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ABSTRACT

Stock and flow pollution differentiation is the basis for efficient pollution-abatement mechanism 
designs. The focus of our research has been marine pollution from land-based sources. Stable isotope 
analysis of groundwater is an acknowledged method for karst aquifer characterisation. We have tested 
whether stable isotopes of water, when used as a proxy for groundwater dynamics in the karst, could 
also be used as an indicator of marine pollution differentiation in terms of flow and stock pollution. The 
focus has been on two close coastal locations characterized by differences in terms of open and closed 
sea as well as anthropogenic pressure. A static Estimated General Least Squares (EGLS) statistical 
model described the closed bay location suggesting stock pollution. For a good description of the open 
sea location, we have had to resort to dynamic Generalised Method of Moments (GMM) statistical 
modelling, indicating flow pollution. Stable isotopes of groundwater together with appropriate 
statistical tools have proved to be a useful tool of marine pollution differentiation into stock or flow.

1 Introduction

Ecological problems, as dealt in environmental eco-
nomics and economic institutional mechanism design, are 
described as stock and flow problems [21, 25]. A stock is 
an entity that accumulates or depletes over time. A flow is 
the rate of change in a stock. Mathematically, it is its first 
difference. Rates of pollution emission and depletion final-
ly determine the system’s sustainability [15]. 

Stock pollution measures are highly dependent on con-
centration potentials of the pollutant in the medium. Flow 
pollution is dependent on the speed of emission of the 
pollutant into the medium and rates of the pollution de-
pletion by natural causes from the medium. In economics, 
stock pollutants deplete a “Common Good” and flow pol-
lutants deplete a “Common Pool Resource” [21]. 

For any reasonable institutional mechanism design of 
pollution control, we need to know the critical concen-
trations of pollutants as well as the factors and determi-
nants of their accumulation and depletion, and when these 
are not known directly, indicator variables may serve as 
proxies.

The starting point of our research is the assumption that 
whether pollution is a stock or a flow depends mainly on 
the pollutant itself and the conditions of the media the pol-
lutant is propagating through. As the pollutant variables, we 
chose the Faecal Indicator Bacteria (FIB): Escherichia coli 
(E. coli) and enterococci propagating through the karstic lit-
toral and ending in seawater. 

The conditions at sea have been represented at two 
locations in the Kvarner Bay, Croatia. The bathing waters 
in the Kvarner Bay are, in general, of a good bacteriologi-
cal quality, but there is evidence of temporary faecal bac-
terial pollution at certain locations conditioned by the 
sewage and septic tanks faults, vicinity of sewage dispos-
al systems and/or certain times conditioned by the total 
rainfall [24]. 

The total rainfall as a determinant of marine bacterio-
logical faecal pollution and salinity as a determinant of its 
decay are known from literature [8, 11, 13]. We have add-
ed an additional variable: groundwater d18O as a proxy for 
the dynamics of the groundwater discharging microbio-
logical pollution into the sea. The groundwater d18O value 
has already been recognised as a possible predictor of ma-
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rine microbial pollution in karstic coastal environments 
[18]. In this paper, we have taken a step further and have 
used the d18O as one of the components in statistical mod-
elling of the marine microbial pollution and in such way 
help determine the type of pollution according to the stock 
and flow classification.

2 Stable Isotopes of Water

Isotopes of an element have the same number of pro-
tons but differ in the number of neutrons in the atomic nu-
clei. Based on their abundance variations, stable isotopes 
of water (2H, 18O) have successfully been used as natural 
hydrological tracers determining water origin, hydrograph 
separation, mean residence time determination, etc. [4, 
10, 22, 23].

Hydrogen has two stable isotopes: 1H and 2H. The light-
er isotope: 1H constitutes ≈ 99.985 % of the total stable 
hydrogen, while the remaining ≈ 0.015 % is the heavier 
isotope 2H [20]. Oxygen has three stable forms: 16O, 17O 
and 18O. The most abundant among them is the lightest 
one 16O (≈ 99.76 %), while 17O and 18O are less commonly 

found in nature (≈ 0.035 % and ≈ 0.204 %, respectively) 
[20]. According to the number of stable hydrogen and oxy-
gen species, there are nine different stable water configu-
rations, and the most commonly occurring in nature are 
1H1H16O, 1H2H16O and 1H1H18O. Various stable water config-
urations have different masses and consequently different 
physical and chemical properties. Those differences cause 
isotopic fractionation i.e. differences of stable isotopes’ 
abundances at the beginning and at the end of physical, 
chemical or biological processes. 

The results of stable isotope measurements have been 
expressed in terms of δ-values. d-value is defined as a rela-
tive difference of heavier to lighter isotope abundance ratio 
in the sample (Rsample) and the standard (Rstandard): δ (‰) = 
(Rsample / Rstandard) – 1. Hydrogen and oxygen d-values (δ2H, 
δ18O) of water are expressed according to the international 
VSMOW (Vienna Standard Mean Ocean Water) standard. 
Fresh water δ-values are commonly negative, indicating the 
depletion in 2H and 18O in comparison to the standard. 

The most important changes in water isotope abun-
dances occur in the atmospheric part of the hydrological 
circle (Fig. 1). Water vapour depletes in heavy isotopes in 

Figure 1 Illustration of the Atmospheric Hydrologic Cycle with δ2H and δ18O Changes (modified after [5])

Figure 2 Macro Area, Two Study Areas, Marine Sampling Locations (Circles), and Discharging Springs (Squares)
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comparison to the evaporating body. On the other hand, 
rain is enriched in heavy isotopes compared to residual 
vapour [6, 20]. Commonly, once the precipitation enters 
the underground, its isotopic composition remains unal-
tered [1]. Nevertheless, there are changes in the ground-
water stable isotope composition as a consequence of 
water mixing [19]. Strong influence of air temperature on 
isotope composition of the precipitation results in sea-
sonal isotopic effects: higher values in summer and lower 
values in winter [20]. 

In natural waters that are not under the influence of 
evaporation, there is a linear correlation between δ2H and 
δ18O values [7]. The existence of this correlation in the 
Kvarner Bay area has already been confirmed [14, 17], 
and, therefore, in this paper, we have focused only on δ18O 
of groundwater.

3 Study Area, Data and Measurement

We have analysed the two locations in the Kvarner Bay 
that differ in anthropogenic pressure and in terms of open 
and closed sea. As a closed bay location, we have chosen 
the Bakar Bay and for the open sea, we have chosen the 
Kantrida area of the City of Rijeka (Fig. 2). The Bakar Bay 
is 4.6 km long, 1.1 km wide and 40 m deep. Approximately 
1,500 people live in the Bakar Bay area, with some 6,000 
more in its approximate hinterland. Kantrida is the City of 
Rijeka area with popular beaches. There are some 7,000 
inhabitants in Kantrida, and some 35,000 more in the 
nearby surroundings.

Marine water samples have been collected at two 
beaches in the Bakar Bay: Bakarac (BKC) and Uvala Dobra 
(UDB), and on six Kantrida area beaches: Kantrida recrea-
tional centre (RC), Kantrida east (KE), Kantrida west (KW), 
Kantrida Villa Nora (KVN), Kantrida pool east (KPE) and 
Kantrida pool west (KPW) as shown in Fig. 2. Marine water 
samples have been regularly collected, during the bathing 
seasons 2010 and 2011, as part of the national bathing wa-
ter quality-monitoring programme. Biweekly based marine 
water sampling has resulted in 160 samples for E. coli and 
enterococci analysis. While sampling, sea temperature, air 
temperature and salinity have been recorded.

Both micro-locations are known for their fresh water 
inflows from numerous coastal and bottom wells. The 
fresh water inflow is most intensive during winter that is 
the consequence of high precipitation in that period of the 
year. As representatives of springs that discharge in the 
Bakar Bay, Dobra (DB), Dobrica (DBC), and Perilo (PER), 
have been chosen as shown in Fig. 2. Spring Zvir (ZV) is 
a representative groundwater outlet for Kantrida. ZV does 
not discharge into the sea on the Kantrida area, but is the 
closest spring that could be regularly sampled and ana-
lysed. Spring water samples were collected on a weekly 
basis from April 2010 to March 2012, but only samples 
that coincided with the collecting of the marine samples 
for microbiological analysis have been presented in this 
study (N = 80).

From the systematic stable isotope study of the area 
[14], we know the following. The springs of the area are 
dominantly fed by winter precipitation. A dual porosity 
model consisting of a fissure-porous aquifer (baseflow) 
and a karstic channels (quick flow) best describe the ex-
amined springs dynamics. The baseflow has lower isotopic 
values in comparison to the quick flow and, at heavy rain, 
the water of the examined spring experiences positive iso-
topic shifts. The Croatian Meteorological and Hydrological 
Service have provided data on daily precipitation amounts 
from meteorological stations at Kukuljanovo and Rijeka.

To analyse the stable isotope oxygen composition of 
water, we have used the Standard H2O-CO2 equilibration 
method [12]. We have performed the stable isotope meas-
urements on a Delta plusXP (Thermo Finnigan) isotope ra-
tio mass spectrometer (IRMS) coupled with HDO eq48/24 
(IsoCal) equilibration unit and a Dual Inlet (Thermo 
Finnigan) peripheral unit. Precision for δ18O has been bet-
ter than 0.1 ‰ (+1s). We have conducted the normaliza-
tion and the analysis of the measurement results using 
the United States Geological Survey (USGS) Laboratory 
Information Management System (LIMS). 

As for traditional bacterial-based cultures, we have 
used a membrane filtration technique and reference meth-
ods. To analyse E. coli, we have used the Rapid EN ISO 
9308-1:2000 test, while for intestinal enterococci, we have 
used the EN ISO 7899-2:2000 method. Further details may 
be found in literature [18]. The results of the FIB analysis 
have been expressed as a number of colony forming units 
(CFU) in 100 mL of seawater.

4 Statistical Analysis and Modelling

For the description of the variability of E. coli and ente-
rococci, we have used descriptive statistics (min, max, me-
dian, upper and lower quartiles) in package Statistica 13.0 
(StatSoft Inc., USA). Statistical significance of spatial dif-
ferences for E. coli and enterococci have been tested using 
Kruskal-Wallis test supplemented by the Nemenyi post-
hoc test in PMCMR package of the R statistical software (R 
Development Core Team). The data have been in form of 
longitudinal data enveloping the locational cross-section 
data over several time units. We have used two forms of 
panel data analysis. Firstly, we have used a static ap-
proach in form of an Estimated Generalised Least Squares 
(EGLS) model testing to account for the heteroscedasticity 
present in the residuals and to incorporate spatial-tem-
poral effects. Secondly, we have run a dynamic panel data 
modelling in form of a General Method of Moments (GMM) 
with First Differences (FD) transformation to control for 
the unobserved time-invariant individual effect heteroge-
neity. We have used a lag of the dependent variable as a 
regressor where needed. The GMM estimators are consist-
ent, asymptotically normal, and efficient, as they do not 
use any extra information aside from that contained in the 
moment conditions. The process of differencing removes 
non-stationarity from the data, controls for momentum 
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and inertia, removes the problem of locational fixed ef-
fects, autocorrelation, and other time invariant compo-
nents [3, 9]. Panel GMM FD is thus a good supplement for 
EGLS estimation. We have tested the residuals for autore-
gression using the Arellano-Bond estimator [2]. EGLS and 
GMM FD testing has carried out using the statistical pack-
age E-Views 9 (IHS Global Inc).

5 Results and Discussion

A summary of the descriptive statistics regarding FIB 
on the examined sites has been presented in Table 1. In 
the Kantrida area, specifically at the RC location, entero-
cocci and E. coli have had positive values in every meas-
urement (Table 1). The highest recorded FIB values have 
been at RC and KE locations: 780 CFU / 100 ml in case of 

enterococci and higher than 2500 CFU / 100 ml for E. coli 
(Table 1). Based on the Kruskal-Wallis and on the Nemenyi 
post-hoc test (Table 1 and 2), we have concluded the RC 
and KE locations at Kantrida are of worse microbiological 
quality than both marine-sampling locations in the Bakar 
Bay. Considering the Kantrida area alone, the RC location 
has had a worse microbiological quality than KVN, KPE 
and KPW (Table 2).

The findings about d18O at PER DB and DBC have been 
described in [18]. Here, we have used the Bakar Bay loca-
tion primarily because of its feature as a closed bay con-
trary to the Kantrida relatively open sea location. The 
isotopic composition of the groundwater discharged into 
the sea in the Bakar Bay and in the Rijeka Bay has ex-
hibited similar behaviour [16]. We have attributed their 
relatively constant isotopic composition to the baseflow. 

Table 1 Descriptive Statistics of Enterococci and E. coli in Marine Samples Collected in the Bakar Bay and at Kantrida. Note the Significant Differences 
between Sampling Sites based on Kruskal-Wallis ANOVA.

 
Bakar Kantrida Kruskal-Wallis 

ANOVA H (p)BKC UDB RC KE KW KVN KPE KPW

en
te

ro
co

cc
i

(C
FU

 /
 1

00
 m

l) Min 0  0 3 0 0 0 0 0

39.52 
(< 0.001)

LQ 0  0 16 6.75 1.75 0 0.75 0
Median 1.5 1 33 17.5 8.5 3.5 6.5 3.5
UQ 5.25 5.5 80 32.25 22.5 7.25 11.75 22.5
Max 100 20 780 780 150 85 100 100

E.
 c

ol
i 

(C
FU

 /
 1

00
 m

l) Min 0 0 3 3 0 0 0 0

56.3 
(< 0.001)

LQ 0 0 42.25 11.5 3 1 1.75 4
Median 0.5 2 110 55 13.5 5.5 6 7.5
UQ 7.75 7.5 260 180 41.25 13.75 24.75 40.5
Max 17 28 2500 2700 260 130 180 140

LQ – lower quartile; UQ – upper quartile; BKC – Bakarac, UDB – Uvala Dobra, RC – Kantrida recreational center, KE – Kantrida east, KW – Kantrida west, 
KVN – Kantrida Villa Nora, KPE – Kantrida pool east, KPW – Kantrida pool west.

Table 2 Results of the Post-hoc Nemenyi Test (p-values). Statistically Significant Results are in Emphasis and Denoted with *.

  Bakar Kantrida
  BKC UDB RC KE KW KVN KPE

En
tr

eo
co

cc
i 

UDB 0.99 - - - - - -
RC < 0.001* < 0.001* - - - - -
KE 0.034* 0.006* 0.92 - - - -
KW 0.56 0.24 0.19 0.91 - - -
KVN 0.99 0.98 0.002* 0.11 0.82 - -
KPE 0.95 0.73 0.023* 0.45 0.99 0.99 -
KPW 0.99 0.91 0.007* 0.24 0.95 1.00 1.00

E.
 c

ol
i

UDB 1.00 - - - - - -
RC < 0.001* < 0.001* - - - - -
KE < 0.001* < 0.001* 0.98 - - - -
KW 0.095 0.17 0.075 0.51 - - -
KVN 0.77 0.89 0.001* 0.03* 0.92 - -
KPE 0.50 0.66 0.005* 0.1 0.99 0.99 -
KPW 0.30 0.44 0.016* 0.21 0.99 0.99 0.99

BKC – Bakarac, UDB – Uvala Dobra, RC – Kantrida recreational center, KE – Kantrida east, KW – Kantrida west, KVN – Kantrida Villa Nora, KPE – Kantrida 
pool east, KPW – Kantrida pool west.
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Positive d18O shifts occurring after heavy rainfalls are pro-
bably consequences of precipitation fast infiltration and 
activation of the quick flows [17]. 

Figures 3 and 4 show how some of the jumps in ZV d18O 
coincide with the rise of FIB levels. This was visible in the 
June 2010 and 2011, as well as in the July 2011 data (Fig. 
4). In July 2010, the rise of the E. coli levels occurred dur-
ing the ZV baseflow regime (Fig. 3B). These E. coli eleva-
tions were probably due to some factors, such as sewage 
faults, we did not consider in our modelling.

To study possible determinants related to FIB levels, 
we have carried out the EGLS modelling using enterococci 
and E. coli as dependent variables. Many different inde-
pendent variables have been tested (d18O, total rainfall 
between two samplings, rainfall before the sampling day, 

Figure 3 Kantrida area, bathing season 2010: 
A) enterococci; B) E. coli; C) daily precipitation amount at station Rijeka 

and spring water d18O time series. RC – Kantrida recreational center, 
KE – Kantrida east, KW – Kantrida west, KVN – Kantrida Villa Nora,  

KPE – Kantrida pool east, KPW – Kantrida pool west, ZV – Zvir.

Figure 4 Kantrida area, bathing season 2011: 
A) enterococci; B) E. coli; C) daily precipitation amount at station Rijeka 

and spring water d18O time series. RC – Kantrida recreational center, 
KE – Kantrida east, KW – Kantrida west, KVN – Kantrida Villa Nora,  

KPE – Kantrida pool east, KPW – Kantrida pool west, ZV – Zvir.

rainfall at the day of sampling, sea temperature, air tem-
perature, salinity), and variables being statistically signifi-
cant only, are shown in Tables 3 and 4.

Although rainfall is instrumental in explaining the di-
rection of change in the FIB quantity, in the Bakar Bay the 
d18O has been a better predictor (Table 3). The d18O alone 
has explained 30.9 % (p < 0.001) of the observed E. coli 
variations. The cumulative model, including d18O and sa-
linity, has had a better predictor of E. coli variations than 
any other combination of the variables we have tested 
(R2 = 0.525; p < 0.001). In case of enterococci, d18O has 
explained 42.6 % (p < 0.001) of its variations.  No other 
variable, or combination thereof, has been subsequently 
added as it has neither been statistically significant (for 
salinity p = 0.45), nor has increased the coefficient of de-
termination, or has not increased the adjusted R-squared 
even when it has increased the R-squared. 
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No examined variable or variable combination at 
Kantrida has proved to be a statistically significant predic-
tor of E. coli variations (p > 0.05) in our EGLS modelling. 
In case of enterococci at Kantrida, d18O, total rainfall, and 
salinity have been the only statistically significant inde-
pendent variables (Table 4). Although statistically signifi-
cant, the total rainfall and d18O isotopes taken separately 
fall short of gaining significant statistical association in 
terms of the coefficient of determination: 0.059 and 0.048 
respectively (Table 4). Salinity, as the sole independent 
variable has described 54.2 % of enterococci variations (p 
< 0.001). The results of the cumulative model estimation, 
taking into account all three statistically significant vari-
ables from previous individual tests (oxygen isotope, total 
rainfall, and salinity), has also been statistically significant 
at 5 % significance level with R2 = 0.695 (Table 4). 

To summarize, we can see that in EGLS models, the 
Bakar Bay’s FIB behaviour is predominantly explained by 
d18O values. The d18O has indicated the difference between 
the base flow and the quick flow carrying bacterial con-
tamination to the seashore at peaking rainfalls. Salinity 
has directly explained the depletion effects on bacterial 
contamination. Since, E. coli is more sensitive to salinity 
than enterococci; the model for E. coli incorporates salinity 

as an explanatory variable, whereas the enterococci model 
has to exclude it as it has not been statistically significant. 
Kantrida is the location with the highest FIB levels, most 
probably due to a higher degree of anthropogenic pres-
sure. The location differs from the Bakar Bay as it is more 
open and, therefore, under stronger influence of sea cur-
rents. Considering this, it is not surprising that the EGLS 
model has not explained the short-lived E. coli variations in 
an open sea environment. EGLS modelling has been possi-
ble for enterococci, but the predicting power of the d18O has 
been lower than in the Bakar Bay. Therefore, no long-term 
bacteriological modelling has been feasible at open sea lo-
cations by using static models only. In continuation, we have 
shown the results of the dynamic modelling using Panel 
GMM with FD. In case of E. coli, the results for the Bakar Bay 
have been comparable to the ones obtained using the EGLS, 
and the best cumulative model has included d18O as well as 
salinity (Table 5). GMM FD modelling with enterococci as a 
dependent variable in the Bakar Bay, has shown that the en-
terococci autoregressive (-1) component is statistically sig-
nificant (Table 6). The latter is a strong argument in favour 
of the Bakar Bay stock pollution conjecture.

In the Kantrida case, for GMM FD modelling, we have 
had to use a first difference D(d18O) of the oxygen isotope 

Table 3 Panel EGLS Modelling Results for the Bakar Bay

Dep. Var. Independent variable Coeff. S. E. p R2

E. coli

Total rainfall 0.044 0.003 <0.001 0.128
d18O  oxygen isotope 7.473 0.449 <0.001 0.309
Salinity -0.244 0.031 <0.001 0.377
d18O oxygen isotope 7.919 1.355 <0.001

0.525
Salinity -0.233 0.049 <0.001

Enterococci
Total rainfall 0.059 0.005 <0.001 0.122
d18O oxygen isotope 11.890 1.395 <0.001 0.426

Table 4 Panel EGLS Modelling Results for Kantrida

Dep. Var. Independent variable Coeff. S. E. p R2

Enterococci

Total rainfall 0.195 0.037 <0.001 0.059
d18O  oxygen isotope 22.250 6.691 0.001 0.048
Salinity -3.218 0.177 <0.001 0.542
d18O oxygen isotope 22.800 10.547 0.033

0.695Total rainfall 0.091 0.0227 <0.001
Salinity -3.366 0.292 <0.001

Table 5 Panel GMM FD Modelling Results for E. coli at the Bakar Bay

Dep. Var. Independent variable Coeff. S. E. p J-stat.
AR(1)

p
AR(2)

p

E. coli

d18O isotope 12.51 1.19 <0.001 26.38 0.22 0.088
Salinity -0.50 0.10 <0.001 17.29 0.04 0.567
d18O isotope 5.16 0.32 <0.001

19.14 0.05 0.796
Salinity -0.46 0.11 <0.001

Note: Difference Specification Instrument Weighting Matrix. White Period Standard Errors & Covariance (d.f. corrected).  
Instrument Specification: @DYN(ESCHERICHIA, 0, 0).
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as well as the rainfall one day before the sampling day 
(Tables 7 & 8). This has resulted in an acceptable model 
even for E. coli (Table 7), indicating that the dynamic mod-
elling is better suited for open sea locations.

The notable difference between the Bakar Bay and 
Kantrida has been found in the enterococci GMM FD mod-
elling whereby an autoregressive (-1) lagged variable had 
to be inserted into the model for the Bakar Bay indicating 
its more static character.

To conclude, we can say that the results of models’ es-
timations have shown significant differences between the 
two locations. Static EGLS modelling at the closed Bakar 
Bay location has shown acceptable results of d18O values 
predominantly explaining the FIB variation. Static EGLS 
modelling could not explain the E. coli variation at the 
open sea location at Kantrida. Dynamic GMM FD model-
ling with D(d18O) had to be used instead. Static modelling 

and static (non-differenced) d18O values have indicated 
that FIB in closed bay waters behaves like a stock pollut-
ant. Dynamic modelling and d18O first differences have 
suggested that FIB in an open sea environment behaves 
like a flow pollutant.

6 Conclusion

Efficient institutional pollution allocation and abate-
ment mechanism designs for water pollution need to be 
based on stock or flow differentiation. This differentiation 
is as much based on the medium as on the pollutant itself. 
We have presented d18O content of karst groundwater dis-
charging into the sea as a new possible indicator for marine 
pollution differentiation.

The data about the rainfall have not been enough by its 
own to give us consistent information about anthropogen-

Table 6 Panel GMM FD Modelling Results for Enterococci at the Bakar Bay

Dep. Var. Independent variable Coeff. S. E. p J-stat.
AR(1)

p
AR(2)

p

Enterococci

Enterococci (-1) -0.39 0.01 <0.001 35.46 0.01 0.159
d18O isotope 41.43 12.12 0.002 26.28 0.001 0.024
Salinity -0.50 0.10 <0.001 17.29 0.041 0.567
Enterococci (-1) -0.49 0.01 <0.001

40.34 0.061 0.538d18O isotope 26.54 4.38 <0.001
Salinity -0.26 0.02 <0.001

Note: Difference Specification Instrument Weighting Matrix. White Period Standard Errors & Covariance (d.f. corrected).  
Instrument Specification: @DYN(ENTEROCOCCI, 0, 0).

Table 7 Panel GMM FD Modelling Results for Escherichia coli at Kantrida

Dep. Var. Independent variable Coeff. S. E. p J-stat.
AR(1)

p
AR(2)

p

E. coli

D(d18O) isotope 495.75 157.79 0.002 62.62 < 0.001 0.721
Rain day before 12.78 5.11 0.014 68.99 < 0.001 0.670
Salinity -28.40 6.20 <0.001 57.62 < 0.001 0.684
D(d18O) isotope 344.36 129.08 0.009

47.82 < 0.001 0.654Rain day before 17.05 7.89 0.033
Salinity -30.49 8.01 <0.001

Note: Difference Specification Instrument Weighting Matrix. White Period Standard Errors & Covariance (d.f. corrected).  
Instrument Specification: @DYN(ESCHERICHIA,-1, -1). Constant Added to Instrument List.

Table 8 Panel GMM FD Modelling results for Enterococci at Kantrida

Dep. Var. Independent variable Coeff. S. E. p J-stat.
AR(1)

p
AR(2)

p

Enterococci

D(d18O) isotope 156.21 50.11 0.002 72.73 < 0.001 0.968
Rain day before 4.89 1.54 0.002 80.18 < 0.001 0.965
Salinity -8.50 1.86 <0.001 69.05 < 0.001 0.844
D(d18O) isotope 164.45 43.11 <0.001

54.71 < 0.001 0.785Rain day before 7.14 2.00 <0.001
Salinity -8.25 2.30 <0.001

Note: Difference Specification Instrument Weighting Matrix. White Period Standard Errors & Covariance (d.f. corrected).  
Instrument Specification: @DYN(ENTEROCOCCI, -1, -1). Constant Added to Instrument List.
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ic pollution originating from the land. Pollution has been 
carried out to the sea mainly by the quick-flow. We have 
used the d18O oxygen isotope to differentiate the quick-
flow from the base-flow. Peak d18O values, indicating the 
quick-flow, have been statistically well associated with the 
FIB pollution.

In a relatively closed bay, the microbial pollution varia-
tions have been well modelled by static statistical models 
that include d18O values. We have understood this to be a 
characteristic of a stock pollution. At an open sea location, 
the results of static microbial pollution modelling have 
not been as good as the dynamic models. Dynamic mod-
elling using the changes of d18O values has indicated that 
we are dealing with flow pollution. The most significant 
piece of evidence in favour of the hypothesis that in case of 
the Bakar Bay we are dealing with a stock pollution is the 
presence of a statistically significant enterococci autore-
gression parameter. 
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