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Summary

Main objective of the report was to assess the Lead (Pb) concentrations in the sediment of Soros Lake,
at Meneou, in Larnaca district. Lead is a metabolic poison, and exposure to even low concentrations
can negatively influence biological processes, leading to illness and mortality across a large spectrum
of organisms, particularly avifauna.

44 sediment samples were collected from different locations in the lake, with a graded sampling
density, depending on the distance from the shooting sites. The analysis of the collected sediment for
the determination of lead concentration, was carried out at an accredited for the method laboratory.
The observed lead concentration, ranged from below 1 to 317 mg/kg, the average content was 62.68
mg/kg and the median value was 43 mg/kg. For almost half of the samples (45.5 %), the lead content
was lower than 30 mg/kg. Lead concentrations were unevenly distributed within the lake. Since the
input of other major lead sources into the lake has been considered and omitted, hunting seems to
be the most likely source of lead in Lake Soros. The areas with high lead concentration in the sediment
were associated to the Pb shot fallout area, within the game reserve area.

Based on geospatial analysis, following the freshwater sediment quality guidelines (SQG) values
proposed by McDonald et al (2000), it is estimated that 0.9 ha (approx. 3.6%) of Soros surface
sediment exceeds the 128 mg/kg Pb Probable Effect Concentration (PEC) threshold above which
adverse biological effects in freshwater systems are expected to be frequent to sediment-dwelling
organism, with values ranging between 128-317 mg/kg Pb. Moreover, 11ha (approx. 44%) of sediment
contain lead above the Threshold Effect Concentration (TEC), ranging between 37-128 mg/kg Pb. TEC,
are values below which harmful effects to the sediment dwelling organisms are unlikely to be
observed. In this case TEC is 35.8 mg/kg. Values between TEC and PEC, provide less protection to the
organisms. In the remaining part of the lake, which accounts for more than half of its area (52.4%),
the lead concentrations were found to be lower than the TEC (0.1-35.8 mg/kg Pb).

Using the Dutch SQG (2000), which is a more conservative approach with stricter quality boundaries,
it is estimated that 3,4 ha (approx. 13.6%) of Soros lake surface sediment exceeds the 85 mg/kg Pb
target value, above which the sediment contamination is deemed to be severe. The severity mirrors
ecotoxicological effects translated to concentrations above which 50% of the potentially present
species and processes may experience negative effects.

Based on the results and analysis, a non-exhaustive list of recommendations was made, to minimize
the issue of lead contamination in Soros sediment. The recommendations included (a)Using lead-free
ammunition. Examples from its application in other Member States have proven very effective (b)
Effective conduct of the monitoring and implementation of the regulations for the Pb free ammunition
within 300 meters from water bodies (c) Lead Removal from Soros lake and recycling (d) More
research into the density of Pb shot in wetland sediment and the frequency of Pb shot ingestion by
water birds, to assess the extent of the lead poisoning of wildlife in Cyprus. To this end, the fruitful
cooperation between the various Departments involved should be continued and evolve.

The Pb concentration values provided in this study form a baseline and may be useful for comparative
purposes in future studies on heavy metal monitoring. This study further strengthens the need for
continuous monitoring of environmental media with which humans and animals are in contact, in
order to mitigate the untoward effects of practices that may have chain effects.



Mepiinym

O kUpLOG oTOXOG TNG TtapoloaG £KBeoNG lval N EKTIHNON TWV CUYKEVTPWOEWV HoAUBSou (Pb) oto
{Znua tng Alpvng Zopog, oto Meveou otnv enapyia Adpvakag. O poAuBdog eival Bapl peETaAlo Kal
olaitepa to€Iko. H €kBeon og auTd, AKOUN KOl O XOUNAEG CUYKEVTPWOELG UTIOPEL Vol EMNPeAOEL
apVNTLKA TIC BLOAOYLKEG Slepyaoieg, oSnywvtag oe acBEvela kat Bvnolpuotnta nmoAAoU¢ opyaviopoug,
€181ka TNV opviBomavida.

44 Seiypata Wnpatog, cUAEXBnkav amd Sladopetikec Béoelg otn Alpvn, pe SlaBabuilopévn
nukvotnta SelypatoAnyiag, avdloya pe TNV amootoacn amnod Ti§ Béoelg piPng mupoBoAlocpwy. H
avAaAuon Ttou OUAAeyOpevou TAUOTOG Yyl TOv TIPOOSLOPLOPO TNG GCUYKEVTPpWONG MOAUBSOoU,
Tipaypotonow|Onke oe  Slamoteupévo  gpyactiplo  peBodou. To TmapatnpoUpevo €UPOC
CUYKEVTPWONG ATV TOAU peydlo, He TLHEC pikpotepeg amd 1 mg/kg €wg kat 317 mg/kg. H péon
OUYKEVTPpWON HOoAUBSoU oo Wnua tng Alpuvng 2opdg Atav 62,68 mg/kg kat n dtapsooc tun 43 mg/ke.
2xedov ta pod amno ta dsiyparta (45,5%), elxav ouykévtpwon HoAUBSou katw amd 30 mg/kg. H
OVAAUCH TWV CUYKEVIPWOEWV TOU HETAMOU O ox€on Ue TIg B€oelg SetypatoAnyiag, €detav OtL 0
HOAUBSOG KOTAVEUETAL Avioa eVTOC TNG Alpuvng. Asdopévou OtL n eicodog HoAUBSou atn Alpvn ano
AAAEG INYEC €XeL AmOKAELOTEL, TO KUVAYL daiveTal va ival n o rbavr nyr tou poAUBdou otn Alpvn
Jopoc. OL meploxeg pe UPNAEG CUYKEVTPWOELG LOAUBSOU NTAV CUYKEVTIPWUEVEG OFE TIEPLOXEG TIOU
oxetilovral pe ™V euPéAlsla MTwoNG TwWV MOAUBSWVWVYV okaywv Twv ¢uolyyiwy, evtoc tng
OIMAYOPEVPEVNC TTEPLOXNG KUVNyLOU.

Ta amoteA£opaTA TG YEWXWPLKAG avaAuong, edappolovTtac TIG TIEC VLA TNV OLOTNTA TwV WNUATWY
YAUuKoU vepoU, Twv MacDonald et al. (2000), €6gi§av o6t nepinou 0.9 ha (nepinou 3.6%) emudavelakol
Apotog tng Alpvng 2opdg, €xeL ouykevipwon HoAUBSou mépav twv 128 mg/kg (Probable Effect
Concentration -PEC), Tyui] TAvw oo TtV omoila AVAEVOVTOL CUXVEC APVNTIKEG EMUTTWOELS 0Th BloTh
(biota) Tou WlAMATOC, HE KOTAYPOAUMUEVEG TIHEG peTafl 128-317 mg/kg Pb. EmumAéov, 11ha (mepimou
44%) erudavelakol LWNMOTOG, €XEL CUYKEVIPWON TMEPAV Tou eAdxlotou opiou Threshold Effect
Concentration (TEC) oto omoio ol BLOAOYIKEG ETUMTWOELG E€LvaL OTIAVLIEG, HE EUPOG KOTAYPOUUEVWV
TV petaly 37-128 mg/kg Pb. To TEC, eival TIHEG KATW amd TG omoisg eival amiBavo va
napatnpnBouv emPAaBelc EMUTTWOELS OTOUG OPYAVIOHOUG TOU WHHATOC. ITNV MEPLTTWON QUTH N TN
TEC eival 35,8 mg/kg. Zuykevtpwoelg petat TEC kal PEC, mapéxouv XaunAOTepn MPOOTACIA OTOUC
0pPYaVLOHOUC. 2TO UTOAOLTO TUAKA TNG AlHvNG, TTOU QVTLITPOCWIEVEL TIEPLOGOTEPO QMO TO NULOU TNG
€ktaong tng (52,4%), oL cuykevtpwoels LoAUBSou BpeBnkav va sival xapunAotepeg amno to TEC (0.1-
35.8 mg/kg Pb).

Edapuolovtag tig OAMOVSIKEG TIHEG yla TNV TodTNTA Twv WNUATWY YyAUKOU vepoU, OL OMOLEC
QITOTEAOUV HLA TILO CUVTINPNTLKA TIPOCEYYLON € AUCTNPOTEPA OpLa TOLOTNTAG, UTtoAoyioTnke otL 3,4
ha (rmepimou 13,6%) emudavelakol WHUATOG TG AlvNG 20pog untepPaivel Tny Twun Twv 85 mg / kg Pb,
TLUA ou Bswpeital 6tL xapaktnpilel coBapr pumavon. H coBapotnta tng pUMAVoNE aVTLKOTOMTPIEL
TLG OLKOTOELKOAOYLKEG ETULOPATELG TIOU HETAPPALOVTOL OE CUYKEVIPWOELG TIAVW OO TLG oToieg to 50%
TWV SUVNTIKA TOPOVTWY EL6WV Kal SLadKOOLWY TOU L{AMOTOG EVOEXETAL VA TTAPOUCLACOUV OPVNTLKEG
ETUMTWOELG.

Me Bdon Ta amoteAéopata Kol TNV avaAuon Snuioupyndnke €vag pn €£aVIANTIKOC KATAAOYOG
TIPOTACEWV ylo. TNV Peiwaon Tou mPofANUaTog Twv LPNAWV CUYKEVTPWOEWY HOAUBSoU otn Aluvn



Jopoc. ITi¢ mpotaoelg mephapBavovtal (a) Xpnon duotyylwv xwpic uoAuBSo. MNapadeiypata and tnv
edappoyr] Tou PETpOU autoU ot AAAa Kpatn HEAN amodeixBnkav TOAU amoteAsopatikd. (B)
ATIOTEAECOTIKY TTApakoAoUBNaon Kal eMLBOAN TWV KAVOVIOUWV yLa Xprion ¢puotyyiwv xwpic poAupsdo
oe anootoon 300 pétpwv amo vdatva cwpata (y) Abaipeon poAUuBSou amd tn Alpvn 2opdg Kal
avakUkAwon (8) Neploodtepn €peuva yla TNV MUKVOTNTA Twv okaylwv HoAuBdou Pb os Wiupata
UYPOTOTWV KAl TN ouxvotnto tTng MpocAnPng toug and udpofla mrnvd, wote va sival duvatr n
EKTINON TNG EKTaoNG TNG dnAntnplaong and noAuBdo ota €idn dyprag mavidag otnv Kumpo. MNa to
OKOTIO aUTO, TIPETEL val ouvexlotel Kal va e€eliyBel n emowkodountikr ocuvepyacio Petatd Twv
SLopopwv eUNAEKOUEVWV TUNUATWV.

OL TIMEG TWV OUYKEVIPWOEWV HOAUBSOU TOU TAPEXOVTAL PE QUTA TN HUEAETN AMOTEAOUV TIUEG
avadopag (baseline) kal pmopet va givat xproULES YLot GUYKPLTIKOUG OKOTIOUG O LEANOVTIKEG LEAETEG
napakoAouBnong Bapéwv PLeTAMwV. H mapoloa PeEAETN EVIOXVUEL TIEPALTEPW TNV AVAYKN YLOL CUVEXN
TapakoAoUBOnon mePBAAAOVTIKWY HECWV UE Ta omoia oL avBpwrol Kat ta {wa épxovtal oe madn,
TIPOKELUEVOU VO PETPLACOTOUV Ol OVeNmBUUNTEG ETUMTWOEL TIPAKTIKWY TIOU HIMOPEl va €Xouv
OAUOCLOWTEC ETUMTWOELG.
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CHAPTER 1. INTRODUCTION

1.1 SCOPE

The current report comprises the Deliverable of the Contract “Soros Lake Lead Sediment Sampling”.
Main objective of the report is to assess the Lead (Pb) concentrations in the sediment of Soros Lake,
which is one of the few wetlands in Cyprus that hunting is permitted in its vicinity. The contract
duration is 4 months from October 2020 to January 2021.

The contracting body of the work is Birdlife Cyprus and the contractor is I.A.CO Environmental & Water
Consultants Ltd. This work is being conducted in the context of a project undertaken by Birdlife Cyprus
and funded by MAVA Foundation regarding the presence of lead in wetlands of Cyprus.

1.1.1 Lead in water bodies

Lead (Pb) is essentially everywhere, both as a naturally occurring metal and as a contaminant. It occurs
naturally as a trace element of rocks, soils and sediments. Its natural content in soils depends on the
content in the bedrock, and its concentration in river and lake sediments is conditioned by the
catchment area’s lithology (Bojakowska et al., 2013).

Human activities have increased its distribution and abundance in air, water and soil. Current lead
production is about 3.4 million metric tons per year, and current lead release into the environment as
contamination is about 1.6 million metric tons per year (US National research council, 1993). Its
release into the environment can be linked to a variety of sources such as mining, legacy Pb-based
paint, fishing gear and shot ammunition (Haig et al., 2014).

Principal global uses of lead in descending order are batteries, pigments, rolled metal, cable sheathing.
The manufacturing of lead shot and sinkers represent a relatively minor use of lead; however, hunting
is one of the main vectors of lead disposal into wetlands. The accumulated metallic lead pellets that
are deposited onto soils and aquatic sediments are not chemically inert. Even though many years may
be required for the total breakdown and dissolution of metallic lead pellets, their rates of solubility,
mobility, bioavailability and toxicity in the environment depend on the array of biogeochemical
process undergone on the receiving water body or sediment as well as on various physical and
chemical factors (Kuriata-Potasznik et al., 2016; Scheuhammer and Norris, 1995). For instance,
aerobic, acidic conditions enhance the rate of pellet breakdown, whereas anaerobic, alkaline
conditions decrease it. Additionally, the rate of lead pellet breakdown is enhanced by physical factors
such as high-water flow rates, soils or sediments dominated by the presence of coarse sand or gravel,
and frequent disturbance of contaminated soils (Scheuhammer and Norris, 1995). The deliberate
discharge of spent lead ammunition constitutes the most significant unregulated release of lead to
the environment in the European Union (EU) (Kanstrup and Thomas, 2020).



1.1.2 Impacts of Lead

Lead is a metabolic poison and exposure to even low concentrations can negatively influence
biological processes, leading to illness and mortality across a large spectrum of organisms, particularly
avifauna. Between 400 000 and 1 500 000 birds are estimated to die annually throughout the EU from
lead poisoning (ECHA, 2017).

Unlike many other trace metals, lead has no physiological function. On the contrary, it is a highly toxic
poison that affects most body systems, resulting in a range of adverse physiological and behavioral
impacts at lower exposures, and even death at high exposures. It acts as a neurotoxin, affecting
multiple aspects of animal (and human) behavior, causing brain damage at low levels of exposure in
the absence of other symptoms. Acute lead poisoning is more common in young animals -and
children- who are particularly at risk (Delahay and Spray, 2015).

Lead contamination from shooting activities is a widespread problem in nature, because only some of
the fired pellets actually hit the target animal, while the rest fall to the ground or into the water.
Waterfowls can pick up and swallow the lead pellets from lake’s bottom, mistaking them for food or
grit which is ingested by the birds to facilitate the grinding of food in the gizzard. The acidic stomach
fluids, combined with the grinding of the gizzard, cause the lead pellets to dissolve, forming toxic lead
salts which enter the blood stream (Golden et al., 2016). Absorbed lead enters the soft tissues and
eventually redistributes to the bone. Tissue concentrations of lead associated with toxicity are
relatively well established for wild birds (Table 1) (Rattner et al., 2008). The degree of absorption and
retention is influenced by dietary factors such as calcium or iron levels. Waterfowl that ingest lead
pellets from gunshot may have a range of acute or chronic toxicological effects (often termed as lead
poisoning) that can affect their liver, kidneys, nervous and circulatory systems. There is no safe
threshold of exposure. Depending on the amount of lead pellets swallowed and the bird’s size, birds
could die within a few days or weeks. Ingestion even of a single lead pellet can be sufficient to cause
the death of a small waterfowl. Ingestion of lead at sub-lethal doses may also affect population-
relevant endpoints, such as fertility and recruitment success. In addition, low concentrations of lead
have a negative impact on energy storage and the immune system, which affects the ability to prepare
for migration (ECHA, 2017). Further to direct ingestion, predatory or scavenging birds (as well as other
wildlife) can be exposed to lead shot through waterbirds that they predate or scavenge, which can
result to secondary poisoning. In addition to effects on birds, the use of lead shot in wetlands could
result in adverse effects on general environmental quality and human health.

Table 1: General criteria for lead poisoning in wild birds (Table derived from Rattner et al. 2008)

Blood Liver Bone
Wet weight Wet weight ug/g | Wet weight pg/g | Dry weight pg/g Dry weight ug/g
ug/dL or ppm or ppm or ppm or ppm
Background <20 <0.2 <2 <8 <10
Subclinical 20 to <50 0.2t0<0.5 2to<6 520 10 to 20
Poisoning
Clinical Poisoning 50 to 100 0.5to1 6 to 15 - -
Severe Clinical >100 >1 >15 >50 >20
Poisoning

A subclinical disease has no or minimally recognizable clinical findings. It is distinct from a clinical disease, which has signs and symptoms
that can be more easily recognized.



Additionally, spent lead shot can break down over time and molecular lead can be transferred to biota,
especially sediment invertebrates, terrestrial and aquatic plants, and hence to higher trophic levels
(Hui, 2002). Lead can affect both invertebrates and fish; it can cause abnormalities in locomotion,
foraging ability, as well as predator avoidance (Burger et al., 2012). Furthermore, plants can
accumulate lead from sediments through the roots. Dissolved lead may become adsorbed through
leaves and stems (Scheuhammer and Norris, 1995). Adverse effects on aquatic biota reported at
waterborne Pb concentrations of 1.0 to 5,1 ug/V include reduced survival, impaired reproduction,
reduced growth, and high bio-concentration from the surroundings (Eisler 1986, Blakley 2013).
Ecosystem effects derive from individual effects, in that changes in population levels can secondarily
affect their competitors, their prey, and their predators.

Lead can affect the organisms themselves, as well as their consumers, including humans (WHO, 2019).
Mateo et al., (2014), in a study conducted in Spain showed that 68-78% of birds with ingested Pb shot,
had also muscle Pb levels above 0.1 ug/gw.w, which is the threshold set by the European Commission
for livestock meat. It is recognized that Pb shot and bullets can suffer from fragmentation upon impact
with game animals. This can result in widespread contamination around wounds and increase risk of
exposure to Pb in human consumers of game meat. Moreover, common recipes that use acidic
ingredients, like vinegar, lemon or wine, to cook game meat can further increase the transfer of Pb
from ammunition to the meat and enhance the subsequent bioavailability of Pb (Mateo et al., 2011).
Igbal et al., (2009) showed that people who consumed wild game had generally higher blood Pb levels
than those who did not consume wild game regularly. Indicatively, the Spanish Agency for Food Safety
and Nutrition recommended that children under six years old and pregnant women do not eat meat
from animals killed with Pb ammunition because of the potential negative effects on the developing
of the central nervous system (Mateo et al. 2014; WHO, 2019).

As mentioned above, there are reports of waterfowl lead poisoning around the world, attributing it to
ingestion of Pb shot, such as Italy (Acora et al., 2008) and Spain (Mateo et al,, 1997). Pain and
Handrinos (1990) first reported lead poisoning in ducks at Evros Delta in Greece. Lead poisoning
incidences have also been reported in Cyprus. The table below shows the lead poisoning incidences
at Larnaka main Salt Lake as recorded the last 20 years by the Game and Fauna Service (Ministry of
Interior, 2020).

Table 2: Flamingo deaths at Larnaka Salt Lake attributed to lead poisoning (Source: Ministry of Interior, 2020)

Year Number of lead poisoning of flamingo Year Number of lead poisoning of flamingo
2000 0 2012 0
2003 30 2013 0
2004 2 2014 0
2005 4 2015 3
2006 0 2016 0
2007 0 2017 0
2009 6 2018 0
2010 29 2019 1
2011 2 2020 85

The fluctuation in deaths over the years, were associated with the very wet winters and the operation
of a shooting range at the vicinity of the lake. In 2003, the shooting range discontinued its operation
and extensive restoration works to remove the impacted sediment were implemented
(Hadjichristoforou, 2008).



1.1.3 Lead Regulation and Monitoring

Cyprus endorsed rulings against the use of lead shot over and around wetlands and waterbodies for
hunting, in accordance with paragraph 4.1.4 of the Action Plan of the “Agreement on the conservation
of African-Eurasian Migratory Waterbirds” (AEWA 2009; Avery and Watson, 2009). The national Law
152(1)/2003, on the protection and conservation of game and wild birds, in Article 58 Paragraph 3,
states that "The use of lead pellets, within a radius of three hundred meters from the boundaries of
the salt lakes, is prohibited". Responsible for enforcing this law is the Game and Fauna Service (GFS),
of the Ministry of Interior. In 2007, the Head of the GFS issued a decree, which forbids the use of Pb
pellets within a radius of three hundred meters from the boundaries of wetlands and reservoirs
(Appendix I- In Greek). According to a correspondence between the Minister of Interior and a Member
of Parliament, the Soros lake, is being regularly monitored by the GFS officers for compliance with the
aforementioned decree (Ministry of Interior, 2020).

Moreover, on the 27" of November 2020 the European Parliament voted that the use of lead
ammunition in wetlands will be banned in all Union Member States under, the EU’s framework
regulation for chemicals (REACH).

Under Article 8 of the Water Framework Directive (2000/60/ EC), the monitoring of priority substances
-among which is lead- is defined in Directives 2008/105/EC and 2013/39/EU and the corresponding
National Law N 13(1)/2004). Lead is monitored in the sediment and water of natural and constructed
lakes and rivers in Cyprus, by the competent authority which is the Water Development Department
(WDD). Soros lake was first included in the national monitoring network in 2017. The results of this
monitoring are available to public through the WDD website and are briefly presented further down.

1.2 STUDY AREA

1.2.1 Soros Lake description

Soros lake is part of the Alykes Larnakas (Larnaka Salt Lake) wetland system, the second most
important wetland system of the island, in terms of size and biodiversity it hosts. The system includes
the main Larnaka Salt Lake, airport Salt Lake 1, airport Salt Lake 2, Kadir Agha Salt Lake, Soros Salt
Lake, Orphani Salt Lake and Spyros Salt Lake (Figure 1). These are hypersaline, saline or brackish lakes,
some of which have hydraulic connection. All of the lakes are below the sea level. They used to form
a single united water body which covered the whole area. The creation and expansion of Larnaka’s
airport and the road network resulted in the fragmentation of the lakes.

The Alykes Larnakas wetland system is declared as a Ramsar site and is also part of the Nature 2000
network. It has been designated as a Special Area of Conservation (SAC, CY6000002) and as a Special
Protection Area (SPA, CY6000002). It is also an Important Bird Area (IBA, Birdlife International, Hellicar
et al., 2014). The site covers an area of about 1560 ha of which 670 ha is water (when fully flooded)
and nearly 300 ha are natural halophytic scrubland (SDF Alykes Larnakas, Hadjipanayiotou, 2017).

The wetland system is rain fed. Water accumulates between November — January with the maximum
flooded areas between February — March, depending on the weather conditions. In the summer
months, usually July — August, the lakes dry out, due to the extensive evaporation. There is hydraulic
connection between the salt lakes and the aquifer, while on the contrary, there is no indication of



hydraulic connection between the salt lakes and the sea (Management Plan, SPA, Alykes Larnakas,
2016). Salinity and water depth fluctuate both seasonally and annually in all lakes. Salinity and its
fluctuation as a response to evaporation, is one of the major ecological drivers of the lakes.

In terms of habitats, 14 natural habitat types have been recorded in the Larnaka salt lakes. More
specifically 11 are Annex | habitat types of the Directive 92/43/EC, two of which are priority habitat
types (1150%*, 6220%*) and three are habitats of national interest.

The Site has been classified as a SPA because of the:

a) Four Annex | (Directive 2009/147/EC) bird species that breed. These birds are the following: Kentish
Plover (Charadrius alexandrinus), Black-winged stilt (Himantopus himantopus), Spur-winged lapwing
(Vanellus spinosus) and Calandra lark (Melanocorypha calandra).

b) Nine bird species that pass during their migration (P) or overwinter (W) in significant numbers:
Greater flamingo (Phoenicopterus roseus) (P/W) Common cane (Grus grus) (P), Demoiselle crane (Grus
virgo) (P), White-headed duck (Oxyura leucocephala) (W), Eurasian curlew (Numenius arquata) (P/W),
Little egret (Egretta garzetta) (P), Kentish plover (Charadrius alexandrinus) (P/W), Collared pratincole
(Glareola pratincola) (P), Common shelduck (Tadorna tadorna) (W). There is also a regular
congregation of 20,000 waterbirds (W/P).

Three non-bird species are present in these salts lakes and they are important for the ecosystem
function due to their role in the food web: Dunaliella salina (Chlorophyta), Artemia salina and
Branchianella spinosa. Dunaliella salina is the base of the food chain and the brine shrimp Artemia
salina, serves as the main food supply of the Greater flamingo.

Soros lake covers an area of about 25 ha and has been characterised in the context of the WFD as
“Hypersaline, coastal, without outflow, shallow, low altitude, temporary lake of semi-arid, arid
region”. Soros, as part of the Alykes Larnakas system is a designated Natura 2000 area both as SPA
and SAC and an IBA. In the area, four habitat types have been recorded in the context of the
Management Plan of the SAC (Dimopoulos et al., 2016) (Figure 2). These are:

1310 - Salicornia and other annuals colonizing mud and sand
1150* - Coastal lagoons

1420x1410- Mediterranean and thermo-Atlantic halophilous scrubs (Sarcocornetea fruticosi) x
Mediterranean salt meadows (Juncetalia maritimi)

92D0 - Southern riparian galleries and thickets (Nerio-Tamaricetea and Securinegion tinctoriae)

All designation species use the lake to a greater or lesser extent. The wetland birds that have been
recorded during 2018 (Birdlife, 2020) in Soros Lake (Meneou Pool as mentioned in the Birdlife annual
report) were the following: Grey heron (Ardea cinerea), Kentish plover (Charadrius alexandrinus),
Greater sand plover (Charadrius leschenaultii), Ruff (Calidris pugnax) and Little stint (Calidris minuta).
Moreover, the following species have been reported in December 2020 by Birdlife Cyprus field team:
Caspian gull (Larus cachinnans), Armenian gull (Larus armenicus), Common redshank (Tringa totanus),
Common ringed plover (Charadrius hiaticula), Black-headed gull (Chroicocephalus ridibundus), Little
egret (Egretta garzetta), Stone curlew (Burhinus oedicnemus) and about 2000 Greater flamingos
(Phoenicopterus roseus). Charalambidou et al., (2008) also report the presence of breeding pairs of
Spur-winged lapwing (Vanelus spinosus) and Black-winged stilt (Himantopus himantopus).



Figure 1: Designated status of the Alykes Larnakas (Larnaka Salt Lake) wetland system.




Figure 2: Habitat types at Soros Lake. (Source: Extracted from Dimopoulos et al 2016, C: farmland
PL: Plantations, H: Hotel, B: Urban area).

1.2.2 Soros Lake Threats and Pressures

A number of threats and pressures to the protected habitat and species have been reported for
Larnaka salt lakes as part of the Natura 2000 management plans and the site’s Standard Data Form
(Management Plan, SPA, Alykes Larnakas, 2016; SDF Alykes Larnakas, Hadjipanayiotou, 2017). Some
of these are also true for Soros lake, which has been disconnected from the main Salt Lake water body
by the road network. Expansion of cultivation to the lake’s boundaries have been recorded over the
years, leading to habitat loss and increased risk of fertilizer run-off into the lake and contamination
from pesticides. Shooting is another potential threat to the lake’s conservation status, due to
disturbance, the risk of Pb pollution from shot gun pellets and the risk of protected species being
illegally targeted.

The area is one of the few wetlands on the island where hunting is allowed in their vicinity (others
include e.g Kiti Dam and Paralimni lake).

The hunting areas are defined by decrees issued by the Game and Fauna Service. In Appendix | of the
Report an excerpt from the relevant decree defining hunting areas around the Soros lake is given (in



Greek). According to Table Il of the Decree, hunting around Soros lake is permitted from end of August
to end of February for various species. From end of August for turtle doves and wood pigeons, to
November- December for chukars, francolins, and hares, and January- February for song thrushes.
Hunting of waterfowl (e.g. Anas sp, Anser sp., Fulica atra) is permitted in the vicinity of the Soros lake,
for overflying individuals, within the hunting areas. Figure 3 is a snapshot of the hunting area, near
Soros lake as extracted from the ArtemisCy app, regarding the thrush season (winter season shooting).
The hunting area as designated, is at the nearest about 80m from the north-eastern boundary of the
lake.

Soros Lake Soros Lake

Figure 3: Hunting areas and dates for thrush season, near Soros Lake. The yellow colour indicates forbidden hunting area.
(Source: Extracted from ArtemisCY app).

As described above, the designated hunting areas are 80m off the lake margins. The presence of makeshift
shelters to provide coverage/camouflage during hunting, for waterfowl, is evident on the margins and in
the lake (Figures 4 & 5).

Figure 4: Comparative map indicating the designated hunting area near Soros lake (in green) and the presence of shelters
(white line) for waterfowl hunting.



https://play.google.com/store/apps/details?id=com.medialink.ha&hl=en&gl=US&showAllReviews=true

SOROS LAKE LEAD SEDIMENT SAMPLING

(a)

(b)

Figure 5: (a) Shelters (in blue oval) for coverage/camouflage during hunting, at the margins of Soros lake. The insert shows
the location and direction of the photo (b) Chair for hunting aid, at the margins of the lake. The insert shows degrading

remnants of hunting ammunition at the halophytic vegetation.

[.LA.CO ENVIRONMENTAL & WATER CONSULTANTS LTD -9-



Incidents of illegal killing of birds have been reported numerous times in the past at Soros lake, but
continue nonetheless. The latest reported poaching at the site was on the 29" of September 2020
involving the killing of dozens of bee-eaters (Figure 6), and other species, such as barn swallows, when
a field team of BirdLife Cyprus had recorded illegal shooting of protected species (BirdLife press
release, 2020).

Figure 6: Shot bee-eaters at the eucalyptus stands near Soros lake (Photo: Birdlife Cyprus).

Another major threat to the area is human induced disturbance, caused by people entering the lake
area, or even the use of drones over the birds so that they can get a video footage. These cause
considerable disturbance to birds, especially the flamingos who are very sensitive to disturbance
(Scarton, 2017). Disturbance keeps avifauna in constant vigilance, which in turn could negatively affect
their biological cycles (e.g. breeding and migrating success).


https://birdlifecyprus.org/lake-soros-a-black-spot-for-colourful-birds/
https://birdlifecyprus.org/lake-soros-a-black-spot-for-colourful-birds/

CHAPTER 2. METHODOLOGICAL APPROACH

2.1 SEDIMENT SAMPLING

In order to collect a representative number of samples showing the concentration of lead in the
sediment throughout the lake, a sampling design was developed, based on the hypothesis that the
major lead input in the lake is hunting ammunition. Based on publications (EPA, 2005; Perroy et al.,
2014), it was determined that the maximum Pb shot travel distance at trap shooting ranges is 180—
300m, depending on shot size. Based on these values, the sampling area was selected to encompass
the potential shot fall zone, both within the terrestrial areas northwest of the eucalyptus stands,
where hunting activity is observed, but also on the margins of the lake and the areas that are flooded
during the wet season. The sampling area was divided into cells, the density of which was determined,
depending on the proximity to the shooting locations. Denser sediment sampling occurred within the
zone of expected maximum Pb shot fallout (Figure 7). Within each cell, a sediment sample was
collected as described below.

Figure 7: Indicative location of sampling cells at Soros lake.

A sediment sample was collected from each predetermined cell (Figure 8). The exact sampling location
was arbitrarily selected on the date of sampling, conditioned that the spot was within the boundaries
of each cell. At the sampling location, the upper layer -salt crust/vegetation- was carefully removed
with a non-lead shovel. 150-200 gr of surficial sediment of the top 10 cm layer were collected and
stored at a properly labelled nylon bag. A unique code was given to each sampling location and the
exact coordinates were recorded using a hand-held GPS. Attention was given, not to use equipment
with lead-based coding, to avoid cross contamination.



In case lead pellets were present in the sampling location, they were counted within a quadrat of
1x1m. At Soros lake, no pellets were found during field work.

The sampling was concluded within a day and the sediments were delivered to an accredited
laboratory for analysis.

It is noted that prior to sampling, relevant permits by the competent authorities (Department of
Environment and Game and Fauna Service) were obtained. The sampling took place on the 19th of
October 2020, when the lake was dry. Collecting sediment during the dry phase of the lake was
preferred, as the sampling itself is easier. It also reduces uncertainties and biases related to the pellet
degradation and lead dispersal within the water by dilution, or birds’ activities such as sediment
stirring or filtering.

(B)

(A)

(© (D)

Figure 8: Sediment sampling steps employed at Soros lake. A: Identification of exact sampling location, B: Removal of
the surface salt crust/vegetation, C: Collection of 150-200 gr of surficial sediment, D: Store sediment in a labelled bag.




2.2 SEDIMENT ANALYSIS

The analysis of the collected sediment for the determination of lead concentration, was carried out at
the accredited for the method laboratory, “CP FoodLab Ltd”. The analytical method used was the
AOAC -Association of Official Analytical Chemists method 990.08. This method is used to determine
metals, in solid materials such as river and lake sediment. By the means of ICP-OES (Inductively
coupled plasma atomic emission spectroscopy), it measures element-emitted light. Digested sediment
material was nebulized into radio-frequency inductively coupled plasma. Spectra of elements were
dispersed by grating spectrometer, and intensities were measured by photomultiplier tubes. In the
cases where sediment samples had very low lead concentration, concentrations were also measured
with ICP-MS (Inductively coupled plasma mass spectrometry), which offers high sensitivity for low and
ultra-low concentration of elements (Ciceri et al., 2008).

2.3 INVESTIGATING THE QUALITY THRESHOLDS

There are several sediment quality guidelines (SQGs) for freshwater ecosystems that have been
developed using a variety of approaches (e.g. equilibrium partitioning approach, screening level
concentration approach, effects range approach and apparent effects threshold approach). Each
approach has certain advantages and limitations which influence their application in the sediment
quality assessment process.

MacDonald et al. (2000) developed a unifying synthesis of the previously published SQGs for 28
contaminants in freshwater sediments, among them Pb. For each contaminant, two SQGs were
established. The first is the threshold effect concentration (TEC) which represents the concentration
below which adverse effects are expected to occur only rarely to the sediment dwelling organisms.
The second is the probable effect concentration (PEC) which represents the concentration above which
adverse effects to the sediment dwelling organisms are expected to occur frequently. The consensus-
based TEC for Pb is 35.8 mg/kg and the consensus-based PEC is 128 mg/kg.

MacDonald et al. (2000) Pb mg/kg

The Water Development Department (WDD) methodology for assessing Pb concentration values
involves collecting grab sediment samples once per year between April and May. Soros lake is being
monitored for Pb since 2017. The samples are collected from different points along the lake and are
then mixed. The concentration values are compared to threshold values based on the Canadian
Sediment Quality Guidelines for the protection of aquatic life.

The WDD is using the freshwater sediment quality guidelines to assess Lake Soros lead concentration.
It was considered more appropriate to use here as reference both the thresholds for the marine
sediment guidelines, given that Soros lake is characterized as a hypersaline lake, but also the
freshwater guidelines for comparison purposes. The Canadian Sediment Quality Guidelines
established two SQGs: 1) the Interim Sediment Quality Guideline (ISQG) and 2) the Probable Effect



Level (PEL). Values below the ISQG have the minimal effect range within which adverse effects rarely
occur. Values between the ISQG and PEL are the possible effect range within which adverse effects
occasionally occur. Above the PEL; the probable effect range within which adverse effects frequently
occur.

Canadian Sediment Quality Guidelines (1998)

Pb mg/kg

Freshwater Marine

Based on the WDD reports (2019) on the Soros lake lead monitoring the samples collected so far, are
both above the ISQG level (Table 3)

Table 3: Lead concentration in Soros lake, based on WDD monitoring results (Source: WDD 2019)

Pb mg/kg
2017 49
2018 55

Another way for assessing sediments’ contamination levels, is with the target values as set in the
Dutch Guidelines (Dutch Target and Intervention Values, 2000). The target values indicate the level at
which there is a sustainable sediment quality. In terms of curative policy, this means that the target
values indicate the level that has to be achieved to fully recover the functional properties of the soil
and sediment, for humans, plant and animal health. Besides this, the target values give an indication
of the benchmark for environmental quality in the long term, on the assumption of negligible risks to
the ecosystem. It is representative of the level of contamination above which a case of sediment
contamination is deemed to be severe. The Dutch target values for lead are 85mg/kg.

Dutch Target and | Pb mg/kg

Intervention Values 2000

2.4 LIMITATIONS OF INTERPRETATION

It is considered important to mention that the majority of literature used in this report relates to
freshwater wetlands. The literature found for brackish, saline or hypersaline lentic bodies (which is
the case for Lake Soros) was very limited. Despite the lack of literature, to the best of our knowledge,
the results, their analysis and the target values are representative of the current situation.



CHAPTER 3.

3.1 OVERVIEW

A total of 44 sediment samples were collected on the 19" of October 2020 from Soros lake and the
surrounding terrestrial areas and were analysed for Pb concentration. Table 4 shows the distribution
of samples within the different cell size. As described above, the size of the cells of the sampling grid
was determined by scaling the proximity to the eucalyptus stands which is the main shooting position

(Figure 7).

Table 4: Distribution of sediment samples within different cell sizes.

RESULTS

The results derived from the chemical analyses (Table 5 and Appendix 2) were subjected to statistical
and descriptive analyses and are given in Table 6 and Figure 9. Based on the graphical representation,
the normal distribution of Pb concentration values cannot be assumed, thus non-parametric tests

were chosen for statistical analysis.

Soros Lake Surface Area Cell Size Number of Samples
Eucalyptus Stands 55,0000 m? 50 x50 m 30
Lake 340,000 m? 150 x150 m 14
Total 44

Table 4: Lead sediment concentration per sampling spot.

Sample Pb Concentration X v

Code (mg/kg)

S001 0.11 33.609119 34.850966
S002 1.2 33.60951 34.848863
S003 46 33.610553 34.847147
S004 <1.06 33.613069 34.847258
S005 <1,11 33.615415 34.84582
S006 7.3 33.615083 34.844927
S007 8 33.613322 34.845237
S008 5.8 33.613886 34.843679
S009 10 33.611645 34.84371
S010 55 33.611551 34.844519
S011 0.41 33.610561 34.843962
S012 <1,09 33.610683 34.844562
S013 93 33.609673 34.84429
S014 61 33.609697 34.844675
S015 44 33.609293 34.845273
S016 154 33.609099 34.845131
S017 61 33.60881 34.844727
S018 <1,12 33.608357 34.844436
S019 29 33.608277 34.84474
S020 246 33.608095 34.844951
S021 89 33.607733 34.845092
S022 46 33.607396 34.845212




5023 40 33.607125 34.845351
5024 57 33.606679 34.845405
5025 42 33.606182 34.8455

5026 27 33.605946 34.845874
5027 <1,35 33.60556 34.845797
5028 <1,09 33.608685 34.844342
5029 <1,21 33.608993 34.844245
S030 126 33.609213 34.844753
S031 134 33.609404 34.845068
5032 178 33.610048 34.844345
S033 93 33.60833 34.845248
S034 1.5 33.608607 34.84577
S035 0.35 33.610142 34.846167
S036 8.6 33.612122 34.845823
S037 317 33.608088 34.845675
S038 226 33.607665 34.845327
S039 108 33.607025 34.845525
5S040 131 33.607175 34.845845
5041 2.9 33.606967 34.846322
5042 136 33.606733 34.846242
5043 55 33.606807 34.84583
S044 110 33.609975 34.843986

Table 6: Descriptive statistics of the Pb concentration from Soros sediment samples.

Count 44
Mean 62,68
Min 0,11
Max 317
Seaion 7490

Figure 9: Boxplot showing the distribution of the Pb concentration data and skewness.




In an attempt to explore, linear correlation between the shooting sites and the lead concentration in
Soros lake sediment data, the Spearman ‘s rho correlation coefficient was used. The results showed
low negative linear correlation of -0.379 (Table 7). The greater the distance from the shooting site, the
lower the Pb sediment concentration. Non- linear association of the elements cannot be excluded.

Table 7: Spearman's rho correlation results.

DistFrShoot PbConc

Correlation Coefficient 1.000] -.379"
DistFrShoot Sig. (2-tailed) . .011

N 44 44

Spearman's rho

Correlation Coefficient -.379" 1.000
PbConc Sig. (2-tailed) .011

N 44 44

*. Correlation is significant at the 0.05 level (2-tailed).

Moreover, the Mann-Whitney U test, was used to compare differences between the Pb
concentrations and the distance from the shooting sites. The test’s results suggest that there is
sufficient statistical evidence to reject the null (p<0.05, Table 8) hypothesis, thus concluding that the
distribution of lead concentration is not the same across the varying distances from the shooting sites.

Table 8: Mann — Whitney U test results.

DistFrShoot
Mann-Whitney U 110.500
Wilcoxon W 386.500
VA -2.910
Asymp. Sig. (2-tailed) .004

a. Grouping Variable: PbConcCat

Table 9 shows the summary of Pb concentration from Soros sediment samples using the different SQG
described in Chapter 2.3. The thresholds were retrieved from literature (MacDonald et al., 2000;
Perroy et al., 2014; Canadian Sediment Quality Guidelines 1998; Dutch Target and Intervention Values
2000). For ease the different quality boundaries were colour coded, green being the “less
problematic” concentration, yellow is an intermittent moderate concentration and red the
concentration where adverse biological effects are expected (Figures 10-13).

It is beyond the scope of this work and might also be meaningless to assess the more appropriate SQG
for the current case study. With a very general overview, it is noted that the lower quality threshold
below which adverse effects are rare, is more or less the same among the SQG. The Dutch standard
sets the higher “acceptable” concentration of Pb in sediment, however at the same time, the higher
permissible concentration is the lowest of the other guidelines.



Since it was considered that the threshold assessment based on the various International SQG yielded
fairly similar results, geostatistical analysis was conducted for the MacDonald et al. (2000) and Dutch
SQG, to avoid confusion.

Table 9: Summary of Pb concentration from Soros sediment samples using different International Sediment Quality

Guidelines.
International SQG Soros lake sediment
Lead mg/kg n %
MacDonald et al., 2000
Canadian Freshwater
Sediment_Quality
Guidelines
Marine

Dutch Target and Intervention
Values 2000
a: Threshold effect concentration (TEC) below which adverse biological effects in freshwater systems are expected to be rare.
b: Probable effect concentration (PEC) above which adverse biological effects in freshwater systems are likely to be observed (MacDonald
et al., 2000, Perroy et al., 2014).
c: 1SQG concentration below which adverse biological effects in freshwater systems are expected to be rare.
d: Probable effect level (PEL) concentration above which adverse biological effects in freshwater systems are likely to be observed.
e: ISQG concentration below which adverse biological effects in marine systems are expected to be rare.
f: PEL concentration above which adverse biological effects in marine systems are likely to be observed
g: PEC concentration, above which sediment contamination is deemed to be severe

Figure 10: Concentration of Pb in the sediment, based on the SQG of MacDonald et al 2000. The nearby shooting sites are
indicated for reference (white lines).




Figure 11: Concentration of Pb in the sediment, based on the Canadian SQG for freshwater sediment. The nearby
shooting sites are indicated for reference.

Figure 12: Concentration of Pb in the sediment, based on the Canadian SQG for marine sediment. The nearby shooting
sites are indicated for reference.




Figure 13: Concentration of Pb in the sediment, based on the Dutch SQG. The nearby shooting sites are indicated for

reterence.

3.2 SPATIAL PATTERN OF LEAD CONTAMINATION

Results from the Pb sediment analysis were assigned XY coordinates from the GPS and brought into
Geographical Information Systems (GIS) interface, for spatial 2D interpolation using the deterministic
inverse distance weighted method (Figures 14-15). The surface interpolation analysis was selected to
predict Pb concentrations throughout the Soros lake, based on the sampled data. Figures 14 and 15
present a summary of the Pb spatial distributions and concentrations, in numerical range, according
to the expected adverse biological effects as derived by MacDonald et al., 2000 and the Dutch Target
and Intervention Values 2000. With the surface interpolation analysis, a prediction is made on the Pb
concentration, in areas that samples were not selected. The interpolation analysis is conducted inside
the conceivable polygon framed by the sampling points. Since we did not collect samples from all the
margins of the lake, there are a few missing areas as can be seen in the maps further down, hence the
interpolation could not be performed to exactly coincide the boundaries of the study area. Despite
that, a good approximation was yielded.

The interpolation results suggest that lead concentrations are not evenly distributed within the lake,
which also agrees with the statistical analysis performed. From the interpolated model for Pb
concentrations, based on the MacDonald et al., (2000) SQG, it is estimated that 0.9 ha (approx. 3.6%
of lake’s surface) of surface sediment exceeds the 128 mg/kg Pb Probable Effect Concentration (PEC)
above which adverse biological effects in freshwater systems are expected to be frequent. With values



reaching up to 317 mg/kg Pb. Moreover, 11 ha (approx. 44% of lake’s surface) of surface sediment
contains lead concentration above the Threshold Effect Concentration (TEC), ranging between 37-128
mg/kg Pb. In the remaining part of the lake, which accounts for more than half of its area (52.4%), the
lead concentrations were found to be lower than the TEC (0.1-35.8 mg/kg Pb) which are values below
which harmful effects to the sediment dwelling organisms are unlikely to be observed. By applying the
more conservative Dutch SQG, it is estimated that 3,4 ha (approx. 13.6% of lake’s surface) of surface
sediment exceeds the 85 mg/kg Pb target value, above which the sediment contamination is deemed
to be severe.

Figure 14: Spatially interpolated Pb concentration in Soros Lake, based on MacDonald et al., 2000. The nearby shooting
sites are indicated for reference.




Figure 15: Spatially interpolated Pb concentration in Soros Lake, based on the Dutch SQG. The nearby shooting sites are
indicated for reference.

It is assumed that the areas of high lead concentrations, are predominantly affected by the hunting
activities, as other major lead input in the lake are lacking from the area. This is supported further by
the finding that the largest concentration of lead was found at a distance of 103 m from the shooting
sites. Lead concentrations above 36 mg/kg were found at a distance ranging from 44-296 m from the
shooting sites (Figures 16-17). The radial distances could assist identifying the shooting site, the

proximity of which affects the most, the Pb concentration.



(a)

(b)

Figure 16: Radial distances from the shooting sites and their relation to the Soros lake (a) as a whole (b) per individual
shooting site. Spatially interpolated Pb concentration in Soros Lake, based on MacDonald et al., 2000.




(a)

(b)

Figure 17: Radial distances from the shooting sites and their relation to the Soros lake (a) as a whole (b) per individual
shooting site. Spatially interpolated Pb concentration in Soros Lake, based on the Dutch SQG.




CHAPTER 4. DISCUSSION AND CONCLUSION

All the 44 sediment samples collected from Lake Soros were tested for their Pb content. The observed
range of lead concentration ranged from below 1 to 317 mg/ kg. The average content was 62.68
mg/kg, and the median 43 mg/kg. Almost for half of the samples (45.5 %), the lead content was lower
than 30 mg/kg. As has been mentioned above, it is considered that the major input of lead in Soros
lake is hunting, since other sources have been considered as minor. It is assumed that the areas of
high lead concentrations are predominantly affected by the hunting activities, as other major lead
input in the lake are lacking from the area.

It has been simulated that between 0.9-3.4 ha (approx. 3.6% to 13.6%) of the Soros lake surface
sediment contains Pb concentration that could adversely affect freshwater biota and are related to
severe pollution. As graphically presented and statistically confirmed, lead concentrations are
unevenly distributed within the lake. There are areas with high concentrations of lead in sediments,
which appear to be influenced predominantly by the hunting taking place in close proximity. Hunting
from fixed blinds or shooting posts, tends to result in a higher concentration of lead shot within a given
area than other mobile forms of hunting (ECHA, 2017). This is confirmed by the ‘hot spot’
contamination zones (indicated red in Figures 14 -17) that are observed near the shooting sites,
however redistribution of contaminated sediments due to wind, currents and stirring due to bird
activities, could occur to an extent, since it is a relatively shallow lake. However, the relatively confined
contamination zone in the lake indicates minimal spread and movement of the shot and the lead
contaminated sediments to adjacent parts within the lake. This can be due to the low solubility of lead
in saline water (approx. 2 mg/ 1) (Angel et al., 2016).

Lead is a toxic substance with no physiological function, on the contrary, its accumulation in the
natural water bodies and consumption by biota, can result in a range of adverse physiological and
behavioral impacts. The management of lead in nature should encompass the sustainability pillars and
carefully balance social, economic and environmental values and be set in an integrated context of
the whole Salt Lake system. A non-exhaustive list of recommendations is presented below regarding
options to minimize the issue of lead contamination in Soros lake.

1) Using lead-free ammunition

Pain et al. (2019) recently published their work on the economic analysis and the costs of
continued use of lead ammunition associated with impacts on wildlife, people and the
environment. They estimated minimum annual direct costs across the EU of c. €383 million—€960
million and €444 million—€1.3 billion across Europe. They consider that the costs of the continued
use of lead ammunition across the EU appear to be considerably greater than the likely costs of
switching to non-toxic alternative ammunition types, although these have not been formally
estimated in full. In response to that and following the very recent (November 2020) vote of the
European Parliament to ban the use of lead ammunition in wetlands in all European Union
Member States we herewith present some insights from countries already facilitating this.

Many EU Member States, have already put bans in place for lead ammunition in wetlands.
Evidence suggests that regulations requiring the use of alternative ammunition types are very
effective, if adhered to. For example, Spain since 2001 has required the use of non-toxic shot for



2)

hunting in Ramsar sites, since then, a measurable reduction in lead shot ingestion in waterfowl
and game meat lead levels was observed (Mateo et al., 2014).

A number of substitutes to lead (e.g., steel, bismuth, tungsten) have been developed using
different materials and are meanwhile being used by hunters in certain countries within the AEWA
region, which have already banned the use of lead for hunting in wetlands. Although hunters are
skeptical, experience from countries where a ban is already in place (e.g., UK, Netherlands,
Denmark) has shown that hunters have been able to adapt to using alternatives without significant
problems in relation to ricochet and safety issues (ECHA, 2017). A study has shown that the
effectiveness of non-lead bullets is the same as for lead bullets (Pierce et al., 2014). No increase
in the risk of accidents or injuries from ricochet when using steel gunshot compared to lead has
been observed (Delahay and Spray, 2015).

Lead-free shotgun and rifle ammunition are available on the European market in a wide range of
calibers suitable for most European hunting situations (ECHA, 2017). In general, the cost of lead-
free ammunition is about twice that of lead ammunition. However, the cost to purchase lead-free
ammunition would likely more than offset the cost involved in regular cleanup and management
of lead debris as hazardous waste (Rattner et al., 2008). The lead-free shot market is largely
related to the demand- offer equilibrium, thus, if more efforts are made on a basis to substitute
lead in cartridges, more lead-free options will be available at a comparably affordable price. It is
foreseen that gun traders and shops will be able to quickly adapt their product line to the expected
demand. As indicated in ECHA’s investigation report (2017), at least 13 major European companies
make non-lead bullets for different rifle calibers. It is worth noting at this point that a number of
cartridge factories operate in Cyprus and export their products in third countries, however it is
not clear if they are also producing Pb free ammunition. Nonetheless, as described in Section 1.1.3
there are national regulations in place, enforcing the use of Pb free ammunition, within a radius
of three hundred meters from the boundaries of wetlands.

Monitoring Compliance

Although national legislation 152(1)/2003 states that Pb free ammunition should be used within
300 meters from salt lakes and water bodies, as well as the decree of the Head of GFS (2007), the
results from the Pb sampling in Lake Soros indicate that this is not being implemented. It is evident
that the ban of lead cartridges around Soros lake is not effectively enforced and the competent
authority, should monitor compliance with on-the-spot checks. As shown in Section 1.2.2 not only
the lead — free cartridges regulation is not being applied, but also hunting takes place within
prohibited areas, on the lake margins. This, not only causes disturbance to the avifauna itself, but
the halophytic vegetation as well, it also increases the amounts of pellets ending in the lake, due
to the smaller distance they travel. Despite the above, it has been mentioned by the Minister of
Interior (2020) that monitoring in Soros lake, does take place during and outside the hunting
periods.

It is evident, that more systematic and targeted monitoring should take place. The right tools
should be provided to the monitoring officers, so as to effectively conduct the monitoring and
implement the regulations. Stricter enforcement with a possibility of penalty has been shown to
work in certain situations in Spain (Mateo et al., 2014).



3)

4)

In case monitoring for compliance does not prove to be effective, and the concentration of Pb in
Soros lake remains above the probable effect concentration in the potential shot fall zone, then
the precautionary approach should be adopted and the area could be declared a game reserve
i.e. no hunting would be permitted around the Soros lake.

Lead Removal and Recycling

Lead pellets and contaminated sediment can be removed from Soros lake using mechanical or
manual methods, without damaging the habitats inside and around the Salt Lake. The use of
specially designed machinery is possible, for example a screening machine can be used for lead
shot reclamation. This device uses a series of stacked vibrating screens of different mesh sizes and
allows the user to sift the lead shot-containing sediment. The uppermost screen collects larger
than lead shot particles and the second screen captures lead shots, while allowing smaller particles
to pass through to the ground (EPA, 2005). This method requires all vegetation to be removed
thus making it an invasive method to the ecosystem, it can however be used in the main part of
the lake, during its dry phase, where no vegetation or other biota are recorded. Manual removal
of lead pellets, by hand raking and sifting at the surface layer is more labor and time intensive but
can be more beneficial. Once collected, the lead must be taken to an authorized infrastructure for
recycling or safe disposal (EPA, 2005). Hadjichristoforou, M. (2008) performed extended
restoration works at Larnaka main Salt Lake, while the surficial 15 cm of the sediment was
removed by an excavator and safely disposed of in a non-operational quarry pit.

Further Research

More research into the density of Pb shot in wetland sediment and the frequency of Pb shot
ingestion by water birds is needed to assess the extent of the lead poisoning of wildlife in Cyprus.
In addition, monitoring of lead levels in organs of dead animals and in biological materials, such
as feathers, excreta, and blood, collected non-disruptively from live birds, may provide insights
into the extent of the problem. To this end, the fruitful cooperation between the various
Departments involved should be continued and evolve.

The results of this study indicate the presence of lead concentration in the sediment of Soros lake. The

heavy metal is unevenly distributed in the study area, with hot spot concentrations at the zones of

expected maximum Pb shot fallout, relating the presence of lead to the hunting activities in the vicinity

of the lake. The impacted areas have been identified and shown spatially. The Pb concentration values

provided in this study form a baseline and may be useful for comparative purposes in future studies

on heavy metal monitoring. This study further strengthens the need for continuous monitoring of

environmental media with which humans and animals are in contact, in order to mitigate the

untoward effects of practices that may have chain effects.
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Atopukn SLolknTikA mpagn arayopsvong xpriong puotyyiwv poAvBséov os aktiva 300 pétpwv
oo uypoBLOTONoUG Kot UEATODPAKTEC.

https://www.mof.gov.cy/mof/gpo/gpo.nsf/All/BB5SFCBD36E507E58C22572ED0021E74D/Sfile/41
67%201.6.2007%20Parartima%2030%20Meros%20ll.pdf (MpdoPaocn Ask. 2020)

NN 4
x

EINNIXHMH E®HMEPIAA
THE KYIIPIAKHY AHMOKPATIAX

ITAPAPTHMA TPITO
MEPOX II
ATOMIKEX AIOIKHTIKEX IIPAZEIX
AowOpog 4167 Magaoxev, 1 Iovviov 2007 705
Ap1Buoég 464

Ap19pocg 483
O MEPI MPOXTAZIAZ KAl AIAXEIPIZHX ATPION I'ITHNQ_N KAl
OHPAMATON NOMOZ (NOMOX 152(1) TOY 2003)

Ataypa copgpuwva pe To apdpo 58(2) -

0 MpoioTapevog Tou Tapsiou Onpag ackdvTag Tig eEoUsieq Moy Tou XopnyouvTat oup-
Quwva e Tig SlatdEeig Tou apBpou 58(2) Tou mepi MpooTaciag kat Alaxeiplong Aypiwv Mm-
vy kat ©npapdartwv Nopou (N. 152(1) Tou 2003) anayopelel Katd m SleEaywyrn Tou Kuvn-
yiou T xprion @uotyyiwv pe opalpidia and uoAUBdo Oe aKTiva TPIAKOOIWY HETPWY anod 1a
Opta TWV UYPORIOTOTIWV KAl TWV udaTOPPAKTWV.


https://www.mof.gov.cy/mof/gpo/gpo.nsf/All/BB5FCBD36E507E58C22572ED0021E74D/$file/4167%201.6.2007%20Parartima%203o%20Meros%20II.pdf
https://www.mof.gov.cy/mof/gpo/gpo.nsf/All/BB5FCBD36E507E58C22572ED0021E74D/$file/4167%201.6.2007%20Parartima%203o%20Meros%20II.pdf

Anoondopata onod to Atataypo KabBoplopol nepLloywv Kol NUEPOUNVLWV KUVNyLoU yLa Thv
nepiodo 2020-2021, nov avadEpovral oTNV TEPLOXN KOVTA oth Aijivn ZopoG.

To MAAPEG KEIPEVO TOU ALOTAYUATOG UIOPEL va avaktnOel edw:
http://www.moi.gov.cy/moi/wildlife/wildlife _new.nsf/web29 gr/B929391CE1FD8148C2257841
00442BE1/Sfile/%CE%94%CE%BO9%CE%AC%CF%84%CE%B1%CE%B3%CE%BC%CE%B1%20%CF%8
0%CE%B5%CF%81%CE%B9%CE%BF%CF%87%CF%8E%CE%BD%20%CE%BA%CE%B1%CE%B9%20
%CE%B7%CE%BC%CE%B5%CF%81%CE%BF%CE%BC%CE%B7%CE%BD%CE%B9%CF%8E%CE%BD
%20%CE%BA%CF%85%CE%BD%CE%B7%CE%B3%CE%AF%CE%BF%CF%85%20%CF%80%CE%B5%
CF%81%CE%B9%CF%8C%CE%BA%CE%BF%CF%85%202020%20-%202021.pdf (MpocPaocn Aek.
2020)

Ol NEPI MPOZTAZIAZ KAI AIAXEIPIZHZ ATPIQN NMTHNQN KAl OHPAMATQN NOMOI 2003 - 2017
Awdtayua cOpdwva pe to apbpo 27.

AoKwvTog TIC e€ouaieg Tou apExovral o péva Le Baon to apBpo 27 twv Tiept Mpootaciag kat
Awaxeiplong Aypiwv Mtnvwyv Kat Onpopdtwv Nopwv 2003 - 2017, pye to mapov Slataypa
£€0U0L060TW OTIOLOSNTIOTE KATOXO AdELAG Kuvnylou, yia Thv Ttepiodo 2020 — 2021:

(a). Na mupoPolei, dovevel, cUAOUPAVEL, KOTEXEL KOL KOTASLWKEL TA Aypla MTNVA, TOU
avadépovral otov Mivaka |, oTIC MEPLOXEC TTOU TEPLYPAdOVTAL TILO KATW CUHPWVA HE TNV
niepiodo, pe Tn ouvodela okUAOU f OXL OTIWG KaBoplleTal yla Tnv KABe TepLoyr, ammd TV AVATOAN
UEXPL TN UGN Tou NALOU, UTIO TOUG TILO KATW OPOUG

Mivakog |

NepoxA .1 (Meveou — MepPoALa) (To kuvnyL emtpémnetal ot 23/8/2020 kot kabnpepvd amno
115 30/8/2020 péxpt kaw tic 30/9/2020) To dplo tng meploxng apxilel amo to Meveol Kat mpoxwpel


http://www.moi.gov.cy/moi/wildlife/wildlife_new.nsf/web29_gr/B929391CE1FD8148C225784100442BE1/$file/%CE%94%CE%B9%CE%AC%CF%84%CE%B1%CE%B3%CE%BC%CE%B1%20%CF%80%CE%B5%CF%81%CE%B9%CE%BF%CF%87%CF%8E%CE%BD%20%CE%BA%CE%B1%CE%B9%20%CE%B7%CE%BC%CE%B5%CF%81%CE%BF%CE%BC%CE%B7%CE%BD%CE%B9%CF%8E%CE%BD%20%CE%BA%CF%85%CE%BD%CE%B7%CE%B3%CE%AF%CE%BF%CF%85%20%CF%80%CE%B5%CF%81%CE%B9%CF%8C%CE%B4%CE%BF%CF%85%202020%20-%202021.pdf
http://www.moi.gov.cy/moi/wildlife/wildlife_new.nsf/web29_gr/B929391CE1FD8148C225784100442BE1/$file/%CE%94%CE%B9%CE%AC%CF%84%CE%B1%CE%B3%CE%BC%CE%B1%20%CF%80%CE%B5%CF%81%CE%B9%CE%BF%CF%87%CF%8E%CE%BD%20%CE%BA%CE%B1%CE%B9%20%CE%B7%CE%BC%CE%B5%CF%81%CE%BF%CE%BC%CE%B7%CE%BD%CE%B9%CF%8E%CE%BD%20%CE%BA%CF%85%CE%BD%CE%B7%CE%B3%CE%AF%CE%BF%CF%85%20%CF%80%CE%B5%CF%81%CE%B9%CF%8C%CE%B4%CE%BF%CF%85%202020%20-%202021.pdf
http://www.moi.gov.cy/moi/wildlife/wildlife_new.nsf/web29_gr/B929391CE1FD8148C225784100442BE1/$file/%CE%94%CE%B9%CE%AC%CF%84%CE%B1%CE%B3%CE%BC%CE%B1%20%CF%80%CE%B5%CF%81%CE%B9%CE%BF%CF%87%CF%8E%CE%BD%20%CE%BA%CE%B1%CE%B9%20%CE%B7%CE%BC%CE%B5%CF%81%CE%BF%CE%BC%CE%B7%CE%BD%CE%B9%CF%8E%CE%BD%20%CE%BA%CF%85%CE%BD%CE%B7%CE%B3%CE%AF%CE%BF%CF%85%20%CF%80%CE%B5%CF%81%CE%B9%CF%8C%CE%B4%CE%BF%CF%85%202020%20-%202021.pdf
http://www.moi.gov.cy/moi/wildlife/wildlife_new.nsf/web29_gr/B929391CE1FD8148C225784100442BE1/$file/%CE%94%CE%B9%CE%AC%CF%84%CE%B1%CE%B3%CE%BC%CE%B1%20%CF%80%CE%B5%CF%81%CE%B9%CE%BF%CF%87%CF%8E%CE%BD%20%CE%BA%CE%B1%CE%B9%20%CE%B7%CE%BC%CE%B5%CF%81%CE%BF%CE%BC%CE%B7%CE%BD%CE%B9%CF%8E%CE%BD%20%CE%BA%CF%85%CE%BD%CE%B7%CE%B3%CE%AF%CE%BF%CF%85%20%CF%80%CE%B5%CF%81%CE%B9%CF%8C%CE%B4%CE%BF%CF%85%202020%20-%202021.pdf
http://www.moi.gov.cy/moi/wildlife/wildlife_new.nsf/web29_gr/B929391CE1FD8148C225784100442BE1/$file/%CE%94%CE%B9%CE%AC%CF%84%CE%B1%CE%B3%CE%BC%CE%B1%20%CF%80%CE%B5%CF%81%CE%B9%CE%BF%CF%87%CF%8E%CE%BD%20%CE%BA%CE%B1%CE%B9%20%CE%B7%CE%BC%CE%B5%CF%81%CE%BF%CE%BC%CE%B7%CE%BD%CE%B9%CF%8E%CE%BD%20%CE%BA%CF%85%CE%BD%CE%B7%CE%B3%CE%AF%CE%BF%CF%85%20%CF%80%CE%B5%CF%81%CE%B9%CF%8C%CE%B4%CE%BF%CF%85%202020%20-%202021.pdf
http://www.moi.gov.cy/moi/wildlife/wildlife_new.nsf/web29_gr/B929391CE1FD8148C225784100442BE1/$file/%CE%94%CE%B9%CE%AC%CF%84%CE%B1%CE%B3%CE%BC%CE%B1%20%CF%80%CE%B5%CF%81%CE%B9%CE%BF%CF%87%CF%8E%CE%BD%20%CE%BA%CE%B1%CE%B9%20%CE%B7%CE%BC%CE%B5%CF%81%CE%BF%CE%BC%CE%B7%CE%BD%CE%B9%CF%8E%CE%BD%20%CE%BA%CF%85%CE%BD%CE%B7%CE%B3%CE%AF%CE%BF%CF%85%20%CF%80%CE%B5%CF%81%CE%B9%CF%8C%CE%B4%CE%BF%CF%85%202020%20-%202021.pdf

VOTLOOVOTOALKA KATA KOG TOU SpOuoU mpog mapalia péxpL tov acpaAtoSpopo «Spiros Beach»-
®Oapou NepPoliwv. Ano ekel mpoxwpel NoTLOSUTIKA KAl 0T CUVEXELD BOPELOSUTIKA HEXPL TO
XwpLo MepPoAia. Ao ekel mpoxwpel BopeloavatoAkd KATtd UKo Tou 0.opaATOSpooU TTPOG TO
Meveou Omou Kot to onpeio apxng. AmayopelETAL TO KUVHYL VOTLOSUTIKA TNG TEPLOXNAG OTIOU
UTIAPXOUV KOTOLKIEG (n Teploxn Ba elval onpatodotnpévn e TVOKISEG)

(v). Na mupoBolei, ¢dovevel, culapBavel, KOTEXEL KAl KATASLWKEL TA Onpduota, mou
avadépovrtal atov Mivaka I, katd tn xpovikn nmepiodo mou avtiotolyel oto kKabe £lbog, amnod tnv
avatoAn péxpt tn Suon Tou nAlou, yla TG TEPLOXEG TTOU TieplypAdovTal To KATW, oUWV UE
Vv nepiodo mou kabopiletal yla KABe mepLoyn, L TN Xprion okVAou emavadopdg, (VOoupEvou
OTL £xeL ekS0BEL N oxXeTIKA AdELO ATIO TOV KUVNYO TTOU TOV cUVOSEVEL KOl 0 aplBUOC orpavong tou
oKUAOU avaypadetal otnv adsla Kuvnylou Tou), umo Toug Lo Katw 6pouc. 1. O kabe kuvnyog Ba
umopet va cuvodeleTal amo HOVo £va OKUAO, yla Tov omoio £xel ekdoBel adsla xpriong Tou yla
KuvNyL toiyAag, Baocsl Tou aplBuol onpovong tou. 2. EVIOg Twv MEPLOXWY TIOU ETILTPEMETAL TO
KUVAYL TNG TOXAQG KOL KATA TLG WPEC TIOU ETIITPEMETOL TO KUVHYL, N LETAPOPA TOGO EVTOC OGO Kall
£KTOG TOU OXAUATOC Kol N KukAodopla KUVNYETIKWY OKUAWY ETUTPEMETAL LOVO OTOL OKUALA TIOU oL
ocuvobol Toug éxouv adela kuvnyiou toiyAag pe okUAo, yla Tov KABe okUAo Tou petadépouy 1
XpnotoroloLv. 3. AltayopeUETAL TO KUVAYLTNG TolYAag, e Tn ouvodeia okUAoU pe th HEBOSO NG
nayavag. 4. To KuvAyL Tng TtoiyAag, e Tn cuvodeia OKUAOU EMITPEMETAL UOVO VLA OTOTLKO KUVHYL
KOLL YLOL OKOTIOUG emavodopac.

Mivakog I



NeploxA B.7 (Meveou — NMepPoAia) (To KuvnyL eMITPENETAL KAONUEPLVA amo TG 30/12/2020 péxpt
Kot TG 28/2/2021 €apoupévou tng 1/1/2021) H meploxri mou mepikAeieTal Kat apxilel ano to
MeveoU Kol TipoXWPEL VOTLOL KOTA KOG TOU SpOoU TPog mapoiia LEXPL TO TPWTO E0XLKO OTtiTL
YVWOTO WG oTtitL Tou Aparmn. Ao eKkel TPOXWPEL VOTIOSUTIKA KATA KOG TOU 0ypOoTIKOU Spopou



TIOU TEPVA SUTAa amo Toug eUKAAUTITOUG Tou Meveou péxpt tov 6popo KITI Beach — MepBoAtwv.
Ao kel mpoxwpel SUTIKA Kal PeTd Bopeta pexpL ta MepPoAia. Amo ekel BopeloavatoAlkd KaTd
UAKog tou acdaAtodpopou mou mepvad SimAa amd ta nepPoAla Tou MwYAUET YEXPL To Meveou
OTIOU KO TO ONUELo apynig.



SOROS LAKE LEAD SEDIMENT SAMPLING
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