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1. Environmental analysis

1.1.  TOC determination in drinking water

1.2.  TOC determination in wastewater

1.3.  TOC determination in surface water and groundwater

1.4. TOC determination in seawater

1.5.  TOC determination in solid samples using the suspension
method

1.6. TOC determination in particle-containing samples —
cellulose test according EN 1484

1.7.  Determination of particulate organic after filtration
(glass fiber suspension)

1.8.  TOC determination in solids

1.9. Determination of microbial biomass in soils —
TOC in soil science

A clean environment is the basis for a healthy life. Whether
water, soil or air — keeping the environment clean for the pro-
tection of all creatures should be the primary responsibility of
any society. In Europe alone, there are numerous laws, ordi-
nances and administrative regulations describing the environ-
mental conditions needed to ensure a certain environmental
standard. Instrumental analysis is a useful tool to measure the
status of environmental conditions.

Looking at the numbers of possible chemical contaminations
(compounds), the group of organic compounds is the largest.
With an estimated number of more than 19 million, it is impos-
sible to detect and quantify each and every one of them.

The sum parameter TOC (Total Organic Carbon) is one of the
most important parameters used in many environmental appli-
cations. TOC analysis enables the determination of the sum of
all organically bound carbons in the abovementioned organic
compounds and is, therefore, a measure of organic pollution

in a matrix.

The relevance of the TOC parameter becomes clear when look-
ing at the parameter lists of various regulations in European
countries: the Waste Disposal Ordinance, the Waste Technical
Guidelines, the Landfill Ordinance, the Ordinance pertaining
to the Recovery of Waste, the Stowing Directive, the Drinking
Water Ordinance and the Wastewater Ordinance are just some
that mention TOC as a valuable parameter.

TOC analysis is therefore carried out in a wide variety of envi-
ronmental matrices: from groundwater to seawater, from
drinking water to wastewater, from soils to sewage sludge.

The diversity in environmental applications creates many differ-
ent challenges for the analytical systems being used. In addi-
tion to the different concentration ranges, TOC analysis repeat-
edly faces different types of conditions such as salt content or
number of particles.

Shimadzu offers various solutions for these different applica-
tions. The TOC-L family is module-based. Two basic analyzer
types can be equipped with many options, kits and numerous
accessories and customized to any particular application. This
makes the TOC-L one of the most universal TOC analyzers.

Further details can be found in the individual application notes
(for instance ‘'TOC determination in drinking water, wastewater
or suspensions’). In addition to environmental analysis, there
are also application notes and information on ‘Pharmaceutical
industry’, ‘Chemical Industry’, 'TOC special applications’, ‘'TOC
in daily practice’ and ‘'TOC process analysis.’
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Drinking water is one of the main important
and life-sustaining food stuffs and is essential
to the survival of all known organism. It is a
crucial component for metabolic processes
and serves as solvent for many bodily
solutes. Water for human consumption must
be free from pathogens, pleasant to drink and
pure. Continuous monitoring is carried out
according to European Drinking Water
Regulation to ensure the greatest possible
security

m European Drinking Water Directive

The Directive is intended to protect human
health by laying down healthiness and purity
requirements which must be met by drinking
water within the European Union (EU).

The directive applies to all water intended for
human consumption apart from natural
mineral waters and water which are medicinal
products.

The European drinking water directive
includes the category of indicator parameter
value specifications. These are not directly
linked to health problems but have an
indicator function.

Sum parameter — Total Organic Carbon

TOC —Determination in drinking water

This list of indicator parameters also includes
the TOC value (total organic carbon), which
has not been assigned a limiting value or
criterion but can be considered as a
cautionary warning for action under unusual
circumstances. Another indicator parameter
included in the list is oxidizability. This is a
measure for the sum of all chemically
oxidizable organically bound compounds
present in water.

With reference to drinking water limiting
values, this parameter is no cause for direct
health concern but can lead to regermination
or undesirable disinfection byproducts.
Oxidizability is proportional to the sum of
organically bound carbons that are
determined as DOC (dissolved organic
carbon) or TOC. Oxidizability can therefore
be replaced by the TOC parameter. The
frequency of determination of the parameter
indicators depends on the volume of water
that is produced or released in a water supply
area.

m TOC determination in drinking water
When examining carbon compounds in
drinking water, it is apparent that the amount
of inorganic carbons, such as carbonates and
hydrogen carbonates, is much higher than
the organic fraction.
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The organic fraction is only 1% of the total
carbons. A TOC determination via the
difference method (TOC = TC - IC) will not be
appropriate in this case, as the calculated
TOC value is prone to large statistical errors.

Example:

TC= 100 mg/l (RSD =2%) + 2 mg/I
(98 — 102 mg/l)

98 mg/l (RSD = 2%) + 1,96 mg/I
(96,04 — 99,96mg/l)

IC =

Based on error propagation the total error is +
3,96 mg/|

TOC (calc.) =2 mg/l £ 3,96mg/I
(- 1,96 - 5,96 mg/l)

The total error is bigger than the TOC-result,
negative results are possible.

According to European Standardization EN
1484 (instructions for the determination of
total organic carbon and dissolved organic
carbon), the difference method can only be
applied when the TIC value (total inorganic
carbon) is smaller than the TOC value.

For drinking water analysis the NPOC
method (non purgeable organic carbon) is
therefore used. The drinking water sample is
first acidified to a pH value of 2. This way the
carbonates and hydrogen carbonates are
transformed into carbon dioxide. The CO, is
then removed via sparging with carrier gas.
The amount of volatle and therefore
purgeable organic carbon can be disregarded
in drinking water. What remains is a solution
of non-volatile organic carbon compounds.
These can be oxidized to CO, and detected
via NDIR.

www.shimadzu.eu

1 Use Only. Not for use in diagnostic procedure

m TOC-L Series

The sample preparation for the NPOC
method (acidification and sparging) is auto-
matically done in the TOC-L analyzer. The
removing of the TIC can be performed either
in the syringe of the ISP-Module or in the
autosampler with the external spare kit.

The ISP (integrated sample preparation)
module consists of an 8-port valve and a
syringe with sparging gas connection. In
addition to acidification and sparging in the
syringe, the ISP also enables automatic
dilution. This feature facilitates an extended
measuring range, dilution of  highly
contaminated samples and the preparation of
a series of calibration samples from a stock
solution. The ISP module can therefore
considerably reduce time-consuming sample
handling steps.

m Example of drinking water analysis:
NPOC-Method

Acidification: 1,5%

Sparge time: 5 minutes

Signal[mV]

0 7 14
Zeit[rrin]

m Recommended analyzer / Configuration
TOC-L cpy
ASI-L (40ml), External Sparge-Kit.

TOC-Vyp with ASI-V (40ml)
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Wastewater is water that has been
contaminated by use. In terms of its
composition, wastewater is not homogeneous
but as diverse as its possible sources.

According to the German Water Resources
Act (Wasserhaushaltsgesetz, WHG)
wastewater is defined as follows:

“Wastewater is

1) water whose properties have been
changed by domestic, commercial,
agricultural or other use and the water
(sewage) discharged with it during dry
weather conditions as well as

2) the run-off and collected water (rainwater)
from built-up or paved areas following
precipitation.

Sum parameter Total Organic Carbon

TOC — Determination in wastewater

Sewage also includes the liquids that are
discharged and collected from waste
treatment and storage plants”.

This diversity of wastewaters should also be
taken into account during the analysis.
Wastewater can thus contain small amounts
of organic pollutants with little matrix, as well
as highly saline products with high amounts
of organic components.

m Example of wastewater measurement
Below, a strongly saline wastewater from the
chemical industry was analyzed. In addition
to various substances present in low
amounts, the wastewater mainly contained
high amounts of phenolic substances
originating from production processes.

Phenolhaltiges Abwasser (iber 300 Injektionen

Pty e WIW W e Y | M, Apdid Ay
3000 Py LR W

—Flache
—NPOC - Konz. (mg/l)

I e e e
SARRSRIRwG EEENAY ISR RRHRARINRERE
Fliche NPOC (mg/])
Mirttehwvert 381,1 3024
Standardabweichung abs. 6,6 51,8
Standardabweichung in % 17 1,7

Fig. Result of the wastewater
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A TOC-Lcpny was used for the analysis. To
ensure efficient use of the instrument for
large sample quantities, the fully automated
dilution function and the additional high-salt
sample kit were applied. With a dedicated
function, samples could be diluted up to a
factor of 1:50. For the phenol-containing
wastewater, the sample was diluted by a
factor of 1:10. The high-salt sample kit
increases the lifetime of the catalyst for high
salt loads.

Fig. Combustion tube (of salt kit)
after the long term test

To test long-term stability, more than 300
injections of the saline wastewater were
compared.

The graph shows the stability of
measurement of over 300 injections with a
standard deviation of 1.7%. Mean value was
3042 mg/L.

SHIMADZU

In many cases, wastewater contains
particles. Where the wastewaters are not
filtered, the particles need to be held in
suspension by stirring. In order to prevent in
homogeneity of  the particles by
sedimentation within the syringe body,
multiple injections from the same syringe may
not be carried out in this case.

m Recommended Analyzer / Configuration
TOC-L cpy with normal sensitive Catalyst or
kit for high salt samples (B-Type-Scrubber)
ASI-L (40ml) with stirrer option (for samples
with particles) and External Sparge-Kit

m Useful instrument parameters::

e Use of integrated dilution function for
automated sample dilution

¢ In the presence of particles: deactivation
of multiple injection via the syringe.

For Research Use Only. Not for use in diagnostic procedures
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The German Water Resources Act
(Wasserhaushaltsgesetz, WHG) serves the
purpose of “sustainable water management
to protect waters as a component of the
ecological balance, as a basis of human
existence, as a habitat for animals and plants
as well as a usable good”. The various water
types are defined in this act.

m Definitions according to WHG
Groundwater is defined as “water that is
below the surface of the ground in the
saturation zone and in direct contact with the
ground or subsoil”. Surface water is
“‘permanently or temporarily confined flowing
or standing waters, and unconfined waters
from natural springs”. Surface waters include
bodies of water above ground such as lakes,
rivers and streams as well as coastal waters.
Rainwater that has not yet flowed away is
also included.

Surface waters are often contaminated with
particles and harmful substances. They can
only be wused as drinking water after
undergoing a treatment process (Wikipedia).
By definition, these waters can be very
different due to regional conditions. They can

Sum parameter Total Organic Carbon

TOC —Determination in surface and

exhibit high levels of TOC concentrations
caused by natural substances or dissolved
harmful substances from the environment.

Typical TOC-
Surface water Concentrations in
mg/l
Clean spring water 1-2
Weakly polluted rivers
2-5
and streams
Nutrient-rich stagnant 5-10
lakes
Polluted waters 50 ->100
Clean groundwater
1-2
(well water)

Typical TOC-Concentrations (1)

Depending on the region, high TIC
concentration (> 100 mg/L) can also occur in
surface water as well as in groundwater.

At TOC concentrations of far below 10 mg/L,
it needs to be ensured that inorganic carbon
is being purged from the solution.
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m TOC-L

To prepare the sample accordingly, the ISP
module of the TOC-L automatically acidifies
the sample and strips the CO, originating
from the TIC.

The excellent particle tolerance of the
analyzers enables analysis of particle-
containing surface waters. Using the
automatic  dilution function,  multi-point
calibrations can be generated from a single
standard. In the investigation of unknown
surface waters or groundwater, one of the
samples may exceed the calibration range. In
this case, the TOC Control-L software offers
an option for automatic dilution to bring the
sample back within the calibration range.

Method Wizard (Page 4] Injection Parameters @

Analysis: IW Beded
Uniits: W Conc. Range
Injection Volume: | 50 [ul] ‘ 100
Mo. of Injections: @ / ,E [1-20]
SDMac [ 01000 [o-9599]
CV Maxc: 200 [0-100%]
No. of Washes: ’TJ
Auto Dilution: ,TJ
Sparge Time: ’m [0 - 20 min]
Acid Additon: [ 1,5-3] [0.0- 20,0%]

Multiple Auto. comection of inj. vol
r Injections r r and dilution

Define the injection parameters for the analysis

< Zurick Weiter > | Abbrechen|
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m Example: River water
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0 5

NPOC-Method
Acidification: 1,5%
Sparge-time: 5 Minutes

TOC-Concentration: 3,4 mg/Il
RSD (3 Injections): 1,4%

m Recommended analyzer / Configuration
- TOC-Lcpn

- ASI-L (40ml) with stirrer option
- External Sparge-Kit

(1) Source: Wikipedia

ose without the written
of any kind including
y or liability

information available to Shimadzu on or before the date of publication, and subject to change without notice.

www.shimadzu.eu



E)SHIMADZU

Excellence in Science

Application
News

NoO. SCA-130-104

TOC is an important indicator of the degree of
organic contamination. TOC determination is
used extensively to detect and study
environmental and seawater pollution. In
recent years, increased attention is being
paid to the measurement of the nitrogen
compounds (TN = Total Nitrogen) responsible
for eutrophication.

m Seawater samples

Seawater has an average salinity of 3.5%
mass fraction. The total salinity fluctuates
depending on each ocean. The Baltic Sea
has a salinity of 0.2 to 2%. Some inland seas
without outlets have far higher water
salinities. The Dead Sea is known for its
salinity of 28%. Chloride ions constitute the
main component of the anions, followed by
sulfate ions. Sodium ions dominate among
the cations, which is why the major proportion
of crystallized sea salts consists of sodium
chloride (common salt). Magnesium, calcium
and potassium ions are represented in
smaller amounts.

Sum parameter — Total Organic Carbon

TOC — Determination in seawater

m Are high salt loads a problem?

During thermal catalytic combustion of the
test sample, the dissolved salts crystallize.
Depending on the salt concentration, this can
affect or clog the system. Maintenance
measures (for instance exchanging the
catalyst) would then be required in order to
render the instrument operational again. Of
course, it is desirable to keep the
maintenance intervals as long as possible.

m TOC-L Series

The TOC-L series offers various possibilities
to keep the maintenance need for highly
polluted samples as low as possible. The
analyzers are operated under catalytic
combustion at 680 °C. This temperature is
lower than the melting point of sodium
chloride and therefore prevents deactivation
of the active centers of the catalyst by a melt.
The use of the platinum catalyst ensures
complete conversion of organic carbon
compounds to CO,.

The highly sensitive NDIR detector allows
small injection volumes (typically 20 - 50 uL)
that reduce absolute sample input onto the
catalyst.
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m Kit for high-salt samples

The TOC-L series features a kit for high-salt
samples, which significantly increases
instrument availability.

Using this kit in a seawater application, it was
possible to carry out 2500 injections without
maintenance (injection volume of 40 pL).

The kit consists of a combustion tube with a
special geometry and a unique catalyst
mixture.

In this application, sample acidification is
carried out with sulfuric acid which is used to
modify the sample matrix. While NaCl has a
melting point of 801 °C, the melting point of
NaSO, is higher (888 °C). The potassium
salts of sulfuric acid also have a significantly
higher melting point than those of
hydrochloric acid. This has a positive effect
on the lifetime of the combustion tube.

Compound Melting point
NaCl 801°C
KCI 773°C
Na,SO, 888°C
MgCl, 708°C
CaCl, 782°C
K,SO, 1.069°C

Tab. Melting point of different salts

m Simultaneous TN determination using
the TNM-L

Based on the similar oxidation process, the
TNb determination can be carried out
simultaneously with the TOC measurement.
For this application, the TNM-L option is
installed on the main TOC-L system.

Figure: Simultaneous TOC/TN-Determination

m Recommended analyzer / Configuration
TOC-L cpn

ASI-L (40ml), External Sparge-Kit.

Kit for high-salt samples

TNM-L




