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Summary

In the Netherlands, both ground and surface water areasskitiking watersourcesOn

a yearly basis, some 750 million cubic tevs of groundwater is extracted from the soll
for public water supplydata from:Water InformationNet Work). In order to ensurthe
quality of watersourcesfor both current and future needs, this prbjgayoing to clarify
the influence of land use aroundwater quality in Achterhog& regionin the province
of Gelderland, the Netherlands.

It is important to understand the process of groundwater quality evoletfiorerelating

it to the influence ofland use To be more specific, the first step isto study the
hydrogeochemical process of the groundwater and then relate it with the local situation.
Groundwater forms from the portion of rainfall which is able to percolate through the
subsoil (Herschy, 1998) and into the undergroufide rainwater, ah its dissolved
substances in the subsqirovides different elements igroundwater This rainwater
filtration processresults fromthe use of surface landthat influences the chemical
formation of groundwater and its qualityorfFexample, fertilizers rgiht be applied on
agricultural land wherall the remaining chemical substances ealentuallybe fittered

from rainwater to groundwatgwhich affecs groundwater quality.

As for this project, groundwater quality data of the last 25 years Q33 will be
analyzed in order to discovére trend of groundwateuality andtypes of contamination
substances.nl addition, by researching the looa@itcumstancesit will be possible to
identify the main sources of contamingtielements in rel&n to regial land useThe

nitrate concentration is a good example: high nitrate concentration in groundwater at Van
Heek (marine sandy soil), caused by the use of agricultural land.

The standard applied faomparisonss the drinking water quality indeX his research
suggests that the element concentration in groundwater are not just affected by land use,
but also are affected by other factors like soil composition where water seeps through.

The introduction information is specifically associated with thmckgound of the
researchwhich containsan explanation of the reassior doing thisresearchthe aim of

this project, thaesearchobjective and the methodsAlso included isan introduction of

the data useéfor analyzingin this researchin Chapter 2 ta physicalenvironmentof the
project areais examined, considering in particuldand form, soil components
precipitation geohydrologicatharacteristicand major land useoverage The findings

of this chapter are of importance as they contribute rdsvéhebackground information
supporting the contaminarttend analysisvhich isthe subject of Chapter 3. Chapter 3 is
of crucial importance atheresults willillustrate theoutcomeof the literature study, the
products of the datanalysis,and the esuls of potential risk analyis. After the resuits
come outfinally, Chapter 4 is divided into two sections. Firstly, the main conclusion of
this thesis is made, and then a discussion of the limitations of this study and potential
future work is underteen.
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1 Introduction

1.1 Background

Groundwater is a key natural resource for present and future generations, and the
preservation of its quality is a crucial step towards the overall sustainability of
resources (Custodio 2006)The Netherlarsl is a country with 38,000 Knarea

and more thari6.5 million people. Groundwater is the major source of drinking
water Because of the intensive use of land ngarundwatempumping stations,

there are great problems with groundwater pollution over largas, especially in

the sandy regions, which cover about 42% of the whole country (EEA, 1997). In
order to ensure that there is enough reliable water sources for the current and
future needsan impact assessmeait the land use on the groundwater quyai
necessary. For this reasdritens assignedfeng Miao and Sun Yaxin to do this
research

Figure 1Locator map of the region Achterhoek (NL)
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Source: http://commons.wikimedia.ora/wiki/File :LocatieAchterhoek.s

Vitens is the biggest drinking wate
company of the Netherlands.slservices
cover more thar2.3 million customers
with annual revenu
with sales of 330 million cubic meter o
water a year (data from a Vitens report:
Innovative, cuttingedge water technolody

1 M. T. Condessde Melo and others2008 Monitoring and Characterisation hatural
Groundwater Qualityppl. Introduction.



The project areais located on the eastern part tie Netherlands namely
Achterhoek The river ljssel and Load ljssel are the south and north ®rdes

one of the sandy areashaerethe landis mainly used forforesing, agriculture and
residences. Vitens has 10 water harV@simping) stations inthe Achterhoek
region. In this resealq three of themwill be used:Klooster, Aalten and Van
Heek.

1.2 Problem description

Previous groundwater resear¢Bavid N. Lernerand Bob Harris 200F; M.
Balakrishnan and others, 2008British Geological Surved; 2009) hadalready
indicatedevidence tat groundwater quality can be affected by the different land
use. M. Balakrishnan, etc(2008) found that comparing to othaeorrindustrial
area, the groundwatersamples collected from various parts of the dyeing
industrial region has much higher conceration of differentcontaminantdike
chloride, sulfate, ron and lead@he British Geological Survey (2009) also found
that the intensive agricultatland use make the groundwater higith nitrateand
pesticide ramification concentration. Similar resarch in the Netherlands
conducted by EEA (1997)discovered thatbecause of théintensiveuse of land,
groundwater pollution becomes a vast problem over large areas, especially sandy
regions

The project area Achterhoek is one m&ny sandyregionsin the Netherlands
wheremore than 60 % of the lanslused foragriculture(data: consulting from M.
Van Aken) Vitens Drinking Water Companyas more than 10 pumpirsgatiors

in this regionwhich harvestgroundwater and delivet to its customes. In order

to ensure the quality @lrinking water, water sources from these pumping stations
are evaluated evemearby Vitens According to the initial analysis by Vitens, the
groundwater in Achterhoek has already been contaminated by certain substances
which mayaffect drinking water quality in the future. A Afar groundwater
guality database has been establishbathcontairs the concentratiorof 25 main
substancesThe problem is that it is easy to discoeemtaminantand its trends,
however, the causes pbllution are still unconfirmed which might be related to
the regional land use.

During the periodfrom 1985 to 2009there have been no significant land use
changesn the project aredor instancebased on the information provided kly

2 David N. Lerne andBob Harris 2009,The relationship between land use and groundwater resources and
quality.

3 M. Balakrishnan and others, 2008\pactof dyeingindustrial effluents on the groundwater quality in
Kancheepuram (India)ndianJournal ofScienceand Tebnology.

4 British Geological Survey, 2009, Groundwater Information StEet, Impact of Agriculture

° EEA Topic Report, 14/199&roundwater Monitoring in Europe



Van Aken (2010, in the Van Heek area, 80% of the land weed for forestry

and the rest of it for agricultuna the past 20 year€urrently90% isstill used for
forestry. This brings the biggest problem in evaluating the influence of land use
changes on groundwateyuality. Nevertheless, hese slight changes magtill
causeobviouschanges irgroundwatemwater quality. Rfering to Van Heekagain,

10% of itsoverallland use changetheaning that agriculturdhnd decreased by
50%. Lk also means that the amount oftaén chemical fertilizers makiave also
decreased.

Furthermore agricultural activity might be the maincause of groundwater
pollution in the past. Based onaththere is an assumption that therrent
groundwater qualityhould be better compaté¢o 20 years agoHowever,there

are a lot of other limitations that will affect the groundwater quality, as for
instancethe long time delay in land use effects and global climate change.

1.3 Research objective

The main goalof this research is to identifthe major sources that may affect
groundwater quality, and use thigormationto clarify the influence of land use
on groundwater quality in Achterhoek.

So, the mairresearclobjective is to researdhe influence of local land use on
the groundwaterquality in the Achterhoek region.

To address tis objective, the following research questiansformulated:

What are the sources of major contaminants in groundwater?

How do those elements appear in groundwater?

What are the trends of contaminaancentratins of groundwateiin the

project ared

What are the potential risks of groundwater quality in Achterhoek?

What is the cause of those potential risks?

Does current land use serve any good to groundwater quality at Achterhoek
and why?



2 Methodology

Within the project area Achterhoek there are around 10 producing stafions
Vitens As mentioned before in this research, only three of them will be analyzed:
Klooster, Van Heek and Aalteif.he reasons for selecting these 3 locations are
that Klooster has tle mostparticulardata and informatiommompareswith other
statiors;, Van Heek has similar land use set up but different soil structure and
land formto Klooster; and Aalten haa similar soil structure and land form but
different land use set compar® Klooster.

Their differences and similarities form the comparabildy this research The
comparison and contrastethod is the basicmethod usedfor analying data.
Detailed information of how the comparison and contrast metlaodsised in this
researt will be illustrated in 2.3. Before that, 2.1 M first introducethe project
set up, which is in order to give an overview of the whole projgwtn the data
information will be introduced in 2.2yhere anntroduction of different elements
and the staon wells will alsobe included.

2.1 Projectsetup

This projecttakes four months (frorthe mddle of February to the end of June,
2010).Within thesefour monthsthe projecwasdivided into four phase

Phase 1: initial phase

The project plarwas made ad the background datan¢luding groundwater data
and land use datayascollectedduring this phaseThe data was taken from the
mentionedvitensdata base andansferrednto a MicrosoftOffice Excel file.The
literaturestudies also concludéis phase

Phase 2: data analysis phase

In this phase thalifferent excel linegraphsof selected elements wereadeto
explaineach elemeds concentration situatioof the pas5 years.Those graphs
werealsoused for comparing théifferentgroundwater situatins amongthethree
stations.

Phase 3: conclusiomnd discussion

Answersto the researchquestios were found duing phase 3, by ating an
overall look at all the resultand analyzing it combined with the physical
environmenbfeach station.



Phase4: project end phase

During this phase, the project final report gmdsentatiomre finalized which will
be delivered to both Larenstein and Vitens supervisors.

Thedetailedinformation of Phase 2 and 3 will be found in 2.3.

2.2 Thedata introduction

The wells of three diffe rent stations

The number of the wells in differequmpingstation isdifferent (Figure2). But
all of them have both extraction well (blue points on the figiteand monitoring
well (red points on the figura).

Pumping station Klooster. there are 1&xtraction wells which have their filters
in depths between 14 and 26 meters underground.aldb has 15
monitoringmonitoring wells, eactf themhavingaround40 filters. The distance
between each filter iapproximatelyl meter As seen in Figure 6 theextraction
wells concentrate around the pumping station in the forest area amtitering
points are mainlyocatedon the eastern side.

! Figure 2:
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Van Heek:there are 10 extraction wells, and their filters are in depths between 2
and 31 meters underground. It has 5 monitoring wells, and each of them only has

one filter. Figure3 shows that themonitoring wells and extractionwells are
concentrated in two locations.

40HR0047 ' \ [, : _
40HP0025" S i Figure 3:
' D 4 VanHe e k
40HP00264 ¢ ! . _
<y { \ wells location

HEE:R04
HEE-P02 & HEEZR03

HEE.pog+* HEE-P11
+ HEE-P06

Aalten: there are 4 extraction wells, and their fitere in depths between 47 and
50 meters undehe ground. It has 5 monitoring wells, and each of them has 2
filters. FromFigure4, the monitoringwells surroundthe e xtractiorwell.

41 BP0O090,

Figure 4:
Aaltents
wells location
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The Elementsdata of this research

As mentioned in the seéoh @roblemd e s ¢ r (Chapterdl.B)¥itens evaluates
its water sourcesna yearly bass. It means water quality from each well should
be evaluated at least onagear.

However, for thestations lke Klooster,evaluatios are carried out more
frequently. Such high frequenevaluationsmay bedue to conduced research

programs or results from regular evaluasidhatindicate pollution risksin these

cases, thaveragevalue of each year will be applied in this research.

The other issue is caused the operation time of each statidfor some earlier
established pumping stations, certain elements magnot beenevaluated since
1985 Later, forthesecases, the trend analysis witicus on shorter periosl
according to the data.

The data for evaluang is gatheredand saved in Vitens database after the water
samples have beemalyzedin the Vitenslaboratory. Bch time the lib will test
more thara hundred elemesttheir concentratiorevel in the water samplehts

the database of Vitens containsore than one hundreelementconcentration
readings. Considering the time limit and the project situation, Ir. M. Van Aken of
Vitens, who is one of the supervisors of this thesis research, selectdelnZ®nts

for thisresearchTheelementsare listed m Tablel. Forthe introduction of those
25 elements can be found in tAgpendix 1. Within the table there are two
stan@rdsfor eachelementone isdimit valuebandtheother isGarget valué The
limit values are standardgitch are legally requiredThe target values are Vitens
policy. Thetargetvaluessometimesare stricter for health orastatic(like color,
tasteand smelket) reasons.

12



Tablel the analyzed parameter and their standl

Parameter (Dutch) Parameter(English) Unit Limit Vitens Target \Vitens
Aluminium Aluminum Al ug/l 030 0 30
Ammonium Ammonia NH,4 mg/l 0o.2 0 0.05

Arseen Arsenic As ug/l 010 010
BAM ug/l 0o.1 U detectielimiet
Cadmium Cadmium Cd ugl/l 05 01
Chloride Chloride Cl mg/| U 150 U 100
Chroom Chrome Cr ug/l U 50 010
Cyanide Totaal Total Cyanide CN ug!/l 0 50 010
Dissolved organic
DOC carbon
1Jzer Iron Fe ugl/l U 100 050
koper Copper Cu mg/! U 2(tap) 0 2(tap)
Lood Lead Pb ug!/l 010 010
Mangaan Manganese Mn ug/! U 50 010
Natrium Sodium Na mg/! U 150 0120
Nikkel Nickel Ni ugl/l 020 010
Nitraat Nitrate NO; mg!/| 0 50 0 25
Nitriet Nitrite NO, mg!/| 0 0.05 U 0.03
pH 70pHU 9.5 | 7.8JpHU 8.3
Si-inde x g -0.2 -0.20 siU 0.3
Sulfaat Sulfate SO, mg/l U 150 0 100
TOC Total organic carbon c mg/! 05 03
Totale hardkid Total hardness mmol/l | 1.00 THU 2.0| 1.00 THU 1.2
Waterstofbicarbonas Bicarbonate HCO; mg/I U 60 G 90
Pesticide
MCPP mg/! 0
Bentazon mg/! 0

13



2.3 Methods:

The flow chart(Figure5) indicated the steps, methods and maircoutes of the
research process.

The first step is to make an overview of the database; the required water quality
datawasdownloaded from the main database of Vitens and then transferred into
Excel Sheets. It contains locations of sampling wells Y{>€Coadinates); type of
elements; depth of wells; time of sampling; and concentration of substances. The
coordinates of the sampling wells were translated into geographical longitude and
latitude by using the softwait®oogle EarthandPCTrans423 the water quatly
datawasgroupedinto districts and separately presented in Excel files.

The second step is to make trend graphs of each subsisingdViicrosoft Excel

and Aquachem since the data consisted three pumping stations, theoretically,
three differentrend graphs of each element should be established. However, due
to some of the element concentratidoaing below its detection limit, only the

data thatare above detection limits were graphed (the detection limits of each
substancehangedrom 1985 to D09, which is determined by Vitens laboratory)

The last step is to combine the established data analysis results and external
information (for example local land use situations) results from literature study; to
identify the sources of potential risk elents. This will be done by consulting
experts and internal discussions. The final result will be applied as conclusions to
this report.

The next step is data comparison. The analyzing tools that were applied during the
process wereMicrosoft Excel and Aqachem The reference standard is the
drinking water guideline whichvas developed by Vitens. The concentration of
each element frorthe three pumping stations were compared with the reference
standard in order to establish a holistic view of the concémtrataus (Table3)

and differences among pumping stations.

14



Figure 5. methods of theroject
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3 Site Description
3.1 Location

The Achterhoek region is part of the Gelderland province which is located in the
eastern part of The NetherlandseTriver ljssel and Old ljssel are the south and
north border. For Achterhoek, there are around 10 pumping stations, but
considering the limitation of time, 3 stations (Klooster, Aalten and Van Heek)
were taken as the project areas for this thesis reseAchrigure6 shows,
Klooster is in the middle part of Achterhoek. Aalten is in the southeast of
Achterhoek. Van Heek is in the southwest of Achterhoek.

Figure6: The location and topography of the pilot areas. (SoukKesnisdoucument Adierhoek)

Kennisdocument Achterhoek

Legenda
-<O
Mlo-10
[]10-20
[J]20-30
[]30-40
[40-50
Il s0 - 60
->60

3.2 Topography

Achterhoek is part of the catchment basin from the North Sea, a drop zone where
the hinge at the Achterhoek is approximately located near the line
NeedeGroenloLichtenvoordeAalten.

The height of the ground level of Achterhoek runs off regularly from the east to
the west. In the eastern part the height of the ground level is appaieky 50
meters aboveee levelin the western part along the river 1Jssel about 10 meters
NAP(seeFigure 6). The border between the eastern Netherlands terrace and the
Pleistocene basin (the terrace border) shows between Aalten and Groenlo a well
visible area crack.

16



In the north of Groenlo, there is a terrace edge that is less clear due to erosion
during the Pleistocene period. Remarkably, topographical features are the remains
of lateral moraines (Montferland and Lochemerberg).

The surface drainage dhe area takes place by multiple eastern and western
narrow surface drainages (Berkel, Slinge, Baakse Beek, Veengoot, Oude IJssel).
These streams walk more or less parallel and follow the decreasing trend of
ground level in eastvest direction and flowsnio the river 1Jssel. The 1Jssel
provides drainage of the Achterhoek, through the earlier mentioned streams.

As we can see from figure 2, Klooster shows a light slope. The ground is located
near the wells around 15.5 m + NAP. The Aalten also shows g&tew slope.

The ground of the wells is around 25 m + NAP. But in Van Heek t is less flat.
The ground of the wells range from 15m+ NAP to 25m+ NAP.

3.3 Soil and Geology

Achterhoek can be divided into the Dutch East plateau or terrace, and the
Pleistocene bas The boundary between these two areas is between Aalten and
Groenlo visible as a bend in the terrain. The soil structure of Achterhoek is
relatively simple and consists mainly of fine sand, coarse sand and clay on the
moraine along the IJsseland Oudssel. (KWR, 2006)

Because of the moraine, the Achterhoek area consists of young deposits with high
levels of reactive components such as organic matter and lime, as well as locally
pyrite and siderite. (KWR, 2006) The chemical composition of filteredh)rai
water will interact with these reactive components in the soil layers.

Figure 7. Thesoil and geology in Klooster

B34C0102 Monitoring well B34C0102: soil and geology information in Klooster

Actuele

Lithologie

— moderately

“:i humeus
1-5 Sand brown-yellow | very fine strong silt

310 511 Sand brown medium fine slightly silt,,

11-31 Sand,Gravel gray-brown very coarse gravel

Depth(m) | Main lithology | color grain size incorporation

01 Sand brown moderately fine silt,

31-41.0 Sand gray medium fine slightly silt

41.063 Sand gray-green moderately coarse | slightly silt

Diepte in meters ond:
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Figure 8. Thesoil and geology in Aalten

B41D0026 Y J i

Actuele Monitoring well : soil and geology information in Aalten

Lithologie
s Depth(m) | Main lithology | color grain size incorporation
0-0.6 Sand

0.65.4 | Sand yellow medium fine gravel
_ 5.47.6 Sand red-gray very fine weak slit ,strong
- gravel,

20 7.69.8 Sand red-brown | very fine weak slit,
< 9.811.2 Sand yellow medium fine strong silt
11.213.7 | Sand red-brown | moderately coarse

T P 14.330.0 | Loam gray Strong sand
gravel,humeus

B40H0017
Actudie Figure 9. Thesoil and geology in Van Heek
Lithologie
Monitoring well B40H0017: soil and geology information in Van Heek
# Depth(m) | Main lithology | color grain size incorporation
159 0-7.5 Sand brown fine silt
e 7.519.5 Sand Unknown | coarse gravel
19.533.5 | Sand gray moderately coarse | gravel
, 33.536 Sand Unknown | moderately coarse, | gravel
e 36-37 Clay Unknown
p 37-43 Sand brown fine silty
43-50 Sand gray coarse gravel

m meters onder maanvel
Figure7, 8, 9showsthe soil information in 3 stations. Sandy soil is the main soil for three stations. ¢Mdtaib
information can be found in websitevw.dinoloketn|

As indicatedin Figure, sang soil is most common soil in all 3 stations. The soil

particlesin klooster and Aalten at depths of-BO metersare fine, but in Van
Heek the soil is coarse or moderately coarse.

18
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3.4 Climate

The Netherlands has a temperate maritime climate influencetieoforth Sea

and Atlantic Ocean, with cool summers and moderate winters. Since the country is
small, there is little variation in climate from region to region, although the marine
influences are less inland. Compared to coastal areas, the inland akeggess
temperature amplitude.hé detailclimate informationof Achterhoekcollected

from the FAO websitean be found in théppendixIi

According to the datgdFAO), the annual rainfall is 749 mm. It was well
distributed throughout the year, rangingnréd5mm/m to 74mm. The temperature
ranges from 1.9C to 20.1C.

3.5 Geo-hydrology

Achterhoek slopes from east to west, which determines the direction of both
surface and underground flewWithin past 60 yearsithe dewatering of
Achterhoek improved, resultingp a greater drain during the winter season and
smaller during the summer season, and a lowering of groundwater. This deeper
dewatering in the Veengoot, near extraction station Klooster, led to a large
variation in the quality of surface water. During veint the surface water is
largely fed by shallow groundwater, which is affected by agricultural activities
and wastewater discharges. During summer, it is mostly fed through the deep
seepage of old groundwater which is considered good quality. This phemomen
will most certainly also occur with other streams in Achterhoek. (KWR, 2006)

Superimposed on this basic system of groundwater flow are other systems:
regional flow systems powered by the moraine, and local systems powered by
small increments, as dekzaoggen (dutch) and enken (dutch). In order to
describe the geohydrology of areas, a distinction is made between regional,
suli regional, and local flow patterns. This is shown schematically by Tdh
(Figure10)

The report namelennisdocument Achtienek(2006) mentoned that, at multiple
extraction sites, some of the extracted groundwater originated from the filtered
surface water. In some extraction sites, the surface water filtered a short distance
before reaching the extraction well. Thus in some extraatells the water

quality was highly affected by the quality of filtered surface water, including
current contaminants

19



FigurelO0 Generic representation geohydrological flow patterns according to (Isifurces:
Kennisdoucument Achterhoek)

~ window of window of
regional flow system subregional flow
with regional system with subregional
flow branch flow branch
local flow system local flow system local flow s i i
, local’ ; . ystem sub regional flow system . nal
l » ;vxr;) rzalr?cr?l . + with 2 local flow branches . with 2 local flow branches whrze?subregiona?(and . regvll?tha1 ﬂlggla'sgzt:m
i ches . . 2 2 local flow branches . 1 regional flow branch
D.D R R R [ D D R D D R R [D" D R R R [ D D[RR hydaulic

head

SUbregional flow system

regional flow system

|
impermeable boundary of the flow [ area with low flow velocities 3 discharge regionil subregional  local
domain of the joint flow systems (semi-stagnant area with stagnation points flow branch ~ flow b?anch flow branch
+ boundaries between flow systems g recharge

There are three main land use types in the Achterhoek region: forests ang nature
agriculturalland, andresidential land As the Table 2 shows for stations Klooster

and Aalten, land is mainly used for agriculture which occupies around 70 percent
of land. But Klooster however has more forests and nature than urban areas,
whilst Aalten has more urban land thfonests and nature areas. Because of the
limitation of data, we can only get data from 2000. Considering that there is no
major change about land use in those stations, we will use this data as the basic
information for land use in these three projectigtat For the station Van Heek,

we also have some data about its land useaBearding tdM. Vans (20609 n6
estimatons, the forests and nature occupy around 80 percent of the total land,
whilst the rest are agricultural.
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Name Urban Agriculture Forests and water
Nature

Olde Kaste 5 94 1 0
6t Kloostd4 70 26 0
De Pol 10 72 17 0
Vorden 4 59 36 0
Lochem 0 100 0 0
Noordijkerveld 4 86 11 0
Haarlo 16 76 8 0
Olden Eibergen 12 83 4 1
Varsseveld 6 81 10 4
Dinxper lo 3 93 4 0
6t Loohui §19 67 12 0
Aalten

Corle 6 86 7 0

Tablel12. Landuse of the 169ear zone of the wells iAchterhoeksourceKennisdocument Achterhoek.)

4 Results

4.1 Both humans and nature bring Groundwater impurities

Ground water is watethat goes through the rocks and soil under our feet, which
can be found almost everywhere. It is formed from the portion of rainfall that is
able to percolate through the subsoil, and accounts for about 99 percent of
freshwater in the world, excluding ®w and ice (Herschy, 1998). Rainwater is
slightly acidic, which means its pH should be lower than 7, therefore it tends to
dissolve solid minerals in the soil and in the aquifer. Also, as different rocks are
found in the soil (such as sandstone, limestane, basalt),it provides minerals to

the ground water whichwill have different compositions (D. Nelson, 2002).
Rainwater dissolved minerals mixed with different compositiohsocks cause

the ground water to become impure wateb@H Thus naturalground water
quality may evolve due to wateock interactions over time, ranging from a few
months to many thousands of years (M. T. Condesso De Melo and others, 2008).
However, the ground water quality evolution process is not only related to natural
conditiors, but also is affected by human activity (especially land use changes).

In this chapter the major chemical reactions during the ground water formation
process will be discussed in the first part. This is followed by a discussion on

potential factors whic may affect the ground water quality.

The major che mical process of impurities goes into ground water
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The chemical components of water change during the process of water going
through soil particles from the surface to the ground. This part will focubten
major chemical process. The applied information is mainly from the report 1447
of Alterra® and report Kennisdocument Achterhoek of KWR

Rainwater contains a lot of atmospheric acid deposits that consist of sulfur and
nitrogen oxides and ammonia. & pH of rain water in the Netherlands is around
5.0 (H. van den Dool, 2010), although there are slight differences among regions.
As the rain water filters through different soil layers, the deposition concentrated
in will be neutralized by the lime in theoil, leading to a high hardness in the
extracted ground water (evidence shows the rexulfotal Hardness). In other
words, the acidic condition provides the possibility of dissolving soiled minerals
like Mg, Ca into the water. The chemical formula (@&plains this process. In the
mean time, the soil layers, where water gets filtered, is full of oxygen, named the
aerobic zone, so the reaction is mainly oxidation. The oxidation prdsess
calculatedthrough the formulas (1a) to (1d). After this stabe, water goes into

the anaerobic layer, where the reductive reaction begins to happen (formula 3).
When the water touches hard sediments, depending on the pH situation, some
weathering reactions might happen as shown in formula (4). (Fidyre

Figure 11regional process of rain water goes tground water thento seepage

Rain Water
Infiltration Alterra report 1447

juozuoy
g-3-v-0O

kwel

1

suoz
| 8pbipezieAuo

opperviaktewater

[a, 1b]

(uozuoy-0) Jeyinbe 8U00}sIBId-Olld

euz‘o‘z apblpezian

NaHCO;-type

6 Altarra report 144MP.C.P. Pailissen, R.C. Nijboer, P.F.2007,VerdonschotGround waer in
perspectief, Een overzicht van hydrochemische watertypen in Netherland. Alterra, Wageningen, The

Netherlands.
" Report Kennisdocument Achterhoek of K\MR. van Beek, G. van den Berg, M. Jalink, 2006,
Kenni sdocument Acht er leon@de Kastwitems) The Metherlanilt K|l oost er
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Major process happens underground (Figure 9)
Process

Impagironnd water compositions

(1) Reactions in oxidative environme nt
(1a) (Aerobic) mineralization:
CHO~N~P~S(s) + @ (aqg/g)

---soil in inzijggebied
---aerobic zone in Pli®leistocene aquifer

H20(1)+CO2(ag/g)+ NH4++PO48q)+S042(aq)

(1b) Nitrification:

NH4+ (aq) +202 (ag/g) NO3-(aq)+2H+(aq)+H20(!)

(1c) Iron oxidation:

4Fe2+ (aq) + O2 (ag/g) +10 H20 (IpFe(OH)3 (s)+ 8H+ (aq)

---Seepage zone where ground water O2 step down (in this case lR&@ABrecipitate with Fe3+)
---Contact zone relative OZich in ground water and in deepground water,

(1d) Sulphide Oxidation :( including whether pyrite oxidation troiliet)

4FeS2(s) + 15 02 (aqg/g) +14 H20 () 4Fe(OH)3 (s) +8S042aq) +16H+ (aq)

---pyrite oxidation is usually the result of desiccation of the wet area, where FeSep@statan reach.

-O2 Drop
-CO2rise,
-PH drop because of CO2 drop

-PH drop because of release of H+
-O2 Drop.

-PH drop because of release of H+,
-O2 Drop,
-PQ;> may precipitate withFe(OH)

-PH drop because of release of H+,
-O2 Drop,
-PQ;> may precipitate withFe(OH)
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(2) Weathering reactions

(2a) CaCO3 solution and CaMg(C03)2

CaCO3(s) + H20 () + CO2(ag/g)Ca2+ (aq) + 2HCOIaq).

CaMg(C03)2 +2 H20 (l) + 2C0O2(ag/g) Mg2+ (aq) + Ca2+ (aq) + 4HCO@&Q).
---soil in inzijggebied

---aerobic zone ifPlio-Pleistocene aquifer

---soil in seepage area

(3) Reactions in the reductive environment:

(3a) Iron reduction

Fe(OH)3 (s) +1/4 CH20 (s) + 2Hads Fe2+ (aq) + 1/4C0O2(aq/g) + 11/4H20 (1)

(3b) De nitrification

4NO3(aq) + 5CH20 (s) 2 N2(g) + 2@2(aqg/g) + 4HCOJaq)+ 3H20 (1)
---Anaerobic zone in the aquifer of soil seepage area

(3c) Sulfate reduction

2 SO42(aq) + 4CH20 (s) + H+ (aq) H2S (ag/g) + HYaq) + 2HCO3(aq) + 2H20 () + 2C02(ag/g)

-CO2rise,
-water is harder because of release o

the M¢d*and C&"
-PH rise because of CO2 release.

-PH increase production by HCO3
- Ground watenitrogen poorer

-PH rise because of the uskthe H+
and the outcome of the HGO

---Anaerobic inzijggebiedeb soils (deep ground wWate seepage areas with supply of ground water $@et2anaerobic sediments

(3d) Acetoclastische methanogenesis (linked to ethanol fermentation):
C2H402 (aq) CH4(g) + CO2(aqg/g)




(3e) Reductive methanogeriesknk to hydrogen production

CO2 (ag/g) +4HZf) CHA4(g) + H20 ()
---Both forms of methanogenesis take place in strictly anaerobic soils in seepage areas or inthe anaerobic zondPieidtedele aquifer,
provided SO42-concentrations low.

(4) CEC: -water is softened by removirggg*

(4a) Ca2+ (aqg) + Na+ads(s)PNa+(aq)+ Ca2+ads(s)
---hard contact zone ground water with marine sediments.

(4b) Na+ (aq) + Ca2ads(s)PCa2+ (aq) + Na+ads(s) ‘water is harder by producirg”
---contact zone saline ground water with fluvial sediments Pligstocene aquifer

-PH decreases by releasiag

(4c) Kat+ (aq) + H+ads(s)PH+(aq) + Ka+-ads(s) -Part HCO3 in grund water is converted to

---contact zone HCO®vater with peat CO2 as a result of pH drop
-Water hardness decreases t.g.v. cation
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Ground water contamination

According to the mentioned process, the different chemical components in

the ground water are carried by water through the process of infiltration. It

may be adsorbed from atmospersoil and rocks. Such process may

easily indicated that the human acts on or near the surface, where the water
through, may bring certain elements into the ground water. For instance,

the fertilizers that used by the farmers during cultivation processes

quite high possibilities to be combined with the water amnentually

infiltrate to the ground water. Also like the nitrate concentration in the

ground water, both human activity (agriculture, industry, house hold) and

natural formation can be the soas. No matter what is the source of those
elements, when some of the elementsd c
like nitrate, exceed a certain value, the water is harmful for the human

health. The situation like this, the water can be looks as wimdded. The

S. County (2008) concluded that ground water can be contaminated in

many ways and through variety of compounds, both of natural origin and
manmade. Countydés conclusion is also pa
literature study of this resezh: Both human and nature bring the

ground water impurities.

In County 6 2008 theory the concentration of natural impurities depends
on the nature of the geological meal through which the grounditer
moves and the quality of the recharge water. ldenad some naturally
occurring pollutants of ground water: Microorganisms, Dissolved solids
and chlorides, Radionuclides, Radon, Nitrates and nitrites, Heavy metals,
Fluoride.

Most concern over ground water contamination has centered on pollution
associated with human activities, including municipal, agriculture,
Industrial and residential uses (S. County, 2008). During the water goes
through the soil to the underground water table, the contaminants caused
by human activities like over fertilizer, landfilaa be moved through the
water flow to the ground water.

Here, this research was mainly looking for the potential risks of the ground
water quality in the project area, eliminate the possible natural origin of
the risk and focused on the risk might brifgsdifferent land use. Also,
considering the situation in the project area, the potential risks are not
same as County mentioned. Thus not all the elements in the ground water
need to be analyzed. In next paragraph, the result after comparing a few
selectd elements concentration of the ground water in the natural
condition and land use changed condition (mainly changed into agriculture
land) will be illustrate.
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4.2 Each station® selected elements concentration status

Table 3 separatelyshows the result cdil the element concentrations from
each statiomwithin the past 25 years (1988009). The differentsymbols
representlifferent statuses which are defined at blegyinning ofthe table.
The detaidtrend graphs of eaadlemends concentration can be found
the Appendixlll.

As the table shows: ammonium and total hardeesgentratiorof both
stationAaltenand Klooster exceed the limit value; thi#rate pH and Sl
concentratiorof Van Heek areexceedthe limit value; also théicarbonate
concentratio of both Van Heeland Aalten are higher than the limit value

Those elements high concentration can cause different problems for three
stations groundwater uses for dinking water soufé¢eis those elements
high concentration are the risks for the growater quality.

Thereasonfor cause those elemeatsigh concentration is/arious But in

concludet is caused either agriculture land use or naturalcsoiiponent
The detail information of their causessdiscussedn the Chapter 5.
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Code of the element concentration situation

95% of the data is undémedetection limif U
within around 25 years it has an increase trend R
within around 25 years it has an decrease trend R

more 50% of the data exceed the limit value E

more 50% of the data within the limit value N

Ele ments concentration situation
Ele ments (Dutch) Van Heek Aalten Klooster
Aluminium U U U
Ammonium U RE RE

Arseen U U R N

BAM U U U
Cadmium U U U
Chloride R N RN RN
Chroom U U U

Cyanide Totaal U U U

DOC R R R

1Jzer R N R N RE

koper U U U

Lood U U U
Mangaan R N RE RN
Natrium RN RN RN
Nikkel U U U
Nitraat RE U U

Nitriet U U U

pH RE R N RN

Skindex RE RN RN

Sulfaat R N® RN RN

TOC RN RN RN

Totale hardheid RN RE R E®

Waterstofbicarbonaat RE RN RE
pesticide

MCPP U U U
Bentazon U U R N

8 The detectiotimit and the limit value are according to the Vitens drinking wetkgleline




4.3 Thephysical environment comparison

No matter the human impact or natural evolution, the physical
environment of the project area determing® ground water quality
element concentration. In this project, the differen@@song three
pumping stationd physical environmentare mainly land use and soil
structure (soil formationf-igure 12illustrates the differencesGiventhose
differences, theeffectscan bedisplayed andanalyzedbased on former
research Impact of agriculture (2003)°, Nitrogen and the Hydrologic
Cycle (1996)°, etc.

Agricultural land use can cause high sulfateofsulting from M. Van

Aken), heavy metalKenneth Tanjiand Laura Valopp,i 2003),phosphoy

nitrate, pesticide as well as pesticideetabolite concentratios in the

ground water British Geological survey, 2003priginating from the use
of fertilizersand pesticide

Thus combining the land use of theskree stations, the ground water
situationis:

Element

Sulfate

Nitrate

Heavymental

Phosphor

pesticide

Pesticide metabolite

Other elements related with aguiture
Table 4. theconjecturesituation

Concentration situation:
Kloosterand Aalter> Van
Heek

In soil with very high sand and low organic matter contents, the
ammoniumand nitrateiron will move in the direction of the water flow
(1996, Larry C. Brown and Jay W. JohnsoBly combinng the soil
information from thethree stations, the ground wateexpectedo have a
higher ammonium and nitratencentration in Van Heethanin the other
two stations.

9 Birtish Geological survey, 2003, The Impact of agriculture
10 1996, Larry C. Brown and Jay W. Johnson
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Figurel2.Three station®physicalenvironmentomparison

Major factors of the

phvsical environment that

is different in three

stations

"

a Klooster<| Aalten~| Van Heek~
Agriculture « T0%¢ 67% | 9%¢
Urban « 4% 19%+ | 2%
Forest and nature 26% 12%+ | 80%+9%2

The data of Van Heek comes from EIWA report, 190F,

Nitraatvoorspeling van Heek: the data of Klooster and
Aalten come from Vitens in the vear of 2000+

* 30%% of forest zrea and 9% of grass land+

LT T T

Main soil tvpe: sand +

Name of the station+ | Soil particles of 1-30m under
the ground+~
Klooster+ Fine~
Aalten~ Fines
Van Heek~ Coarse or moderately coarse~

Information from: www.dinoloket.nl «

+

ETE T T
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5 Discussion

By combining the resuk from the hydro-gec chemicalliteraturestudy, the resudt
from the ground water data analis, and thesuppositiorof physicalenvironment
analysis severatliscussionsire feld pertaining tothe following parts:

5.1 Thecause of higher ammonium concentration in Klooster and

Aalten

The cause of this difference might be duehi® land use and soil compositioh
the three station3 here are threpossibilities

Firstly, it might because the sandy soil contains the least amount of organic soil
matter to reat in the ammonification process (this has been proven by the
previous research where there is almost no organic matter in the marine sediments
in the project area).

Secondly the deeper sandy layers provide the possibility for oxygen to exist in
the deepe soil layers that allows a nitrification reaction to happen in deeper
depths. This may cause the ammonium (assuming there is ammonium impute
because of the agricultural land use) to totally change into nitrate (the chemical
reaction formula (1b)).

Thirdly, it also carbe the fact tha¥an Heek is the only station of the three where
there is no surface water filtratidoonsulting from M. Van Aken).

For thesecondreasoning, the high nitrate concentration in the ground water of
Van Heek might be enouglvidence of the inference. But the reason for the high
nitrate concentration in Van Heek has also other explanations (detailed
information can be found in the next paiNitrate). Thus, the reason why Van
Heek has a much lower ammonium concentration coeapdw the other two
stations is still on the stage of inference.

5.2 Thecause of high nitrate concentration in Klooster

The nitrate concentration in this project area is opposite to the situation of
ammonium concentration: only Van Heek has been tested ifgr hitrate
concentrations.

The previous research (Nitraatonderzoek Montferland) confirmed that the high
nitrate concentratiom Van Heekis because tt is a hilly region with much deeper
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sand layers (caused by the marine push land formatwbigh provides quicker
filtration rates. But, as mentioned in the former paragraph that the nitrate
concentration is quite high, it may also be because of the deep sandy layers
providing enough oxygen. This gives the possibility of complete nitrification
where the amnium changes into nitratéower organic matter sandy soil also

can be the cause of higher nitrate concentraiioNan Heek.

All in all, no matter what caused the high nitrate concentration in Van Heek,
comparing theaverage concentrationvalue of Van Heek with the nitrate
concentrationvalue of the ground water in the pure agricultural land regions
(290mg/l) and the nitrate concentration of ground water in the pure nature/ forest
areas §7mg/l), it is lower than 290 mg/but much higher than 37 mg/l,hich
means it isstill influenced by the agricultural land.

5.3 Iron and Manganese concentration in the project area

The Iron concentrations of the three stations are totally different. Klooster had a
high concentration in the first two years, however attat it maintained a lower
concentration similar to that found in Van Heek. As for Aalten, it fluctuates
between 0.5mg/l and 2.5mg/l. Now looking at the manganese concentration
levels, Figure 3 shows that it is not very high in this project area. Comgige
the stationds situation, it shares a
stable concentration; however, for the other two stations, both of them fluctuate.
Figure B illustrates this.

Figure 13title, please enlarge these graphs, they are hardly readable
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