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Figure: (2) Grain yield during the period
1975-82 in al-Hyra location
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Figure (3) Seasonal distribution
of the atmospheric elements in A!-Jamaheriya
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i{!.LjJl ,'+-J+.J| ,rLljy yi,lrJl s,:r.!l ;ill .-l3.ll

Figure: (4) Averge of wheat grain yield in Al Mak-
nosa and Berjoi in the south of

Al-Jamaheriya

G
-,
m

--,E<
AJ
o.,-;2
@
IE

?ears

Al-Maknosa tserjoj



!r. Jrrl .J{6,f,ij1 d*-,rj+.j1 .lEiyJrtrJ, gUrJ, .fi!,r.ild,

Figure: (5) Averge of Barley yield in AI Maknosa
and Berioi in the south of

A!-Jamaheriya
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o,lEbllO&Jja..llJLr:yJlhll gJroil 
".alt 

J.:ts|

,/ J++ nl {L.}, o- dlEJl a,r, ui J}iJil !, -f. r Jl Jl< .. ll crtJ.rl* .111031 ..1!3

. oLtillJl-^1i-l

oLLiJI Jlli:.*l 6Li L ,i': -ll dLLiJL ;.slri-.tt, ; .:. ^tl 6{-rJl oli ;lLiJl ,i Ll

C :+--.,J (+;JlJtl.Xl)'lJ"0Jl.'.rJi ol U u-r'UJl+rt:tl3 *ill;4 6;lrlL3t".-,

J5L'.A j,-Sl,F.lt i'i,.,:J J^i--Jl ebJlt .r- alJl ,F ylc i--^i.-! JJii !Ji- iJt .i
. L*Ji^ll .'^ i ll JL,i Lil3Jl ;lrul 

";i3 
;, ^': - tl gLlJl ..)J+ j i.'-l-- il3LA
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;*;lr,r;jl[.r\ y*l frf. 
"UiJ JL..jyl -i..jJ" J- fr..< (r . .' t'.:,,Li c,r:.
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.l*>tS o:,r" 24

: 
"4 

LX a-"1S:;Snl olUiJd3;Ji el)L'l i..l .,. &i3: Ll
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iJjJl el)L"Y i.-,1: c,-q.l o:.jl3 *Lt,;Jl *lt'rtto-L;.1 3i..'.,."r:]iJ i,-;iJl g;lJYl Li

: ;tK ie;3. ,-ar JL''(r 2" 1.+1"000 g*l krli.:LLLt



.r. Fl &*l1.1Jl Or.u.ri#ll.tLrr^JJ.Alrll f$J, sjfil J..i3arl

(Maquis et Garrigne) iJJo.riJloLGll ;. rt':<^ 190.000
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a*Jrlrll i{4 r'{.( Jtrji jrilnl rc.*,+jl ;illJ.iJ.lJl
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Oa4Llt i!-.nedl,rtsiy J'jnUl itI 
"."ij4l

' e$lJl':l.,4a;JL l6':^L'- 
ea-, iel-,i3 te'r':r':t i'r3cjl

ilr! d e:r&ll, c;'L.:,:Jl, oL-lorl qniJ.iji i,t ^ -tL JL-Jl i^i Lrli. iL,-.lJ'* -
. :, t^rll 6Lil ,:1,,r-" ,j f<-lL iLl,i,ll LtJl

. td),l;n*lsr Lr.,r,,illr i-,!l"L '-1i oLLJI; cta 150'000 i3J.e: -

ir^ Js"r q.-t **-lh: nl,- J-i,.r j)L- o\.ii: 4-:Jl6:tJl A-b!l h.i i'-;+r
: t+nl

!3e.13 i.pt-c i.-J..,^- c,li oL-,.....-3 oli-ill ;<l ,' -' ^ cltr--"+ e,,i C, El;,-'91 
*

. .rel;Jl3 c,LtX{ i.i^l: # t-}l "' ' ll

-.r+-,:,:.ll c,l.r34-1- g.s lill.ill oL.li,-3 u,-l3Jl i-".!l '.. ^ +.''- llJL.r,rl'l' i,-1<i *

. 
"""1r,".11 

;=,..*S3

. .:Lh.ll ltAX i$l-.):;?l ,el!l gL-.iy -iJ"-ill r/L.- -t ,-aij *

. ;ljJlJ $-:LYl+J].\.id u.a)ln! JI. ^t! Jl-'': " li!";,=.rlsel *

. 53Jl .raL- 3r.r: *

.'.r!-. ii., otr,ri-JJ G-t LJ-.i.Jt il":.-ll €La-.rlt rt 
o-g 

i.-Jlci-a g-r! $s lir
jl ,r--.i* -.,Q; aslL 46 4r,;-ll ,rf,^- .t5')L:.el+ ,:Ll,ul gtLiJ t.r3,.,-;r.Jl c,l"Lrc"il

;,- da 5370 ;- r* riit c,lJl+ill 6,*j i-."i. ilJGli ii-Jl ,r-i ')1-1.r ;.e,-.,L 26 c.,-its

,:!4 I3.000 ;l 1989 ii* i.il,ll*!*,r-.!lli*lJi, & .,16 11.800r,riliilr*+-,j$l

. 4j-j^..r3.)$i'Jl i.t: 3L . ' t (u--rs .i-Jl Lra gs:-e

+:ii,.ji"i. l- 6-r.11,_e. !3 oLtj-l j i",.-tx'rl i.r,-Jl{Ji +$LXl .,.-1liJ! ,j.r
. L-.,rc.,,1! s+=YlliiiJlrE ulc;JtiJ r+JlJl . -':a:{l

. erJ. 3jJtpai -3

c,li oL.^.Jl ,5lJ--l-r .if i: L .ri c,LEl {lJ ii!#!ill u-J.^lJl 3lr-^! Ll*+ill -3.1

. tJEJlr +tXlt.iili SrJn-,- e,,,r *cJlJ i-[ijt al-.!l

j3l'ljij! ,eJi+.rl Jb:, rrrlJr &l.Jl ,tl le!



i,,r.,lJJJl or.4.n+Jl.rLaiyJ.nbJl i{r,Jl,,.lr.ti J"+"ll

. oLtiJl ,llJclJ d-iJ s*t*'rl &ritatlJl ,. ! -3.2

. i:*6:llil:-', l:,'r^ .]6111.119a-1 \.r.:'r -3.3

. &r+le*+,i: -3.4

i.li!) di:*Jl &tr+l otr-.,r-....-... .-- eli3 G.rta3 1t,-tj;- tl5,e.rlarll . !<*. -3.5

(.... oLljJl i-cl-233 s-lllJ -'=-,-ilL Jig ,tiic)lJ .... udl-i.-

. Ai.,tnl{--JJJI 3;!;Xl q.r-:. gl..;,-!l -3.6

. t.rjl e.- "+r,lJ 
GUll d+J,5 iJ... Frc'r: -3.7

. J---iJl LJti-J Ji?-:.lil JJ,&s- fr ti$ll e!J.r: ,;c Jb,ll -3.8

,r-1" f-r"ts g*-+ r3,-3Jl 
"l-<*#l 

irt<': 3'1 oLL;Jl 5L::[.rJe JJ].-" J.<., ''' '-i -3.9

. uiUJl CtnYL "tnc'rl

. .". ...tiJlJ ..,,-riJl .,-!Jl l"Ldl n ; la.-L;13 i,i!3Jl o{*^^ ^ll f., -3.10

+*i.,--rt i;.Jl g-l; uJl oUr .;. :t I ii,Lt ;Jg.rJl ot1+-,:,:..,*$ O1,rL,J--"-t! -3. 1 1

. ,r_;13!lJ

c.r+g; s-,s[ "rb,-li:J) i51.ul.rJldL ijl(Jl i-ilji.JlL3aJl;t. ttt ', ^g -3.12

"t-fll ,rL lgiL-Jl LJ-r.F+l u,,JsJ 6JsL- JL-l tiJ) t'+--;Jl:.iLcY LJ-.-{^all

'("" !"'ll-r



s. Jrll il{f IJJJI as+.llJtr3}J-aul

f+cr.rjlt .i.t#..{ gllt prirf t

giil dLl, J.ra 6rLj sast
,itiJl5.1rfl 6

o*..,rs 0t,,.- Uir{i" J$ts.rJl 6. #,11,rs,1

,it Lt .Jl J.te 1*.rliJl5il U,r6{.ll3

s6,;!l&-#a'^ilt d !J*c'l$Jl &1lr,J3{Jt ArGl

: Ua-:.Lll

-l"*nt-.+it .r..*rJn!l iiJ.iJL t{ i... iiJ.u....:-ill l^j-r;Jle,p;- Joi-,y.:.*:.ltc4t

",a 
ici_,f1j !.13* ii:il.: it* J-I.,'i^ rt JEiJtJ:,jU i-trJ L992 

Vi,,.^11 f*..dlJ)|: u_Jrlt i..*Xt

x 15), *.r e,t:lJ:lti;rjs,:r. ol13i.-. a\rr(99214 lZ0) r(l99? 13 130) r(199213 ll}t
:,*L< eiEJl u-ri-h .;e3 (* 50 x 45; , qSO ,( 30) r (50

8.;JJ oL;)l ,l-!S: .F trl;.,/l .r- 1t1Xl uc,ri Q3,,.,- i.rLj.rJl,rJ3!l .rca.!L icl_1'/l o.rl -1
iitX J*[l A-.:i iiJl 6i,r .,i il,.i,* 6JJ"i !-)ti fs a]S!13 ,r-,&l ol,rcaJL ij.,1ti. ir-i;Jl

eU .r.s Jil ,rKs i;JJl irll sht!.'. iit \ icl.l-,/l .l.,.-c'13* ;1 .l;.lsJl ,J,.iIJ Qjii 3l r:8ul
dli ..,.,-. 6j".lJ eJEJI .r3Jl ,r-i ie3JJJl A.'-,iJl ;JIl ,r',*t 3r c,L!!l i-l-i<j s:- ielJjJl J^

..bdt lJ.6 (,j i4rr3Jt _23jJl eL,:1 ;;j.i J)t- i-,l'!l oy,u- .23:t tt

.1r; !-)U !+ (Jj-. ir+Jl ;Jillc,hlrr aLi:J! IJIJJ sJliilr. rtl.!Gt-lS.ll3 ,rr.l3J!s.rl -2
,r-o c,iJL.J! gLi:;l 

"Jel 
()tS3 oEl+ill a.ir..<J i.elrll +clJ- i,ii J.i.l$Jl J-iU Alin ii$.,_

.p- 50, 15;iL,.- (5J"J.51&l.saJl,rj ica3..!l

. i!' ll J.,6ls .,i J3Xl .raJl ,ri ica.,1;*ll crELnJl ,.le ,5J8!l .rca tl ,ri ics-,..r!l oEt,...11 o3r;5 -3
s t31l {il1 i (-.r I ,}25,25 6:LittJ-;i!l , : r. rt J,,-L i+^s cnt s3 L.r,,-- r-AiXl

i-l:lli,t-! (-n/& 23.3)

J-lJiJlJ.-ilJ nsr fu t_r*;_r,r-=r,stjlarll Gtl< 'Jt.;.rlr;1.;.-*tXl. rt.llrl_,-LLll t-s

. iint:llJ (,JJXI i*l-i-ll H-i J":i!l , il.ll &-l- sJc 6Ji,- .4iE ,:,8t,..,tI ;.;139, a.t_.,_,Jl +.1+" .r*



n*c,JJl J+a,i*ill ru! .;,AbJI frgJl !+l J.:3.J1

: &,$aJl

L$,r'-- f&.L,ii eia- Ltdll ij+Ji A.L-JI'lldJli){cVl',J-l--.,l- d+JliJillJ+*i

,J"^n ,r I -< 6;.Jl ,-':i.., rl-i,lJi 
"$- 

otcl 
" 
' ll 1,* .r-,"r-J 1L- ;'rLJ-9 ;ieJl; ;t " "y A:ilii ,,rj

;:bL: ,rJc ol:l3."-Jl !}*i "r;s u.lJi--Xl :.- ,iSl., 
""t;.,11 

Ll!...J JI -l;i'i ' il'< .agJl 39.$l
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SAFE USE OF WASTEWATER
IN AGRICUTLURE

HEALTH ASPECTS AND GUIDELINES

Mr" Sadok Atallah
WHO-EMRO-Alexandria-Egypt

Introduction:

Countries of the Eastern Mediterranean Region (EMR) are either arid or
semi-arid and majoirty of these countreis are water short or will be so in the
near future. Long, dry periods for most of the year with a short rainy season
characterize the rainfall pattem in the Region.

surface water resources comprise a few perennial rivers and reserviors locat-
ed usually in the mountainous regions. Most streams are dry for a significant
part of the year. Groundwater resources are the main source of water supply
in most of the countries. Groundwater aquifers are being overdrawn almost
throughout the Region in order to meet demands for domestic consumption
and water for irrigation to produce enough food for populations which are
growing with alarmingly high rates.

With water becoming an increasingly scarce commodity in the countreis of
the Region, pianners are continually searching for additional sources of wa-
ter which can be used economically and effectively to promote further devel-
opment. Wastewater effluent is now being considered as a new and non-
conventional source of water which can be used for agricultural production,
and thus can contribute to the alleviation of hunger in many developing
countries.

2- Overview of the situation in the Eastern Mediterranean Region:
2-l Watcr Shortage:

A brief glimpse of hydrological picture in the Region can easily reveal the
vaiue of treated wastewater for reuse.

With exception of mountainous and hilly regions of Islamic Repubtic of Iran,
Northem Iraq, Morocco, Pakistan, and Syrian arab Republic as well as tropi-
cal southern Sudan, in vast areas of the Region the annual rainfatl is less than
300 mm.
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In the same time losses due to evapotranspiration exceeding precipitation by
over 1000 mm.

surface and ground water are overtaxed with ttre rapid population increase
and great demand for crop production, municipal and industrial water sup_
plies, ground water soruces in many countreis are being mined at an alarm_
ing rate. For example, in certain parts of Yemen, the ground water level has
fallen from 70 meters below the ground to 400 m in less than 3 years. while
the situation elsewhere may not be as bad, but a very serious ground water
depletion is going on in Iran, Iraq, Jordan, Morocco, Oman and Tunisia and
many other countries.

2-2 Need for lrrigation:
Provision of irrigation water is one of the most important factors of increas-
ing agricultural production in the EMR. The land areas under irrigation is
about 30 va of the total cultivated land, but its production amounts to about
75 Vo of the total agricultural production. In large parts of the Region, no
crops can be grown without irrigation. at present, the Region is importing
more than 50 7o of its food requirements.

Under present circumstances of rather limited development in agricultural
sectors and fairly high rate of population increase, the rate of increase in de-
mand of water, is exceeding the rate increase in agricultr,rral production.

one of the non-conventional resources of water which has not been fully uti-
lized yet, is treated wastewater. Most of the wastewaters of domestic nature
after proper treatment, may well be utilized to replace freshwater for irriga-
tion and industrial cooling.

2-3 water supply and sanitation coverag€ in the Easter Mediterranean
Region:

Figure 1 and figure 2 show population coverage with water supply and sani_
tation in 1980 and 1990, in urban and rural areas.
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Regarding wastewater collection, the rapid urbanization and the population
pressure (see fig. 3) have put a severe strain on city municipal services.

The sewerage coverage in many countries of the Region are inadequate.
Based on 1988 data from 14 countries, only 34 Vo of the people living in ur-
ban areas aserved with sewerage (see table 1).

Contamination from industrial wastes is of particular concern in those areas
where the receiving waters are used for drinking-water supply with oniy
minimal treatment-

In the oil-producing countries, advanced primary, secondary and tertiary pro-
cesses are employed and successful results were obtained in Jordan, paki-
stan, and Tunisia.

Estimated daily wastewater flows from urban areas are given in table 2.
There are quantities, of properly treated may well be turned into valuabel ir-
rigation water to produce more agricultural products.

3- Health Aspects of Wastewater Reuse:

3-1 characteristics of Wastewaters:

Pathogenic viruses, bacteria, protozoa and helminths may be present in raw
municipal wastewater at the levels indicated in table 3 and witi survive in the
envrionment for long periods as summarized in table 4. Pathogenic bacteria
will be present in wastewater at much lower levels than the coliform group
of bacteria which are much easier to identify and enumerate (as total colif-
orms/100 ml) Escherichia coli are the most widely adopted indicator of fae-
cal polluation and they can also be isolated and identified fairly simply, with
their numbers usually beign given in form of faecal Coliforms (FCylO0 ml
of wastewaer.

Tabel 5 shov's major constitutents of typical domestic wastewaters municipal
wastewater also contains a variety of inorganic substances from dornestic
and industrial sources including a number of potentially toxic elements such
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as arsenic, cadmum, chromium, copper, lead, mercury, zirtc" etc.

Even if toxic materials are not present in concentraiion likely to affect hu-

mans, they might weli be at phytotoxic levels, which would limit their agri-

culrural use.

3-2 Disease Transmission:

many factors affect the degree to which the potential risk posed bv a patho-

gen in v,rastewater can become an actual risk of disease kansmission as illus-
ttat.ed, in fig. 4.

To pose an actual dsk to health, al1 of the follo'rzing conditions must be satis-

fied:

- Either an infective dose of an excreted pathogen reaches the field or pond

or the pathogen ruultiplies in the fieid or pond to form. an infective dose;

- The infective dose reacfres a hurnan host;

- The host becomes inflected, and

- The infection causes clisease or f.'urther traosmission.

3-3 Epiclerniological evidence:

Al1 the availatrle epidemioligical studies on the agricultural use of wa"stewa-

ter har.e been rigorously reviewd by Shuvatr et al and the princr.pal conclu-

sions carr be summarized as follows:

- Crop irrigation with untreated wastewater causes significant excess iofec-

tion with intestinal nematodes. figure 5 and figure 6;

- Crop irrigation with treated wastewater does not lead to excess intestinal
nematocle infection among field workeers and consumers:

- Chotera and probably also typhoid can be effectiveiy transmitte<i by the ir-
rigation of vegetabels with untreated lvastewater;

- Cattle grazing on pacture irrigated with rarv wastelvater may become in-
fected with "c,vsticerctts bovis" (the larval stage of the beef tapervoon Tae-

nia saginata);
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There is only very limited evidence to show that, in communities with high
standards of personal hygience, the helath of people living near fields irri-
gated with raw wastewater may be adversely affected wither by direct
contact with the soil, or indirectly through contact with farm labourers;

Sprinkler irrigation with treater wastewater may promote the dispersion of
small numbers of excreted viruses and bacteria in aerosols, but an actual
risk of disease transmission by this route has not been detected.

3-4 Health Impact of Pathogenic Agents:

In respect of the health impact of use of wastewater in agriculture the relative
helath impact of pahtogenic agents is given in table 6.

4- Effluent Quality Guidelines for Health Protection:

4-1 E{Iluent Quality Guideline WHO (1989):

Following several meetings of environmental specialists and epidemiolo-
gists, a WHO Scientific Group on Health Aspects of Use of Treated Waste-
water for Agriculture and Aquaculture arrived in June 1987 in Geneva at the
microbiological quality guidelines for wastwater use in agriculture shown in
table7.
'Ihese guidelines were based on the consensus view that the actual risk asso-
ciated with irrigation with treated wastewater is much lower than previously
thought and that earlier standards and guidelines for effluent quality such as
the WHO (L973) recommended standards, were unjustifiabty restrictive par-
ticularly in respect of bacterial pathogens"

The new guidelines are stricter tan previous standards in respect of the re-
quirement to reduce the numbers of helminth eggs (ascaris and trichuris spe-
cies and hookworms) in effluents for Category A and B conditions to a level
of not more than one per liter. Also implied by the guidelines is the expecta-
tion that protozoan cysts will be reduced to the same level as helminth eggs.
although no bacterial pathogen limit is imposed for Category C conditions
where farm workers are the only exposed population, on the premise that
there is little or no evidence indicating a risk to such workers from bacteria,
some degree of reduction in bacterial concentration is recommended for any
effluent use situation.
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The WHO Scientific Group considered the new approach to effluent quality

would i.ncrease public helath protection for the large numbers of peopie who

\rv-ere now being infected in areas where crops eaten uncooked are being irri-
gaterl in an unregulated, and often iliegal, manner with raw wastelvater. It
was felt that the recommended guidelines, if adopted, would achieve this im-
provement and set targets which are both technolgocially and econornically

ieasj.t'le. However, the need to interpret the guidelines carefully and modify
them in the light of local epiciemiological, sociocultural and environlnentai

factors rvas also pointed out"

The eflluent quality guidelines in table 7 are inteneded as design goals for
ly--asf_ewater treatment systems, rather than standards requiring routine testing

of effluents. Wastewater treatrnent processes achieving the recommended

microbiological quality consistently as a result of their intrinsic design char-

acteristies, rather than by high standards operational cont{ol, are to be pre-

ferred. In addition to the microbiological quality requirements of treated ef-

fluents used in agriculture, attention must also be given to tlose quality
param.eters of importance in respect of groundwater contarninati,rn and of
soil sfmcture and crop productivity.

Aithough heavy metals may nor be a probiem with purely clomestic sewage

eifluents, all these elements are potentially present in muniaipal wastewater.

4-2 Achievement of Quality ltequire<l by Heaitil Guidelines:

To achieve the recommencied health guideline effluent quality, a reduction in
FC concentration of at least 4 logls units and in helminth egg concentration

ci 3 Logrg units are typically required in municipal wastewater treatment.

Health guideline recommend a series of ponds with a total retenticn tirne of I
- 10.Iays in ponds to achieve adequate helminth rem.oval, but at least twice
th.at period is requiretl in a hot ciimate io reduce bacterial content to the
guideline levei.

Conventional treatment processe$ such as a sedimental.ion, biological filters.
activated sludge, aerated lagoons anci oxidation ditches are not able to pro

duce an effluent which cornptries with the recommended bacterial guicielines

of < 1000 FC per 100 ml for unrestricted irrigation unless supplernented by
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disinfection. Moreover, conventional treatment systems are not also effective
in removing helminth eggs to the degree required by the health guidelines.
Table I shows the expected efficiencies of removal of the major excreted mi-
croorganisms by various wastewater treatment processes in log units.

Hookworm larvae may survive for up to 16 days in aerobic ponds. However,
they have not been reported in the effluent of ponds with retention times of
more than 20 days. Therefore, an ideal combination of WSp composed of
five cells in series will provide a complete cycle of treatment vzith almost
1000 7o removal of pathogens. This system of ponds wiil require minimum 2
days of retention in anaerobic pond and about 20 more days of retention in
ttre remaining four ponds in series.

On the other hand, in another experiemental stuciy carried out on Al Samra
WSPs by the Water Authority of Jordan, it was hsown that 17.5 days of ret-
netion time in ponds is required to achieve complete removal of nematode
eggs in winter whereas 1 1 days are enough in surnmer.

4-3 Agricultural Control Measures:

The following precautions need to be taken to control polluation, especially
as regards the uptake and accumulation of heavy metals by crops grown on
land irrigated with wastewater:

a) Maintain soil pH at or above 7.0, thus lowering the availability of most of
the toxic heavy metals;

b) If possible, maintain low oxidation potential,by keeping paddy fields wa-
ter-logged for as long a period as possible during the growing season;

c) Grow crops which exclude particular heavy metals from the whole plant,
or from the reproductive tissues; for example, rice in a cadmium contami-
nated field;

d) Use low annual application rates; if the pollutant content of the sewage
exceeds specified levels, decrease the pollutant input by mixing sewage
with clear water for irrigation;

g) control sewage irrigation, avoiding excessive application to protect
groundwater from becoming contaminated with nitrates. This concern
has prompted a demand for reliable guidelines which can be used to de-
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termine safe application rates of sewage.

5- Wastewater Reuse in the WHO/EMR:

Since centrueis, untreated sewage is being applied to farms in the Region, in-
cluding for cultivating ofgreen vegetables. This practice in the past i'as been
responsibel for outbreaks of epidemics and endemic gastroenteric and para-
sitic diseases.

The use of raw sewage in agriculture either direct or indirect (through dis-
charge of untreated sewage to rivers) in a number of countries still is"repon-
sible for many gastroenteric and parasitic diseases.

It is pieasing to note that at least eight countreis (Bahrain, Cyprus, Jordan,
Kuwait, Qatar, saudi Arabia, Tunisia, united Arab Emirates)ln the Region
tlat are operating modern wastewater reuse facilities to provide irriga:tion
water for agriculture and landscapinq, are expanding their facilities tJbring
further more land under cultivation. Several other countreis are seriously ex'_
amining the role that reuse of urban wastewater can plan in increasing 

"their

agricultural production. so, within coming three to five years, majority"of the
countries in our Region will be practicing wastewater reuse.

wHo/EMRo has been heavily involved in subjects of sewage and wastewa-
ter reuse for a long time. In the recent years, with establishment of its Re_
gional centre for Environmental Health Activities have picked up ,no.r"n-
tum.

A successful project in collaboration with UNDPTNICEF for disposal of
wastewater and demonstration of appropriate technolgoies has been imole_
mented in Egypt. under this project, waste stabilization ponds has been used
with very good results.

A large number of courses, workshops and group training have been orga-
nized by CEHA. currently a research project is ongoing in pukirtun 

"rd;extensive pilot shrdy is being implementecl in collaboration with uNDp;;l



\r. JrJl J::3UJl 0*4ti{.Jl .rtr:, Jril.rJl d$rll (iijl J^rrCl

FAO in Morocco.

CEHA and WHO/EMRO assisted governments of Bahrain, Islamic Republic
of Iran, Jordan, Morocco, Pakistan, Saudi Arabia, Syrian ARab Republic,
Tunisia and Yernen and others in wastewater treatment and reuse through
consultancy supporty and training. In many of the above, the assistance of
WHO/HQ has been invaluable.

Starting from 1992, CEHA has launched a Regional Wastewater reuse pro-
ject in order to introduce the new WHO (i989) health guidelines and pro-
mote wastewater reuse, hastly WHO/EMRO has been collaborating with the
World Bank on Project RAB/88/009, Improvement of Water Supply and
Sanitation and Waste Management in the Arab States.

5- Conclusions:

Wasfervater elfluent reuse has many benefits among which are the follow-
ing:

- Reuse of wastewater can be considered as an additional source of water.
While it may be restricted to specific types of water uses due to quality
considerations, it is possible to use wastewater effluent for agriculture and
industry thereby reserving fresh rvater resources for potabte water supply
and other priority uses.

- The marginal cost of providing additional good quality water of the same
volume as the wastewater produced, will generally be higher than the
wastewater. Wastewater will be produced irrespective of whether or not it
is used. Since treatment is essential from envrionmental protection point
of view, hence it makes sense to use it as benefrcially and efficiently as
possible.

- Properly planned reuse of wastewater can reduce envrionmental and
health-related hazards whieh have been observed with traditional waste-
water disposal practices in developing countries.

- Wastewater reuse can prevent eutrophication of water bodies, especially
closed ones such as lakes, where controlled disposal conkibuted to nutri-
ent overloading.

- Wastewater can provide nutrients to soil and plants, especially nitrogen
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and phosphorus and thus may reduce the total requirement of commercial
fertilizer, which may increase the total economic return to the farmers.

- Salt water intrusion in coastal iueas can be prevented by recharge of
groundwater with reclaimed wastewater.

- Availability ofadditional water can increase the choices ofcrops available
to farmers to grow in the area.

sustainable development is possible only if adequate renewabel water re-
sources are available. water conservation in terms of quantity and quality
should rank a one of the highest priorities to support economic oevelopment
and evnrionmental consideration. It will, therefore, be necessary to discou-
rage water wastage and safeguard fresh water resources.

In addition, wastewater reuse with adequate health and environmental pro-
tection should be encouraged.
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Fig. 1 WATER SUPPLY COVEHAGE
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Fig. 2 SANITATION COVERAGE

1. UBBAN SANITATION

2. RURAL SANITATION

2. QVERALL (URBAN/BUBAL)

POPIJLATION

POPIJLATION SERVED

COVER.AGE

113

65

57 ?o

13'7

108

79 Vo

POPI]LATION

POPIJLATION SERYED

COYERAGE

174

t2

7Vo

209

42

20 7o 7o

t69

34

20 Vo

POPULATION

POPULATION SERVED

CO\./ERr{GE

2a'7

27 Vo

367

172,

47 Vo

323

142

44 7o



iE+LlJl d$^ia..Jl JLrr-y JitrJt fr.rf .tJt !r-dt J.!J.JI

Fig. 3 POPULATION GROWTH
PATTERN IN THE REGION
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Fig.4 THE PATHOGEN-HOST RELATIONSHIP AND POSSIBLE
TRANSMISS]ON ROUTES OF EXCHETA-RELATED INFECTIONS
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Fig. 5 Relationship between stool samples positive for as-
caris species in the population of westem Jerusalem and

the availability of vegetables and salad crops irrigated
with raw wastewater in Jerusalem, 1935-1982.
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Fig,6 Frevalence of inleations with hookworm and Ascar-
is species in sewage larm workers and control groups in

various regions of !ndia
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Table.l 1988 DATA
(POPULATTON lN 1000)

r Padial data

Atghanistan

Bahrain

Cyprus

Egypt*

Iran

Iraq

Jordan

Kuwait

Libya

Morocco

Oman

Pakistan

Qatar

Saudi Arabia

Somalia

Tulrisia

Yemen

Total

16520

457

563

42000

51@.3

17250

30011

2003

4288

23946

2165

92300

389

9500

5351

7912

9936

29t223

2650

373

363

12500

29702

12593

2t00

2ffi3

3645

10820

542

27700

324

7600

r017

41?8

t232

119342

45

240

60

4000

2200

4250

1370

1686

2916

7300

375

7000

246

7262

2700

485

41735

2

65

5,/"

7

34

65

84

80

67

69

25

76

95

0

64

!5

'Iot. 4v.34 To
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Table.3 POSSIBLE LEVELS OF PATHOGENS tN WASTE-
WATER

? Uncertain

1 Based on 100 lped of municipal sewage and 90 7o inactivation
of excreted pathogens

2 Includes polio-, echo- and coxsackieviruses

3 Includes enterotoxigenic, enteroinvasive a d enteropthao genic E. Coli
4 Anglostoma duedenale and Necator americanus

Source: Feachem et al. (1983)

Viruses:

Bacteria:

Protozoa:

Helminths:

a
Lnterovtruses z

Pathogenic E. coli3
Salmonella spp.

Shigella spp.

Vibrio cholerae

Entamoeba histolytica

Ascaris Lumbricoides
Hookworms4
Schistosoma mansoni
Taenia saginata
Trichuris trichiura

s00

?

7000
7000
1000

4500

600

32

I
10

120



Table" 4 SUHVIVAL OF EXCRETED PATHOGENS
(at 20-30 oC)

Viruses
Enteroyiruses

Bacteria
Faeca-l Colifurms
Sal.moneli.a spp.

Shigella spp.

Vibrio cholerae

Protozoa

Entamoeba histo-
lytica cysts

Helminths
Ascaris lunbri-
coides eggs

< 90 (< 50)

< 60 (< 30)

< 30 (< 10)

<30(<5)

< 30 (< 15)

< 30 (< i,5)

< 100 (< 20)

Many
Months

< 60 (< 30)

< 60 (< 30)

< 30 (< 10)

< 30 (< 10)

< 30 (< 15)

<30(..J5)

< 120 (< -50)

Mar:.y

Moniis

<'10 (<20)
<70 (<20)

< 20 (< 10)

< 20 (< 10)

< 20 (< l0)

< 100 (< 20)

Many
Morrths

< 30 (< 15)

< 30 (< 15)

<10(<5)
<5(<2)

<10(<2)
<10(<2)

< 60 (< t5)*

< 60 (<30)

* Figures in tlrackets shorv the ususal survival time,
Source: Feachem e.t al. (1983)

l

l

i
ri

1i

l

ij
il
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Table. 5 MAJOR CONSTITUENT OF TYPICAL DOMESTTC
WASTEWATER

The amounts of TDS and chloride should be increased by the con-
centralions of these constituent in the carriage water.
BOD, is the biochemical oxygen demand at 20 oC over 5 days and
is a measure of the biodegradabel organic matter in the wastewa-
ter.

Source: UN Department of Technical Cooperation for Development
(1e8s).

Total solids

Dissolved solids (TDS)l

Suspended solids

Nitrogen (as N)

Phosphorus (as P)

Chloridel

Alkalinity (as CaCOr)

Grease

BOD-2
5

1200

850

350

85

20

100

2AA

150

300

700

500

204

40

10

50

i00
100

240

350

250

100

20

6

30

50

50

100



Table. 6 BELATIVE HEALTH IMPACT OF PATHOGENIC
AGENTS

High Risk I Helminths
(high incidence of, excess infection ) | (ancylostoma, Ascaris, Trichuris and 'Iaenia)

Medium Rlsk I Enteric Bacteria

(I-ow incidence of excess infection) | (Chote.ra vibrio, Salmonella typhosa, Shigella
and possibly others)

Ixrw Risk
(Lorv incidencc of excess infection) | Enteric viruses
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Table. 7 RECOMMENDED MICROBIOLOGICAL QUALTTY
GUIDELINES FOB WASTEWATER USE IN AGRICUTLUREA

a In specitic cases, local epidemiological, socio-cultural and enr,rionmental factors should be taken
irto account, and the guidelines modified accordingly.

b Ascaris and Trichuris species and hookworms.
c During the inigation period.

d A more stringent guideline (< 200 faecal coliforms per 100 ml) is appropriate for public lawns,
such as hotel lawns, with which the public may come into direct contact.
In the case of fruit trees, irrigation should cease two weeks before fruit is picked, and no fruit
should be picked off the ground. Sprinkler irrigation should not be used.

Source: WHO (1989)

Irrigation of crops

likely to be eaten

uflcooked, sports

fields, public par-

kedd

lnigation of cereal

crops irdustrial
crops, fodder
crops, pasture and

tteese

Localized irriga-
tion of crops in
category B if ex-
posure of workers

and the public
dc,es nol occur-

Workers,

consumers,

public

Workers

Not applicable

No standard

recommended

Not applicable

A series of stabiliza-

to achieve the mi-
crobiological quali-

ty indicated, or
equiYalent treatment

Retention in stabili-

zation ponds for 8-
10 days or equiva-

lent helminth and

faeca coliform re-

moYal

Pretreatm ent as re-
quired by the irriga-
tion technology, but

not less than pri-
mary sedimentation.
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Table. I EXPECTED REMOVAL OF EXCRETED MICROOR-
GANISMS IN VARIOUS TREATMENT SYSTEMS

Plain sedimentation

Chemically asssessted sedi-

mentation

Activated sludge

Riofiltration

Aerated lagoons

Oxidation ditch

Disinfection

Waste stabilization Pond

Effluent storage reserviour

0-1

r-2
0-2

0-2
t-2
t-2
2-6

1-6

t-6

0-2

l-3
0-2

0-2

1-3

0-2

0-1

r-3
1-3

0-1

0-1

0-1

0-i
t-2
t-2
0-4

L-4

1-4

0-1

0-1

0-1

0-1

0-1

0-1

0-3

t-4
1-4
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PUBLIC HEALTH IMPACT OF
PESTICIDES USED IN AGRICULTURE

MR. Sadox Atallah
WHO-EMRO-Alexandria - Egypt

I. Definitions:

- Pesticide, FAO defined a pesticide as any substance or mixture of sub-
stances intended for preventing destroying, or controlling any pest, in-
cluding vectros to human or animal disease, unwanted species of plants,
or animals causing harm dudng, or otherwise interfering with, the produc-
tion, processing, storage, transport or marketing of food, agricultural com-
modities (raw cereals, sugar beet, and cotton seed) wood or wood prod-
ucts, or animal feedstuffs, or which may be administered for animals for
the control of insects, arachnids, or other pests in or on their bodies.

The tenn includes susbtances intended for use as a plant-growth regulator,
defoliant, desiccant, fruit-thinning agent, or an agent for preventing the pre-
mature fall of fruit and susbstances apptied to crops either before or after
harvest to prevent deterioration during storage or transprot.

Similar definitions have been adopted by the Codex Alimentarius commis-
sion (codex 1984) and the Council ofEurope (1984).

- Toxicity, means a physiological or biological property which determines
the capacity of a chemical to do harm or produce injury to a living organ-
ism by other than mechanical means. (NRC-FAO 1970).

II. Pesticides, Classification, Use and Consumption:

Pesticides play an important role for developing countreis in protecting the
production and storage of food, reducing their losses and controlling vectors
of endemic diseases to man and animals.

They can be classified in many different ways: according to the target pest,
the chemical structure of the compounds used, or the degree or type of health
hazard involved.
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While figures on the global production of pesticides, in terms of sales

value, are abundant, information on production, in terms of weight or
volume of active ingredient, is extremely scare, The foilowing figures
give world production of formulated pesticides (1945-1985) and the

worid sales and consumption ofpesticides (1975-1990).

HISTORIC TRENDS
IN PESTICIDE USE

Pesticides
production

and use

THIRD GENERATION:
organophosphorus compounds

MALATHION ets,

SECOND CENERATION:
organochlorine compounds

DDT. LINDANE etc.

l

l

FIRST GENERAT]ON:
As and S compounds

BAN OF
DDT

Time
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WORLD PRODUCTION OF FORMULATED PESTICIDES
1945 - 1985*

c
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. Adapted from Green et al. (1977)

1985
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WORLD SALES AND CONSUMPTION OF PESTICIDES

(r)

F40
=
ul
=30(4
z.
c]
=J620

1975 1S80 1985 19S0

YEAR

Source: Data provided in E"C.E Market Trend for chemical products 1975 ' 1980 and

Prospects to tgSO f .C.flCFltltl/10 Vol' 1 (Geneva. 1987) and O.F-C D The State oI the
Environment 1989 )Paris 1983.

OTHERS

FUNGICIDES

INSECTICIDES

HERBICIDES
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Main groups are: insecticides, larvicides, acaricides, fungicides, fumigants,
nematocides, herbicides, dessicants, defoliants, haulm killers, plant growth
regulators, rodenticides and molluscides.

According to the chemicai structure of the compound used the major catego-
ries are:

- Inorganice and organometallic pesticides (arsenic trioxide, calcium arsen-
tate, mercurous chloride, phenylme,rcuric acetate, sodium chlorate ...).

- Phosphorus-containing pesticides dichlorvos, abate, fenthion, parathion,
dimethoate ...).

- Nitrogen-containing pesticides (carbaryl, baygon, propanil, paraquat,
antu....)

- Halogen-containing pesticides (DDT; 2, 4-D; 2,4, 5-T: aldrin dieldrin, lin-
dane, dibromide, hexachloro-benzene).

- Others, including sulfur-containing pesticides botanical and microbiologi-
cal pesticides and other orgaxic pesticides.

The use of these compounds has increased greatly in recent years and new
compounds have continually been introduced, particularly since the DDT
ban in the late 1960s.

Out of the world production of pesticides i"e. 3 million tons in 1985,20 7o

(equivalent to 600 000 tons) were exported annually to developing countries,
and at least 90 Vo were used in agriculture for pest, weed and plant disease
control. The remaining l0 Vo being used for public health programmes, par-
ticularly for the control of vectors of human diseases (malaria, filariasis,
schistosomiasis, leishmaniasis, and trypanosomiasis).

III. Toxicity, Hazards, Exposure to Pesticides:

Based on the toxicity of the technical compound and on its formulation, and
according to the degree or type of health hazards involved, the Twenty-
eighth Worid health Assembly (1975) approved the follwoing classification
of pesticides and recommended its use by lvlernber States, International
Agencies and Regional bodies.
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out of one thousand one hundred technical substances concerned by the
WHO classification, only ninety nine were reported in 1990 to have been ei-
ther restricted or banned in many countries; some fifteen thousands com-
pounds and thirty five insecticides mixtures were also reportedn as been pre-
pared!

According to a survey made by the Eastern Mediterranean Regional Office
in 1990, the most used insecticides for any kind of public trealt usage in ten
Member States are: DDT, malathion, temephos. pyrethroids and fenitrothion
and six of these countries (Afghanistan, Iran, Oman, Morocco, Sudan, and
Yemen) used a total of 225T DDT in 1989 in Pubiic Health; 50 Vo of that
quantity was consumed in Islamic Republic of Iran! The following table
gives the fifteen most used pesticides in seven developing countries of which
six are highly hazardous to extremely dangerous.

Different groups and segments of a population are exposed to pesticides in
different ways and in different degrees. Some exposures are intentional
(suicides and homicides) and some are unintentional.
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CLASSIFICATION OF PESTIC]DES
ACCORDING TO DEGREE OF HAZARD TO HUMANS

* The terrns "solid" and "iiquid) refer to the physical state of the product or for-
mulation being classified.

+* A dosage of 5 mg/kg b.w. is equal to a few drops ingested or a splash in the
eye,5 - 50 mg/kg b.w. equals up to a teaspoon full and 50 - 500 mglkg b.w.
corresponds toup to two tablespoons full.

Source: council of Europe, 1984: and WHO, 1988 b.

Extremely
hazardous

Highly
hazardous

Moderately
hazardous

Slightly
hazardous

5 or less

5-50

50 - 500

Over 500

10 or less

10 - 100

100 - 1000

Over 1000

40 or less

40 - 400

400 - 4000

Over 4000

20 or less

20 -200

200 - 2000

Over 2000
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The fifteen most used pesticides in Bangladesh, India, Repub-
lic of Korea, Nepal, pakistan, Philippines, and Thailand

1 carbaryl (I)
2. malathion (I)
3. parathion-methyl (I)
4. diazinon (I)
5. monocrotophos (I)
6. endosulfan (I)
7. carbofuran (I)
8. mancozeb (F)
9. paraquat (H)

10. aluminium phosphide (I)
1 1. oxydemeton-methyl (I)
12. phosphamidon (I)
13.2.4-D (H)
1 4. BPMC (2-sec-butylphenyl methylcarbamate) (I)
15. zinc phosphide (I)

I = insecticide F = fungicide H = herbicide
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The following figures represent types ofexposure and population groups at

risk of exposure to pesticides.

Types of exposure to pesticides

Non-o€cupational
exposure

(ftom water, air,
food
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Fopulation group at risk
of exposu re fo pesticids5x

Suicides and rnass poisoning;
pesticide formulators, mixeis,
aoplicators. and pickers.

Pesticide manufacfu rers,
fomulators, mixers,
applicators,
and pickers.

Ail population
groups

The width of the triangle indicates the approximare size of the ex-
posed groups

* Adapted from Davies et al. (19g0) and Davies (19g4).

term, very high
Ievel exposure

Long-term,
High. level exposure

Long-term, low level exposure
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Some pesticides are used both, as agricultural pesticides and as vector con-
trol agents in public health programmes. Agriculture and horticulture togeth-
er with vector control programmes are the greatest users of pesticides.

The amount of pesticides impinging on target pests is often less than one per-
cent, while over 99 7o moves into the environment to contaminate the land,
water and air. Pesticides residues are a common cause of poisoning in most
farming communities.

The most important negative factors are linked to their misuse which can
produce problems of acute exposure, pollution of the environment and high
residue levels in food.

Some pesticide paths in our environment

Pesticides

Livestock Sediment

l_f

\

Benthi
biota

+
Fish

, other
aquatic
biota

It
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some possible side-effects of the production and use of pesticides:
- Entrance and persistence ofpesticides into different compartments ofthe

envrjonmenf including the food chain;

- occupational hazards associated wift chemicals with high biology activi-
V:

- unintentional exposure of peopie, as a resurt of careless spraying opera-
tionst

- careless transportation, storage, and destruction of pesticides and pesti-
cide containers;

hlismanagemeut of dangerous wastcs, at the production plants;
Ecological effects, including development of resistance in disease vec-
lors.

Published global estimates of the annual number of cases
of pesticide poisoning

Unintentional poiso

500 000

nings

797i
1977

1985

- lwHo, i973

I iil000
20 640 lCopplestone, 1977
20 000 lLevine, 1986

(area surveys of mortality: -method
used in the study by V/HO, t973)

1985 I 000 000 | 20 000 lwHo, 1986a
In.tentional poisonings (suicides
1985 i 2 000 000 I 200 000 lJeiraratnam (1985)

(based on hospital dara)
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Data on pesticides residues in human milk has recently been collected and
evaluated in the joint FAo/lyHo food contamination Monitoring pro-
gramme" A summary of the data and estimations of intake for certairipesti-
cides are given in the table below:

GEMS Estimates of intake of selected pesticides from
human milk

Aldrin and diel
Crin

f)DT complex

Lindane

tr{eptachloi and
heptachlor epox-
ide

Data from I 1 couniris indicate that, in all cases, the 9fttl
percentile exceeds the maximum ADI of 0.1 mg/kg of body
weight by up to ten times Most median values also exceed
the ADi.
On the basis of ar,,,acceptable level'. for DDT in milk (see
text) of 167 mg/kg. the ADI was exceeded at the 90th per- 

]

centile level in recent years only in Guatemala. ffre dOtl j

percentiie intake amounted to approximately 707o of the I

ADI in the USA in t979. I

Data submitted cn median and 90th percentile levels of lin_ I
dane in human milk indicate that in ali cases the estimated I
intakes were well below the maximum ADI of l0 mg,ftg of Ibody weight. never exceeding 10Zo of rhe AOt everi atitre i
90th percentile level. I
At the 90th percentile level. the calculated intake at times i
constituted an appreciable percentage of the ADI; In the I
USA (1975 and 1979) and Swirzerland (1974) this catcutat_ I
ed intakc amounted ro approxiroately B57o olthe ADI. Cal- I
culated 90th percentile intakes in Guatemala (197a) and Ja- |pan (1978) were at approximately the 75Vo level, but I
decreased in subsequent yeras. I

Source: GEMS. 1986.

Another GENIS Biolcgical Monitoring study on DDT and HCH conclucred that the resi_
*" tr.1. of rhese rwo pesticides in simpres of'human breast milk are *,,"h hi;;;; i;;;-
dia, the People's Repubiic of Cbina and Mexico than these detected in "G;;;[;;;l.ations in srveden, rhe tlsA and yugoslavia. These results with others 

"un 
u" ,ut'.ri *lvarning signals - In addirion, several deveroping countries .u.e now producing their ovrnpoilutant organo-chlorine compounds, highly toric organophosphorus iosectilio"s ana afew hazardous f*ngicicies and herbicides. This rocal pioduction-of pe.ti"ia* i, J"u.r'Jp_

ing countries, unless closery controlred, can enta adrjitional riski to public t""rtt 
-ui

car:se the processes of synthesis may differ from the originai ones. This can gi;;;;
other toxic compounds which remain as impurities at haz,irdous level.s.
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Safeguard Measures Preventing Fublic Healt Impact and Poisoning:
For Public Health Department to succeed in preventing public health impact
and poisoning of pesticides, it will require the support of all the health sys-
tem and of other social, economic and related sectors concemed. Therefore,
the role of the Govemment, industry, agricutlure, community, ffade consu-
mers and public at large is of pre-eminent importance for th6 safe and ade-
quate use of pesticides.

Requirement and Support:
1- Authorities to be kept permanently informed publications issued by

WHO/FAOruNEP and ILO provide evaluated information on health, ag-
ricultural, environmental and occupational matters related to pesticides.

2- Govemments must enforce measures to reduce risks in handling and ap-
plying pesticides particuiariy in rnanagement of intensive agricultural and
industrial developme.nt, ar:rd intensive food production.

3- Code ofconduct - all pesticide industries to behave even handedly in de-
veloped and deveioping counlries - (warning, labelling, banned pesti-
cides, rigidly restricted).

4- People participation could not be gained or obtained without the availabil-
ity-of clear information on the risks that pesticides represent to human
and animal life and to the envrionment, bui htis supposes a prerequisite =
managers as well as operators and supervisors and also administiators in
charge have to "be aware first".

5- Consumer Associations, and/or National Association and pressure groups,
on human ecology, ecotoxicolcgy and environmental impiovementl

(Legislation enforcement, pesticide production, handling, transport, storage,
application and discharge ....)

Estimated overall annual public health impact of pesticide poisoning

Single and short-term expo-
sure (Including suicides)

Long-term exposure, specifi c
chronic defects

Long-term exposure, nonspecifi c
chronic effects (cancer)

3 000 000
(220 000 deaths)
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Mjgus.e of p-esticides is often the resurt of ignorance which can only be dealtwith, in collaboration with industry and reiared secrors otr,"itrr* lanlr-tiyof Health by:

1. Education and training of the following:
Ia. Pesticide handlers and users: prdouction workers in industry, packasins

repackaqing, formulating, baggers, mixers, tu.-..r, ugii.ultii.ii;;ffi::
dealers diskibutors, retailersl veterinary workerr, p;6ii. h;;h ;;;il;spraymen operators and householders.

lf. grrpervisor,s: Project leaders, fierd.supervisors, pHC workers, sanitarians,public health agriculture and municipal supervisors.
Ie. I.nspectors: Public heaith, environ.enrar hearth, occupationar hearth. ag-riculture, industry, commerce and municipal inspecto6"-*---E 

,vs'Irrr' 45-

Id. other.supervisors: Administrators, p-ubhc health medical doctors, food

iJ:m*:_:"vrionmental 
heatth an"d/or sanitary 

"reir";rr, ilU;;;i
workshops, seminars, on-job-training murtiievel training courses, periodi-cally organized or on coniainuous t#s coutd make use df murtileviitrarn_ing modules, suitable texts guidelines und traning materials p.;p;;;J .

Chapter V.

IS:,::9rPs,-guidelines and insrrucrions- should be simple, practical well_
l:ryl*9:l 19..d 

tulqyug" when needed, il";a;il;; ffiffiil#,or peslrcldes use.in public health, agriculture industry;t.. it ir;;i",;l;i;rmportant to exprain ro workers why. they have ro ta(" pr".uuii5*"ffi ,h,"probable consequences of non-compiiance,

?a. 
-Health 

education of public at large and information of an concerned tar-g:l.gj:il-s. _rs."ir 
of pesticides, and poputarions ar risk. rfri. 

^&-i"" "ra-.il_unurng prograrnme should use ail means of media *a uoorei. pu"fu;ythe following groups:

- farmers and members of farming families.
- farm workers picking or handling prants or fuits treated with pesticides.
-. people- involved in the manufacture and processing of pesticides. produc_
tion workers, formulators, vendors, transpbrting- mii*r,'f""alii"d;#;;
of application equipment (farmer o. p.or"r'riorui?),'g.o*.r. and pickers, res_cue and clean-up parties, etc.

- Health workers of vector control sprayers.

- general public (adults and children).
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Residents living in or close to farming areas (ingestion via food and drinking
water, inhalation via air and dust and skin absdrption via clothing or direci
contact).

consumers far away from farming areas (eat crops or animal products, drink
water).

F*qq.t via air, water and food as a result of the use of pesticides in public
health programmes to kill disease vectors in residential areas.

Intentionally in an attempt to commit suicide or as
among children under fiv-e years of age.

Healt education usuaily ,_tqrt,*ith the most practical and simple way of im-
parting information: the iabel. However, wiming symbols and text, as rec_
ommended by FAO for use on pesticide packagirfi, ivould be most uieful.

3. Development of guideiines, audio-visual aids and teaching and learning
materials:

These are very useful for training of trainers as well as &e different catego-
ries of personnel involved in uselnd/or control of pesticides.

The dissemination of these material among municipar, agricultural and
health communities as well as individuals, aJappropriite, an? rfr"n ri"aeAwill impart information and strengthen u*ar"n"ii.

Prevention of poisoning:
Integration of safeguard measures into pHC does not, but will help to solve
the problem. other measures, to prevent acute and chronic poisoning and
damage.to the environment by pesiicide uses should be taken parti"or-ffiv tv
developing countries. Among these, one can list the follo;i;;l-_---*'' -'

Good agricultural practice and altemative pest control methods other than
chemicals (such as environmental management, biological 

"ont.;l;nd-integrated vector control). "
well equipped health centres with an aclequate referral process linking the

an accident particul arly
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Warning symbols and text recommended by
FAO for use on pesticide packaging*

Class la Class lb Class tr Class III

(Text only)

Very toxic Toxic Harmful Caution

x From FAO (1985b)
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Manpower derrelopment int he following areas = environmental health,
occupational health; Chemical safety; hazardous wastes; clinical, analyd-
cal, experimentll, _predictive and reuglatory toxicology, medical ento-
motogy, vector brology, agronomy, agricultural entomology, economy.
Risk assessment studies invovling costs benefits, losses and impact on
production, public health and environment.

Monitoring analysis of pesticide residues in staple food in the environ-
ment and in human biological samples.

felr.able statistics system on mortality and morbidiry data related to pes-
ticides poisoning as well as on quantities, values ana types of pesticides
use,

Development o-f research, less hazard pesticides, development of altema_
tive strategies_for.vector and pest control, toxicological'surveillance pro-
graulmes, epidemiological studies.

legislation and enforcement particularly regarding toxicological and eco-
lgg,ical effects prior to importation and usiof peiticides - Ert i"ting ur"
of highly toxic. and persiitant pesticides - registration and licensiilg of
pesticides and industry as well as conditionsif formulatins. packaiins
ard repackaging. Qualifications, of 4earers, certified operatoiijspeci-Ecal
tlons torstores, packages, labels, distribution, transport, storagi, dispo_
sal, and destruction. Qgality control of end products, prwentivE mealtat
examinations (pre-employment and pre-placement arid peridoical).

Engineering_preparedness re$ponse plan for chemical accidents
(pesticides), leakages flue and nlass poiso:ning.

Intensive effort to reduce illiteracy paiticularly among rural workers and
pesticide users.

consumer associations should beencouraged and supported in order to
exert consumer pressrue on pesticides manufacturers-a-nd pesticide con-
ffol agencies.

Establishment of an inter disciplinary uational committee on pesticides,
lgtingas an advisory boly t9 tire concerned Minisrers <H"uftd, ,q.gridli
fure, Economy, Labour, Environment).

V. Modrrlesr guidelines and training materials avaitable:

1TTq,9:- ryany modules, booklet_s, technical reports, guidelines, training
materials that have been prepared by national uriO i"i"il"tio"a;.d"i";:
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tions, those issued in English and French by WHO, FAO, UNEP, GIFAP
(International Group of National Associatins of Agrichemical Manufactur-
ers) World Bank are noteworthy. These include:

, Safe use ofpesticides:
I

I Personal protection against exposure to pesticides used in agriculture and

I fublic health. WHO Technical report Series rro.720, 1985. pp: 30-34.

I - Use and choice of individual pesricides based on recommended restric-
I tions on availability. WHOruNEP, Public Health Impact of pesticides

used in Agriculture, Geneva (1990). Annex 2 : 123-126.

- Safe use of pesticides used in public helath using WHO information
sheets on pesticides. VBC/DS/75.0 - VBC/DS187.80 available on re-
quest.

- Safe use of pesticides in public healrh programmes of vector control,
Chapter 12. page 77 of "Chemical methods for the control of arthropod
vectors and pests of public health importance, WHO Geneva (1984). 

-

Pesticides and their formulations application rates and conversion fac-
tors, Chapter 14 p 88 as above.

- National multilevel coufses on the safe use of pesticides. Establishment
manual - unpublished document WHO/VBC/80.1 available on request.

- Safe use of pesticides, Geneva ILO (1977). Occupational Safety and
Health Series no. 38.

- Guide to Health and Hygiene in Agriculture Work. ILO, Geneva (1979).

- Guide to safety in Agriculture, ILO. Geneva (1969).

- Better working conditions and environment, ILO, Geneva.

- WHO recommended classification of pesticides by hazard and guidelines
to classification, WHO/PCS/90. 1 ( 1990).

- Guidelines for the safe handling of pesticides during their formulation,
packing, storage, and transport - GIRAP Brussels (1982).

- Contrg! Technology: Guidelines lor the safe formulation and packing of
pesticides WHO, Geneva (1983).

- Cuidelines for treating and dispoising of pesticide waste. under prepara-
tion, WHO-CEHA, Amman, Jordan incollaborarion with ETZ. - -

- Guidance on the disposal of surplus pesticides and pesticide containers
AGT/TEST/RRI82/1 3, FAO-Rome ( 1982).

- Guidelines for the_ pq9\rying and stroage of pesticides, FAO plant potec-
tion bulletin; 3i:63 (1985).
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- Guidelines on good labelling practice for pesticides FAO plant protection
Bulletin 3 I :71, (1985).

- Guideline for the disposal of waste pesticides and pesticide containers on
the farm, Rome FAO (1985).

- Intemational code of conduct on the distribution and use of pesticides,
Rome FAO, 1986.

- Guidelines for the safe transport of pesticides, GSTBE, GIFAP Brussels,
1987.

- Guidelines for warehousing and storage GWSBE, GIFAP, Brussels,
(1987).

- Alternative methods:

Biological control of vectors of disease. Sixth report of the WHO Export
Committee on Vector Biology and Control, Geneva. WHO, Technical Re-
port Series no. 679 (1982).

Environmental Management for Vector Control, Third report of the WHO
Expert Committeg on Vecror Biology and Control, WHO, Technical Report
Series no. 649 (1980).

Iltegraled vector control, seventh report of the WHO Export Committee on
Yq*9.. Biology and conkol Geneva, WHO, Technical Reirort Series no. 688
(1e88).

Practical control of insects in hospitals, hoels, supermarkets computer facili-
ties etc.

Poisoning:

- fr.arnilg of_c_ommunity health workers in the prevention of pesticide
poisoning, WHO Technical Report Series no. 720 (19g5). Annex 2.

- Tratment of.poisonin-g due to organophosphorus, carbamate, and orga-
nochlorrne rnsecticides, anticoagulant rodenticides and paraquat, WHO
TRS no.720 (1985) Annex 3.

- Multilevel course on the safe use of pesticide and on the diagnosis and
treafin€nt of pesticide poisoning. Unpublished wHo Docunient: vBC/
78.7 (t987).

- Sampling in poisoning ourbreaks, WHO TRS no. 634 (1979) Annex 3.
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Multilevel course on the safe use of pesticides and on the diagnosis treat-
ment of pesticide poisoning. course manual, unpublished WHO Docu-
ment: WHO/VBC?9.1 available on request.

Survey of training programmes in toxicology and of toxicology courses
of the Member States of the European Community. Unpublished docu-
ment of CCEVlBl3ll82 (1982).

INDUISKI, J. Survey of training programmes in toxicoiogy and of toxi-
cology courses in seven Member States of the Council for Mutual Eco-
nomic Assistance. Copenhagen, WHO EURO, 1982. (Unpublished docu-
ment).

IAUWERYS, R. Survey of training programmes in toxicology and of
toxicology courses in ten countries rvithin the European Region. copen-
hagen WHO/EURT, 182. (Unpublished Ducoment).

PLESTINA, R. Prevention, diagnosis and treatment of insecticide poi-
soning. Unpublished WHO coucment. WHOA/BC/84. 889.

Conclusion:

The safe use of pesticides must be the aim of indusry, government exten-
sion services, farmers'organizations and the farmers themselves. coopera-
tion, understanding and trust are required by all concerned to achieve this.

Every body who handles pesticides should take great care when doing so.
When accidents happen, it is mostly through misuse, and yet safe-handling
is mainly corlmon sense and not difficult to practise. It is the responsibility
of all concerned to encourage a better knowledge and understanding of the
"do's" and "don't", particularly among agricultural workers, whose job it is
to apply the pesticides. This calls for awareness and training; training in
proper application methods is an essential task to be tackled by govern-
ments, by agriculturalists and by industry. In addition to the considerable
amount of training already given, this topic will require continuous empha-
sis in order to ensure that pesticides are safely and effectively used, thus
yielding benefits in the form of increased food and industrial production.

Soceity today use, a huge variety of substances which we loosely describe as
"Chemicals" - over the years some of these pesticides in particular, have
proved to pose actual or potential health hazards. With chemicals, as with
our planet in general the watch word must be "handle with care".
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