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OF LAKE GOPLO CATCHMENT

Summary

The paper outlines the analyses of chemical cortipnsdf groundwater from 13 monitoring well locatedthe vicinity of
Lake Gopto. The measurements were performed bet@@khand 2017. We measured the concentrationsgt NH,",
PO, C&", Mg?, K, Na', CI, HCO; as well as electric conductivity and pH. In magoralyzed samples the concentra-
tions of the above chemical species fell in thegeatypical for drinking water. N9and PQ* were enhanced in wells lo-
cated adjacently to farm buildings and in local degsions and consequently were exposed to deldfarytrients from an-
thropogenic sources. The enhanced concentratiodéGsf (>50 mg NQ-dm?®) were found in two sites located in arable
area and prone to surface runoff of biogenic subhscts.
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CHEMIZM WOD GRUNTOWYCH FRAGMENTU ZLEWNI JEZIORA GOP tO
Streszczenie

W pracy przedstawiono wyniki analiz chemicznych grdohtowych pobranych z 13 studzienek piezometygbzrzlokali-
zowanych w obpéniach terenu w rejonie Jeziora Gopto. Prezentowayaiki analiz laboratoryjnych pochoglz bada
monitoringowych prowadzonych w latach 2014-2017pdranych probkach wody oznaczongesie takich skladnikow
jak: NOy, NH,", PO, c&*, Mg, K*, Nd', CI, HCO; oraz odczyn i przewodnictwo elektrolityczne. Badamody grun-
towe analizowanego obszaru nie przekraczaly zitacdopuszczalnycheser analizowanych substancji. Sytuacje przekro-
czei dopuszczalnychgiri dotyczyly takich substancji jak: azotany i fosforadotyczyto to gtéwnie wdd pobranych ze stu-
dzienek piezometrycznych nr 1, 4, 11, oraz 13ekttokalizowane byly na terenach wiejskich, orazddpolnych obrie-
niach terenu, gdzie magvysepowa’ sptywy powierzchniowe. Podisygone gtenia azotandw przekraczaje wartd¢ 50
mg NQ-dm® stwierdzono tylko w dwéch studzienkach zlokalizwh w obnieniach na granicy pél uprawnych, gdzie
mczliwy byt sptyw wéd powierzchniowych.

Stowa kluczowewoda gruntowa, analiza chemiczna, jezioro Goptolska

1. Introduction tween 2014 and 2017. The studied lake acts asatigedt
) _ ) o lake of the Kujawsko-Pomorskie voivodeship andaated
Owing to crucial environmental and economical fiams  jn the Gniezno Lake District, 20 km to south of wro-
of water its quality is of major concern to envineental scien-  ctaw. The biggest town sitting on the lakes is Kmisa.
tists. Many studies have shown [1, 5, 6, 15] ti@nucal | ake Goplo is situated in a glacial channel. Itsimam
composition of groundwater is strongly influencedagricul- depth is 16.5 m and a mean depth is 3.5 m.
tural activity. For effective protection of groundier it is al-
ways esse”“?" to recognize the sources of congimm(1]. The distribution of monitoring wells is depicted Fig.
Delivery of biogenic substances to groundwatersfueitro- 1. The wells were established east of the lake.Wéits no.

phication of surface waters [8, 15]. In additidme tonsump- 1.2 9 10. 11. 12 and 13 were located in the sl ar-
tion of NOy-enriched water by humans leads to serious il 1. o

) . ; able lands in small open depressions drained bye Lak
nesses “.SUCh as meth.emoglobmemla, thyrqd probkﬂms Gopto. Wells no. 3 and 4 were situated within thecigl
These diseases are directly related to fertiipatié arable 53 06) of the lake while the remaining were aldhe
Ignds Whlch dellve_zrs NQ acting as substrates for denitrifica- Warta-Gopfo canal, in the south of the lake (T3b. 1
tion producing toxic N@ species in water.

The current research aimed at assessing chenitglosi-
tion of groundwater from monitoring wells adjacémtLake
Gopto. We determined the conductance and pH as asell
concentrations of NQ NH,", PQ¥, C&*, Mg, K*, N&, CI,
HCO; in the water samples. The chemical data were tase
determine the class of purity of the water accgrdinDecree
Law of the Minister of the Environment [12].

The groundwater samples were taken 5-10 cm bdiew t
water table with quarterly resolution in differesgtasons. In
total we analyzed 104 water samples. Electric cotivity
d and pH were measured potentiometrically.,P@nd NQ

were determined spectrophotometrically with amonio:

lybdate and brucine sulphate, respectively.,NiWas ana-

lyzed using Nessler method. @las titrated with AgN@

2. Materials and methods using potassium chromate as indicator. HO@as titrated
with HCI. Na’, K" and C&" were analyzed using atomic

The analyses of groundwater from 13 monitoringlsvel emission spectrometry (EAS) and fqusing atomic ab-
located in the vicinity of Lake Gopto were perfomnbe-  sorption spectrometry (AAS).
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Fig. 1. Topographic map of the vicinity of Lake Goand
distribution of monitoring wells

Rys. 1. Szkic topograficzny z rozmieszczonymiishidzmi
piezometrycznymi w rejonie jeziora Gopto

Tab. 1. Physiographic conditions of monitoring well
Tab. 1. Warunki fizjograficzniekalizacji studzienek piezome-
trycznych

No. Location of monitoring wells N_um_er of mo-
nitoring wells
1 Open depression drained by Lake Gopto 1,2
2. Lake Gopto glacial channel 3,4
3 Lake Gopto glacial channel along the 5678
" | Warta-Goplo canal o
4, Open depression drained by Lake Gopto 9,10, 1
5 Closed depression near Marianowo vil 1213
lage
Total 13

Source: own work Zrodto: opracowanie wiasne
3. Results and discussion

The results obtained during the study were suneedri
in Figures 2-5.

Chemical composition of groundwater is determitgd
many factors among which mineralogy and chemicalpmsi-
tion of soil matrix, soil structure and the intépsf agricul-
tural activity act as the most important. In addifiwater re-
gime and drainage conditions play a non-negligihlie.

The highest concentrations of P®f 0.20 and 0.21 mg

tions of PQ* the samples analyzed were numbered along
the ' class of water quality [7, 11, 15].

The concentrations of NQin groundwater varied in a
broad range. Considerable differences, evidencedhby
very high coefficient of variation of 6110%, occedr
throughout the whole study area and in each stafite
minimum concentration was 0.6 mg N@m® and oc-
curred in wells number 6, 7, 10 and 12 (Fig. 2)e Tilghest
concentrations obtained in well no. 1 were 192.2 Ny
-dm?®, The second highest NOof 133.6 mg N@-dm® was
in well 13 (Fig. 2). These wells were located inafinde-
pressions in the amidst of arable lands and comselyuthe
enhanced delivery of nutrients to ground waters kighbly
likely [5, 11, 15]. With respect to concentratioosNOs',
the studied groundwater falls into th& quality class, ex-
cept for well no. 1 and 13 representifyahd 29 class. As
it was mentioned the latter stations could be &éfdy
surface nutrient runoff from the adjacent farms.zitak
[8] obtained N@ concentrations between 0.0 and 73.0 mg
NO;s-dm?. In turn, Grzé et al. [3] measured 26.2 — 80.8 mg
NOs-dm? and Zbierska et al. [15] obtained 0.0 -177.0 mg
NOs-dm?®. According to Komisarek [7] the enhanced con-
centrations of nitrates are alarming, because nhiefenent
in NOs™ in groundwater can initiate accelerated eutrophica
tion of surface waters.

Chlorides act as principle components of groundwat
from deeper circulation. The concentration of Gi-dur
samples were highly variable and the coefficienvafia-
tion was 14-86%. The mean values were between 13.1
(well no. 8) and 100.8 mg @lini® (well no. 4) (Fig. 3).
Major analysed samples represent&alass of water qual-
ity. The sample no. 4 was classified as 3rd clagksam-
ples from well no. 9, 12, and 13 was numbered an®Sfg
class. Similar results (17.8-159.8 mg)®ere obtained by
Czajkowska [2]. Komisarek [7] established that traei-
ability in CI- concentrations is primarily contretl by the
origin of parent material in soils as well as thghhrate of
water exchange in vadose zone of small thickness.

The studied samples displayed increased conciemsat
of HCO; and the mean concentrations were between 152.2
and 544.6 mg HCOdni® (Fig. 3). Only one sample (no. 1)
was classified as®*1quality class. The remaining repre-
sented 3% and 4 classes. Our results seem high com-
pared to Jonczak [6] and Czajkowska [2], who regubrt
concentrations of bicarbonates between 127-24748nd-
334.7
6 mg HCQ-dm® Some authors [4, 9] argue that the en-
hanced concentrations of HG@n groundwater result from
anoxic conditions and availability of organic mattehich
creates favorable conditions for microbial degramhaiof
organic compounds.

Electric conductivity of groundwater, which is migi de-
pendent on mineralization, was characterized byafiggecia-
ble variability. The lowest conductivity of 409 @B was
measured in well no. 1 and the maximum value (2482n)
was obtained in well no. 11 (Fig. 5). The condukiig of the

PO, -dm? (Fig. 2) were observed in wells no. 2 and 11 lo-studied samples fall within the reference rangenfiural wa-

cated in depressions adjacent to villages and Farildings.
Consequently, these sites could be influenced bicudg
tural activity likewise the groundwater sampledtle vi-
cinity of Lake Niepruszewskie [15]. The lowest FQbc-
curred in wells no. 3 and 12 and the mean condéotisa
were between 0.07 and 0.21 mg,2Qdm®. The minimum

ters (100-1000 pS-chhand drinking water (2500 pS-¢jn
The groundwater which migrates through the thiglers of
glaciolacustrine deposits dissolve more ions thafase run-
off waters. The groundwater from Ziotniki area r@mhduc-
tivities between 648 and 1480 puSci8]. Zbierska et al. [15]
obtained conductivities between 734 and 2650 u§-emd

value was 0.02 mg P& dni’. On the basis of concentra- Rzepa et al. [13] measured 900-5200 uS:cm
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Source: own work Zrodio: opracowanie wiasne
Fig. 2. Concentration of phosphates, nitrates, anium in the analyzed samples (mg gm
Rys. 2. Koncentracja fosforanéw, azotandw, amonvalanalizowanych prébkach

However, the latter values were representativgyfound-  centrations were 13.6 mg*Im® and occurred in sample
water affected by municipal waste dump. no. 4 (Fig. 4), major analyzed samples can be nredbe

pH of water was between 6.2 and 8.2 (Fig. 5) anjbm among the % quality class. Sample no. 4 was the only excep-
samples had neutral pH. This feature is repredeatédr  tion. Our values are similar to the data reporteclre et al.
the T' class of water quality. The pH of groundwateraac  [3] obtained from cultivated lessive soils whereréhwas 6.1-
trolled by HCQ and CQ contents, however parent rock 38.0 mg K-dm?® however lower than 1.3-38.0 mg -Hm?,
composition is essential for determining pH. Koméég[7],  obtained by Paggka et al. [11].
Jonczak [6] and Zbierska et al. [15] reported pHues C&"* changed from 53.8 in well no. 1 to 510.1 mg'@a®
similar to our results (6.5-8.0). in well no. 11 (Fig. 4). On the basis of mean catregions of

The concentrations of Navere relatively low and var- C&* none of the samples analyzed could be classifieteat'
ied between 6.0 and 80.9 mg N#m® (Fig. 3) and the av- quality class. Jonczak [6] measured 8.9-39.7 nfdj- @&’ and
erage values were 6.5-73.3 mg' N’ respectively. These Czajkowska [2] obtained 20.0-196.4 mg*@n®®. In turn, Si-
values were in line with published data [11]. Thedged cifski and Kuszneruk [14] reported 70.0-100.0 mg*@ei.
samples, except for sample no. 4, representedlass of The C4' ion predominates in fresh weakly mineralized water
water quality. In temperate climate sodium is oniyakly  and decreases in favor of other species with iscrganinerali-
bound by the soil matrix, and consequently is weigbile  zation. The changes in the concentrations 6f @& used to
in groundwater [7]. trace the delivery of groundwater from deeper agsiffLO].

K* behaves similarly to Na+. The lowest concentratioh Mg®* ranged from 3.4 to 63.4 mg Mudm® (Fig. 4)
0.4 mg K-dm?® were obtained in well no. 5, located in a localwhich indicated T — 3¢ class of quality. According to Ko-
depression in the east of Warta-Gopto canal. Thkdsi con- misarek [7] the enrichment of ground waters in“Mzan be
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due to the occurrence of Ca-Mg carbonates in sairima  allowable limits for drinking water. However, thégh val-
These minerals are prone to chemical weatheringasied ues of the coefficient of variation (33-48%) refleonsid-
easily leached to groundwater.

NH," was low and varied from 0.1 to 0.9 mg NHim®  argued that the low concentrations of Nfhdicate lack of
(Fig. 2). In sites no. 4 and 10 we found higher,Nthan  contamination with organic substances.
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Fig. 3. Concentration of bicarbonates, sodium, rités in the analyzed samples (mg H@i&i®, mg Nd-dm®, mg CI-dni®)
Rys. 3. Koncentracja wodoreglanéw, sodu, chlorkdw w analizowanych prébkach
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Fig. 4. Concentration of potassium, calcium, maimasn the analyzed samples (md-#m°, mg C&"-dni®, mg M¢"*-dni®)
Rys. 4. Koncentracja potasu, wapnia, magnezu wiznaanych prébkach

4. Conclusions

3. The concentrations of nitrites of over 50 mg Nam?®
were only obtained in two sites in the arable lands

1. Chemical composition of the analyzed samples dis4. The water quality requirements outlined in the [Recr

played considerable spatio-temporal variability.

2. In major samples the concentrations of analyzeanéhe
cal species were within allowable values. Higharaamtra-
tions were only obtained in wells located in depi@ss
collecting waters from adjacent arable lands.

Waldemar SPYCHALSKI, Tomasz KACZMAREK, Artur GLOWACKI

Law of the Minister of Environment [12] were notiséied
in majority of samples. Chemical composition of und-
water varied considerably throughout the studyqaeand
some species (HGQ NOs, NH,", C&") determined fall
out of allowable range.
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Fig. 5. Electric conductivity (uS-cthand pH values in the analyzed samples
Rys. 5. Przewodr6 elektryczna wiciwa (uS-ci) i wartasci pH w analizowanych prébkach
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