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1.
Objectives

1.1 To describe procedures for the quantification and reporting of nitrogen (N) and phosphorus (P) discharges from waste water treatment plants (WWTPs) and sewerage. 

1.2
To list the type of data to be reported in addition to annual figures on discharges of nitrogen and phosphorus from waste water treatment plants and sewerage systems.

2.
Introduction

2.1
Figure 1 shows the various sources and pathways of N and P discharges and losses in urban areas. N and P can be discharged or lost from agglomerations into the surface waters along various pathways. The N and P losses from unpaved urban areas are already considered in draft Guideline 6 on diffuse losses of N and P.
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Figure 1 Sources and pathways of nitrogen and phosphorus discharges and losses in urban areas (according to Behrendt, 1993; modified)

2.2
This guideline covers the following pathways (see Figure 1):

· separate and/or combined sewer systems connected to WWTPs;

· sewer systems that are not connected to waste water treatment plants;

· overflow and leakage from sewers.

2.3
Discharges/losses of N and P from households not connected to sewer systems, but which are expected to be connected in the near future, are considered in this guideline as these households belong to urban agglomerations. N and P losses from households not connected to sewer systems and that are not expected to be connected in the near future (5-10 years) are considered in Guideline 5. 

2.4
Within the EC Urban Waste Water Treatment Directive (Council Directive 91/271/EEC concerning urban wastewater treatment) (UWWTD) ‘agglomerations’ are used as a means to quantifying the potential N and P discharges/losses from urban waste water (annual nominal nitrogen and phosphorus loads). 

2.5
The corresponding ‘annual nominal N and P loads’ (expressed in inhabitants equivalents or population equivalents), includes households, business and industry, and tourist related activities, and has to be evaluated and reported on in the implementation of the UWWTD if it exceeds 2000 p.e., i.e. 8.8 t N/year and 1.8 t P/year (based on 12 g N/day = 1 p.e. and 2.5 g P/day = 1 p.e. – see definition in chapter 3).

2.6
The UWWTD calls, in certain situations, for measurements at the inlet and outlet of waste water treatment plants, which can be used for calculating the percentage reduction of the nitrogen and phosphorus discharges (cf. annex 1D of the Directive). Furthermore, it indicates a minimum frequency of sampling according to the number of p.e. The relevant figures from the said Directive have been used in this guideline.

2.7
During storm water events, the sewers may not be able to discharge all wastewater into the WWTPs. A portion may be discharged directly via a combined sewer overflow or indirectly via storm water treatment units into surface water recipients. These portions need to be quantified and the respective nutrient loads estimated.

2.8
The quantification of leakage should be carried out in cases where it is obvious that the leakage contribution to the N and P load is judged to be significant. However, there is currently no proposed harmonised way of quantifying N and P leakage from sewer systems. Therefore, best available estimates should be included in the quantified N and P losses/discharges to surface waters.

3.
Definitions

Urban wastewater means domestic wastewater or the mixture of domestic wastewater with industrial wastewater and/or run-off rain water.

Domestic wastewater means wastewater from residential settlements and services, which originate predominately from the human metabolism and from household activities.

Agglomeration means an area where the population and/or economic activities are sufficiently concentrated for urban wastewater to be collected and conducted to an urban wastewater treatment plant or to a final discharge point.

Population equivalent (p.e.) is the organic biodegradable load of waste water (comprising domestic and/or industrial components) expressed in terms of an equivalent population, with one unit having a five-day biochemical oxygen demand (BOD5) of 60 g of oxygen per day. In terms of N and P, 1 p.e. corresponds to 12 g N/day and 2.5 g P/day
. Collection system means a system of conduits that collects and conducts urban wastewater (see figure 1).
Combined sewer systems are sewers that are designed to collect rainwater runoff, domestic sewage, and industrial wastewater in the same pipe.

Separate sewerage system consists in the separate collection of municipal wastewaters (black water from toilets, greywater (wastewater generated in households or office buildings from streams without faecal contamination) and industrial wastewater) and surface run-off (rainwater and storm water)
Annual N and P nominal load means the organic biodegradable load of the agglomeration, expressed in population equivalents), including those from domestic wastewater and industrial waste waters that must be collected by collection systems; it does not include loads of industrial wastewater that are treated separately and directly discharged into surface waters.
Total annual N and P served load means the organic biodegradable load of the agglomeration, expressed in population equivalents, that is generated in the areas served by an existing collection system of an agglomeration and that should be connected to an existing system.

Total annual N and P collected load means an organic biodegradable load of an agglomeration, expressed in population equivalents, which is effectively collected by an existing collection system and that reached the treatment plant. The difference between the total annual served load and the total annual collected load equals the annual load from areas with collection systems, which do not reach the treatment plant.

Sewerage means the infrastructure of a drainage system, comprising sewers, manholes, pumping stations and pumping mains, for the collection and conveyance of foul and surface waters, separately or combined, from source to a required point of delivery/discharge.

4.
Quantification methods

4.1
General

4.1.1 The recommended quantification methods are either based on:

· monitoring discharges from WWTPs and estimates for overflow discharges or leakages from the sewerage system upstream of the WWTP (cf. sections 4.2 and 4.4); or

· other means of quantification in the case of other plants that are not monitored (see section 4.3) and the quantification of discharges from non-collected sewage and losses such as leakage and overflows (see section 4.4).

4.1.2
Where quantification is based on monitoring, the sampling strategy for each plant should be sufficient to ensure a reliable quantification of the total N and P discharges. Where the wastewater discharges vary significantly over the year, the sampling frequency and methods of assessment should be adjusted correspondingly. Where the nutrient concentrations/discharges are relatively stable over the year, less frequent monitoring may be adopted. However, the reasons for such a reduction in frequency should be explained in the reporting.

4.2
Quantification methods concerned with discharges of nitrogen and phosphorus from monitored wastewater treatment plants

4.2.1
Ideally the waste water outflow should be measured continuously in order to calculate the total volume in a certain period (day, week, month, year). Flow-proportional or time-based 24-hour samples
 should be collected at the same well-defined point in the outlet(s) of the treatment plants. Flow should as far as possible be registered continuously, at least on treatment plants bigger than 10,000 p.e.
4.2.2
Good international laboratory practices, aiming at minimising the degradation of samples between collection and analysis, should be applied.

4.2.3
The minimum annual number of samples to be taken for N and P analyses depends on the number of p.e. connected to the treatment plants. The samples should be collected at regular intervals during the year
. The UWWTD requires analyses of N and P only for WWTPs with more than 10 000 p.e. connected. However, water samples are also required for WWTPs with from 2000 to 10000 p.e. connected, but there are no requirements for analyses of the N and P concentrations (cf. Table 1). 

Table 1: Required number of samples related to number of p.e. connected

	Number of p.e. connected
	Number of samples

	Less than 2 000 p.e.
	4 samples or theoretical quantification when no sampling

	2 000-9 999 p.e.
	4 samples


	10 000-49 999 p.e.
	12 samples

	50 000 p.e. or more
	24 samples


4.2.4
Outliers should be considered carefully, and omitted if it can be argued that they are not correct. In case of sampling during heavy rain/overflows, the sample should be restricted to represent only the period with high flows.

4.2.5
Whenever possible, the annual N and P load from sewer systems should be calculated as the sum of the product of a flow weighted concentration value for a period and the corresponding quantity of wastewater in the period. The three ISO standard methods below (a, b and c) are examples of such quantification procedures. The wastewater flow should be measured continuously to calculate the total quantity over a specified time period (day, week, month and year). The three methods described below are examples of :

a.
Continuous flow measurement and sampling (e.g. 24 hours flow-weighted composite samples seven times/week). The annual N and P load is then the cumulative load of continuously monitored time periods and can be calculated as follows:
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Where:

L

=
annual load (kg/year)
Qi

=
wastewater volume of period i (m3)
Ci

=
flow weighted concentration of period i (mg/l)
n

=
number of sampling periods.

b.
Continuous flow measurement and non-continuous sampling every second day, once a week or twice a month (preferably as 24 hour composites).

The annual nitrogen and phosphorus load can then be calculated as follows:
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Where:
L

=
annual load (kg/year)
Qi

=
wastewater volume of the period i (m3)
Ci

=
concentration of sample i (mg/l)
Qt

=
total wastewater volume of the year (m3)
n

=
number of sampling periods.

c.
Flow measurement only on sampling days and sampling rather seldom
i.e. 1 - 12 times/year. In this case the annual N and P load can be calculated by multiplying the average load of sampling days by 365.
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Where:
L

=
annual load (kg/year)
Qi

=
wastewater volume on sampling day i (m3)
Ci

=
concentration of the period i (mg/l)
n

=
number of sampling days.
4.2.6
Where there are no reliable monitoring methods, or no or only few samples have been taken the annual load may be derived on the basis of per capita load estimates (e.g. 12 g N/day and 2.5 g P/day per p.e.), However, countries should use their own p.e. estimates if more specific data on local conditions are available. 
4.2.7 The estimates, including the calculation method used, must be reported.

4.3
Calculation methods concerning discharges of nitrogen and phosphorus from unmonitored wastewater treatment plants

Total annual nominal N and P loads

4.3.1
The N and P nominal load from the population (NL) is important for the quantification of nitrogen and phosphorus discharges from unmonitored sewage works. It is quantified by adding the permanent and temporary population equivalents according to:

NL = (365 * Po+(Pi * dI) * 12*10-6 
(for nitrogen)

NL = (365 * Po+(Pi * dI) 2.5*10-6 

(for phosphorus)

Where:

Po

= 
permanent population; 
Pi

= 
category of temporary population
di 

= 
average stay in days per year.

The p. e. values for N (12 g N/day) and p.e (2.5 g P/day) should be replaced with more updated values for the region/country when available.

Total annual served load

4.3.2 The yearly quantity in tonnes of N and P delivered into municipal sewer systems (SL) is defined as:

SL(in tonnes/year) = (1-F) * BL + C + D

Where:

SL 

= 
total produced N and P delivered into municipal sewer systems;

BL

= 
product of specific production in tonnes/person and year, and the number of inhabitants connected to sewer systems, including occupation of accommodations such as offices, shops, hotels, tourist accommodations, secondary houses;

C

= 
nitrogen and phosphorus discharges from industry (including workshops which have discharges of N and P) in tonnes/year (to be quantified using the same procedures as industrial plants not connected to public sewerage systems, see Guideline 3, Industry); 

D

= 
N and P in drainage from paved areas connected to sewerage (tonnes/year) 

F

= 
estimate of that part of the total annual load (%) for which collection via a system and connection to such a system is not expected within the near future (5-10 years).

Total collected annual load and loss coefficients

4.3.3
The yearly transport of municipal wastewater to treatment plant by sewerage (M) is defined as:

M (tonnes/year) = T - LO

Where:

M
= 
total collected annual load (tonnes/year);

T
= 
total produced N and P delivered into municipal sewer systems (tonnes/year)
LO
= 
loss, including overflow and leakage (tonnes/year).

4.3.4
The total N and P discharges from the wastewater treatment plants and the losses due to leakage and overflow are quantified as follows:
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Where:

M
= 
total collected annual load (tonnes/year); 

I 
= 
type of treatment plant according to removal efficiency; 

EI  
= 
efficiency of removal (%) of N and P, respectively for a specific type of treatment plant, e.g. if the removal efficiency is 15%, EI is 0.15; and if E I=0, that means there is no treatment; .LO
= 
Loss (tonnes/year)
4.4
 Quantification of N and P losses into the environment from sewerage (overflows and leakage), from overflows at waste water treatment plants and non-connected sewerage

4.4.1
There are two basic approaches to quantifying the N and P losses into the environment from sewerage (such as overflows and leakage) and overflows at WWTPs. Whichever approach is used, the onus is on the Contracting Party to demonstrate that all such N and P loads to surface waters are appropriately accounted for. In the case of re-use of effluent from wastewater treatment plants for irrigation purposes, it should be indicated that the actual load of N and P of this effluent discharged into surface waters is reduced as a consequence of this re-use.

4.4.2
In respect of estimating losses via non-connected sewerage, useful guidance is provided in Guideline 5 and in section 6 of annex 1 to this guideline. However, it is recognised that there may be different conditions pertaining to such losses in different areas relating to density and seasonality of population and the per capita load released into the environment. In such cases, the objective should be to provide a transparent estimate of overall loads of N and P released into the environment taking into account the local conditions which apply.

4.4.3
Approach 1: This approach involves the deduction of the total connected annual N and P loads (as defined in section 4.3.3) from the total annual N and P served load (as defined in section 4.3.2). The total annual connected N and P loads may be obtained by:

· an evaluation of measurements at the inlet, for calculating the percentage reduction of the N and P discharges;

· quantifying the total N and P loads generated by an agglomeration; and

· quantifying an accounted load discharged to the environment by deducting:

· the N and P loads reduction achieved by the treatment process; and

· the N and P loads in the effluent from sewage treatment works.

4.4.4
 Approach 2: This approach relies on quantifying the actual N and P loads associated with storm overflows and other sewage and drainage flows entering the environment upstream of or separately to the waste water treatment plants effluent discharge. These estimates can be based on statistical information on outlets with rainwater from fortified areas and from overflows with sewage and rainwater, and some standard N and P concentrations (based on former monitoring) in the effluents. Precipitation is used to calculate flow before calculating the annual load.
4.4.5
 One alternative way of quantifying the N and P load due to overflow into surface waters is based on the estimation of the run-off from paved areas through relevant pathways. This method requires detailed information about the entire system (see annex 1).

5.
Reporting

5.1
The N and P loads entering surface waters from WWTPs plus those from sewerage systems should be reported on a catchment by catchment basis. In order to obtain transparency in the reporting and to achieve comparability between countries as regards quantification and reporting, the following additional information should be provided:

a.
applied method(s) of calculation and description of calculation methods used, if the guidelines have not been followed (partly or fully);

b. figures for specific production of N and P in tonnes per person and year;

c. figures for the total served load (N, P);

d. average treatment efficiency (N, P);

e. if load estimates are based on monitoring (see section 4.2), it is not necessary to provide figures/estimates of the total production of municipal wastewater, served load or treatment efficiency;

f.
figures on leakage and overflow; and

g.
number of wastewater treatment plants, sub-divided into the categories used in the Urban Wastewater Directive (see Section 7, HARP Reporting Format).

6.
References
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7.
HARP reporting format (Guideline 4)

	Catchment, group of catchments, RBD
	Total served load (tonnes/year)


	Quantity of municipal wastewater at the outlet of the treatment plants

(tonnes/year)
	TotN discharge (tonnes/ year)

± %


	TotP discharge 

(tonnes/year)

± %


	Description of alternative method(s) or deviations from the standard methods used, and assessment of their comparability with the recommended methods

	No. and name
	N
	P
	
	Unmon
	Mon
	Direct
	Unmon
	Mon
	Direct
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	SUM–all catchments
	
	
	
	
	
	To Implementation Format in Guideline 1


	Catchment, group of catchment, RBD
	Estimates of the load from overflow/ leakage 


	Connection rate in the catchment

(p.e.)
	Average treatment efficiency

(%)


	Number of wastewater treatment plants, categorised according to number of p.e. connected

	No. and name
	N
	P
	
	N
	P
	<2000
	2000-9999
	10 000-49999
	>50 000

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	SUM-all catchments
	
	
	
	
	
	
	
	
	


Annex 1

Description of the method used within the International Commission for the Protection of the River Rhine for the determination of storm water overflows

1.
Estimation of the proportion paved urban areas

Digital maps on the land cover (e.g. CORINE-land cover map) or NUTS statistics include the urban areas in different categories, but not the paved urban areas. The proportion of the paved urban areas should, in general, be calculated. One possibility calculation method is provided by the following formula of Heaney et al. (1976) 
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Where: 

APURB 

=
paved urban area; 

AURBTOT 

=
total urban area in km²; and 

POPDENSITY
=
population density in inhabitants per hectare total urban area. 

The original coefficients of Heaney et al. (1976) are converted into the metric system as follows:

u1=9,6, u2=0,4047, u3=0,573 and u4=0,0391. 

2.
Estimation of the specific runoff (percentage of precipitation discharged into the sewer systems from paved urban areas)

The specific runoff into the sewer systems can be estimated by another equation by Heaney et al. (1986): 
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(2)

Where: 

qPURB 

=
specific runoff of paved urban areas into the sewer system; and 

NY


=
mean annual precipitation.

3.
Estimation of the proportion of the different sewer systems in the urban area

NUTS-statistics on wastewater treatment and sewer systems include the proportion of the population that is connected to sewer systems (POPSEW) and WWTPs (POPWWTP). Furthermore, information about the length of the combined (LCS) and wastewater sewers of the separate sewer systems (LWSS) is available. From these data the urban area connected to the three considered pathways (combined sewer system – ACSS; separate sewer system – ASS and sewer system without connection to waste water treatment plants – ASWW may be calculated as follows: 
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The total storm water runoff into the different sewer systems may be estimated by multiplying the specific runoff of the total paved urban areas with the proportion of areas connected to the different sewer systems.

4.
Nitrogen and phosphorus discharges by separate sewer systems

The main sources of nitrogen and phosphorus discharges from paved urban areas are atmospheric deposition, excrements of domestic animals, litter fall and traffic. The measured nitrogen and phosphorus concentrations in separate sewer systems vary in a large range and are dependent on precipitation. Brombach & Michelbach (1998) therefore proposed, to calculate the nitrogen and phosphorus discharges by separate sewers by means of specific discharges. Table 1 gives an overview of the ranges of these spe​cific discharges of phosphorus (ESSP) and nitrogen (ESSN). The total nitrogen and phosphorus discharges from the separate sewer system may be estimated by the following equation:
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Table 1 Ranges of specific nitrogen and phosphorus discharges by separate sewer systems given by various authors 

	Reference
	Specific P-discharges (ESSP)

(kg P/ha/year)
	Specific N-discharges (ESSN)

(kg N/ha/year)

	Novotny & Chesters (1981)
	1,25 – 3,00
	5,0 – 7,0

	Klein & Wassmann (1986)
	1,20 – 2,80
	

	Paulsen (1984)
	2,10 – 3,30
	

	Meißner (1991)
	2,50
	

	Koppe & Stozek (1986)
	2,00 – 12,00
	17,0 – 35,0

	Loehr (1974) 
	
	7,0 – 9,0

	Ahl (1980) 
	
	1,4 – 21,2

	Behrendt et al. (2000) 
	2,50
	NDEP + 4



This equation does not take account of the retention or elimination of nitrogen and phosphorus within specific storm water treatments of the separate sewer system.

5.
Nitrogen and phosphorus discharges by combined sewer overflows

In combined sewer system the storm water is mixed with the discharges/losses from households and indirect industrial discharges. During storm water events the sewers cannot discharge all of the wastewater into the WWTPs. A portion is directly discharged into water bodies. The wastewater discharges by combined sewers may be calculated according to the following equation: 
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Where: 

QCSO 

=
total wastewater volume discharge by the combined sewer;

ACSO 


=
paved urban area connected to combined sewer system; 

POPWWTP 

=
population connected to waste water treatment plants, 

RT 


=
number of days with storm water overflows;

qPOP 


=
specific daily wastewater discharge from households; 

aIID 


=
percentage of the industrial area within the total urban area;  

qIID 


=
daily specific runoff from the industrial area. 

Table 2 shows typical values of coefficients in equation (7), used for German river basins (Mohaupt et al., 1998; Behrendt et al., 2000).

Table 2 Typical values of coefficients in equation (7) for German river systems

	Coefficient
	RT

(d)
	qPOP

(m³/inh/d)
	aIID
(%)
	qIID
(m³/ha/d)

	Value
	65
	0,130
	0,8
	432


A portion of the total wastewater discharges in the combined sewers at the days of storm events flows into the WWTP, another portion is discharged into the rivers via overflows. The rate of wastewater discharged into rivers via overflows may be estimated by an empirical formula, according to Meissner (1991):
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Where 

Er 


=
percentage of wastewater discharged into rivers via overflows (%),

VS 

=
volume of the specific storage of waste water in the combined sewer system (m3/ha paved urban area); and

NY 


=
mean annual precipitation in mm. 

Data on VS is available in wastewater statistics. The value of VS varies in German rivers between 2 and 21 m³/ha. Depending on precipitation and volume of storage, the percentage of wastewater discharged into rivers via overflows (Er) varies between 40 and 70%.

The nitrogen and phosphorus concentrations in the combined sewer systems during storm events (CCSON,P) may be calculated by applying the following formula:
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Where: 

EAPOPN,P 

=
specific nitrogen and phosphorus losses from inhabitants; and

CIIDN,P 

=
nitrogen and phosphorus concentration in industrial waste water. 

An overview on the parameter values in equation (9) used for German rivers is presented in Table 3. The indicated value for the specific phosphorus losses per inhabitant applies to areas where phosphorus free detergents are used. 

Based on these values, the typical nitrogen and phosphorus concentrations in the overflows during storm water events are, for German rivers, as presented in Table 4.

Table 3 Values of coefficients in EQ (9) used for German rivers

	 
	EAPOP

(g/E/d)
	CIID
(g/m³)
	DSS

(kg/ha/year)

	Nitrogen
	11
	0,1
	2,5

	Phosphorus
	1,8
	1
	4+NDEP


Table 4. Typical nitrogen and phosphorus concentrations in the combined sewer overflows of German rivers for different volumes of storm water storage 

	
	Nitrogen

(gN/m³)
	Phosphorus

(gP/m³)

	VS = 0 m³/ha
	11,2
	2,2

	VS = 11,5m³/ha
	8,3
	1,7

	VS = 23 m³/ha
	6,6
	1,3


On the basis of equations (7) and (9), the total nitrogen and phosphorus discharges from combined sewer overflows (DCSON,P) may be calculated according to the following: 

[image: image15.wmf]DCSO

C

E

Q

N

P

CSO

r

CSO

N

P

,

,

=

×

×
















(10)

6.
Nitrogen and phosphorus discharged by sewer systems without connection to wastewater treatment plants

This pathway includes nitrogen and phosphorus discharges from the proportion of paved urban area, popula​tion and indirect industrial sources that are connected to a sewer system, but not to a waste water treatment plant. According to the former estimations, the nitrogen and phosphorus discharges from this pathway may be calculated according to the following:
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Where:

DSWWN,P 
=
nitrogen and phosphorus discharges from sewer systems without connection to waste water treatment and EAPOPDISN,P is the specific dissolved nitrogen and phosphorus losses from inhabitants.

It is assumed that only the dissolved part of the nitrogen and phosphorus discharges per inhabitant (Nitrogen: 9g NE/d, Phosphorus: 1,05g PE/d) is discharged into the sewer systems and that the particulate part is transported to the next larger wastewater treatment plant. 
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� Revised in 2018


� The BOD, N and P load pr. person varies pending on living standard, consumption pattern etc. Typical values BOD: 15-80 g oxygen/day; N: 2-15 g N/day and P 1-3 g P/day).


� 	According to the Urban Waste Water Directive (Council Directive 91/271 EEC, annex 1) alternative methods may be used provided that it can be demonstrated that equivalent results are obtained.


� 	Except for the member states (currently according to “Eight report on implementation Status and the Programmes for Implementation (as required by Article 17) of Council Directive 91/271/EEC concerning urban waste water treatment” from March 2016) only the Germany and Netherlands), which apply Article 5.4 of the Directive (overall reductions of 75% of the nutrients, taking into account all the UWWT plants). The monitoring of nutrients is required only in agglomerations of more than 10 000 p.e. under the UWWTD (Articles 5.2 and 5.3).


� 	If one sample of the four fails to comply with the requirements of UWWTD, 12 samples should be taken in the year that follows.


�	In this case, the re-use of this effluent in agriculture should be accounted for in the application of draft Guideline 6: Quantification of nitrogen and phosphorus losses from diffuse anthropogenic sources, and natural background losses.


� 	Portion of the population in the catchment connected to sewerage


� 	NDEP is the N-deposition in the area according to EMEP-data; the additional 4 kg N/ha/year represents the inputs by litter fall and excrements from domestic animals.
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