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1. BACKGROUND

According to the Protocol for the Protection of the Meditsrranean
S8ea against Pollution from Land-based Sources (LBS Protocol) the
Contracting Parties shall take all appropriate measures to prevent,
abate, combat and controcl 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
territories.

Article 5 of this Protocol stipulates that:

- The Parties undertake to eliminate pollution of the Protocol
Area from land-based sources bv substances listed in Annex I to
this Protocol;

-~ To this end they shall elaborate and implement, jointly or
individually, as appropriate, the necessary programmes and
measures;

- These programmes and measures shall include, in particular,
common emission standards and standards for use.

Organophosphorus compounds and substances which may form such
compounds in the marine enviromment (with the exception of those which
are biologically harmless or which =are rapidly converted into
biologically harmless substances) are included in Annex I to this
Protocel.

The Meeting of Experts for the Technical Implementation of the LBS
protocol (December, 1985) proposed that the measures to be recommended
to the Contracting Parties for each group of substances should be based
on an "assessment document" which should be prepared by the
Secretariat. According to this progesal, which was adopted bv the
Fifth Ordinary Meeting of the Contracting Parties to the Barcelona
Convention (September, 1987), such assessments should include inter
alia chapters on:

- sources, point of entries and amounts of pollution for
industrial, municipal and other discharges to the Mediterranean
Sea;

- levels of pollution:
~ effects of polliution;

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

Prior to the preparation of this assessment document a small ad-
hoc meeting on organophosphorus compounds was convened in Athens in
November 1987 {FAO/UNEP/IAEA/WHO, 1987). The meeting agreed on an
amotated outline of the assessment document and recommended the
initiation of a pilot monitoring study to collect relevant data from
the Mediterranean 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 (FAOQ/UNEP/IAEA/WHO, 1989).

The present document, which was prepared by the Secretariat with
the help of consultants and in close cooperation with FAO, WHO and
IAEA, was reviewed by an ad-hoc meeting of experts which met in Athens
on 7-8 March 1990. The document evaluates information on the
contamination of the marine enviromment by organophosphorus compounds,
the ecological and human health significance of such contamination, and
makes recommendations to the Contracting Parties taking also into
consideration the results of the pilot monitoring study.

2. GENERAL FACTS ON ORGANOPHOSPHORUS COMPOUNDS
2.1 Chemistrv

The basic compound for the synthesis of organophosphorus compounds
is phosphine (PHs), which is alkylated or arylated to RzPH or RiP. The
oxidation of phosphines gives phosphine oxides, Rz2P(0)H, R3PO, and the
conversion of the C-P bond to C-0-P bond phosphites, ROsP. The
combination of these two steps results in the formation of phosphinate
egsters, R2(RO)P(Q), phosphonite esters, R{RO)zP(0), and phosphate
esters, (RO)3P(0). 8ide chains can be halcgenated, oxygen substituted
with sulphur, and occasionally with nitrogen. Within the large group
of organophosphorus compounds esters, especially phosphate esters, are
of the greatest importance.

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

{a) industrial use
- flame retardants, plasticisers, solvents, antifeaming
agents, industrial hydraulic fluids, lubricants,

dispersants, detergents.

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

In most of the vphosphate esters manufactured for industrial use
the organic radicals fall into the following categories:

fa) triaryl phosphates - either three identical arvl groups
(cresyl, phenyl) or two phenyl and one other aryl group
(e.g. monocresvl diphenyl rhosphate);

{(b) arvi-aikyl phosphates - either two alkyl and one phenvl
(e.g. dibutyl phenyl phosphate} or cne alkyl and two aryl
groups (e.g.) 2-ethylhexyl diphenyl phosphate);

{c) trialkyl phosphates - three identical alkyl aroups (e.J.
tritributyl phosphate);

(&) trihalcalkyl phosphates -~ three identical halcgenated alkyl
groups (e.g. tris 2-chloropropyl phosphate).
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As biological and environmental behaviour can be altered by
structural modifications around the phosphorus centre, 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
(Hutson and Roberts, 1985). The most frequently used 100 were reviewed
by WHO (1986). Though in most of the pesticides two of the organic
radicals are either methvl or ethyl, the third radical is different in
nearly every pesticide. Thus the third radical can be a longer alkyl
group, alkyl derivative, aryl group, the combination 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 organochosphorus
compound synthesized in 1944 the P=C bond was replaced by R=S bond.
The majority of organophosphorus pesticides confirms to the formulae
shown on Table I.

Other structures not shown in Table I are diphosphate esters and
phosphoroamidates. Diphosphate esters consist of two identical
organophosphorug compounds (phosphorothionate) moieties which are
linked by oxygen (sulfotep) or by an organic radical sandwiched between
two oxygen (temephos) or sulphur (dioxathione, ethione). In
phosphorcamidates one (e.g. fenamiphos) or more (triamiphos) valence is
cccupied by nitrogen.

2.2 Physicochemical characteristics and environmental behaviour

Table II gives the ©physical-chemical properties of six
crganophcsphorus pesticides. The molecular weights of the six
compounds in Table II are in a narrow range, but the range for all
organophosphorus compounds is larger, It is from 213 to 466 for
pesticides and from 140 (trimethyl phosphate) to 518 (3,5,5-
trimethylhexyl) for other compounds. With the exception of
tributylphosphate (TBP) organophosphorus compounds have relatively low
vapour pressure and volatilization loss from water is minor. The high
Henry constant (the ratio of molar concentrations in the liquid and
vapour phase at equilibrium) of tributylphosphate indicates its
relatively high volatilization from water.

The solubility of organophosphorus compounds in water shows great
variation. Thus industrial alkylphosphate esters are soluble while
tricresylphosphates are practically insoluble in water. The water
solubility of pesticides shows similar variation and rangs from 0.4 mg
1-* for chlorpvrifos to 4,000 mg 1-! for vamidithion. An exception is
acephate which is highly soluble in water with a saturation
concentration of 67%.

The coctanol-water partition coefficient (log Kow'= Pow) is usually
below 3-4 (Bowman and Sans, 1983). As organophosphorus compounds have
molecular weights below 600, the effect of lipeophilicity on
bioconcentration is not limited by molecular size. However compared
with organcchlorine compounds with similar lipophilicity,
organcphosphorus compounds have a lower bioconcentration potential in
aquatic organisms (Saeger et al., 1%79). The reason for this is their
relative instability.
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Table T

Chemical structures of organophosphorus pesticides.
(Comp1led from WHO, 1986). R denotes the twin alkyl
radicals, R' indicates difference from R,

X denctes the third (so called leaving) radical.

Phosphorus group Outline of Common or other name
structure
Phosphate 7 chlorfenvinphos, crotoxyphos,
dichlorvos, dicrotophos, heptenphos,
(hedl) ] mevinphos, monocrotophos, naled,
==P-0-k phosphamidon, TEPP, tetrachlorvinphos,
triazophos
Phosphorothioate azothoate, bromophos, bromophos-ethyl,

S-phosphoryl

O-alkyl

S~alkyl

Phosphorodithioate
O-alkyl

S-alkyl

Phosphonothioate

§
A
(R=0)z~P=g=}

A
(R=0)2=P=5-t

(R=0)z-P=0-)

i

)

N\
P-g-r

R-g7

-0\
N -1

chloropyrophos, chloropyriphos-methyl,
coumaphos, diazinon, dichlofenthion,
fenchlorphos, fenitrothion, fenthion
parathion, parathion-methyl,
pyrazophos, pyrimiphos-ethyl,
pyrimiphos-methyl, thionazin

amiton, demeton-S-methyl, cmethoate,
oxydemeton-methyl, phoxim, vamidothion

profenofos, trifenofos

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

prothiofos, sulprofes

EPN, trichlornat, letptophos
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The bioconcentration (and bicaccumulation) of organophosphorus
compounds is limited by their instability in water and biota. They are
liable to hydrolysis and other mechanisms of ester cleavage. Fig, 1
illustrates the rather rapid disappearance of methyl-parathion from a
pond, and Fig. 2 the disappearance of four arylphosphates from river
water. Fig. 3 gives the bicdegradation scheme of parathion in various
bicta. The importance of biolcgical factors has been demonstrated by
the difference in the persistence of parathion in biotic and abiotic
water. The half life of parathion is usually few days, but in abiotic
water no noticeable breakdown was observed in 40 days (Fisher and
Iohner, 1987). Uptake by plants and particles is an important process
which 1limits the availability of organophosphorus compounds for
absorption by fish (Hutson and Rokerts, 1985).

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

2.3 Analvtical methodolcgies

Mnalytical methodologies for the fractionation and clean-up of
organophosphorus pesticides in real environmental samples include the
use of silica-gel (Iores et al., 1987), Florisil (Neicheva et al.,
1988) or gel permeation (Lawrence, 1987). As regards the analyvtical
part, capillarvy gas chromatography with thermionic nitrogen-phospherus
detector is usually the preferred method, with minimum detectable
amounts between 0.01-0.1 pg 1-! in water (Wang et al., 1987, Leistra et
al., 1984).

Other detectors employed in gas chromatcgraphy for the
determination of organophosphorus compounds are the flame photometric
detector (Prinsloo and De Beer, 1985; Onuska, 1984) or mass
spectrometry in the electron impact (Wilkins et al., 1985) or chemical
ionization mode (Stan and Kellner, 1982; Cairns et al., 1985). Due to
the fact that some organophosphorus pesticides are thermally labile
and/or polar, the use of 1liquid chromatographic techniques is
advisable, either using ultravioclet (Osselton and Shelling, 1986) diode
array (Greve and Goewie, 1985), reductive amperometric (Clark et al.,
1985) and mass spectrometry detectors (Barceld et al., 1987; Farran et
al., 1988; Barceld et al., 1988). Recently a review of the use of
liquid chromatography 1n pesticide analysis has been published
(Barceld, 1988a).

Mass spectrometry detection in combination with gas and liguid
chromatography has been recently applied for the determination of
trialkyl and triaryl phosphates, including tris-Z-chloroethyl phosphate
(Cairns et al., 1983; D'Agostino and Provost, 1986; Barceld, 1988).

3. METABOLISM AND TOXICITY
3.1 Metabolism
Organcphosphorus compounds undergo metabolic transformation in
biological systems. Some of these transformations converts an inactive

compound to an active one, others have the opposite consequence. Any
metabolic transformation which brings the structure of organophosphorus
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100

/)

80

40 x TCP. 218 mp/L
A TPP. 21 mg/L
o 2-]PPDP. 33 mp/L

o} © 4IPPDP. 27 me/L

Time (days)

Fig. 2 Biodegradation of aryl phosphates in river water. Triphenyl
phosphate (TPP), 2-isopropylphenyl diphenyl phosphate (2-IPPDP)
and 4-iscopropvlphenyl diphenyl phosphate (4~-IPPDP} were added
as a mixture. TCP = tricresyl phosphate (from Latourette, 1979
in Boethling and Cooper, 1985).
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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 insecticide. Activation reacticns are
(Hutson and Roberts, 1985):

(a) oxidative desulphuration of a thiophosphoryl group
{conversion of P=S in parathion to P=0 in paracxon);

(b) thicether oxidation to sulphoxide or sulphone (the
conversion of C-8-C to C-8(=0) or C-8(=0)2-C in fenthion or
in disulfoton};

(¢) S-alkyl oxidation (the conversion of P-8-R to P-8(=0)-C in
metamidophos or to P-8(=0)2-R in profenofos;

(d) oxidative N-demethylation (the conversion of N-Ri)2 to NH-Ri
in dicrotophos or phogphamidon.

Deactivation reactions are (Hutson and Roberts, 1985):

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

(b) glutathione-dependent dearvlation;
(¢) glutathione dependent dealkylation;
(d) oxidative deallylation.

3.2 Mode of action

The hydrolytic conversion of a triester to diester by
acetylcholin-esterase is the most important step in the toxicology of
organophosphorus compounds because this detoxification reaction is
associated with the toxification of acetylcholin. The physioclogical
roles of acetvlcholin and acetylcholinestrase are interlinked.
Acetylcholin is a transmitter of nerve impulses in cholinergic synapses
and acetyl-cholinesterase prevents the build-up of toxic acetylcholin
concentrations through the hydrolysis of released acetyvlcholin to
cholin and acetate. Fig. 4 shows that the hydrolysis of
organophosphorus compounds by the same reaction results in inactivation
through the phosphorylation of the enzyme by the formed phosphate
diester. Reactivation is either slow or absent. The hydrolysis of the
diester leaves only an acidic negatively charged residue. This
process, called aging, doss not restore activity to the enzyme. The
result of acetylicholine esterase inhibition is the accumulation of
acetylcholin and the excessive stimulation of cholinergic nerves.

The mode of action is the same in different animal phvla, though
even within one order (e.g. fishes) there are substantial species
differences in the hydrolysis of organophosphorus compounds (Hutson and
Roberts, 1985).

Besides acetylcholinesterase, organophosphorus compounds can
inhibit pseudochclinesterase, carboxylesterase, and various other
esterases, among them the Neuropathy Target Esterase (NTE). The
reaction of organophosphorus compounds with acetylcholinesterase and
NTE iz not different, the difference is in the outcome.



UNEP(OCA) /MED W3,12/4

page 11

WuLbY, ‘¥
fU0L30v34 UOLIRALIOERY °E
fawfzua ay3 jo uorleAuoydsoyd °z
¢x9{dwod Si{IeYdl 0 uUOLIRWAO4 °T
(1861 ‘uosuyop
pue 033840) woa}) punodwod snaoydsoydouebao ue Aq aseus}sd uR JO uOLILqLyul  Bid

!

YO-d-O-dNAZNI

A_w
by
(¥)
%(40)-d-0-ANXZNT
h Ebyy (¢)
oty
@) - y
?Eov-m-m-[mo,mswmza . = NEQ-w_-x + HO-AWAZNA
o/

O
(D



UNEP({CCA)/MED WG.12/4
page 12

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 cholinergic stimulation in every mammalian
species. In patients following the ingestion or inhalation of
organophosphorus compounds 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 (e.g. anxiety, confusion). They begin within 30-60 min
and are at a maximum at 2-8 hours after intake. In mild, moderate and
severe intoxications the signs and symptoms in order of appearance are
(Dreisbach and Robertson, 1987):

a) Mild - Anorexia, headache, dizziness, weakness, substernal
discomfort, tremor of tongue and evelids, pin-point pupil,
impairment of visual acuity.

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

¢) Severe - Diarrhcea, pinpoint and non-reactive pupils, excessivs
bronchial secretion, respiratory difficulty, pulmonary oedema,
cyanosis, involuntary defecation and urination, convulsions,
coma. Death is taused by respiratory failure and heart block.

The induction of acetylcholin toxicity is a common characteristic
of all organophosphorus compounds, at least after metabolic activation.
An other toxic effect called organophosphorus compound induced delaved
polyneurcpathy (OPIDP) can be induced only by few organcphosphorus
compounds, The reason for this is that the inhibition of neuropathy
target esterase (NTE) by phosphoryvlation is only the first condition of
delayed neuropathy. 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, some
large animals, and man, are sensitive, while rodents, baboon, monkey
and marmoset are insensitive.

Organophosphorus triesters used for industrial purposes which have
the ability to produce delayed neuropathy are tri-ortho-cresyl
phosphate {TOCP), mono-, di- and tri-o-tolyl, o-cresyldiphenyl, o-
isopropyl-phenyldiphenyl, di- and monophenyl derivatives, tributyl
phosphate, tris(2-chloroethyl) phosphate (Clavton and Clavton, 1981;
Muir, 1984; Morettc and Johnson, 1987; Pellin et al., 1987). The
meta-and para-cresyl phosphates are not active. Pesticides which are
able to cause delayed neuropathy in hens after a single dose include:
amiphros, chloropyrifos, coumaphos, cyanofenphos, desbromoleptophos,
EPN, dichlorvos, isofenphos, leptofos, trichlornat (WHO, 1986; Moretto
and Johnson, 1987; Vilanova et al., 1987). The effect on NTE can be
antagonised in a sensitive species by pretreatment with
organophosphinate or sulfonyl fluorides. These become attached *o NTE
and inhibit its activity, but because they have no hydrolysable bond,
they do not cause aging (WHO, 1986). Fig. 5 shows the reaction of NTE
with organophosphorus compounds and organcphosphinates,
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The signs and symptoms of delayed neuropathy is 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 organcphosphorus
compounds to  inhibit acetylcholinesterase and induce delaved
neuropathy.

Experimental evidences indicate that organophosphorus esters are
either not mutagenic in vitro or only weakly mutagenic. Acceptable
tests do not indicate carcinogenicity. One report claimed that
trichlorphon is teratogenic in pigs, but few teratogenic effects have
been reported for other compounds {(WHO, 1986),

3.3.2 In ecosystems

Organophosphorus 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 87%
decrease in the bird population (Ramade, 1987). In an other incidence
5,000 to 25,000 birds died following a fenthion application at 95.0
ml/hectare (Seabloom et al., 1973). Contrary to the terrestrial
environment there is hardly any information on the effects of
organophosphorus compounds on the aquatic ecosystem where toxic
mechanisms may not be restricted to an anticholinesterase effect.

No information is available on disturbances of marine ecosystems
Ly organophosphorus compounds .- In freshwater ecosystems temporary
effects have been reported occasicnally. At ambient environmental
levels, short-term intoxication is not likely to occur and no hazard is
to be expected from ethyl-parathion or methyl-parathion applications
though in agricultural areas, crustaceans may be affected temporarily.
For fenitrothion, results of extensive monitoring programs carried out
in Canada in Zones sprayved with this pesticide, revealed a temporary
disturbance of populations of aquatic invertebrates, but no effects
were noted on aquatic vertsbrates. Although the doses used in Japan
may be up to ten times higher than those in Canada, no evidence of
impingement on agquatic ecosystems has been reported in scientific
literature. No information has bheen found on ambient levels of
fenitrothion and the eventual consequences in aguatic biotopes in the
EEC countries. With regard to malathion it has been shown that chronic
exposure to concentrations of 15 ug 1-1 can result in 80% mortality of
some species of marine c¢rustaceans; it should be emphasized that such
concentrations are quite close to ambisnt levels resulting from
practical application rates in mosquito control programmes.

Monitoring studies of river water, drinking water, sediments and
biota, in the United States, Canada, Western Europe and Japan have
revealed the presence of TBP at concentrations less than one pg 1-%;
taking into account the very low persistence of this compound, the
hazard at such low ambient leéevels can be considersd to be negligible.
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3.4 Effect levels

3.4.1 In animal experiments

The acute toxicities of organophosphorus pesticides show wide
variation. The most toxic disulfoton, mevinphos, and parathion, have
an oral ID50 in rats of below 5 mg kg-1 and the LD50s of the least
toxic bromophos, malathion and primiphos-methyl are over 2,000 mg kg-1
(WHO, 1986). Most of industrial ocrganophosphorus compounds have cral
LD50 values over 500 mg kg-! in the rat.

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

WHO (1986) tabulates data on 17 organophosphorus pesticides with
potential to cause delaved neuropathy in hens. The single dose which
elicited delayed neuropathy was in the range of 25 tc¢ 150 mg kg-! for
mipafox (N,N-diisopropvlphosphorodiamidic fluoride), EPN, desbromo-
leptophos, chlorpyrifos, cyanofenphos, isofenphos, dichlorvos, and
cuamophos.

3.4.2 In humans

Az the common consequence of different organophosphorus pesticides
iz the inhibition of acetylcholinestaerase, exposure and the severity of
adverse aeffects are usually related to the decrease in rad blood cell
or plasma acetylcholinesterase activity. A decrease by 30-50% or more
indicates exposure and necessitates removal. Signs of poisoning does
not occur until blood levels are below 50%, while severe poisoning is
usually associated with depression below 20%. Because normal variation
in enzyme activity is large, determination must start before exposure
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 explored, but
ite feasibility needs further research.

Differences in the toxicity of various organophosphorus compounds
are reflected by differences in the 1levels of both threshold limit
values for inhalation exposure and acceptable daily intakes. The
American Conference of Governmental Industrial Chemists set the
following  threshold atmospheric concentrations for occupational
inhalation exposure: 0.05 mg m~3 for TEPP; 0.1 mg m~3® for fonofos,
mevinphos, parathion, phosdrin and tri-o-cresyl phosphate; 0.2 mg m-3
for dioxathion, parathion-methyl; 0.5 mg m-® £for EBEN; 3 mg w3 for
naled and triphenyl phosphate; 5 mg m-3 for crurofate and tributvl
phosphate; 10 mg m~? for malathion and temephos (Clayton and Clayton,
1981).

The acceptable daily intakes of 47 organophosphorus pesticides are
listed by WHO (1986). They range from 0.00002 mg kg-i for phorate
through 0.005 mg kg~ for parathion to 0.1 mg kg-! for crufomate.
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3.4.3 In ecosystems

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

With regard to the dimpact of organophosphorus pesticides on the
agquatic enviromment, extensive and very detailed literature studies
have been made during recent vears on request of the EEC, and extensive
raviews have been published on parathion, methyl-parathion and
fenitrothion by Persoone et al. (1985) and on malathion by Premazzi
{1983).

Table III summarizes the information collected by Persoone et al.
(op.cit.) relevant to this particular report, on the acute toxicity of
parathion, methyl-parathion and fenitrothion to estuarine and marine
biota. This Table shows that crustaceans are the most sensitive marine
crganisms. The two species which gave exceptionally low LCse values
were Homarus americanus (0.1 ug 1-1) and Penaeus gp. (0.02 ug 1-1).

The major ecotoxiccological as well as toxicolegical data for the 4
pesticides and the non-pesticide organcphosphorus compounds have been
summarized in Table IV.

From these tables, it can be sesn that organophospghorus pesticides
are very toxic to aquatic biota. 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 insects and crustaceans, as
well as on marine crustaceans, are reported in scientific literature at
concentrations helow 1 uyg 1-1. Other categories of biota are in
general less sensitive, though acute effects often occur at
concentrations below 1 mg 1-1%. The 96-hour ILCH0 of chlorpyrifos to
atherinid fishes is reported to range from 0.4 to 6.7 pg 1-1 (Borthwick
et al., 1985).

Chronic effects have been found at and even below the 0.1 ug 1-%
level for the most sensitive biota (insects and crustaceans); fish
species can be affected by 50 upg 1-1 of some organophosphorus
pesticides when exposed for weeks to the compounds.

Experimental field studies have revealed that aerial application
of organcphosphorus pesticides (at practical rates) can lead to
substantial mortalities of non-target insects and crustaceans.

In contrast to the wealth of ecotoxicological information
available for organophcsphorus pesticides, there are but few data on
the effects of non-pesticide organophosphorus compounds to bicota. Muir
(1984) and Boethling and Ccoper (1985) have attempted to collect and
interpret some of the data reported in literature on alkyl and
arylphosphate toxicity. Although some of the non-pesticide
organcphosphorus compounds are alsc very toxic to aquatic biota, the
range is highly variable and spscies - as well as chemical - dependent.



UNEP(OCA) /MED WG.12/4
page 17

Table ITI

Effect concentrations (in uyg 1-1) of three important organophosphorus
pesticides to estuarine and marine biota (from Persoone ebt al., 1983).

Pegticide Group of Effect Concentration
organisms
PARATHION ALGAE reduction of 1000
rhotosynthesis
INVERTEBRATES
Molluscs mortality (LC50) 330-10000
Crustaceans mortality (LC50) 0.2-4300
VERTEBRATES
Fish mortality (LC50) 15-~65
METHYL~PARATHION | INVERTEBRATES
Molluscs mortality (LC50) 1200~25000
Crustaceans - | wmortality (LCH0) 0.33-28
VERTERBRATES
Fish mortality (LC50) 60~76000
FENITROTHION ALGAE growth (BC50) 3000-3900
INVERTEBRATES
Coelenterates| mortality (LCS0) 30000
Molluscs mortality (LC50) 2500~-6700
Crustaceans mortality (LC50) <0.1~-410
VERTEBRATES
Fish mortality (LC50) 670-5000

Acute toxicity levels indeed range from 150-200 pg 1-1 for scme
compounds on different aquatic biota (insects, crustaceans, fish, and
quite surprisingly alsc lake phytoplankton), to over 6700 mg 1-% for
other compounds on particular species of fish.

Chronic effects (mortality and growth impairment) resulting form
long-term exposure (several weeks) to aryl phosphates has been observed
at concentrations as low as a few pg 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 Perscone et al., 1985).

Pesticide Group of Reported in | Extrapolated from
organisms literature acute and chronic
toxicity data

PARATHION ALGAE - 100
INVERTEBRATES
Molluscs 25-30 600
Crustaceans <0.1x% <0, 1%
VERTERRATES
Fish <10* 4

METHYT.-PARATHION | INVERTEBRATES

Molluscs - >1000

Crustaceans 0.10-0.32 0.2
VERTERRATES

Tish 56~-10000 * -

FENTTROTHICN ALGAR <100 300

INVERTEBRATES

Coelenterates 3000

Molluscs 25

Crustaceans <0.1
VERTERRATES

Fish 10 100-500

* lowest 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
enviromment) originates from an experiment with fish and should be
interpreted with caution. It is indeed possible {and very likely) that
as for other pesticide and non-pesticide organophosphorus compounds,
several groups of aquatic biota are much more sensitive to TBP than
fish.

In the reports on organcechosphorus pesticides of Perscone et al.
(1985), NOEL's (no observed effect level) are given for parathion,
methyl-parathion and fenitrothion, which are either 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 bicta in the
marine environment (crustaceans) no-effect levels for organcphosphorus
pesticides are below 0.1 ug 1-1.

A few experimental no-effect levels have alsc been reported in
scientific literature for non-pesticide organophosphorus compounds.
For the waterflea Daphnia NOEL's range from 17 pg 1-% to 460 pg 1-% for
one particular arylphosphate ester (Boethling and Cooper, 1985); the
30-fold difference found between the lowest and the highest NOEL is due
to differences in the commercial formulation of the same
organophosphorus ester. Exposure of rainbow trout for more than cne
month to levels of arylphosphates of as low as 0.2 ug 1-1 has been
shown to cause many adverse effects: behavioral, morphological as well
as physiological.No information is available on no-effect levels for
TBP to aquatic biota, and only one figure has been found for the
chronic effect on one fish species; it would be meaningless to try to
derive a "safe concentration'" for the aguatic environment from this
sole figure.

On the basis of all toxicological information available on non-
pesticide organophosphorus compounds, it seems however, that the NOEL's
for the most toxic non-pesticide organophosphorus compounds to the most
sensitive biota in the wmarine environment, are of the same order of
magnitude as those of organophosphorus pesticides, i.e. below 0.1 g
1-1,

4, PRODUCTICN AND USE

The available figures on production and use of both
organophosphorus pesticides and non-pesticides is scarce and
fragmentary at the national as well as at the international level. In
addition, different figures are reported by different sources and this
indicates the difficulties in obtaining accurate and reliable data.
Table VI lists organophosphorus compounds presently manufactured and
uged., Very few data exist for countries that border the Mediterranean.
It is known, e.9., that 21,000 tons of organochlorine and
organophosphorus pesticides were used in Italy in 1983, of which
approximately 19,000 tons were organophosphorus insecticides (ISTAT,
1984), Cyprus, Greece, Malta and Turkey reported consumption data on
organophcsphorus compounds to the Coordinating Unit for MAP. According
tc these data Cyprus imported 313 and 389 tons of organcphosphorus
pesticides in 1987 and 1988 respectively but these figures do not refer
to active ingredient. Similarly Malta imported in 1986 45 tons of
organophosphorus pesticides. Turkey imported in 1985 130 tons of
pesticide and non-pesticide organophosphorus compounds while this
figsure in 1986 was reduced to 67 tons. Grasce reported the following
consumption figures (in tons) for 1988: azinphos-ethyl 80, acinphos-
methyl 15, fenitrothion 5, fenthion 130, malathion 50, parathion 30,
parathion-methyl 100 and dichlorvos 10. The consumption of parathion,
malathion and other organophosphorus pesticides 1in Mediterranean
countries as reported to FAO is given in Table VII.

Despite the weak data base available, a slight increase in the
total consumption of organophosphorus compounds over the vears may be
expected. For some insecticides, such as parathion-methyl, a
substantial decrease in consumption can be noted in the EEC countries:
from 3,500 tons in 1974 to 1,000 tons in 1984.
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Organophosphorus compounds currently manufactured and used.

A, Pesticides

- acephate -
- amidithion -
- azinphos-ethyl -
- azinphos-methyl -
- bromophos -
-~ bromophos-ethyl -
~ carbophenothion -
- chlorpyrifos -
- chlorfenvinphos -
- chlorthion -
- ¢oumpahos -
- demeton ~
- demeton-S-methyl -
- demeton-S-methylsulfon -
- dialifor -
- diazinon -
- dichlorvos -
- dicrotogpos -
- dimethoate -
- dioxathion -
- disulfoton -
~ ethion -
~ fensulfothion -
- fenthion -
- fenitrothion -
- fonofos -
- formcthion -
~ leptophos -

B. Non-pesticides

- dibutyl phenyl phosphate

- cresyl diphenyl phosphate

- cumylphenyl diphenyl prhosphate
-~ 2-ethylhexyl diphenyl phosphate
- isodecyl diphenyl phosphate

- isopropylphenyldiphenyl phosphate
- tributyl phosphate

- tricresyl phosphate

- triphenyl phosphate

~ tris (2-chloroethyl)} phosphate
- tris (2-chloropropyvl) rhosphate

- tris (1,3-dichloropropyl) phosphate

- tris (Z-ethylhexyl)} phosphate

malathion
methamodophos
methidation
mevinphos
monocrotopos
naled

cmethoate
oxydemeton-methyl
parathion-ethyl
parathion-methyl
phenkapton
phorate
phosalone
phosmet
phosphamidon
phoxim
pirimiphos-ethyl
pirimiphos-methyl
prothoate
pyrazophos
ronnel

sulfotepp
temephos
tetrachlorvinphos
thiometon
triamirhos
triazophos
trichlorfon
vamidothion
zinophos
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The total production of non-pesticide organophosphorus compounds
in the United States increased from 47,000 tons in 1977 to 77,000 tons
in 1986. As indicated above, there are compounds such as TBP which are
now consumed to a larger extent in Eurcpe than in the United States of
America.

Based on world production and use of organcphosphorus pesticides,
ethyl-parathion, methyl-parathion, fenitrothion and malathion
certainly are among the most important organophosphorus pesticides.
Some more information follows on these 4 major compounds.

Parathion

Total production in the EEC countries was estimated at 15,000 tons
in 1974, 3,500 tons in 1979 and 6,000 tons in 1984; consumption values
decreased from 3,500 to 1,000 tons. In the United States the
production of this pesticide had decreased fraom 7,530 tons in 1965, to
6,940 tons in 1970, to 4,535 tons in 1972 while the consumption in 1982
was estimated to be 3,125 tons. In 1989 the total production of
parathion and parathion-methyl in the United States was 40,000 tons and
in the EEC countries 12,000 tons out of which 1,000 tons were utilised.

Parathion-Methvl

The EEC production and use of this organophosphorus pesticide in
1574 was approximately 15,000 and 3,500 tons respectively. In 1984
while the production decreased to 8,000 tons, the consumption dropped
to 1,000 tons., In 1582 in the United States the production was 23,000
tons and the consumption 7,700 tons. 8Since total world production of
parathion-methyl in 1973 was as high as 60,000 tons, one may thus
expect a decrease in production and use of this pesticide in the EEC
countries in the vears to come. (ECDIN)

Fenitrothion

This organophosphorus insecticide is quite well-known in Canada
since it has been applied by aerial spraying on forests in amounts near
1,000 tons/year since 1967 to combat spruce budworm pests. Data
available for the EEC countries indicate a total use of 800 tons for
1979 and 300 tons for 19%89.

Malathion

Total production of this pesticide was 30,000 tons in 1980-81. In
the Mediterranean countries 2,100 tons (active ingredient) of malathion
wers sprayved during the same period (40% of which was in Spain), versus
8,700 tons in Asia. In the EEC countries the production of malathion
has increased from 5,750 tons in 1974 to 10,000 tons in 1984 with an
annual use close to 2,000 tons. In the United States the annual use of
this pesticide over the pericd 1972-19282 has varied only slightly: from
7,350 tons (1972) to 6,350 tons (1982). The total consumption of
malathion during the pericd 1980-81 iz shown in Table VIII (Premazzi,
1983). In 1988 the total production was 25,000 tons and in the EEC
countries 14,000 tons out of which 1,000 tone were utilised.
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Table VIII

Total consumption of malathion in various continents and
countries (period 1980-1981) (Premazzi, 1983).

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

Western Burape 1.5158 Asia 9.680

Spain 220 Pakistan 4,000

Italy 250 Sri Lanka 2.150

France 220 India 1.500

Greece 150 South Korea 400

Portugal 15 Iran 350

Finland 10 Turkey 200

Germany 10 Iraq 200

Belgium 5 Japan 170

Netherlands 5 Taiwan 150

North America Malaysia 150

UsA 7.000 Thailand 100

Canada 350 Nepal 100

Central and South Philippines 80

America 4.037 Lebanon 50

Brazil 1.650 Syria 50

Argentina 800 Saudi Arabia 20

Cuba 450 Indonesia 10

Columbia 400 Africa ags

Mexico 300 Morocco 300

Guatemala 170 Kenya 150

El-galvador 150 Egypt 140

Venezuela 50 South Africa 130

Uruguay 20 Algeria 50

Peru 18 Libya 50

Nicaragua 15 Tunisia 40

Ecuador 9 Zambia 20

Chile 5 Ethiopia 10

Australia 250 Tanzania 10

New Guinea 100 Nigeria 5

New Zealand 10
TOTAL 23.850

For non-pesticidal organophosphorus compounds the total production
in the United States in 1986 has heen estimated to be 77,000 tons., TFor
two of the most commonly produced and used compounds: tributylphosphate
(TBP) and <tris(2-chlorethyl)phosphate (TCEP) only a few data could be
found for the former. In the EEC countries 10,000 tons of TBP were
produced and used in 1979 as well as in 1983, wversus only 2,500 tons in
1972. The consumption in the United States during 1983 was 1,360
tons., {(Muir, 1984; ECDIN/EERC).
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5. ORGANOPHOSPHORUS COMPOUNDS IN THE MEDITERRANEAN ARFA:
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 intc account the toxicity, persistence and biocaccumulation six
organophosphorus compounids have been tentatively selected from the
compounds listed in Table VI; these six substances will be treated
hereafter more in detail as 'case-examples" for the Mediterranean.
Four of the six compounds are pesticides (ethyl-parathion, methyl-
parathion, fenitrothion and malathion), the other two are non-pesticide
organophosphorus compounds  [tributyl phosphate (TBP) and tris(2-
chloroethyl) phosphate (TCEP)].

5.1 Sources, ipputs and levels in the Mediterranean

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

river mouths and estuaries
lagoons

shallow waters

marshes

1

i

By far the Ilargest dinput of organophosphorus compounds in the
marine envirommant comes through transportation of the compounds to the
gea via surface waters. Industrial effluents containing crgano-
phosphorus residues may, however, also be discharged directly into
shallow waters through pipelines from on-shore plants.

A third source of pollution may arise from spraying of crops with
organophosphorus pesticides on fields nearby the sea and last but not
leagt aerial transportation of both non-pesticide and pesticide
organcphosphorus compounds from various point or non-point sources may
eventually also add to the pollution of coastal waters, lagoons and
marshes. )

Information on point source inputs of the organophosphorus
compounds into the Mediterranean is scarce. Most of the information
available is related to surface waters in Italy. In the Tiber river
maximun concentrations of malathion of 0.5 - 0.6 pg 1-! have been
detected during the years 1970-73 (Leone and Puccetti, 1971, 1678).
Values have alsc been published for different pesticides in surface
waters of the Ferrara Province during the geriod 1975-84 (Raldi et al.,
1986). TFor malathion, the concentrations were usually below 0.4 ug
1-1, although, in 1977 and 1982, 2.6 and 4.2 png 1-! respectively wers
noted. Parathion-methyl concentrations were usually lower than 1 ug
1-1; a maximum level of 11.1 wug 1-' was found in 1981. Parathion-
methyl values were essentially below 0.1 wg 1-1, excspt in 1978 where a
4.4 yg 1-1 concentration was recorded. No fenitrophion has been
detected in any water sample in this Italian Province. In France, 2 to
4 pg 1-1 parathion-ethyl and wmalathion have been reported in the river
Sadne in 1968 (Mestres et al., 1969}, as compared to values below 8 ug
1-1 in the drainage waters of the Camargue in 1978 (Podjelski and
Dervieux 1878). In the latter drainage waters, the concentration of
the pesticide decreased from 5 pg 11 to 0.2 pg 1-! three days after
application.
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In Spain, values have been reported for fenitrothion in lake
Albhufera at Valencia (Carrasco et al., 1987). For the period 1983-85,
concentrations varied from 0.1 to 2.0 ug 1-1; these values decreased
each time to non detectable 1levels (below 0.05 pg 1-!) within two
weeks. Fenitrothion levels in Gambusia affinis up to 306 ng g-1 have
been reported (Barceld et al. 1990) and in soils from the Ebro delta up
to 1 ng g-! (Durand, 1989). For the non-pesticide TBP, data were
published in 1987 for the Besos river mouth in Spain, (Gomez-Belinchon
et al., 1988); the organophosphorus levels ranged from 0.02 to 1 ug
1-%, with scme peaks of 14 ng 1-1, In the Llobregat estuary TBP and
TCEP were found at concentrations of up to 0.2 and 0.4 ug 1-1
respectively (Barceld, 1990). In Italy, TBP has been monitored in
surface and drinking waters in Northern Ttaly in 1987. TBP levels in
the river Po varied from 0.02-0.03 ug 1-1! in Ferrara, to €.04-C.13 pg
1-1 in Turin (Galassi et al., 1986).

In Greece, organophosphorus pesticides (diazinon, azinphos, methyl
and parathion-methyl) have been detected in the Iocamnina lake and in
the Kalamas river during the period 1984-1%85 (Albanis et al., 1986).
Fig. 6 shows that the concentration of these compounds fluctuate
seasonally, with the highest concentrations in the summer when
rainfall is lower and pesticides are intensively used,

The comparison of the sources and inputs of crganophosphorus
conmpounds into the Mediterranean with other regions in the world is
limited by the availability of data. Most of the information
avallable at present regorts contamination levels in surface waters
{mainly lakes and river watars) in western Europe, Canada and the
United States. Concentrations in seawater or sediments are scarce or
lacking. A pilot survey organised in the framework of the ILong-term
Programme for Pollution Monitoring and Research in the Mediterranean
(FAO/UNEP/IAREA/WHO, 1989) found lower values in two Mediterranean
estuaries (Ebro and Llobregat in Spain) and in the Northern Adriatic
coast (Lido delle Nazioni and Marina di Ravenna in Italy) than those
reported for surface waters. The study was not supported by data
quality assurance. The summary of the findings 1s as follows:

(a) Fenitrothion and malathion were not detected in any of the
sampling sites. Parathion-methyl was present only in the
Llobregat estuary, where concentrations ranged from <1.0 to
30 ng 1-1. Parathion was detected at the two Adriatic sites
where concentrations ranged from <1.0 to 3 ng 1-!. Phorate
was not detected while diazinon was detected at every site
with the excepticn of Ebro estuary. Concentrations were low
in the Adriatic (1.0 to 2 ng 1-%) but in the Llobregat
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 Licbregat estuary, FEbro estuary, Lido
Nazioni and Marina di1 QRavenna respectively. The
corresponding concentrations were for tris-2-chloroethyl
phosphate: <1.0 to 400, <1.0, <1.0 to 100 and <1.0 to 300;
for tris-isobutyl phosphate: <1.0 to 900, <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 Ravenna.

(¢} The pilot study included two other areas which werse the
Haifa Bay and the Nile delta. At these sites no
organophosghorus pollution could be detected but the
detection limits (500 and 700 ng 1-1) were high and
therefore the negative results only exclude the possibility
of toxic contamination.

(d) The swrvey included estimations in bicta. In the Adriatic
sites all the organophosphorus compounds were below the
detection limit in the bicta (mussels). In the Ebro estuary
organophosphorus pesticides were detected in Mullus barbatus
the mazimum wvalues of which were: diazinon, 12 ng g-t;
fenitrothion, 16 ng g-i; garacxon, 16 ng g-1; parathion-
methyl 2.2 ng g-!. Industrial organogshosphorus compounds
could not be detected in bhiota. In the canals of the Ebro
delta the presence of azinphos-ethyl, coumaphos, dioxathion,
fenchlorphos (Ronnel), <fenitrothion, fenthion, malathion,
and tetrachlorvinphos was identified in Gambusia affinis.
Maximum concentrations were 306 ng g-! fresh weight for
fenitrothion, and ¢ to 35 ng g-! for the others.

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

For parathion-methyl concentrations are between 0.02 to 0.04 pug
1-t in most cases, in different lakes and surface waters in the United
Statez. Following a four year survev of 144 estuaries in 21 states of
the United 2tates, residues in aquatic biota only showed 2 cases of
contaminated fish (out of 1524 samples),

For fenitrothion, concentrations in Canadian waters range frcm
2.3 to 16.3 mg 1-% and mainily result from run-off from contaminated
soils following sprayving. Within a few davs the levels had usually
decreased to wvalues below 1 mg 1-%. The median fenitrothion
concentrations detected 1in aguatic bictopes in Quebec after spraying
ranged from 1 to 8 pg 1-1 (Morin et al., 1986). One 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 sea when mangrove
swamplands are sprayed for mosquito control. In Florida fenthion was
sprayed aerially as a thermal fog at a rate of 28.0 mg m2 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 .16 ng 1-! respectively. Concentrations declined with
zigrags (due to tidal changes) to non-detectable levels in 24 hours
(Wang et al., 1987).

Malathion concentrations in surface water of 0.3 uyg 1-% at Essex
in the United Kingdom and 0.01 - $.07 ug 1~ in the river Rhine in the
Federal Republic of Germany have been reported.

Contamination of sediments has been found to occur in the vicinity
of pesticide manufacturing plants. In Denmark, marine sediments close
to a company producing organophosphorus pesticides contain levels of
malathion, parathion and methyl parathion ranging from 1 ng g-* up to
3.8 ng g-! (Kjolholt, 1985).

For the non-pesticide organophosphorus compounds, and particularly
for TBP, concentrations in the river Rhine wvary from 0.03 to 0.3 pg
1~1, with occasicnal wvalues of 1 wg 1-1. TBP has frequently been
detected in different lakes and rivers in the U.K., Norway,
Switzerland, the Federal Republic of Germany, the Netherlands, the
U.3.A, and Canada. The marimum levels wers 10 pg 1-% in the river Wall
in the Netherlands and 2 ug 1-! in the Delaware river in the U.S.A.

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

Nevertheless surveys carried out in the United States and Japan
suggest that with the exception of a few compounds (such as TPB),
phosphate esters are not widespread contaminants of aguatic
environments.

5.2 Hazards to marine biota and humans

5.2.1 Marine bicta

Despite the fact that neither a wonitoring programme has been
carried out in the Mediterranean, nor reported concentration values are
supported by quality assurance data, it is most probable that the
levels of corganophosphorus compounds in this sea are too low to present
hazard to the aquatic biota. The concentration of organophosphcrus
pesticides in rivers which flow into the Mediterranean sea ranges from
non-detectable to 5.0 pg 1-?, with occasional peaks of 11 pg 1-1., For
industrial pesticides, concentrations in rivers range from 0.02 to 1.3
ug 11, with an outlier maximum of 14 pg 1-* for TBP. Average
concentrations for both agricultural and industrial organophosphorus
cempounds are below 0.1 pg 1-1. Assuming a dilution of 1/1,000 in
coastal waters, concentrations most likely do not exceed 0.1 ng 1-2.
This concentration is three orders lower than concentrations toxic to
the most sensitive aquatic species (see Tables V, VI and VII). However
the FAQ/UNEP/IAEA/WHO (1989) pilot study indicated that in two
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estuaries and two Adriatic sites 5 miles from the coast the
concentration of organophosphorus pesticides exceeded 0.1 ng 1-%,
though remained below the lowest toxic concentration for the most
sensitive 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 organophosphorus compounds in sea or
seaproducts is either dermal (contact with contaminated water) or oral
(ingestion of contaminated zeafood or water). Intoxication can occur
when intake exceeds the no-effect level. Considering the environmental
instability of organcphosphorus  compounds, low bioconcsntration
potential, and low reported concentrations in surface waters, it is
reascnable to conclude that organophosphorus 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 FAO/UNEP/IAEA/WHO (198%) pilot survey.

Parathion has a recommended occupational exposure limit of 0.1 mg
m=3., As the respiration volume of a 70 kg man is 12 m® during 8 h
work, the average permissible daily intake during a 5 day working week
15 (.86 mg per dav. The acceptable daily intale (ADI) of parathion
given by FAQ/WHO (WHO, 1986) iz 0.005 mg kg-* {0.35 mg/70 kg day-1).
In either case the pollution of =zeafccd must exceed 1.6 pg g-! fresh
weight to deliver intake above the acceptable level when one fishmeal
(200 g} is consumed daily. As the ADI of malathion is 0.02 mg kg~?! and
the NCEL reported by the National Research Council of Canada for
fenitrothion is 0.33 mg kg-?, the toxicologically hazardous
concentration in seafcod for these two pesticides is over 7.0 and 115
ug g-1 fresh weight resgpectively. In the gtudy sites of the
FAOQ/UNEP/IAEA/WHO (1989) suxrvey 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.

6. EXISTING NATIONAL AND INTERNATIONAL REGULATIONS FOR THE PREVENTION
OF MARINE POLLUTION BY ORGANOPHOSPHORUS COMPCUNDS

There 1s only one regulation in the Mediterranean arsa which
limits aquatic pollution by organophosphorus compounds. In Italy
L318/1976 sets the acceptable concentration for total organophosphorus
pesticides to 0.1 mg 1-t in effluents. Regulations outside the area
are also uncommon and mainly refer to surface waters, foodstuff, and
Crops.

The maximum allowable concentration of parathion i 3 wg 1-1! in
surface waters in the USSR and Sweden. In Mexico it is 100 pg 1-? in
estuaries and 1 ug 1! in coastal waters. In the U.S.A., the
Environmental Protection Agency has set the water quality criteria for
the protection of freshwater and marine aquatic biota at 0.04 pg 1-1
for parathion and 0.1 ug 1-! for malathion. In the USSR the maximum
allowable surface water concentration is 50 pg 1-! for malathion and
250 ng 1-1 for fenitrothion.
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In the U.S.A., the emission limits are regulated for hazardous
substances by the Water Pollution Control Act. Thus the discharge of
parathion-methyl from any point source into USA waters requires a
permit. Inspection, monitoring, and reporting requirements are
specified after issue of permit. Even if it is not stated in the
permit, discharge of the substance must be reported when it excseds
the highest of the following levels: (a) 100 pg 1-%, (b) 5 times the
maximum concentration established by the director of EPA.

It is obligatory that owners/operators of vessels or offshore
facilities should notify the USA government of any discharge of
parathion, parathion-methyl and malathion in or on navigable waters
adjoining shorelines or the contiguous zone. Discharges of more than
45.4 kg (100 pounds) parathion-methyl, 4.5 kg (10 pounds) malathion and
0.45 kg (1 pound)} parathion in any 24 hour period are concidered as
violation of the Federal Water Pollution Control Act.

Cther international regulations deal with allowable concentrations
in the working atmosphere (see 2.4.2) and in foodstuffs. In Netherland
and the Federal Republic of Germany maximum residue levels in vegetable
and fruit are 0.05 mg kg-! for fenitrothion and parathion, 0.1 mg kg-?
for parathicn-methyl and 0.5 mg kg-?! for malathion.

In 1982 EEC prepared a list of 129 potentially dangerous
subgtances based on their toxicity, persistence and bicaccunulation.
Thig i3 1n fact List I of the Annex to Directive 75/464/EEC. In
February 1990 the Commission proposed tTo the Councal that priority
ghould ke given to scme of these substances for the purpoze of fixing
limit wvalues and quality objectives. Awong them are the following
organophosphorus compounds azinphos-methyl, azinphos-ethyl,
fenitrothion, fenthion, malathion, parathion, parathion-methyl and
dichlorvos.

7. RATIONALE FOR ESTABLISHING MARINE POLLUTICN CONTROL
MEASURES IN THE MEDITERRANEAN REGICN

The scientific rationale for control depends on whether (a) the
levels actually encounteraed in the marine envircnment are close to
those which are likely to prove harmful to the ecosystem or cause
adverse effects in man through any exposure route; (b) harmful levels
may eventually be reached if inputs are not controlled.

As at present only limited data are available on the degree of
marine pollution by organophosphorus compounds, a definite answer to
the above pointg cannot be given and further studies are required.
However the limited data produced in the framework of the MED POL pilot
monitering study indicate that concentrations of organophosphorus
pesticides in water even though they largely lie below 10 ng 1-%, in
one case they reached wvalues of up to 30 ng 1-1 (Llobregat estuary,
Spain). S8imilarly, concentrations of non-pesticide organophosphorus
compounds eventhough generally  low, they occasionally reached
concentrations of 1000 ng 1-1.
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As it is  well documented that 100 ng 1-1 of certain
organophosphorus 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 wonitoring 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 bicta they would not present a hazard to
human health through the marine food chain at the concentrations
reported in the pilot study (maximun concentration in biota, 306 ng g-!
F.W. for fenitrothion). It is not therefore considersd necessary that
any measures specifically aimed at protecting human health should be
indicated at this stage.
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8. RECOMMENDATIONS FOR ADOPTION BY THE CONTRACTING PARTIES

On the basis of the assessment document (UNEP(OCA)/MED WG.12/4)
prepared by the Secretariat in close collaboration with FAO, WHO and
TAEA the following recommendations concerning organophosphorus
compounds are submitted to the Scientific and Technical Committee with
a view to their transmissicn by the Secretariat to the next meeting of
the Contracting Parties:

(i) The Contracting Parties adopt the following statement:

Organcophosphorus compourkds is the general name for a large group
of organic compounds containing phosphorus. The search for new
compounds has led to the synthesiz of more than 506,000
organcphosphorus compounds and the registration of 250 of them as
pesticides. However, the commonly used compounds do not exceed
100 while a number of these compounds are used by industry and are
termed as non-pesticides.

The available information on the production and use of both
organophosphorus pesticides and non-pesticides is scarce,
fragmentary and in many cases contradicting. Based on worid
production and use of organopghosphorus pesticides, parathion,
parathion-methyl, malathion and fenitrothion are certainly among
the most important ones.

Eventhough in many cases they are looked at and treated as a
group, organophosphorus compounds have  varving physical and
chemical properties eg. their solubility in water can vary as much
as 10,000 times. In general however they are considered unstable
in water but some of them can have a very high toxicity. The 'no-
observed effect level" for crustaceans which appear to be the most
sensitive marine biota to organcoghosphorus compounds is well below
100 ng 1-2,

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

Cnly very few countries have so far taken measurss for the control
of water polliution by organophosphorus compounds and in most of
these cases it is in the form of water quality criteria.

It is generally accepted that on the basis of available
information there is no human health hazard from the consumption
of seafood and therefore specific measures are not warranted at
the present stage.
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(ii)

As far as the aquatic ecosystems are concenred 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 recommendations to be made and further
studies are necessary.

The Contracting Parties agree:

(a)

(b)

(c)

that it is not considered pertinent at the present 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 gsea food containing
organcphosphorus compounds;

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

to provide the Secretariat to the Barcelona Convention with
the fullest information possible on:

(i) quantities of organcphosphorus compounds produced and
consumed in the country

(ii) present national legislative and administrative
measures eanploved for the control of pollution by
organcphosphorus compounds

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