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ABSTRACT 

UNIDO was requested by the Romanian Government to assist it in its 

efforts to develop air pollution monitoring systems and equipment. the 

objectives of the project were to contribute to maintaining stable 

environmental conditions and to prevent air pollution in contaminated 

industrial and urban a~eas. 

this assistance was provided by advising on the establishment of 

air pollution monitoring systems and equipment to control polluting 

sources and advising on measures required to remedy and prevent 

pollution from air effluents by industrial plants. 

this assistance is particularly of importance as the project 

covers an arrangement whereby the Romanian Government will transfer 

its experience in this field for the benefit of the developing countries. 

However, to further improve their research in the development of 

air pollution monitoring systems and equipment, it is recommended that 

some Romanian specialists in this field be sent for training to 

developed countries where air pollution monitoring equipment are being 

manufactured • 

... 
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1. lNTllODUCTION: 

the Government of ROllania has been conscious of the environmental 

problellS arising as a result of the rapid industrial grovth taking 

place in the country. The Government is seeking solutions on such problems 

in close liaison with UNDP/UNIDO assistance. this report is an outcome 

of the findings of the expert (reporting) vho vorked with the staff 

of the Research Institute for the Electrotechnical Industry * ICPE, 

Bucharest, Romania - on his assignment with UNIDO during September 

1983. the main task of the assignment was related to pollution monitoring 

(air) aspect and allied instrumentation. 

2. PURPOSE: 

In accordance with the ianediate objectives of the UNIDO project 

UC/ROM/82/110, the job description duties for this mission were: 

- to contribute to maintaining stable environmental 

conditions and to prevent industrial pollution in 

the country. 

The expert was expected to: 

2.1. Advise on air pollution monitoring equipment. 

2.2. Assess the achievements in the construction of air monitor

ing devices. 

2.3. Advise on setting up networks for air pollution measurements, 

and 

2.4. Formulation and implementation ~f training progranne. 

3. BACKGROUND INFORMATION AND APPRECIATION OF THE CURRENT 
DEVELOPMENT 

The Research Institute for the Electro-technical Industry, ICPE 

Burcharest, comes u~der the Ministry of Machine-Tools, Electrotechnics 

and Electronics (M.I.M.U.E.E.). 

The Institute carried out a complex research dedicared to the 

development of new products and modP.rn techniques and substitutes, etc. 

Amongst the numerous disciplines, designing and development of air moni

toring equipment has been introduced during the last three years. 

* lnstitute's name and address in Romanian: 
lnstitutul de Cercetare stiintif ica si lnginerie 
tehnologica pentru lndustria electrotehnica, 
Bd. Tudor Vladimirescu nr. 45-47, 
sector 5 
Bucuresti 
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Dr. Ing. Ionel IADU, Head of Research (Air) and bis research 

associates formed a teaa engaged on developing automatic 110nitoring 

equipment for air pollution 110nitoring. The expert vas associated vith 

this teaa. Mrr George Galatchi, Personnel Relation Officer and UNDP 

Project Co-ordinator (UNDP Project llOH/82/002) coordinated progra...e 

assignment of the expert. 

The team has already developed following equipment in the field 

of air pollution: 

- Automatic Monitoring Equipment for air pollution with 

so2, N02, and H2s. 
Portable counter for the ambient dust concentration 

monitoring. 

- Automated equipment, for measurement of dust concen

tration stack monitoring. 

- Particle-size analyser (Impaction) 1-40 microns). 

- Ozone generator for water treatment (800 gm/hr). 

The expert was taken round and shown the installations of some 

equipment which was impressive. Printed leaf lets describing the equipment 

are already in circulation and were presented to the expert which give 

the technical specifications and applications of the equipment. However, 

the expert was informed that the units are at a stage of approval. 

Dr. Radu being an electronic engineer is mostly responsible 

in designing of the equipment He has developed the electronic circuitry 

components (please refer to appendix 1), which, in general, could be 

used for automation of any component concerning monitoring of air pollutants 

at source as well as in ambient air. All electric and electt~nic circuitry 

necessary for the assembly of automatic instrumentation is available. 

Dr. Radu is now looking forward to seek experttse in the choice of 

detectors for individual pollutants. Currently, a detector using spectro

photometric principles and optical circuitry has been designed, developed. 

The same is under test with the chemical counterpart from Meteorological 

Institute. 

4. ASSIGNMENT PROGRAMME: 

During the initial meeting with Dr. Radu and Mr. George Galatchi, 

the expert had identified the following expected progralll!le during assign-

ment:-

Approach to develop detector/sensors; 
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Discussion on use of automatic monitors in the field 

and their limitati~ns - alternatives. 

Frogra ... for exchange of technical know how from 

developing countries and approach in assembling the 

equipment to the requirements of respective countries. 

Programae for air quality monitoring network in 

Bucharest. 

The above prograaae was also discussed with Dr. F!orin Tanasescu, 

Director General of the Institute. 

5. APPROACH TO DEVELOPMENT OF DETECTORS 

A detector based on coulumetric principles is now developed 

in collaboration with Central Chemical Research Institute (ICECHIM). 

This detector is to be used for source monitoring of so2• It is 

encouraging to note that such developments are taking place within the 

country without any specific nac.del to follow - the originality of the 

design pattern is indigenou~ and efforts need to be further strengthened 

and accelerated. Models on chemiluminescence technique and other recent 

advances are necessary. A study tour of a scientist, responsible for 

these developments at places where such instruments are manufactured 

will acc~lerate the programme. The policy of the government to procure 

these equipments within the country seem to be the requirement of 

situation taking into account the feasibility aspect and secondly the 

restrictions on imports. 

During the course of discus,ions with the Director General 

of the Institute, interest in collaborative progra11111e amongst the develop

ing countries on this issue w~s noted. Exchange of know-how on air 

monitoring system from different developing countries to get mutual 

benefit was identified. Such a programme can be materialised through 

tha international agencies' assistance or on bilateral co-operation 

programmes. 

6. MEETING WITH INDUSTRIALISTS 

Bistrita city is an industrial one having varieties of factories. 

Lead battery, glass, manufacture of thermal in1ulating material for 

cars, bag filters an1 manufactures of certain components required for 

electrostatic precipitator and many ott~rs. So~~ of them were visited 
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by the expert. Next day Trade Union Bureau held a meeting in which all 

the factories were represented by their chief engineers. 

Fugitive and stack emissions of the toxic substances seem 

to be worrying them. Instrumentation for continuous recording is their 

prime need. Industries identifying their problems are as follows: 

(See also Appendix II). 

INDUSTRY 

Lead battery 

Glass factory 

Wood processing 

Netex Insulating Board mfg. 

Machine Tool and esp. 
components 

Pulp and paper 

Industrial affluent treatment 

Aluminium industry 

POLLUTANTS 

Lead vapours 

Lead, acid fumes 

Wood powder and f ornaaldehyde 
vapors 

Textile fibres phenolic resins, 
cellulosic material 

Foundry emissions and furanic 
resins 

Mercaptanes, a2s, alkaline 
vapours 

Colour 

Fluorine 

The members also expressed their anxiety over the lack of inf orma

tion on the effects and the limits of safe level. ~ecessary literature 

and documentation is in great demand. It was worth noting that the expert 

was given free access in the industries he visited and free and frank 

exposure on their problems. 

7. AIR POLLUTION MONITORING IN BUCHAREST 

This programme seems to be handled by the Meteorology department. 

Unfortunately, the expert had no opportunity to visit this network. However, 

the follo~ing model is prepared as per the term of assignment. 

OhJect: To establish air quality base line data and its support 

to pollution ibatement measures. 

Background information' Bucharest is developing fast and certain 

inventories are to be made. These are:-

- meteorological pattern; 

emission inventory and abatement measures in industries; 

autovehicular activity and 

central and domestic heating during winter. 



- 9 -

If based on the i~ventory it will be possible to fix the pollu

tants for aonitoring. Viewing the general activities in the city, ho111ever, 

the co111DOn pollutants could be identified as: 

Oxides of nitrogen (NO ) x 
Sulphur dioxide (S02) 

Carbon monoxide (CO) 

Hydrocarbons (HC) 

and total suspended particulates (TSP) 

Monitoring Pquipment: Initially, the prograamae could be set 

through manual procedure and later on, the equipment (automatic) as 

developed at the tCPE can be introduced on few strategic points as and 

when these are made available. Continuous lllOnitoring gives time variation 

of pollutants at a given st~tion. Much data can be obtained in this 

manner and if the stations telemetered to a control station, this could 

be possible under the developments that are taking place in ICPE. 

Manual sampling also should be on a 24 hour basis and evaluated 

using different averaging times (4 hourly, dayly, and yearly). Sampling 

should be carried out 5-6 times a month. 

Initially the number of monitoring stations will depend on 

available man-power and the amount of equipment and increased further 

on a grid pattern basis. 

Among the pollutants, so2, NOx and suspended par.ticulate matter 

should be monitored at the elevation of lOm to 15m height from ground 

level. Sampling should be the ultimate goal of the programme. 

Carbon-monoxide and hydrocarbons from auto exhaust are to be 

monitored in traffic active areas at ground level on a discontinuous 

basis only to have background information. 

8. REPRESENTA1IVENESS OF SAMPLING STATION 

Sampling station should be truely reoresented for the area in 

which it is placed. Following are the conditions one must take into 

account. 

Exclude the place where there is direct inf l~ence of nearby 

emittants. Emitting source should be away from monitoring station lOOm; 

if not possible 50meters. This will however depend on the magniture of 

emissions. 
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the height of the Sa11Pling station should be 10..ters 

and 15 meters; 
- exposure of the inlet of the sampler should not be obstruc-

ted by a wall, ~ tree and a tall structure; 
there should be a security of the equipment and which should 

be free from vandal activity; 

Duration of sampling and flow rate 

In manual sampling the flow rates are as follows:-

~~!~tion ~~ sampli~I: Flow rate 

24 hr. integrated sampling 
(without change of bubbler) 

4 hourly sampling 

1 hour sampling 

150 ml/min 

500 ml/min 

1 lit/min 

In automatic recorders the flow rates are designed as per the 

requirement of situation. 

Sampling and analysis procedures 

Pollutant M e t h o d 

Preference 

Sulfur dioxide flame ionizaLion 
or parar~saniline 
method 

NO x 

co 

HC 

TSP 

chemiluminescence 

Infrared gas 
analysis 

Flame ionisation 

High vol. sampler 

Meteorological measurements 

Alternate 

Saltzmann 
modified method 

Optical device 
principle using 
paper tape 
sampler 

Following meteorological parameters should be measured at one 

central location at least and if possible, at more than one as to obtain 

a better idea of the micro-climate of different parts of the city. 

Wind speed 

Wind direction 

dumidity 

Temperature 
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Data reporting: 

Reporting of results and their evaluation can be done more 

systematically following WHO report "Selected Methods of Measuring Air 

Pollutants", WHO offset, Pub. No.24, 1976. 

9. 

1. 

RECOMMENDATIONS: 

The expert had a series of discussions with Dr. Ionel Radu, 

Mr. George Galatchi and the team of workers on the issue of 

design - pattern of air monitoring instruments and the sepcific 

requirements in their application in the field. Having made 

remarkable progress in the direction of electronic circuitry, 

this development needs to be further encouraged in the develop

ment of sensible detectors and allied components. 

2. The scientist developing the monitors should be sent on a study 

tour to get himself acquainted with newly developed and 

commercialized equipment in certain other countries which shall 

enable him to make th~ assessment on his home product and if 

necessary improve the design with respect to proper ~hoice 

of detectors and other modifications, if any. 

3. It is a known fact that commercially available equipment in 

advanced countries cannot be set directly t0 work in d~veloping 

countries on the ground of certain limitations and local condi

tions. ICPE has sought a midway to achieve the objective of 

self development programme which is highly impressive and 

encouraging. The expert realises the eagerness and anxiety 

on the part of the ICPE authority for exchange of information 

and know-how among the scientists from developing countries. 

It is also understood chat ICPE is willing to arrive at a 

common programme of mutual interest in the development of air 

pollution monitors for air pollution monitoring at source 

as well as in the ambient air by sharing the knowledge from 

one anotlaer and solving the difficulties in the progress of 

building up instrumentation on indigenous origin. This purpose 

could be realized through an arrangement of a workshop bringing 

scientists together. 
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4. Air quality monitoring progranmes have to be taken very seriously 

at ev~rt decisional level counting the industrialization is on the 

progressive direction. The air monitoring network in the city of 

Buch~rest needs to be intensified and developed as a model for 

following the same in industrial areas and other cities in the 

country. 

Necessary inp~t through locally developed instruments is available 

for this purpose and should be tested and u~ilized. If this is 

followed, it will have a dual benefit; firstly, of establishing the 

base line air quality data f~r the city, and secondly improving 

the mechanics of the instrument~tion for its accuracy and versatile 

application, and ultimately for mass production. 

5. Exchange of information on literature should be made available 

specially on procedures and methods for sampling and analysis on 

toxic substances and their safe levels. 
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APPENDIX 1 

COMPONENTS STRUCTURE OF AIR POLLUTION MONITORING EQUIPMEN~ 

DETECTOR 

- detector cell 

- optical systems: light source 

AIR CIRCUITS 

- valves 

- pumps 

- flow meters 

photoelement 

geometry correction elements 

DETECTOR ELECTRONICS 

All electric and electronic circuitry necessary in order to have a 

Gas Analyser Apparatus as laboratory instrument, from the detector cell 

itself to the current o~ digital output for an automatic equipment or 

a processing system. 

PRE-AMPLI:'ICATION 

Special designed circuitry to obtain a good sensitivity with an 

efficient no1~e protection and a good stability. 

CORRECTION AMPLIFIERS 

To ob~ain a good linearity for the output signal counting all non

linearities of the phototransistor and the exponential dependence of 

the reagent transparence of the gas concentration. 

A/D, D/A CONVERTERS 

Analogous to digital converter. 

Digital to analogous converter. 

INTERFACING SYSTEMS 

To provide both a complete control from the panel and an automatic 

control and calibration from the computer system. 

CONTROL AND OPERATION CIRCUITS 

Between the TTL circuits and power components like as: electric 

motors, power transistors, etc. 
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POWER CIRCUITS 

Power supply units with constant output voltage for a line 

a/c voltage 220 v, + 10% - 15%. Thermostatic circuitry. 

PROCESSING ELECTRONIC SYSTEM 

Developed with Romanian integrated circuits only and allowing to 

extend the counting capabilities. A modular strucutre. Progranunes for 

average concentration for 30 minutes and for 24 hours, for a permanent 

registration or at definite progranuned hours, for zero adjustment and 

for calibration. 

FRONT PANEL AND CONTROL ELEMENTS ON IT 

MECHANICAL SUB ASSEMBLIES 

frame 

box 

gripping sub-assemblies 

PROCESSING ELECTRONIC SYSTEM 

computation system structure 

progranuning 

PERIPHERIAL SUB-ASSEMBLIES 

printing 

analogic registering on paper or magnetic tape 

displays 

testers 

TRANSMISSION and TELECOMMAND SYSTEMS 
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ICPE REQUESTS FOR DOCUMENTATION 

According to thos;: discuss~d g,nd agreed during yol:r vis!. t in. 

Bistri~a. wa send yo"tr the l~st of t~~ p~rticipants at the round-table an~ 

irr. the s,,...me? t!Jr.c, W9 take t!:H li ;ert:r to rer.:.i. ... d you that we ere interested 

i.~ race~vg ~ho inf,r~ations and docu::::~ntations concerning the following 

f!.c-lds : 

l. Ozone detection 

2. Ozone '.l.SeS 

3, O~cn~ 

4. !ndu.ctrie.l po·.~de:- - c::-o!ll. : textile i!lC.ustrJ, lead - batter; 

ind., ·.;ood i:ld. .:i::i fot=·ir:t) - :!etectic:r. a?Id ::eans of C.epollu

tiol:'. 

5. To:~i~ ~!apours - ~For:;ic g.lde~ie ( ·•·• ") ..,'- l ("" ·· o~> "¥!•1"'lv , .&~J.e!'lO i..,_.n- n , 
' 0 ::> 

L d I-• ) " . C!"ui~~ ·o co ) ) d ... !. • f e::o. \J:cr. , \,;.aroon ·J ...... IO.e i. .. 2 - etec .. o~3 a.nc. ::"tJo.ns o 

decrease of 'th= e::a:ation·~ ('"l!an.g of ~.::pollution) 

6. Tr.e ~tr-.:g~le agains po!.lu~i~n· !..~ the cell".llose ~nc paper 

inc uz-: r7. 

The first three points belong ~o 01u- precc~p3tions ~~d, for t!!i3 

re~so~, our !n~~res~ 1$ ~~jor; the last three fields concern the problems 

rising by ~~e fac~ories from ou:- district~ 

#c as~ you ~o send all the inicr::!n~ians ?.nd do~u:en~~~ions con

cer:iing ~~e~~ six poi~ts o~ our a!dr~ss in B!.strita, and ~e shall transmi~ 

those are i.~t2rcst~~ i.~· our :istrict. 

• I • 
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t~r:·~ n~~ns : :.kii:ntific n.e::c~:\rc.h In3titute for E1ectrotechnicel Industry 

- ~r~nch 3i~trita.). 

·,:e tl:."-:lk :rotr for coe>!'e~~atic=: !1..'"ld we hope to meet agaii:; in. 

3is~ri. ta 1uri:l~ ".;he next your visit in R~un:ruiia. 

Your 31nceroly, 

Ghe~rghe Rusu 

• 
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BIS'!RITA, 2J S3PT.l9S3 

l. Chi$ Vior~l - Chief Eng. - I.?.S. - B1str1va, A~..l:mllatorul 

(Factor:r of lead batteries}. 

2. Suciu Zoltan - Chief Eng. - :'~brica de st1cll-menaj - Bi.Strita 

(Factorr of gla3s}. 

3. Ce:J.tea Petra - ~e! ~g. - I.U.!. - Bistri~a (?actor:r o! 

4. S~el Vasile - Chief Eng. - !Tetex - '3:t..s-=:-1va (Factory of 

nonweaved !!hers}. 

5. Elaga Do rim - C!lief Zng. - Pabrtca de Sirt:.e - ?rundu Birgau-

lu:i. (Factorr o! paper). 

6. Ru'binger :·1i!lai. - Chi.e! Eng. - C • .?.r... - 3i~r!.ta (2actor;r of 

wood processing). 

7. Radu Ionel - :t.c.?.E. - 3ucure$t1 (Dr. eng.-(;n~ of research lab) 

a. Rusu aheor311e - 31st:-1~a 3ranch'::s r~azig,ger of I.c.?.i. 

9. Vor:1e$au Vas11e - Dipl.eng. (cheOi~t) - I.c.P.E. - 31str1~a 

lo. Moldovan Vasili• - ~ipl.eni. - I.c.p.z. - Bistri~a I 

ll. Cor:ie:inu Cornel - Dipl.eng. - !.C.P,E. - Bistrita 

12. Turdeanu Alex:!ndru - Dipl.eng. (checist) - I.c.?.Z. - Bistriva 

13. ?To.a Zoltan 

14. Ti~uan Iacoa - Dipl.eng. (chemist) - I.c.2.z. - 31stri~a. 

- - - - -. -
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