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In November 1987 a small FAQ/UNEP/IAEA/WHC ad-hoc meeting on
organophesphorus compounds was convened in Athens (FAO/OP/4); the
meeting recommended the initiation of a pilot study to gather data
on the levels of organophosphorus compounds in the Mediterranean
region and agreed on an amnotated outline of the assessment
document on the organoprhosphorus compounds.

Two consultants wers commissioned to prepars the first draft of
the assessment Jdocument. In the meantime the pilot monitoring
study produced some results and a third consultant undertock to
incorporate these data in the assessment document recommending at
the same time control measures to be proposed to the Contracting
Parties.

The final draft of the assessment document was circulated to
selected scientists and administrators who were invited to attend
the present meeting. A list of the participants appears as Annex
I. :

The meeting was convened at the oramises of the Coordinating Thit
for the Meditsrranean Action Plan in Athens from 7 to 8 March 1980
and Mr. L. Jeftic, Senicr Marine 3cientist, cpenad the mesting on
benalf of the Director of the Unit, Mr. A. Mancs. In his opening
speech My, Jeftic, after welcoming the participants, briefed them
on the work undertaken for the implementation of the Land Based
Sources protocol.

. . Mr. G.P. Gabrielides, FAC Senior Fishery Officer (Marine

Pcllution), welcomed the participants on bshalf of the Food and
Aogriculture Organization of the United Nations and explained the
purpose of the meeting. He said that this Group composed of
members of the Scientific and Technical Committee and scientists,
experts in the field, was expected to review the assessment
document and especially the recommendaticns. Their reaction would
be very useful to the Sacretariat which intended to submit this
document to the Joint Meeting of the Scientific and Technical
Committee and the Sccio-Economic Committee which will take place
in Athens from 28 May - 1 June.

The meeting unanimously elected Mr. D. Barceld as Chairperson and
Mr., L. Magos as Rapporteur. Mr. G.P. Gabrielides acted as
Technical Secretary. The provisional agenda was adopted as
proposed by the Secretariat {Annex II).
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7. The Group reviewed the main body of the assessment document and
provided certain suggestions for its improvement. In discussing
the rationale and the measures to be proposed the Group agreed
that on the basis of existing information and evidence it was not
possible to recommend regulatory action to the Contracting
Parties. Regulatory action will be proposed to the 8th Ordinary
Meeting of the Contracting Parties (1%9%3; on the basis of the
results of studies toc be undertaken before then. The final
document as it was amended by the Group appears as Amnex IIT.

8. The Chairperscon reqguested the Technical Secretary to medify the
document according to the decisions cf the Group and circulate it
to its members for comments. He closed the meeting on Thursday
8th of March 19%90.
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ANNEX IT

AGENDA

1. Opening of the meeting

2. Background and scope

3. Election of officers

4. 2Adoption of the agenda

5. {rganization of the meeting

6. Review of the draft assessment decument
7. FReview of prorcsed measures

Any other matter

o

5. Adcoption of the report

10. Closure of the meeting
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ANNEX TTI1

ASSESSMENT CF THE STATE OF POLLUTION IN THE MEDITERRANEAN SEA

BY CRGANOPHOSPHORUS COMPOUNDS AND PROPCSED MEASURES
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1. BACKGROUND

According to the Protocol for the Protecticn of the Mediterranean
Sea against Pollution from Land-based Sources (LBS Protocel) the
Contracting Parties shall take all appropriate measures to prevent,
abate, combat and control pollution of the Mediterranean Sea Area
caused by discharges from rivers, coastal establishments or outfalls,
or emanating from any other land-based sources  within their
territoriss.

Article 5 of this Protocol stipulates that:

- The Partiez undertake to eliminate pollution of the Protocol
Area from land-based zcurces by substances listed in Amnex I o
this Protocol;

- To this end thevy shall elaborate and implement, Jjointly or
individually, as appropriate, the necessary programmes and
Measures;

- These programmes and measures shall incliude, in particular,
commen emission standards and standards for use.

Crgancphosghorus compounds and  substances  which may  form such
compounds in  the marine envircoment (with the sxception of those which
zre biologically harmlesz or which ars rapgidly converted into
biclogically harmless substances) are included in Amnex I to this
Protocol.

The Meeting of Experts for the Technical Implementation of the LBS
protocel (December, 1985) proposed that the measures to be recommended
+o the Contracting Parties for each group of substances should be based
onn an Massessment document”  which should be prepared by the
Sacretariat. According tc this proposal, which was adopted by the
Fifth Ordinary Meeting of the Contracting Parties to the Barcelona
Convention {September, 1987), such assessments schould include inter
alia chapters on:

- sources, peoint of entries and amounts of gollution for
industrial, municipal and other discharges to the Mediterranean
2ea;

- ZIsvels of pollution;
- effects of peollution;

- present legal, administrative and technical measures at
national and intsrnational level.

Pricr to the preparation of this assessmeni docunent a small ad-
hoc meeting on organophosphorus compounds was convened in Athens in
November 1%87 (FAQ/UNEP/IREA/WHC, 1987). The meeting agreed on an
annotated outline of the asseszment document and recommended the
initiation of a pilot monitoring study to collect relevant data from
the Maditerranean region. The study centred on 4 pesticide and 2
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non-pesticide compounds all of which have been used as case-examples
throughout the assessment document. The results of the study are found
in document FIR/MEDPOL/CP/5 {FAQ/UNEP/IAEA/WHO, 1989).

The present document, which was preparsed by the Secratariat with
the help of consultants and in close cooperaticn with FAO, WHO and
IAEA, was reviewed by an ad-hoc meeting of expsrts which met in Athens
on 7-8 March 1990. The document evaluates information on the
contamination of the marine envirconment by organophosphorus compounds,
the ecological and human health significance of such contamination, and
makes reccmmendations to the Contracting Parties taking also into
consideration the results of the pilet monitoring study.

2, GENERAL FACTS CN ORGANCPHCOSPHORUS COMPOUNDS
2.1 Chemistry

The basic compound for the synthesis of organophosphorus compounds
is phosphine (PH3), which is alkylated or arviated to R2PH or R:P. The
oxidation of phosphines gives phosphine cxides, R:P(QO)H, R3PO, and the
conversion of the C-P bond to C-0-P bond phosphites, FE0:PB. The
compination of these two stsps rssults in the formation of phosghinats
esters, FRz{ROIP(0), rhosphonite esters,  R{RO):P(C), and phosphats
esters, (RO)sP{0). 8Zide chainz c=an b2 halcgenated, oxygen substituted
with sulphur, and occasionally with nitrogen. Within the large group
Of organoephosphorus compounds estars, especially phosghats astars, ars
of the greatest importance.

According to use, organophosphorus compounds and their derivatives
can he divided into the following categories:

{a) industrial use
- flame rstardants, plasticizers, solvents, antifcaming
agents, industrial hydraulic fluide, lubricants,
dispersants, detergents.

{b) pesticides
- insecticides, acaricides, nematicides, anthelmintic agents,
fungicides, herbicides.

In most of the phosphate esters manufactured for industrial use
the organic radicalz fall into the following categories:

{a) riaryl phosphates - either three identical arvl groups
(cresvl, phenvl) or two phenvl and one other arvl group
{(e.g. monocresyl diphenyl phosphate);

(k) arvl-alkyl phosphates - either two alkyl and ons phenvl
{e.g. dibutyl phenyl phosghata} or one alkyl and two arvl
groups {e.g.) Z-ethylhexvl diphenvl vhosghate);

(¢} trialkyl phosphates - three identical alkyl groups (e.q.
tritributyl phosphate);

(d} trihaloalkyl phosphates - three identical halogenated allzvl
groups (e.g9. tris Z-chloropropvl phosphate?.
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As bioclogical and environmental behaviour can be altered by
structural modifications around the phosphorus cenfre, the search for
organophosphorus compounds which can satisfy a specific requirement in
stability and selectivity resulted in the synthesis of more than 50,000
organophosphorus compounds and the registration of 250 as pesticides
(Hutscn and Roberts. 1885). The most frequently used 100 wers reviewed
Ly WHO (1986). Though in most of the pesticides two of © the organic
radicals are either methvi or ethvl, the third radical is different in
nearlv every pesticide. Thus the third radical can be a longer alkyl
group, alkvl derivative, arvl group, the combinaticn of the two, a ring
with sulphur or nitrogen. The R-0-P bond is often replaced by R-S-P
and in few instances by R-N-P bond. In the first crgancphosphorus
compound synthesized in 1944 the P=0 bhcnd was replaced by R=£ bond.
The majority of organophosphorus pesticides confirms to the formulae

shown on Table I.

Cther structurss not shown in Table I are dighosphate ssters and
rhosphoroamidates. Diphosphate esters consiszt of two identical
organophosphorus compounds  (phosphorothionate) moieties  which are
linked bv cxvgen (sulfotep} or by an organic radical sandwiched between
tTwo oxvgen (temephos) or sulphur (dioxathicne, ethions}. In
vhosphcroamidates cne (e.y. fenamiphes) or more (triamiphos) valence is
- occupied by nitrogen.

2.2 Phvegicochemical cheracteristics and environnental behaviour

Table II gives the phyeical-chemical propertiss of gix
organophosphorus  pesticides. The molecular weights of the six
compounds in Table IT are in a narrow range, but the range for all
organcphespherus  compounds 1is  larger. It is from 213 to 488 Zcor
pesticides and from 140 (trimethyl phosphate) to 518 (3,5,5-
trimethylhexyl) for other <compounds. With the ezception of

tributviphosphate (TBP) organophosphorus compounds have relatively low
vapcur pressure and volatilization loss from water is minor. The high
Henry constant (the ratico of meolar concentrations in the liguid and
vapour phase at equilibrium) of tributylphosphate indicates its
relatively high volatilization from water.

The solubility of organccheosphorus compounds in  water shows great
variation. Thus industrial alkylphosphate esterz are soluble whils
tricresvliphosphatses ars practically inscluble in water. The water
solubility of pesticides shows similar variaticon and range from 0.4 ng
1-1 for chlorpvrifos to 4,000 mg 1-! for vamidithion. An exception is
acephate which iz highly zoluble 1in water with =z saturation
concentration of 67%.

The octancl-water partition coefficient (log Fow = Pow) iz usually
below 3-4 (Bownan and Sans, 1283). As organophosphorus conpounds have
melecular weights below 600, the effact of lipochilicity con
bioconcentration is not limited by molecular size. However comparad
with organcchlorine compounds with similar lipophilicity,
organophosphorus compounds  have a  lower bioconcentration potential in
aquatic organisms (Saeger et al., 1%7%). The reason for this is their

relative instability.
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Table I

Chemical structures of crganophosphorus pesticides.

(Compiled from WHO, 1986),

R denotes the twin alkyl

radicals, R' indicates difference from R,
¥ denotes the third (so called leaving) radical.

Phosphorus group Outline of Common or other name
structure
Phosphate 7 chlorfenvinphos, crotoxyphos,
dichlorvos, dicrotophos, heptenphos,
(R0 ).-g- g-r mevinphos, monocrotophos, naled,
“ phosphamidon, TEPP, tetrachlorvinphos,
triazophos
Phosphorothicate azothoate, bromophos, bromophos-ethyl,

S-phosphoryl

O-alkyl

S-alkyl

Phosphorcdithiocate
O-alkyl

S-alkvl

Phosphonothioate

)

A
(R~0)2~P-0~X

g

I
(R-0)2~P=3=1

(R=0)=2~P-0-I

$
£-5y
\
P01
Fi-0

o\
\
P-0-1
El

chloropyrophos, chloropyriphos-methyl,
coumaphos, diazinon, dichlofenthion,
fenichlorphos, fenitrothion, fenthion
parathion, parathicn-methyl,
pyrazophos, pyrimiphos-ethyl,
cvrimiphos-methyl, thionazin

amiton, demeton-S-methyl, omethoats,
oxyvdemeton-methyl, phoxim, vamidothion

profenofos, trifencfos

amidithion, azinphos-ethyl, azinphos-
methyl, dimethoate, disulfoton,
formothion, malathion, mecarbam,
menazon, methidathion, morphothion,
clenthoate, phorate, phosalone,
phosmet, prothoate, thiometon

prothiofos, sulprofos

EPN, trichlornat, letptophos
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The bioconcentration (and bicaccumulation) of organcphosphorus
compounds is limited by their instability in water and biota. They are
liable to hydrolysis and other mechanisme of ester cleavage. Fig. 1
illustrates the rather rapid disappearance of methvl-varathion from a
pond, and Fig. 2 the disappearance of four arylphosphates from river
water. Fig. 3 gives the bicdegradatiocn scheme of parathicn in variocus
bicta. The importance of bioclogical factors has been demonstrated by
the difference in the persistence of parathion in biotic and abictic
watar, The half life of parathion iz usually few davs, but in abioctic
water no noticeable breakdown was observed in 40 days (Fisher and
Lohner, 1887). Uptake by plants and particles is an important process
which limits the availability of organophosphorus compounds  for
gbscrption by fish {(Rutson and Roberts, 18883,

The environmental behaviour of organoghosphorus pesticides has
been evaluated by MacKay et al. ({1985} with the help of a fugacity
(partial pressure of the solute) model.

2.2 Analvtical methodelogies

Analytical methodologies for the fracticnation and ciean-up of
crouanophosphorus pesticides in real envirommental samples include the
use of silica-gel (Lores et al., 1987}, Florisil (Neicheva et al.,
1288) or gel permeation (Lawrence, 1987). As regards the analvtical
part, capillary gas chromatography with thermionic nitrogsn-phoschorus
tor 1&g usually the preferred method, with miniswum detactablz
Letween 0.01-0.1 ug 1-1 in water (Wang et al., 1927, Leiztra et
184 )

o)

Other detectors emploved in  gas  chromatcgraphy for the
determination of organophcsphorus compounds are the flame chotometric

detector (Prinslco and De  Beer, 1985; Omuska, 1¢84) or  mass
spectrometry in the electron impact (Wilkins et al., 1985) or chemical
ionization mode (Stan and Kellner, 1982; Cairns et al., 1985). TIue to

the fact that some organophosphorus pesticides are thermally labile
and/or polar, the use of liquid chromatcgraphic techniques is
advisable, either using ultraviolet (Usselton and Shelling, 1%986) diode
array (Greve and Goewie, 1985), reductive amperometric (Clark et al.,
1285) and mass spectrometry detectors (Barceld et 1., 1987; Farran et
al., 1988; Barceld et al., 1988;3. Recently a review of the use of
liquid chromatography in pesticide analysiz has heen published
{Barceld, 1988a).

Mass spectrometry detsction in combination with
chromatography has been recently applied for the d
trizllyl and triaryl phosphates, including tris-2-chlorce
{Cairns et al., 19832; D'Agostine and Provost, 1G86; Barce

tn

gas and liquid
termination of
I
e

(D [ou}

hvl pheogphats
1G688).

3. METABOLISM AND» TOXICITY
2.1 Metabolism
Crzancphosphorus compounds undergo metabolic transformation in
biological svstems. Some of these transformations converts an inactive

compound te an active one, others have the cpposite consequencsa. Any
metabelic transformation which brings the structure of organcphosphorus
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100
80}
60 -
40 x TCP. 218 mg/L
A TPP. 21 mg/L
¢ 2-{PPDP, 33 mg/L
20 b O 4-1PPDP, 27 mg/L
| 1.
1 2
Time (days)
2 Biodegradation of aryl phosphates 1in river water. Triphenyl

phosphate (TPP), 2-iscpropylphenvl diphenyl phosphate (2-IPPDP)
and 4-isopropylphenyl diphenyl phosphate (4-IPPDP) were added
as a mixture. TCP = tricresyl phosphate (from Latouretts, 1970
in Beoethling and Ccogper, 1985).
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animals, M = microorganisms, MFO = mixed function oxidase(s),
and P = plants (from Malla et al., 1981)

Fig, 3 A general scheme of the metabolic fate of parathion: A =
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insecticides nearer to the structure of organophosphorus triesters,
increases the ability to inhibit acetylcholinesterase and converts a
proinsecticide to an active ingecticide. Activation reactions are
(Butson and Roberts, 1685):

{a) oxidative desulphuration of a thiophosphorvl group
(conversion of P=S in parathion to P=0 in paracxzon):

(k) thiosether oxidation to sulphoxide or sulphone (the
conversion of C-8-C to C-8{=0) or C-3{=0):2-C in fenthion or
in disulfoton):

(¢) S-alkyl oxidation (the conversion of P-S-R to P-2(=0)-C in

metamidophos or to P-3(=0):2-R in profencfos;

(d) oxidative N-demethvlation {the conversion of N-R3)2 to NH-R:
in dicrotophos or phosphamidon.

Deactivation reactions are (Hutson and Robherts, 188%):

(a) hydrolvtic removal of the X radical (the leaving group),
mostly dearylation;

(b)Y glutathione-dependent dearvlation;
{¢) glutathione dependent Jesllyiation:
{(d) cxidative dealkylation.

3.2 Mode of acticn

The  hydrolvtic conversion of a triester to diester by
acetylcholin-esterase 1s the most important step in the toxicolegy of
organophosphoriz  compounds because this detoxification reaction is
agsociated with the toxification of acetylcholin., The physiological
roles of acetylchelin  and acetylcholinestrase are interlinked.
Acetylcholin is a transmitter of nerve impulses in cholinergic svnapses
and acetyl-chclinesterase prevents the build-up of toxic acetylcholin
concentrations through the hydrolvsis of released acetylcholin to
cholin  and  acetate. Fig. 4 chows that the hvdrolysiz of
crganophosphorvs compounds by the same reaction results in inactivaticon
through the phosphorvliation of the enzyme by the formed ghosphate
diester. Reactivation is either slow or absent. The hvdrolvsis of the

diester leaves only an acidic negatively charged racidus. Thiz
process, called aging, does not restore activity to the snzyme. The

result of acetvicholine esterase inhibition iz the accoumulation of
acastylcholin and the excessive stimulation of cholinergic narves.

The mode of action is the same in different animal phyla, thouch
even within one order (e.g. fishes} there are substantial zpecies
differences in the hydrolysis of organophosphorus compounds {(Hutszon and
Rokherts, 1935).

Besides acetvlcholinestarass, organophosphorus  comgounds  can
inhibit pseudocholinesterase, carboxylesterase, and various other
esterases, among them the Neuropathy Targset Esterase (NTE)., The

reaction of organophosphorus compounds with acetvicholinesterase and
A

NTE is neot different, the diffsrence iz in ths ocutcame.
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3.3 Toxic manifestations
3.3.1 In humans and other mammals

The acute toxic effects of organophosphorus compounds are the
result of the excessive chelinergic stimulation in every mammalian
spacies. In patients following the ingestion or inhalation of
organophosphorus conmpounds the acute symptoms and signs of toxicity are
either mimic the cholinergic effects of muscarine (e.g. pinpoint
pupils, excessive bronchial secretion), or mimic the cholinergic
effects of nicotine (e.g. fasciculation of muscles), or central nervous
manifestations (=.g. anxisty, confusion). Thev begin within 20-60 min
and are at a maximum at 2-8 hours after intake. In mild, moderate and
severe intoxications the signs and synmptoms in order of appearance are
(Dreisbach and Robertson, 1987):

a) Mild - BAncorexia, headache, dizziness, weakness, substarnal
discomfort, tremcr of tongue and evelids, pin-point pupil,
impairment of visual acuitv.

b) Mcderate - Nausea, salivation, tearing, abdominal cramps,
vomiting, sweating, slow pulse, spontanecus contraction of
muscle fibres (fasciculation).

Severe - Diarrhcea, pinpoint and ncon-reactive pupils, excessive
bronchizl secretion, respiratcry difficulty, pulmonary oedama,
zyanosis, involuntary defecation and urinaticn, convulsions,
coma. Death is caused by respiratory failure and heart block.

9!

The induction of acetvicholin toxicity is a common characteristic
of all organophosphorus compounds, at least after metabelic activation.
An other toxic effect called organophoschorus compound induced delaved
polyneurcpathy (OPIDP) can be induced only by few organcphosphorus
compounds . The reason for this is that the inhibition of neurcpathy
target esterasze (NTE) by phosphorylation is only the first condition of
delaved neurcpathy. The second condition is that the aging of NTE can
be produced only by some organophosphorus  compounds and nerve damage
(paralysis) can be produced only in sensitive species. Cat, hen, zcme
large animals, and man, are sensitive, while rodents, baboon, monkev
gnd marmoset are inzensitive.

Orzanophesphorus trisstsrs used for industrial purposes which have
the ability to produce delayed neuropathv ars tri-ortho-cresvl
phozphate (TOCP}, mono—, di- and tri-o-tolyl, o-cresvldiphenvl, o-
isopropvi-phenvidiphenyl, di- and wmonophenyl derivatives, tributvl
chosphate, tris{Z2-chlcorcethyl) phosphate (Clavion and Clavton, 1881;
Muir, 1%84; Moretto and Johnson, 1987; Pellin et al., 1387). The
meta-and para-cresvl phosphates are not active, Pesticidezs which ars
able to cause delaved newropathy in hens after a =zingle dese include:
amiphros, chlorcpvrifos, coumnaphos, cvanofenphos, desbromoleptoghos,
EPN, dichlorves, isofenphos, leptofoz, trichlornat (WHO, 1986; Moretto
and Jchn=on, 1987; Vilanova et al., 1987). The effect on NTE can be
antagonised in a sensitive species by pretreatment  wit:
organcphosphinate or sulfonyvl fluorides. These hecaome attached to NTE
and inhibit its activity, but because they have no hvdrolysable bond,
they do not cauze aging (WHC, 1386). Fig. 5 shows the reaction of NTE
with corgancphesphoruz compounds and organophosphinates.
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The signs and symptoms of delayed neuropathy i1s tingling
sensation, weakness, and ataxia. This progresses to paralysis of the
lower limb. The upper limbs are affected only in severe cases.

There is no correlation between the potencies of crganoghosphorus
compounds to  inhibit  acetylcholinesterase and induce delaved
neurcpathy. "

Experimental evidences indicate that organcphosphorus esters are
either not mutagenic in vitro or only weakly mutagenic. Acceptable
tests do not indicate carcinogenicity. Cne report claimed that
trichlorphon is teratogenic in pigs, but few taratogenic effects have
been regorted for other campounds {WHD, 133a5).

3.3.2 In ecosystems

Organcphosphorus insecticides frequently caused death from acute
poisoning of the wild fauna. Thus the use of phosphamidon to control
leafroller caterpillars on conifers in Montana, USA, caused a §7%
decreaze in the bird population (Ramade, 1987). In an other incidence
5,000 to 25,000 birds died following a fenthion application at 3$5.0

ml/hectare (Seabloom =t al., 1273). Contrary to the terrestrial
-environment thers iz hardlv anv information on the effects of
croanophcspherus compounds  on  the aguatic ecosystem where fToxic

mechanizms mav not be restrictsd to an anticholinesterase sffact.

Nc information 1is availabls on dizturbances of marine scosyvstems
oy organcphosphorus  compounds. In freshwater ecosystams temporary
affects have been reported occasionally, At ambient environmental
lavels, short-term intoxication is not likely *to cccur and no hazard is
to be expected from ethyl-parathion or methyvl-parathion applications
though in agriculfural areas, crustaceans may be affected temporarily.
For fenitrothion, results of extensive monitoring programs carried out
in Canada in zones spraved with this pesticide, revealed a temporary
disturbance of populations of aguatic invertebrates, but no effects
ware notaed on aquatic vertebrates. Although the doses used in Japan
may ke up to ten times higher than those in Canada, no evidence of
impingement on  aquatic ecosystems has been regorted in scientific
literature. No information has been found on ambient levels of
fenitrothion and the seventual consegquences in  aguatic biotopes in the
D countries. With regard to malathion it has been shown that chronic
axposure to concentrations of 15 pg 1-! can result in  20% mortality of
some sgacies of marine crustaceans; it should be emphasized that such
concentrations are quite close to ambient lsvels resulting fro
practical application rates in mosquito control programmes.

Monitoring studiss of river water, drinking water, =zadiments and
bicta, in the United States, Canada, Western Europe ané Japan have
ravealed the pressnce of TBP at concentrations less than one ug 1-1;
taking into account the very low persistence of this compound, the
hazard at such low ambient levels can be considered to be negligible.
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3.4 Effect levels

3.4.1 In animal experiments

The acute toxicities of ocrganophosphorus pesticides show wide
variation. The most toxic disulfoton, mevinphos, and parathion, have
an oral ID50C in rats of below 5 mg kg-! and the LD50s of the least
toxic bromophos, malathion and primiphos-methyl are over 2,000 mg kg-1
(WHO, 1986). Most of industrial organophosphorus compounds have oral
D50 values over 500 mg kgt in the rat.

Compared with a pures compound the technical grade may be more or
less toxic. Impurities in technical malathion increases toxicity (WHGC,
1986).

WHO (1986} tabulates data on 17 organoghospherus pesticides with
potential to cause delaved neuropathy in hens. The single dose which
elicited delayed neuropathy was in the range of 25 to 150 mg kg~ for
mipafox (N,N-diisopropylghosphorodiamidic flucride), EPN, desbromo-
leptophos, chlorpyrifos, cyanofenphos, isofenphos, dichlorves, and
cuamophos.

3.4.2 In humans

As the common consequence of diffsrent organophosphoriz pesticides
iz the inhibition of acstvlicholinesterase, sxposure and the severity of
adverse effects are usuzally rslated to the decreasze in red blocd cell
or plasma acetvlicholinesterase activity. A decreasse bv  30-50% or more
indicates exposure and necessitates removal. Signs of poizoning does
not occcur until blood levels are below 50%, while severe poisoning is
usually associated with depressicn below 20%. Because normal variation
in enzyme activity is large, determination must start before exposurse
and thereafter monitoring should be repeated at weekly intervals.

The possibility to monitor exposure to organophosphorus compounds
with the potential to cause delayed neuropathy has been explcored, but
its feasibility needs further research.

Differences in the toxicity of varicus organorhosphorus compounds
are reflected by differences in the levels of both threshold limit
values for inhalation exposurs and acceptable daily intakes. The
American <Conference of Governmental Industrial Chemists set the
following  threshold atmospheric  concentraticns for occupational
inhalation exposure: 0.05 mg m~3 for TEPP; 0.1 mg m-? for fonofos,
mevinphos, parathion, phosdrin and tri-o-cresvl phosphat
for dicoxathion, parathion-methyl; 0.5 mg m~?® for EPN; 3 my m? for

2

naled and trighenyl ghosphate; 5 mg m~3 for crumofate and tributvl
phosphate; 10 mg m~? for malathion and temephoz (Clavton and Clavton,

1881).

The accesptable daily intakes of 47 crganophosphorus pesticides ars
listed by WHO (1586). Thev range from 0.00002 mg kg~ for phorate
through 0.005 mg kg-! for parathion to 0.1 mg kg-! for crufomats.
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3.4.3 In ecosystems

In view of the widespread use of organophoschorus compounds it is
not surprising that extensive studies have been performed over the
vears on the doge(or concentration)- effects of these compounds to
various groups of terrestrial and aquatic organisms, as well as to
mammal species (as swrogates for man), to determine the hazard of
these chemicale to the environment.

With regard to the impact of organcphosphorus pesticides on the
aguatic environment, extensive and vervy detailed literature studies
have been made during recent vears on raguest of the EEC, and extenzive
reviews have Dbeen published on parathion, methyl-parathion and
fenitrothion by Perscone et al. (1985) and on malathion by Premazzi
(1983).

Table III summarizes the information collected by Perscone et al.
(op.cit.) relsvant to this particular report, on the acute toxicity of
parathicon, methyl-parathion and fenitrothion to estuarine and marine
biota. This Table shows that crustaceans are the most sensitive marine
organisms. The two species which gave excepticnally low LCso values
wera Homarus americanus (0.1 pg 1-1) and Penaeus sp. (.02 ug 1-1).

The majcr ecotoxicological as well as toxicological data for the 4
pesticides and the non-pesticide organcghosphorus compounds have been
sumnarized in Takle IV. :

From these tables, 1U can he seen that organophosphorus pesticides
are verv toxic to aguatic bicta. Insect larvae and crustaceans are
extremely sensitive to intoxication by these products, although there
are wide differences in sensitivity between different species of the
same group. Acute effects on freshwater insectz and crustaceans, as
well as on marine crustaceans, are reported in scientific literzture at
concentrations below 1 pg 1-%. Other categories of bicta are in
general less sensitive, though acute effectz often occur at
concentrations below 1 mg 1-1. The 96-hour LC50 of chlorpyrifes to
atherinid fishes is reported to range from 0.4 to 6.7 ug 1-1 (Borthwick
et al., 1%85).

Chronic effects have been found at and even below the 0.1 ug 1-1
level for the most sensitive biota (insectz and crustaceans); fish
species can be affected by 50 uy 1-! of s=ome organophosphorus
pesticides when exposzed for wesks to the compounds.

Experimental field studies have rsvaaled that

aarial application
cf organophosphorus pesticides {at practical rates) can lead to
substantial mortalities of non-target insects and crustacsans

In contrast to the wealth of ecotoxicological information
available for organochosphorus pesticides, there are but few data on
the effects of non-pesticide organcphosphorus compounds to biota. Muir
(1%84) and Boethling and Cooper (198%5) have attemptad to collect and
intsrpret some of the data reported in Iiterature on alkyl and
arvlghosphate toxicity. RBlthough szome  of the neon-pesticide
crganophosphorus compounds are also verv toxic to aguatic biota, the
range iz highly variable and szpecises - as well as chemical - dependent.
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Table III

Effect concentrations (in pg 1-1) of three important crgancophosphorus
pesticides to estuarine and marine bicta (from Persocne et al., 1985).

Pegticide Group of Effact Concentraticon
organisms
PARATHION AIGAE reduction of 1000
vhotosynthesis
INVERTEBRATES
Molluscs mortality (ILC50) 330-10000
Crustaceans mortality (LC50) 0.2-4300
; VERTERRATES
Fish mortality (LCS0) 15-65
METHYL-PARATHION | INVERTEERATES
hi Molluscs mortality {LCB0) 1200-25000
i Crustaceans mortality {LCS0) 0.33-28
i VERTEBRATES
Fish mortality (LC5Q0) &0-76000
FENITROTHICN ALGAE growth (EC50) 3000-3900
INVERTEBRATES
Coelenterates| mortality {LCBO) 30000
Molluscs mortality {LC50) 2500-6700
Crustaceans mortality (LC50) <0.1-410
VERTEERATES
Fish mortality (LC50) 670-5000

Acute *toxicity levels indeed range from 150-200 pg 1-1 for zome
compounds cn different aquatic biocta (insects, crustaceans, fish, and
quite surprisingly also lake phytoplankton), to over 8700 mg 1-1 for
other compounds on particular species of fish.

Chronic effects (mortality and growth impairment} resulting form
long-term exposure (several weeks) to arvl phosphates has been cbserved
at concentrations as low as a few ug 1-1 in freshwater crustaceans as
well as in fish.
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Table V

No effect levels (ug 1-1) of three major organophosphorus pesticides
for estuarine and marine biota (from Persoone et al., 198%).

Pesticide Group of Reported in | Extrapolated from
organisms literature acute and chronic
toxicity data
BPARATHICN ATGAR - 100
INVERTERBRATES
Molluscs 25-30 500
Crustaceans <0,1% <0.1*
VERTERRATES
Fish <10% 4
METHYL-PARATHICN | INVERTEBRATES
Molluses - >1000
5 Jrustaceans 2.10-0.32 <0.2 |
i
VERTERRATES
i Fish 56-10000 * -
FENITROTHION RLGAR <100 300
INVERTEBRATES
Coelenterates 300C
Moliuscs 25
Crustaceans <0.1
VERTEBRATES
Fish 10 100-500

* Jowest concentration at which a sublethal or chronic effect was

noted

The acute aquatic toxicity figure for TBP (8.8 mg 1-1) in Table IV

(which is the only effect data which could be found for the aguatic
environment) originates from an experiment with fish and zhould be
interpreted with caution. It is indeed possible (and very likely) that
as for other pesticide and non-pesticide organophosphorus compounds,
several groups of agquatic biota are much more sensitive to TBP than
fish. ;

In the reports cn organoghosghorus pesticides of Perscone et al.
(1585), NCEL's {(no observad effect 1level) are given for parathion,
methyl-parathion and fenitrothicn, which are eithsr experimental or
have been extrapolated from acute or chronic toxicity data (Table V).
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From this table it appears that for the most sensitive biota in the
marine envircnment (crustaceans) no-effect levels for crganophosphorus
pesticides are below 0.1 ug 1-1.

A few experimental no-effect 1levels have alsc been reported in
scientific literature for non-pesticide organophosphorus compounds.
For the waterflea Daphnia NOEL's range from 17 ug 1-1 to 460 ug 1-1! for
one particular arvlphosphate ester (Boethling and <Cooper, 1685); the
30-fold difference found between the lowest and the highest NOEL iz due
to differences in the commercial formudation of the same
organovhospherus ester. Exposure of rainbow trout for mores than one
month to levels of arylphosphates of as low as 0.2 pg 1-! has been
shown to cause many adverse sffscts: behavioral, morpholcgical az well
a3 physioclogical .No informaticn iz available on no-effect lavels for
TEP to aquatic biocta, and only one £figure has been found for the
chronic effect on one fish species; it would be meaningless to trv to
derive a 'safe concentration" for the aguatic environment from this
sole figure.

On the basis of all toxicological information available on non-
pesticide organoghosphorus compounds, it sesms however, that the NCEL's
for the most toxic non-pesticide organcphosphorus compounds Lo the most

zensitive biota in the marine environment, are of the zame order of
e

gnitude as those of organcphospherus pesticides, i.a. below 0.1 ug
:

ik

1

L i

(RN

4, PRCDUCTICH AND USE

The available figures on production and use of both
crgancohoschorus  pesticides and non-pesticides ig  scarce and
fragmentary at the national as well as at the international level. In
addition, diffsrent figures are reported by different sourcesz and this
indicates the difficulties in obtaining accurate and reliabie data.
Table VI lists organcphosphorus compounds presently manufactured and
used. Verv few data exist for countries that border the Mediterranean.
Tt is known, e.g., that 21,000 tons . of organochlorine and
crganophosphorus  pesticides were used in Italy in 1983, of which
gpproximately 192,000 tons were organochosrphorus inssecticides (ISTAT,
1984}, Cyprus, Gresce, Malta and Turkev reporied consumipticon data on
organophosphorus compounds to the Coordinating Unit for MAP., According
o theze data Cyvprie imperted 312 and 382 tons of organcphosghorus
cesticides in 1287 and 1283 respectively hut these figsures do not raefer

to agtive  ingrsdient. Similarly Malta imported in 1288 485 tonz of
croanogphosphorus pesticides. Turkey imported in 1885 120 tons of
pesticide and non-pesticide organophosphorus compounds while this
figure in 1985 was reduced to 87 tons. Greece reported the following

censumption figures (in tons} for 1982: azinphos-ethyl 80, azinphos-
methvl 15, fenitrothion 5, <fenthion 130, malathion 50, parathion 30,
parathicn-methyl 100 and dichlorveos 10. The consumption of parathicn,
malathicn and other organophosphorus  pesticides in Mediterranean
countries as reported to FAD is given in Table VII.

Decpite the weak data base available, a slight incrsase in the
total consumption of organophosphorus compounds over the years mav be
expactad. For some  insecticides, such as parathion-methyl, a
substancial decrease in consumption can be noted in the EEC countries:
from 3,300 tons in 1974 to 1,000 tons in 1584,
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Table VI

Organophosphorus compounds currently manufactured and used.

A. Pesticides

- acephate -
- amidithicn -
- azinphcs-ethyl -
- azinphos-methyvl -
- bromophos -
- brecmophos-ethyl -
-~ carhophencthion -
- chlorpvrifos -
- chlorfenvinphos B
- chlorthion -
- counpahos -
- demeton =
- demeton-S-methyl -
~ dameton-S—-methylsulfon -
- dialifor -
~ diazinon -
- dichlorvos =
~ dicrotopos -
- dimethoate -
- dicxathion -
- disulfoton -
} - ethion -
~ fensulfothion -
- fenthion -
- fenitrothion -
- fonofcs -
- formothion -
~ leptophos =

B. Non-gpesticides

- dibutyl phenvl chosphate

- cresyl diphenyl ghcsphate

- cumylchenyl diphenvl ohosphate
- Z2-sthylhexv] diphenvl phosphate
- iscdecyl diphenyl phosphats

- isopropvlghenyldiphenyl gphosphzate
- tributyl phosphats

- tricresyl phosphate

- trighenvl phosphate

- tris (Z-chlioroethyl) phosghate
- tris (2-chloroprceyl) phosphats

- tris (Z-ethylhexyl) phosphate

malathion
methamodophos
methidation
mevinphos
monccrotopes
naied

omethoate
oxydemeton-methyl
parathicn-ethyvl
parathion-methyl
vhenkapton
phorate
phosalone
phosmet
phesphamidon
phozim
pirimiphos-sthyl
pirimighos-methyl
crothoate
pvrazophos

ronnel

sulfotepp
temephes
tetrachlorvinghos
thiometon
triamiphos
rriazophos
trichlorfon
vamidethion
zinophos

(
~ tris (1,3-dichloroprogvl} phosphate
(
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The total producticn of non-pesticide organcphosphorus compounds
in the United States increased from 47,000 tons in 1977 to 77,000 tons
in 1986. BAs indicated above. there are compounds such as TEP which are
now consumed to a larger extent in Eurcpe than in the United 3States of
America.

Based on world production and use of organcphosphorus pesticides,
ethyl-parathion, methyl-parathion, fenitrothion and malathion
certainly are among the most important organophosrhorus pesticides.
Same more informaticn follows on these 4 maijor compounds.

Parathicn

ctal production in the EEC countries was estimated at 15,000 tons
in 1974, 3,500 tons in 1979 and 6,000 tons in 1984; consunpticn values

decrzased from 3, 500 to 1,000 tons. In the United gtates the
production of this pesticide had decreased from 7,530 tons in 1965, to
6,940 tons in 1570, LD 4,535 tons in 1572 while the consumption in 1%82
was estimated to be 3,125 tons. In 198G the total producticn of

parathion and parathion-methyl in the United States was 40,000 tons and
in the EEC countries 12,000 tons ocut of which 1,000 tons werse utilised.

Parathion-Methvl

The EEC pgroduction and use of this crganophosphorus pesticids in
1874 was ap_roxiwately 15,000 and 3,500 tons respesctively. In 1934
while the production decrsased £o 3,000 tons, the consumption dropoed
tn 1,000 tons.  In 1582 in the United States the production was 23,000
Tong and the cons umptwon 7,700 tons. Since total world producticon of
parathion-methyl in 1972 was zs igh as 60,000 tons, one may thus
axpact a decrease in production and use of this pesticide in the EEC

countries in the vears LO come. (ECDIN)

Fenitrothion

This organophosphorus insecticide is quits well-known in Canada
since it has been applied by aerial sprayving on forests in amounts near
1,000 tons/vear since 1967 to combat spruce budworm pests. Data
available for the EEC countries indicate a total use of 300 tons for
1278 and 300 tons for 1989,

Malathion

Total production of this pesticide was 30,000 tons in 1%80-31. In
the Mediterranean countries 2,100 tons (act*"e ¢n§redlen:; of malathion
wers spraved during the same ceriod [40% of which was in Spain), versus
2,700 tons  in Asia. In the EEC countries the nroduction of mai:thlon
has incrsased from 5,750 tons in 1374 to 10,000 tons in 1984 with an
annual use close to 2,000 tons. In the United Ztates the annual use of
this pesticide over the period 19272-1982 has variéd only slightlv: from
7,380 tons (1972) to 6,350 tong (1982). The total consumption of
malathion during the period 1930-81 iz shown in Table VIII (Pramazri,
19237, In 1988 the total production was 25,000 tons and in the EEC
countries 14,000 tons cut of which 1,000 fons were utiliszed.
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Total consumpticn of malathion in varicus continents and
countries (periocd 1980-1981) (Premazzi, 1933).

Area tons/vr Area tons/yr
' active active
constituent constituent

Western Furope 1.515 Asia 9.5680

Spain 2420 Pakistan 4,000
I Ttaly 250 Sri Lanka 2.150

France 2240 India 1.5G0

Greece 1590 South Korea 400
Portugal 15 Iran 350

Finiand 10 Turkey 200
1Cermany 10 Irag 200
1Belgium 5 Japan 170
Netherlands 5 Taiwan 150

North Amsrica Malaysia 150
HUSA 7.000 Thailand 100
iCaﬁada 350 Nepal 100 i
frentral and South Philippines 30

|America 4.037 Lebanon 50 i
1Brazi 1.850 Syria =0 |
1Arsentina ang Saudi Arapia 20 :
Cuba 450 Indonesia 1c ‘
Columbia 400 Africa 205

Mexico 300 Morocoo 300
Guatsmala 170 Kenya 150
El-galvador 150 Egvpt 140
Veneouela 50 South Africa 130

Uruguay 20 Algeria 50

Peru 18 Libva 50
Nicaragua 15 Tunisia 40

Ecuader 9 Zambia 20

Chile 5 Ethicpia 10
Australia 250 Tanzania 10

Jew Guinea 100 Nigeria 5

New Zealand 10

! TOTAL 23.850

e

For non-pesticidal organcphosphorus compounds the total production
in the United States in 1986 has been estimated to be
Two of the most comonly grcoduced and ussd compounds:
{(TBP} and tris(2-chlorethyl)phosphate (TCEP)
foamd for the former.
produced and used in 1879

1972,

In the EEC

tons. (Muir, 1584; ECDIN/EEC).

77,000 tons.
trikbutvlphosphate
only a fsw data could be
countrieg 10,000 tons of TBP were
as well as in 1983, versus only 2,500 tons in
The consumption in the United States Jduring 1983

For

was 1,360
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5. ORGANCPHCSPHCRUE CCMPCUNDS IN THE MEDITERRANEAN AREA:
INPUTS, LEVELS, AND HAZARDS

On the basis of the quantities currently produced and/or used in
four Mediterranean countries {France, Israel, Italy and Spain) and
taking into account the toxicity, persistence and bicaccumulation six
organcphosphorus compounds have been tentatively selected from the
compounds  listed in Table VI; these six substances will be treated
heresafter more in detail as '"caso-examples" for the Mediterranean.
Four of the six compounds are pesticides (ethyl-parathion, methvil-
parathicn, fenitrothion and malathion), the cother two are non-pesticide
organophcwﬁhoruw copoundz [tributyl ohosphate (TBP) and triz{Z-
chloroethyl) phosphate (TCEP)].

5.1 Sources, inputs and levels in the Mediterranean

The types of marine areas at risk from contamination by
crganophosphorus discharges are, in order of decreasing importance:

- river mouths and estuaries
- lagcons

- zhallow waters

- marzhes

By far the ;argest input of organoghosphorus compounds in ths
maring environment comes through tfransportation of the compoumds o the
ez via surface warters. Industrial effluents cointaining orgsno-
wosphorus residues may, however, alsc be disclhrged directly into
shallow waters through pipelines from on-shore plantes.

(H]]

O

A third source of pollution may arise from spraving of crops with
organorhosphorus pesticides on fields nearby the sea and last but not
least aerial transportaticn of both non-pesticide and pesticide
crgancphosphorus compounds from various point or non-point socurces may
eventually also add to the pollution of coastal waters, lagoons and
marshes.

Information on point source inguts of the organorchoschorus

compounds intc the Mediterranean 15 scarce. Most of the information
availaple is related to surface waters in Italy. In the Tiber river
maximum concentrations of malathion of 0.5 - 0.6 ug 1-1 have been

detectad during the vears 15870-73 (Leons and Puccetti, 15 71; ;:78)
Values have also been published for diffsrant pQSL7Cldca in suriace
waters of the Ferrara Province during the period 1%75-34 (Baldi =t al. .,

12887, For malathion, the concent;atlons were u=sually below 0.4 ug
1=, although, in 1277 and 1982, 2.6 and 4.2 ug 1-1 respectively were
notad. Parathiocn-methyvl concentrations were usuqll; lower than 1 ug
1"1; a3 maximum level of 11.1 upg 1! wasz found in 1%81, Parathion-

methyl valuess were essentially helow 0.1 wg 1-1, sxcept in 1975 where a
a.4 ug 1-t  concentration was recorded. No fenitrophion has keen
detected in any water sample in this Italian Province. In Frances, 2 to
ug 1-1 parathion-ethvl and malathion have been reportsd in the river
afne in 1568 {Mestres ot al., 1%6%2), a@s campared to values below 8 ug
in the drainage waters of the Camargue in 1978 (Podjelski and
isux 1978). In the latter drainage waters, 1'he concantration of
e pesticide decreased from & ug 1-! to 0.2 uzy 1-?! three dave after

|

application.

s;

ms C’ +— LA
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In Spain, values have been reported for fenitrothicn in lake
Albufera at Valencia {Carrasco et al., 1987). For the pericd 1983-85,
concentrations varied from 0.1 to 2.0 pug 1-1; these values decreased
each time to non detectable levels (below 0.05 ug 1-1) within two
weeks.  Fenitrothion levels in Gambusia affinis up to 306 ng g-! have
been reported (Barceld et al. 1990) and in soils from the Ebro delta up
tc 1 ng g-! (Durand, 1%8%). For the non-pesticide TBP, data were
publizhed in 1987 for the Resocs river mouth in Spain, (Gomez-Belinchon
et al., 1988); the organcphosphorus levels ranged from 0.02 to 1 ug
1-t, with some peaks of 14 ug 1-*. In the Llckregat estuary TBP and
TCEP were found at concentrations of up to 0.3 and 0.4 ug 1-2
regpectively (Barceld, 1990). In Italy, TBP has been monitorsd in
zurface and drinking watersz in Northerm Italy in 1937, T22 lsvels in
the river Po varied from 0.02-0.02 w3 1-* in Ferrara, to 0.04-0.13 ug
1-' in Turin {Galassi et al., 1985).

In Greece, organcphosphorus pesticides (diazinon, azinphos, methvl
and parathion-methyl} have been detected in the Icannina lake and in
the Kalamnas river during the period 1584-1985 {Albanis et al., 1%288).
Fig. 6 shows that the concentration of these compounds fluctuate

nally, with the highest concentraticns in the sz2ummer when
11 is lower and pesticides are intensively used.

The comparison of the sources aznd Inputs  of organophosghorus
conpounds into  the Mediterransan with other regions in the world is
limited by the availability of dJdata. Most of the information
availakls st present reporis contamination levels in surface waters
‘mainlyv lakes and river waterz) 1in western IZurcpe, Canada and the
United States. Concentrations in seawater or sediments are scarce or
lacking. A pilct survey crganised in the framework of the Long-term
Programme for Pollution Monitoring and Research in the Mediterranean
(FAQ/UNED/TARA/WHO, 1589) found Ilower wvalues in two Mediterranean
estuaries (Ebro and Llchregat in Spain) and in the Northern Adriatic
coast (Lide dells Nazioni and Marina di Raverma in Italy) than those
regported for surface waters. The study was not supportad by data
guality assurance. The summary of the findings is as follows:

{a} Fenitrothion and malathion were not detected in anv of the
sampling sites. Parathion-methvl was present cnly in the
Llobregat estuary, where concentrations ranged from <1.0 to
30 ng 1-1. Parathion was detacted at the two Adriatic sites
where concentrations ranged from <1.0 to 3 ng 1-1. Phorata
was not detectsd while diacinon was detected at svery zite
with the excepticon of Ebro sstuarv. Concentrations wers low
in the Adriatic (<1.0 to 2 ng 1-%) but in the ILlchregat
estuary they ranged from <1.0 to 30 ng 1-1.
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{b) Industrial organophosphorus compounds usually gave higher
concentrations than pesticides. The concentration of
tributyl phosphate was 1-300, <1.0 to 20, 8 to 34 and 3 to
1000 ng 1-1 at the Llobregat estuary, Ebro estuary, Lido -
Nazioni and Marina di Ravenna respectively. The
corresponding concentrations were for tris-2-chlorcethvl
phosphate: <1.0 to 400, <1.0, <1.0 to 100 and <1.0 to 300;
for tris-iscbutvl phosphate: <1.0 to 200, <1.0, 40 to 200,
13-64. Trischloro-isopropyl phosphate was estimated only at
the two Adriatic sites, where concentrations ranged from non
detectable to 31 in Lido Nazioni and from non detectable to
9 ng 1-' in Marina di Raverna.

(c) The pilot study included two other areas which were the
Maifa Bay and the Nile deslta. At these s=ites no
crgancophosphorus pollution could be  detected but the
detecticn limits {500 and 700 ng 1-!) were high and
therefore the negative results only exclude the possibility
of toxic contamination.

(d)  The survev included estimations in bicta. In the Adriatic
sites all the organcphosphorus compounds were below the
detection limit in the kicta (mussels). In the Ebro estuary

crancohosghorus gesticides wers detected in Mallusz bdrpo_d"
the maximum values o$ which were: diazinon, 12 ng g-1;

fenitrothion, 1% ng g-1; paraoxon, 16 ng g 1; parathiqn—
methvl 2.2 ng g%, Lnduutrlal crgancphosphorus compounds

could not be detectad in bhiota. In the canals of ths Ehro
aelta the presence of azinphos-ethyl, coumaphos, dioxathion,
fenchlorphos (Ronnel), fenitrothion, fenthion, malathion,
and tetrachlorvinghos was identified in Gambusia affinis.
Maximum concentraticns were 306 ng gt fresh weight for
fenitrothion, and 9 to 2% ng g-! for the others.

Ambient parathion levels in river and lake water in Europe and the
United States range from non-detectable to 0.07 ug 1-1, most samples
showing no contamination. In the Netherlands, Leistra et al. (1984)
report That Ileaching of organcphosphorus compounds (such az e.g.
parathion) from glasshouse soils can contribute substantially to the
pollution of water courses (0.1 to 2.0 ug 1-1),

,.f

For parathionrmethyl concentrations are hetween O.GZ to 0.04 pug
1-1 in west cages, in different lakes and surface waters in the Mited
States. Fellowing a four year survey of 144 SGZJaﬁles in 21 states of

t*he United States, residuss 1in aquatic bicta only showed 2 caszes of
contaminated fish (out of 1524 samples).

For fenmitrothion, concentrations in Canadian waters range from
2.5 to 18.3mg 1! and mainly result from run-off from contaminated
soils fellowing sprayving. Within a few days the levels had usually
decreazed to values below 1 mg 1-1. The median fenitrothicn
concentrations detected in aquatic biotopes in Quebec after spraving
ranged from 1 to 8 ug 1-1 {(Morin et al., 198%4). (ne study has
reported levels of up to 0.7 mg 1-1 (Moody et al., 1978).
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-Organophosphorus compounds may reach the ssa when mangrove
swamplands are sprayed for mosquito control. In Florida fenthion was
spraved aerially as a thermal fog at a rate of 28.0 mg m~2 from
approximately 30 meters height and deposition on the recipient surface
water {a ditch which communicated with the estuarine through a river)
and concentration were estimated after three dJdifferent test runs.
Depositions were 1.86, 0.125, and 0.03 mg m- 2 and peak concentrations
1.6, 0.16 and 0.16 ng 1-1 respectively. Concentrations declined with
zigzags (due to tidal changes) to non-detectable levels 1in 24 hours
(Wang et al., 1587).

Malathion concentrations in surface water of 0.3 pg 1-1 at Esze
in the Unitsd Kingdeom and 0.01 - 0.07 ug 1-t in the river Fhine in ths
Federal Republic of Germany have been reported.

w

Contamination of sediments has been found to occur in the vicinity
of pesticide manufacturing plants. In Denmark, marine sediments close
to a company producing  organophosphcorus pecticides contain levals of
malathion, parathion and methyT parathion ranging from 1 ng g9-1 up to
3.8 ng g-! {Kjolholt, 1985).

For the non-pesticide organcophosvhorus compounds, and particularily

for TBP, concentrations in the river Rhine vary from $.03 to 0.3 ug
1-1, with occasioral wvalues of 1 ug 1-t. 7TBP has f aquentlv heen
detected in different lakes and rivers in the U.H., Norway,
Switzerland, the Pederal G&ezpublic of Germany, the Ne the la*d“, the
U.3.5. znd Canada. The maximum levels were 10 pg 1% in the river Wall
in the Netherlands and 2 ug 1-! in the Delaware river in the U.S.2

Concentrations of phosghate esters in zediments and fish tizsus
can, however, be 100 to 1000 fold higher than those in water,
(ECDIN/EEC; Muir, 1984; N.R.C., 1975).

Nevertheless survevs carried out in the United States and Japan
suggest that with the exception of a few compounds (such as TPE),

vhosphate esters are not widespread contaminants of aguatic
envircnments.

5.

[N

Hazards to marine biota and humans

[y
A

5.2.1 Marine biota
Despite the fact that nesither a monitoring programme has been
arried out in the Mediterranean, nor reporteﬂ concentration values are
uhppor ted by quality assurance data, it is most oprobable that the
levels of organcophosphorus compounds in this sea are too low to present

hazard to the aguatic biocta. The concentration of organcchoschorus
pezticides in rivers which flow into the Mediterranean sea ranges from
non-detectable to 5.0 pg 1!, with occasional peaks of 11 ug 1-%. For

industrial pesticides, concentrations in rivers range from 6.02Z to 1.3
ug 1-1, with an outlier maximum of 14 pg 1-1 for TBP. Averags
concentrations for both agricultural and industrial organcphosphorus
compounds are helow 0.1 ug 1-%, Assuming a dilution of 1/1,000 in
coastal waters, concentrations most likely do not exceed 0.1 ng 1-1.
This concentration is three orders lowsr than concentrations Toxic to
fthe mest seneitive aguatic sgpecies (zee Tables V, VI and VII). However
the FAC/UNEP/IAEA/WHO (1289) pilot study indicated that in two
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estuaries and two Adriatic sites 5 miles from the coast the
concentration of organcophosphorus pesticides exceeded 0.1 ng 1-1,
though remained below the Ilowest toxic concentration for the most
zenzitive species. The difference in the concentration of industrial
organophosphorus compounds between surface waters and estuarine or sea
water was less striking, and the maximums approached the concentration
which may cause harm to sensitive species after prolonged exposure.

5,2.2 Human health hazard

The route of exposure to organcophosphorus compounds 1n =ea or
e aproducts is  either dermal {contact with contaminated water) or oral
ingestion of contaminated seafood or water). Intoxication can occcur
when intake exceeds the no-effect level. Congidering the envirommental
instability of organophosphorus  compounds, low bicconcentration
potential, and low reported concentrations in surface waters, it is
reasonable to conclude that organoghosphorus compounds in the marine
environment are not human health hazards. This view is supported by
the comparison of non-toxic levels of exposure with concentrations
found by the FAQ/UNEP/IAEA/WHO (198%) pilot survey.

»’“- U]

Parathion has a recommended cccupational exposure limit of 0.1 my
m~3. As the respiration volume of a 70 kg man is 12 m® duwring 8 h
worle, the averags germissible daily iatake durding 2 C day working week
iz 0.85 mg par dav, The acceptable daily intake (ADI) of parathion
given by FARC/WHO (WHO, 1986)-is 0.005 mg kg-! (0.35 mg/70 g dav-1).
In either case the polluticn of seafood must saxcesd 1.8
waight to  deliver intakke above the acceptable level when cne fizhmeal
{200 g) is consumed daily. As the ADI of malathion is 0.02 my kg-1 and
the NCEL reported bv the Naticnal Research Council of Canada for
fenitrothion iz 0.33 wg  kg-?, the ftoxicologically hazardous
concentration in  sgeafood for these two pesticides iz over 7.0 and 115
pg g-%t fresh weight respectively, In the study sites of the
FAQ/UNEP/TAER/WHC {1989 survey the concentration of industrial
organophosphorus compounds did not reach the detection limit while the
maximum concentration of pesticides remained about one thousand times
below the concentration which could supply the allowable daily intake
for consumers of one fishmeal per day.

w3 o~ fresh

6. EXISTING NATICNAL AND INTERNATIONAL REGULATIONS FOR THE PREVENTION
OF MARINE PCLLUTION BY ORGAMNCPHOSPHCRUS CCMPCUNDS

There 1z only one regulation in the Mediterranean area which

limits aquatic polliuvtion by organcophosthorus  compounds. In Italy
L319/1976 sets the acceptable concentration for total organophosphorus
pesticides to 0.1 mg 1-! in effluents. Regulations cutzide the area

are aiso uncommon and mainly refer to surface waters, foodstuff, and
CTORS.

The maximum allowable concentration of parathion iz 3 ug 1-! in
surface waterz in the USSR and Sweden., In Mexico it is 100 ug 1-% in
egtuaries and 1 ug 1-! in ccastal waters. In the U.3.A., ths
Environmental Protection Agencvy has set the water quality criteria for
the protection of freshwater and marine aguatic bicta at 0.04 ug 1-1
for parathion and 0.1 wg 1-! for malathien., In the USSR the maximum
allowable surface water concentration is 50 upg 1-1 for malathion and
250 pg 1-%t for fenitrothion.
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In the U.S.A. the emissicn limits are regulated for hazardous
substances by the Water Pollution Control Act. Thus the discharge of
parathion-methyl from any point socurce into USA waters regquires a
permit. Inspecticn, monitoring, and reporting requirements are
specified after issue of permit. Even if it i= not stated in the
parmit, discharge of the substance must be reported when it exceeds
the highsst of the following lsvels: (a) 10C pg 1-%, (b} 5 times the
maximum concentration established by the director of EPA.

It is cbligatory that owners/operators of wvessels or offshors
facilities should notify the USA government of any discharge of
parathion, parathion-methyl and malathicn in or on navigable waters
adjoining shorelines or the contigucus zone. Discharges of more than
45 .4 =g (100 pounds) parathion-methyl, 4.5 kg (10 pounds) malathion and
0.45 kg (1 pound) parathicn in any 24 hour pericd are considered as
viclation of the Federal Water Pcllution Contreol Act.

COther international regulations deal with allowable concentrations
in the working atmosphere (see 2.4.2) and in fecdstuffs. In Netherland
and the Federal Republic of Gemmany maximun residue levels in vegetable
and fruit are 0.05 my ky-?! for fenitrothion and parathion, 0.1 mg ky-*
for parzthion-methyvl and 0.5 mg kg-! for malathion.

In 1982 EEC prepared a list of 129 gotantially dancercus
substances based on their toxicity, persistence and bicaccumulatiorn.
This iz in fact List T of the 2Annex Yo Directive 7&/484/ZEC. In
February 1%20 the Comnission proposed to the Council that pricrity
should be given to scme of these substances for the purpose of fizin
limit wvalues and guality objsctives. Anong them are the following
organophosphorus compouds azinphos-methyl, azinphos-ethyl,

fenitrothion, fenthion, malathion, parathion, parathion-methyl and
dichlorves.

7. RATIONALE FOR ESTABLISHING MARINE POLLUTICN CONTRCL
MEASURES IN THE MEDITERRANEAN REGION

The scientific raticnale for control depends on whether (a) the
levels actually encountered in the wmarine envircnment are close to
those which are likely to prove harmful to the scosystem or cause
adverse effects in man through any exposure route; {(b) harmful levels
may sventually be reached if inputs are not controlled.

As at present only limited data are available on the degrees of
marine polliution by organoghosphorus compounds, a definite answer to
the above points cannot be given and further gstudies are required.
However the limited data produced in the framewcorl of the MED POL pilot
mopitoring  studv  indicate that concentrations of organophosphorus
pesticides in water sven thoush they largely lie below 10 ny 1-1, in
ona czse they reached wvalues of up to 30 ng 1-1 (Llchregat estuary,
gpainy. Similarly, concentrations of non-pesticide organcphosphorus
compounds  evanthough  generally low, thevy occasionally reached
concentrations of 1000 ng 1-1.
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As it ds well documented that 100 ng 1-! of certain
organcopchosphorus compounds can cause damage in  crustaceans, which is
the most sensitive group of marine organisms to these compounds, it is
considered necessary that the situation must be investigated further
through appropriate research and monitoring work, so that it can be
definitively decided whether and what specific marine pollution control
measures should be implemented for the protection of marine life.

As organophosphorus compounds released into the marine environment
are not persistent in water or biocta they would not present a hazard to
humam  health through the marine food chain at the concentrations
reported in the pilot study (maximum concentraticn in biota, 306 ng g-2
F.W, for fenitrothion). It is not thersfors considered necessary that
any measures specifically aimed at protecting human health should be
indicated at this stage.
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8. RECCMMENDATIONS FOR ADOPTICN BY THE CONTRACTING PARTIES

Cn the basiz of the assessment document {(UNEP(OCA)/MED WG.12/4)
prepared by the Secretariat in close collaboration with FAO, WHO and
IAEA the following recommendations  concerning organcphosphorus
compounds are submitted to the Scientific and Technical Committee with
a view to their transmission by the Secretariat to the next meeting of
the Contracting Parties:

(i) The Contracting Parties adopt the following statement:

rganophosrphorus compounds iz the general name for a large sroup

of organic compounds containing phosphorus, The ssarch for nsw
compounds has led to  the synthesis of mors than 50,000
organcphosphorus compounds  and the registration of 250 of them as
pesticides. However, the commonly used compounds do not exceed
100 while a number cof thess compounds are used by industrvy and are
termed as non-pesticides.

The available information on the oroduction and use of both
organophosphorus  pesticides and ncon-pesticides is scarce,
fragmentary and in many cases contradicting. Based on werld
production and use of organophosphorus pesticides, parathion,
parathion-methyl, malathion and fenitrothicon are certainly among
the most imporiant cnes.

Eventhough 1in many cases they are locked zt and treated az a
group, organophosphorts compounds have  varying phvzical and
chemical properties 2g. thair solubility in watar can vary as much
as 10,000 times. In general however they are considerad unstable
in water but scme of them can have a very high toxicity. The "no-
ckbeserved effect level" for crustaceans which appear to be the most
sensitive marine bhiota to organcophosphorus compounds 13 well helow
100 ng 1-1,

i

1)

Organophosphorus compounds reach the marine environment through
rivers, agricultural run-off and industrial point sources.
Information on their levels in the Mediterranean is verv scarce.
A MED POL study indicated that both pesticide and non-pesticide
organoghcsphorus compounds can be detected in Mediterranean river
estuaries and coastal areas subjected to pollution from these
compounds .  Some conpounds were also detacted in fish. However in
general these concentrations are lowsr than those found in

= - .
freshwater systems.

Unly vervy few countries have so far taken measurses for the control
of water pollution by orzancophosphorus conpounds and in most of
these cases it iz in the form of water quality criteria.

It iz gensrally accepted that on  the hasis of available
informaticon there 13 no human health hazard from the consumption
of seafocd and thereforse specific measures ars not warranted at
the present =tage.
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Az far as the aquatic ecosystems are concerned it is evident that
fresh water ecosystems are exposed to a bigger danger than the
marine ones. However the present insufficient data available do
not allow for specific reacomnendations to be made and further
studies are necessary.

The Contracting Parties agrse:

(a)

(b)

{c)

that it is not considersd pertinent at the gresent stage and
on the basis of available evidence to apply any specific
measures for the protection of human health from hazards
through  the consumption of sea focod containing
organophosgphorus compounds;

to request the Secretariat to organise relevant studies on
organophosphorus compounds which will provide data useful
for the formulation of marine polluticn control measurss to
be proposed to the Contracting Parties by 1993:

to provide the Secretariat to the Barcelona Convention with
the fullest informaticn possible con:

(1) quantities of organophosphorus compounds croduced and
consumed in the countrv

(i1} present national legislative and administrative
measures amplovad for the contrel of pollution by
organcphosphorus compounds

(iii) available data on effects and levels of organc-
phosphorus  compounds  in Mediterranean coastal and
estuarine waters.
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