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Note

This report has been commissioned by the Regional Qffice for Eurepe of the World Health
Ovganization for the benefit of governments of Member States in the Ragion sud in particular
for thoge who actively partiecipated in the Pilot Study on Environmental Health Manpower
Development. A limited number of coples are available to persems officlally or professionally
concerned in this field of study from the WHO Regicnal Office for Europe, Scherfigsve] 8,

2100 Copenhagen #, Denmark.

The views expressed by the authers of the report do not necessarily represent the
decisions or the stated policy of the World Health Organization.

The designations employed and the presentation of the material in thisz report de not imply
the expression of any opinion whatacever on the part of the fSecretariac of the World Health
Organization concerning the legal atatus of any country, territory, city of area or of its
authorities, or concerning the delimitation of its frontiers or houndries.
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1. INTRODUCTTON

The present report forms part of the activities of the regional project on manpower
requirements in environmentzl health, which started in 1973,

An ipitial activity of the project was the performance of pilet surveys in the following
areas:

- City of Lelcester, United Kingdom

- Bydgoszez proviace, Poland;

- Gothenburg and environs, Sweden;

=  FPrankfurt am Maln, Offenbach apd Hapnsu, Federal Republic of Germany.
The immediate objectives of the surveys were:

{a) to obtain data on the personnel currently employed In various functions
related to the protection and promotion of environmental health in
selected pilot areas;

(b) to identify the manpower mixes involved;

(c) to develop indices and useful correlations for the different categories of personnel
required and parameters for the extent of services rendered, and generally to develop
methodology for forecasting manpower requirements.

In December 1276 a meeting was held in Copenhagen to geview the earlier activities and
to make recommendations on further work including training . With regard to the pilot survey
results reported in 1974, the following points were noted:

(=) The pilet areas were too small and were unrepresentative of the countries as a whole.

(b) The surveys did neot go far enough in trying te correlate ares cavacteristics with
staffing patterns; by aggregrating the wide range of envirommental programme
components Iinto relatively few "activities' the gurveys were simplified but the
relationship between the components and the types and numbers of manpower reguired
was lost to some extent.

It was felt that the extent of the services rendered in the community should be broken dewn
into the various component activities so that it might then he possible to correlate the type
and number of staff employed for each sctivity.  Such correlations were copsidered very useful
in forecasting manpowey requirementg, provided services and facilities likely to be developed
within a cotmunity over subsequent years were also taken into account.

Finally it was proposed that a draft gulde be prepared showing the availability of approaches
to manpower estimation ather than that of the guesticnnasire. It was pointed out that in view
of the relative low accuracy of all such forecasts, an adequate egtimation might be cbtailned
from expert consensus bascd on appraisal of the likely demand for facilities and gervices
regulting from an Interaction of various determinants over quite a short time.

Thus the purpese of the present report is to conciude the above work, particularly by
breaking down and working out staff correlations for control activities related to:

- foodstuffs;

- water supplles;

-  waste water;

- tecipients;

- solid wastes;

- air and noise pollution;

- occupationzl health.

% gee WHO Regional 0fflce document IGE/SES 003 of 20 June 1977.
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The procedure indicated in the report is expected to provide a hasis for estimating manpower
requiremaents in relation to desirable levels of service and fagilities.

Z. MODEL. AREAS

In some environmental health activities 1t is difficult to establish a clear correlatton
batween the area covered and the manpower requirements for specific activitles. Wasle water
purification is an example. The manpower required to carry cout this activity depends only on
the type of sewape collection and purification. Other activities, such as occupatlonal health
control, depend oo the area they take place in that there are differences In the standarda zet
In different arcas. Here an "area" is undarstood to wean a country or a part of a country, as
different parts of a country do not necessarily have the same characteristlics. Therefore a
modal approach is appropriate for the development of puidelines; and for thisz purposae two
types of model aress have been developed, as described below:

2.1 Highly developed area

2
Population: The density iz 200 per km , with 80% liviag in citlos and towns and
20% in rural areas.

Ecopomy, trade and industry: 404 of the population depend on industry, 5% on farming,
fighing, forestry and production of raw materials, and 50% on the service sector. The
GNP was about 5000 US dollars per person In 1973

Land use: Cities and towns account for 15% of the total area, farwland for 40%, forests,
lakes and mountains for 35% and land in other uses for 10%.

Sewerape in cities and towns: 100% im collected and treated in community systems, vompared
with 30% in rural areas.

Water supply: In cities and towns 1007 of water 1s supplied in communilty systems compared
with 50% in tural areas. Ground water counts for the minor part of the supply.

Solid wastes: In cities and towns 100% ia collected compared with 507 in rural areas.

2.2  Less developed area

2
Fopulation: The density is 100 per km , with 50% living in cities and rowns and
50% 4n rural arecas.

Egonomy, trade and industry: 30% of the population depend on industry, 50% on farming/
fighing, forestry and productlon of raw materials, and 20% on the service sector.  The GNP was
about 2500 U8 dollars per person in 1973.

Land uge: Cities and towns account for 3% of the total area, farmland for 40%, forests,
lakes and wountains for 45% and land in other uses for 107,

Seweraype: Collection in commupity systems ig 100% fn cities and towns, and nil in rural
areas.

Water supply: In cities and towns 100% of water is supplied through community systems, and
i rural arecas 20%. Ground water accounts for the minor part of the supply.

S0lid wasres: Coltection is 100% in cities a2nd towns and nil in rural arcas.

Both areas have standards {national or WHO) For all activities in the enviveomenlbal health
sector and it is assumed that the number of persons emplioyed in this secter should bLe grest enough
to maintain and control the standards.

3. MANI'OWER ¥OR DIFFERENT CONTROL ACTIVLITIES
3.1 Foodstuffs
3.1.1  Public Control

Organization.  Public comtrol of feodstuffs is regarded asz the responsibility of well trained
food imspcctors supported by laboratories whieh take carc meinly of microbiolegical ewsminations
and, in aome specialized upits, chemical and toxlcological examinarions. They are also to some

extent advisory bodies to local authorities (district and municipal) in matters wherc their
knowledge iz needed.
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The cxtent of the work dene by laboratories depends on the education of the employecs, so
those without chemists are asgumed to carry cout chemleal food analysis to a very limited extent
and are equipped only with simple chemical apparatus.

The laboratories which do employ chemists are expected to carry ouk a broad range of chemical
and physical food investigations and to extend this service to arveas which have units without
engineers trained in chemistry.

With regard to the size of the labaratories, both a lower and a higher limit should be
respected., With regard ro the lower limit, it is consldered that an area should have a population
of 50 000 to justify employing more than one person with specific professicnal education level.

The upper limit kas been put at a population of 800 000 and it is assumed that this number is to be
found in a rather limited area, for example = part of a capital city. The reason for choosing
thig upper limit is that the persons employed in the laboratory must have a good knowledge of the
geography, structure and populatien of the area.

It is assumed that the local authorities and the central authority either deo not perform any
food control in excess of that performed by the laboratory (which is under the administration of a
munlcipality or e district) or that the authorities carry out additional control te such a limited
extent and on such special matters that this does not influence the specification of wmanpower

requirements. It iz further assumed that the authorities are responsible for administration only
according to current lsw snd that they collect the necessary infermation for the purpose with the
control units. There is one important exception to thisz rule, namely the control performed in

slaughterheuses. The manpower need for public control in these factorles is not analysed as the
range of education required varies =o much from country to country that it would be difficult to
establish definite and practical puidelines.

Manpower. Cn the above assumptions, the relation between the population in areas of
different sizes and the staff of the laboratories has been worked out (Table 1).

Remarks:

The heading "veterinarians, microbiologists etc.” refers to these specialists and other persons
with academic training in food technolegy and food hygiene enabling them to perform work which is
expectad to be carried out by laboratories without chemists.

"Chemists" are expected to deal with activities (analysis, investigation, calculation) in
thair zections of & laboratory. In =mall units (for 100 000 population) the chemist 1s always
expected to have academic training in chemistry. As a rule this will also be the case lor
englneers in units for 200 000 population. In larger units the tyaining of the chemists ought
to be differentiated according to the technical field concerned: water purification technology,
water reclamation technology etc. :

The rerm "technicians" refers primasrily to laboratory workers but alse other technicians at
a similar level, for example biology assistant.

The term "others' refers to office staff, cleaners ete.

3.1.2 Control in private factoriec

Normally there is a great difference between the sims of public food comtreol systems and
thoze of systems jin private facteries. Public control is based on the test sampling to ensure
that standards and other regulations are observed while private control is primarily working
control.

However it is very difficult to specify the manpower needed for the workimg control. It
depends hoth on the type of factory and on the size of the production in the factory. In the
following types of factory it is sssumed that one chemist/veterinmarian and one technleian will
always be needed for working comtrol:

dairies;

- meat factories;

fishmeal and zimilar factories;
- slaughterhouses.

Other modest-sized food factories are not assumed to need a staff exclusively responsible for
working centrol. Tn these factories contrel is performed by a person whe has other jobs as well.
But when the factory has reached a certain size it is necessary to employ persons whose only job
iz working control of the products, e.g. in breweries.
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3.2 Water supplies
3.2.1 General remarks on manpower

The following evaluation of menpower requirements for water reclamation, treatment and
distribution is based mainly upen information from about 100 Danish waterworks and from Danish
conSU1tin§ enginaers working abrgad, The treatment caprcity of the waterworks varies from
200 000 m7/year to 100 000 000 m"/year which, with a daily water consumption of 200 litres/persom/
day, are appropriete for a tgwn of 2700 -1 400 (GO0 population. The majority of the waterworks
are of 200 D00 - 3 000 000 m”/year (for 3700 - &1 000 population) capacity. Thus the rcliability
af the estimates is greatest in this interval.

Moreover informagion from about 23 waterworks treating about 3600 - 14 600 mB(%or
50 and 2000 population) has beon collected.

The estimation does not reflect any use of the water in industry as this normally does not
influence reclamation and distribution.

3.2.2 Manpower requirements

Total manpower requirements for water veclamation and distrtibution, waterworks operation
and administration are given in Table 2.

Remarks:

The table docs not show manpower requirements for watetworks supplyving less than 1 Q00
population. This does oot mean that these small waterworks have ne need for care but rather
that this is normally provided best and at lowest cost by arrangementsz with local private firms,
Tt is assumed that a waterworks does not engage an employes until it reaches a sige suitable for
supply of 1000 population or more. The first emplovee will normally divide his time hetween
work on the plpelines and on the waterworks. It is alse suppesed that the executive committee
of verv small waterworks does the administrative work as a secondary activity.

Table 2. MANPOWER REQUIREMENTS FOR WATER SUPPLY

Size Manpower Reelamation and Waterworks Technical/
of requirements piping hefore and administrative
waterwnrks after treatment in Surface Ground functions
{m” treated waterworks water water
per year ® 1000
3.7
7.4
37
74 L/z 1 1/2
148 /2 1 1/2
222 1/2 11/2 172 1/2
370 1 31/2 11/2 1
740 2 4 z 11/2
). 480 312 4 1/2 21/% 11/2
3 700 5 & 1/2 & 1/2 2 1/2
7 400 g 11 1/2 8 1/2 4
14 8O0 10 20 15 9
37 000 35 60 50 22
74 000 65 120 100 40

In the estimate of manpower requirements for reclamation pipeline werk, only daily control
and minor repairs are taken into consideration, new construction snd contract werk being excludad.
Also, as frequent control and care of ome or a few surface water reclamation structures ave
considered to require the same numbar of staff as infrequent control and czre of pumerous hores
for ground water reclamztion, no distinction iz made between the two types of constructrion. It
might seem reasonable to estimate manpower requitements for care and repair of pipelines in terms
of the number of men per km of pipeline. No statistics reliable enough for thils purpese have
been found, but the available information indicates a manpower requirement of one man per
30 ~ 30 &¥m of pipeline.




-6 -

Normally a waterworke for surface water requires more frequent care, control and repair
than one for ground water - hence thedly larger manpower requirencent. However therws ara great
variations because of differences in age of the waterworks, the degree of automation, the quality
of the raw water etc.

3.2.3 Qualifications

In Table J the manpower requirements for water aupply given in Teble 2 are clagsified
according to qualifications.

Remarks:
The term "agkillad" refegs to smiths, pipe [fitters, plumbers, electricians and the like.
For large works (7 400 000 m” or more per year) the term alse covers laboratory Lechniolans

and other staff dn a laboratory.

The term “engineers” refers to engineers and other highly qualified stafl such ag chemists
and economists.

The Teason why waterwerks for surface water require more unskilled workers than those for
ground water iz that their operation and malntenance (e.g. transportation snd dosing of chewicals)
iz normally wmore labour intensive.

3.3 Waste water
Twe aspects of waste water disposal are consldered separately
(L) operation of systems for transport and treatment of waste water;

(2 manpower vequirements for control of the above activities.

3.3.1  Iransport and treatment

3.3.1.1 Public control

The commen practice ls for transpoert and treatment of waste water in the publie sector te
be undertaken at the local (municipal) level of administration. Three degrees of trecatment
are considered:

M: primary treatment - mechanical treatment by screening and sedimentation;

B: sccondary treatment - normelly M plus biclogleal treatment by trickling
filters or activated sludge;

tertiary treatment - chemical treatment by precipitation of phosphorous
compounds after efther M, B or M pluz B.

Manpower tequirements for more simple biological processes as lagoons, oxidation ditches
and variants of these processes are not evaluated, as they are not considered to be typleal for
the moedel arcas discribed.

Chlovrinatien or ozonation of waste water may be appropriate followinpg secondary or tertiary
treatment when discharging to fresh water recipients. However as these processes are congidered
to be highly automated, the need of manpower for their operation at treatment plants is
correspondingly low and is therefore not teoken in account.

More advanced treatment, e.g. by activated carhon, ilon-exchange, reverse osuosis cre. is
thought to find only little application In practice and is not taken in account.

Nitrogen removal by nitrification/denitrifiecarion or other proceszes is algo excluded. 1f
applied in gpecific cases the manpower demand may be entimated in the same manner as for tertiary
treatment by phosphorous precipitation.

The existing information on msnpower for waste water disposal gives an incomplete pierare.
A number of surveys of the current manpower situatlion in treatment plants have been made in Europe
and the USA; but only in the USA and Norway have efforts been made to lay down guidelines fox
for the desirvable number of personnel in the plants.
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Table 4 pives estimatez based on Norwegilan figures (1), supplemented with data onm current
Danizh practice.

Tt should be mentloned that the Norweglan estfimates and those In this report arve somewhat
lower than the corresponding American figures. Also, since the estimates are subject to consider—
able uncertainty and since the manpower needed In a specific situationm also depends on local
c¢onditions, detailed estimates are made for B treatment only.

Under same headings the requiremsnts are hroken down according to four different staff
groups (1) depending on the duties performed, namely:

I: eivil, mechanical or chemical engineers at senior chief level;
IL: eivil, mechanical or chemical engineers with specirl eduction as plant operalors;
TTI: high grade mechanical technicians and other technicians, e.g. laboratory techniclans

or craftsmen with spectal training as small plant operators or as pperators for
gingle units in larger plants;

Iv: crafrsmen working on repair and maintenance of standard eguipment (pumps, valves,
pipes, screws etc.) and semiskilled personnel with some training in gpecizl flelds
of plant operatioen.

The necessary manpower is also lizted for different treatment plant sizes.

Ramarks:

Manpower for operation of treatment plants comprises staff for techmical adminlstration,
for operation of the different processes including sludge treatment and disposal, and for
lahoratory work on the plants.

The sive of plants is expressed in terms of the equivalent population served.

Tertiary treatment 1s considered appropriate for plants of a size greater than 1000 p.e.

Manpower for functions such as bookkeeping, secretarial jobs, cleaning, canteen work ete.
iz not included.

Small plants (BOCO p.e.) may be operated either by staff from large plants in the
municipality or by staff regponsible for a number of small plants. Fart-time operators, e.g.
staff with their maln dutles in the read department, are net ipcluded.

Municipal englneers and astaff having an overall responsibility for the operation of the
treatnent plants are not included in the table.

In small communities, mainrenance of standard equipment iz conzidered to be the
reaponsibility of local firms.

Speclalized maintenance of eguipment is supposed to be the responsibility of supplicrs
or other specirlized firms,

Stulf for maintenance of bulldings and structures are not included.

3.3.1.2  Control in industyy

Wastc water from industry may be viewed in three main groups according to pollution
conbent:
cooling water;
B: waste water with a content of easily degradable organic matter;

waste water with inorpganic pollutants or organic pellutants which are nol casily
degradable including toxic and/or hazardous wastes.
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A, Cooling water

In most cases cooling water is discharged withour treatment, f.e. without lowering the
temperature helaore discharge. In some cases it may he neccssary to iet the water pass through
ponds or the 1ike to adjust the temperature before discharge. Cooling towers are supposed to
be used ouly where the cooling water 1s recirculated.

Az a consequence of the above, ao gpacial manpower requirementz are vonsidered for treatment
i cooling water,

. Bagily depradsble orgenic polluticn

Waslte walet with a content of easily degradable vrganic metter mustly oviginates in Food,
feeding stuff and associated produccs. Gften the snounts of waste water are very large with
high concentrations of organic matrer.

Under Danish conditions, with a mixed ipdustrial lead bubt a rather high proportion of food
and feeding stuff Industrics and a low propeortion of heavy Indugtry, it has been found that
industry in general contributes a load of easily degradable organic matter to the sowerapge
ayastemg which iz 1 - 2 times the load from persons sevved by the systems (2).

The load of setileable matrer and nutrients (phosphorus/nitropen) is alse estimated to he
of the same order of magnitude (1-2 times the lead frowm persons served by the systems).
Cenerally speaking the waste water recelves no ErTeathent except somw screening or passage through
aieves before heing discharged to the sewers.

Some major industries in this context are:

- dairices;

- slaughterhouses;

- foodetuff and canning industries (vegetablesz, fruits, fizh, animzl products);
- fishmeal and [isholl factories;

- feedlng stuff factories;

- sugat factories;

- chocolate and other confectlonary factories;

- starch factories (potato, maize ete);

- browerios.

The wasee water may be tveated at faetories, public creatment plants or both, the choice
depending on local conditiopns and especially cost.

In principle, whather the waste water 1s treated by the industry ftself or in public
treatment plants, the demand for manpower ia not affected. In regions with mixed industries
and foodstuffs production 1t may consequently be asgumed that treatment of industrial waste water
of type B doubles or triples the nced of facilities and manpower for household waste water only.

Waste water of type B mav to some extent he used for irrvigation, f.g. by spraying on crops,
after removal of larger particles and setctleabls matter. I{ zuch precodures are applied to any
substantial degree,the manpowsr demand estimaved above should be adjusted accordingly.

Fish farms represent a special problem, ofrenm discharging large amounts of organic pollutanrs
in relatively low average concentrations directly dnte recipient waters. Improved lecding stuff
and impreved methods of trestmen:t including sedimentation of the waste water helore dizscharge seen
to be penerally necessary. Fish farm operators should be required to ohtain adegquate trafning,
possibly by an auvthorization system.

€. Inorganic pollutants

In industrial waste water a wide variety of iporganic and not casily degradable organic
pollutants may be found, and in varyving amounts and concentrations. Estimates of the nccessary
facilities and manpower for their treatment are probably lmpessible to make in gencral terms
but have to be dome by laborious analysis for each type of industry. Although the subject is
outgide the scope of thils report, some major industries producing waste water of type U may bo
mentioned:
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- mining industries;

— steel and metal works and associsted industries;

w galvanizing and electroplating industries;

- industriss preducing incrganic and organic basic chemicals;
- oil refineriecs and petrochemical industries;

-  fertilizer industries;

- tanneries.
3.3.2 Manpower requirements

"gelf control" of operationms must be carried out by these responsible for a treatment plant
{(munlcipality or industry) and its extent should be specified in the authorization. Such
control iz thus considered to be part of the operation of plants and systems and the necessary
staff are reflected in the figures given in section 3.3.1 The laboratery work necegsary for the
control 1z only included in the figures insofar as it is cerried out in the plant; however this
is generally not the case, since 1t is normally the responsibility of special laboratories as
mentioned belaw.

In this context, however, contro! is defined as control by outside =uthorities, which is

presumed to be carried out at three levels;  locsl/municipal, reglonal and state.

The manpower for contrel is estimated for "unit populatioms™ of 300 000 persons. This is
considered to be & Teasonable size of a "unit region" for the purpeses of this repert. Such
a region may be composed of a variable number of communities., The control work in 2 region is

not the same 1f the region is cemposed of one blg clty with a2 few very large treatment plants
and numerous industries or iz characterized by small cities and towns or areas with a larpe
rural population. The manpower estimates relate to an intermediate (average) situation of a
fairly industrialized zegion with most of the population living in small ciries and towns but
also with a substantial rural element. The figures are believed to be suitable for an
extrapolation to state or country level but should of course be applied with care in a
specific region.

¥Yor the system of contrel it is considered that:

- lecal/wmunicipal authorities control treatment snd discharges in industries and
private enterprises;

- reglonal autherities eontrol public treatment plants and discharges;

-~  state or central authorities collate the data to ensure uniformity and coordination
on state/country level, and control treatment plants (1f any) operated by regional
authorities.

Control is focused on the discharge end of the systems. Inlet control and operational
control of the single units in the Ereatment plants are alse thought to he carried out to a
moderate extent to check the efficiency of plant operation.

Manpowet needed at the three contrel levels excluding laboratory personnel is estimated in
Tabla 5. Manpower is grouped aeccording te functions, in four typical categories as follows:

I: civil, mechenical or chemical engineers, other chemists, biclopists,
physicians and veterinarians;
I%: zame az [, except physiciang and veterinmarians;
ITIL: laboratory technicians, other technicians, craftsmen with special training in

ingstrrument maintenance and operation and sampling techniques, all having some
training in sewersge plant operations;

Iv: craftsmen with some training in sampling techniques and sewerage plant operations.
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Table 3. MANPOWER NECESSARY rOR CONTROI OF WASTE WATER TREATMENT ARD DISCHARGE
IN A UNIT REGION OF 300 006 POPULATION

Manpowar
requirements

Control
authority

Tatal
Local/muﬁiqipal 12
Regional 5 1/2
State/central 1/2 - 1

Groups
I 11 ity v
1 2 4 4
1/2 1 2 2
<1/4 3 1/2

The necassary laboratory werk in the waste water field, in connexion with

"gelf control" and

contral by outside authorltiecs, is consldered to be carried out at authorized laburatorles
{private or public), there being cne or a few in each unit region.

combine different activities in the laboratories.
alzo he sultable but the distance for sample transport sets a pracrtical limic.
must be done at highly specialized central laboratories.

unit region of 500 000 populaticon is estimated in Table 6.

Staff in the growup should typically be:

T: chemical engineers, chemists, pharmacists, veterinarians;
Ll: same as category 1;
[Il: laborarory technicilansg;

Iv: laboratory workers.

Often it is expedlent to

Larger and more specialized laboratories may

Some analyses

Manpower for laboratory work in =

Takle 6. MANFOWER FOR LABORATORY WORK IN WASTE WATER CONTROL FOR A UNIT REGION

OF 500G 000 POPULATION.

Manpower requirements Type of
laboratory
Total {iroups
L IT I1T v
13 I 2 6 4 Regional laberatory
3 1/4 1 1 1 Highly specialized control

laboratory with reference
duties

3.4 Reciplents

Recipients in this context are defined as "“surfaee waters receiving discharges of waste
water”. Tn principle all streams and lakes and coastal marine waters in areas that are not
sparsely populated may be reparded as recipients since they will all recelive waste water {in
the form of surface run—off, if nething else) from farmland pelluted by nutricnts snd

organic matler,
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Control is considered to comprise mainly:

{a) determination of long-term treads in vivers and streams by biclogical evaluztion;

(b) determination of long-term trends in lakes and coastal water by examination of
botrom fauna and flora;

() determination of long=term trends in all waters by chemical analysis of sediment
(mainly with respect to organie matter and nutrients);

(d) measurement of primary productien and biomass of phytoplankton at selected
gtations in lakes and more enclosed coastal areas;

(e) measurement of physical and chemical parameters in water at selected stations

in rivers and streams, lakes and coastal areas {(mainly foxr trauwsparsncy, temparature,
oxygen and nutrlents);

{f) analysis of the hygienic quality of water (mainly for E. coll and coliforms) at
hathing beaches.

For (a} (b) (¢) and (f), stations should be selected to give representative coverage. For
(d) and (&), relatively few but carefully selected ztations are suitable.

Control frequencies are supposed to be of the order once every one or two years for (a) (b)
and (¢). Sampling under (4} (e) and (f) should be done frequently enough to allew a statistical
evaluation on an approximately yearly basis.

Contral autheritles may be at local, regional or state level. In principle manpower
requirements should not be affected by the level at which the control is executed - assuming that
if contrel is performed by the local authorities it would be necessary snyway for small communities
to jein forces for the purposge. gince a large part of the waste water discherged will usually
come from municipal treatment plants, it seems reasonable for contrel te take place at regilonal
and central level, and this is presumed in the following analysis.

As in section 3.3.2 manpower is estimated for a standerd unit region of 500 OG0 population;
the remarks in that section as to the representativity of such regions alse apply to the following

estimates. The manpower is sgain grouped according to functions, the categories being as
follows:
I: civil and chemical engineers, other chemlsts, biologlsts, physiclans and veterinarians;
17: zame az L;
III: lzhoratory technicians, other technicians and craftsmen with specizl training In

instrument maintenance and operation and sampling technigues (and in biological
evaluation technigues for some personnel);

Iv: craftsmen with some training in sampling and biologicel evaluation techmiques and
boatmen (for motorboats).

Table 7. MANFOWER REQUIREMENTS FOR CONTEOL OF RECIFIENT IN A UNIT REGION
OF 560 000 POPULATION.

GContral Manpowey
authority requlrements
Total Groups
I I1 IIL v
Regional 19 1 5 3 10
State/central 3 1/4 1 1/2 1
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Remarls:

- Central authorities are assumed to carry oul some general surveying.
zgpecially in more open marine witers.

- Manpower in speciallzed institutions and firms carrying out water quality
and hydraulle surveys are not included ag their [unetion is not regarded ag
part of control activities but part of the work necessary to determine the
gize of treatment plants, outnfalls etc.

Tahle 8. MANPOWER TOR LABORATORY WOHX TN RECIPIENT CONTROL TOR A UNIT RECION
OF 500 000 POPULATION.

Type of Manpower
laboratory raquirements
Total Groups
I 11 ITT IV
Reglonal
laboratory 8 1 1 4 2z

Highly specialized
gentral laboratory 3 1/4 1 1 1
with reference dutles

Remarks:

Tt 48 assumed that sorting and counting of biological material are not carried out at the
laboratory.

3.5 j5olid wastes
The handling of solid wastes may be divided into three main fields:

- collection and transport;

-  treatment;

- final disposal.

Collection and trangport will not be discussed, since these may be considerad simple

operations from the viewpelnt of manpower requirements and training. In other regpects this
is of course an important fleld requiring due consideration as to organization and mechanization.

Solid wastes may be considered In a number of categories, as follows:

(a) household garbage;

(b} serapped household items (e.g. furniture, refrigerators);

(c) wastes from gardens, parks, beaches, streets etco.;

(d) wastes from offices, shops, trade enterprises ete.;

(&) waates from hospltals and the like;

(f) Industrial solid wastes;

() gsorapped cars, trucks, machinery frow Industry and agricuwlture ete.;
(h) serapped structures, huilding materials, sand, gravel ete.;

(1) sewage gludpe;

{1 il and chemlcal wastes.

as to composition and amount, are placed on the tip in a controlled manmer and are shredded/
crushed, compacted and finally covered with earth. Ground and surface waters are protected
agalnat seepage from the tip.
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Tips specifically for wastes of category (h) referred to below as "filling materials", may
he considered as exceptions and operated with control cnly a5 to waste composition and possibly
dust control. Some catepory (f) wastes, without orvganic content and with only a slight
pollution potential, may alse be deposited in filling materials tips. Filling materials may
often be valuable for land reclamation etc., partlicularly in coestal argas,

In cases where incineration is performed, there is still a need for controlled waste tips
and filling materials tips. Only wastes of categories (a) (d) and (e) may be considered fit
for normal incineration together with some wastes of categeries (b} (e} and (f}. The rest
of the wastes must be deposited. Also, the siag and fly ash from the incinerators must be
deposited. Category (j) wastes are exceptions which mugt be treated in special plants for
regeneration or destruction, e.z. by incineration,. or in some cases be taken to special depots.
The manpower for handling these wastes both in the phase of collection and in the special treat-
ment plants and depots is not considered here.

A large amount of the wastes in category (g} are suitable for reuse after treatment by
gpecialized industries together with part of the wastes of cactegories (b} (d) (e} and (£}, e.g.
paper and glass. Manpower requivements in these industries are not considerad.

In the light of the foregoing remarks, disposal may be organized for the following categories
of wastes:
houzehold garhage;

other wastes fit for incineration;

A:
B:
£: wastes which must generally be deposited at controlled tips, including sewage sludge.
n Filling materials;

e oil and chemigal wastes;

F

materials from scrapped cars, trucks, machinery ete. fit for reuse.

Manpower for regions of different sizes and for a combination of incinaratien and tipping
is shown in Tahle 9, and that for tipping only in Table 10. The manpower is grouped as in
the preceding =section.

Takle 9. MANPOWER REQUIREMENTS FOR A COMBINATION OF INCINERATION, CONTROLLED
WASTE TIPPING AND PILLING MATERIALS TIPPING.

Populaticn Manpower
served requirements
Total GCroups
I 1T IYT Iv
25 000 9 1/2 2 7
50 000 13 1/2 /2 3 9
100 000 20 /2 1 4 14
200 DOC 35 1 2 7 25
500 000 03 1 4 10 50

Remarks:

It iz assumed that all A and B wastes are incinerated in one regional plant. The slag
together with C wastes 1s deposited at one regional tip. Wastes of category D are deposited
at a number of filling materials tips distributed over the vegion, with control only as regards
composition, e.g. consisting only of an autrhorization for ecertain trucking companies to deliver
materials to the tips. Wastes of categories E and F ave not considered.
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The staff groups are as follows:
I: cnglinecrs or cguivalent,
IT: engineers with special training as plant operators;
IIT: technicians and craftsmen with special training as
plant operators or unit-operators;
1v: craftsmen working 1o the repair and maintenapce of standard esguipment and

seniskilled staff with some training in special fields of plant cperation.

Tahla 10. MANPOWER REGQUTREMENTS FOR A COMBINATION OF CONTROLLED WASTE TIPPING
AND FILLING MATERIALS TIPPING.

Population Manpower
served requiremnents
Total Groups
I 17T LIY v
25 000 3 1/2 2
50 000 4 1/2 1/2 3
100 000 5 1/2 1 1 b4
200 060 9 1/2 1 1 6
500 000 17 1 2 2 12

It ig assumcd that all A, B and C wastes are deposited at one regional controlled waste
tip. Those of category D are deposited at a number of filling materials tips distributed over
the region, with control only as regards composition.

The staff groups are as follows:

I: Buglneers, other techniclans and equivalent;
II: Sdne A5 Oohe;
ITT: crafteman and semiskilled araff with some training, e.g. 43 cComPactor OPeTALOTA]

jATH gemiskilled snd unskilled staff.

3.6 Air and noisc pollution

3.6.1 Public concrol

Environmental pollution contreol 1s assumed to comprise land resources management, and
protection of the urban and recreational environment. Alr quality contrel 1y assumed to
comprisc continuous monitering for S0., dust, nitrogen oxides and carbon menoxide at stragetic
polnts in towmmwith 20 000 or wore Inhabitants. Neise pollution control is assumed to take
place in the vicinlry of residential or recreational areas:  =along roads with heavy traffic;
around airports; and around noisy industries.

The organization of the control may vary without causing any change in the number of =staff
needed; but it is considered advantageous to locate them with laboratories for food control
(see scotion 3.1.) as many facilities may be used for both services and the basic education of
the staff 1s often the same, which makes mutual discussions ameng ther advantageous and desirable.
The control staff are also supposed to act im an advisery capacity In community and county counclls.
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As in the case of food control, lower and higher limits of population covered by the same
administration for environmental pollution, air quality and neise control bave been set, the
lowar limit being 100 000 and the higher limit 800 000, The reasons for choosing these limits
are the same as those stated in section 3.1.

On the above assumptiong, the correspondence between the population in areas af different
sizes and the staff of the administrations has been determined (Table 11).

Remarks:
The term “engineersc and equivalent' refers ta engineers, pharmecists, biologists, agroncomists,
landscape architects and others with an academie education enabling them to carry out analyses,

investigations and caleulations to solve the problems involved.

Table 11. MANPOWER RE{UIREMENTS FOR AIR AND NOISE POLLUTION CONTROL

Manpowet
Population requirenents Engineers and Technicians | Others
gerved equivalent
100 000 2 4 1
200 000 3 7 2
300 000 4 10 &
400 00O 7 15 7
500 000 14 20 10
600 000 21 25 13
700 Q00 27 30 17
800 000 34 35 20

The term "technicians” refers primarily to laboratory workers but alse to other technicians
at similar level such as hicolegy assistants.

The term "others' refers to office staff, cleaners and the like.

3.6.2 Private control

This function mainly concerns industries with air and noise pellution problems. Normally
there is a great difference between public contrel and private control in this domain, the former
being based on testing of samples te ensure that standards and other regulations are kept while
the latter iz primarily a working operation as in the case of food contrel, however, it is
very difficult to specify manpower requirements for auch working control. It depends eon the
type of factory znd the type of productien.

In the following types of factories It 1s assumed that one engineer and one technician
will always be needed for the purpose:

- iron and steel works;

-  shipyards;

«  cement works;

- oil refineries:

- artificial fertilizers factories;

- facteries for pesticides and the like;

- cellulese and paper factories;

- medicine factories.
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Some extablishments need aot employ staff specifically for control i{f they are of modest
slze, as the control can be performed by an employee who has other duties; otherwise a person
with independent control duties is requited. These cstablishments include:

- iron foundries;

- palvanizing and electroplating plants;

- factories producing or destroying chemicals;

- tactorices Impregnating woond;

- factories mapufaccuring grain and the like;

- tannerics.

3.7 Ougupational health contraol

Occupational health concrol functions ate assumed to include:

- advising factories, local occcupatlonal health safety couneils, labour organizations
and the public in otcupational health matters;

~ agsisting ministries in the preparation of laws and regulations;

- enauring thnt laws and regulaticons are observed.

In many countries organizations for affective occupational health control are still 1o the

planning stage and experlence zs to the pumber and tralning of the manpower Involved iz sparse.
Ax for many other fields, the control is assumed to be partly public and partly private.

3.7.1 Public control
Such contrel is regarded as pavtly central and partly local.

The duties of the central authority are typically the provision of advice and support to the
government on complex matters. the manpower for a2 central authority serving a population of
5 000 000 is estimated at:

- 60 professienals including engineers, physicians, psycholeopists, toxicologists,

anvironmental health officers and the like;

- 60 office staff, instructors and the like.

The local authorities are reparded primarily as bodies advising factories and checking the
ohgervance of laws and regulations. As the local authorities must have a detalled knowledge of
factories in thelr replons, these should not be too large. Regions with 250 000 - 500 GO0
population would be reasonable.  For a reglon with about 250 Q00 population the authority
would necd:

- 7 professionals including engineers, physicianz and the like;

- 3 techniclans, office clerks and the lLike.

3.7.2  Private control

The number of acoidents in the differvent types of industries varies greatly. S0 in practice
it 1s not possible or necessary to carry out occupational health contreol systematically but only
where many accldeats occur, namely in:

- food producing industries, cspecially slaughterhouses;

- iron and mecal industries;

- the transportation industry;

- the huilding and constraction industry;

- the chemical industry;

- grone and glass industries;

w  sewerape and solid waste disposal plants.

A1l the ahove should have meme kind of oceupational health control, with only the organization
and extent of the control depending on the size of che undertaking.
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In small industries it is assumed that an cccupational heaith council would be formed
composed of representatives from sll groups of empleyees (management, office staff and workers),
all with training in cccupationzl health (through participation 1n courses etc.). Larger
industries would empleoy engineerz, physicians and health inspectors with specialization in
oecupational health aceording to their size and the problems invelved.

4. Bemarks om use of puidelines

It should be stressed that the flgures given in the guidelines should not be applied too
strictly as they are subject to uncertalanty which may generally he estimated to vary by
plus or minus 50%. These great uncertainties are not surprising as there can for instance be
great variations from one region to another inm the degree of automation in the processes
congiderad and the staffing policy of the authorities. Tharefore the guldelines should
primarily be used tot

€1) check the appropriateness of manpower levels im the different environmental .
health fields, under the present circumstances;

{2) evaluate future manpower demand in these fields in relarion to new activities
or when changes in organization, procedure or level of gervices are considered.

However detailed studies must be made in each case when precise evaluations are regquired.
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