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Abstract

Many developing countries apply technology-based discharge standards that set quantitative limits on pollutant
discharges. These standards do not inherently consider ambient constraints and, therefore, cannot guarantee to protect
aquatic life from hazardous pollutants. It is a challenge for developing countries to enforce water-quality-based limits
for wastewater discharges and guarantee the intended use of water. This study aims to develop a strategy that suits
the needs of developing countries for a transition from technology-based discharge standards to water-quality-based
discharge limits. To this end, a pilot monitoring program was carried in the Gediz River Basin in Turkey. Surface
water, industrial, and urban wastewater samples were collected and analyzed for 45 priority pollutants identified by
the European Union and 250 national river basin specific pollutants. The monitoring results revealed that the
environmental quality standards (EQSs) were exceeded for 8 priority, and 28 specific pollutants. This finding
indicated that the existing technology-based discharge standards are not satisfactory to guarantee the intended water
quality, and there is a need for adopting a new strategy for the implementation of water-quality-based discharge
limits in Turkey. As a widely applied approach for determining water-quality-based discharge limits, firstly, conser-
vative mass balance with and without consideration of mixing zone was evaluated. The results indicated that this
approach was not applicable due to the receiving environment concentrations being higher than the EQSs. As an
alternative approach, the dilution methodology, which considers the level of dilution occurring at the immediate
discharge point, was tested. The results proved that the dilution methodology is the most appropriate strategy for
developing countries with relatively poor surface water quality to improve the water quality to the level where the
conservative mass balance approach can be applicable.
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Introduction

Preserving the quality of freshwater is vital for protecting
aquatic ecosystems due to the biodiversity they support and
the social and economic services they provide to communities.
In this framework, it is vital to establish and implement ade-
quate legislation that governs how freshwater quality is man-
aged. Although developing countries have been making con-
siderable progress in improving water quality, they are still in
need of increased efforts to identify and strengthen the appro-
priate institutional, legal, and financial mechanisms for the
control of wastewater discharges (Sikder et al. 2013; Haider
et al. 2015) containing hazardous materials.

In recent years, hazardous substances, which are either
used in or produced by many different industrial activities,
have started to present a new global water quality challenge
with potentially dangerous environmental and health risks
(Tricker and Tricker 1999; Schwarzenbach et al. 2006;
Europen Commission 2008). In addressing pollution from
hazardous substances, the European Union (EU) uses the
Water Framework Directive (WFD 2000/60/EC) that requires
compliance with all the environmental quality standards
(EQS:s) established for priority substances at European level
and river basin specific pollutants at national/local level.
Therefore, the primary strategy in the EU regarding the con-
trol of wastewater discharges in compliance with EQSs at
receiving environments.

There are two common approaches in the regulation of
wastewater discharges: technology-based and water-quality-
based standards. In a general sense, the technology-based
standards are sector-specific and refer to the effluent standards
that are economically achievable for industry, regardless of
the quality of the receiving body. On the other side, water-
quality-based discharge standards are specific to polluters and
set the maximum concentration of pollutants a water body can
receive while still meeting its quality standard. In Turkey,
since 1988, the technology-based discharge standards defined
in the Regulation on Water Pollution Control (RWPC 2004)
have been applied for conventional. Nevertheless, the recently
revised regulation entitled “Regulation on Surface Water
Quality (RSWQ 2016)” has defined EQSs for 45 priority sub-
stances and 250 national river basin specific pollutants and
dictated applying EQSs as the main approach.

In the EU countries, WFD 2000/60/EC adopts a “combined
approach” for discharges from point sources into surface wa-
ters (European Commission 2010a). Firstly, it requires the
specification of technology-based discharge standards, and
secondly, the definition of water quality objectives for the
water bodies themselves. In the USA, discharge limits are
specific to polluters and determined considering both technol-
ogy and water-quality-based standards. First, technology-
based discharge standards are applied based on the best avail-
able techniques to provide fewer raw materials and energy use

and less waste generation in the production process. If
technology-based standards are insufficient to protect the
quality of the receiving environment, then water-quality-
based standards are applied (USEPA 2008).

Several other countries also apply water-quality-based
standards. In Japan, discharge limits are set according to
the dilution of the discharge in receiving water body
(Wako 2012). The discharge standard for a pollutant is
defined as 10 times its annual average EQS. (AA-EQS)
value for all discharges more than 50 m®/day. Similarly,
in Finland, a fixed dilution factor of 10 is applied to de-
termine discharge standards for industrial effluents in
Helsinki (ECHA 2016) and medicinal effluents in
London (EMEA 2006). Nevertheless, in a recent study,
using the standard dilution factor of 10 is reported to result
in the underestimation of environmental concentrations for
pollutants by a factor of 3—5 for about 10% of wastewater
treatment plants (Link et al. 2017).

The developing countries such as Korea (Kim et al.
2010), China (Li et al. 2012), and India (Rajaram and
Das 2008) apply technology-based discharge standards,
but fail to guarantee the intended use of water (Massoud
et al. 2009). Johnstone and Horan (1996) and Johnstone
(2003) discussed the difficulties in setting up and
implementing the water-quality-based standards by devel-
oping countries and indicated the common problems en-
countered as (i) directly taking guidelines as national stan-
dards instead of adapting to the country’s circumstances,
(i1) taking guideline values as absolute (rigid) values in-
stead of target values, (iii) copying the national standards
from developed countries, (iv) some standards being strin-
gent or relaxed that not reflecting water quality objective
for its intended use, (v) being too expensive of the tech-
nologies leading to compliance of standards, (vi) inade-
quacy of the number of the parameters as being too ex-
cessive that not having actual regional importance or be-
ing too few that not safety sufficient for intended water
uses, (vii) not having adequate infrastructure and institu-
tional capacity for supporting and regulating the imple-
mentation of standards, and (vii) not being compatible
of discharge standards with carrying capacity of the water
bodies (von Sperling and de Lemos Chernicharo 2002).
Based on these difficulties, a stepwise implementation of
water-quality-based discharge limits is indicated to be
necessary for developing countries (von Sperling and de
Lemos Chernicharo 2002).

In this study, it was aimed to develop a strategy to apply in
a developing country, such as Turkey, for the control of water
pollution originating from hazardous substances in wastewa-
ter discharges. As being late for applying water-quality-based
discharge limits to improve water quality, it was targeted to
develop a road map for a transition to the implementation of
water-quality-based standards from the already existing
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technology-based discharge standards. To this end, a pilot
study in the Gediz River Basin was conducted. A four seasons
water quality monitoring program was carried out covering
surface waters and all major wastewater discharges. The pur-
pose of the implementation of this monitoring study was not
only to investigate the water quality in the Gediz River but
also to investigate the possible application of water-quality-
based discharge limits for the point sources existing in the
basin. The water quality monitoring study included 45 priority
pollutants identified by the WFD 2000/60/EC and also 250
national river basin specific pollutants. All these parameters
were monitored both in the river and in wastewater discharges.
Based on the information collected, firstly, an assessment of
the water quality in the basin was made and, then alternative
approaches to implementing EQS-based discharge limits that
could be applied for point source pollution control in a devel-
oping country were adopted. As alternative approaches, first-
ly, the strategy suggested by the EU in the guidance document
entitled “Technical Guidelines for the Identification of Mixed
Zones” was tested. Then, setting discharge limits based on the
level of dilution that occurs at the immediate discharge point
was considered. Based on the results obtained, the best sce-
nario for a transition from technology-based discharge stan-
dards to water-quality-based standards in a developing coun-
try was developed.

Materials and methods
Study area

The Gediz River Basin was selected as the study area because
it is an urban area with industrial and agricultural activities. It
is located in the western part of Turkey between 38° 04'-39°
13’ Northern Latitudes and 26° 42'-29° 45’ East Longitudes.
The basin has an area of 1,697,892 ha, which is about 2.2% of
Turkey. The average annual water potential of the basin is
estimated at 2270 hm>. The Gediz River, which discharges
into the Aegean Sea in Izmir, is with a length of 275 km.
Two major land cover classes are agricultural areas (52.4%
of total land) and forest and semi-natural areas (44.5% of total
land) in the basin (EEA 2013). The detailed land use informa-
tion is given in Online Resource 1. Textile, food and food
processing, leather, construction materials, dairy, meat and
poultry processing, and manufacturing of agricultural vehicles
are the major industries in the basin. Most of the cultivated
area is given to grape, olive, cherry, tomato, walnut, and cot-
ton (Ministry of Forestry and Water Affairs 2017). In this
study, the Gediz River Basin was split into 10 subbasins to
ease the calculations and effectively present the results. The
study area, subbasins, and sampling sites are shown in Fig. 1.
The map of the Gediz River Basin land use is given in
Online Resource 2.
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Monitoring program

The water quality of the Gediz River was monitored
throughout a year at 40 sampling sites (Fig. 1). In the selec-
tion of surface water sampling sites (Online Resource 3), the
following points were taken into consideration: (i)
representing the background/upstream condition of the river,
(i1) representing conditions before major wastewater dis-
charges, (iii) representing the effect of branches joining to
the mainstream, (iv) representing the effects of dams/lakes
on surface water quality.

In addition to surface water quality, 10 urban and 47 indus-
trial wastewater treatment plant (WWTP) effluents were se-
lected for the sampling study. The monitored urban WWTP
discharges corresponded to 99% of the total urban WWTP
discharge in the basin, while the monitored industrial dis-
charges account for 94% of the total. Therefore, the point
sources in the basin were adequately represented in the mon-
itoring program. The samples from the surface waters and
wastewater treatment plants were collected in four seasons:
November 2015 (autumn), February 2016 (winter),
May 2016 (spring), and August 2016 (summer).

The monitoring program also included flowrate measure-
ment at each wastewater discharge and at each river quality
monitoring station. Because of the large area of the river basin,
each monitoring campaign could be completed in 7 days, and
the collected samples were transported to the laboratory on a
daily basis using cold storage.

Sample collection and preparation

The samples collected were placed in either amber glass or
plastic bottles depending on the analysis procedure
(Online Resource 4) and transported to the laboratory
using cold storage (4 °C). Subsequently, the samples were
frozen at —20 °C until analysis. The monitoring program
also included flow measurements at each discharge and
river quality sampling site using an “Acoustic Doppler
Current Profiler (ADCP).”

Analysis of the samples and the evaluation of the
results

The samples were analyzed for 45 priority and 250 specific
pollutants listed in the Turkish Regulation on Surface Water
Quality (RSWQ 2016) at the TUBITAK MRC Environment
and Cleaner Production Institute’s accredited laboratories.
The analyses of pollutants were performed using ICP-MS,
GC-MS, GC-MS/MS, and LC-MS/MS instruments
(Online Resource 5 and 6).

The analysis results were evaluated considering the aver-
age of the four seasonal measurements. All the values record-
ed below the limit of detection (LoD) of the analytical method
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Fig. 1 Gediz River Basin, subbasins, and sampling sites

were halved and taken as measured data, as suggested in the
document entitled “Technical Specifications for Chemical
Analysis and Monitoring of Water Status, 2009/90/EC”
(European Commission 2009). The average and maximum
concentration of a pollutant measured at a given site were then
compared to its AA-EQS and maximum allowable concentra-
tion (MAC-EQS), respectively. If at least one of the four mea-
surements for a pollutant at a given site exceeded its MAC-
EQS, that pollutant was considered to exceed MAC-EQS.

Methodology followed in the discharge limit
determination

The methodology given by the EU in the “Technical
Background Document on Identification of Mixing Zones
(European Commission 2010b)”” was considered in the deter-
mination of water-quality-based discharge limits. According
to the WFD 2000/60/EC, EQSs are to be met at the end of the
“mixing zone” where pollutants from a wastewater discharge
are mixed by natural means with the receiving water. As the
calculation of the extent of a mixing zone is rather complicat-
ed, the document suggests a tiered approach and to focus on

29°00°E

wastewater discharges that might have a significant impact on
the receiving environment. The tiered approach consists of
five tiers. In tier 0, wastewater discharges where pollutant
concentration is below the EQS are ignored. In tier 1, selected
wastewater discharges are checked if the discharge might have
a significant impact on the receiving water body based on the
initial mixing characteristics. Tier 2 is applied for significant
discharges, which pass tier 1, and involves the estimation of
the mixing zone’s size and the concentration of pollutants at
the checkpoint (the maximum length of the zone) where the
EQS has to be met. Tier 3 is applied for the pollutants, which
exceed the EQSs at the checkpoint targeted in tier 2. For this
purpose, a complex 3D model that requires extensive input
data to describe the situation in a reliable way is used. Tier 4
involves running detailed investigative studies that may also
contribute to any of tiers 0-3.

In the present study, the tiered approach was followed in
determining water-quality-based discharge limits by limiting
it to tiers O to 2. At tier 0, priority substances and specific
pollutants that were present in a given wastewater discharge
at concentrations lower than AA-EQSs were ignored. For tier
1, selected pollutants were listed, and then the significance of
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their impacts on the receiving water was evaluated according
to the process contribution (PC) described in the above-
mentioned document. The PC, which is defined as the in-
crease in concentration after complete mixing due to the ef-
fluent discharge, was calculated according to Eq. 1.

PC — Ccfflucnt *chflucnt ( 1 )
(Qupstream + Qeﬁ]uent)

where;

Ceffluent Pollutant concentration in the effluent discharge

Qefvent  Effluent flow rate

Qupstream  Stream flow rate upstream of the effluent

discharge

Qupstream can be further described as the stream flowrate
just before the discharge point of the wastewater effluent.

In the next step, the PC as a percentage of the AA-EQS was
compared with the proposed allowable increase (Eq. 2).

PC
EQS

*100% = %increase (2)

If the PCs calculated for all the selected pollutants in a
given wastewater discharge were less than the proposed al-
lowable increase—which was determined as 2% for all sur-
face waters in the Gediz River Basin by considering the net
flow—this discharge was ignored (European Commission
2010b). Otherwise, the discharge was considered to have a
significant impact on the river, and the water-quality-based
discharge limits were calculated for the relevant pollutants
by following tier 2.

In tier 2, “Discharge Test Software” (European
Commission 2010c) was used for the evaluation of mixing
zone and calculation of river concentration of relevant pollut-
ants based on conservative mass balance at the checkpoint
where AA-EQS was to be met. The software is a macro-
based MS Excel Workbook provided as part of the
“Technical Background Document on Identification of
Mixing Zones” (European Commission 2010b). It provides
a mechanism for the simple estimation of the dimensions of
the mixing zone (European Commission 2010b). The estima-
tion of pollutant concentration at the end of the mixing zone
was done for all pollutants that have a significant effect on the
river quality, and the calculated pollutant concentrations were
compared to the relevant AA-EQS. Finally, the effluent con-
centrations that met AA-EQS at the checkpoint or at the end of
the mixing zone were defined as an EQS-based discharge limit
for the relevant pollutant in the relevant wastewater discharge.

In this tier (tier 2), EQS-based discharge limits were also
calculated at the discharge point in the river for all the pollut-
ants passing tier 1 without considering the mixing zone by
directly applying conservative mass balance (Eq. 3).
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Equation 3 takes into account pollutant loading and dilution
but did not incorporate elements of transport or environmental
reactions. In other words, Eq. 3 assumes pollutants are not
affected by any process along the river (such as biofouling,
biodegradation, oxidation, adsorption, evaporation, etc.) and
remained stable in the water:

Ceﬂluem >l<Qefﬂuem + Cupstream >:<Qups1.ream = <Qefﬂuent + Qupstream) *EQS (3)

where;

Cypstream  Stream pollutant concentration upstream of the
effluent discharge

Qupstream  Stream flow rate upstream of the effluent
discharge

Cefiuent  Pollutant concentration in the effluent discharge

Qefivent  Effluent flow rate

The mass balance equation (Eq. 3) was applied using the
maximum observed effluent concentration under critical
stream conditions (lowest river flow during sampling studies),
and the water-quality-based discharge limit was calculated
based on AA-EQS. This approach does not take the mixing
zone into account. It only evaluates whether the EQS is
exceeded at the immediate discharge point.

A second methodology based on the degree of dilution
occurs in the receiving environment applied in tier 2. This
approach considers the primary physical process of dilution
that reduces the concentration of discharged pollutants down-
stream from the discharge point. The receiving water body has
a certain natural dilution capacity. Based on this capacity, the
effluent concentration that would result in a receiving stream
after dilution was calculated. The dilution capacity was
expressed by DF and calculated based on effluent and stream
flow rates:

Jr
Dilution Factor (DF) = Qettuent *+ Qupsean (4)

Qefﬂuent

The flow of a receiving stream is not constant and consid-
erably varies throughout the seasons. Therefore, dry season
flow was used to consider worst-case water quality in calcu-
lating discharge limits. In the USA, some of the regional au-
thorities compute DFs that would be protective as dilutions
computed for streams at the 7-day-average 10-year-recurrence
annual low flow (7Q;() (Colman et al. 2016; USEPA 2019)
Considering the fact that flow data is only available at limited
locations and not available for the long term, modifications
were performed to the general DF formula (Eq. 4). Minimum
upstream flow rate from the seasonal monitoring campaigns
and average flow rate of wastewater discharges were used to
represent the worst-case scenario in the determination of dilu-
tion. Four different scenarios were developed (Table 1) to
represent the conditions in the basin better.
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Table 1 Scenarios for dilution factor calculation

Discharge flow rate*

Stream flow rate™**

Dilution factor

Scenario 1 Qmax, effluent
Maximum flow of all wastewater
discharges in the water body
Scenario 2 Qefﬂuent, total
Total flow rate of all wastewater
discharges in the water body
Scenario 3 chﬂucnt,i
Flow rate of i point source
Scenario 4 Qcffluent, i
Flow rate of i point source
Scenario 5 Irrelevant

Qupstrea.m
Stream flow rate at the upstream of

the water body that receives the discharge

Qupstream

Stream flow rate at the upstream of the
water body that receives the discharge

Qupsu'cam,i

Stream flow rate upstream of the
effluent discharge, i

Qupsrream,i

Stream flow rate upstream of the
effluent discharge, i

Irrelevant

QOupstream T Crmax effluent
Qm;\x Jeffluent

QOupsiream T Ceuent ol
Oefituent total

Oetuent; +Qupstream;
chﬂucnt,-

min (Qcmutnl, +0O,pstream; )

Oetiuent;

10

*Average flow rate of wastewater discharges was used

**Minimum upstream flow rate from the seasonal monitoring campaigns was used

As summarized in Table 1, the maximum and total flow of
wastewater discharges located in predefined subbasins were
used for the determination of DFs in the first and second
scenarios, respectively, to represent the worst-case condition.
A common DF was calculated for each point source located in
the same subbasin. In scenario 3, the actual dilution at the
point of discharge was considered. In scenario 4, the mini-
mum of the DFs determined in scenario 3 was taken as the
DF of the subbasin. Therefore, a common DF was calculated
for each point source located in the same subbasin as in the
case of scenario 1, scenario 2, and scenario 4. In scenario 5,
discharge limits were accepted as 10 times of the EQS regard-
less of flow rates. Equation 5 was applied to calculate dis-
charge limits for each pollutant at each point source. The
schematic diagram of the methodology is shown in Fig. 2.

Discharge Limit; ; = DF;*EQS; (5)
where;

Discharge discharge limit determined for i point source
limit; for pollutant j (ug/L)

DF; dilution factor calculated for i point source
EQS; AA-EQS for pollutant j (ng/L)

Results and discussion
Monitoring results
Surface water monitoring

Seasonal monitoring data from 40 surface water stations between
2015 and 2016 were evaluated to determine Gediz River water

quality. In general, the concentration of pollutants in less
industrialized/populated sections of the river (subbasins num-
bered 2, 3, 5, and 6) was significantly lower than those in highly
industrialized/populated sections (subbasins numbered 4, 7, 8, 9,
and 10) (Fig. 3). The results revealed 22 out of 45 priority sub-
stances present in the river. The concentrations of eight priority
substances (18%) (benzene, dichloromethane, benzo(a)pyrene,
fluoranthene, Cd, Ni, Pb, Hg) exceeded the AA-EQS, and six
exceeded (benzene; aclonifen, Cd, Ni, Pb, Hg) the MAC-EQSs.
One hundred six out of 250 river basin specific pollutants were
detected in the river. The average concentrations of only 28
pollutants (11%) were higher than their AA-EQSs, and the max-
imum concentrations of only 29 pollutants were higher than the
MAC-EQSs. The pollutants that were detected in the subbasins
at concentrations higher than the AA-EQS are presented in Fig.
3. The detailed results from the monitoring program are present-
ed in the Online Resource 7. The EQS was needed to be revised
depending on the background concentrations for the assessment
of metallic substances. Background concentrations are the con-
centrations of chemical substances (metals) resulting from only
natural and geological processes (European Commission 2011).
Background concentrations for metals were determined (Gursoy-
Haksevenler et al. 2019), and the EQSs for 12 metals (B, Ti, Cd,
Ni, Pb, Al, Co, Cr, Cu, Fe, V, Zn) were revised within the scope
of this study. The priority pollutants at concentrations exceeding
AA-EQS were Cd, Ni, and Pb. Among the specific pollutants,
Al, As, B, Co, Cr, Cu, Fe, Zn, Si, and total petroleum hydrocar-
bons (TPHs) were detected in most of the stations at higher
concentrations than the AA-EQSs. Imidacloprid, tolfenpyrad,
nicosulfuron, fenarimol, cyfluthrin, and epoxiconazole were de-
tected as the significant diffuse source pollutants (biocides from
agriculture). These diffuse source pollutants were high mostly in
the subbasins 4, 7, 9, and 10. Subbasins 4 and 7 contain agricul-
turally intensive areas, while the subbasins 9 and 10 contain both
industrially and agriculturally intensive areas. Subbasin 9 was the
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Fig. 2 Description of general
methodology
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Mass Balance

PC: Process Contribution
'WWTP: Wastewater Treatment Plant

most polluted subbasin with the highest number of EQS exceed-
ance (Fig. 3). Twenty-four of these detected pollutants were only
monitored in the dry season (November 2015), and seven of
them, benzo(a)pyrene, 2,4-d, azoxystrobin, chlorantraniliprole,
chlorfluazuron, propiconazole, and tolfenpyrad, exceeded the
AA-EQS. Ten of these detected pollutants were only detected
in the wet season (May 2016), and only aclonifen and thiaben-
dazole exceeded the AA-EQS. In addition to cyfluthrin and
imidacloprid, metals (Cd, Ni, Pb, Al, As, B, Co, Cr, Cu, Fe, V,
Zn, Si, Ti, and free cyanide) exceeded the AA-EQS in all sea-
sons. These results demonstrate that diffuse source pollutants
(mainly pesticides) were more dominant in the dry season due
to low flow conditions, and metal pollution was at significant
levels throughout the year.

Relative to their AA-EQS values, the highest concentra-
tions in the Gediz River were recorded for the hazardous pol-
Iutants of nicosulfuron (812%), Zn (721%), and Ni (356%).
Zn and Ni were quantified at all sampling locations and during
all seasons at concentrations between 694 ug/L and
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Considering with
Mixing Zone

Discharge Test
Software

Considering without
Mixing Zone

IAA-EQS: Annual Average Environmental Quality Standards

56,968 ug/L and between 1.50 pg/L and 11,762 pg/L, respec-
tively. Nicosulfuron was quantified at concentrations between
0.023 pg/L and 40.623 pg/L at approximately 16% of all
samples. Additional metals (Si, Cu, Co, Cr, Pb, Al, Fe, As,
V, and Ba) were also quantified at all sampling locations and
during all seasons. Except for Si, the concentrations of these
metals exceeded the AA-EQSs at up to 40% of all monitoring
studies while Si exceeded at a ratio of 97% (Online Resource
7). Concerning priority substances, most of the subbasin sur-
face water stations were found to be with at least one exceed-
ance of EQS except for a few tributaries which are discharging
to dams in subbasins 2 and 5, respectively and the tributary
coming from subbasin 4. As per the specific pollutants, all
tributaries with monitoring results were with EQS exceedance
(the maps of surface water quality classification in terms of
AA-EQS exceedance for priority substances and specific pol-
lutants are given in Online Resource 8). All these findings
indicated that the water quality of the Gediz River poses a
high risk to both the aquatic environment and human health
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Fig. 3 Pollutants at concentrations exceeding the AA-EQS values in the
subbasins of the Gediz River Basin. (1) Benzene; (2) Dichloromethane;
(3) Benzo(a)pyrene; (4) Fluoranthene; (5) Cd; (6) Ni; (7) Pb; (8) Hg; (9)

4-chloroaniline; (10)

Benzo(a)fluorene; (21) Fe; (22) Sb; (23) Sn; (24)V;

(25) Zn; (26) Si; (27) Ti; (28) Free cyanide; (29) TPH; (30) 2,4-
dichlorophenoxy acetic acid; (31) Chlorsulfuron; (32) Cyfluthrin; (33)
Diflubenzuron; (34) Imidacloprid; (35) Nicosulfuron; (36) Tolfenpyrad
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due to 8 priority substances and 28 river basin specific pollut-
ants that exceed the threshold.

Several previous studies have been conducted on the sur-
face water quality in the Gediz River Basin aiming to investi-
gate the presence of metals and their sources (Kucuksezgin
et al. 2008; Minareci et al. 2009; Aydin and Kucuksezgin
2012; Suzer et al. 2015; Bizsel et al. 2017). A prior study done
by Kucuksezgin et al. (2008) investigated the distribution of
Hg, Pb, Cu, Zn, Mn, Ni, and Fe in the water samples collected
from the Gediz River from five different locations in 1998 and
1999. According to their results, the highest values were
observed in subbasin 10 in summer due to industrial and
agricultural activities. The sampling station numbered 29 in
the present study is in this subbasin, and it is the location
where high metal concentrations were observed.
Kucuksezgin et al. (2008) attributed high concentrations of
Ni and Mn measured throughout the central part of the basin
to the geochemical composition of the sediments. Another
study by Kindler and Sevim (1990) confirmed that heavy
metals observed in the Gediz River (Cd, Cr, Cu, Pb, and Zn)
are of geomorphological origin. In our recent study, we have
found out that the origin of high metal concentrations in the
Gediz River waters is the geological formation of the basin
(Gursoy-Haksevenler et al. 2019).

Point source monitoring

The results from the industrial wastewater monitoring part of
the study indicated that dichloromethane, fluoranthene,
benzo[a]pyrene, Cd, Ni, and Pb were the most common pri-
ority pollutants encountered in the industrial wastewater dis-
charges in the basin at concentrations exceeding relevant AA-
EQS (Online Resource 9). Among river basin specific pollut-
ants, a number of organic pollutants (benzo[a]fluorine, bis(2-
ethylhexyl) terephthalate and TPHs) and inorganic pollutants
(Al, As, B, Co, Cr, Cu, Fe, Sb, V, Zn and Si, free cyanide)
appeared as the wide-spread pollutants in the basin. When the
sources discharging these pollutants were categorized, it was
seen that the main industrial sectors discharging these pollut-
ants were food processing, paper production, chemical pro-
duction, textile manufacturing, and leather production indus-
tries, as well as the organized industrial zones including many
different industrial sectors. Online Resource 9 shows the dis-
charge concentrations of point sources and their sectors in
each sampling study. As shown in Fig. 4, the industrial sectors
that discharge the highest quantity of pollutants into the basin
were in the sectors of chemical production, food processing,
and organized industrial zones. The relevant industrial plants
also appeared to discharge the highest number of pollutants at
concentrations exceeding relevant AA-EQS.

The urban WWTP monitoring part of the study was con-
ducted in 10 urban WWTPs performing secondary treatment.
The urban WWTP monitoring results indicated that 25
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pollutants including metals (Pb, As, Cr, Cu, Sb, V, Zn, Si),
PAHs (benzo(a)fluorine, benzo(a)pyrene, fluoranthene), in-
dustrial chemicals (bis(2-ethylhexyl) terephthalate, 4-
chloroaniline, dichloromethane), biocides (permethrin,
azoxystrobin, chlorantraniliprole, chlorfenapyr, cyfluthrin,
imidacloprid, nicosulfuron, tolfenpyrad, azinfos-methyl),
TPHs, and tridecane existed at concentrations above their
AA-EQS in urban wastewaters. The most encountered pollut-
ants in the treated urban WWTP discharges were Zn, Si, and
Cu as inorganics and imidacloprid, cyfluthrin, and
nicosulfuron as organic micropollutants (Fig. 5). All the re-
sults from the urban WWTPs monitoring program are present-
ed in the Online Resource 9. Figure 5 shows the concentra-
tions of the pollutants exceeding the AA-EQS in urban
WWTPs relative to their EQS values. Among 10 urban
WWTPs, 10 or more pollutants exceeded the EQS at the dis-
charge of two urban WWTPs, while less than five pollutants
exceeded the EQS at the discharge of five urban WWTPs.
TPHs, Si, and Zn were the most common ones among the
hazardous pollutants. TPHs are defined as a mixture of aro-
matic and aliphatic hydrocarbons coming from crude oil prod-
ucts used in industry and transportation (Green and Trett
1989; Doble and Kumar 2005; Klimek et al. 2016). The main
constituents of the PHCs are hydrogen and carbon, and consist
of a mixture of chemicals such as hexane, mineral oils, ben-
zene, toluene, xylenes, naphthalene, fluorine, and jet fuels
(USEPA 2017). The PHCs detected in the Gediz River
Basin might be discharged from small metal processing plants
and accidental spills in this context.

When the pollutants exceeding AA-EQS values in surface
waters and point sources were evaluated, it was seen that
priority substances and specific pollutants presented in the
rivers were also detected in industrial and/or urban effluents
(Online Resource 10). On the other hand, some detected pol-
lutants and/or exceeded AA-EQS values in industrial and/or
urban effluents were not observed in the river (chlorfenapyr,
dichlorvos, and xylene musk). This can be explained by the
fate of discharged pollutants (such as dilution, biofouling, bio-
degradation, oxidation, adsorption, evaporation, etc.) in the
river.

Determination of discharge limits

According to the monitoring results, it is clear that the water
quality of the basin is required to be improved by better con-
trol of both point and diffuse sources of pollution. For the
control of diffuse pollution originated from extensive agricul-
tural activities in the basin, best agricultural management prac-
tices need to be adopted in accordance with the Regulation on
Good Agricultural Practices (RGAP 2010), which is outside
the scope of the present study. However, for better control of
point sources, causing the failure of water quality standards, it
is necessary to adopt water-quality-based discharge limits. To
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Fig. 4 Concentration of pollutants exceeding the relevant AA-EQS values in different industrial sectors of the Gediz River Basin

this end, the methodology given in Section 2.5 was applied for
the pollutants exceeding the EQSs, and the optimum strategy
for Turkey was tried to be developed.

The application of the tiered approach to the wastewater
discharges in the basin indicated that 17 of the 45 priority
substances and 41 of the 250 specific pollutants exist in con-
centrations exceeding relevant AA-EQS values in 57 effluents
(47 industrial and 10 urban WWTP effluents). Therefore,
these cases passed to tier 1. In tier 1, PCs were calculated for
all pollutants that exceeded the AA-EQSs, and the cases with
more than 2% PC were determined. Among the 17 priority
substances and 41 specific pollutants with the AA-EQS ex-
ceedance in 57 effluents, 10 priority substances and 23 spe-
cific pollutants were found to exceed the PC limit of 2% in
again 57 effluents (Online Resource 11).

Then, the “Discharge Test Software” was applied for the
wastewater discharges with pollutants passed tier 1, and the
water-quality-based discharge limits were calculated for 10
priority substances and 23 specific pollutants in 57 wastewater
discharges. It appeared that the software could only be used if
the upstream concentration of a pollutant is lower than its AA-
EQS value. This limitation was due to the conservative mass
balance expression used in the calculation. When subbasins

were investigated, it was observed that this condition could
not be satisfied for most of the pollutants (the results are not
presented as they are not acceptable) existing in 57 wastewater
discharges. From this finding, it appeared that the “Discharge
Test Software” could only be used after a significant improve-
ment in the basin’s water quality. There are limited studies on
the use of Discharge Test Software in the literature. One of
them is the study done by Ceka (2011), who applied the WFD
Mixing Zone Guidelines for the effluent discharge from a
copper smelter located in the Northern Sweden to the Baltic
Sea for the determination of mixing zone length for the pa-
rameters of Hg, Cd, Ni, and Pb. They concluded that AA-EQS
criteria are met for these pollutants within a predefined dis-
tance of 500 m from the discharge point of the effluent.
However, they did not indicate the failure of the software as
the upstream concentration for the pollutants in the discharge
was lower than the relevant EQSs.

In tier 2, the EQS-based discharge limits to maintain AA-
EQS values were also tried to be calculated simply by apply-
ing conservative mass balance indicated in Eq. 3. This meth-
odology does not take into account the mixing zone, whereas
the above-mentioned “Discharge Test Software” evaluates the
acceptability of the mixing zone resulting from the discharge.
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The result was a failure since the upstream concentration of
several of the pollutants in wastewater discharges was higher
than the relevant AA-EQS values. The failure was also possi-
bly due to the flow rate data used in these calculations. For
wastewater discharges, the average of the four seasonal flow
rate measurements at the nearest upstream station was used as
the upstream river flow rate. The flow to be added as input for
the mixing zone should be median, average, Qg or Qs flow.
This value can only be determined by statistical evaluation of
long-term flow measurements; however, in this study, only
four measurements were made, which are not sufficient for
assigning the average flow. Historical flow measurement is
required to characterize the flow of water moving down the
stream accurately. Unfortunately, there is very limited histor-
ical streamflow data in Turkey as in most developing coun-
tries (Keller et al. 2014), and our calculations were limited to
the stream flow rate data collected from the field study.
Another approach tested was the determination of water-
quality-based discharge limits based on a DF. This approach is
a simple but useful approach that may be used in the absence
of monitoring data. It assumes a conservative movement of
pollutants and therefore tends to predict higher than actual
concentrations for decaying pollutants. Moreover, this ap-
proach depends only upon the flow rate of the upstream river
rather than both the flow rate and water quality. The DFs and
discharge limits calculated by the application of five alterna-
tive DF calculation scenarios (Table 1) for all the pollutants
with a PC higher than 2% are given in Online Resource 12.
Table 2 presents the discharge limits calculated for Zn as an
example. Zn was identified as one of the three significant
pollutants in the basin with PCs higher than 2%. As shown
in Table 2, the DFs calculated for Zn in ten different waste-
water discharges in five different subbasins with the use of
five different scenarios were different. With the applications

Table 2
EQSz,=5.90 pg/L)

of scenarios 1, 2, and 4, it was seen that the DFs were almost
the same for the effluents within the same subbasin. However,
with scenario 3, the DFs were independent of the subbasin.
The DFs calculated for the effluent discharges in subbasin 9
varied from 1.04 to 19.53. This indicated that subbasin-based
DFs following scenario 3 could not be applied. On the other
side, according to scenario 1 and scenario 2, the DFs are al-
ways determined based on the stream flow rate at the upstream
of the water body that receives the discharge. This is, in fact,
strictly conservative and would set very low discharge limits
(Table 2), because relatively low upstream flowrate of the
relevant water body before all the discharges is taken into
account. For a comparison between scenario 2 and scenario
3, if the industrial WWTP-08 in subbasin 9 is considered as an
example, it is seen that the DF values are 1.01 and 19.53, for
the scenarios 2 and 3, respectively. This significant difference
in the calculated DFs indicates that scenario 2 is much more
conservative than scenario 1, and results in a 10 times strin-
gent discharge standard for Zn in the industrial WWTP efflu-
ent. This is again due to its dependency on the stream flow rate
at the upstream of the water body that receives the discharge.
On the other hand, in scenario 3, DF is calculated based on the
effluent’s flow rate and the stream flow rate upstream of the
effluent. For scenario 5, all sources received a common DF of
10, which might be an oversimplified approach. Considering
all these evaluations, it was considered that scenario 3 was the
most appropriate for determining water-quality-based dis-
charge limits for wastewater discharges. Since scenario 3 used
the ratio of effluent flow rate to the total flow rate in the river
after discharge to calculate DF, the calculated DF was differ-
ent for each discharge. However, on some special occasions
where the effluent flow rate was vastly lower than the river
flow rate, the DF or the discharge limit calculated might have
to get unreasonably high. To overcome this situation, it was

Discharge limit and dilution factor values calculated for Zn discharges in the Gediz River Basin according to alternative scenarios (AA-

1D Subbasin  Cemyent (ME/L)  Cupsiream (Mg/L)  Discharge limit (ug/L) (dilution factor)
Scenario 1 Scenario 2 Scenario 3 Scenario 4  Scenario 5

Industrial WWTP-01 9 1646 70 6 (1.03) 6 (1.01) 62 (10.54) 8 (1.40) 59 (10)
Industrial WWTP-08 9 2931 1416 6 (1.03) 6 (1.01) 115 (19.53) 8 (1.40) 59 (10)
Industrial WWTP-13 9 1320 1416 6 (1.03) 6(1.01) 22 (3.73) 8 (1.40) 59 (10)
Industrial WWTP-18 9 199 4144 6 (1.03) 6 (1.01) 8 (1.40) 8 (1.40) 59 (10)
Industrial WWTP-21 9 906 175 6 (1.03) 6 (1.01) 22 (3.78) 8 (1.40) 59 (10)
Industrial WWTP-32 3 135 58 8 (1.38) 8 (1.35) 8 (1.38) 8 (1.38) 59 (10)
Industrial WWTP-36 7 772 105 228 (38.62) 79 (13.42) 18 (3.13) 14 (2.40) 59 (10)
Industrial WWTP-39 10 186 154 100 (16.89) 56 (9.54) 5(1.02) 6 (1.02) 59 (10)
Industrial WWTP-42 4 1922 - 6 (1.01) 6 (1.01) 6 (1.00) 6 (1.04) 59 (10)
Urban WWTP-6 4 106 189 6 (1.01) 6 (1.01) 6 (1.04) 6 (1.04) 59 (10)
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decided to modify the methodology in scenario 3 according to
the value of the calculated DF. If the calculated DF is smaller
than 10, the DF calculated will be directly used, and the dis-
charge limit will be set as the DF times the EQS value. If the
DF is higher than 10, the discharge limit will be independent
of the DF and calculated as 10 times of the EQS.

The estimated discharge limits for Zn in the industrial ef-
fluents in the basin and a comparison with the current
technology-based discharge standards are given in
Online Resource 13. The Zn discharge standard given in the
Turkish Regulation on Water Pollution and Control (RWPC
2004) for different sectors varies between 3000 and
5000 pg/L, and the effluent Zn concentrations measured in
the industrial discharges are lower, and therefore meet the
standard. However, the current technology-based discharge
standards of 3000-5000 pg/L are high when compared to
the estimated water-quality-based discharge limits. In this
case, the gradual reduction of Zn discharges is suggested,
taking into account the applicability of the facilities such as
passing to cleaner production techniques.

A similar study for the Brazilian standards focusing on water
quality and effluent discharge was done by von Sperling and de
Lemos Chernicharo (2000). For water-quality-based discharge
limits, different dilution ratios were examined in terms of river/
discharge flow as 1/10, 1/1, 10/1, and 100/1. Another study by
Keller et al. (2014) investigated worldwide river concentrations
of any chemicals that came from sewage treatment plants (such
as pharmaceuticals) by using dilution factors (the ratio of the
volume of freshwater and domestic sewage discharge). For de-
termining dilution factors, national domestic effluent produc-
tions, and monthly and annual river flows were considered.
According to their results, the DF of 40 and below was accepted
as at risk. Low DFs were explained by low runoff, high popu-
lation density, or their combination. Most countries having low
DFs (< 10) were located in North Africa and the Middle East,
while the countries having high dilution factors were in North
and South America. Dilution ratio for Turkey was defined as 40
that to be recommended to prevent risk (Keller et al. 2014).
However, due to our monitoring results, especially for the
Gediz River Basin that is located in the Aegean Side of
Turkey, the water quality is so poor even no dilution effect
could be seen.

Consequences for the implementation of the
proposed strategy

The strategy developed in the present study, for the implemen-
tation of water-quality-based discharge limits for the regula-
tion of hazardous substances, has the advantage that it con-
siders the response characteristics of the receiving environ-
ment directly due to the discharge and therefore places respon-
sibility on the discharger. However, on the other side, as com-
pared to the implementation of technology-based standards, it
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may create an additional burden for the competent authorities
because of a long-term flow rate and water quality monitoring
requirement. As is well known, monitoring is often difficult
and costly to perform (Jirka et al. 2004) for the competent
authorities which are not adequately structured or sufficiently
equipped (von Sperling and de Lemos Chernicharo 2000).

The difficulties in the setting up and implementing the
water-quality-based standards by developing countries have
been discussed by several studies (Johnstone and Horan
1996; Johnstone 2003; von Sperling and de Lemos
Chernicharo 2002; Abbaspour 2011). The common chal-
lenges were indicated as limited financial resources and lack-
ing institutional capacities, which were mainly linked to inad-
equate strategies followed in implementing water quality stan-
dards. When a strategy involves stringent water quality targets
to be achieved with the implementation of water-quality-
based discharge limits, the intended water quality objectives
may not be met. The implementation of water-quality-based
limits is complex, and consideration of all discharges in the
water body is needed. Therefore, a stepwise implementation
of water-quality-based discharge limits is recommended for
developing countries considering these difficulties (von
Sperling and de Lemos Chernicharo 2002; Ragas et al. 2005).

In our study, the major limitation for the application of the
mass balance approach for discharge limits determination
based on water quality was the insufficiency of long-term flow
data. Moreover, the higher concentration of pollutants in the
upstream than the relevant EQSs limited the application of the
mass balance approach. Based on the findings presented for
the determination of water-quality-based discharge limits, it is
suggested for other countries addressing the similar problems,
as the first step, to determine which parameters are above the
acceptable concentrations in the receiving environment and to
establish sustainable and correct monitoring networks across
the river basins, as well as to collect long-term flow rate and
water quality data. As the further step for the implementation
of the water-quality-based discharge limits is proposed by
starting with the dilution methodology considering dilution
at the immediate discharge point. After having sufficient
long-term flow rate data, a mass balance approach without
considering the mixing zone can be applied. Since water qual-
ity improves after revised discharge limits application, it is
recommended to use programs by considering mixing zone
such as the Discharge Test Software.

Conclusions

In this study, it was aimed to develop a strategy for a transition
to water-quality-based discharge limits from the existing
technology-based discharge standards. Within this scope, the
Gediz River Basin was selected as a pilot basin, and a seasonal
monitoring study was conducted. The results indicated that the
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implementation of technology-based discharge standards
failed to achieve the target water quality standards in the river,
and the concentrations of several priority substances and river
basin specific pollutants exceeded the EQSs. In order to de-
velop a strategy for Turkey for a transition to the water-
quality-based standards from the technology-based discharge
standards, alternative approaches were tested, and the follow-
ing conclusions were drawn:

* The presence of inadequate long-term accurate streamflow
data is one of the difficulties limiting the application of the
mass balance approach in setting up water-quality-based
discharge limits.

» The application of conservative mass balance with or with-
out mixing zone is not realistic in water bodies where the
concentration of a pollutant is higher than the relevant EQS.

e The recommended strategy involves

—  The establishment of sustainable and correct monitoring
networks across river basins for the collection of long-
term flow rate and water quality data,

— A stepwise approach to the implementation of a water-
quality-based discharge limits starting with the dilution
factor methodology that sets water-quality-based dis-
charge limits based on the level of dilution that occurs
at the immediate discharge point.

—  The use of mass balance approach without considering
mixing zone as the second and the use of programs such
as the “Discharge Test Software” considering mixing
zone as the last stage.

Acknowledgments This study was prepared within the scope of the pro-
ject “Implementation of Total Maximum Daily Load Approach in the
Gediz River Basin” (2015-2017) conducted by the former Ministry of
Forestry and Water Affairs/Directorate-General for Water Management
in collaboration with TUBITAK MRC Environment and Cleaner
Production Institute. The authors thank the General Directorate of
Water Management for financial support. The authors also thank
TUBITAK MRC Environment and Cleaner Production Institute’s labo-
ratory staff for their technical support.

Funding This study was funded by the former Ministry of Forestry and
Water Affairs/Directorate-General for Water Management.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

References

Abbaspour S (2011) Water quality in developing countries, South Asia,
South Africa, water quality management and activities that cause
water pollution. International Conference on Environmental and
Agriculture Engineering IPCBEE 15, IACSIT Press, Singapore

Aydin S, Kucuksezgin F (2012) Distribution and chemical speciation of
heavy metals in the surficial sediments of the Bakirgay and Gediz
Rivers. Eastern Aegean 65(3):789—-803

Bizsel N, Ardelan MV, Bizsel KC, Suzal A, Demirdag A, Sarica DY
(2017) Distribution of selenium in the plume of the Gediz River,
Izmir Bay, Aegean Sea. ] Mar Res 75(2):81-98

Ceka A (2011) Water framework directive and mixing zone guidelines.
Applied on a smelter and mine scenario at two Boliden sites, Master
Thesis, Swedish University of Agricultural Sciences, Faculty of
Natural Resources and Agricultural Sciences Department of
Aquatic Sciences and Assessment

Colman JA, Massey AJ, Brandt SL (2016) Determination of dilution
factors for discharge of aluminum-containing wastes by public
water-supply treatment facilities into lakes and reservoirs in
Massachusetts (No. 2011-5136). US Geological Survey

Doble M, Kumar A (2005) Chapter 24-petroleum hydrocarbon pollution.
Biotreatment of Industrial Effluents:241-253

ECHA (2016) Guidance on information requirements and Chemical
Safety Assessment Chapter R.16: Environmental exposure assess-
ment Version 3.0 February 2016, Helsinki

EEA (European Environment Agency) (2013) Corine land cover 2006
seamless vector data (version 17), Kopenhagen, Denmark, https://
www.tr32db.uni-koeln.de/data.php?datalD=1152. Accessed 7
July 2019

EMEA (2006). Guideline on the environmental risk assessment of me-
dicinal products for human use, European Medicines Agency,
June 2006, London

European Commission (2008) European Parliament and Council,
Directive 2008/105/EC of the European Parliament and of the
Council of 16 December 2008 on environmental quality standards
in the field of water policy, amending and subsequently repealing
Council Directives 82/176/EEC, 83/513/EC, 84/156/EEC, 84/491/
EEC, 86/280/EEC and amending Directive 2000/60/EC of the
European Parliament and of the Council. Off J Eur Union L348,
84-97

European Commission (2009) Commission Directive 2009/90/EC of 31
July 2009 laying down, pursuant to Directive 2000/60/EC of the
European Parliament and of the Council, technical specifications
for chemical analysis and monitoring of water status. Official
Journal of the European Union L 201:36

European Commission (2010a) Directive 2000/60/EC of the European
Parliament and of the Council of 23 October 2000 on Establishing a
Framework for Community Action in the Field of Water Policy

European Commission (2010b) EU EQSD CIS technical guidelines for
the identification of mixing zones: Pursuant to Art. 4(4) of the
Directive 2008/105/EC

European Commission (2010c) Technical background document on iden-
tification of mixing zones

European Commission (2011) Guidance Document No 27 technical
guidance for deriving environmental quality standards. In:
Common Implementation Strategy for the Water Framework
Directive

Green J, Trett MW (1989) The fate and effects of oil in freshwater.
Elsevier Applied Science, London

Gursoy-Haksevenler BH, Atasoy-Aytis E, Dilaver M, Kiigiik E, Pilevneli
T, Yetis U, Orhon AK, Siltu E (2019) Natural background concen-
trations determination for metals in surface waters, Gediz River
Basin. Turkish Journal of Water Science and Management 3(1):2—
21

Haider H, Singh P, Ali W, Tesfamariam S, Sadiq R (2015) Sustainability
evaluation of surface water quality management options in develop-
ing countries: multicriteria analysis using fuzzy UTASTAR method.
Water Resource Management 29:2987-3013

Jirka GH, Bleninger T, Burrows R, Larsen T (2004) Environmental qual-
ity standards in the EC-water framework directive: consequences for
water pollution control for point sources. European Water

@ Springer



24720

Environ Sci Pollut Res (2021) 28:24706-24720

Association https:/www.ewa-online.eu/e-water-documents.html.
Accessed 8 July 2020

Johnstone DW (2003) Effluent discharge standards. Handbook of Water
and Wastewater Microbiology 299

Johnstone DWM, Horan NJ (1996) Institutional developments, standards
and river quality: a UK history and some lessons for industrializing
countries. Water Sci Technol 33(3):211-222

Keller VD, Williams RJ, Lofthouse C, Johnson AC (2014) Worldwide
estimation of river concentrations of any chemical originating from
sewage treatment plants using dilution factors. Environ Toxicol
Chem 33(2):447-452

Kim I, Hong SH, Jung JY (2010) Establishment of effluent standards for
industrial wastewaters in Korea: current issues and suggestions for
future plan. Journal of Water and Environment Technology 8(3):
151-165

Kindler FM, Sevim HE (1990) Heavy metals in sediments of Turkish
river systems—natural background and anthropogenic effects. In:
Metal speciation in the environment. Springer, Berlin, Heidelberg,
pp 601-611

Klimek B, Sitarz A, Choczynski M, Niklinska M (2016) The effects of
heavy metals and total petroleum hydrocarbons on soil bacterial
activity and functional diversity in the Upper Silesia industrial re-
gion (Poland). Water Air Soil Pollut 227:265. https://doi.org/10.
1007/s11270-016-2966-0

Kucuksezgin F, Uluturhan E, Batki H (2008) Distribution of heavy
metals in water, particulate matter and sediments of Gediz River
(Eastern Aegean). Environ Monit Assess 141(1-3):213-225

Li WW, Sheng GP, Zeng RJ, Liu XW, Yu HQ (2012) China’s wastewa-
ter discharge standards in urbanization. Environ Sci Pollut Res
19(5):1422-1431

Link M, Peter C, VoB K, Schifer RB (2017) Comparison of dilution
factors for German wastewater treatment plant effluents in receiving
streams to the fixed dilution factor from chemical risk assessment.
Sci Total Environ 598:805-813

Massoud MA, Tarhini A, Nasr JA (2009) Decentralized approaches to
wastewater treatment and management: applicability in developing
countries. J Environ Manag 90(1):652—-659

Minareci O, Ozturk M, Minareci E (2009) Determination of some heavy
metal concentrations in water and sediment samples taken from
Gediz River (Turkey). Fresenius Environ Bull 18(3):270-274

Ministry of Forestry and Water Affairs (2017) Project of implementation
of the total maximum daily load approach in the Gediz River Basin
(In collaboration with TUBITAK MRC)

Ragas AMJ, Scheren PAGM, Konterman HI, Leuven RSEW, Vugteveen
P, Lubberding HJ, Niebeek G, Stortelder PBM (2005) Effluent stan-
dards for developing countries: combining the technology- and wa-
ter quality-based approach. Water Science & Technology 52(9):
133-144

@ Springer

Rajaram T, Das A (2008) Water pollution by industrial effluents in India:
discharge scenarios and case for participatory ecosystem specific
local regulation. Futures 40(1):56-69

Regulation on Good Agricultural Practices (RGAP) (Turkey) (2010)
Official Gazette 2778/07.12.2010, Ministry of Food, Agriculture
and Livestock (in Turkish) https://www.tarimorman.gov.tr/
BUGEM/Belgeler/Bitkisel%20%C3%9Cretim/%C4%B0yi%
20Tar%C4%B1m%20Uygulamalar%C4%B1/%C4%B0TU %
20Mevzuat/itu_yonetmelik 2014.pdf. Accessed 8 July 2020

Regulation on Surface Water Quality (RSWQ) (Turkey) (2016) 29797/
16.8.2016. Ministry of Forestry and Water Affairs (in Turkish)
https://www.resmigazete.gov.tr/eskiler/2016/08/20160810-9.htm.
Accessed 8 July 2020

Regulation on Water Pollution Control (RWPC) (Turkey) (2004) Official
Gazette 25687/31.12.2004, Ministry of Environment and
Urbanization (in Turkish) https://www.mevzuat.gov.tr/mevzuat?
MevzuatNo=7221&MevzuatTur=7&MevzuatTertip=5. Accessed 8
July 2020

Schwarzenbach RP, Escher BI, Fenner K, Hofstetter TB, Johnson CA,
von Gunten U, Wehrli B (2006) The challenge of micropollutants in
aquatic systems. Science 313:1072-1077

Sikder MT, Kihara Y, Yasuda M, Mihara Y, Tanaka S, Odgerel D,
Mijiddorj B, Syawal S, Hosokawa T, Saito T, Kurasaki M (2013)
River water pollution in developed and developing countries: judge
and assessment of physicochemical characteristics and selected dis-
solved metal concentration. CLEAN—Soil, Air, Water 41(1):60—68

Suzer EU, Kontas A, Yilmaz EC (2015) Gediz Deltasi dalyan alanlarinin
(Izmir Kérfezi) yiizey sedimentlerinde agir metal kirliliginin
degerlendirilmesi. Ege Journal of Fisheries and Aquatic Sciences
32(2):79-87 (in Turkish)

Tricker R, Tricker S (1999) Pollutants and contaminants. In
Environmental requirements for electromechenical and electronic
equipment. Newnes, Oxford

USEPA (2008) Act, Clean Water. "Clean Water Act. EPA’s Office

USEPA (2017) What are total petroleum hydrocarbons (TPH)? https://
www3.epa.gov/regionl/eco/uep/tph.html.

USEPA (2019) Noncontact Cooling Water General Permit NCCW GP)
for Massachusetts & New Hampshire. https://www.epa.gov/npdes-
permits/noncontact-cooling-water-general-permit-nccw-gp-
massachusetts-new-hampshire.

von Sperling M, de Lemos Chernicharo CA (2002) Urban wastewater
treatment technologies and the implementation of discharge stan-
dards in developing countries. Urban water 4(1):105-114

Wako T (2012) Industrial wastewater management in Japan. Deputy
Director, Water Environment Division Environment Management
Bureau, Ministry of the Environment, Japan

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.


https://www.ewanline.eu/e-aterocuments.html
https://doi.org/10.1007/s11270-016-2966-0
https://doi.org/10.1007/s11270-016-2966-0
https://www.tarimorman.gov.tr/BUGEM/Belgeler/Bitkisel%20%C3%9Cretim/%C4%B0yi%20Tar%C4%B1m%20Uygulamalar%C4%B1/%C4%B0TU%20Mevzuat/itu_yonetmelik_2014.pdf
https://www.tarimorman.gov.tr/BUGEM/Belgeler/Bitkisel%20%C3%9Cretim/%C4%B0yi%20Tar%C4%B1m%20Uygulamalar%C4%B1/%C4%B0TU%20Mevzuat/itu_yonetmelik_2014.pdf
https://www.tarimorman.gov.tr/BUGEM/Belgeler/Bitkisel%20%C3%9Cretim/%C4%B0yi%20Tar%C4%B1m%20Uygulamalar%C4%B1/%C4%B0TU%20Mevzuat/itu_yonetmelik_2014.pdf
https://www.tarimorman.gov.tr/BUGEM/Belgeler/Bitkisel%20%C3%9Cretim/%C4%B0yi%20Tar%C4%B1m%20Uygulamalar%C4%B1/%C4%B0TU%20Mevzuat/itu_yonetmelik_2014.pdf
https://www.resmigazete.gov.tr/eskiler/2016/08/20160810htm
https://www3.epa.gov/region1/eco/uep/tph.html
https://www3.epa.gov/region1/eco/uep/tph.html
https://www.epa.gov/npdes-rmits/noncontactooling-atereneral-rmitccwpassachusettsewampshire
https://www.epa.gov/npdes-rmits/noncontactooling-atereneral-rmitccwpassachusettsewampshire
https://www.epa.gov/npdes-rmits/noncontactooling-atereneral-rmitccwpassachusettsewampshire

	A strategy for the implementation of water-quality-based discharge limits for the regulation of hazardous substances
	Abstract
	Introduction
	Materials and methods
	Study area
	Monitoring program
	Sample collection and preparation
	Analysis of the samples and the evaluation of the results
	Methodology followed in the discharge limit determination

	Results and discussion
	Monitoring results
	Surface water monitoring
	Point source monitoring

	Determination of discharge limits


	This link is https://www.tr32db.unioeln.de/data.php?dataID=,",
	This link is https://www.mevzuat.gov.tr/mevzuat?MevzuatNo=MevzuatTur=MevzuatTertip=,",
	Outline placeholder
	Consequences for the implementation of the proposed strategy

	Conclusions
	References


