












































































































































































































































































































































































































































































































































Minimum DO concentration (mg/1)
7 -

Reaeration rate coefficient (K;)

Figure 13.8 Minimum DO concentrations which may occur when the actual K; value is
different to that considered in the design

For the DO criterion of 3 mg/l, the vulnerability of ambient water quality is high, while
possible overexpenditures and additional investment needs are small. This calls for a safe
policy decision to invest 4.2 million USD which guaranties DO above 3 mg/l.

For target DO levels 4 and 5 mg/], the over and underexpenditures become much higher. The
smaller deviations of the DO criteria makes the policy selection even more difficult.
Interestingly, the policies aimed at DO level 4 mg/l do not look too attractive and the DO=5
mg/l strategy of 15 million USD investment is perhaps the best compromise. The additional
investment requirement may be rather high if K,5=1.5 Ud is "realized", but the respective
improvement in DO level (from 4.2 mg/l to 5 mg/l) is not in proportion with the expenses.
Thus, the above policy can be considered as relatively cheap one which (as contrasted to the
present DOpyip, level around 2 mg/l) guarantees DO between 4.2 mg/l and 5.5 mg/l (and the
"worst" DO levels may be observed under low flow conditions only, occurring for at most one
or two weeks in a year),

Finally, DO=6 mg/l strategies (not presented in this paper) do not offer too many interesting
features. They are expensive (25-35 million USD, depending on K,) and safe (D0O=5.5-6.4
mg/l, Ka0=2 V/d). In addition, over or underexpenditures are smaller (10 million USD) than for
the DO=5 mg/] case.
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13.14.2 Results of the Monte-Carlo Simulation Approach Used to Estimate the
Implications of Parameter Uncertainty

The performance of two treatment strategies, under uncertain parameters (coefficients of
reaeration, Ky, BOD decay, K., and ammonia decay, Kp), were evaluated by a posteriori
Monte Carlo simulations. The strategies considered were the current treatment and the least-
cost (IC) one corresponding to ambient DO>5 mg/l. Although the policy analysis employed a
three-component water quality model (DO, BOD and NH4-N), the Monte Carlo analysis was
done under three-component as well as two-component (DO and BOD only) model
formulations. Three-component model require consideration of all three parameters, while
ammonia decay rate is excluded in the two-component formulation.

Parameter sets used for these a posteriori Monte Carlo simulations were those appropriate for
predicting the system behavior under present conditions (see Chapter 9 for details of the
parameter estimation procedure). The a posteriori analysis does the opposite, by using the
pre-selected parameters to predict water quality. Parameter identification has been done in
two ways; jointly, and marginally; depending on whether the joint effect of parameters or the
individual effect was considered during the identification process. Identification of joint
parameter sets, although more appropriate, require heavy computations especially if the
number of parameters is large. Therefore joint parameters have been identified only with the
two-component model formulation, for which a marginal set also has been identified.
Parameters for the three-component model were estimated only on the marginal basis.

Accordingly, water quality estimations of the a posteriori Monte Carlo analysis also can be
categorized into marginal or joint sensitivity analysis, depending on how the parameters were
generated. In the marginal sensitivity analysis, water quality is analyzed with respect to the
variations of each individual parameter separately, while joint analysis considers the joint
effect. An outline of the analysis is given in Table 13.9.

Table 13.9 Qutline of Quality Estimations of Monte Carlo Simulations

Quality Model Treatment strategy and the type of analysis
Current treatment | Least-cost (IC) strategy
(DO>5)
Three-component Marginal Marginal
Two-component Joint Joint
Marginal Marginal

Extreme values of DO, BOD and NH4-N in the river (which may occur at different locations),
obtained under the least-cost strategy, using three-component marginal sensitivity analysis, are
summarized in Fig. 13.9-13.11 respectively. The DO plot shown in Fig. 13.9 is related to the
reaeration coefficient. However, estimated DO values are also affected, to a lesser extent, by
BOD decay rate and ammonia decay rate coefficients as well; although they are not presented
in this paper.
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Figure 13.9 Distribution of the minimum DO concentration in the Nitra River under the least-
cost strategy

% cases
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Figure 13.10 Distribution of the maximum BOD concentration in the Nitra River under the
least-cost strategy

Figures 13.9-13.11 show that the extreme quality levels are centered around the deterministic
estimates done in the policy analysis (see Table 13.5). The extreme quality range is relatively
small, and even a much larger deviation may not be regarded as undesirable, because the
extreme values will occur only at one or two locations within the river basin.

Table 13.10 presents the mean values and standard deviations of minimum DO levels (for the
least-cost strategy), as estimated by the three analyses outlined in Table 13.9. The results of
Table 13.10, in the case of marginal analyses, refer to the variation of estimated DO with
respect to each individual parameter. Minimum DO levels resulting from the current treatment
strategy are summarized in Table 13.11.
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Figure 13.11 Distribution of the maximum NH4-N concentration in the Nitra River under the
least-cost strategy

Table 13.10 Statistics of minimum feasible DO levels for the least-cost treatment strategy
(estimated by three-component water quality model)

Parameter of the
marginal analysis

Kao KI' Kl’l

Mean (mg/1) 5.6 52 52
Std. deviation 0.3 0.1 0.03
Prob(DO>4)" 100 100 100
Prob(DO25) 964 | 980 | 100
* probability (%) of having a minimum DO level of more than 4 mg/]

Table 13.10 shows a difference in the mean DO levels estimated by different models. The
improvement of water quality resulting from the least-cost strategy can be seen by comparing
Tables 13.10 and 13.11. It should also be noted that, with the current treatment, the
probability of having a minimum DO level which is more than 4 was estimated as zero by each
model.

Table 13.11 Statistics of minimum feasible DO levels for the current strategy (estimated by
three-component water quality model)

Parameter of the
marginal analysis

Kao KI’ Kn

Mean (mg/1) 2.9 24 2.3
Std.deviation 0.5 0.3 0.3
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Although the mean DO levels of least-cost policy indicate an improvement, the variations do
not show a consistent improvement. Even an increase in the variation is noted with the two-
component model. This stems from the fact that wastewater treatment alternatives do not
reduce fluctuations of effluent concentrations, although they reduce the concentration on the
average. A control structure such as a reservoir, on the other hand, will have an impact on
such fluctuations of river water quality.

13.15 Policy Recommendations

As mentioned several times earlier, the new Slovak legislation uses jointly effluent and ambient
water quality standards and specifies 2005 as a target year after which criteria are tightened.
Thus approximately a decade is kept in mind to realize feasible strategies, i.e. strategies which
improve the state of the water environment and are affordable from a financial viewpoint. In
the light of the above transition period and policy dilemma, the question is now which
recommendation should be given on the basis of the analyses performed and discussed in
earlier sections.

The starting point of our answer is a rough comparison of costs and impacts of different
policies developed. On one side, if we excluded the uniform application of the "best available
technology," BAT (see earlier), we may select the strategy based exclusively on the effluent
standards of the new legislation. This would significantly improve water quality (see Table
13.1). However, it would also be rather expensive, requiring more than 30 million USD
(roughly equivalent to thousand million Sk).

On the other side, DO-based least-cost policies show significant saving possibilities. Some of
them--as pointed out--are too vulnerable and risky. However, the DO>5 mg/] strategy proved
to be rather robust and acceptable. The investment cost requirement is less than half of the
previous effluent based policy and the achievable water quality is nearly the same (see Table
13.5). The difference in minimum DO and maximum BODS levels is less than 5%, i.e. non-
significant and non-detectable (NH,-N obviously exhibits somewhat larger deviation).

A more detailed comparison of the two policies can be seen in Table 13.12 including not only
costs and receiving water quality but also treatment configurations (note that Level 1 indicates
present treatment for most of the sites and the highest number refers to BAT, see Chapter 11
and Appendix 11.1). It can be clearly seen that the effluent standard based strategy nearly
always leads to higher level of wastewater treatment. An exception is formed by the middle
stretch of the river where the extremely poor present quality forces the same technology for
the regional least-cost strategy as given by effluent standards.

Uniform effluent standards generally lead to uniform technologies. However, this is not the
case if the upgrading of existing facilities overloaded to different extents serve also as viable
alternatives. In this sense, both strategies resulted in technologies which may vary from site to
site. The least-cost policy did not lead to a particularly preferred technology, although most of
the up-grading would be based on chemical enhancement (compare Table 13.12 and Appendix
11.1). However, more or less the same statement is also valid for the effluent standard based
strategy, suggesting higher cost-effectiveness on the treatment plant level without having a
regional consideration. This is an obvious consequence of our discussion in Chapter 11.
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In summary, our recommendation is to implement the DO>5 mg/l least-cost policy as a short-
term policy which can then be further expanded as financial resources become available. For
the purpose of enforcement, regionally variable effluent standards can be used - like in several
countries - which also belong to the results of the strategy development.

Table 13.12 Comparison of treatment strategies: Slovak effluent standard based strategy
vs.DO2>S5 least-investment-cost policy

Hand- Lehot Prie- Parti- Bano- Topol Nitra ZlMo Vrabl Suran Nove
lova a vidza zansk vce -cany -ravce e y Zamk
c y
9
8 8
7 7 7
6 6 6
5 5 5 5 5
4 4 4 | 4 4 4 4 4
3 3 3 3 3 3 3 3 3 3 3
2 2 2 2 2 2 2 2 2 2 2
1 1 1 1 1 1 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0
Legend for Table 13.12:
Min. Max. Max
DO BOD NH4-
(mg/) (mg/) N
(mg/l)
___ Slovak effluent standard based policy (32.1 million USD) 5.4 11.3 23
___ D025 mg/l least-cost policy (15 million USD) 5.2 11.4 32
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CONCLUSIONS

The major problem of the Nitra River basin is the extremely poor water quality (Class 1V-
V according to the existing classification system) prohibiting most of the water uses
(including drinking water supply, recreation and fishery) due to municipal and industrial
emissions coupled with a low level of existing wastewater treatment. The water quality
problem is associated with relatively scarce water resources which may cause management
difficulties particularly in summer months. Industrial discharges cause mostly local water
quality changes which can be solved by well-defined actions without significant research
efforts. In contrast, municipal emissions call for the development of a regional control
policy. The new legislation is based on a mix of effluent and ambient water quality
standards (resembling the requirements of the European Community) opening avenues for
the development of least-cost policies crucial under the present economic conditions. It
specifies a transition period up to 2005 when standards will be less stringent subsequently
water quality standards will be tightened.

An emission inventory was prepared on the basis of existing information and additional
data collection. The role of non-point sources was found to be negligible at present.
Municipal emissions contribute to about two-third of the total BODS discharge in the
catchment. They primarily affect oxygen and nutrient households in the river system.

Water quality has remained at about the same poor quality for the past twenty years (i.e.
its deterioration took place earlier). At present, it is characterized by low dissolved
oxygen (sometimes close to depletion) and high levels of coliform bacteria, BOD-5
(around 30 mg/l), COD, NH4-N, TP, dissolved solids and arsenic. The existing monitoring
network consists of 26 locations with a monthly one sampling frequency. A revision of
the system is recommended to include the co-monitoring of emissions, the introduction of
increased frequency at the most important locations (e.g. at the mouth) to be able to
properly estimate trends, annual averages and certain probability levels (e.g. for
classification), the detection of non-point sources (of growing importance in the future),
nutrients (with their detailed fractions), micropollutants, sediment contamination, as well
as a detailed biological assessment.

Two longitudinal water quality profile observations were performed and evaluated. A load
response relationship expressed by alternative water quality models was developed to
relate ambient water quality to emissions, as well as to describe their changes. Such a
relation is the pre-requisite to establishing an ambient criteria-based regional water quality
management strategy. Detailed measurements were done under low flow conditions to be
able to determine elements and parameters of the critical, design scenario for the policy
analysis.

A number of water quality models describing the balance of dissolved oxygen and
nutrients were applied; from the simple Streeter-Phelps to the latest, complex version of
U.S. EPA's QUAL model family. Model versions were calibrated and validated by using
data of the longitudinal profile experiment. The models performed equally well, leading to
the selection of a relatively simple, three state variable, extended Streeter-Phelps model for
policy purposes. This selection is justified for two reasons: the large, accurate data need of
complex models and methodological difficulties to incorporate them into a policy,
optimization framework.
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(6) The robust and generic method of Hornberger, Spear and Young based on the so called
behavior definition was employed to parameter estimation and uncertainty analysis. It
offers parameters together with their distribution (being model specific) which can be used
for a Monte Carlo simulation and a risk analysis as contrasted to a deterministic
procedure. Model parameters obtained were in overall harmony with broad
recommendations in the literature. BOD-S decay rates were higher than usual due to the
presence of often only partial biological wastewater treatment and the small water depth,
while the reaeration rate was approximately half that suggested in the literature.

(7) Existing municipal wastewater treatment plants--most of them significantly overloaded--
were analyzed in detail. A number of well-proven technologies were selected (such as
primary treatment, chemically enhanced primary treatment, CEPT, primary precipitation,
biological treatment with the activated sludge process - low or high load,
biological/chemical treatment, BC, and its extension with (partial) denitrification, BCDN)
and generic "cost functions" were developed for them on the basis of Western experiences.
The functions express the relationship of effluent quality (BOD-5, DO, TSS, NH4-N,
NO3-N, TP etc.) and investment costs and operation, maintenance and repair costs
(including of sludge processing). It was shown that mechanical/chemical treatment and
biological/chemical-one are particularly cost-effective. The innovative, low dosage
chemical upgrading of highly overloaded existing biological plants is especially attractive
requiring minimal investments (the excess amount of sludge produced remains small due to
the low dosage). The applicability of low dosage chemical upgrading was analyzed by
laboratory experiments at several treatment plants. The marginal cost of nitrogen removal
is high and thus such a technology should have a lower (and later) priority (obviously
depending on needs of receiving waters). All these suggest upgrading or constructing
treatment plants in a phased fashion, further increasing cost-effectiveness (subsequent
steps of such a development can be CEPT, BC and BCDN). On the basis of the generic
cost functions and site specific features a number of alternatives were proposed for each
municipality (their number ranged between four and ten) which served as direct inputs to
the policy, optimization model.

(8) The joint hydraulic-water quality model, the parameter estimation and uncertainty analysis
routine, and information on treatment alternatives, tools and methodologies (e.g. data
base, graphical interface) were integrated in a multiple pollutant water quality control
policy model or (prototype) decision support system. For the purpose of optimization
dynamic programming was applied. Its advantage is that it can handle both, linear and non-
linear water quality models (in terms of the load responses) and it utilizes structural
properties of river basin pollution problems (a control measure has no upstream impact).
Objectives of the model can be formulated to minimize the total annual cost or the initial
investment cost (which is of crucial importance if financial resources are scarce). The
major constraints to be specified in the present version of the model to meet ambient
water quality standards are DO, BOD-5 and NH,-N. Additional constraints can
incorporate effluent standards and the prescription of the minimum level of treatment (e.g.
primary treatment or the current level) the usage of which can lead to mixed policies. The
system is completed by two different types of a posteriori analyses. The first simply
evaluates the degree of violating ambient criteria by using the water quality simulation
model together with distributions from the HSY estimation procedure in a Monte Carlo
framework. The second is a "regret analysis" which assesses the economic and
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environmental consequences (e.g. over-expenditures and violating DO levels set,
respectively) if a scenario deviates from the design one (critical low flow in our present
case together with parameters associated). For the Nitra River, a strong focus was put on
the role of the reaeration coefficient, due to it being the most important parameter.
Extensions of the present methodology is underway in several directions (e.g. the direct
incorporation of uncertainties, economic instruments and emissions as well as water
quality components other than considered here, multiobjective assessment and scheduling)
to assure its broad applicability.

(9) A large number of strategies were developed and analyzed, which were based on different
ambient criteria, effluent standards and their mix. The range of realistic expenditures was
extremely broad (between 3 and 95 million USD) depending on the policy formulation.
These results indicate the possibility of significant saving . In contrast, the variation of
receiving water quality was much smaller. The most expensive solution is to replace all the
treatment plants with new ones satisfying the most stringent recommendations of the
European Community (corresponding to nearly 96 million USD or 3000 million Sk). The
present (and future) Slovak effluent standard system implies an investment of 32-35
million USD. A least-cost policy leading to Class III water (in terms of DO, BOD-5 and
NH4-N) is roughly equivalent to the former one. The water quality is identical for all cases
and the BAT policy provides little improvement (due to non-linearities and the presence
of industrial as well as other, "non-controllable" discharges). This feature clearly shows
the extreme importance of selecting water quality goals together with evaluating the
economic implications (and the need to develop an integrated strategy covering all the
emissions of various origins). Often a small improvement in ambient water quality (say 1
mg/1 in the DO level) can lead to ten million USD in additional investment.

(10) The first step of managing water quality of a river is to restore dissolved oxygen
conditions. Least-cost policies developed on the basis of ambient DO criteria showed a
number of attractive features. An investment of about 15 million USD would improve the
minimum DO level from about a poor quality of 2 mg/l, the current level, to 5 mg/l
characterized as medium or good quality in terms of DO. Since control actions influence
several water quality constituents simultaneously (stemming from the multiple pollutant
nature of the problem ), DO based least-cost policies lead to significant improvement with
regard of other components as well. Although this policy is much cheaper than that based
exclusively on Slovak effluent standards, the difference in receiving water quality (DO,
BOD-5 and NH4-N) is negligible. The strategy and possible overexpenditures are not
sensitive to uncertainties in parameters of the water quality model. As contrasted to
effluent standard based policies, the least-cost ones are rather non-uniform. Technologies
can vary from site to site together with the desired effluent quality. These latter belong,
however, to results of the policy and can be used as regionally variable standards for
enforcement (several countries follow this practice). The DO>5 mg/l policy is the
recommended short-term, least-cost strategy. A long-term strategy can be obtained by a
sequence of least-cost policies under gradually tightened criteria as proposed by the new
Slovak legislation. The realization of such policies is fully in harmony with the idea of
multi-stage waste water treatment development.
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Appendix 7.1 The system of water quality standards used in Slovakia

From the 1st of July 1990 the Czechoslovak standard CSN 75 7221 has become valid and it
replaced the previous Czechoslovak standard CSN 83 0602.

The classification of surface water quality according to CSN 75 7221 is based on the
evaluation of selected water quality parameters which this standard divides into 6 groups:

A - parameters of oxygen regime

B - basic chemical parameters

C - additional chemical parameters

D - heavy metals

E - biological and microbiological parameters
F - radioactivity parameters

Every individual parameter of a group is assigned a class separately from the others. The
resulted class in each group is determined according to the most unfavorable water quality

parameter in the group.

Classification of surface water quality has to be based at least on the parameters listed as
follows:

A. dissolved oxygen, BOD-5, COD-Mn or COD-Cr

B. pH, water temperature, soluble substances or conductivity, suspended solids, ammonia
nitrogen, nitrate nitrogen, total P

C. calcium, magnesium, chloride, sulfate, detergents, nonpolar extractable matter,
chlorinated organic components

D. mercury, cadmium, arsenic, lead

E. saprobity index, coliform bacteria or fecal coliform bacteria

F. total volume activity 1, total volume activity

According to the standard CSN 75 7221 surface waters are divided into 5 classes:

I class - very clear water

II class - clear water

I1I class - polluted water

IV class - intensively polluted water

V class - very intensively polluted water

The number of surface water samples to be used as a basis for the classification must be at
least 24. The shortest evaluated time interval should be 1 year and the longest one usually
ought not to be longer than 5 years. The 90% probability value is to be compared with the
limits provided by the standard. On the basis of this comparison the appropriate class is to be
assigned to the water quality parameter in question. Finally the resulted class of a group is to
be determined according to the most unfavorable individual parameter class within a group.
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In the case that the frequency sampling is 12 times a year, it is needed to merge values from
two monitoring years. If there is a need to evaluate water quality for the yearly time interval
with only 12 monthly values an average from 3 most unfavorable parameter values is to be
used as a basis for classification.

The class limits in the CSN 75 7221 are strict, especially in group E - biological and
microbiological parameters. For example, with respect to the parameter psychrophile bacteria
even the upper parts of rivers are evaluated as polluted water. The previous standard did not
include this parameter altogether. The limit values for the parameters groups are as follows
according to the CSN 75 7221:

A - Parameters of Oxygen Regime

Class

Parameter | Unit I II I 1A% \%

Dissolved mg/l >7 >6 >S5 >3 <3

oxygen

BOD-5 mg/l <2 <5 <10 <15 >15

COD-Mn mg/| <5 <10 <15 <25 >25

COD-Cr mg/l <15 <25 <35 <55 >55

TOC mg/] <5 <8 <11 <17 >17

S? mg/l * * * <0.02 >0.02
B - Basic Chemical Parameters

Class

Parameter Unit I 11 I1I v \%

H - 6-8.5 6-8.5 6-8.5 5.5-9 <5.5,>9
Water °C <22 <23 <24 <26 >26
temperature
Soluble subst. | mg/l <300 <500 <800 <1200 >1200
Conductivity | mS/m <40 <70 <110 <160 >160
Suspended mg/l <20 <40 <60 <100 >100
solids
Total Fe mg/l <0.5 <1.0 <2.0 <3.0 >3.0
Total Mn mg/] <0.05 <0.1 <0.3 <0.8 >0.8
N-NH4 mg/l <0.3 <0.5 <1.5 <5.0 >5.0
N-NO2 mg/l <0.002 <0.005 <0.02 <0.05 >0.05
N-NO3 mg/l <1.0 <34 <7.0 <11 >11
N-org. mg/l <0.5 <1.0 <25 <3.5 >3 5
Total P mg/l <0.03 <0.15 <0.4 <1.0 >1.0
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C - Additional Chemical Parameters

Class

Parameter Unit I 11 111 1\Y% \"

Cl mg/1 <50 <200 <300 <400 >400
SO4 mg/l | <80 <150 <250 <300 >300
Ca mg/l <75 <150 <200 <300 >300
Mg mg/l <25 <50 <100 <200 >200
Phenols mg/1 <0.002 <0.01 <0.02 <0.5 >0.5
Tenzides anion. mg/l * <0.5 <1.0 <2.0 >2.0
Total Mn mg/l <0.05 <0.1 <0.3 <0.8 >0.8
Non-polar ext. m. mg/l * <0.05 <0.1 0.3 >0.3
CN mg/] * * <0.2 <0.5 >0.5

D - Heavy Metals
Class

Parameter Unit I II 111 IV \'4
Hg ug/l <0.1 <0.2 <05 <1.0 >1.0
Cd ug/l <3.0 <5.0 <10 <20 >20
Pb ug/l <10 <20 <50 <100 >100
As ug/l <10 <20 <50 < 100 >100
Cu ug/l <20 <50 <100 <200 >200
Cr ug/l <20 <100 <200 <500 >500
Cr" ug/l * <10 <20 <50 >50
Co ug/l <10 <20 <50 <100 >100
Ni ug/l <20 <50 <100 <200 >200
Zn ug/l <20 <50 <100 <500 >500
Va ug/l <10 <20 <50 <100 >100
Ag ug/l * <10 <20 <50 >50

E - Biological and Microbiological Parameters

Class
Parameter Unit I I IIT 1\Y% \"
Bios. saprobity index - <1.2 <2.2 <3.2 <3.7 >3.7
Psychrophil bac. KTJ/ml <500 <1000 <5000 <10* >10¢
Coli bac. KTJ/ml <1 <10 <100 <103 >10°
Fec. coli bac. KTJ/ml <0.2 <2.0 <20 <200 >200
Enterococci KTJ/ml <0.1 <1.0 <10 <100 >100

NOTE: * means below the sensitivity level
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Appendix 7.2 The Monitoring Stations in the Nitra Subwatershed

Station Code Name River River km
Pl V388000D Klacno Nitra 165.0
P2 V393000D Nedozery Nitra 149.0
P3 V405510D Handlova over Handlovka 29.0
P4 V400510D Handlova under Handlovka 22.7
P5 V410510D Kos Handlovka 1.2
P6 V414000D Novaky over Nitra 132.5
P7 V416000D Chalmova Nitra 123.8
P8 V423500D Partizanske over Nitra 115.7
P9 V439010D Partizanske Nitrica 0.2
P10 V441500D Chynorany Nitra 105.5
P11 V442500D Bosany over Nitra 101.6
P12 V457000D Banovce n.Bebravou Radisa 0.5
P13 V487500D Krusovce Bebrava 34
P14 V495020D Praznovce Nitra 982
P15 V497000D Nitrianska Streda Nitra 91.1
P16 V538000D Luzianky Nitra 65.3
P17 V544500D Nitrany Nitra 47.8
P18 V554000D Zlaté Moravce over Zitava 88.2
P19 V559000D Tesarske Mlynany Zitava 78.0
P20 V575210D Vrable Telinsky p. 0.5
P21 V580000D Licnica n.Zitavou Zitava 552
P22 V590000D Dolny Ohaj under Zitava 327
P23 V598510D Surany over Stara Nitra 4.0
P24 V598D00D Surany under Stara Nitra 0.8
P25 V599500D Nové Zamky Nitra 14.5
P26 V775500D Komoca Nitra 6.5
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Appendix 7.3 List of surface water quality parameters regularly monitored in the Nitra
subwatershed
(continued on the next page)

(Number of monitoring station 1 2 3 4 5 6 7 8 9 1090 1
GENERAL PARAMETERS
1|Sampling dates 70 74 74 74 70 70 70 70 74 74 90
2|Sampling hours 70 74 74 74 70 70 70 70 74 74| 90
3|Q daily average 70 74 74 74 70 70 70 70 74| 90
4|Q immediate 74 74 74
A.- OXYGEN REGIME
1|Dissolved oxygen 70 74 74 74 70 70 70 70 74 74| 90
2|BOD-5 70 74 74 74 70 70 70 70 74 74 90
3|COD-Mn 70 74 74 74 70 70 70 70 74 74| 90
B.- BASIC CHEMICAL PARAMETERS
1|pH 70 74 74(. 74 70 70 70 70 74 74 90
2| Water temperature 70 74 74 74 70 70 70 70 74 74| 90
3| Total soluble sub 70 74 74 74 70 70 70 70 74 74 90
4|Conductivity 70 74 74 74 70 70 70 70 74 74| 90
5| Total suspended so 70 74 74 74 70 70 70 70 74 74| 90
6| Total iron 70 75 75 75 70 70 70 70 75 75 90
7| Total manganese 70
8| Ammonia nitrogen 90 90 90 90 90 90 90 90 90 9 90
9|Nitrite nitrogen
1|Nitrate nitrogen 90 90 90 90 90 90 90 90 90 90| 90
1]/Organic nitrogen
C.- ADDITIONAL CHEMICAL PARAMETERS
1|Chloride 70 75 75 75 70 70 70 70 75 75| 90
2/Sulfate 70 75 75 75 70 70 70 70 75 75| 90
3|Calcium 70 75 75 75 70 70 70 70 75 75 90
4|Magnesium 70 75 75 70 70 75
5| Detergents 74 74 70 74 75
6| Nonpolar extractable matter
7| Total cyanide
D.- HEAVY METALS
1|{Cadmium 90 90
2| Arsenic 70 70 70 70 74
3|Copper
4|Chromium (VI)
S| Nickel
6|Zinc
E.- BIOLOGICAL AND MICROBIOLOGICAL PARAMETERS
1|Bioseston saprobity index 78 78 78 78 78 78 78 78 78 78] 90
2(Psychrophil. bacteria 70 74 74 74 70 70 70 70 74 74 90
3| Coliform bacteria 70 74 74 74 70 70 70 70 74 741 90
F.- RADIOACTIVITY PARAMETERS
1| Total alpha-activity
2|Radium 226

NOTES:

X - sampling stations or parameters were monitored occasionally

* - parameters were monitored only up to the year 1989
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List of surface water quality parameters regularly monitored in the Nitra subwatershed
(continued on the next page).

Number of monitoring station 12 13 14 15 16 171 18 19 20 21 22
GENERAL PARAMETERS
1|Sampling dates 74 70 70 74 70 74 70 74 90 74 70
2|Sampling hours 74 70 70 74 70 74 70 74 90 74 70
3|Q daily average 75 70 70 74 70[X 70| 74 74| 70
4|Q immediate X 74 X X

A.- OXYGEN REGIME

1| Dissolved oxygen 74 70 70 74 70 74| 70| 74 90 74| 70
2|BOD-5 74 70 70 74 70 74 70| 74 90 74| 70
3|COD-Mn 74 70 70 74 70 741 70] 74 90 74| 70

B.- BASIC CHEMICAL PARAMETERS

1|pH 74 70 70 74 70 74 70 74 90 74 70
2| Water temperature 74 70 70 74 70 74 70 74 90 74| 70
3| Total soluble sub 74 70 70 74 70 74 70 74 90 74 70
4|Conductivity 74 70 70 74 70 74 70 74 90 74| 70
5| Total suspended so 74 70 70 74 70 74 70 74 90 74| 70
6|Total iron 75 70 70 75 75 70 75 75 70
7| Total manganese 70 75

8| Ammonia nitrogen 920 90 90 90 90 90 90 90 90 90| 90
9|Nitrite nitrogen 90 90

1| Nitrate nitrogen 90 90 90 90 90 90 90 90 90 90| 90
1|Organic nitrogen 90 90

C.- ADDITIONAL CHEMICAL PARAMETERS

1|Chioride 75 70 70 75 70 751 70 75 90 75( 70
2|Sulfate 75 70 70 75 70 75) 70| 715 90 75 70
3|Calcium 75 70 70 75 70 75| 70| 75 90 75| 70
4|Magnesium 75 751 70 75 70
5|Detergents 75 70 74 74 74] 75| 74

6(Nonpolar extract. matter

7| Total cyanide 74 74

D.- HEAVY METALS

1|Cadmium 90 90
2| Arsenic 70 75 75

3|Copper 90
4|Chromium (VI) 89 74 90
$|Nickel 90
6|Zinc 90

E.- BIOLOGICAL AND MICROBIOLOGICAL PARAMETERS

1|Bioseston saprobity index 78 78 78 78 78 78/ 78] 78 90 78] 78

2|Psychrophil. bacteria 74 70 70 74 70 74 70 74 90 74| 70

3|Coliform. bacteria 74 70 70 74 70 74 70 74 90 74| 70
F.- RADIOACTIVITY PARAMETERS

2| Total alpha activity 81

3|Radium 226 81

NOTES:
X - sampling stations or parameters were monitored occasionally
* - parameters were monitored only up to the year 1989
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List of surface water quality parameters regularly monitored in the Nitra subwatershed

(continued).
Number of monitoring station 23 24 26
GENERAL PARAMETERS
1|Sampling dates X 74 72
2|Sampling hours X 74 2
3|Q daily average 73
4|Q immediate 74
A- OXYGEN REGIME
1| Dissolved oxygen X 74 72
2|BOD-5 X 74 72
3|COD-Mn X 74 72
B.- BASIC CHEMICAL PARAMETERS
1|pH X 74 72
2| Water temperature X 74 72
3|Total soluble sub X 74 72
4|Conductivity X 74 72
5| Total suspended so X 74 72
6|Total iron X 75 72
7| Total manganese
8| Ammonia nitrogen 90 90 90
9|Nitrite nitrogen 90
1]Nitrate nitrogen 90 90 90
1]|Organic nitrogen 90
C.- ADDITIONAL CHEMICAL PARAMETERS
1|Chloride X 75 72
2|Sulfate X 75 72
3|Calcium X 75 72
4|Magnesium 75 72
5| Detergents 74 75
6|Nonpolar extract. matter
7| Total cyanide 75
D.- HEAVY METALS
1| Cadmium 90
2| Arsenic 89
3]|Copper
4|Chromium (VI) 89
5| Nickel
6|Zinc
E.- BIOLOGICAL AND MICROBIOLOGICAL PARAMETERS
1|Bioseston saprobity index X 78 78
2|Psychrophil. bacteria X 74 75
3|Coliform. bacteria X 74 72
F.- RADIOACTIVITY PARAMETERS
2|Total alpha activity 72
3|Radium 226 7

NOTES:

X - sampling stations or parameters were monitored occasionally
- parameters were monitored only up to the year 1989

189




Appendix 7.4 Classification of water quality of the Nitra River basin in 1989-1990

(Continued on the next page)

River Nitrica Nitra Nitrs Radics Bebrava Nitra Nitra Nitra
Sampling station Nitrica Chyno Bosany Banov Kna Praz Nitr Luzi
nany ce covee novee Streda anky
nad
P9 P10 P11 P12 P13 Pl4 P15 Pi6
Parameter Symbol Unit
A- OXYGEN REGIME m v v m v v v v
1] Dissolved o0 mg/l 1 1 v 1 1 m v {]
oxygen 99 69 45 80 86 53 3,0 6,6
2| BOD-$ BOD 5§ mg/l u v v m v v v v
5.0 134 153 1,7 110 FIN 16,7 16,4
3| COD-Mn coD mg/l m v v m v v v v
128 21,1 228 149 19,4 347 179 24,1
B.- BASIC CHEMICAL PARAMETERS v v v m v v v v
1] pH pH 1 1 1 ] 1 i I I
83 81 79 83 83 8,0 8,1 81
2| Water T oC n i ! 1 1 11 1 i
temp. 2,6 22,1 20,2 16,3 21,5 23,0 20,0 22,5
3| Total so- mg/l 1} v v m 1 v v v
luble subst. 638,2 12989 1290,0 6334 6332 13878 12442 1221,2
4] Conduc- mS/m 11 v v ] m v v v
tivity 72,2 129,7 1347 60,3 85,54 14,2 125,5 123,7
5| Total susp. mg/ v m \Y 11 v v v v
solids 67,4 55,6 11,3 380 62,2 63,0 71,0 142,0
6| Total Fe mg/l 1 I i Il 1 ol Y 1
ron 0,44 0,72 0,93 0,58 0,48 0,65 0,55 0,77
7| Total Mn mg/l - - - - - 1 -
g 0,0
8| Ammonia N-NH4+ mg/l n v v 1 v v v v
! 3.5 2,88 0,46 292 2,89 0,61 2,19 5.09
9]Nitrite N-NO2- mg/l - . - - - - v -
nitrogen 0,21
1 | Nitrate N-NO3- mg/l m I ] il m i n it
2 " 43 28 3,1 26 4,1 24 2.9 2.7
C.- ADDITIONAL CHREMICAL I v v 1l n v 11 111
PARAMETERS
1| Chloride CL- mg/l 1 v v 1 1 v m m
43 364,6 356,0 399 39,0 3874 270,7 263,5
2| Sulfate $042- mg/l 1 m 11 I 1 m il 1
59,5 82,3 2077 48,0 64,3 180,4 184,1 1656
3| Calciumn Ca mg/ u v v 11 I v i 1
1132 2085 215,7 1073 1172 2039 1743 1943
4| Magnestum Mg mg/l n - - - - - 1 N
32,2 449
8| Deter- mg/ 1 I - il it it n -
gents 0,11 0,19 0,18 0,17 0,26 0,17
9| Non-polar - - - - - \Y
extr. mg/l 0,9
matter
1 [Total CN- mg/ - - . . - - B N
[ ——
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Classification of water quality of the Nitra River basin in 1989-1990.

(Co_ntinued on the next page)

River Nitra Utava Zitava Tel p. Zitava Zitava Stara N
Sampling station Nitra Ziatne Tes Vrab Lucnica Dol Surany
ny Monv Mlyna le ca Ohaj nad
ce ny
P17 P18 Pi9 P20 P21 P22 P23
Parsmeter Symbol Unit
A.- OXYGEN REGIME v I v v v v \Y
1| Dissolved 02 mg/1 v 1 1 u 1 I m
oxygen 39 9,5 84 6,5 92 8.2 5.5
2| BOD-S BOD S mg! v m v \% i m v
18,4 6,0 10,6 163 9.1 9,7 17,0
3| COD-Mn CcoD mg/l v m v v v v v
20,6 134 176 256 172 17,4 193
B.- BASIC CHEMICAL PARAMETERS v m v v v v v
Il pH pH 1 1 1 - 1 I I 1
80 82 83 81 83 83 8,0
2| Water T oC 1l I I I I 1 11
temp. 28 16,5 170 172 18,5 20,5 21,0
3| Total s0- mg/l v 1 18 \' il v v
tuble subst. 1147,0 469,2 620,2 1465,3 685,2 1280,9 1206,0
4| Conduc- m&/m v [ il v m v v
tivity 1342 542 65,0 1547 73,9 178,4 125,7
5| Total susp. mg/l i} i v \' 1 v v
solids 58,1 59,9 61,0 100,0 50,6 89,7 146,7
6| Total Fe mg/l 1l u 1 1 I ! 11
iron 0,51 0,7 0,33 0,71 0,47 0,45 0,71
7| Total Mn mgl - - - - - -
manganese
8| Ammornua N-NHé4+ mg/l v I v v v m v
nitrogen 5,02 1,04 282 2,61 2,01 1,50 6,89
9| Nitrite N-NO2- mg v - - - \Y -
nitrogen 0,23 0,137
1 [ Nitrate N-NO3- mg/l 1 111 m v it B 11
: ntrogen 2,0 3,06 37 151 50 40 2.3
C.- ADDITIONAL CHEMICAL v I 11 i m v 1
PARAMETERS
1| Chloride CL- mg/l 1Y 1 ! )i il v il
2717 328 478 1740 64,7 570,2 276,7
2| Sulfate S042- mg/l 1l il i m ] i) m
159,0 859 96,0 1923 10,5 179,3 174,7
3| Calcium Ca mg/l 1 I I} il I 11 m
188,5 5 89,2 192,0 106,3 125,2 1493
4| Magnesium Mg mg/l I 1 - - I 7 -
370 15,0 32,0 499
8| Deter- mg/l ] 1 1 - - . .
gents 0,29 0,16 0,19
9|Non-polar v - - . . . -
extr. mgl 0,5
matter
l0 Total CN- mg/l - 1 - - m . -
cyanide 0,0 0,003
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Classification of water quality of the Nitra River basin in 1989-1990.

(Continued on the next page)

River Stara N Nitra Nitra
Sampling station Surany Nove Komo
pod Zamky ca
P24 P25 P26
Parameter Symbol Unit
A - OXYGEN REGIME \Y \Y v
1|Dissolved 02 mg/l v I \Y
oxygen 41 6,2 0,0
2| BOD-S BOD 5 mg/l v \Y v
196,1 28,7 33,0
3| COD-Mn COD mg/l Vv \Y v
87,5 43,3 34,4
B.- BASIC CHEMICAL PARAMETERS \Y v \Y
1| pH pH I I I
83 81 81
2| Water T oC 1 I I
temp. 24,0 21,8 21,8
3|Total so- mg/l v v v
Juble subst. 12006 1119,5 1126,7
4]Conduc- mS/m v v v
tivity 141,3 127,7 123,0
5| Total susp. mg/l v 111 I
solids 212,0 57,0 44,0
6|Total Fe mg/l 1 I 1
iron 1,06 0,56 0,52
7|Total Mn mg/l] - - -
manganese
8| Ammonia N-NH4+ mg/] v v \
nitrogen 3,81 4,43 53
9|Nitrite N-NO2- mg/l - - A
nitrogen 0,38
10|Nitrate N-NO3- mg/l 1 Il I
nitrogen 2,9 2,5 2,7
C.- ADDITIONAL CHEMICAL v 1 111
PARAMETERS
1|Chloride CL- mg/l v 11 I
318,5 287,6 233,7
2|Sulfate SO42- mg/l 11 I m
178,0 157,6 169,3
3|Calcium Ca mg/l I I 1
186,2 158,3 156,5
4|Magnesium Mg mg/l I I I
36,4 39,5 41,3
8| Deter- mg/l I - II
gents 0,32 0,32
9|Non-polar - - -
extr. mg/l
matter
10| Total CN- mg/l - - )
cyanide 0,003
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Classification of water quality of the Nitra River basin in 1989-1990.
(Continued on the next page)

River | Nitra  |Nitra Handl. Handl. Handl. [Nitra [Nitra Nitra
Sampling station Kla Nedo |Hand Hand Kos No Chal Parti
cno zery lova lova vaky |mova zanske
nad pod nad nad
P1 P2 P3 P4 Ps P6 P7 P8
Parameter Symbol Unit
D.- METALS - - - I I 1 \ \'
1|Mercury Hg mkg/l - - - - - - - -
2|Cadmium Cd mkg/l - - - - 1 1 - -
0,0 0,0
4| Arsenic As mkg/l - - - I 1 - \Y% \Y%
10,0 0,0 170,0 115,2
5|Copper Cu mkg/] - - - - - - - -
7|Chromium CrVl1 mkg/1 - - - - - - - -
9|Nickel Ni mkg/] - - - - - - - -
1|Zinc Zn mkg/] - - - - - - -
0
E.- BIOLOG. AND MICROBIOL. v \Y \Y \Y A \ \Y \
PARAMETERS
1 | Bioseston 11 A 11 \% \Y JN \Y% v
index 1,86 2,49 2,14 3,94 3,85 2,95 3,72 3,54
2|Psychroph. thous. m \Y v \Y \Y v \Y v
bacteria cells/ml 5,0 63,3 31,3 185,4 242,6 90,6 106] 92,6
3|Coliform thous. v \Y v \Y \Y \Y% A% \Y
bacteria cells/mt 0,105 2,7 0,6 135,2 41,68 11,1 7,6 5,6
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Classification of water quality of the Nitra River basin in 1989-1990.
(Continued on the next page)

River | Nitrica  |Nitra Nitra Radica (Bebrava |Nitra Nitra Nitra
Sampling station Nitrica [Chyno |Bosany |[Banov |Kru Praz Nitr Luzi
rany ce covce novece Streda anky
nad
P9 P10 P11 P12 P13 P14 P15 P16
Parameter Symbol Unit
D.- METALS - v - - - v v -
1{Mercury Hg mkg/1 - - - - - .
2|Cadmium Cd mkg/l - - - - - 1 -
0,0
4| Arsenic As mkg/l - \Y - - - v v -
142,6 90,0 100,0
5|Copper Cu mkeg/l - - - - - - - -
7| Chromium CrV1 mkg/l - - - - - - - -
9{Nickel Ni mkg/l - - - - - - R R
1|Zinc Zn mkg/l - - - - - - - -
0
E.- BIOLOG. AND MICROBIOL. \Y \Y \Y \Y \Y v v v
PARAMETERS
1|Bioseston I I I 1 1 v v m
index 2,55 30 2,96 2,81 2,83 34 3,4 2,9
2|Psychroph. thous. \% A% \Y \Y \Y \Y% \Y \Y
bacteria cells/ml 28,5 72,6 102,3 123,4 413 144,9 146,7 85,2
3]Coliform thous. v A% \Y% A% \Y% \Y% \Y% v
bacteria cells/ml 0,5 93 2,1 2,6 48 18,6 143 73
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Classification of water quality of the Nitra River basin in 1989-1990.
(Continued on the next page)

River | Nitra Zitava Zitava Tel.p. |Zitava Zitava Stara N
Sampling station Nitra Zlatne Tes Vrab Lucnica Dol Surany
ny Morav Mlyna le ca Ohaj nad
ce ny
P17 P18 P19 P20 P21 P22 P23
Parameter Symbol Unit
D.- METALS v I I - Il - -
1|{Mercury Hg mkg/l - - - - - - -
2|Cadmium Cd mkg/l - - - - I - -
0,0
4| Arsenic As mkg/l v - - - - - .
55,2
$|Copper Cu mkg/1 - - - - 133 . .
7|Chromium CrVi mkeg/l - 0,0 0,0 - 0,0 - -
9|Nickel Ni mkg/l - - - - 30,0 - -
1|Zinc Zn mkg/l - - - - 40,0 - -
0
E.- BIOLOG. AND MICROBIOL. A% \Y v v \Y v v
PARAMETERS
1|Bioseston III 111 111 111 1l I III
index 3,04 2,50 2,70 2,66 2,63 2,69 2,67
2|Psychroph. thous. \Y \Y \Y \Y \Y \Y \Y
bacteria cells/ml 108,1 19,2 41,5 75,0 34,1 58,9 140,7
3|Coliform thous. \Y v \Y \Y \Y \Y \Y
bacteria cells/ml 21,0 0,6 1,3 3,39 3,89 11,4 1,11
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Classification of water quality of the Nitra River basin in 1989-1990.

(Continued)
River | Stara N Nitra Nitra
Sampling station Surany Nove Komo
pod Zamky ca
P24 P25 P26
Parameter Symbol Unit
D.- METALS - - v
1|Mercury Hg mkeg/l - - -
2|Cadmium Cd mkg/l - - I
0,0
4|Arsenic As mkg/l - - v
52,6
5|Copper Cu mkeg/l - - .
7|Chromium CrVI mkg/l - - 0,0
9|Nicket Ni mkg/1 . - .
10(Zinc Zn mkg/l - - .
E.- BIOLOG. AND MICROBIOL. v v v
PARAMETERS
1|Bioseston v v v
index 40 3,32 3,21
2|Psychroph. thous. A% \Y \Y
bacteria cells/mt 402,9 377.8 379,9
3|Coliform thous. \% \Y \Y
bacteria cells/mt 181,3 26,16 28,7
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Appendix 7.5 Recommendations for the Enhancement of the Existing Surface Water
Quality Monitoring System

1. Introduction

As it was outlined in the Chapter 7, the water quality monitoring system can serve many
purposes: reporting the state of the water environment, using means, percentiles or other
statistical criteria; detecting temporal trends; checking the suitability of water for specific
purposes; checking the pollution load to the receiving waterbody. The monitoring procedure
itself should be set up according to the priorities of different monitoring goals. Thus, if the
emphasis is on estimating the load to the receiving waterbody, more analyses should be done
at the mouth of the stream. Likewise, if the main purpose is to control the domestic water
supply, the sampling sites immediately upstream of the corresponding uptakes should receive
the most attention. As the requirements in many cases are often controversial, the setting of
monitoring scheme often is a result of a compromise (Chapter 7).

In the case of monitoring of water quality in the Nitra River basin, the objectives of the
existing monitoring scheme were set up approximately twenty years ago. It is desirable to
reevaluate the procedure, perhaps to de-emphasize certain past priorities and define new ones
keeping in mind changes both in the human activity in the region and developments in the
water quality management since that time. The data collected in the course of the monitoring
should serve as a basis for this reevaluation. This comprehensive analysis should be performed
by the responsible national institutions and agencies, and therefore it is not the objective of this
work to take all the details into consideration. However, some of the important issues of
setting up the monitoring program in the Nitra River basin will be discussed below.

The monitoring program in the Nitra River basin as it is currently set up serves the following
goals (in order of importance):

¢ Reporting the general information about the state of environment (on the basis of the
classification scheme)

e Overall checking of the amount of pollution (mostly conventional pollutants are
considered)

¢ Detecting accidents causing considerable pollution of the river water

It can further be used for the additional purposes of:

o Estimating averages

e Detecting trends

o Estimating the load to the receiving waterbodies (the Danube and the Black Sea)

¢ Checking the possibility of water uptake for different purposes

o Checking the conditions of aquatic life preservation

e Providing feedback information for the water quality management (upgrading of the
wastewater treatment plants, selection and adjustment of the policy instruments)

Some particular issues of the setup of the monitoring system are discussed below. Summary of
the recommendations can be found in the Section 7.4.
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2. Location of Monitoring Sites

From Figure 7.1 it can be seen that in most cases the monitoring points have been deployed in
pairs, one immediately upstream of the municipality and the other downstream, with the
purpose of studying the effects of the emissions. Sometimes the sample of the water from the
downstream site is done before the complete mixing of the effluent with the river is achieved,
and the sample therefore cannot represent the conditions in the river. This is true, for example,
for the monitoring point Praznovce, which is located less than a kilometer downstream from
the mouth of the tributary Bebrava.

A special care is the absence of emissions control in the monitoring scheme. The monitoring
provided by the emitters themselves is not procedurally and temporally coherent with the
ambient water quality sampling, and its results are unavailable in compound and consistent
manner for the purposes of any sensible generalization. Thus to use the information provided
in the policy-oriented way the inclusion of emission' monitoring is a necessary precondition.
Flow measurements should supplement the sampling of the effluent water to provide the
notion of emitted load.

3. Set of Water Quality Measurements

Currently, mostly so-called "traditional" pollutants are monitored in the Nitra River basin (see
Chapter 7). There has been no detailed assessment made of the river ecosystem, and therefore
at the moment no clear understanding of how pollution affects aquatic life. Therefore, it is not
possible to use the monitoring data for the control of aquatic life preservation. To address this
problem, a hydrobiological study should be undertaken to compare the condition of river biota
in the polluted and relatively clean river stretches in the basin. This issue is closely connected
to that of nutrient assessment and control. Biogenic elements such as nitrogen and phosphorus
can give rise to excessive growth of algae (eutrophication). Chlorophyll-a, nitrogen and
phosphorus fractions analyses should be made a part of monitoring system, on a less frequent
basis to reduce costs.

The analysis of the suitability of the river to support aquatic life can be facilitated with toxicity
tests (Chapter 7). They serve as an indicator of the presence of the hazardous pollutants
originating from industry or agriculture. Their usage can be especially helpful in cases when
the traditional parameters are within the "admissible" limits. When organic waste loads
decrease, the toxicity tests will provide valuable information on the water quality problems
related to non-traditional pollutants.

The analysis of current monitoring results shows indicate the presence of certain indicators of
industrial pollutants such as arsenic and dissolved solids. Of the heavy metals only arsenic is
monitored more or less regularly. Copper, zinc, cadmium, chromium and nickel are in the list
but monitored at two stations only. Mercury, lead, chlorinated and polycyclic organics, all of
them highly toxic, are not monitored at present. The analyses of these substances could be
performed less frequently than the others to save costs.

Organic micropollutants at present are practically outside of the monitoring activity. The low-

molecular organic micropollutants such as dichlorobenzene, dichloroethane, etc. in the Nitra
River originate mainly from the industrial emissions (most notably from the chemical complex
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at Novaky; Chapter 7 and 8). It would make sense to perform a regular analysis of the samples
taken from the locations Chalmova and Partizanske (river km 124 and 116, respectively) and
from effluent of the chemical plant. Another consideration is the excessive concentration of
pesticides (e.g. lindane), originating from agriculture. To control this pollution it is necessary
to include pesticide analysis in the monitoring program in the middle and lower parts of the
river, the locations of intensive agriculture. Finally, insufficient coverage of the high-molecular
nonvolatile persistent organics (such as oil products) is found in the monitoring scheme.

The pollution of the water column and high suspended solids concentration (Chapter 7) can
lead to the accumulation of many of the pollutants in the river sediments. As pollution control
measures are undertaken, concentrations in the water column will drop, and certain portion of
the stored pollution can be released from the sediment. It is therefore necessary to perform an
analysis of the river sediments in order to evaluate the potential of secondary pollution.

3. Sampling Frequency

The directive for the evaluation of the water quality time series adopted in Slovakia (Chapter
7) suggests that a minimum of 24 values should be used for classification of water quality in
the given observation period (usually from 1 to 5 years). However, it is well known that the
accuracy of estimation depends on the number of samples. US Corps of Engineers guidelines
for the flood protection risk estimations take this into account (Chow, 1988). If we adopt the
90% percentile value as a guideline, it can be shown using the statistical tables (Handbook of
tables, 1982) that 35 samples are needed to guarantee the 90% percentile to fall into the 95%
confidence interval. With 24 samples we may reliably obtain only 85% percentile, and with 12
samples only 75%. With the current sampling frequency 3 years of sampling is needed to
border the 90% percentile referenced in the standard, and there is no way whatsoever to
classify biennial or annual intervals. Probability based standards should be build using
statistical criteria, otherwise their application may lead to inconsistent results. In other words,
the admissible limits should depend on the length of the series which was used for calculating
the ambient water quality criteria.

In addition, the statistics of analyses are also dependent on the statistical properties of the
individual water quality component. As previous work in this field shows, one of the key
parameters which governs the accuracy of the estimation of the mean from infrequently
sampled time series is the ratio of the mean and standard deviation (Somlyody et al, 1986).
Establishing a trend in water quality should also take this ratio into account.

Based on this methodology, an analysis was performed to see how many samples are needed
to estimate mean concentration of BOD-5 and ammonia in the Nitra River. Since the empirical
distribution of the parameters is different at each location, the analysis was made location-
specific. The desired reliability of the estimation was set to the commonly used 95% level. The
admissible error of the estimation was expressed as a multiple of the mean itself. This ratio of
admissible error and the mean serves as a measure of accuracy of estimate and is denoted as
alpha (following the notation convention in the original work).
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Figure 2 Number of samples necessary to estimate the NH,-N mean value
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It can be seen that the desired accuracy influences the number of samples very strongly (see
Figures 1 and 2). It is relatively easy to decrease alpha from 0.7 to 0.5, but to achieve alpha
0.2 requires an order of magnitude more samples. The specifics of the particular water quality
pollutant also plays a role. The estimation of BOD-5 concentration with a given accuracy
generally requires more samples to be taken in the lower part of the river, but for the ammonia
nitrogen quite the opposite is true.
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APPENDIX 11.1 SUMMARY OF MUNICIPAL WASTEWATER TREATMENT
ALTERNATIVES

Table 11.1 Characteristics of the Feasible Treatment Alternatives for Handlova WWTP
(700 m3/d)

Alternative Cost (106 Effluent concentrations (mg/l) Type of
USD) treatment
IC |OMR | BOD | TP | NH4- | NO3-
C N N
0 0 0 150 8 30 0 None
1 0.35 18 6 21 0 B
2 1 0.46 15 1 4 17 BnC
3 1.3 0.55 12 1 0 12 BnCDNp
4 7.8 0.7 6 05 | 0 5 New BnCDN

Table 11.2 Characteristics of the Feasible Treatment Alternatives for Lehota WWTP
(1000 m3/d)

Alternative Cost (106 Effluent concentrations (mg/1) Type of
USD) treatment
IC |OMR | BOD TP | NH4- | NO3-
C N N
0 0 0 130 8 30 0 None
1 0 0.07 12 6 2 19 B
2 0.1 0.1 10 1.5 0 19 BnC
3 0.15 0.12 10 1.0 0 10 BnCDNp

Table 11.3 Characteristics of the Feasible Treatment Alternatives for Prievidza WWTP
(25000 m3/d)

Alternative Cost (100 Effluent concentrations (mg/1) Type of
USD) treatment
IC |OMR | BOD TP | NH4- | NO3-
C N N
0 0 0 170 10 40 0 None
1 0 1.0 17 7 28 0 B
2 0 1.2 17 7 4 24 B
3 3 1.5 15 7 0 16 BnDNp
4 5 1.6 10 1 0 10 BnCDNp
5 2 1.4 15 1 4 24 BnC
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Table 11.4 Characteristics of the Feasible Treatment Alternatives for Partizanske WWTP

(15000 m3/d)
Alternative Cost (100 Effluent concentrations (mg/l) Type of
USD) treatment
IC |{OMR | BOD | TP | NH4- | NO3-
C N N

0 0 0 100 8 20 0 None
1 0 0.7 10 6 0 14 Bn
2 1.5 0.8 10 6 0 8 BnDNp
3 2.0 0.95 10 1 0 8 BnCDNp

Table 11.5 Characteristics of the Feasible Treatment Alternatives for Banovce WWTP

(8000 m3/d)
Alternative Cost (100 Effluent concentrations (mg/l) Type of
USD) treatment
IC |[OMR | BOD | TP | NH4- | NO3-
C N N
0 0 0 360 13 50 0 None
1 0 0.4 26 9 35 0 B
2 0.5 0.52 24 1.5 35 0 BC
3 1.0 0.58 20 1.5 5 30 BnC
4 25 0.7 18 1.0 0 20 BnCDNp
5 9.0 0.8 16 1.0 0O | 8 New BnCDN
Table 11.6 Characteristics of the Feasible Treatment Alternatives for Topolcany WWTP
(13000 m3/d)
Alternative Cost (100 Effluent concentrations (mg/1) Type of
USD) treatment
IC |[OMR | BOD | TP | NH4- | NO3-
C N N
0 0 0 310 12 48 0 None
1 0 0.6 110 8 40 0 B
2 1.2 0.7 75 3 40 0 BC
3 9 0.6 25 7 34 0 New B
4 12 0.7 25 7 0 34 New Bn
5 8.8 0.82 25 1.5 34 0 New BC
6 9.0 0.9 20 1.5 0 31 New BnC
7 108 | 1.08 20 1.5 0 19 New BnCDNp
8 14.4 1.45 10 0.6 0 8 New BnCDN

203




Table 11.7 Characteristics of the Feasible Treatment Alternatives for Nitra WWTP

(30000 m3/d)
Alternative Cost (100 Effluent concentrations (mg/1) Type of
USD) treatment
IC [OMR | BOD | TP | NH4- | NO3-
C N N
0 0 0 240 11 48 0 None
1 0 1. 100 9 40 0 B
2 2 1.3 60 2.7 34 0 BC
3 9 1 24 7 30 4 B+New B
(15000 m3/d)
4 15 14 18 7 4 30 Bn+New
Bn(22000
m3/d)
5 11 1.6 20 1.5 7 27 BnC + New
BnC(15000
m3/d)
6 14 1.9 15 1.5 0 25 BnCDNp +
New BnC
(15000 m3/d)
7 25 2.3 8 0.8 0 10 New BnCDN
Table 11.8 Characteristics of the Feasible Treatment Alternatives for ZI Moravce WWTP
(6000 m3/d)
Alternative Cost (100 Effluent concentrations (mg/1) Type of
USD) treatment
IC |OMR | BOD TP | NH4- | NO3-
C N N
0 0 0 250 12 48 0 None
1 0 0.3 20 8 24 10 B
2 0.5 0.4 20 1.5 4 34 BnC
3 1.0 0.5 15 1.0 0 20 BnCDNp
4 7.0 0.6 10 0.6 0 8 New BnCDN

Table 11.9 Characteristics of the Feasible Treatment Alternatives for Vrable WWTP (3000

m3/d)
Alternative Cost (106 Effluent concentrations (mg/1) Type of
USD) treatment
IC |OMR | BOD TP | NH4- | NO3-
C N N
0 0 0 230 3 30 0 None
1 0 0.17 20 2 2 19 B
2 0.1 0.22 15 1 2 19 BnC
3 0.2 0.25 12 0.5 0 10 BnCDNp

204




Table 11.10 Characteristics of the Feasible Treatment Alternatives for Surany WWTP

(3000 m3/d)
Alternative Cost (106 Effluent concentrations (mg/l) Type of
USD) treatment
IC [OMR | BOD TP | NH4- | NO3-
C N N

0 0 0 200 10 45 0 None
1 0 0.17 20 24 8 B
2 0.5 0.22 20 1 4 28 BnC
3 3.9 0.34 10 0.6 0 8 New BnCDN
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