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Sylabus
1.Uvod
Vyznam analytické chemie pii kontrole znecisténi Zivotniho prostiedi. Zdroje a transport polutantli v
prostfedi. Rozptyl, degradace a akumulace polutantii v prostiedi, perzistence a biokoncentrace.
Specifické problémy environmentélni analyzy, obecné schéma analytického postupu.
2. Vzorkovani
Kvalita vzorku, jeho velikost a pocet, strategie odbéru, vzorkovaci plan, odbérovy protokol, konzervace,
transport a skladovani vzorki. Techniky odbéru vzorkili ovzdusi, aktivni a pasivni vzorkovace, atmosféricka
depozice, odbér srazkovych, povrchovych, podzemnich vod, odbéry tuhych vzorkt, pid, odpadi, sedimentt,
bioty.
3. Techniky pripravy environmentalnich vzorki
Uprava vzorku pied analyzou, extrakce tuhych vzorkt (Soxhletiiv extraktor, automatizovana extrakce —
Soxtec, mikrovinna a ultrazvukova extrakce, superkriticka fluidni extrakce), extrakce vodnych vzorki
(kapalinou, plynem, na tuhou fazi), analyza rovnovazné plynné faze.
Cisténi a frakcionace vzorku (kolonova kapalinova chromatografie,gelova permeaéni chromatografie)
4. Techniky analytického stanoveni
Chromatografické techniky, jejich princip, instrumentace, vyuZiti, interpretace dat.
HPLC, GC, vybér kolon, fazi, detektorti, GC-MS
5. Postupy stanoveni vyznamnych polutanti ve sloZkach Zivotniho prostredi
Prioritni polutanty, nove typy sledovanych polutantii, vlastnosti PCBs, PCDDs/Fs, PAHs, pesticidii, fenolt a
chlorfenolt a jejich stanoveni ve vzorcich ovzdusi, vody, ptid, sedimentt, bioty (homogenizace, extrakce,
rozklad kyselinou, odstranéni lipidil a interferentd, frakcionace, zakoncentrovani, GC-ECD, GC-MS, HPLC).
6. Kvalita dat, zaklady QA/QC a GLP
Kalibrace, jeji rozsah a linearita. Citlivost metody, mez detekce a mez stanovitelnosti. Pfesnost, spravnost,
shodnost analytickych dat, reprodukovatelnost a opakovatelnost. VytéZznost metody, referencni a
certifikované materialy, obohacené¢ a slepé vzorky, regulacni diagramy. Mezilaboratorni srovnavaci testy.
Zéklady GLP, validace a verifikace metod, dokumentace, plany, standardni operacni postupy, protokoly,
uchovani dat, akreditace.



Literature:

Reeve R.: Introduction to environmental analysis

Fifield F.W., Haines P.J.: Environmental analytical chemistry
Skoog D.A., Leary J.J.: Principles of instrumental analysis
Hewitt C.N.: Instrumental analysis of pollutants

Keith L.H.: Environmental sampling and analysis

Popl M, Fahnrich J.: Analyticka chemie Zivotniho prostiedi



Persistent Organic Pollutants

Resistent to chemical, biochemical, photochemical degradation
Long life-time in the environment (years)

Physical properties supporting a high degree of mobility in the
environment

Can be bioaccumulated in food chains

Toxic properties at low levels (ng-mg.kg™!) or toxic metabolites

Main groups: technical chemicals, pesticides and industrial by-
products



Sources of pollutants

Point sources

Diffusive sources



Fate of the pollutants in the environment

- Transport

Persistent toxic substances (based on their octanol/water Kow
and octanol/air Koa partitioning coefficients) are often a
subject of the transport in the environment (within or between
compartments), including a long-range transport

- Bioconcentration (bioconcentration factor)
- Bioaccumulation (bioaccumulation factor)

- Biomagnification (between the trophic levels of the foodchain)



Concentration

“Hot spot”

Typical pollution gradient

Dilution

Dispersion

Degradation
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Long-range transport of PTS, e.g. HCB

Because rates of deposition and evaporation are temperature-
dependent, hopping is enhanced by periodic temperature

changes
Temperature gradients in space in combination with *ﬁr%‘ﬂ
3 .T-_:. e
atmospheric mixing will favour gradual transfer from AL

warm to cold regions on both global and regional scales

high latitudes

mid latitudes

“grass-hopping”

low latitudes « _sﬁ &9 .

Frank Wania




Concentration of (DDT) pesticide

(mg kg ")
Lake water 0.02
-
Plankton 5.0
Non-predatory
fish 40-100 (fatty tissue)
Predatory  B0-2500 (fatty tissue)
fish
-
Birds feeding 1600 (fatty tissue)
on fish

Figure 2.5 Illustration of a typical food chain.
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40

Introduction to Environmental Analysi:

Figure 3.2 Natural processes affecting river composition.
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Global monitoring
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Integrated monitoring of PTS

A comparison of the contamination

on the regional and local levels, a trend determination |,



Stockholm Convention
on Persistent Organic Pollutants

UNEP Chemicals/GEF
,,Regionally-Based Assessment
of Persistent Toxic Substances* a global inventory

GEF/UNIDO Project

,,Enabling activities to facilitate early action

in the implementation of the Stockholm Convention
on Persistent Organic Pollutants (POPs Convention)*
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What do we need to evaluate ?

- a source reduction
- an exposure reduction
— of humans

—  Of susceptible biota

- an effects reduction
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Temporal trends
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PBDEs: Anna Palm (Pers. Comm.) PCBs: Breivik et al (2002)
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Global monitoring of PTSs

WHO : Global Environmental Monitoring System, and GEMS/Food
includes some PTSs

WMO : Global Atmospheric Watch where PTSs are measured

UNEP : Global Monitoring Programme for the 12 POPs in the
Stockholm Convention 1s planned
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Global POPs Monitoring Network

UNEP Workshop on Development of a Global Monitoring
Programme to Support the effectivness Evaluation of the
Stockholm Convention

UNEP Chemicals, 24-27/03/2003, Geneva, Switzerland

Ambient air (super stations, passive samplers)

Wildlife (region specific — bivalves, fish, bird eggs and
marine mammals)

Human milk
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Regional approach

Regional Report - Region III - Europe
Final Regional Report was prepared by Regional Team III — Europe
and group of regional experts
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Regional monitoring programmes

UN ECE Convention on Long Range Transboundary Air Pollution —
POPs Protocol - includes the measurements of several PTSs in
the air

EMEP Activities

AMAP collects data on PTS levels in the Arctic region

Marine conventions in Europe (OSPAR, Helsinki, Barcelona and
Bucharest Conventions) collect data from the marine
environment

The Water Framework Directive demands a large amount of new data
to be produced in EU

DG Environments initiative Health and Environment”
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Monitoring

- 1s a long-term consistent observation or measurement of
precisely defined indicators well described 1n the space
and time

- 1s performed in the monitoring network representative for the
region

- consists of the observations and measurements, evaluation of
the current status, changes as well as future perspectives.

Environmental monitoring 1s at the very beginning
of the environmental information chain:
- 1t 1s the basis of environmental data collection,
- environmental reporting and environmental research,

- the basis of understanding of environmental problems and trends.
21



Monitoring programmes should

- be developed 1n accordance with the demands of the current
legislature

- montitor the efficiency of the strategic documents such as
international conventions and protocols or
national measures with respect to the environment

Monitoring outputs

- evaluation of the exposure within systems

- evaluation of the human and ecological risks

- support of decisions

- changes 1n economic practises, legislature, operation and strategies
- determination of efficiency of accepted measures, funding, etc.
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Environmental monitoring is therefore a powerful tool for
-supporting a decision-making

- enforcing policy decisions

- assessing compliance with policy regulations and objectives.

These programmes are essential in 1dentifying
subsequent measures.

The crucial elements in the development of the monitoring
program are the measurement methods and standards.

I[s monitoring only a rutine procedure or it can be used as
a tool for study of environmental processes ?
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Measurements of substances in the environment

Screening - 1s it possible to detect the substance in environmental
samples?

Survey - how big is the problem?

Monitoring - long-term measurements of the temporal trends
and/or

- large scale measurements of the spatial distribution

Modeling - where i1s the substance ?
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Harmonisation of monitoring programs

It 1s important that data from different sources are comparable for
the same parameter

Intercalibration of the analytical laboratories requires significant
efforts

Various approaches of existing monitoring programs represent
currently the major problem (various matrices, frequency,
sampling procedures, etc.)

Local — national — regional — global levels
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Continuous analysis is required to develop a functional
monitoring program for the evaluation of the chemical
contamination of the environment

- problem definition

- survey for determination of the extent of the problem

- development of the optimal analytical procedures

- evaluation of the current status and future development
- human exposures and risk evaluations

- sugestion of applicable measures

- legislation for efficient evaluation

- monitoring for the effectiveness evaluation of the measures
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Specific problems of environmental analysis

- wide range of concentrations and properties of analytes
- limited stability of the matrices and analytes
- non-homogenity of the samples

- application of advanced methods of extraction from
environmental matrices

- monitoring on the levels close to the detection limit
(trace and ultratrace analysis)
- risk of secondary contamination

- costs of instrumentation, chemicals, standards
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General scheme of analytical procedure

- sampling - conservation
- transport
- storage
- sample preparation - extraction

- clean-up, interferent removal
- fractionation
- concentration
- der1vatization
- analytical procedure

- data interpretation
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Sampling
- initial stage - selection of analytes
- selection of sampling sites
- number of samples, sampling frequency
- sampling methods and strategy
- quality assurance - representative samples
- sufficient size
- stability

- optimal data value : cost ratio

29



Quality assurance

- sufficient documentation (number and code of the sample,
sampling site, date and time, site-specific information,
meteorological data, responsible person, sampling methods)

- preservation of the sample quality (inert containers,
immediate transport, proper storage, cooling, freezing,
lyofilization, analysis)
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Air sampling

Air 1s a key medium - responds quickly to sources

Air concentrations fluctuate widely 1n the space and time

Various concentrations in the gas/particulate phases - compromise
over the sample time/volume/technique

Short-term sampling/bulking ?
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Air sampling
- ambient air - permanent gases
- volatile compounds
- particules
- indoor air
- working environment
- emissions

- 1missions

32



Air sampling

Emissions (chimneys,ventilations)
continuously

Ambient air (environmental levels)
sampling point, frequency
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Meteorological parameters are crucial for the air sampling

temperature
atmospheric pressure
relative air humidity

‘9.
L2
6

sun 1rradiation
precipitation
wind velocity
wind direction
precipitation
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Air sampling techniques

- sampling of the volatile compounds using a fixed volume
container (canister, gas-tight syringe)

- absorption of the gas in solution (container with the absorption
liquid, absorption liquid impregnated filter — the volume
calibration 1s a necessity)

- gas sorption on various sorbents (detection tubes with activated
carbon, silica, polymers, denuders — not for the aerosols)

- particule sampling (high volume sampling using the quartz and
polyurethane foam filters, respirable - < Sum- fraction
sampling cascade and cyclone impactors, VAPS universal
sampler)

- passive samplers (PUF, XAD, semipermeable membrane)
35



Gas sampling loop

Figure 6.16 Some examples of the equipment used for gas sampling.
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High volume samplers for active POPs sampling
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Sampling Techniques

e Particles

Gas ~g . R e
»* > T e %
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Glass Fiber Filter GFF Particulate Phase
Polyurethane Foam Filter PUF Gas Phase
ol -

High-Volume sampler
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Active sampling

Active sampling — cost, training, power, supporting meteo data

Establishment of the regional ‘super stations’?

41



Dust aerosols samplers




Filter and support grid %

]—l- Air out
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Figure 7.2 Schematic of a cyclone elutriator.
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Figure 7.3 Schematic showing the operation of a cascade impacior.
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Samplers of PAHs from PM10 fraction




Vzorkovac VAPS - funkéni schéma
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Passive sampling

This technique provides a cheap and powertful tool for
obtaining detailed spatially and temporaly resolved data
and evaluating the trends.

A number of exciting developments have been made in this
field in recent years; the feasibility of passive samplers
has been demonstrated for the local, national and
regional scale monitoring.
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Figure 6,8 Schematic of a typical adsorption tube used for active sampling.
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Time dependence of the analyte concentration in collecting media

0,8 T

0,6 T

Cs

0,2 T

0 20 40 60 80 100 120
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SPMD

Semipermeable membrane device

Polyethylene, low density, thickness 75 — 90 mm, sleeve of 91 cm *
2,5 cm with 1 ml of trioleine
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SPMD for air sampling




XAD-Resin Based Passive Air Sampling System for POPs
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PUF based passive samplers




The advantages of passive air samplers:

& Low cost
& High spatial and temporal sampling resolution
%, No power supply needed

& Easy deployment and little operator training required
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Their disadvantages:

Y

Current techniques are ‘semi-quantitative’, requiring
knowledge of the sampling rate (m? of air sampled/day)

Optimization of the sampling rates requires the assessment
of meteorological parameters (wind speed, temperature)

Sampling is efficient for the gas phase component, but
generally poorer for the particulate phase

Time to gas phase-sampler equilibrium varies between POPs
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Selection of sampling sites

Points to consider:

& Potential source of contamination (local sources, air or water
transport, distance to the urban or industrial facilities)

% Terrain configuration — inversion valley, lowland, hills
% Location of sampling sites

— height (1.5 -2 m — respiratory zone — local sources; 6-10 m —
evaluation of the long-range transport

- vicinity of sampling site — natural or anthropogenic barriers,
hills, trees, buildings — traps for dust, ,,immission shadow*

- surface in the sampling site — grassland is the best; sand,
soil, asphalt or other surfaces are potential sources of
contamination
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Meteorological conditions before and during the sampling
- wet deposition (rain, snow,) — scavenging effects

- wind speed: low — effect of local sources, high — emissions
are dispersed, effect of the long-range transport

- wind direction — important for selection of the sampling
site
- temperature: high — evaporation of highly volatile

compounds from the soils and other surfaces; low — effect of
the local heating systems

- humidity: low — higher amount of dust and particles,
increased sorption of contaminants; high — effect of the
humidity on the sampling etc. process

Other —i.e. nature of dust
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Combined samplers for PAH sampling

passive samplers active sampler




Atmospheric deposition

- wet (delivered by rain and snow, major in the clean
and background sites)

- dry (sedimentation of atmospheric dust particles,
prevailing in urban sites)

Atmospheric deposition sampling
- wet (sampling of rain only, automatic devices)

- dry (deposition in the sampling containers is a function of
the air concentration of particles and the sedimentation
rate)

- sum of the wet and dry deposition (open containers)
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Sampling of wet atmospheric deposition

- Vertical deposition — rain, snow, particles
- Horizontal deposition - aerosol, fog

Horizontal sampling of aerosols is the analogy to the gas phase
sampling

- membrane filters (Sympor)

- flow measurement (rotameter)

- volume measurement (gas meter)
- air pump
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Horizontal sampling of fog and icing
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Fog samplers

Passive Active

|




Samplers for vertical deposition

A) manual samplers




Samplers for vertical deposition

B) automatic samplers (dry or wet deposition)

- Automatic switch of configuration for dry and wet deposition
(sensor for the change of conductivity with the first drop)

- Colection area 0,2 - 1,0 m? (teflon, PE, steel, glass) — a lid is
closed between the sampling events)

- Sampling reservoir of sufficient volume (bottles on carusel),

inert materials, thermostat (4-10°C), sample conservation
(HCl, HNO;, H,SO,, chloroform)

- Simple and robust construction, resistent to extreme
meteorological conditions

65



Samplers for vertical deposition

Colective area Lid

Reservoir of
sample




Closed

Samplers for vertical deposition
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Water pollution - organics

Primary — waste water, deposition, leaching

Natural (humic substances, phenols,..)

Anthropogenic (oil pollution, pesticides, detergents, PCBs)
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Natural ,,pollution*




Industrial waste waters

Spolana Neratovice, 16.08.02
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Agricultural pollution
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| Erosion from
| croplands

| Leaching of fertilizer
applied to crops

Runoff from
1 animal feedlots,
dairy barns, and so on

Eutrophication

URBAN/SUBURBAN

~ RUNOFF -

Erosion from

lawns and gardens

Discharge from
centralized sewage-
treatment plants

Leaching of fertilizer

applied to lawns
and gardens

Use of detergents
containing phosphate

Runoff of pet
droppings

Seepage from
individual
septic systems

soil organisms.

post-mortal organic
humic

Figure 4.1.2 Components of the litho-, bio-, hydro- and atmosphere
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a) atmospheric
b) surface

¢) subsurface
d) groundwater

a) drinking

b) household

¢) technological
d) waste

Types of waters

Purpose
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Equipments and apparatus for surface sampling
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B) Equipments and apparatus for depth sampling (depth samplers)
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Material and construction of samplers and sample bottles

Sampling bottle or transport container is in the contact with the
sample from sampling to treatment

Material has to be resistent to samples and their components
- must not reduce or enrich the content of analyte
- no bactericide effects
- must allow sterilization or conservation
- glass, plastic, stainless steel

Samplers - anticorrosive steel, (Cr, Ni, W, Mo, Al), inert plastics
- mechanicly resistent
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Advantages of integrative samplers

Techniques include:

Fish

Mussels — the international ‘Mussel Watch’ programme for
coastal waters

Passive samplers — e.g. SPMDs
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SPMDs - Semipermeable Membrane Devices

Voda Membrana Triolein Membrana Voda

~NV

L

A\
!
J

o

UL

iy

| = Wi

|

oC ‘ o
P N
g v, |
| R
o® e ||| ¥ 0 I
v Ul @

"'::;} I 20000

/\v

Transportni koridory: <10 A

J. N. Huckins et al., Chemosphere 20(5): 533-552 (1990)
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Semipermeable Membrane Device (SPMD)

(designed by Huckins et al.; U.S. Geological Survey)

Thin film of triolein (“lipid phase”)
encolsed in a lay-flat LDPE membrane.

 applicable for sampling of
more hydrophobic POPs
in water and air

*  mimics uptake of dissolved
contaminants by biota
(estimation of bioaccumulation)
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Membrane-enclosed SPME fibre for passive water sampling

1| ~Coil spring
C j (stainless steel)

= /Membrane

= PDMS-coated
7 SPME fibre

Fluid filling

N\
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bber based samplers

ilicon ru

S
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Mussels cage
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Processing of mussels




Monitoring of fish
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Sampling of sediments and soils

- most difficult matrix for sampling

- heterogenous materials, limited migration

- influenced by biological activity, fertilization, rain

- pilot sampling to gain the first information about the variability
- several samples are mixed to produce the composite sample

- common sampling depth 15-20 cm

(unless 1nterested 1n the soil or sediment profile)
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Soils and sediments

High environmental burdens — important for global balances

Slow response times

Background soils and sediments reflect spatial differences in
cumulative atmospheric deposition/net air-surface exchange

Very heterogeneous - important questions of depth, ecosystem type
etc.

Can show spatial trends, but poor for time trends
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Sediment sampling

Historical data

collection of samples from the bottom depth horizons with the
limited sediment mobility

Actual state:

sampling of the upper horizon (max. 15 cm) of the bottom
sediment

sampling using the sedimentation traps in the profile of the
river

The choice of the sampling method is derived from the
granularity of sediments.
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Granulometric distribution of sediments

Granulometry of sediments [mm]
Stones > 63,00
Rough gravel 63,00 - 20,00
Medium gravel 20,00 - 6,30
Fine gravel 6,30 - 2,00
Rough sand 2,00 - 0,63
Medium sand 0,63 - 0,20
Find sand 0,20 - 0,063
Clay <0,063
Colloid and rough dispersion 104 - 10
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Most important

Sediment fraction with granularity finer than 1 mm is
responsible for majority of sorption processes

Coloid and rough dispersions of endogennous and autigennous
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Probe for sampling of fine compact sediment

91



Sediment sampling

- | \

Piston probe Grab probe
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Grab probe
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Collection of samples from reservoirs

Samples are not collected randomly, but along the transect
across the reservoirs (lake, pond, dam).

Sampling protocol has to include a direction of transect and the
localization of the sampling sites.

Individual samples characterize the thickness of sediment layer
in the selected sampling depth.

A recommended size of the composite sample is approximately
one kilogram of the dry weight (2-3 kg of wet sample).
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Colletion of samples from streams and rivers

One composite sample is collected every 1 000 m over the
length of stream.

Every mixed sample consists of at least 3 individual samples
taken 100 m apart.

Samples are collected in the cross profile of stream.
Sampling sites are described in sampling protocol.

The recommend mass of composite sample is approximately 1
kg of the dry weight (3-5 kg of wet sample).
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Sediment sampling by ,,scraper sampler
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Freezing sampling

— —
N ’\
a
a
a
Freezing
® medium
Disperser of Tube

Frostbitten sediment

media flow probe
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Sediment traps
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Sampling of suspended matter (US Geological
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Sampling by diver

Summer Winter
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rocks and
minerals

(| soil organisms, [
| post-mortal organic |,
~ substances, humic |
: matier 1

Basic soil components

Figure 4.2.2 Soil components

103




Types of soil monitoring

Agricultural, arable soils of various types (field, gardens)
Grasslands

Forest soils

Protected areas

Industrial areas
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Methods of soil sampling

Sampling area:

Arable soils and grassland — 7 - 10 ha (according to soil
conditions and production area) for one sample

Hop-garden — area for the collection of 1 mixed sample — 3 ha
Vineyard - 2 ha

Database — one sample per 1km?; 1 mixed sample is composed
of 30 nicks uniformly cover the ing whole investigated area

Sampling depth:

Arable land - 30 cm

Grasslands - 15 cm with removal of upper turf layer
Hop-garden - 40 cm with removal of upper 10 cm layer
Vineyards — sampling of two layers 0-30 and 30 -60 cm
Intensive orchards - 30 cm.
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Soil sampling

Choice of sampling device is based on the type of analysis
(sampling probe, tube) (mg/kg)

Depth of sampling — based on the goal of monitoring
0-5;5-10 cm ....pesticides applied by spraying, ambient air
0-30; 30— 60 cm ....(based on the depth of root systems)
heavy metals, pesticide residua, xenobiotics, nutrients: N, P, K

Average sample - 30 stabs (nicks)
- lowland - 9,5 ha one sample
- mountains - 6,5 ha

Distribution of stabs should cover regularly whole area (cross the
field)




Soil sampling

01.11 AUGER SET FOR HETEROGENEOUS SOILS




Sampling scheme on the monitoring plot

soil pit 25 m
0 Q0
% ®
o @
9 0
) )
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9 7]
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O O
9 %
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O © Oo
° 2 40 m
@ o
O @]
no. 1 no. 2 no. 3 no. 4
O O o O

individual sampling to get four composite samples
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Homogenisation, sieving, dividing of samples

109



& & E

CEEEEE

& FEE

Basal soil monitoring program - setting the soil characteristics

Unrepeated parameters monitored at establishing the monitoring plot
recording of the identification information of a monitoring plot
soil pit description
analyses of physical parameters (complete analyses of disturbed and undisturbed soil samples)

Parameters monitored in six years period
active and exchangeable soil reaction
contents of available nutrients - P, K, Mg, Ca analysed by several methods
contents of microelements (B, Mo, Mn, Zn, Cu, Fe)
sorption capacity (S, T, V)
organic matter content (Cox )
risk element contents in nitric acid (As, Be, Cd, Co, Cr, Cu, Ni, Pb, V, Zn) and aqua regia (Al,
As, Be, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Mo, Ni, P, Pb, V, Zn) extraction and total Hg
content

Yearly monitored parameters
content of mineral nitrogen
chosen microbiological and biochemical parameters
contents of selected organic pollutants (persistent organochloric pesticides, PCBs, PAHs,
PCDDs/Fs)
contents of risk elements in plants on contaminated plots
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Wildlife

POPs bioaccumulate in animals because of their high
lipid content and their long lifetimes

Some POPs bioconcentrate up food chains
Choice of species/matrix?

Species range and ecosystem differences
High variability in biological systems

Birds eggs; marine mammals
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Human foodstuff

Link between ‘environment’ and ‘exposure’
Many countries already have food sampling programmes

Agricultural animals — wide distribution & ‘control’ - milk, eggs
v high concentrations
v' clear AIR — GRASS — COW - FOOD link
v’ easily homogenised, pooled to represent a large area

\/

** BUT, also affected by husbandry practices

EU milk monitoring, for source and exposure reduction
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Link between ‘environment’ and ‘exposure’

METABOLISM
A

—\

ADVECTION
U ( ( HUMAN
AIR f r\\ FOODSTUFFS
SOIL HERBAGE FAECES

( > PARTITIONING/BULK MOVEMENT

| > BULK MOVEMENT

--------- » CHEMICAL TRANSFORMATION
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Human tissues

Humans - truly global distribution, which allows complete
spatial mapping of POPs in the global environment.

Direct, integrated measurements of exposure — is the source and
exposure reduction working ?

Blood — variable but easy to sample; existing programmes ?

Milk — babies are a key sub-group; better integrator?
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Uprava vzorku pred extrakci

- suseni volné na vzduchu nebo lyofilizaci

- presiti pfes sito s oky 2 mm (odstranéni hrubého pisku)
(jil je < 2um)

- mleti nebo rozetreni v misce

- subvzorkovani pro zachovani homogenity

- uchovavani v uzavrenych prachovnicich

- chranit pred svétlem a teplem
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Odbéry sedimentti a odpadnich kalu

- vzorky s vysokym obsahem vody, nehomogenni,
vyzaduji zvlastni upravu

- odebira se nékolik vzorku a promicha se

- podle hloubky odbéru se da usuzovat na stari
kontaminace

- pouzivaji se drapakove vzorkovace a bagry pro
vzorkovani bez vertikalni struktury

- tyCoveé vzorkovace pro vzorkovani profilu
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Uprava vzorku pred extrakci
- odstranéni kamenu a vody (dekantaci)
- suseni volné na vzduchu nebo lyofilizaci
- rozemleti a separace frakce vhodné zrnitosti (<63um)
- subvzorkovani pro zachovani homogenity
- uchovavani v uzavrenych prachovnicich
- chranit pred svétlem a teplem
- je mozné uchovavat zmrazeny a extrahovat vihky

- pro odstranéni siry se pridava praskova med
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Odbér biotickych vzorku

- fléra - sbér, trhani nadzemnich ¢asti aspon 3cm nad zemi

- fauna - pasti, sité, lov, vyhrabavani

Vzorky jsou nestabilni, biologicky aktivni, s Casem meni
sveé slozeni. Chranime je pred vySsi teplotou a svéetlem,
skladujeme ve vzduchotésne uzavienych kontejnerech,
Zpracujeme co nejdrive.
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Uprava vzorku pred extrakci

Rostlinné vzorky - ususime (nejlépe lyofilizaci)
- rozetreme v treci misce, rozmixujeme

- homogenizujeme

Zivodidné vzorky - lyofilizujeme
- rozmixujeme, homogenizujeme
- Ize extrahovat bez suseni,

s pridavkem siranu sodného
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SPMD - Semipermeable membrane device
- selektivni vzorkovaé organickych polutantu
- dialyzni vak nebo membrana, lipidicka napln
- zaloZzeno na pruniku latek polopropustnou membranou
- jde o integrativni pasivni vzorkovac
- selektivni pro lipofilni slouceniny
- vzorkuje pouze biodostupnou frakci
- odhad distribuce mezi vodou a vzorkovacem: Kow
- pro vzorkovani vody, vzduchu, pud, kalu
- nevyhoda: vztah mezi celkovym a biodostupnym

mnozstvim polutantd 120



Techniky pripravy environmentalniho vzorku

Cilem je pfenos analytu do jiné chemické faze vhodné k
analyze, odstranéni interferentl a zakoncentrovani.

Hlavni techniky:

- extrakce rozpoustédlem ( Soxhlet, Soxtec, mikrovinna a
ultrazvukova extrakce, superkriticka fluidni extrakce)

- extrakce a mikroextrakce na pevnou fazi (SPE, SPME)

- separace na semipermeabilni membrane

- analyza rovnovazné plynné faze (head space)

- kolonova kapalinova chromatografie

- gelova permeacni chromatografie
121



EXTRACTION
Air-<dry and 250 g of sampes
Add "'C standands
Extract with hemre'scebons
Waler wash
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Priprava vzorku ovzdusi

- filtry z odbérovych zafizeni jsou extrahovany organickym
rozpoustédlem (Soxhlet, Soxtec, ultrazvukova,
mikrovinna, superkriticka extrakce)

- Cisténi vzorku zahrnuje odstranéni interferujicich latek,
které se extrahuji spolu s analytem (napf. rozkladem
kyselinou sirovou)

- frakcionace jednotlivych analytu sloupcovou kapalinovou
chromatografii (silikagel, modifikovany silikagel, florisil)

- zakoncentrovani
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Extraction thimble
containing sample

Heating manﬂe/ \

Figure 5.1 Schematic of a Soxhlet extraction system.

Extraction solvent
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Priprava vzorku vod
- pri vysoke koncentraci a Cistoté je mozna
prima analyza
- extrakce - plynem (staticky head space)
- plynem se zakoncentrovanim na sorbentu
(dynamicky head space, purge and trap)
- kapalinou (rovnovazna distribuce)
- na tuhou fazi (SPE, SPME)
kliCovy je vybér extrakCniho sorbentu

a elucniho rozpoustedla
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Figure 4.1 Summary of extraction methods: (a) solvent extraction; (b) solid-phase
extraction — cartridge; (c) solid-phase extraction - disc; (d) head-space analysis; (e) purge
and trap; (f) solid-phase microextraction — direct; (g) solid-phase microextraction — head-
space.
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Adsorbent

Vacuum ——

Figure 4.2 Solid-phase extraction with large sample volumes.
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Priprava vzorku pud a sedimentl

- extrakce organickym rozpoustédlem (Soxhlet, Soxtec,
ultrazvukova, mikrovinna, superkriticka extrakce)

- u sedimentu je nezbytné odstranéni siry praskovou
medi

- Cisténi vzorku (napf. rozkladem kyselinou sirovou)

- frakcionace analytu sloupcovou kapalinovou
chromatografii (silikagel, modifikovany silikagel, florisil)

- zakoncentrovani

128



Priprava biotickych vzorku

- extrakce organickym rozpoustédlem (Soxhlet, Soxtec,
ultrazvukova, mikrovinna, superkriticka extrakce)

- Cisténi vzorku (napf. rozkladem kyselinou sirovou)

- odstranéni vysikomolekularnich latek (lipidd) pomoci
gelové permeacni chromatografie

- frakcionace analytu sloupcovou kapalinovou
chromatografii (silikagel, modifikovany silikagel, florisil)

- zakoncentrovani
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Nejcastéjsi techniky stanoveni organickych latek

v environmentalnich vzorcich jsou chromatografické:

- GC

- HPLC

- CE

- GC-MS, LC-MS
- HRGC

130



Chromatografie

je fyzikalni metoda separace, pfi které jsou separovane
slou€eniny distribuovany mezi dvéma fazemi, z nichz
jedna je stacionarni a druha mobilni.

Chromatograficky proces probiha diky opakované sorpci
a desorpci sloucenin ve vzorku béhem kontaktu se
stacionarni fazi.

Separace sloucenin je zpusobena rozdilnosti
distribucnich konstant jednotlivych sloucenin v daném
separacnim systému.

Vysledkem tohoto procesu je rozdilna migrace
chromatografovanych sloucenin.
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Chromatogram

je grafickou prezentaci odezvy detektoru na koncentraci
analytu ve vzorku, slouzi pro kvalitativni i kvantitativni
hodnoceni.

Zakladnim kvalitativnim udajem je retence (retencni ¢as),
zavisi na chromatografované latce a chromatografickém
systému, dava zakladni informaci o slozeni smési.

Pro identifikaci piku je tfeba dalSi informace, napf.
chromatografické standardy sledovanych latek.

Pro kvantitativni stanoveni se provadi odecCet vysky nebo
plochy piku, je tfeba kalibrace systému.

Kvalita systemu se hodnoti mirou separace a ucinnosti
kolony.
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Klasifikace chromatografickych technik podile:

- skupenstvi mobilni faze (GC, LC)

- tvaru chromatografického loze (ploSné, kolonové)

- polarity chromatografického systemu (normaini, reverzni)

- zmény experimentalnich podminek (izokraticke, gradient)

- separacniho déje (adsorpcni, rozdélovaci, iontoménicova,
gelova, afinitni)

- pouziti (analyticka, preparativni)
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Plynova chromatografie
- mobilni fazi je plyn (inertni a dostatecné Cisty, napr. He)
- stacionarni fazi je adsorbent s velkym povrchem nebo
kapalina zakotvena na povrchu inertniho nosice
- chromatograficky d€j probiha na koloné
(kolony napliové a kapilarni, rtzného pruméru)
- napliové - modifikovana stacionarni faze
- kapilarni kolony - uprava vnitrniho povrchu kfremenneée
kapilary, deaktivace, chemicka modifikace, smoceni,

Imobilizace, sitovani
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Instrumentace

- zdroj nosného plynu (tlakove lahve, filtry)
- pneumaticky systém (regulatory tlaku a prutoku)
- injektor (split, splitless, vyhfivani)
- termostat kolony (gradientové programovani teploty)
- detektory - univerzalni a selektivni
- destruktivni a nedestruktivni

- koncentracéni a hmotoveé
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Figure 4.4 Major components of a gas chromatograph.

136



LT Ea e ] BRI RATRY Wil v

T
— 0 S O AT
AT PG T GRARE INELAT
rifuOm GRAL
b
LD
A CEO D ———=
sLEiER
——— tin Ll
b Camnag

s

Gmakyva T -
LI 3

_./m
PUT PO —

i
i
%4:

Py

¥

PR (OTTED WwaalN SPUTLE SRS
INEEAT 1E ST ALLEDE

e BTRILEEE SIENL FEMSLLL

WEUT T AL T

Conl N DWh

AEVINERD wEEFUL FLRmLLE

Cross-sectional view of a split-splitless injection

assembly. (Reproduced with permission from Varian Assoclates)-

137
Schema Split/ splitless injektor



Typy GC detektoru

- plamenovy ionizacni FID (hofici plaminek, elektrody)

- selektivni na dusik a fosfor NPD (alkalicky kov)

- elektronového zachytu ECD (radioaktivni izotop, kolize)
- tepelné vodivostni TCD, katarometr (zhavené vlakno)

- plamenovy fotometricky FPD

- atomovy emisni AED

- fotoionizacni PID

- elektricky vodivostni ELCD
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Plamenovy lonizacni detektor
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Termoionizaéni detektor (TID, AFID, detektor s alkalickym kovem)

-
Vent
t
_— Collector
Electrode
Rubidium —
Source
_—1—Flame Jet
/]
Br —=
?‘—‘H]‘dIDQEH
}
Column
Effluent

Thermionic ionization detector (Perkin-Elmer).
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Detektor zachytu elektroni - koaxialni a asymetrické usporadani

-——EXIT TUBE

~—RADIOACTIVE
FOIL

GAS FLOW

B
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Schematic diagram of the coaxial cylinder, A, and the
asymmetric (displaced coaxial cylinder), B, design.
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Spojeni GC s jinymi technikami

- GC-MS

- GC-AED

- GC-FTIR

- vicerozmerna chromatografie (GC-GC)

- vicemodalni chromatografie (GC-LC)
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Kapalinova chromatografie

- mobilni fazi je kapalina, ¢asto smés ruznych rozpoustédel

- stacionarni fazi je sorbent (nejCastéji chemicky
modifikovany silikagel, alumina, polymer, uhlik)

- chromatograficky d€j probiha na kolonée

- normalni a reverzni usporadani

- eluce izokraticka nebo gradientova

- zmena teploty, tlaku, slozeni mobilni faze

144



Instrumentace

- filtrace a odplynéni mobilni faze

- Cerpadla mobilni faze (regulatory tlaku a prutoku)
- automatické davkovace a injektory

- termostat kolony

- detektory
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Typy detektor

- fotometrické (méri se absorbance,UV, DAD)

- luminiscencni (emise svétla pri prechodu molekuly z
excitovaného do zakladniho stavu, fluorescence a
fosforescence)

- elektrochemické (konduktometrické, amperometricke,
coulometricke)

- refraktometricke

- hmotnostne spektrometrické
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Aplikace kapalinové chromatografie

- podle pouziti - analyticka

- preparativni
- podle faze - normalni

- reverzni

- podle interakci - adsorpcni

- iontové vyménna (ionexy)

- exkluzni (GPC- separace molekul na

zaklade jejich velikosti a tvaru)
- spojeni s dalsimi technikami - LC-MS
- LC- NMR
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DalSi separacni techniky

- superkriticka fluidni chromatografie

- kapilarni elektroforéza
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Zaklady hmotnostni spektrometrie

- MS a NMR jsou dvé rozhodujici techniky ve strukturni
analyze

- MS ma vyhodu jednoduchého spojeni se separacnimi
technikami

- MS je destruktivni technika, molekuly jsou ionizovany
odtrzenim elektronu (nevratny proces), vznikly
molekularni ion ma hmotnost m a naboj z (méfime
pomeér m/z), je nestabilni a dale fragmentuje

- ve spekru sledujeme molekularni ion i fragmenty
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Princip metody

- separace ionizovanych moleku analyzovane latky a
jejich fragmentu podle velikosti poméru m/z (podle
hmotnosti)

- identifikace na zakladé distribuce hmotnosti
molekulového ionu a vzniklych fragmentu

- techniky - scan

- SIM
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Instrumentace hmotnostni spektrometrie
- iontovy zdroj - pro ionizaci narazem elektronu (tvrda)
- zachytem elektronu (negativni ion)
- chemicka ionizace (ionizuje se ionizacni
medium, napf. methan, mekka technika)
- FAB, API, FI, FD atd.
- analyzator - kvadrupolovy
- iontova past (trojrozmérny hyperbolicky Q)
- jednoducha nebo vicenasobna fokusace
- elektrické nebo magnetické pole
- detektor - elektronovy nasobic

- fotonasobié 153
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Figure 8.4 Examples of bench-top mass spectrometric  detectors:  (a) quadrup
(b) ion trap. .
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Kvadrupdlovy analyzator (Q)

@ 2000 PALL GATES
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Figure 8.3 Schematic of a high-resolution mass spectrometer.
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Spojeni MS se separac¢nimi technikami

- GC muze byt pfipojena pfimo,
kapilarni kolona je vedena do iontoveho zdroje

- u LC a CE je tfeba odstranit nadbytek mobilni faze,
HPLC a MS musi byt spojeno pres interface:
- particle beam (PB,tryskovy separator tézSich molekul)
- thermospray (TSl ionizace pfi vyparfovani ionu,mékka)
- electrospray (ESI,)

- APCI (ionty z mobilni faze pusobi jako reakeni plyn)
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Interpretace hmotnostnich spekter

Hmotnostni spektra zobrazuji hmotnost molekuly a jejich
fragmentu, obvykle jsou normalizovana na nejvétsi pik ve
spektru (base peak). NejbézngjSim typem jsou EIl spektra
(vznikla ionizaci narazem elektronu pfi 70 eV).Existuji
knihovny hmotnostnich spekter (Willey, NBS75).

Postup:

- zjiSténi molekularniho iontu (ClI, snizeni napéti El)
- dusikove pravidlo

- izotopicky efekt

- elementarni slozeni

- pocet kruhu a dvojnych vazeb

- fragmentacni pravidla 159
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Skupiny prioritnich polutantit US EPA

Halogenované methany (C), Br, F):

chiormerhan. dichlormethan, rihofomethany (THM), tetrachlormethan, freony
Chlorované ethany, propany a propeny, vinplchlorid
Dafii chlorované ublovodiky:

hexq. hlorbutodion Sozacbloretlonemiadion D aklarnaftalen

Aromatické sloufeniny (BTEX): benzen, ioluen, ethylbenzen, xyleny
Chlorované benzeny:
chlorbenzen, dicklorbenzeny, [ 2 J-irichlorbenzen. hexachiorbenzen
Fenoly a chlorované fenoly:
fenol, 2-chlorfenol, p-chlor-m-kresul, 2,4 6-trichlurfenol, pentachiorfenol (PCF)

Nitrované arom:ity:

nitrobenzen, dinitrotolueny, nitrofenciy. 4,6-dinitro-o-kresol (DNOC)
Halogenavané étery, Chioroalkyl étery
Benzidin, Nitrosaminy, [sophoron

Estery kyseliny fialove;
dimethyl fiaiat, diethyl flaldr, diburyl flalit, bis(2- ethylhexyl) fralde, diokey! fralat,
buiyl benzyl ftaldt

Polycyklické aromatické uhlovodiky (PAH):
nuftalen, acenaftylen, acenafien, fluvren, fenanitiren, aniracen, fluoranien pyren,

benzfa)aniracen, chrysen, benzofb)fluoranten, benzafk)fluoranten, benzofa)pyren

iadeno(l, 2. 3-¢ d)pyren, dibenzia hjaniracen, benzofg hijperylen

Organochiorové pesticidy a jejich metabolity (Cl-pest):
DDT. Hexachiorcyklohexany (Lindar), Aldrin, Digldrin, Endrin. Endosulfun,
Heptachlor, Chiordan, Toxajen

Palychlorované bifenyly (PUCB):
PCR-1242, PCB-1234, PCB-122], PCB-1232 PCB-1248 PCB-f260), PCB-1016

Dioxiny (PCDDs/Fs): 2 3,7 S-tetrachiors dibenzo-p-dioxin

Azbesi

Téiké kovy:
antimon arsen, bervlium, kadmivm, chrom, méif, slovo, rrut) mikl, selen, siFibra,
tralium, zinek
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Vybér sledovanych polutanti
16 priorituich PAHs podle US EPA

1. Naphthtalene 12¢ 0:) it e i Bmﬂ:}uﬂm 28 - ]

- * ; < 5 o ' ) 1
2. Acenaphthylene 152 & 10. Chrysene . 2R O\, LFD e ]I
3. Acenaphthene 154 & II,B:un(h}ﬁ.tmnnmm 228 :

4. Fluorene 166 020 I" Beszoik)flucanthens 252 Gﬁ) .
S. Phenanthrene 178 C‘):S) 13. Benzo{a)pyrene 52 g f i

6. Anthracene 178 (I:C’ 14. n.bgnm(;_hhm‘rm (5:(:(]

7. Fluoranthene 20 (I% . 15.Benzo(g h. :]pcrylcn: 276
8. Pyrene 20. (@ 16.Indeno( 1.2 3-cd)pyrene 276 (%:) |
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Stanoveni PAHs
- extrakce rozpoustédlem (dichlormethan, chloroform,
hexan-ether) napr. v Soxhletové extraktoru
- vytéznost metody je treba sledovat
- nebezpeci kontaminace ze skla,solventu, sorbentu,
- frakcionace kolonovou chromatografii na silikagelu
(oddéleni od vice a méneé polarnich), eluce hexan-DCM
- GPC pro biotu (oddéleni vysokomolekularnich latek)
- zakoncentrovani,u tekavych pozor na ztraty odparenim
- stanoveni pomoci GC-MS (SIM) nebo HPLC

(fluorescencni detekce) 164



[UPAC numbering and substitution pattern of PCB congeners

MNo. Structure No.  Structure No. Structure ' Mo. Structure
Monochlorebiphenyls Tetrachlerobiphenyls Pentachlorobiphenyls Hexachlorabiphenyls

12 52 2,258 15 2,3,34,4 161 2,334,516

23 53 2,25,6' 106 2,3,34.,5 162 2,334,585

1 4 54 2,266 107 2,3,3,4:3 163 2,3,3.4,5.6

. q $5 2,334 108 2.3,3.45 164 2,3,3/4,5.6
Dichlorobiphenyls 56 23304 109 2,3,34,6 165 2.3.35.56

4 Y 37 2,335 110 2,3,3:4.6 166 2,314,456

i 2.3 58 2.3.3.% 111 2,3,3.5.5 167 2,3:4 4.5 5°

6 1% 50 2,336 117 2,3,3/5,6 168 2,3.4,4,56

7 24 60 2,344 113 2,3,3,5.6 16% 3,314,455

8 2,4 6l 2,3,4,5 114 2,3,4,4)5 "

9 15 62 1:3,-!,6 115 234456 Heptachlorobiphenyls
02,6 63 2,345 116 23,456 170 2,2:3,3,4,4]5
o33 64 2,3,4] 117 23,456 171 2,23,34,416
i2 3.4 65 2,356 118 2,3:4,45 172 2,2,3,3;4,5,%
i3 34 66 2344 119 2,3144.6 173 2,213,3,4,5.6
14 35 67 2,34,5 120 2,3,4,5,5 174 2,2.3,3:4,5,6°
15 44 68 2,345 121 2,3:4,56 175 2,2)3,34.56

: ] 69 2,34,6 122 23,3145 i76 2,2/3,34,6,6"
Inchlorobiphenyls 55’5y 121 23,445 177 223304156
16 2,23 71 2,346 124 2:3,4,5,5 178 2,2:3,3.5.56

17 2,2i4 722,358 125 213,4,5,6' 179 2,2/3,3,5,6,6°
18 2,2;5 73 2,356 126 3,3:4,4)5 180 2,213.4.4,5,5
19 2,26 74 2,445 12T 3,314,5,5 181 2,2/3,4,4!5.6
20 23,3 75 2,446 : 182 2,2:3,4,4!5,6
22,34 76 213.4.5 Hexachlorobiphenyls  ygy 53134 4:516
2 134 77 3,344 128 2,2:3,3.4,4' 184 2,273.4.4.6,6"

23 2,35 78 3,34,5 129 2,2:3,3:4,% 185 2,2.3,4,55.6
24 236 79 3,345 130 2,2:3,3:4,5° 186 2,2.3,4,5,6,6°
25 2,34 80 3,358 131 2,2!3,304,6 187 2,2{3,4/5,5:6
6 2,35 Bl 3,445 132 2,2:.3,3.4,6' 188 2,2;3,4,5,6,6
27 2,36 . 133 2,2,3,3)5,5 189 2,334,455
28 244 Pentachlorobiphenyls 3, 3373'y:5s 190 2,3.314,4.5.6
29 245 82 2,2.334 135 2,213,3.56' 191 2,3,3,4,4.5.6
30 24,6 831 2,213,325 . 136 2,2'3,3'6,6' 192 2,3,3:4,5.56
31 245 84 223,30 137 2,2,3,4,4,5 193 2,3,3.4[5,5:6
32 2,46 85 2,2:3,4.4 138 2,23,4,4'5 .
3 23,4 86 2,234, 139 2,213,4.46 Octachlocobiphenyls
34 2035 87 2,2{3.4.5 140 2,234,456 194 2,2,3,304,4.5,5°
35 31,34 88 2.,2:1.4.6 141 2,213,455 195 2,2,3,34,4.5,6
36 3,35 89 2,2:3.4.6 142 2,2!3,4,5,6 196 2,203,304,4.5.6'
37 344 90 2,203,458 143 2,213,4,5.6' 197 2,273,34,4.6,6°
I8 34,5 91 2,223,406 144 2,234,586 198 2,213,3/4,556
39 345 92 22355 145 2,2,3,4,6,6 199 2,2:3,3/4,5,6,6°
i . 93 2,2:3.5,6 146 2,2:3,45.5% 200 2,2,3,3,4,5.6,6
Tetrachlorobiphenyls 94 220356 147 2,2'3.4'5.6 201 2,2:3,304,5.58"
40 2.2:3) 95 2,2)3.56 148 2,2)3,4)5,6' 202 2,23,3.5,5.6,6°
41 2,234 96 2,2/3,6,6' 149 2,2:3,4:56 203 2,2.3,4,4i5,5:6
42 2,234 97 2,2;34.5 150 2,2;3,‘:6,6’ 204 2,2:3,4.4.56,6
43 2,235 98 2,2:3.4.6 151 2,2,3,5.5.6 205 2,3,3,4,4)5,5,6
a4 22,35 99 2,214,415 152 2,2,3,5,6,6° Nonachlorobiphenyls
45 22036 00 2,204,4!6 153 2,2:4,48,5' BAULELNISLTILAY
46 2,236 101 2.2:4.5.5 154 2,2:4,4:5.6' 206 2,2.3,3:4,4:5.5:6
47 2,244 102 2,2:4.5.6' 155 2,2,4,4.6,6° 207 2,213,3/4,4.5,6.6
48 2,2:4,5 103 2,2.4.5.6 156 2,3,3.4,4!5 208 2,2.3,3/4,5,5.6.6" 165
49 2,245 104 2,2:4,6,6° 15T 2,3,344,5 .
50 2,2/4,6 158 2.3.314.46 Deeach piipeny
51 224,68 159 23,3455 209 2,203,3/4,4'5,56.6°
160 2,3,3)4,5,6



Stanoveni PCBs
- extrakce rozpoustédlem v Soxhletové extraktoru
- nebezpeci kontaminace ze skla,solventu, sorbentu,
vse je treba predem Cistit, véetné odbérovych médii
- frakcionace kolonovou chromatografii na modifikovaném
silikagelu (kyselina sirova), spolu s pesticidy
- koplanarni PCB separujeme na kolonce s aktivhim uhlim
- GPC pro biotu (oddéleni vysokomolekularnich latek)
- zakoncentrovani
- stanoveni pomoci GC-ECD, GC-MS (SIM)
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Organochlorové pesticidy
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Stanoveni organochlorovych pesticidu
- extrakce rozpoustédlem podle typu matrice (Soxhlet)
- nebezpeci kontaminace ze skla,solventu, sorbentu
- frakcionace kolonovou chromatografii na silikagelu
modifikovaném kyselinou sirovou
- driny a endosulfany se snadno rozkladaji, je nutna
frakcionace na florisilu, hexan-ether(dichlormethan)
- GPC pro oddeleni vysokomolekularnich latek
- zakoncentrovani

- stanoveni pomoci GC-ECD, GC-MS (SIM, MS-MS)
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33.7.9-1¢C00

| oswami Te™N0s

| 1,2.34,7-PeCDD

ostani FeCDDs

C1234.78-HxCDD | 60 | e 0.03 123478 HxCDF | 01 | a1 001
1L2.3.678-HxCDD | 01 | 04 0,03 123,678-HCOF | 0,1 | 01 8.01
1,2,3,739-HxCDD 0,1 0.1 0,03 1,2,3,7,8 5-HxCDF [iN] [IN] 4,01

" ostami HxCDDs | 0 0 2 ostatal HxCDFs o |oL | o0oo0

1.2 l,,l-_ﬁ-,?_.!-HpL"DD 0,01 o.m 0 1,2.3,4,6,7.8-HpCDF| 4.1 am 0,001

" ostatni HpCDDs 9 9 o osteti HpCDFs 0 0- ]
0cCDDs 0,001 | 0,001 0 OcCDFs 3001 | 0.00] o
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Stanoveni PCDDs a PCDFs
- extrakce rozpoustédlem podle typu matrice (Soxhlet)
- extrakce tuku perkolaci (s bezvodym siranem sodnym)
- zmydelnéni biologickych vzorku alkalickou hydrolyzou
s KOH a nasledna extrakce hexanem
- Cisténi vzorku na kombinované koloné (silikagel
modifikovany postupné kyselinou sirovou, NaOH,
dusiCnanem stribrnym
- frakcionace kolonovou chromatografii (florisil, alumina)
- selektivni separace planarnich sloucenin na aktivnim uhli
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Koncova analyza PCDDs/Fs

- vyhradné HRGC-HRMS
- kapilarni kolony 50-60m (DB-5, DB-17, DB-DIOXIN)
- elektronova ionizace, negativni chemicka ionizace

- technika sledovani vybranych iontt SIM
- technika MS-MS u iontové pasti GC-MS
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Zaklady GLP a QA/QC

- vysledky analyz mohou mit znacné spolecenskeé
dusledky, ovliviiovat zavazna rozhodnuti

- mohou vznikat pochybnosti o vérohodnosti udaju

- pozadavky na kontrolu kvality (validace a verifikace
metod, kalibrace, analyza slepych a terénnich vzorku,
duplicitni a obohacené vzorky, referencni materialy,
regulacni diagramy, ucast v mezilaboratornich
testech)

- akreditace a certifikace laboratori, respektovani GLP

(predepsana dokumentace, dodrzovani pravidel)
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QA/QC

Zabezpeceni jakosti (Quality assurance) je preventivni
cinnost (udrzba, kalibrace, skoleni personalu)

Rizeni jakosti (Quality control) je kontrolni &innost
- interni (slepé a obohacené vzorky, CRM)
- externi (mezilaboratorni srovnavani a testy

zpusobilosti)
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Systém jakosti v laboratori pro GC

Zakladni udrzba mériciho zarizeni se provadi dle planu udrzby
Zakladni kalibracni kfivka je tvorena nejméne péti koncentracnimi
urovnemi

Pri zmene kalibracniho roztoku se sleduje metrologicka navaznost
Kvantifikujeme pouze pro oblast linearni odezvy

Kazdy 10. vzorek je kalibracni standard

Kontrola Cistoty skla a chemikalii

S kazdou sérii se v laboratofi analyzuje slepy vzorek

Obsah analytu ve slepém vzorku nesmi prekrocCit 1/20 obsahu analytu
ve vzorku

Pouziva se referencni vzorek pro zjisténi vytéznosti metody
Vytéznost metody nesmi klesnout pod 50 %

Enormné kontaminované vzorky se redi tak, aby hodnota odezvy byla
priblizné v %z kalibracni kfivky

Pozitivni vzorky se konfirmuji pomoci GC/MS

Vedeme regulacni diagramy

MPZ a vyména vzorku s dalSimi pracovisti

Data v elektronické podobé se pravidelné archivuji
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Kalibrace zavadi vztah mezi hodnotami udavanymi
meéricim systémem a hodnotami odpovidajicimi obsahu
analytu ve vzorku

Mez detekce — nejmensSi mnozstvi analytu ve vzorku,
které muze byt detekovano

Mez stanovitelnosti - nejmensi mnozstvi analytu kterée
muze byt stanoveno s pfijatelnym stupném spravnosti a
shodnosti (napf. pro chromatografii z pomeéru signal:Sum
mez detekce 3:1, mez stanovitelnosti 10:1)

Citlivost — velikost narustu zavisle proménné vyvolana
narustem koncentrace analytu

Linearita — vlastnost metody poskytnout vysledek zkousky
v urcCitém rozsahu primo umeérné koncentraci
Selektivita — stupen nezavislosti na interferencich
Specifichost — vlastnost metody umoznit zjistit analyt v

pritomnosti jinych slozek L



Referencni material - latka o dostateCne urCené vlastnosti
tak, aby mohla byt pouzita pro kalibraci

Certifikovany referencni material - referencni material
vybaveny certifikatem

Prijata referencni hodnota — odsouhlasena referencni
hodnota pro porovnani

Vytéznost — podil stanoveneho mnozstvi analytu na jeho
celkovem mnozstvi ve vzorku

Presnost ( accuracy ) je tesnost shody mezi vysledkem
meéreni a prijatou referencni hodnotou

Spravnost ( trueness ) tésnost shody mezi prumeérnou
hodnotou a prijatou referencni hodnotou

Shodnost ( precision ) tésnost shody mezi navzajem
nezavislymi vysledky ziskanymi za definovanych

podminek
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Robustnost — vliv zmen matrice na vysledek analytické
zkousky

Opakovatelnost — nezavislé vysledky ziskaneé za stejnych
podminek

Strednédoba opakovatelnost — regulacni diagramy
Reprodukovatelnost — shodnost mezi laboratoremi napfr. z
MPZ

Vychyleni, odchylka, bias — rozdil mezi stfedni hodnotou
zkousek a pfrijatou referencni hodnotou

Systematicka chyba vysledku se méni predvidatelnym
zpusobem

Nahodna chyba vysledku se meni nepredvidatelné
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Pozadavky GLP na dokumentaci
Vzorkovani
Laborator musi mit:
- plan odbéru vzorku

- standardni pracovni postup pro odbér vzorku
- dokumentace odbéru vzorku
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Plan vzorkovani
Konkrétni zpusob jednotlivych €innosti vedouci k odbéru
reprezentativnino vzorku (vzorek by mél v dobé zkousek
vykazovat stejne vlastnosti jako cely vzorkovany objekt v
casovem intervalu odbéru vzorku )
Struktura planu vzorkovani
Cil vzorkovani
Definice mista odbérl, poznatky z mistniho Setreni
Rozsah ukazateld a koncentraénich hladin
Pozadovany rozsah analyz, technika vzorkovani
Volba poctu, doby a Cetnosti odbéru vzorku
Zabezpeceni jakosti vzorkovani
Volba analytickych metod
Ochrana zdravi a zasady bezpecnosti

Pozadavky na formu a zpusob predavani vysledku
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Standardni pracovni postup

Pisemny navod detailné popisujici provadéni odbéru vzork
Definuje pouzité vzorkovnice, zpusob odbéru vzorku, jeho konzervaci
a homogenizaci

Definuje podminky prepravy vzorku

Struktura standardniho pracovniho postupu

Uvod

Vymezeni pusobnosti

Oblast pouziti

Definice pojmu, symboll a zkratek

Princip postupu

Bezpec€nost prace

Pristroje a vybaveni

Pracovni postup

Kontrola funkce pfistroju

Vnitrni kontrola a rizeni jakosti

Cetnost kontrol
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Titulni list SOP

Nazev metody

Cislo metody
Rizeny/nefizeny vytisk
Vypracoval
Kontroloval

Schvalil

Rozdelovnik

Datum platnosti
Zmeny
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SOP - standardni operacni postup
1.Uvod (vSeobecné udaje, oblast pouziti, princip metody,
terminologie, rusivé vlivy, omezeni metody,

bezpecnost pfi praci,toxikologické udaje, odpady
a jejich likvidace)

2.Normativni odkazy

3.Chemikalie a spotfebni material (roztoky, Cinidla,
pozadavky na jejich Cistotu, pfiprava roztokd,
pfiprava a uchovavani referencnich materiald,
pozadavky na laboratorni sklo

4 .\/zorkovani (odbéry vzorkl, zasady odbéru,
plan odbéru, podminky transportu vzorku do
laboratofe, konzervace vzorkU, pfiprava k analyze

5.Pristroje a pomocna zarizeni (priprava pristroje k
meéreni, pozadavky na metrologickou navaznost,

kalibraéni standard, regulaéni standard, CRM) .



6. Kalibrace

/. Postup zkousky — analytické schema

8. Kontrola kvality metody (interni kontrola- CRM,
regulacni diagramy, externi kontrola — MPZ,
nejistota stanoveni, validacni protokol
(vétSinou pfiloha SOP )

9. Vypocet (vyhodnoceni dat, vyjadfovani vysledku)

10. Poznamky, doplnky, prilohy ....
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Mokra - pudy 2002 -4

Koncentrace ng/g

vyhodnoceno: 25.4.2003

Cislo vzorky toluen 02-753 02-752 02-740 02-741 02-742 02-743 02-744 02-745 02-746 02-747 02-748 02-749 02-750 02-751
Lokalita GC blank | Lab. blank RM 454 Cihalky 332 Velka Velkd | Prostfed | 420Vel | Chlumek | Chlumek = Hordk |Nové pole jizni CVM LOQ
Hosten Vodojem  Bata1l Bata2 kopec Bata 1 2 mysl.
Cislo zadavi 303s 304S 3058 306S 307S 308S 3098 310S 311S 3128 3138 314S
Datum odb¢ 14.11.02  14.11.02  14.11.02  14.11.02  14.11.02  14.11.02 | 14.11.02  14.11.02  14.11.02  14.11.02 | 14.11.02  14.11.02 | KALIB30
Navéz ka (g 5,0 5,0 5,0 5,0 5,0 5,0 5,0 5,0 5,0 5,0 5,0 5,0 5,0 5,0 5,0 5,0
Redai 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Naftalen 0,10 1,86 26,74 12,5 6,6 7,5 5,2 5,5 11,8 13,5 7,1 6,6 8,6 5,9 8,5 0,10
Acenattyle] - 0,02 0,58 0,8 0,3 0,7 0,4 0,5 2,2 1,8 0,6 0,5 1,2 2,4 0,8 0,10
Acenaften - 0,04 1,22 1,4 0,3 1,4 1,6 0,6 5,3 3,4 2,5 0,8 2,0 5,4 1,2 0,10
Fluoren - 0,04 2,26 1,7 0,6 1,4 1,3 0,7 4,9 3,8 2,0 1,0 2,2 4,7 1,5 0,10
Fenantren - 0,12 23,96 24,9 6,4 20,5 18,8 8,4 69,1 59,4 14,2 13,6 29,5 109,3 16,8 0,10
Antracen - - 1,12 2,0 0,4 1,9 3,4 1,1 6,1 5,2 2,1 1,4 2,9 16,9 1,8 0,10
Fluoranten - - 27,78 68,2 13,7 58,0 42,0 24,2 213,0 162,5 40,7 37,6 82,5 450,2 42,9 0,10
Pyren - - 19,38 50,5 9,7 45,6 35,4 20,2 159,3 123,6 32,0 28,6 63,8 377,2 33,0 0,10
Benz(a)an - - 4,60 17,9 2,9 14,4 14,7 9,1 61,5 49,3 18,3 13,1 26,3 206,3 13,6 0,10
Chrysen - - 11,50 324 7,3 25,6 18,4 12,2 102,6 75,9 22,3 16,8 41,2 204,2 20,0 0,10
Benzo(b)fl - - 18,30 61,0 11,7 32,2 23,6 20,4 169,5 128,2 28,0 29,4 67,7 261,1 31,2 0,10
Benzo(k)fl - - 6,04 18,1 3,8 14,4 11,0 7,9 56,4 41,9 13,0 11,2 22,4 134,8 11,6 0,10
Benzo(a)p - - 8,34 27,6 3,5 23,6 20,3 13,3 92,8 71,6 24,2 18,4 38,4 285,9 21,3 0,10
Indeno(123 - - 8,22 33,1 6,4 21,4 14,8 11,1 98,7 72,0 22,6 19,6 41,0 216,1 20,7 0,10
Dibenz(ah - - 0,82 2,7 0,6 2,4 1,6 0,9 7,1 8,3 1,8 2,3 4,1 25,8 1,8 0,10
Benzo(ghi - - 11,26 29,7 5,3 20,6 14,8 11,4 83,9 61,4 19,4 16,3 36,0 181,8 18,5 0,10
Suma PA| 0,10 2,08 172,12 384,5 79,5 291,6 227,3 147,5 1144,2 881,8 250,8 217,2 469,8 2488,0 245,2 1,60
100% D-PA 2000 2 000 2 000 2 000 2 000 2 000 2 000 2 000 2 000 2 000 2 000 2 000 2 000 2 000 2 000
fedéni 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
D8-naftale 0% 0% 88% 72% 79% 66% 65% 80% 62% 66% 21% 61% 75% 81% 81%
D10-fenant 0% 0% 90% 77% 91% 68% 72% 86% 77% 79% 88% 79% 85% 94% 92%
D12-perylg 0% 0% 86% 74% 34% 67% 73% 86% 83% 83% 89% 82% 93% 101% 96%

GC blank
Lab. blank
GPC blank

blank, GF blank

slepy vzorek pristroje GC-MS - nastfik Cistého rozpoustédia do plynového chromatografu

laboratorni slepy vzorek - analyzovany celym analytickym postupem s €istymi rozpoustédly a vSemi pouZitymi materialy

slepy vzorek GPC chromatografu

terénni slepé vzorky - pasivni odbér na polyuretanovou pénu a sklenéné viakno

CRM
RM
NQ
LoQ

analyza certifikovaného referenéniho materialu
analyza laboratorniho referenéniho materialu
nekvantifikovano - analyt byl prekryt interferentem

meze stanovitelnosti
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Koseticky balicek 2002 - pady, sedimenty vyhe
Koncentrace ng/g
Cislo vzork]  foluen 02-299 02-298 02-258 02-259 02-260 02-261a | 02-261b 02-262 02-263 02-264 02-265 02-289 02-290 02-291 02-292 02-293 02-294
Lokalita GC blank | Lab. blank RM 03 05 11 13 15 07 08 09 01 02 14 10 06 12a 12b
Cislo zadav 02-178S | 02-179S | 02-180S | 02-181S | 02-182S | 02-183S ' 02-184S  02-185S @ 02-186S 02-210SE 02-211SE 02-212SE 02-213SE | 02-214SE |02-215SE
Datum odb 26.8.02 | 26.8.02 | 26.8.02 26.8.02 26.8.02 27.8.02 | 27.8.02 27.8.02 26.8.02 26.8.02 26.8.02 | 26.8.02 27.8.02 27.8.02 27.8.02
Navaz ka (g) 5,0 5,0 5,0 5,0 5,0 5,0 5,0 5,0 5,0 5,0 5,0 5,0 5,0 5,0 5,0 5,0 5,0 5,0
Redéi 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Naftalen - 1,44 21,08 22,6 0,3 4,7 1,9 84,3 3,3 3,1 32,3 2,9 2,4 3,3 2,3 1,9 0,6 4,3
Acenaftylé| - - 0,48 4,2 0,6 0,6 0,6 1,7 0,5 0,4 8,4 0,2 0,2 0,7 0,1 - 0,4 0,9
Acenaften - - 0,96 4,8 0,5 1,5 1,2 2,3 0,8 0,5 8,4 0,2 0,3 0,9 0,3 0,1 1,3 5,6
Fluoren - - 2,06 6,0 1,0 1,7 1,8 3,4 1,0 0,9 10,3 0,5 0,5 1,6 0,3 0,2 1,9 55
Fenantren - - 23,26 102,5 20,2 16,9 18,7 43,3 18,6 9,6 190,6 4,5 4,6 16,6 3,3 1,1 20,8 46,6
Antracen - - 1,08 9,8 3,1 2,7 1,6 2,8 2,5 1,1 18,7 0,4 0,7 2,1 0,5 0,1 6,2 7,7
Fluoranten| - - 28,78 274,4 58,5 50,8 46,1 88,7 60,8 26,1 547,9 12,1 10,9 44,2 9,6 1,5 93,4 157,3
Pyren - - 20,24 204,2 45,6 39,9 33,2 67,2 47,1 19,5 398,5 9,3 7,9 33,4 8,4 1,3 83,3 124,2
Benz(a)an - - 4,52 81,8 21,5 17,6 12,2 20,9 20,0 7,6 162,4 3,4 3,0 15,5 4,1 0,5 41,6 46,5
Chrysen - - 10,20 163,9 27,2 25,8 19,5 39,0 26,9 12,9 253,2 6,2 53 21,7 5,7 1,0 44,2 54,8
Benzo(b)f - - 18,88 336,1 55,1 44,9 43,5 83,2 56,8 24,7 572,1 13,2 14,0 42,2 11,7 1,7 80,7 109,9
Benzo(k)fl - - 5,30 86,2 16,2 14,4 11,7 22,7 15,2 8,1 148,4 3,0 3,2 11,7 3,9 0,8 26,2 31,1
Benzo(a)p: - - 6,28 124,7 27,4 23,9 18,0 33,1 25,3 12,2 229,1 4,9 5,1 22,4 7,5 1,0 49,3 55,7
Indeno(129 - - 7,02 162,6 24,7 26,4 23,1 40,9 24,4 12,9 267,3 57 5,6 21,1 7,4 0,9 37,8 51,1
Dibenz(ah - - 1,48 14,3 1,6 1,7 1,6 3,4 2,0 1,7 18,3 0,8 0,6 1,5 0,8 0,1 2,9 4,5
Benzo(ghi - - 7,64 127,6 21,2 22,9 19,4 32,9 20,4 10,9 217,1 4,6 4,8 17,1 6,6 0,9 30,6 41,4
Suma PA - 1,44 159,26 1725,7 324,7 296,4 254,1 569,8 325,6 152,2 3083,0 71,9 69,1 256,0 72,5 13,1 521,2 7471
do sucha |do sucha do sucha do sucha do sucha do sucha

100% D-P4 2 000 2 000 2 000 2 000 2 000 2 000 2 000 2 000 2 000 2 000 2 000 2 000 2 000 2 000 2 000 2 000 2 000 2 000
redéni 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
D8-naftalel 0% 0% 81% 83% 0% 65% 8% 66% 48% 52% 82% 65% 84% 51% 83% 60% 2% 80%
D10-fenant 0% 0% 98% 91% 84% 90% 81% 91% 87% 84% 95% 91% 119% 105% 111% 82% 88% 114%
D12-perylg 0% 0% 52% 95% 80% 88% 63% 84% 75% 66% 101% 78% 108% 104% 106% 64% 82% 95%

GC blank ...
Lab.blank .....
GPC blank .....

blank, GF blank ...

slepy vzorek pristroje GC-MS - nastfik Cistého rozpoustédia do plynového chromatografu
laboratorni slepy vzorek - analyzovany celym analytickym postupem s Gistymi rozpoustédly a vemi pouzitymi materialy
slepy vzorek GPC chromatografu

terénni slepé vzorky - pasivni odbér na polyuretanovou pénu a sklengné vidkno

CRM
RM
NQ
LoQ

... analyza certifikovaného referenéniho materialu
... analyza laboratorniho referencniho materialu
... nekvantifikovano - analyt byl prekryt interferentem

... meze stanovitelnosti
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PAHs in Ambient Air - KoSetice 1988-200:

B Benzo[ghi]perylene
Dibenzo[ah]anthracene
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Pyrene

B Fluoranthene

B Anthracene
Phenanthrene
Fluorene

B Acenaphthene
Acenaphthylene
Naphthalene
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Cl-pesticide Concentration in Soil on Locality KoSetice 3.11
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