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EMERGING POLLUTANTS

Emergent (emerging) contaminants (pollutants) are non-requlated or very
partly regulated and mostly non incorporated in the relevant environmental
legislation, but they have the potential to enter the environment and cause
known or suspected adverse ecological and (or) human health effects
(Kuster et al, 2006; Hanicke et al, 2007).

Most emerging pollutants are man-made organic and nonorganic chemicals
Introduced into the environment by anthropogenic inputs (Zhang et al,
2008).

Increasing standards of living, economic changes and human population
growth lead to increased usage of various chemicals in households, office,
Industries, agriculture.

More new pollutants will be found in nearest future with further
development of analytical methods.
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BIOACCUMULATION
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OBJECTIVES

What trace metals and pharmaceuticals are present in the two
transboundary rivers of Eastern Ukraine?

Which technologies for the identification of emerging pollutants are
efficient for the pilot water monitoring?

Are there any environmental and health risks caused by the presence
of emerging pollutants in surface waters of Ukraine?

What relation between socio-economic indicators and emerging
pollutants in water?

How the water quality data can be use for the socio-economic
studies?

What strategy can be proposed for the development of the water
monitoring system taking into account emerging pollutants issues?
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WATER MONITORING IN EASTERN UKRAINE

The water quality of surface water in Ukraine” {oes not meet national water
quality standards and classified as ‘politted’. ‘extremely polluted’-
uncontrolled wastewater discharge is one of the reason (National Report on the
Drinking Water Quality in Ukraine, 2009) \

Ukraine still use the old Soviet system of water monltormg and water quality
standards %

The monitoring of trace elements, emergmg poIIutants and others in Ukraine is
yet insufficient (lack of equipment and fmancmg for research laboratories and
environmental control authorities) S W

International legislation on the regulatlon of transboundary watersheds Is-
underdeveloped and has poor. practlcal |mplementaj;|on in some cases.. .

Environmental information afd- data .on. water quality publlshmg in some
national reports (National Report o énwronmental Status; National Report on
the Drinking Water Quality), but very h[nlted unavallable to the major partof____
the society and commg with significant defay (2- -3-years) .
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THE STUDY AREA - the Kharkiv region (Eastern
Ukraine)
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METHODS

__________________________________________________________________________________
________________________________________

Standard sampling of the water— to obtain data on major ions and
dissolved metals and its correlation with labile forms;

Passive sampling — to get information on the presence of labile
forms of trace metals (DGT) and pharmaceuticals (POCIS) as the
most toxic for living organisms in rivers;

__________________________________________________________________________________________________________________________

Sediments analysis — to add data on the deposition of metals in the
sediments as potential source of secondary pollution of water;

Statistical tools — to analyze the origin, behavior and variations of
trace metals and pharmaceuticals in water; determine the zones of
pollution; process regional social and economic indicators;

Mathematical modelling — to process the environmental, social
and economic data of water pollution by emergent pollutants
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THE MONITORING
(2008-2010) — grab method or passive technigue?

Grab method — ions, dissolved metals,
sediments

Passive technique — labile metals (diffusive
gradient in the thin film — DGT) and
pharmaceuticals (polar organic chemical
Integrated sampler — POSIC) in the water
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DGT (diffusive gradient in the thin film)
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Figure 1. The Diffusive Gradient in Thin Figure 2. Principle for mercury accumulation and
film devices (DGT) include the probe measurement with the DGT device. DBL: diffusive

plastic housing (1) filter (2) diffusive gel Watgr boundary layer at the sampling surface of the
and (3) resin gel layers device.
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Polar Organic Chemical Integrative Sampler (POCIS
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Sample Shipping

The POCIS should be wansported to and from
ihe samplicg site i air-tght conminess to preveat
potential contamination frem airborne chemicals.
When possible, the POCIS should be shipped cold 1o
[PreseTve sample ILEEOLY.

Future Considerations

1 Determination of additional sampling raza data
Sampling rates are necessary 1o estimate the ambiant
‘water concentration of tarpeted chemicals. To date, a
limited umber of chemical samplicg rates kave been
determined.

1. How to incorporate the Performance Beference
Compound (PR.C) approach into the POCTS. A FRC
it 2 compound which is added 1o the POCIS during

mpacts of waterborne environmental contaminants.
Chemosphere 54.693-703
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Alvarez himl

Information and Contacts

LS. Patent #6,473,961 - Peity, 1.0, Huckins,
IX.; Alvarez, D.A. November 12, 2002,

David Alvarez, PiD
Columb:a Environmental Research Center
U5 Geological Survey
4200 New Havea Road
Columbia, MO 65201
Phons; (573) 441-2070

2oV

constction and is lost to the water
during deploymant Datermination: of the amosnt of
PRC lost provides an eavironmeatal adjusonent factor
10 comect laboratory-Gerived samplig rates for the
site-specific enviroamental factors. Initial studies
indicae careful selection of the DRC and the sorbent
used in the POCTS is necessary w allow measuradle
loss of chemical This PRC approach bas successfully
‘been used with semipermeable membrane devices
{SPMDs}
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Polar Organic Chemical Integrative Sampler (POCIS)

Description and Application
Brief Backezround

The Polaz Organic Chemical Integrative Sampler
or POCTS is desizned to sample water-saluble (palar
or hydrophilic) organic chemicals from agueous
envizonmenss. The POCTS is an integrative sampler
which provides time weighted average corcentations
of chemicals over deployment periods Tanging from.
weeks 10 months. This device is a passive sampler
mesring that it has no mechanical or movice parts,
requites o power Tor supervision during use. The
POCTE samples chamicals fom the dissolved phase.
mimicking the respiratory axposure of aquatic
organisms. The POCTS provides a highly reproducitle
means for monitoring contaminant levels, and it is
largely unaffectzd by many evvironmental swessors
that affact biomontoring orzanisms The POCIS
also enxbles in 5iw concenmation of TACe OTZaNic
contaminant mistures for wsicity assessments and
ouicity evaluation (TIE}

Phyzical Characteristics

The POCIS consists of a solid material {sorbent)
contained beswreen fwo micr polyetersulione
membrazas. The membranes allow water and
dissolved chemicals 1o pass through 1o the sordent
where the chemicals are trapped. Larzer mate:
such as sediment and particulate matter are
euciuded The membrane resiss biofouling which
can significandly reduca the amount of chemical
sampied. The rype of sorbent used can be changed
to specifically targst cermin chemicals or chemical
classes. A standard POCIS consists of a sampling

125 yeary af science

U Bepartuartal o laber
[P ————

Fatr POCIE are showh moumied i @ siainkess seal
depicyment camizser: Each POCIS has @ sampling
nurface area af = 4lem? Genaraily, POCTS gf
configurations are deplayed fogether fuside a singie

;W_AUIE: The canisier !mmmn
wazs removed, for piciure ciariy

* & * * *

kel

m

Ll

Vystavna et al, 2010

5 September 2010




THE MONITORING - IN THE FIELD
(2008-2010) — not so easy In winter
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THE MONITORING - IN THE FIELD
(2008-2010) — ....not so easy in summer
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THE MONITORING
(2008-2009) — limitation of the passive technique
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TRACE METALS IN WATER AND SEDIMENTS OF
UDY AND LOPAN RIVERS
N

*Priority trace elements (As, Cd, Cr, Cu, Hg, Ni,
Pb and Zn)

Urban tracer (AQ)

eand potentially toxic elements - Co, Mo, V and
Th
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"'WO GROUPS OF ELEMENTS

(1) Anthropogenic components (associates
with anthropogenic sources) — Ag, Cd, Cr, Cu,
Hg, Ni, Pb and Zn - form geochemical
anomalies in the urban area

(2) Natural regional components — Co, V, As
and Mo - presents in low range concentration
and mostly links to the regional geological
baseline.
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RESULT 1. LABILE METALS CONCENTRATION (ug/L)
MEASURED WITH THE DGT METHOD IN THE LOPAN
AND THE UDY RIVERS
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LABILE METALS CONCENTRATION (ng/L) MEASURED
WITH THE DGT METHOD IN THE LOPAN AND THE UDY

RIVERS
T
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RESULT 2. HEALTH RISK ASSESSMENT OF THE SEDIMENTS
(mg/kg) IN THE LOPAN AND UDY RIVERS

Significant

Significant
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RESULT 3. SEASONAL VARIATION - CORRELATIONS OF
PAIRED METAL ELEMENTS IN THE LOPAN AND THE UDY
RIVERS (BY PEARSON’S COEFFICIENT)

~ Summer Cd Co Cr Cu Ni Pb Zn
Winter
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RESULT 4. SOCIO-ECONOMIC DIFFERENCES OF THE

REGIONS

http://khrda.gov.ua/uk/article/view/id/9/

Population density
(inhabitants per km?)

Urban population (%)

Retired population (%)

Mortality rate per 1000

persons

Major diseases

Congenital diseases*

Congenital anomalies*

Belgorod

56

66
nd

14.7

Respiratory ; aftereffect
of pregnancy and birth

nd

nd

Zolochiv

33

43
34

23.3

Musculoskeletal system;

endocrine and blood
system

2
(skin)

1
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Derkachy

110

71
29

19.8

Musculoskeletal system;
endocrine and blood
system

1
(respiratory)

2

Kharkiv city
(urban)
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RESULT 5. CLUSTER ANALYSIS OF SOCIO-

ECONOMICAL INDICATORS AND CONCENTRATIONS

OF LABILE FORMS OF CHROMIUM

Tree Diagram for 22 Variables
Unweighted pair-group average
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RESULT 6. CLUSTER ANALY SIS OF SOCIO-
ECONOMICAL INDICATORS AND CONCENTRATIONS

OF LABILE FORMS OF NICKEL

- Tree Diagram for 22 Variables
Unweighted pair-group average
1-Pearsonr

CN), mkgl. | ———
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PHARMACEUTICALS:

psychiatric drugs: alprazolam, amitriptylline,
diazepam, doxepine, fluxetine, imipramine,
nordiazepam, carbamazepine, bromazepam;

analgesics: aspirin, paracetamol;
broncholidator: clenbuterol, salbutamol, terbutaline:

non-steroidal anti-inflammatory drugs: diclofenac,
Ibuprofen, ketofen, naproxen,

lipid regulator: gemfibrozil;
stimulants: caffeine, theophylline.
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RESULT 1: OCCURRENCE OF
PHARMACEUTICALS IN LOPAN AND UDY
RIVERS

- August 2008 January 2009

Udy River Lopan River Udy River Lopan River
Pharmaceutical
Up Down Up Down Up Down Up Down
ng/POCIS ng /POCIS ng/POCIS ng/POCIS ng/POCIS ng/POCIS ng/POCIS ng/POCIS

Psychiatric drugs

Carbamazepine < 197 10 1 4 275 5 12

Diazepam < 6 < < < 2 < <

Amitriptylline < 15 < < < < < <
Analgesics

Paracetamol 1 < < < 1 4 8 36
Stimulants

Caffeine 4 14 27 < 418 305 42 461

Theophylline < 6 7 < 42 112 23 128

Non-steroidal anti-inflammatory drugs

Ibuprofen < 19 < < < 7 3 61
Naproxen < 5 < < 1 37 < 2
Ketoprofen 6 18 61 5 51 165 11 <
Diclofenac < 149 11 3 14 486 6 23
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Concentrations of PPs in the Udy
River
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RESULT 2: THE SEASONAL VARIATION OF
PHARMACEUTICALS

Caffeine and carbamazepine — wastewaters markers???

8600

500 -

400 -

300 -

ng/POCIS

200 s

100 -

CARB CAF THEO PARA DIAZ AMITR IBU NAPRO KETO DICLO

WAugust 2008 W January 2009

Fig. The accumulation of selected pharmaceuticals in the Udy River

downstream of WWTP, ng/POCIS
Vystavna et al, 2010 5 September 2010



RESULT 3: ENVIRONMENTAL AND HEALTH
RISKS

PP Our MacLeod Togola and Bartelt- Ecotoxic data (lowest value of the pharmaceutical in nature
max, et al., 2007 Budzinski, Hunt et al, water)*
ng/L (Canada) | 2007 2009
ng/L (France) (USA) ng/L Toxicological Species Country
ng/L ng/L endpoint

NAPRO 7 17

53 na

330,000 EC,, - 7 days

(growth inhibition)
980 na

Rotifers Japan

CAF 182 na 16

* from the paper Santos et al, 2010
NOEC - No observed effect concentration
LOEC - Lowest observed effect concentration

EC50 — Half maximal effect concentration
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RESULT 4. MASS-BALANCE MODELLING OF DRUGS
CONSUMPTION — APPLIED MODEL

Mc — (Quw (Cwu_Cu)) / (Kl (1_K2))
M, - drug consumption rate in a studied settlement, which is served by sewage system,
(g d);
K, —drug excretion rate (a part of a pharmaceutical component which enters a
sewerage system in unchanged form with human excretion), (g g1).

K, — the efficiency of wastewater treatment processes, that was estimated a part of a
pharmaceuticals what are removed during the treatment, (g g1)

C,— the concentration of the pharmaceuticals in the upstream part, (g m-3);
The daily drug consumption rate per person (D) was estimated as:
D=M/P
Where P — is the number of people using the sewage system, inhabitants
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RESULT 4. MASS-BALANCE MODELLING OF SOME
DRUGS CONSUMPTION — COMPARISON WITH FRANCE
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RESULT 4. MASS-BALANCE MODELLING OF SOME
DRUGS CONSUMPTION - DATA VERIFICATION

_ Fact (France, 2006)* Calculated (France, 2009)

Carbamazepine 0.3 0.1

Diclofenac 4.3 0.3

*Coetsier at al, 2009
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GENERAL CONCLUSIONS

Emerging pollutants (trace metals and pharmaceuticals) are
present in the urban and rural watershed regions and they
have temporal, spatial and seasonal variations

The highest accumulation of studied emerging pollutants
was observed in the urban area downstream of WWTP

Emerging pollutants monitoring is more efficient with the
combination of grab and passive sampling techniques

Presence of trace metals and some of pharmaceuticals
(diclofenac, carbamazepine and ibuprofen) was at the
dangerous level for the human health and ecosystem

Socio-economic processes impact on the accumulation of
the emerging pollutants in water
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DISCUSSIONS

The monitoring tool and system should be improved — ‘strategic
monitoring’?

Additional water quality standards should be applied —
‘development of the analytical chemistry and monitoring tools’?

Preventive and protective measures are necessary to decrease the
risk for the human health and ecosystem - ‘biotechnology’?

Use of the water monitoring data in the socio-economic research
and In other investigation — ‘drug and illicit drug consumption,
drug market and etc’?
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