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A theoretical approach

for the domestic and rural impact
on the water quality of coastal lagoons

GEORGIOS SYLAIOS', THEODOROS KOYTROYMANIDIS™

1. Introduction

Coastal lagoons ha-
ve been considered as
complex natural eco-
systems being in a na-
tural balance, from
which they easily de-
viate due to the envi-
ronmental degrada-
tion caused by altera-
tions in hydrology,
pollution and human
activities (Miller et
al., 1990). On the
other hand, coastal
lagoons are providing
significant food re-
sources, since fishing
and aquaculture have
constituted one of
the oldest forms of
coastal resource ex-
ploitation  (Vallejo,
1982). Thus, the fluc-
tuation of water qua-
lity parameters (phy-
sical, chemical and
b1010g1ca1) in a coas-
tal lagoon may di-
rectly influence the
fishery  production
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Résumé

Un simple modéle théorique a été employé pour étudier l'impact des activités me-
nageéres et agricoles sur la qualité des eaux des lagunes de la riviére Nestos (Vassona,
Eratino et Keramoti). Les taux totaux d’azote et de phosphore dégagés par chaque ac-
tivité qui se déroule a la périphérie de ces lagunes ont été estimés sous forme de coef-
ficients de décharge des eaux résiduaires comme décrit par LOICZ. Il en résulte que
51,5 tonnes d’azote et 10,6 tonnes de phosphore s ’accumulent dans les eaux de ces la-
gunes chaque année. L’épandage agricole (41,1%), les activités ménageres (32,2%) et
I’élevage (26,7%) contribuent le plus a apporter de l’azote. Les déchets provenant de
I’élevage (60,6%) et les déchets urbains (29,7%) contribuent le plus a apporter du
phosphore. L’épandage contribue dans une moindre mesure a apporter du phosphore
(9,7%). Les quantités d’azote et de phosphore inorganiques dissoutes et atteignant les
lagunes ont été comparées a celles observées dans l’eau des lagunes durant la péri-
ode 1994-1996. 1l semble que ’approche théorique sous-estime légerement les taux
d’azote et de phosphore inorganiques dissouts, quoique cette différence puisse étre at-
tribuée a I’apport d’éléments a travers I’ouverture maritime de chaque lagune.

phosphorus, in parti-
cular, influence prima-
ry productlon of a la-
goon, the growth of
macrophytic and ben-
thic organisms and
therefore, fishery pro-
duction. Main sources
of  nitrogen  and
phosphorus in the la-
goons include nitro-
gen fixation, phospho-
rus re-suspension from
the bottom sediments
to the water column of
the lagoon and nu-
trient-rich water mass
entry during tidal
flow,  precipitation,
surface drainage and
groundwater (Nixon,
1982). The latter two
sources are considered
as the most important
under the presence of
extensive agricultural,
industrial and urban
activities in the broa-
der watershed of the
lagoon (Correll et al.,
1992).

The Nestos River la-

dynamics of the ecosystem (Chauvet, 1988).

The integrated management approach of coastal lagoons
should consider the study of their environmental charac-
teristics, aiming towards the understanding of the mecha-
nisms and patterns of the system (OECD, 1982). Nu-
trients and nutrient availability, from the adjacent draina-
ge basin, are important for the processes of lagoon biolo-
gical communities. The presence of nitrogen and
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goons (Vassova, Eratino and Keramoti lagoons) play a si-
gnificant role for the local economy, due to their ecologi-
cal value as well as due to their fishery exploitation. Ho-
wever, the present increase of human activities (agricultu-
ral, industrial and urban) in the broader drainage basin of
these lagoons, have led to the environmental degradation
of these sensitive ecosystems. This results in the rare oc-
currence of eutrophication phenomena in the lagoon wa-
ters and the continuous decrease of fishery production
(Sylaios et al., 1998; Theocharis et al., 2000; Sylaios and
Theocharis, 2001).
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Table 1. Cultivated area per crop (ha) at the drainage basin of the Nestos river lagoons, during the
period 1994-199.

Cultivated Crops 1994 1995 1996 Average
Rice 270 271 263 268

Comn 5,111 3,420 4,722 4,417.6

Cereals 1,787 1,804 1,540 1,710.3
Sugar beets 232 382 425 346.3
Alfalfa 355 343 310 336
Asparagus 522 558 652 577.3
Kiwifruit 90 90 85 88.3
Beans 801 1,025 1,168 998

Cotton 856 2,210 2,660 1,908.6

Total Area 10,024 10,103 11,825 10,650.4

Since these lagoons act as sinks of nutrients, received

mostly from land, the
monitoring and manage-
ment of agricultural acti-

goon drainage basin are presented in
Table 2. It 1s shown that asparagus
(1,550 kg/ha/year), kiwi fruits (1,500
kg/ha/year) and corn crops (1,300
kg/ha/year) require the highest ferti-
lization loads. Therefore, the total
nitrogen applied as fertilizer in the
agricultural areas, adjacent to the la-
goons of interest (Table 3), was
found to reach on average 2,247 ton
N/year during the period 1994-1996
(2,395 ton N during 1994, 2,080 ton
N during 1995 and 2,268 ton N du-
ring 1996), with corn crops (62.4%)
and cotton (14.1%) having overall

the higher nitrogen requirements. Similarly, the total

Table 2. Fertilization types, periods and amounts of fertilizers applied per crop at the cultivated areas of the
drainage basin of Nestos river lagoons.

vities at the broader wa- Cultivated Corps ~ Fertilization Type ~ Period of Application ~ Amount applied  Fertilizer Type
tershed directly affects (kg/ha) )
water quality and envi- Rice Basic April (30%) - May (70%) 400 20 10 10
ronmental functioning Surface June (50%)- July (50%) 250 25 0 0
of their ecosystem. Data Corn Basic March (100%) 800 2 11 0
provided by the local Surface June (100%) 500 25 0 0
agricultural cooperative Cereals Basic __member (100%) 300 16 20 0
shows that during the Surface November (100%) 200 25 0 0
period 1994-1996, on Sugar Beets Basic February (100%) 400 11 15 15
average corn (4,417.6 Surface November (100%) 200 26 0 0
ha), cotton (1,908.6 ha) Alfalfa Basic March (100%) 500 0 20 0
and cereal (1,710.3 ha) Cotton Basic March (100%) 500 20 10 10
crops were mostly culti- Surface March (100%) 200 335 0 0
vated at the area of inter- Asparagus Basic January (100%) 300 20 10 10
est (Table 1). The va- Surface January (100%) 250 0 0 30
rious fertilization types Basic June (100%) 500 11 15 15
(basic or surface), the Basic July (100%) 500 335 0 0
Periods and the amounts Kiwifruit Basic March (I(X)%) 1,000 11 15 15
of fertilizers applied Surface June (100%) 400 335 0 0
(kg/ha) per crop, as well Surfzfce June (100%) 100 13 0 46
as the fertilizer type (ni- Beans Basic March (100%) 500 8 16 24
Surface May (100%) 100 25 0 0

trogen : phosphorus : po-

tassium, N:P:K) in the cultivated areas of Nestos river la-

phosphorus was calculated on average as 742 ton P/year

during the period 1994-1996 (758 ton P
during 1994, 707 ton P during 1995 and
762 ton P during 1996), with corn

Table 3. Amounts of nitrogen, phosphorus and potassium (inton) applied at the cultivated areas
of the Nestos lagoons drainage basin, per type of crop, during the period 1994-199.

Crop 1994 1995 1996

Rice 39 11 11 39 11 11 38 11 11
Corn 1.755 450 0 1.174 301 0 1278 327 0
Cereals 178 107 0 180 108 0 154 92 0
Sugar Beets 22 14 14 37 23 23 41 25 25
Alfalfa 36 0 0 34 0 0 31 0 0
Asparagus 147 55 172 158 58 184 184 638 215
Kiwi Fruits 23 14 18 23 14 17 22 12 17
Beans 52 64 96 66 82 123 76 % 140
Cotton 143 43 43 369 110 110 444 133 133
. 2395 758 354 | 2.080 707 468 | 2.268 762 541
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crops (48.3%), cereals (13.7%) and cot-
ton (12.8%) having the higher contri-
bution (Table 3).

The estimation of the nutrient sour-
ces, pathways and fluxes from the
broader watershed into these lagoons is
considered essential for the manage-
ment and planning of the appropriate
interventions aiming to the control of
the occurrence of eutrophication phe-
nomena. In this paper, an attempt was
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made to quantify the amounts of nitrogen and phospho-
rus entering the aquatic environment of Nestos river la-
goons, as a result of the agricultural, industrial and urban
development in the watershed of Chrisoupolis area. This
is very important for the evaluation of the overall nouris-
hing loads, which flow from the drainage basin into the
water body of interest, and to find out the importance of
the different point and non-point sources of release.

2. Material and methods

The influx of nutrients in the water of coastal lagoons
can be evaluated both by means of experimental (direct)
and theoretical (indirect) assessments. The first method,
which is based on the direct monitoring of the inflowing

The theoretical evaluation of nourishing loads is carried
out be means of the different sources of nutrient losses.
Nutrient sources can be divided into point sources (gene-
rally manmade such as urban, industrial or animal wastes)
and non-point sources (generally derived from losses of
cultivated and uncultivated land, precipitation or urban
runoff). For the theoretical estimate of nutrient loads it is
therefore necessary to collect data concerning the land
use, population, agricultural, industrial activities and ani-
mal wastes and to elaborate them by means of the appli-
cation of the appropriate effluent discharge coefficients.
This evaluation allows an indicative estimate of nutrient
loadings, since it is based on the fact that the effluent dis-
charge coefficients for single source of release, calculated
without taking into account the differences among the

vlz—later _quality drainage basins,
characteristics i-
allows a pre c,is " Table 4. Effluent discharge coefficients released from the various economic activities. (Z:?:&l be generah
uantification of Activit Units Nitrogen Effluent Phosphorus Fffluent Table 4 pre-
q y g P p
nitrogen and Discharge Coefficient | Discharge Coeffident sents the ef-
phosphorus loa- | g7, cr0 fluent discharge
fiu:lg;' ijwtfver > Solid Waste kg/person/year 071 0.07 cgeff1c1ents of
Eszsd zl;leytoeuiltg Domestic Sewage kg/person/year 1.53 0.18 nitrogen and
hioh : Detergent kg/person/year -— 0.18 phqsphorus for
lg cost . mn - - various econo-
terms of time | Nonpoint Agricultural mic activities ta-
and  resources. | Runoff _ king place in a
Funhermore, Cultivated Soil Kg/ha/year 2.00 0.10 dramage basin,
this method is Uncultivated Soil Kg/ha/year 12.00 0.20 as reported in
unable to quanti- | Iiieqock the literature.
fy th(li ,envir On;, Cattle Kg/cow/year 2.74 0.40 These coeffi-
meﬁt;‘l impact o Piggery Kg/pig/year 0.57 0.18 c1ent§ -have been
£aci, Juman il Sheep Kg/sheep/year 0.25 0.023 mOdlfled_for the
VI ty on the dete- Horses Kg/horse/year 3.10 0.50 Nestos river la-
rioration of the Poul Ko/bird/ v 0 0'02 4 0. 1 goons case, since
lagoon  water . g/bird/year ' ' only 50% of the

quality, and thus
it has a limited management contribution to the impro-
vement of the ecosystem.

The second method is undoubtedly much more fre-
quently used, although provides only crude estimates of
the real situation of the case study. The theoretical assess-
ment method accounts for each activity taking place at
the broader watershed, is based on representative export
coefficients, and estimates the amounts of nitrogen and
phosphorus loaded into the aquatic ecosystem of the la-
goon. This method has been incorporated into the
LOICZ Biogeochemical Modeling Guidelines (LCOIZ,
1996) for the determination of the nutrient budgets at se-
mi-enclosed coastal ecosystems as lagoons, lakes and es-
tuaries. Recent research (Mosello and DeGuili, 1982; Ca-
sula et al., 1999) presented that the determination of nou-
rishing loads following both the experimental and the
theoretical approach, when applied to the lagoons of Sar-
dinia, gave almost similar results with small deviations
(2.7% for nitrogen and 15.5% for phosphorus).

household and
livestock wastes was estimated to be disposed at the wa-
tershed of interest (accounted as 50% of the total nitrogen
and phosphorus released by each activity), in contrast to
the whole of agricultural wastes that is released at the wa-
tershed (accounted as 100% of the total nitrogen and
phosphorus released by agricultural areas). The effluent
discharge coefficients for the main nutrient sources occur-
ring at the drainage basin of the lagoons Vassova, Eratino
and Keramoti are presented in Table 4. According to these
values, data concerning the land use and the corresponding
human activities at the overall drainage basin of Nestos ri-
ver lagoons were collected (National Statistical Service of
Greece, 1991). Following LOICZ methodology (LOICZ,
1996), the amounts of total nitrogen and phosphorus (in
kg/yr) entering the lagoons of Nestos river were expressed
in terms of dissolved inorganic nitrogen and dissolved in-
organic phosphorus (in mol/yr). Therefore, the amount of
inorganic nitrogen and phosphorus entering the lagoons
each year at dissolved phase could be computed and com-

11
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pared to the values obtained from nutrient field data (ni-
trates, nitrites, ammonia and phosphates) collected during
the period 1994-1996 from various locations of Vassova,
Eratino and Keramoti lagoons (Sylaios et al., 1997; Theo-
charis et al., 2000; Sylaios & Theocharis, 2001).

3. Results and discussion

The sources of inorganic nitrogen and phosphorus that
can be accounted for the drainage basin of the lagoons of
Nestos River are the agricultural, livestock and domestic
wastes, while there also exist limited effluents produced
from the erosion of the non-cultivated areas (Table 5). Re-
sults show that the

ties of the area (6.4 ton P/year, 60.6%) and the domestic
human activities (3.1 ton P/year, 29.7%). Poultries (4.7
ton P/year), domestic sewage (1.3 ton P/year) and deter-
gents (1.3 ton P/year) are the main sources of phosphorus
being transported over the land surface to the lagoons re-
ceiving water bodies. The contribution of non-point agri-
cultural runoff in terms of phosphorus loading was limit-
ed (1.02 ton P/year, 9.7%). Limited impact also results
from the pigs, sheep and cattle animal wastes (0.1 ton
P/year, 0.6 ton P/year and 0.9 ton P/year, respectively)
and the household solid wastes (0.5 ton P/year). Mini-
mum input of phosphorus occurs from the uncultivated
land (0.01 ton P/year) and horse wastes (0.006 ton

total amount of ni- | Table 5. Nutrient sources, activity levels, modified effl uent discharge coefficients and total amounts of nitrogen (N) and
trogen and phOS- phosphorus (P) loads entering Nestos river lagoons.
F horus b I ele?'sed Nutrient Sources Effluent Discharge Coefficients Total amounts
rom the various
sources at the of nourishing loads (kg/yr)
drainage basin of | Activity Level of Activity B B B _
Nestos river la- | Houshold
goons are of the or- Solid Wastes 14,786 inhabitants | 0.355 kg/person/yr ~ 0.035 kg/person/yr 5,249.0 517.5
der of 51.5 ton Domestic 14,786 inhabitants | 0.765 kg/person/yr 0.090 kg/person/yr 11,311.2 1,330.7
N/year and 10.6 Sewage
ton P/year, respec- Detergent 14,786 inhabitants | -—- 0.090 kg/person/yr — 1,330.7
b

tively. It occurs Total Household Impact 16,560.2 3,178.9
from the theoreti- | Livestock ,
cal assessment ap- Cattle 4,755 cows 1.37 kg/cow/yr 0.20kg/cow/yr 6,514.3 951.0
proach that the Sheep 52,711 sheep 0.10kg/sheep/yr 0.011 kg/sheep/yr 6,588.8 606.1
main nitrogen Pigs 1,829 pigs 0.285 kg/pig/yr 0.09 kg /pig/yr 521.2 164.6
sources are the non- Horses 27 horses 1.55kg/horse/yr 0.25kg/horse/yr 41.8 6.7
point  agricultural Poultry 95,043 birds 0.0012 kg/bird/yr 0.05 kg /bird/yr 114.0 4,752.1
runoff (21‘2 ton Total Livestock Impact 13,738.3 6,480.5
N/year;  41.1%), | Non-poimt
household activities | Agricultural
(16.5 ton N/year; | Runof
32 20/0) and live- Cultivated 10,106 ha 2.00 0.10 20,212.0 1,010.6
stock activities Areas kg/ha/yr kg/ha/yr

Non-
(13 70 ton N/year; cultivared  84.3 ha 12 kg/ha/yr 0.2kg/ha/yr 1,011.6 16.8
26.7%). The hlglger Kpas
Eg; ate (zocgmr 1t0‘; Totd Agricultural Inpact 21,223.6 1,027 4
N/year) results | Total Nutrient Loads 51,522.1 10,686.8
from the water

flowing across the adjacent agricultural land, thus trans-
porting nitrogen into the lagoon water bodies of river
Nestos. Domestic sewage (11.3 ton N/year) and livestock
wastes from cattle (6.51 ton N/year) and sheep (6.58 ton
N/year) contribute also to the increase of nitrogen load
entering the lagoons. Low effluent discharge values of ni-
trogen result from pigs (0.5 ton N/year), poultry (0.1 ton
N/year) and horses (0.04 ton N/year) animal wastes and
from non-cultivated areas (1.01 ton N/year).

In terms of the main phosphorus nourishing loads en-
tering the water of the Nestos river lagoons, it occurs that
the highest contribution comes from the livestock activi-

P/year).

The above amounts of total nitrogen and phosphorus
include the dissolved inorganic nitrogen part (DIN, ni-
trite+nitrate+ammonium), the dissolved organic nitro-
gen part (DON) and the particulate nitrogen (PN). Fol-
lowing LOICZ methodology, it occurs that the amount
of 51.5 ton N/year corresponds to 1,366,391 moles of dis-
solved inorganic nitrogen (DIN) per year, which equals to
5.24 kg N/day or 1.91 ton N/year in the dissolved inor-
ganic form. Monthly data of dissolved inorganic nitrogen
obtained from the lagoons Vassova, Eratino and Ker-
amoti during the period 1994-1996 showed that the aver-
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age annual amount of inorganic nitrogen being in dis-
solved form in the water of these lagoons was of the order
of 1.19 ton N for Vassova lagoon, 1.33 ton N for Eratino
lagoon and 0.52 ton N for Keramoti lagoon. Similarly,
the amount of 10.6 ton P/year that was calculated to
reach the water of Nestos river lagoons corresponds to
171,930 moles of dissolved inorganic phosphorus (DIP)
per year, which equals 0.65 kg P/day or 0.24 ton P/year
in the dissolved inorganic form. Field data showed that
the average amount of dissolved inorganic phosphorus in
the water of Nestos River lagoons was of the order of 0.46
ton P for Vassova lagoon, 0.73 ton P for Eratino lagoon
and 0.25 ton P for Keramoti lagoon.

Since the amounts of dissolved inorganic nitrogen and
phosphorus appear to be of the same order of magnitude
as those estimated by the theoretical approach, it occurs
that this method has provided a good estimate for the
quantities, the sources and their degree of contribution to
the total and dissolved inorganic nitrogen and phospho-
rus entering the lagoons. Furthermore, the excessive
amounts of dissolved inorganic nitrogen and phosphorus
observed at the water of these lagoons (as compared to
that computed by the theoretical approach) are expected
to enter the lagoons through their mouth (the small elon-
gated channel that connects the lagoon with the adjacent
coastal sea).

4. Conclusions

The LOICZ theoretical methodology was applied
to study the impact of domestic and agricultural ac-
tivities on the water quality of Nestos River lagoons
(Vassova, Eratino and Keramoti) and to compare re-
sults to real datasets. It resulted that 51.5 ton N and
10.6 ton P enter the aquatic environment of the
above lagoons each year. The non-point agricultural
runoff (accounting for 41.1%), household activities
(accounting for 32.2%) and livestock activities (ac-
counting for 26.7%) are the main contributors to the
above nitrogen input. Livestock wastes (accounting
for 60.6%) and domestic human wastes (accounting
for 29.7%) are the main phosphorus contributors.
The contribution of non-point agricultural runoff in
terms of phosphorus loading was limited (9.7%). The
dissolved inorganic nitrogen and phosphorus parts of
the above amounts entering the lagoons were com-
pared to those observed at the water of the lagoons
during the period 1994-96. The theoretical approach
seemed to slightly underestimate the amounts of dis-

solved inorganic nitrogen and phosphorus, although
this discrepancy might occur from the entry of nu-
trients through the lagoon mouth.

References

Casula R., Coni M., Diliberto M.L. and Murray A. (1999)
Comparison berween experimental and theoretical assessment of
phosphorus and nitrogen loadings flowing into a coastal lagoon,
In: Water Pollution V, Modeling, Measuring and Prediction,
(Anagnostopoulos, P., and Brebbia, C.A., Editors), WIT Press,
pp 341-351.

Chauvet C. (1988) - Manuel sur 1¢ aménagement des péches
dans les lagunes cotires : la bordigue méditerranéenne. In: Do-
cument Technique sur les Péches, (F.A.O., ed.), vol. 290, Ro-
me, 77 p.

Correll D.L., Jordan T.E. and Weller D.E. (1992) - Nutrient
fluxes in a landscape effects of coastal land use and terrestrial
community mosaic on nutrient transport in coastal waters,
Estuaries, vol. 15, pp. 431-442.

LOICZ (1996) - LOICZ Workshop on Statistical Analysis of
the Coastal Lowlands Database, LOICZ/WKSHP/96.14, Mee-
ting Report No. 18, Texel, The Netherlands, LOICZ.

Miller J. M., Pietrafesa L. J. and Smith N.P. (1990) - Principles
of hydraulic management of coastal lagoons for aquaculture
and fisheries. In: FAO Fisheries Technical Paper (F.A.O., ed.),
vol. 314, Rome,88 p.

Mosello R. and Degiulli E. (1982) - Methods of calculation of
chemical loads as applied to Lake Maggiore. Memorie dell’
Istituto Italiano di Idrobiologia, vol. 40, pp. 55-77.

National Statistical Service of Greece (1991) - Statistical data
of Agricultural Activities, Athens.

Nixon S.W. (1982) - Nutrient dynamics, primary production
and fisheries yields of lagoons, Oceanologica Acta Suppl., vol.
4, pp. 357-372.

OECD (1982) - Eutrophication of water, monitoring asses-
sment and control, Paris, 150 p.

Sylaios G. and Theocharis V.S. (2001) - Hydrology and nu-
trient enrichment at two coastal lagoon systems in Northern
Greece, Water Resources Management (in press).

Sylaios G., Stamatis N. and Theocharis V. (1998) - Seasonal
fluctuations of physical and chemical parameters of the aquatic
ecosystems of Nestos river lagoons, Geotechnic Scientific Is-
sues, vol. 9(4), pp. 94-105.

Theocharis V.S., Sylaios G. and Stamatis N. (2000) - Water
quality variability at two coastal lagoons in Northern Greece
Fresenius Environmental Bulletin, vol. 9, pp. 30-35.

Vallejo S.M.P. (1982) - Development and management of co
astal lagoons. Oceanologica Acta Suppl., vol. 4, pp. 397-401.

13



	09
	10
	11
	12
	13

