vol tage. 

The power consumption is of the o rde r of 200 mA from the 1.3 V 

bat tery and 5 mA (or something m o r e depending on the h . of t r a n s i s t o r s 

BFY56A) on the 5.2 V ba t te ry during the operat ion t ime . This t ime can 

be set up to a maximum of 64 χ 8 minutes giving a total consumption of 

approximately 1. 7 Ah. In order to have the pumps with a sufficiently 

constant flux the 1.3 V bat tery is chosen of 6 Ah. The other t h r ee ba t ­

t e r i e s for obtaining the 5.2 V voltage for the in tegra ted c i r cu i t s a r e 

chosen with another concept. In effect during the opera t ion the i r con­

sumption is negligible. On the other hand a ce r t a in leakage of c u r r e n t 

i s found even with C-MOS and this i s of the o r d e r of 300-350 uA at 25 

°C for the complete ins t rument working at 5.2 V. This leakage of c u r ­

rent i n c r e a s e s strongly with supply voltage so that we have 600 uA at 

6 V. Fo r the m e a s u r e d cur ren t we have a consumption of 1 Ah f o r 3000 
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h of Storage i. e. more than 4 months . So suitable ba t t e r i e s of 1. 6 

Ah have been chosen. By that no switches on the ba t t e r i e s a r e used . 

A specially designed bat tery cha rge r i s being developed and it 

will be used after the exper iment if the ca se . 

CONCLUSION 

Only p re l iminary t e s t s have been performed with the prototype 

ins t rument shown in F ig . 4. As the obtained r e su l t s a r e sat isfactory 

a s e r i e s of 50 ins t ruments will be rea l ized by an external industry . 
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FIGURE CAPTIONS 

Figure 1. Genera l layout of the equipment 

F igure 2. F low-ra te v s . supply voltage 

F igure 3. Schematic of the e lec t ronic c i rcu i t 

F igure 4. View of the prototype. 



WATER-PROOF BOX 

k 

PUMP FLOW RATE 

(Í/mm) 

1.5-

1.0 -

0.5 

- | ·" 
1.0 

OPE BATINÇ 
ΡΟΙΠΤ 

—Γ
-

1.5 
VOLTA Ç E 

-APPLIED 

(y) 

Fio. i CE NE RAL LAYOUT OF THE £QO/PM£NT Fif. 2 PUMPS FLOW ΚΑΤ ε Vs. SUPPLY VOLTAÇB 

ME 0SS-00-003 ME 055-00-OOZ 



12 

qATCS AZ,A4 : 40H A 

CATE A3 : 40Ί2Α 

+ V = 5.2 ν 

22 M 

"TtÃzVi-w-
47K >* t©*í 

-loh 
219.620Hz φ

 r 

Ci β" 

4020 A 

BZ 

+V 

» 1» I* 1» l i 1« h» 
r 5 τ.

 3
gf* ·« i« i· 

+K 

'» i» « W i" 111 * 

L i en 4.0- Í3 /4 

«< «ι 

2' 

C t -

ή< Di CPJ ¿ Π Df *^ 

:,i 40A3 A 

5' 

49 

i6' 

?·)Μ j3 

Q·. DJ C, t O f D« 

:M 4013 A 
A6 

ai at 
et 

3 2 ' 64' 

OPERATION T/MB 

4022 A 
BC CAtBy 

OUT 

+V 

HOK'. 

2 M 3 r fu μ f i 

+ 1/ 

1 n i _hz 
£ QÌ <tt »470 K 

Ö. »uv 
*r*rr . 

SEI/SM EQUAL CIRCUITS 

TC «7 

S - i c u A * « J 

. ï 

+ O V 

8.2 K 

BSX26 

BFy 56A »PY 56K 

FIG. 3 SCHEMATIC OF THE CIRCUIT 



- 13 -

FIG. 4 VIEW OF THE PROTOTYPE 
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