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1 Introdulktion

I fremtidens overvagning af vandmiljeet vil nye sensorteknologier vinde ind-
pas, da potentialet for online-malinger af vandkvalitet med forskellige senso-
rer er stort i forhold til at opna en dybere og bedre forstaelse for vand- og
stofdynamikken (Rode et al., 2016; van Geer et al., 2016; Villa et al., 2019). On-
line-malinger er ogsd i god trdd med den danske regerings plan om, at Dan-
mark skal veere pioner inden for fremtidig brug af digitale lgsninger (Rege-
ringen, 2017).

I NOVANA ferskvandsovervagningen males koncentrationen af neeringsstof-
fer ved, at der i felten udtages punktprever med en flaske til et bestemt tids-
punkt (Kronvang et al., 1993). En sddan strategi afdeekker ikke, hvad der even-
tuelt sker af koncentrationseendringer mellem to prevetagninger, f.eks. i perio-
der med kortvarige regnskyl, snesmeltning mv., hvor der kan ske kortvarige
aflastninger fra overlgbsbygveerker eller gget udvaskning og erosion fra marker
i oplandet. Sddanne forholdsvis kortvarige begivenheder kan medfere store
eendringer i koncentrationen af kveelstof og fosfor i vandleb (Kronvang and
Bruhn, 1990; Ferreira et al., 2007; Jordan et al., 2013; van’t Veen et al., 2018).

Da et fuldsteendigt kendskab til fluktuationer i vandfering og koncentration
af neeringsstoffer (kvaelstof og fosfor) er afgerende for beregningen af stof-
transporten, vil en kontinuert online registrering af begge parametre oge sik-
kerheden pa den endelige stoftransport. Denne anvendes i sidste ende som
‘statusbelastning’ og “'malbelastning’ i forbindelse med vandplanerne - derfor
er en stor sikkerhed pa kveelstof- og fosfortransporten afgerende for en kor-
rekt implementering af virkemidler.

I omverdenen arbejdes der hen imod en online overvagning af miljotilstan-
den, som f.eks. i USA, der har installeret mange nitrat sensorer (USGS, 2019),
samt i det irske "landovervagnings’ program, som gennemgas neermere i dette
notat.

Notatet indeholder en erfaringsgennemgang af anvendelse af en nitratsensor
(Nitratax), som har veeret opsat i tre mindre danske vandleb i forskellige tids-
rum (kap. 2). Nitratsensoren har veeret anvendt som pilottests i et forsknings-
projekt under GUDP-programmet (Hvid, 2018) i to forskellige vandlgb (Jegs-
trup baek ved Viborg) og Salte A nzer Slagelse. Desuden har vi fortsat test med
nitratsensoren sammen med Miljestyrelsen i Horndrup beek, som er et vand-
lgb i Landovervagningsprogrammet under NOVANA. Online data fra den
valgte nitratsensor er i notatet sammenlignes med data fra en normal punkt-
provetagning med udtag af vandprever hver ca. 14’ende dag. Desuden eva-
lueres forskellen i nitrattransport beregnet pé basis af punktprever og daglig
middelvandfering med anvendelse af en meget hyppig, som f.eks. hvert 5-15.
minut, bestemmelse af vandfering og nitratkoncentration fra sensor.

Endelig indeholder notatet en videns opsamling omkring anvendelse af sen-
sorer i Irland under deres landbrugsovervagningsprogram i 6 vandlebsop-
lande (kap. 3) samt et rewiew af 23 internationale artikler, hvor sensordata
indgar (kap. 4) Videns opsamlingen og rewiew er foretaget, som en del af et
projekt finansieret af Miljostyrelsen i 2019 "Fosformodel opdatering og ana-
lyse af intensiv data’.



2 Erfaringer med anvendelse af nitratsensor i
danske vandigb

2.1 Beskrivelse af den anvendte nitratsensor

Princippet bag sensoren med preecision og usikkerhed, samt muligheder for
interferens - diagrammer af maleprincip mv. beskrives i dette kapitel.

I forskningsprojektet blev det ud fra viden fra andre institutioner i et sensor-
netveerk (se Rode et al., 2016), besluttet at anvende en Nitratax plus sensor.
Nitratax plus sc er en UV-Nitratsensor udviklet af Hach til kontinuerlige ma-
linger af nitrat-N koncentrationen i vand (se figur 1). Nitratax sensoren virker
ud fra princippet om, at nitrat- og nitritioner absorberer ultraviolet (UV) lys
ved en bglgeleengde pa 210 nm. Nér koncentrationen af nitrat og nitrit i van-
det stiger, vil UV absorptionen ogsé stige. Et fotometer i Nitratax maler det
primeere UV-lys ved 210 nm, mens en anden UV-lysstrdle ved 350 nm giver
en referencestandard, der anvendes til at korrigere for interferens med oplest
organisk stof og suspenderet stof i vandet.

Der er sikkert en gvre greense for hvor hgj en koncentration af suspenderet
stof, som nitratsensoren kan korrigere for da denne i nogle tilfeelde kan blive
meget hej i vandleb - iseer ved store stigninger i vandfering. Vi maler pt. dette
med en turbiditetssensor i Horndrup beek, sa denne sensor kan evt. hjeelpe
med at rense nitratsensor data i perioder med hgj turbiditet i vandet. Dette
forventer vi at undersgge naermere i en fremsendt PhD projekt ansggning.
Oplest organisk stof udviser ikke samme store udsving i koncentrationen i
vandleb, sa denne parameter forventes der ikke problemer med ift. korrektion
af nitratsensoren.

Nitratax maler derfor nitrat-nitrit koncentrationen i vandet rent fotometrisk,
uden der skal bruges tid pa eksempelvis proveforberedelse og reagenser (fi-
gur 2). Sensoren er designet med et to-straleabsorptionsfotometer, der bedst
muligt kompenserer for forstyrrelser forarsaget af turbiditet og organisk stof
(Hach, 2018). Eventuel interferens med andre stoffer i samme UV bglge-
leengde omrade, som anvendes til bestemmelse af koncentrationen af nitrat
vil padvirke mélingen - typisk ved at der bliver malt for hgje koncentrationer
af nitrat.

Sensoren har desuden indbygget viskerteknologi (dobbelt Wiper) til rengeo-
ring af linser. Det giver sensoren mulighed for at male nitrat i medier med
hgje koncentrationer af suspenderet stof. Dobbeltviskeren er designet til at
holde det optiske system fri for blokeringer, veekst af eksempelvis alger og
aflejringer (Hach, 2012). Nitratsensoren har et méleomrdde mellem 0,1-25,0
mg N/L og en mélespalte pa 5 mm. Praecisionen/usikkerheden er 3 % af ma-
leveerdien eller +0,5 mg/L (Hach, 2012). Se tabel 1 for flere tekniske specifika-
tioner for Nitratax sensoren.



Figur 1. Nitratax plus sc sen-
soren.

Figur 2. Nitratax sensoren samt
figur af maleprincippet i Nitratax
sensoren (Hach, 2012)
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Tabel 1. Tekniske data for Nitratax plus sc sensoren (Hach, 2012; Hach, 2014; Hach,

2018).

NITRATAX plus sc

Vare nr.
Malemetode

(5 mm) LXV417.99.50001
UV-absorptionsmaling, reagensfri metode 2-straleteknologi

Maleomrader (med standard- 0,1-25,0 mg/L NO2+3-N (5 mm)

oplgsninger)
Malepraecision

Malespalte

Responstid
Detektionsgraense
Oplgsning
Modstandsdygtighed (tryk)
Omgivelsers temperatur
Renggring

Materiale

3 % af maleveerdi +0,5 mg/L (med standardoplgsning)
1,2 0g 5 mm

>1 min.

0.1 mg/L NO2+3-N (med standard oplasning)

0.1 mg/L

Maks. 0,5 bar

+2 °C til +40 °C

Automatisk viskersystem

Rustfrit stal




Anvendte termer for sensor og dens funktion:

Nulpunktsforskydning af sensor: En sensor kan have en nulpunktsforsk-
ydelse, som er foranlediget af en beleegning af eksempelvis alger, udfeeldning
af jern, mv., der over tid opbygges pa sensoren afheengig af hvor den er opsat.
En forskydning af nulpunktet pa sensoren kan minimeres/elimineres ved
manuel rengering af sensor. Mange sensorer leveres med en form for automa-
tisk rengering som eks. en mekanisk visker. En automatisk rengering kan re-
ducere behovet for manuel rengering vaesentlig, men der kan over tid opbyg-
ges en beleegning, som ikke kan renholdes ved den automatiske rengering.
Derfor kan en manuel rengering veere pakreevet. Nedvendigheden af en ma-
nuel rengpring er afhaengig af tilstedevarelsen og sammenseetning af kemiske
stoffer og mikrobiologien i vandet, sondens eksponering mod UV lys etc. En
nulpunktsforskydning af sensor kan korrigeres efter en validering af sensoren
mod en prove, som indeholder 0 mg/1 NO3/NO2-N. Afheengig af maleom-
radet der méles i, har en nulpunktsforskydelse relativt mindre effekt ved hgje
koncentrationer af NO3/NO2-N, end ved lave koncentrationer. Som udtryk-
ket angiver forskydes nulpunktet sidan, at der kan males 0,X mg N/I
NO3/NO2-N (observeret speend fra 0,1 til 0,8 mg/1), hvor der rent faktisk er
0mg N/l

Sensor drift: Drift af en sensor er typisk noget, som kan veere foranlediget af,
slid eller nedbrud i selve sensoren. Det kan veere en defekt, alderstegn fra en
sensor, hvor optik eller andet bliver slidt ad are, etc.

Sensorinterferens: At en sensor viser pludselige udsving, der ikke er kor-
rekte malinger, men en folge af interferens fra andre stoffer, der ikke er rela-
teret til den vandkemiske parameter, man egnsker at detektere med sensoren.

Sensorforstyrrelser: Sensor maler forkert pga. fysiske forstyrrelser pa male-
hoved. Forstyrrelsen kan skyldes blade, sma stykker trae, smadyr mv.
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2.1.2 Opscetning i Horndrup Beek

Nitratax sensoren har siden juni 2019 veeret opstillet i Horndrup Beek, der lig-
ger i det gstlige Jylland, sydvest for Skanderborg (figur 3 og figur 4). Oplandet
til Horndrup Baek udger én af de i alt fem oplande, som er med i landover-
vagningsprogrammet (LOOP) under NOVANA programmet (Blicher-Mathi-
esen et al., 2018). I landovervagningsprogrammet bliver der lobende udtaget
vandprever til analyser af vandkemien i Horndrup Baek. Vandprever udtages
af Miljostyrelsen som punktprgver ca. hver 14’ende dag og de analyseres
blandt andet for nitrat-nitrit i laboratoriet med geengse analysemetoder. I no-
tatet anvender vi betegnelsen nitratsensor og data er vist som nitrat koncen-
trationer, da der oftest er ekstremt lave koncentrationer af nitrit i vandlgbs-
vandet.

Figur 4. Kort over Horndrup Baek oplandet der har areal pa 5,5 km?2. Oplandet ligger syd for Ejer Baunehgj i et moreeneland-

skab. Den rgde linje angiver omridset af det topografiske opland.

Sensoren opstillet i Horndrup Beek blev installeret 20. juni 2019 og er fortsat
drift (juni 2020). I tabel 2 er der en oversigt over sensordata og de punktpre-
ver, der er indsamlet i de perioder, hvor sensoren har veret opstillet. Desuden
er oplysninger om malefrekvensen for hver mélemetode indsat i tabel 2. Sen-
sordata er inddelt i to perioder, da sensoren har faet skiftet styresystem un-
dervejs. Opsamling af data om vandstanden fra malestationer er aendret un-
dervejs fra at veere malt hvert 15. min til at veere malt hvert 5. min. Omstillin-
gen skete den 5. december 2019 (tabel 2). Det betyder at vandferingen fra den
5. december 2019 kan beregnes for hvert 5. minut.
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Tabel 2. oversigt over malemetoder og frekvensen af hver metode i Horndrup Baek oplandet.

Dataoversigt Periode Malefrekvens
Sensordata 1. periode 20.06.2019-21.10-2019 5. min
Sensordata 2. periode 20.11.2019-30.03.2020 5. min
Punktpraver MST 19.06.2019-12.03.2020 Ca. 14. dag
Vandfering A 19.06.2019-05.12.2019 kI 23.00 15. min
Vandfering B 05.12.2019 kl 23.05-16.01-2020 5. min

2.1.3 De udferte malinger

I Horndrup Beek er nitratkoncentrationen mélt med Nitratax sensoren fra den
20. juni 2019 og fortlebende. Der er udtaget punktprever af Miljostyrelsen
hver 14. dag og vandstanden er malt hvert 15./5. minut og derfra er vandfe-
ringen beregnet. De indsamlede data vil blive preesenteret i de felgende afsnit.

I figur 5 er alle sensormélingerne fra d. 20. juni 2019 til den 30. marts 2020
plottet sammen med punktpreverne fra samme periode. Der ses et udfald i
data fra d. 21. oktober 2019 til d. 20. november 2019, hvor data fra sensoren er
gdet tabt, da der blev skiftet styresystem. I den forbindelse blev data ikke
downloadet korrekt, inden det nye styresystem blev taget i brug.
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Figur 5. Sensormalinger af nitrat-nitrit (vist som nitratkoncentration pa y-aksen) sammen med analyser af nitrat-nitrit pa
punktpraver fra perioden 20. juni 2019 til 30. marts 2020 i Horndrup Baek. Punktpreverne er vist med sort, sensordata
malt i periode 1 er orange og sensordata malt i periode 2 er gren.



Ifigur 6,7 og 8 er vist sensormalingerne sammen med vandfegringsmalingerne
for hhv. hele perioden og for hver periode opdelt for sig. Vandferingen er
beregnet til og med d. 15. januar 2020.
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Figur 6. Sensormalinger af nitrat-nitrit og vandfaringen for hele perioden fra 20. juni 2019 til 15. januar 2020 i Horndrup Beek.
Nitratkoncentrationen (nitrat-nitrit) er vist pa den venstre y-akse og vandfgringen er vist pa den hgjre y-akse.

Nitratkoncentrationen er konstant i juni og indtil slutningen af juli, hvor en
stigende vandfering far nitratkoncentrationen til kortvarigt at stige (figur 7).
I august er der endnu en kortvarig stigning i nitratkoncentrationen, hvorefter
den falder tilbage og er rimelig konstant indtil starten af september (figur 7).
I september og oktober stiger nitratkoncentrationen som felge af stigninger i
nedber, der fordrsager en generelt stigende vandfering og maske dreen med
udvaskning af mere nitratholdigt vand. Der ses ogsa flere korte tidsrum med
steerkt stigende vandferinger hvor koncentrationen af nitrat falder kortvarigt,
formentlig som folge af tilforsel af vand til vandlebet med et meget lavt ni-
tratindhold (veje, overfladisk afstremning, mv.) (figur 7).
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Figur 7. Sensormalinger i den ferste periode(orange) og vandfgringen(bla) fra d. 20. juni 2019 til d. 21. oktober 2019 i Horndrup
Bzek. Nitratkoncentrationen er vist pa den venstre y-akse og vandfgringen er vist pa den hgjre y-akse.

I'figur 8 ses det, at fra slutningen af december og frem sker der et generelt fald
i nitratkoncentrationen, hver gang vandferingen stiger under storre nedbers-
og afstremnings begivenheder. En sddan respons tyder p4, at der bade er be-
greensede puljer af nitrat i jorden, der kan udvaskes, samt at der under de
meget kortvarige stigninger i vandfering forekommer tilfgrsel af vand fra op-
landet med lave koncentrationer af nitrat (vejvand og overfladisk afstrem-
ning). Der sker derfor en fortynding af nitratkoncentrationen, hver gang
vandferingen stiger som folge af nedber i oplandet (figur 8).
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Figur 8. Sensormalinger i den anden periode (gren) og vandferingen (bla) fra d. 20. november 2019 til d. 15. januar 2020. Kon-
centrationen er vist p4 den venstre y-akse og vandferingen er vist pa den hgjre y-akse.

For begge maleperioder findes der perioder, hvor sensoren har virket godt og
korte eller leengere perioder, hvor sensoren er pavirket af interferens. I det
folgende vises snapshots af dage med gode data og dage, hvor data skal ren-
ses, for det kan bruges i en videre analyse.

I Figur 9 0g 10 ses eksempler pa perioder, hvor sensoren har malt meget stabilt
og jeevnt. Det ses, at koncentrationen af kvaelstof nogenlunde fglger samme
forleb som vandferingen. Dog forekommer udsvingene i nitratkoncentratio-
nen med ca. et halvt degns tidsforsinkelse i forhold til udsvingene i vandfe-
ring. Dette ma skyldes den transporttid, der er geeldende i dette opland for at
hovedparten af det nitratholdige vand der er udvasket fra markerne i oplan-
det nar frem til malestationen.



Figur 9 og 10. Koncentration fra
sensormalinger mod vandfgring i
starten af august og midt septem-
ber 2019 i Horndrup Baek. Nitrat-
koncentrationen er pa den ven-
stre y-akse og vandfaringen er pa
den hgjre y-akse. De to plots er
eksempler pa maleperioder, hvor
der ikke er behov for datavask af
data fra nitratsensoren.
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Figur 11 og 12 er eksempler pa dage, hvor der har veeret fysiske forstyrrelser
af sensoren, som viskeren ikke selv har kunnet hdndtere. Der er tydelige tegn
pa bade forekomst af ‘nulveerdier’ og store udsving i sensormédlingen af ni-
tratkoncentrationen, som formentlig skyldes sensorforstyrrelser i form af fy-
siske blokeringer af visker og sensorens mélespalte. Data fra disse perioder er
ikke palidelige og skal derfor slettes fra databasen.



Figur 11 og 12. Den malte nitrat-
koncentration med sensor plottet
mod vandfering i oktober og de-
cember 2019 i Horndrup Baek. Ni-
tratkoncentrationen er pa den
venstre y-akse og vandfgringen
er pa den hgjre y-akse. Disse to
plot viser perioder, hvor der skal
ske en datavask, for data kan
bruges videre.
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2.1.4 Vedligeholdelse af sensor og datafangst

Hvor ofte er sensor tilset
Sensoren i Horndrup Beek blev sat op d. 20. juni 2019, og frem til d. 31. marts
2020 har den veeret tilset af AU BIOS syv gange. I tabel 3 ses en oversigt over
datoer for tilsyn, og vedligehold. Miljestyrelsen har set til sensoren i forbin-
delse med punktprevetagning cirka hver 14. dag.



Tabel 3. Oversigt over dage med opsaetning og tilsyn af sensoren i Horndrup Baek
Dato Logbog

20.06.2019 Opseetning af sensor i Horndrup Baek
11.09.2019 Tilsyn

15.10.2019 Tilsyn og rensning

20.11.2019 Tilsyn, rensning og skift af styresystem
20.12.2019 Tilsyn

20.01.2020 Tilsyn og rensning

03.03.2020 Tilsyn og rensning

31.03.2020 Tilsyn og rensning

Analyse af huller i dataserie og hvorfor de opstéar
Der er flere perioder med darlige sensormalinger og manglende data i det

samlede dataseet fra Horndrup Beek, og der er forskellige arsager til disse for-
hold.

En fysisk forstyrrelse pd sensoren kan lede til falske malte nitratkoncentratio-
ner. Det kan bl.a. vise sig som perioder med malinger af nitratkoncentrationen
pa 0 mg N/1 eller perioder med voldsomt fluktuerende koncentrationer (se
eksempler i figur 11 og 12).

I perioden fra 20. juni 2019 til 3. marts 2020 er der i alt indsamlet 72.734 data-
punkter af nitratkoncentrationer, hvor der er malt hvert 5. minut. I den forste
periode fra 20. juni 2019 til 20. oktober 2019 er der i 752 af datapunkterne malt
en nitratkoncentration pa 0 mg N/1. I den anden maleperiode fra 20. november
2019til 3. marts 2020, er der i 2.540 af datapunkterne malt en nitratkoncentration
pa 0 mg N/1. Tilsammen betyder det, at i alt 4,5% af de indsamlede data ikke
kan anvendes i den videre analyse. Perioderne hvor der er mélt 0 mg N/1 svin-
ger fra at veere et enkelt datapunkt & 5 min til at veere op til 2.092 sammenheen-
gende punkter, der summeret giver 7 degn og 6 timer. Disse udsving i data
hgrer under betegnelsen sensorforstyrrelser, som neevnt i afsnit 2.1.

Der er lavet en kort sammenstilling over perioderne med udfald i data i tabel 4.

Tabel 4. Kort overblik over perioder med udfald i sensoren.

Data udfald Beskrivelse/problem

Fra Til

11.10.2019 15.10.2019 Problemer med malinger fordi viskeren var blokeret af kviste og sediment
21.10.2019 20.11.2019 Datatab pga. skift af styresystem. Data blev ikke downloadet manuelt inden skiftet.
25.02.2020 03.03.2020 Problemer med malinger. Viskeren var blokeret af sediment
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I tabel 5 er der angivet leengere perioder med udfald i nitratkoncentrationen,
som fglge af sensorforstyrrelser, hvor der er malt en nitratkoncentration pa 0
mg N/I I flere tilfeelde er der malt meget lave koncentrationer i de mellem-
liggende perioder, under 0,1 mg/1, sa derfor kan perioden med udfald reelt
veere sterre end vist her.

Der er desuden dage, hvor nitratkoncentrationen fluktuerer meget kraftigt, se
figur 11 og 12 som eksempler. Dette er heller ikke reelle veerdier. Der skal en
neermere undersogelse til, for at kunne klarleegge, hvad den preecise grund til
udslagene er, men et bud kan veere, at fluktuationerne ogsa her skyldes fysi-
ske forstyrrelser, enten fordi viskeren ikke har virket optimalt eller bundsedi-
ment mv. har pavirket sensorens mélespalte.



Tabel 5. Tabellen angiver laengere tidsperioder, hvor sensoren har malt 0 mg N/I .

Start Slut Timer
01.10.2019 kl 06:10:00 01.10.2019 kl 18:40:00 12t 30 min
14.10.2019 kI 03:00:00 14.10.2019 kI 04:20:00 1120 min
15.10.2019 kl 06:35:00 15.10.2019 kI 10:10:00 3t35 min
16.10.2019 kI 21:15:00 17.10.2019 kI 22:15:00 24t 00 min
18.10.2019 kI 00:10:00 18.10.2019 kI 04:35:00 4125 min
18.10.2019 kI 16:40:00 19.10.2019.kl 11:50:00 19t 10 min
09.12.2019 kl 01:00:00 09.12.2019 kl 10:45:00 10 t 45 min
17.12.2019 kl 23:05:00 18.12.2019 kI 09:05:00 10t 0 min
31.01.2020 kI 09:35:00 31.01.2020 kI 13:05:00 3t0 min
20.02.2020 kI 23:05:00 21.02.2020 kI 09:05:00 10t 0 min
22.02.2020 kI 18:00:00 23.02.2020 kI 01:40:00 7 t 40 min
25.02.2020 kI 03:20:00 03.03.2020 kl 09:36:00 7 dage 6 t

Endvidere er der konstateret dage i den ferste periode, hvor der har veeret
udfald i indsamlingen af data. Det er fx d. 27. juni, hvor der ikke er overfort
eller gemt data fra midnat og frem til kI 12.00. Hullet i dataindsamlingen kan
skyldes en fejl i dataoverforelsen i styresystemet SC1000 Efter at det nye sy-
stem, SC1500, blev sat op 20. november har der ikke veeret problemer med
huller i dataoverforelsen. Der er i alt 11 dage, hvor der findes sadanne huller
i dataoverferelsen.

I alt er der 22 dage ud af i alt 256 méledage (9%), hvor sensordata ikke kan
bruges i direkte sammenligning med punktprgverne enten pga. falske nul-
veerdier, voldsomme fluktuationer eller dage, hvor sensoren ikke har malt til-
straekkelig datapunkter.

I perioden fra d. 21. oktober 2019 til den 20. november 2019 er alt data gaet
tabt, da der i forbindelse med skift fra styresystem SC1000 til SC1500 d. 20.
november ikke automatisk blev downloadet data fra den forgange periode.
Denne periode med udfald er ikke talt med i, hvor mange dage data ikke kan
bruges, da fejlen skyldes, at vi ikke var klar over, at data ville ga tabt ved
skiftet til nyt system.

Handtering af sensordata

I forbindelse med handteringen af sensordata, er der gjort nogle erfaringer,
nar data hentes ned fra serveren, og nar data skal tilrettes. Data indsamles
hvert 5. min, men sommetider er tidspunktet ikke eksakt 5 min, men 5 min og
0,00059 sek. I den videre databehandling bevirker dette, at sammenfletning
med anden data ikke lykkes, nédr tidspunktet er skeevt. Derfor skal der altid
sikres, at tidsformatet er et, der er til at arbejde videre med.

Der skal ogsa vaere opmeerksomhed pa, hvilken tid data er registreret i. For
styresystemet SC1000 sker der ikke et automatisk skift til sommertid, men det
gor der i SC1500 systemet.

I forbindelse med opseetningen af sensoren, skal der veere en database tilgeen-
gelig, hvor data fra sensoren automatisk overfores til. Til den efterfelgende
kvalitetssikring af sensordata, kan der veere fordele i at fa opstillet en machine
learning model, der kan foretage de ferste skridt i kvalitetssikringen/rens-
ning af data.



Figur 13. Koncentrationen malt
med sensor mod punktprgver
malt pa samme dato og tidspunkt
i Horndrup Baek. Den bla linje an-
giver regression for alle sensor-
pragverne samlet, mens den
orange angiver sensordata op-
samlet fra juni til oktober 2019 og
de grgnne punkter angiver sen-
sordata fra perioden november
2019 til januar 2020.
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2.1.5 Vadlidering og kalibrering af sensor

Der er opstillet ssmmenhaenge mellem nitratkoncentrationen malt med hen-
holdsvis sensor og i laboratoriet i vandprever udtaget som punktprever. Der
er opstillet tre sammenhaenge for data i Horndrup Beek, en for hver af de to
delperioder og en for alle sammenherende malinger (figur 13 og 14). Malin-
gerne der er anvendt fra sensoren er fra ngjagtig samme tidspunkt, som
punktprever er registreret udtaget i vandlebet.

Sammen med valideringsplottene er vist regressionsligningen for hver af del-
perioderne, samt for hele maleperioden og tilhgrende R?-veerdier. I figur 13 er
der ikke foretaget en datavask pa sensordata, og det er derfor et godt eksem-
pel pa, hvor fglsom valideringen er, hvis der bruges sensordata, hvor senso-
ren ikke har malt korrekt. I figur 13 er der et datapunkt, som har en koncen-
tration fra punktpreven pa ca. 4,5 mg/1 NO3-N, mens sensorveerdien er teet
pa 0 mg N/1. Datapunkter er fra den 18. oktober 2019, og altsa en af de dage,
hvor sensoren ikke har malt korrekt, og derfor har den malt en falsk lav veerdi
(tabel 4). I figur 14 er ”“out lier” datapunktet fjernet, og det ses, hvordan R?
stiger fra 0,20 til 0,95 for periode 1 og for den samlede periode stiger R? fra
0,43 til 0,96. De to valideringsplot viser altsa vigtigheden af, at sensordata gen-
nemgar en datavask inden de bruges i videre analyse, da der ellers kan med-
tages data, som ikke afspejler virkeligheden.
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Ifigur 14 fremgér det, at nitratkoncentrationerne méalt med sensoren isaer ved
lave nitrat koncentrationer er hgjere end nitratkoncentrationenr malt i punkt-
proverne (op til 0,2 mg N/I). Ved stigende nitratkoncentration i punktpre-
verne aftager forskellen indtil sensoren ved meget hgje nitratkoncentrationer
maler lavere end i punktproverne. Arsagerne hertil kan veere flere:

1) Der kan veere tale om, at nitratkoncentrationen méles hgjere i sensoren end
i punktpreven pga. interferens med oplest organisk stof, som der ikke er
korrigeret nok for i sensorens egen metode til dette.



Figur 14. Koncentrationen malt
med sensor mod punktprgver
malt pa samme dato og tidspunkt
i Horndrup Baek. Den bla linje an-
giver regression for alle sensor-
pragverne samlet, mens den
orange angiver sensordata op-
samlet fra juni til oktober og de
grenne punkter angiver sensor-
data fra perioden november til ja-
nuar. Her er datapunkter for d.
18. oktober slettet, da sensorma-
lingen ikke var reel.

2) Der kan vaere en omdannelse af nitrat i vandpreven ved henstand inden
analyse i laboratoriet pga. biologisk omsaetning som felge af transporttid,
mv.

3) Det kan skyldes, at der straler UV-lys ind fra solen, som medregnes i sen-
sorens maling af nitrat-N koncentrationen.
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Det ser dog ud til, at der i Horndrup Baek kan foretages en simpel kalibrering
af sensoren til punktprevernes malte koncentrations veerdier (biaskorrektion).

2.1.6 Sammenligning af transportberegning ved sensordata og punkt-
prever uden kalibrering af sensor data

Der er lavet en sammenligning af nitrattransporten pr. dag, ved at beregne
nitrattransporten péd samhgrende veerdier af vandfering og nitratkoncentra-
tion fra sensor, sammenlignet med den normalt beregnede nitrattransport fra
punktprover og daglig vandfering, der bruges i NOVANA overvéagningen (li-
neeer interpolation). Beregningen er foretaget pa sensordata, som ikke er kali-
breret jf. sammenligningen i figur 14. Der er forinden foretaget en datavask af
sensordata, saledes at dage, hvor der er malt meget fluktuerende veerdier, el-
ler hvor der i en leengere periode er malt 0 mg N/1, er slettet. Ogsa dage hvor
der har veeret udfald i datafangsten er pillet ud. I alt er der 22 dage, hvor data
fra sensoren er fjernet (som beskrevet i afsnit 2.1.3). Samherende veerdier for
vandfgring og nitratkoncentration mélt med sensor er i perioden fra den 20.
juni til den 5. december 2019 for hvert 15. minut, mens den fra d. 6. december
2019 til den 15. januar 2020 er transporten beregnet ud fra observationer hvert
5. min. De samhgrende daglige transporter af nitrat er vist i figur 15.

Resultatet af sammenligningen, mellem de to méader at beregne nitrattrans-
porten pa, viser, at transporten beregnet ud fra sensordata over sommeren og
det tidlige efterar er hgjere, end beregnet ud fra punktpreverne (tabel 6). 1
perioderne oktober, december og januar er der omvendt beregnet en storre
nitrattransport med punktprgverne, sammenlignet med sensordata (tabel 6).
Dog er der i bade juni, oktober, november og januar ikke medtaget sa mange
dage i analysen, som i de andre maneder.
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Figur 15. Daglig transport af nitrat-N i Horndrup Baek beregnet henholdsvis med sensordata og gjebliksvandfgringen, samt ud
fra punktprever og daglig vandfgring. Figuren vises for to maleperioder (20. juni til 3. september 2019 & 4. september 2019 til

15. januar 2020).
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At sensordata medferer en stgrre transport i juli og august skyldes formentlig,
at der er to toppe i nitrattransporten i denne periode (31. juli og 10. august),
som ikke fanges af punktprevetagningen. I figur 15 ses det tydeligt, at den
interpolerede degn-nitrattransport fra punktpreverne ikke er sa stor som den,
der er beregnet med sensordata. Afvigelsen mellem de to dage er alene pa
hhv. 57% og 56% med sterst transport ved anvendelse af sensordata.

I oktober er der en mindre nitrattransport, nar sensordata anvendes, end nar
punktpreve anvendes til at beregne nitrattransporten. Det kan formentlig
skyldes, at der er meget fa dage hvor der er anvendelige sensordata i oktober.
Desuden kan der selv efter datavasken findes observationer tilbage fra senso-
ren, der har ukorrekte malinger, noget som selvsagt ikke findes ved anven-
delse af punktprgvernes koncentrationer til transportberegningen.

I november giver sensormalinger en lidt sterre gennemsnitlig daglig nitrat-
transport end punktprever, mens det omvendte er tilfeeldet i december og de fa



dage i januar, der kan beregnes nitrattransport for (tabel 6). Det sidste kan for-
klares med de responser pa nedber og stigning i vandfering, som fremgar af
figur 5. Fra slutningen af december begyndte sensorens mélinger af nitratkon-
centrationen nemlig at falde, nar vandferingen stiger. Hvis der ikke er taget
punktprever de dage, hvor der har veeret store fald i koncentrationen, har der i
den efterfolgende interpolation ikke veeret muligt at ramme en lavere koncen-
tration og dermed transport kun ved brug af punktprever hver 14. dag.

Tabel 6. Stoftransporterne for de ra vaskede men ukorrigerede sensordata og punktprgvedata, deres gennemsnitlige transport,
afvigelsen mellem transporterne beregnet pr. dag og standardafvigelsen pr. dag i Horndrup Baek

Maned Antal Gennemsnitlig Gennemsnitlig trans-  Gennemsnitlig afvigelse Afvigelse fra sensor
dage transport sensor port punktprever (Punktprover minus sensor) transport (x stdev)
(kg/dagn) (kg/dagn) (kg/dagn) (%)

Juni 9 1,51 1,38 -0,13 -8,6 (+4,0)

Juli 28 1,40 1,05 -0,35 -25,0 (+11,3)
August 27 3,08 1,81 -1,27 -41,2 (+14,5)
September 29 17,8 15,3 -2,5 -14,0 (+23,4)
Oktober 12 30,3 35,0 47 15,5 (+23,7)
November 10 32,5 30,5 -2,0 -6,2 (£10,5)
December 29 241 24,4 0,3 1,2 (£13,7)
Januar 15 29,1 30,3 1,2 4,1 (£10,0)

2.1.7 Sammenligning af transportberegning ved sensordata og punkt-
prever med kalibrering af sensor data

For at imgdegd nitratsensorens generelle over- og underestimering, er der la-
vet en kalibrering af data (biaskorrektion), med anvendelsen af ligningen fra
figur 14, y=0,207+0,961x y=sensor; x=punktpreve malt nitratkoncentration).
Til kalibreringen er der beregnet en ”kalibrerings-faktor” i 100 sma koncen-
trations intervaller ("vinduer’) fra 0,1 til 10,0 mg/1. Kalibreringsfaktoren er
herefter for hvert interval ganget pa de malte sensordata, og efterfelgende er
stoftransporterne beregnet igen pa baggrund af de kalibrerede data. I tabel 7
er kalibreringsfaktoren for ti af intervallerne vist som et eksempel for bereg-
ningen. Sammenheengen mellem punktprever og kalibrerede sensorprgver
giver som forventet en heeldning teettere pa 1 og en skeering teettere pa 0 end
uden kalibreringen (figur 16).

Tabel 7. Eksempel pa kalibreringsfaktoren for ti intervaller. Den beregnede sensorveaerdi
er beregnet med kalibreringsligningen fra figur 14, y=0,207+0,961x. Kalibreringsfaktoren
er beregnet som forholdet mellem beregnet veerdi og forventet vaerdi.

”punktpreve” vaerdi  Beregnet sensor vaerdi Kalibreringsfaktor

(mg/l) ud fra ligning (mg/l) (punktprave/beregnet sensor)
1,0 1,168 0,856
2,0 2,129 0,939
3,0 3,091 0,971
4,0 4,052 0,987
5,0 5,014 0,997
6,0 5,975 1,004
7,0 6,936 1,009
8,0 7,900 1,013
9,0 8,859 1,016
10,0 9,820 1,018
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® kalibreret sensordata y = 0,9693x + 0,0603
R*=10,9617

45 ——1:1 linje

kalibreret sensormalinger (NO3-N mg/l)

0 0,5 1 1,5 2 2,5 3 3,5 4 4,5 5
Punktprever (NO3-N mg/l)

Figur 16. De kalibrede sensordata og punktpraverne. Det nye kalibrerede (biaskorrigerede) dataseet ligger naesten pa en 1:1
relation med punktprgverne

Herefter er stoftransporterne genberegnet og resultatet fremgér af figur 17 og
tabel 8. Beregninger pa de kalibrerede sensor veerdier giver en lavere absolut
manedig afvigelse mellem sensor og punktprever i juni, juli, august, septem-
ber og november (tabel 7 og 8). For de tre andre maneder stiger afvigelsen.
Beregningerne viser, at kalibreringen af sensordata iseer hjeelper med at bias-
korrigere de lave koncentrationer/stoftransporter i sommerménederne bedre
pa plads, hvor bade den aktuelle og relative forskel er storst.

Tabel 8. Stoftransporterne for kalibreret sensordata og punktprgvedata, deres gennemsnitlige transport, afvigelsen mellem
transporterne beregnet pr. dag og standardafvigelsen pr dag i Horndrup Baek.

Maned Antal Gennemsnitlig trans- Gennemsnitlig trans-  Gennemsnitlig afvigelse  Afvigelse fra sensor
dage port sensor kalibreret  port punktprover (Punktpreve minus sensor) transport (+ stdev)
(kg/degn) (kg/dogn) (kg/dagn) (%)

Juni 9 1,32 1,38 0,06 4,5 (+4,9)

Juli 28 1,20 1,05 -0,15 -12,5 (x14,4)
August 27 2,82 1,81 -1,01 -35,8 (+0,18)
September 29 17,4 15,3 -2,1 -12,1 (£28,0)
Oktober 12 29,6 35,0 54 18,2 (+27,6)
November 10 31,8 30,5 -1,3 -4,1 (211,3)
December 29 23,5 24,4 0,9 3,8 (+14,3)
Januar 15 28,2 30,3 2,1 7,4 (£10,8)
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Figur 17. Daglige beregnede transporter af nitrat med sensordata, punktprgvedata og kalibreret sensordata i Horndrup. Figuren
vises for to del maleperioder (20. juni til 3. september 2019 & 4. september 2019 til 15. januar 2020).

2.2 Mdling med sensor i Salts A

2.2.1 Mdlingerne

I Saltg A er der i forbindelse med et GUDP projekt (Hvid, 2018) mélt med
sensor i to perioder i labet af 2017 og 2018 (figur 18 og tabel 9) (van't Veen et
al.,, 2018). I samme periode blev der udtaget bade punktprever og degnpul-
jede vandprever (3 timers udtag af delvandprever) med en ISCO-provetager
ved den samme station. Vandpregverne blev analyseret for nitrat-N i laborato-
riet ved AU (van’t Veen et al., 2018). Sensoren er ikke renset i de to perioder,
den var opsat i Salte A. I Salte A er der hoje koncentrationer af nitrat-N i
vandlgbet og forholdsvis store eendringer i nitratkoncentrationen ved stignin-
ger i vandfering specielt i den ferste delperiode (jan-maj 2017) (figur 18).
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Tabel 9. Oversigt over malemetoder og frekvensen af hver metode i Saltg A oplandet. | perioderne hvor sensoren var opsat i
Saltg A, blev den tilset hver 14. dag men uden rensning i felten. Den er kun renset i laboratoriet mellem de to perioder.
Dataoversigt Periode Malefrekvens
Sensordata 1. periode 11.01.2017-25.04-2017 5. min
Sensordata 2. periode 26.09.2017-27.03-2018 5. min
ISCO degnpuljede punktprgver November 2014 til marts 2018 Daglig puljet preve af punktprgve hver 3. time
Punktpraver November 2014 til marts 2018 14. dag
Vandfaering November 2014 til marts 2018 10. min
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Et udvalgt forleb af nitratkoncentrationen malt gennem et degn med Nitratax
Plus sensoren under en nedbershaendelse i Salta A, fremgar af figur 19. Umid-
delbart sker der ved stigende vandfering i vandlgbet en fortynding af nitrat-
koncentrationen (episode 1 i figur 19)), som kan skyldes en hurtig tilfersel af



Figur 19. Malinger af nitratkon-
centrationen med Nitratax sensor
og vandferingen i Saltg A igen-
nem to degn i oktober 2017 med
nedbgr og deraf stigende vandfe-
ring.

vand fra befeestede arealer, overfladisk afstremning fra marker og/eller ma-
ske nitratfattigt grundvand teet pa vandlebet, som trykkes ud (figur 19). Der-
udover ses det, at nitratkoncentrationen stiger med den stigende vandfgring,
dog med en forsinkelse pa ca. 7 timer mellem toppen i vandfering og nitrat-
koncentration (episode 2 i figur 19). Denne forsinkede respons i nitratkoncen-
tration, forteeller os om rodzonevandets gennemsnitlige opholdstid fra mark
til vandlgbsstationen inden for hele oplandet. Nér vandferingen igen falder i
vandlebet, falder ogsa nitratkoncentrationen med en forsinkelse pé ca. 7 timer
(episode 3 i figur 19).

Derudover fremgér det af figur 19, at nitratkoncentrationen viser korttidsud-
sving inden for en time med op til 0,5 mg N/1. Dette kan skyldes, at der 200 m
opstrems for malestationen findes en pumpestation, som pumper vand ud i
vandlgbet fra et storre lavbundsomrade, hvilket tydeligt pavirker den malte ni-
tratkoncentration i vandlebet (i dette tilfeelde falder nitratkoncentrationen nar
udpumpningen af vand starter). Anvendelse af en nitratsensor giver altsa bedre
muligheder for at tolke pd sammenheengen mellem oplandet og vandlebet,
hvad angar kveelstofdynamikken end punktprever og puljede vandprever.
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2.2.2 Vadlidering af sensormdlingerne i Salte A

ISaltg A kan der konstateres en tilstraekkelig god sammenhaeng mellem vand-
prover udtaget som punktprever og gjebliks sensormdlinger fra samme tids-
punkt, til at nitratsensoren kan benyttes til maling af nitratkoncentrationen i
vandlgbet (R? =0,95) (figur 20). Sensoren maler generelt lidt hgjere nitratkon-
centrationer end koncentrationen malt i punktprever, med en stigende afvi-
gelse ved fald i nitratkoncentrationen (figur 20). Det kan méske skyldes en in-
terferens i sensormélingen med andre stoffer som organisk stof, der forventeligt
vil pavirke sensormalingen mere ved de lave koncentrationer af nitrat. En an-
den mulighed er, at der forekommer en UV-belysning fra solen, som medregnes
i mélingen af nitrat-N. Dette er forsagt minimeret i Salte A ved opsetning af
skygge pa sensoren. En tredje mulighed er muligheden for en nedgang i nitrat-
koncentrationen ved vandpregvens henstand inden analyse i laboratoriet. Dette
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Figur 20. Valideringsplot af nitrat-
N koncentrationen bestemt med
udtag af punktprgver og malingen
af nitrat-N med Nitratax-sensor
pa samme tidspunkt i Saltg A.
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burde dog som konsekvens give en ensartet afvigelse og ikke en afvigelse, som
relaterer sig til koncentrationsniveauet af nitrat i vandpreven.
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2.2.3 Sammenligning af transportberegning pa sensordata og punkt-
prover i Salts A

Der er etableret en sammenheeng mellem de dggnpuljede koncentrationer af
nitrat-N og de gennemsnitlige dognkoncentrationer af nitrat-N fra sensorma-
linger i Salt A (figur 21). Der kan igen etableres en god sammenhaeng mellem
de to malemetoder af nitratkoncentrationen med en R2 pa 0,92 (figur 21). Der
males igen en generelt hgjere nitratkoncentration med sensor end i den
degnpuljede vandprever udtaget med ISCO-provetager. De mulige forkla-
ringer er de samme som beskrevet ovenfor under sammenligningen med
punktprever (se afsnit 2.1.5), dog henstar de degnpuljede vandprever pa kol
i op til 3-4 uger inden analyse i laboratoriet. Derfor er den mest sandsynlige
forklaring pa afvigelsen stadigveek en interferens i sensoren med andre stoffer
i vandet (f.eks. oplest organisk stof).

Der er foretaget en sammenligning mellem den manedlig transport beregnet
med kalibrerede koncentrationer af nitrat-N malt med sensor og degnpuljede
vandprever laboratorie analyserede NO3 koncentrationer udtaget med auto-
matisk prevetager (figur 22). Uden forudgaende kalibrering af sensoren, dvs.
anvendelse af de ra observationer, gav sensormalingerne en 2,4-4,5% steorre
manedstransport af nitrat i de tre maneder med sensor data.



Figur 21. Valideringsplot af nitrat-
N koncentrationen malt i
dagnpuljede vandprgver udtaget
hver 3. time med ISCO-prgveta-
ger og dggnmidlede koncentratio-
ner af nitrat-N bestemt med
Nitratax-sensor malt hvert 5. mi-
nut.

Figur 22. Sammenligning af ma-
nedlig transport af nitrat-N bereg-
net henholdsvis med Nitratax
sensor og ud fra dagnpuljede
vandprever udtaget med automa-
tisk pravetager (ISCO) i Saltg A.
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2.3 Mdling med sensor i Jegstrup Beek

2.3.1 Madlingerne

I Jegstrup Beek blev Nitratax sensoren opsat ferste gang i forbindelse med et
GUDP projekt (Hvid, 2018). Mélingerne blev foretaget i to korte delperioder
af 2016 (april-maj og september-oktober) (figur 23 og tabel 10) (van't Veen et
al., 2018). I samme periode blev der udtaget bade punktprever og degnpul-
jede vandprever (3 timers udtag af delvandprever) med en ISCO-provetager
ved den samme station, som for begges vedkommende blev analyseret for ni-
trat-N i laboratoriet ved AU (van’t Veen et al., 2018). I Jegstrup Beek er kon-
centrationen af nitrat-N generelt meget lav og med meget sma udsving i ma-

leperioderne (figur 23).

Tabel 10. Oversigt over malemetoder og frekvensen af hver metode i Jegstrup Baek oplandet. | de to mindre perioder, hvor sen-

soren var opsat i Jegstrup Beek, blev den tilset hver 14. dag uden rensning i felten. Den er kun renset i laboratoriet mellem de to

perioder.

Dataoversigt

Periode

Malefrekvens

Sensordata 1. periode
Sensordata 2. periode
ISCO degnpuljede prover
Punktpraver

Vandfgring

19.04.2016-11.05-2016
14.09.2016-25.10-2016
November 2014 til oktober 2016
November 2014 til oktober 2016
November 2014 til oktober 2016

5. min

5. min

Daglig puljet preve af punktpragve hver 3. time
14. dag

10. min
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Figur 23. Malinger af nitrat-N
koncentrationen med Nitratax
sensor og vandfgringen i Jegs-
trup Baek ved Viborg i to delperio-
der af 2016.
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2.3.2 Vadlidering af sensormdlingerne i Jegstrup Baek

Sammenhaengen mellem sensormélinger og punktprever analyseret for ni-
trat-N fra Jegstrup Beek viser en meget darligere forklaringsgrad (R? =0,39),
end i bade Horndrup Baek og Salte A (figur 24). Det kan formentlig forklares
ved, at der udfeeldes okker pa sensoren pa grund af en relativ hej koncentra-
tion af jern i vandlebsvandet i Jegstrup Beek (>1 mg total jern/I). Det kan
danne okkerbeleegninger pa sensorens malehoved. Der blev ogsa konstateret
en stigende afgivelse mellem sensormaling af nitrat-N og de degnpuljede
vandprevers indhold af nitrat-N med tiden (figur 25). Nitratax sensor er op-
givet med en usikkerhed pa +0,5 mg N/1 og/eller 3% af méleveerdien. Derfor
er mélinger ved lave koncentrationer af nitrat-N i vandlgb behaeftet med en
storre usikkerhed end ved hgje koncentrationer. Dog er mélinger i Horndrup



Figur 24. Sammenhaeng mellem
nitrat-N koncentrationer malt i
punktpragver og med Nitratax sen-
sor i Jegstrup beek.

Figur 25. Malinger af gennem-
snitlig daglig nitrat-N i Jegstrup
Baek med Nitratax sensor og
dagnpuljede vandpraver udtaget
med ISCO-prgvetager i perioden
5. april til 15. maj 2016.

Beek foretaget ved tilsvarende lave nitrat-N koncentrationer og med en rime-
lig stor sikkerhed (se figur 14). Det skal nevnes at sensoren i Jegstrup Beek i
de to maleperioder ikke blev renset. Det kan forventes, at der ved opseetning
af sensorer i vandleb preeget af okker, vil veere brug for en hyppig rensning
af sensoren og ikke kun rensning fra den automatiske mekaniske visker. Hyp-

pigheden af rensningen ma forventes at atheenge af forholdene i det pageel-
dende vandlgb.
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Figur 26. De seks oplande der
indgar i det irske landbrugs op-
landsprogram. Figur fra (Jordan
and Shortle 2017).
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3 Erfaringer fra anvendelse af sensorer i
overvdagningen i Irland

Viden og erfaringer i dette afsnit stammer fra et besgg i Irland i september
2019. De indsamlede resultater er i en uddybet form gengivet pa engelsk i
bilag 1. Irland har i deres landbrugsoplandsprogram, som blev etableret i
2008, arbejdet med at benytte sensorer i moniteringen af vandlgb og oplande
siden 2009 (figur 26). De har installeret sensorer i vandleb i seks forskellige
oplande, som repraesenterer forskellige arealanvendelser og jordtyper. Alle
oplande er dog pavirket af landbrug. De seks oplande er fordelt ud over hele
Irland. Se https://www.teagasc.ie/environment/water-quality /agricultu-
ral-catchments/) for yderligere beskrivelse af programmet. Se desuden bilag
1 for en mere detaljeret beskrivelse af erfaringerne med sensormalinger i
vandlgb fra Irland.
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Der er installeret sensormalestationer i hovedvandlebet i hvert af de seks op-
lande. Folgende sensorer, alle instrumenter produceret af HACH, er installeret:

e Dr. Lange Phosphax og Sigmatax maler henholdsvis total fosfor og total
uorganisk fosfor (dvs. ingen filtrering) (hver 10. min)

¢ Nitratax maler nitrat-N (NO3-N) (hver 10. min)

e Solitax maler turbiditet (proxy for suspenderet stof) (hver 10. min)

e UVAS TOC sensor maler total organisk kulstof + temperatur ©. UVAS
TOC sensor er forst blevet installeret i 2018.

e Vandfering - Vandstand og vandfering (fast Q/H relation) hver 10. min
dvs. synkront med sensormalingerne.

I'Irland er argumenter for at anvende samme leverander af sensorer, at data-
opsamlingsenheder i felten kan serviceres fra samme firma. Desuden er ind-
keb lettere at foretage og prismeessigt kan der veere fordele ved at samle leve-
rancer fra ét firma.



Etablering af sensorstationer:

Ved hver station er der bygget et malehus, som fungerer som et mindre felt-
laboratorie (figur 27). Sensorerne er installeret i en tank inde i mélehuset (figur
27 og 28). Der sikres en konstant vandgennemstrgmning i tanken med vand
der pumpes ind fra vandlebet. Der er to udleb fra vandtanken for at forhindre
en potentiel oversvemmelse, hvis det ene udleb blokeres, f.eks. ved en stor
afstromning i vandlgbet. Sensorerne og pumperne skal bruge strem, sa det er
vigtigt, at der kan installeres en sikker stremforsyning pa stedet. Ved at in-
stallere sensorerne inde i malehuset, og ikke direkte i selve vandlebet, forstyr-
res systemet mindst muligt under store afstremningsbegivenheder, direkte
sollys som kan pavirke sensorresultater, algeveekst pa sensorer, mv. undgas i
hgjere grad end ved montering direkte i vandlgbet. Det svereste ved at op-
rette sensorstationerne i Irland, var at finde de rigtige lokaliteter samt at etab-
lere pumpesystemet. Prisen for udstyr og etableringen af stationen det forste
ar i Irland var omkring 50.000-60.000 Euro pr. sensor malestation

Figur 27. Malehuset samt opsaetningen af pumpesystem set udefra.

Pasning af sensorstationer og dataflow

I det irske oplandsovervdgningsprogram er der en tekniker lokaliseret/bosat
teet pd stationen til fuldtids at vedligeholde to sensorstationer, samt have kon-
takt til lodsejerne i de to oplande. Derudover er der ansat en overordnet chef-
tekniker, som star for den tveergaende koordinering at alle seks stationer,
samt forestar kalibrering af sensorerne hver 3. maned. Desuden star chef tek-
nikeren for udskiftning af de kemiske standarder (hver 3. uge) og eventuel
udskiftning af sensorudstyr. Dertil kommer, at der er ansat to IT-akademiker,
som star for al dataindleesning, kvalitetssikring og validering i den anvendte
database i det irske program. Derudover er der til overvdgningsprogrammet
tilknyttet et antal forskere, som forestar dataanalyser, samt rapportering hver
4. ar. Desuden udarbejder de internationale publikationer om resultaterne fra
oplandsovervagningen (se afsnit x.x).

I den irske sensordatabase bliver data kalibreret og valideret mod normale
laboratorieanalyser. Sensorerne er alle koblet til et online system, som trans-
mitterer data til databasen. Data der indleeses i databasen, er manuelt down-
loadede fra sensorerne, da erfaringerne viser, at iseer fosfordata der automa-
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tisk transmitteres autojusteres lgbende i et datarange (grundet strembespa-
relse), hvorved de transmitterede data er forskellige fra de data, der manuelt
downloades fra stationen.

Sigmatax

y \ i)
Figur 28. Oversigt over malehuset indefra med installation af se forskellige sensorer i sensor tanken.

Erfaringer fra 10 ars intensive sensormdlinger i Irland

Erfaringerne fra Irland viser, at de intensive dataseet fra de seks oplande er
unikke i verden og har givet forskerne i Irland en markant bedre forstaelse af,
hvordan oplandet reagerer pa vejrforhold og dyrkning. Det drejer sig bade
om kilderne til neeringsstoffer, maneds- og arstransporter, stremningsveje,
udledninger fra punktkilder, samt et godt datamateriale til at f4 indblik i ud-
viklinger i neeringsstof koncentrationer i vandlgbene. Den indsamlede viden
kan relateres til den irske implementering af Nitratdirektivet.

Data er blandt andet brugt til at udvikle bedre landbrugsmanagement, under-
sogelser af forskellige transportvejes betydningen i de forskellige oplande, vi-
den om udledninger fra septiktanke i forskellige seesoner, viden om udled-
ninger under intensive regnheendelser, evaluering af virkemidler pa oplands-
niveau, samt viden om neeringsstofudledninger i de forskellige seesoner, hvil-
ket kan bruges ift. analyser af klimaforandringer (Jordan and Shortle 2017,
Ryan et al. 2019). De seks stationer fungerer desuden godt i undervisning og
til opbygning af engagement hos landmeend og andre interessenter. Dette
skyldes blandt andet, at data kan vises i real-tid og der kan preesenteres lange
tidsserier fra stationerne, som eksempelvis kan linkes til store regnvejrs begi-
venheder eller forskellige perioder i landmandens kalender (Jordan and
Shortle 2017, Ryan et al. 2019).
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4 Review df litteratur om sensorer - irske er-
faringer

Neerveaerende afsnit er en gennemgang af internationale peer-review artikler
vedrgrende brugen af sensorer til méling af nitrat og fosfor i vandleb. Artik-
lerne er opdelt i fire overordnede temaer med tilherende underinddeling i
emner. Derudover er formélet og hovedkonklusionerne fra hver artikel op-
summeret i tabel 11. De anvendte artikler inden for de fire emner fremgér af
nedenstdende referenceliste:

Jordan, P., Arnscheidt, J., McGrogan, H. & McCormick, S., 2005. High resolu-
tion phosphorus transfers at the catchment scale: the hidden importance of
non-storm transfers. Hydrology and Earth System Sciences. 9, 6, p. 685-691.
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Neal, M. & Sims, J. T., 2007. Defining the sources of low-flow phosphorus trans-
fers in complex catchment sScience of the Total Environment. 382, 1, p. 1-13.

Macintosh, K., Jordan, P., Cassidy, R., Arnscheidt, J. & Ward, C., 2011. Low
flow water quality in rivers; septic tank systems and high-resolution phos-
phorus signals. Science of the Total Environment. 412, p. 58-65.

Campbell, J. M., Jordan, P. & Arnscheidt, J., 26 Jan 2015, Using high-resolution
phosphorus data to investigate mitigation measures in headwater river catch-
ments. Hydrology and Earth System Sciences. 19, 1, p. 453---464.

Cassidy, R. & Jordan, P., Jul 2011. Limitations of instantaneous water quality
sampling in surface---water catchments: Comparison with near continuous
phosphorus time series data. Science of the Total Environment. 405, 1-2, p.
182-193.

Jordan, P. & Cassidy, R., 2011. Technical Note: Assessing a 24/7 solution for
monitoring water quality loads in small river catchments. Hydrology and
Earth System Sciences. 15, 10, p. 3093---3100.

Cassidy, R., Jordan, P., Bechmann, M., Kronvang, B., Kyllmar, K. & Shore, M.,
2018. Assessments of Composite and Discrete Sampling Approaches for Wa-
ter Quality Monitoring. Water Resources Management, 32, p. 3103-3118.

Crockford, L., O'Riordain, S., Taylor, D., Melland, A. R., Shortle, G. & Jordan,
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Tabel 11. Oversigt over formal og hovedkonklusioner fra de internationale artikler som er publiceret pa baggrund af sensordata fra det irske landbrugs oplands overvagningsprogram

Emne Artikel titel og forfatter Formal Hovedkonklusion

TEMA1

ARTIKLER UDKOMMET | FORBINDELSE MED Det
IRSKE BLACKWATER-TRACE-PROJEKT OG BRUG
AF P-ANALYSERE TIL INDSAMLING AF H@J-FRE-
KVENS DATA

- ANVENDT BRUG

Akut og kronisk fosfor tab, hgj frekvens overvagning A: High-resolution phosphorus transfers - Hgj frekvens overvagning af total fosfor (TP). - Store P-tabs episoder som resultat af af-
at the catchment scale: The hidden im- - Undersgge udledningen af TP i forskellige fa- stremnings begivenheder hvor koncentration

portance of non-storm transfers, 2005  ser fx inden stormhaendelser. og tab toppede pa de stigende dele pa af-
P. Jordan, J. Arnscheidt, H. McGrogan - At opna en indsigt i oplandsprocesser som er stremnings hydrograferne.
and S. Mc.Cormick bestemmende for mgnstre som der, ved ofte - Overvagning i finere tidslig skala kan give ny

benyttede lavere prgvetagningsfrekvens nor-  viden om oplandsprocesser/kilder.
malt tilskrives prgveudtagnings usikkerhed? og
analytisk "stgj”.

Total fosfor, fosfortab, kontinuerlig overvagning, B: Characterizing phosphorus transfers - Hgj frekvens maling af total fosfor (TP) og - Tre TP-tabs 'begivenhedstyper' forekommer i
maling af effektiviteten af virkemidler in rural catchments using a continuous  vandfgring. det undersggte opland: (1) Lave TP tab i perio-
bank-side analyser der med stabil vandfgring: (2) TP tab i perioder
2007 med stigende vandfgring; (3) Hgje TP tab i pe-
rioder med stabil vandfgring.
P. Jordan, J. Arnscheidt, H. McGrogan - Handtering af P-tab pa oplandsskala kreever
& S. Mc.Cormick en robust overvagningsteknologi for at kunne

skelne mellem flere kilder og forskellige haen-
delser ift. stigende/faldende vandfaring.

- Hojfrekvente sensorer er sandsynligvis den
mest ngjagtige made at male effektiviteten af
virkemidler, der er designet til at reducere ef-
fekterne af forurening fra bade diffuse kilder og
punktkilder i komplekse oplande.
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Fosfortab, hgj frekvens overvagning, oplande, inden-
landsk septiktank forurening

Fosfortab, hgj frekvens overvagning, indenlandsk sep-
tiktank forurening

Fosfortab, hgj frekvens overvagning, septiktank forure-
ning, virkemidler

C: Defining the sources of low-flow
phosphorus transfers in complex catch-
ments

2007

J. Arnscheidt, P. Jordan, S. Li, S.
McCormick, R. McFaul, H.J. McGrogan,
M. Neal, J.T. Sims

D: Low flow water quality in rivers; sep-
tic tank systems and high-resolution
phosphorus signals

2011

Macintosh KA, Jordan P, Cassidy R,
Arnscheidt J, Ward C.

E: Using high-resolution phosphorus
data to investigate mitigation measures
in headwater river catchments

2015

J. M. Campbell, P. Jordan, and J. Arn-
scheidt

- Potentialet for forurening fra septiktanksyste-
mer i perioder med lav vandfering blev under-
s@gt i 3 sma oplande (3 til 5 km?) ved hjzelp af
en raekke integrerede metoder

- Bestemmelse af sterol forholdet i sedimenter i
vandlgbet, maling af tilstedeveerelsen af protei-
ner, E. coli- og enterococci-bakterielle signatu-
rer og grundstoffet bor som tracer for spilde-
vandsudledninger

- Et antal identificerede septiktanke med hgj
pavirkning blev erstattet med moderne rense-
metoder i tre oplande i en overvagnings-peri-
ode pa 4 ar for at undersgge om forbedringen
af septiktanke kunne males i vandigb.

- Rapporterer brugen af hgj frekvens
overvagning af vandkvalitet for at vurdere pa-
virkningen af eendringer i arealanvendelse ma-
nagement ift. Tab af total fosfor (TP).

- Undersager forureningen af P fra septiktanke
i perioder med lav vandfering og virkemidlers
indflydelse pa forureningen.

- Antallet af septictanke i spredt bebyggelse,
samt antallet af darligt vedligeholdte septik-
tanke korrelerede til hyppigheden af hgje TP
koncentrationer i vandlgb i oplandene. Relatio-
nen var mindre tydelig i del-oplandene, end for
hele oplandet.

- Punktkilder i form af fosforudledninger fra
spredt bebyggelse kan have en stor indfly-
delse pa koncentrationen af P under perioder
med lav vandfgring i vandlgb.

- Udskiftning af septiktank systemer med mo-
derne systemer og poleringsfilter seenkede P-
koncentration under lave vandfaringer i et
vandlgb med 0,032 mg TP/L (0,018 mg TRP/L i
lgbet af de fire ar efter udskiftning.

- Resultaterne viste en inkonsekvent respons
pa forvaltningen over 5 ar.

- Stigning i P-koncentrationen i vandlgb pa
trods af udskiftning af gdelagte septiktanksy-
stemer, hvilket muligvis skyldes gget densitet
af huse pa grund af nybygninger.

- Arbejdet indikerer forskellige responser pa
forvaltningen af oplandene, radgivningen og
styringen, og at kort til mellemlangt sigt ser ud
til at veere en utilstraekkelig tidshorisont i for-
hold til at forvente fuld effekt af de gennemfgarte
politikker (her defineret som tilbagevenden til
optimal fosforindhold i landbrugsjord og optimal
forvaltning af septiktanksystemer.
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TEMA 2

ARTIKLER, HVOR H@J-FREKVENTE P-DATA BRU-
GES TIL AT FORBEDRE PRGVETAGNINGSMETO-
DER OG MODEL-TESTNING

Hgj frekvens overvagning, transportestimater, fosfor,
punktpraver vs. hgj frekvens overvagning, maleusik-
kerhed

Kvantificering af P-belastninger, 24/7 Igsning til over-
vagning og beregning af fosfortransport, standard 24-
flaske autosampler.

Pravetagning, oplande, fosfortransport
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A- Limitations of instantaneous water
quality sampling in surface-water catch-
ments: Comparison with near-continu-
ous phosphorus time-series data

2011

R. Cassidy, P. Jordan

B: Technical Note: Assessing a 24/7
solution for monitoring water quality
loads in small river catchments
2011

P. Jordan and R. Cassidy

C: Assessments of Composite and Dis-
crete Sampling Approaches for Water
Quality Monitoring

2018

Rachel Cassidy, Phil Jordan, Marianne
Bechmann, Brian Kronvang, Katarina
Kylimar & Mairead Shore

- | denne artikel anvendes en raekke prgveud-
tagningsmetoder og transportberegningsmeto-
der pa fosfordata fra et overfladevands domi-
neret opland med naesten kontinuerlige malin-
ger af fosforkoncentrationen.

- Systematiske og Monte Carlo-fremgangsme-
toder blev anvendt til at simulere stikpreve ud-
tagning ved hjeelp af flere strategier og til at be-
regne en estimeret fosfortransport baseret pa
etablerede belastningsestimeringsmetoder

- Denne artikel demonstrerer en lgsning base-
ret pa en tidsintegreret tilgang til preveudtag-
ning med en standard 24-flaske autosampler
konfigureret til at tage en pregve hver 7. time
over en uge i henhold til et Plynlimon-design.

- Dette evalueres med en raekke andre prgve-
udtagningsstrategier ved hjeelp af et to-arigt
datasaet med vandfaring og fosforkoncentratio-
ner malt flere gange i timen.

- Den vandfgringsvaegtede koncentration og
diskrete prgveudtagningstilgange blev vurderet
ift. bestemmelse af stoftransporten

- Evalueringerne blev foretaget pa neer kontinu-
erlig total fosfor- og vandfgringsmalinger

- Data blev indsamlet over 3 ar i tre vandigb
med forskellige hydrologiske forhold

- Sammenligning med den faktiske beregnede
fosfortransportopgerelse afslgrede en signifi-
kant gennemsnitlig undervurdering med op til
60% og med en meget stor variation ved an-
vendelse af en suite af mulige stikprovetag-
ningsstrategier i vandligb.

- Resultaterne indikerer, at kun nassten-konti-
nuerlig malinger, der afspejler de hurtige tids-
maessige aendringer i de undersggte vandlgbs-
systemer, er tilstreekkeligt til overvagnings- og
evalueringsformal

- 24/7-lgsningen viser sig at veere den mest
sikre prgvetagningsmetode til beregning af fos-
fortransport i vandlgb. Pa grund af den hgje
malehyppighed gger det sandsynligheden for
at prgveudtagning under stigende vandferinger
i vandlgb.

- Ngjagtigheden af metoderne var afhaengig af
de anvendte flowkonstanter, der styrer udtag-
ningen af vandprgver flowproportionalt

- Analysen viser, hvilke metoder der virker
bedst til fastseettelse af flowkonstanterne til sty-
ring af den flowproportionale prgvetagning



Landbrugsmodellering,

fosfor, forurening af vandkvalitet, Hgjfrekvensdata,
konsekvenserne af at bruge lavfrekvensdata til model-
lering

Vandfgrings-proportionale passive prgver, P- og N-
koncentrationer i vandlgb, laboratorieforseg

Empirisk modellering, P belastning, turbiditet og vand-
fering som proxy for P

D: The application of high temporal
resolution data in river catchment mod-
elling and management strategies
2017

L. Crockford, S. O’Riordain, D. Taylor,
A. R. Melland, G. Shortle & P. Jordan

E: Field and Laboratory Tests of Flow-
Proportional Passive Samplers for De-
termining Average Phosphorus and Ni-
trogen Concentration in Rivers

2013

Philip Jordan, Rachel Cassidy, Katrina
A. Macintosh, Joerg Arnscheidt

F: Nonlinear empirical modeling to esti-
mate phosphorus exports using contin-
uous records of turbidity and discharge
2017

Camille Minaudo, Rémi Dupas, Chantal
Gascuel-Odoux, Ophélie Fovet, Per-
Erik Mellander, Philip Jordan, Mairead
Shore, Florentina Moatar

- Denne artikel unders@gte, hvordan datasaet
med hgje tidsmaessige oplgsninger kunne an-
vendes til at vurdere preecisionen og ngjagtig-
heden af to fosfor (P) belastningsmodeller
(LAM) udviklet pa empiriske data med lavere
oplgsning.

- Forudsigelser blev foretaget af punkt og dif-
fuse kilder til P pa tvaers af ti forskellige prove-
tagnings scenarier

- En kommercielt tilgaengelig passiv preveudta-
ger blev evalueret i et antal vandlgb, der af-
spejlede forskellige responser pa nedber, for-
skellige betydning af diffuse- og punktkilder og
forskellige niveauer af fosfor og kvaelstofkon-
centrationer.

- Denne artikel testede en empirisk modelle-
ringsmetode, som bygger pa kontinuerlige ma-
linger af turbiditet og vandfering foretaget med
relativt lave omkostninger som proxy til at esti-
mere fosfor (P) -koncentrationen flere gange i
timen til estimering af fosfortransport

- Hejfrekvente malinger af total P og reaktiv P i
fire forskellige europaeiske landbrugsoplande
med hensyn til P-belastninger, blev brugt til at
teste metoden

- Undersggelsen demonstrerede de potentielle
problemer med at udvikle empiriske modeller
sasom belastningsmodeller baseret pa lavfre-
kvente punktpreve data (det oplgsningsniveau,
der normalt er tilgeengeligt).

- Nar disse modeller anvendes ad hoc og uden
for en ekspertmodelleringsramme, der bruger
eksisterende datasset med lavere oplgsning,
kan fortolkninger af deres resultater potentielt
reducere effektiviteten af forvaltningsbeslutnin-
ger, der sigter mod at forbedre vandkvaliteten.

- Resultaterne fra den passive prgveudtagning
var varierende og undervurderede den vandfg-
ringsveegtede gennemsnitskoncentration, der
blev beregnet fra sensorerne (se tema 1).

- De udviklede empiriske modeller viste, at de
godt kunne bruges til at estimere en palidelig
P-transport ved anvendelse af kontinuerlige
proxy data (turbiditet).

- Fra modelestimaterne kunne de samlede ar-
lige P belastninger forudsiges med lav usikker-
hed, nar turbiditet data bruges som en proxyva-
riabel. Den oplgselige reaktive form af P blev
imidlertid mindre palideligt forudsagt, nar vand-
fgringsdata blev brugt som en proxy for kon-
centrationen af oplgst fosfat. Der er derfor be-
hov for forbedring af denne metode .
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TEMA 3

DISSE ARTIKLER BESKRIVER BRUGEN AF NITRAT

SENSORER FRA ET PRAKTISK PERSPEKTIV

Teknisk note om anvendelse af nitratsensorer

Nitrate-N sensorer, UV / VIS sensorer, overvagning
med hgj frekvent opl@sning, turbiditet, grundvands-

overvagning

Nitrat-N sensorer, data med hgj opl@sning, oplands vi-
denskab, NITRATAX, OPUS, 24-timers kampagnema-

ling
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A: Technical Note: Field experiences
using UV/VIS sensors for high-resolu-
tion monitoring of nitrate in groundwater
2015

M. Huebsch, F. Grimmeisen, M. Ze-
mann, O. Fenton, K. G. Richards, P.
Jordan, A. Sawarieh, P. Blum1, and N.
Goldscheider

B: Report: High resolution monitoring of
nitrate in agricultural catchments — a
case study on the Manawatu River,
New Zealand

2017

Lucy Burkitt, Phil Jordan, Ranvir Singh,
Ahmed Elwan.

- To forskellige sensorer til maling af nitratkon-
centrationen sammenlignes. Begge er blevet
anvendt i vandlgb til at bestemme koncentra-
tion af nitrat-N (NO3-N) pa to forskellige lokali-
teter.

- Formalet var at gennemga hardwareindstillin-
gerne, bestemme letheden af kalibrering af
sensorerne, ngjagtigheden, indflydelsen fra an-
dre stoffer (interferens) og at vurdere positive
0g negative aspekter af de to sensorer samt
fejlfinding og kompromisser.

- At teste ydeevnen for to kommercielt tilgeen-
gelige sensorer med hgj frekvens data
(NITRATAX og OPUS) til overvagning af nitrat-
N-koncentrationer, iseer i vandmiljger med lave
koncentrationer af nitrat-N, i New Zealand.

- At sammenligne nitrat-N-belastninger, der er
beregnet ved hjzlp af hgj frekvens sensordata,
versus den standardmetode der benyttes base-
ret pa en manedlige prgveudtagning.

- Den valgte bglgeleenge til sensorerne havde
en betydelig indflydelse pa falsomheden og
greenserne for malbar NO3-N.

- Ngjagtigheden af de beregnede NO3-N-kon-
centrationer malt af sensorer kan pavirkes, hvis
indholdet af andre stoffer sasom suspenderet
stof (turbiditet), organisk stof, nitrit eller hydro-
gencarbonat varierer markant, efter at senso-
rerne er blevet kalibreret til en bestemt vand-
matrix (vandlgb).

- Den multiple bglgeleengde spektrofotometer-
sensor giver flere muligheder for kalibrering og
fejldetektering, men kreever mere ekspertise i
anvendelse, sammenlignet med dobbelte bgl-
gelaengde spektrofotometersensor.

- Der var en undervurdering af den arlige trans-
port af nitrat pa 14%, nar den males ved en
manedlig prevetagning set i maling med senso-
rer. - Detaljeret kalibreringstjek og datatilpas-
ning er pakreevet for begge nitratsensorer, nar
de skal bruges til rutinemaessig vandkvalitets-
overvagning i vandlgb.



TEMA 4

DISSE ARTIKLER BESKRIVER ANVENDELSEN AF
ANALYSER TIL AT FORSTA PROCESSER OG FO-
RETAGE VURDERINGER AF IRLANDS “AGRICUL-
TURAL CATCHMENTS PROGRAMME”
www.teagasc.ie/agcatchments

Oplande, Fosfor, Nitrogen, Nitratdirektivet

Fosfor, eutrofiering, oplande, hgj frekvens overvagning

A: Using the nutrient transfer continuum
concept to evaluate the European Un-
ion Nitrates Directive National Action
Program

2011

D. Wall, P. Jordan, A.R. Melland, P.-E.
Mellander, C. Buckley, S.M. Reaney, G.
Shortle

B: The seasonality of phosphorus trans-
fers from land to water: Implications for
trophic impacts and policy evaluation
2012

P. Jordan, A.R. Mellanda, P.-E. Mel-
lander, G. Shortle and D. Wall

- Alle politikker kraever et robust evaluerings-
veerktgj, og for den potentielle diffuse udvask-
ning af naeringsstoffer fra land til vand, anven-
des naeringstransmissions kontiniumskonceptet
her som et eksempel pa et veerktgj til sma op-
lande (6-30 km2) .

- To intensive graes- og to markafgrgde op-
lande (7-12 km2) i Irland blev unders@gt for at
forbinde hgj frekvens malinger af fosforkoncen-
tration og P-transport i vandlgb med P-tilgeen-
gelighed i marker pa en lille skala (<2 ha)Vand-
Iabene blev overvaget pa timebasis over et ar.

- At studere transportveje af naeringsstoffer gi-
ver en forstaelse for ssammenhaengen mellem
kilderne og udledningen i oplande. Denne ud-
ledning er generelt forbundet med episodiske
store udledninger, og disse er ikke nadvendig-
vis de eneste eller endda primeere kilder til den
okologiske pavirkning af vandlgbene.

- Definition af passende standarder til identifi-
kation af transportvejene for diffus naeringsstof-
udledning til vandlgb er vigtigt for at sikre, at
landbrugs-miljgpolitikker bliver evalueret péa et
fagligt rigtigt grundlag over en passende tids-
periode.

- Data indikerede, at risikoen, som defineres
ved P-tilgeengelighed i jord og organisk P-be-
lastning, var en mindre vigtig forklarende para-
meter, end hydrologiske parametre for dyna-
mikken i et opland.

- Transportfaktorer, herunder jordpermeabilitet,
synes vigtigere end kildeparametre som jor-
dens P status.

- Udledninger fra punktkilder var om sommeren
den vigtigste faktor for P koncentration og
transport i vandlgb, og dermed for den gkologi-
ske status i vandlgb. Klimaaendringer forventes
i fremtiden at @age P koncentration i vandlgb
hele aret.
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Fosfor, nitrat, oplande, hydrologi, virkemidler, nitrat di-
rektivet

Nitrogen, fosfor, Quick flow, Baseflow, End Member
Mixing Analysis (EMMA), Virkemidler

Landbrug, Diffus forurening, Neeringsstoffer, Grund-
vand, Conduit flow, eutrofiering
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C: Stream water quality in intensive ce-

- Denne undersggelse preesenterede den for-

real cropping catchments with regulated ste analyse af effekter for vandkvaliteten i to in-

nutrient management

2012

A.R. Melland, P.-E. Mellander, P.N.C.
Murphy, D.P. Wall, S. Mechan, O.
Shine, G. Shortle, P. Jordan

D: Quantifying nutrient transfer path-
ways in agricultural catchments using
high temporal resolution data

2012

Per-Erik Mellandera, Alice R. Mellanda,
Phil Jordan, David P. Wall, Paul N.C.
Murph, Ger Shortle

E: Delivery and impact bypass in a
karst aquifer with high phosphorus
source and pathway potential

2012

Per-Erik Mellander, Phil Jordan, David
P. Wall, Alice R. Melland, Robert
Meehan, Coran Kelly, Ger Shortle

tensivt dyrkede oplande i Iland med kornafgre-
der.

- Studiet evaluerede effektiviter af draeningsni-
veau i de to oplande pa koncentration og tab af
kveelstof og fosfor ved hjaelp af sensordata malt
med hgj frekvens.

- Denne undersggelse introducerer en ny me-
tode til kvantificering af N- og P-transportveje i
landbrugsoplande.

- Hgj tidsmaessig frekvens data af overflade-
vand blev koblet til grundvandsdata.

- Mange irske karst grundvandsmagasiner un-
der landbrugsjord med hgj P-status i jord er
klassificeret som i darlig status, fordi de forven-
tes at bidrage til eutrofiering af modtagende re-
cipienter.

- Dette studie undersggte i et opland jordens P-
status linket til hgj frekvente sensormalinger af
P-koncentrationer i vandlgb og et kildeveeld

- De to oplande viste helt forskellige forhold ift.
tab af neeringsstoffer. Det velafdraenede opland
havde et lille arligt tab af fosfor (0.27 kg P/ha),
sammenlignet med oplandet med moderat il
darligt dreenede jorde (0,72 kg P/ha). Derimod
var tabet af total N starst fra det velafdraenede
opland (28 kg N/ha) end fra oplandet med mo-
derat til darligt draeenede jorde (17 kg N/ha).

- EQS standarder var ikke opfyldt for P-koncen-
trationen i det darligt dreenede opland.

-Bade betydning af kritiske kildeomrader, hydro-
logien i oplandene og indsatser mod punktkilder
og N-overskud er vigtig for reduktion af N og P i
vandlgb over tid.

- Grundvand som transportvejefor bade N og P
skal medtages i forbindelse med for oplands-
strategier.

- Foranstaltninger, der malrettes overflade-
transportveje, sasom randzoner, kan i nogle
oplande med permeable jorde veere mindre ef-
fektive og indsatser i sadanne oplande vil tage
lang tid om at sla igennem med fuld effekt.

- Hgj P-status i jord i karst omrader gav ikke
anledning til hgje fosforkoncentrationer i grund-
vandet i kilder- Der blev dog konstateret sti-
gende P-koncentrationer i kilder i perioder med
stor nedbgr — men ikke i koncentrationer som
oversteg graenseveerdier for vandligb.



Kast landbrugs opland, fosfor, P belastning, transport-
veje, P sarbarhedskort

NITROGEN WORKSHOP SPECIAL ISSUE ARTIKEL
Nitrogen, grundvand, nitrat-N belastninger, rumlig-tids-
maessig variation

F: Quantification of Phosphorus
Transport from a Karstic Agricultural
Watershed to Emerging Spring Water
2013

Per-Erik Mellander, Philip Jordan, Alice
R. Melland, Paul N. C. Murphy, David
P. Wall, Sarah Mechan, Robert
Meehan, Coran Kelly, Oliver Shine, Ger
Shortle

G: Coupling of surface water and
groundwater nitrate-N dynamics in two
permeable agricultural catchments
2014

P.-E. Mellander, A. R. Melland, P. N. C.
Murphy, D. P. Wall, G. Shortle and P.
Jordan

- | denne undersagelse er der udviklet et kon-
cept til at vurdere fosfor (P) sarbarhed i et op-
land med karst grundvandsmagasiner (32 km2)
med et relativt intensivt landbrugslandskab.

- Denne undersggelse undersggte koblingen
mellem Nitratkoncentrationen i grundvand og
overfladevand, samt betydningen af hydrologi
og management for dynamikken i Igbet af 3 ar.

- Nye teknikker til hgj frekvens sensormalinger
af P-belastningen gjorde det muligt at estimere
P-tabet fra i grundvandet i kilden i de 2 méalear.
P-tabet var primeert styret af grundvandsstrgm-
ning i sma-mellemstore spreekker i karst aflejrin-
gen (total P: 52-90%). - En revideret vurdering af
grundvandssarbarheden blev brugt til at produ-
cere et P-sarbarhedskort, baseret pa jord- og
hydrogeologiske P-buffermuligheder i grundvan-
det. Ved hjeelp af dette kort og jord-P-data blev
definitionen af kritiske kildeomrader i karst-land-
skaber demonstreret.

- Nitratkoncentrationen i grundvand var gene-
relt under Nitratdirektivets mal, men kunne epi-
sodisk stige til over 11,3 mg N/I efter omplgj-
ning og gensaning af graesmarker.

- | begge oplande svarede den 3-arige gen-
nemsnitlige nitrat-N-koncentration i vandigbet
til den rumlige-temporal gennemsnits-koncen-
tration i grundvandet. Starrelsen og variationen
i tabet af nitrat-N malt i vandlgbet var dog mere
styret af hydrologien i det enkelte ar end af
grundvandets indhold af nitrat-N.
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Fosfortab, kontinuum i neeringsstof udvaskning, vand-
kvalitet, virkemidler, neeringsstof regulering, landbrugs
oplande, sammenlignende gkonomi

Landbrug, Fosformobilisering, Fosforudvaskning,
transportveje, vandforurening, eutrofiering
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H: Variable response to phosphorus

transfer continuum in a dairy grassland
catchment

2015

P.N.C. Murphy, P.E. Mellander, A.R.
Melland, C. Buckley, M. Shore, G.
Shortle, D.P. Wall, M. Treacy, O.
Shine, S. Mechan, P. Jordan

I: Identifying contrasting influences and
surface water signals for specific
groundwater phosphorus vulnerability
2016

Mellander P.-E. Jordan P. Shore M.
McDonald N.T. Wall D.P. Shortle G.
Daly K.

- Formalet med dette studie er at at male effek- - En nedsat pavirkning fra P-kilder blev opgjort i
mitigation measures across the nutrient terne af regulering af P-kilder samt regulering

pa P-udvaskning i et opland med malkekveeg

- P tilfgrsel fra grundvand til vandlgb blev un-
dersagt i to forskellige typer af landbrugspavir-
kede oplande — et med permanent graes og et
med afgrader i rotation.

oplandet ud fra P-overskud, P-udnyttelsespro-
cent og lavere anvendelse af kunstgadning P i
oplandet. Desuden blev der ikke konstateret vee-
sentlige udbringninger af husdyrgadning i vinte-
rens lukkeperiode for udbringning, og der var et
fald i andelen af jorde med meget hgj P-status.

- Malingerne af P-koncentration og —tab i vand-
lgbet viste dog ikke tegn pa starre eendringer
undtagen i perioder af aret med store stignin-
ger i vandfgring. Desuden kunne der ikke fin-
des tegn pa forbedring af den biologiske kvali-
tet i vandlgbet. Forskellen mellem opggrelse af
effekter af management ved kilde og i recipient
kan derfor veere stor og med stor tidsforsin-
kelse.

- Pa trods af at de to oplande havde samme P-
indhold i jordene i oplandet, blev der konstate-
ret en starre oplgst uorganisk P-mobilisering i
oplandet med permanent graes med jernrige
jorde og udvaskning til grundvand. | det andet
opland med afgr@der i rotation var der mere
aluminiumsrige jorde og koncentrationen af to-
tal reaktivt P var i vandlgbet her kun 1/3 af kon-
centrationen i oplandet med de jernrige jorde
(0,023 mod 0,067 mg TRP/I).

- P-koncentrationer i grundvand nezer vandlgb
pavirkede P-koncentrationen i vandlgbet.

- Grundvandsbidrag af TRP til vandigbet om
vinteren udgjorde i de to malear, 50% og 59%
af arets P-transport.

- Grundvandets bidrag af P til vandlgb bar der-
for medtages nar regulering af kilder i oplandet
skal foretages



Hgj frekvens overvagning, fosfor, hydrologiske funk-
tion, quickflow

Tilfeeldig, neeringsstoffer, gylle, lukket-periode, op-
lande, vandkvalitet

J: Flow paths and phosphorus transfer
pathways in two agricultural streams
with contrasting flow controls

2015

Per-Erik Mellander, Phil Jordan,
Mairead Shore, Alice R. Melland & Ger
Shortle

K: Incidental nutrient transfers: As-
sessing critical times in agricultural
catchments using high-resolution data
2016

Mairead Shore, Phil Jordan, Alice R.
Melland, Per-Erik Mellander, Noeleen
McDonald, Ger Shortle

- Dette studie blev udfert for at undersgge hy-
drologiske strgmningsveje og P-transportveje
fra diffuse kilder i to forskellige oplande i Irland
ud fra 4 ars intensive malinger af P koncentrati-
oner i vandlgb med sensorer

- Hoj frekvenssensormalinger af N og P i 4 in-
tensivt dyrkede oplande i 4 ar blev brugt til at
analysere om effekter af gylleudbringning i eller
udenfor lukkeperioder for udbringning kunne
detekteres i vandigbenes indhold af N, P og
suspenderes stof

- Et graesdyrket opland med overvejende dar-
ligt dreenet jord, og et hgjere Q10:Q90-forhold
(60 mod 24), havde et tre gange hgjere arligt P
tab end et dyrket opland med overvejende
veldraenet jord med afgreder i rotation pa trods
af at det sidste opland havde jorde med hgjere
P-status og hgjere afstremning.

- P-tabene fra de to oplande kan ikke relateres
til arealanvendelse, P-status i jord eller af-
strgmningen, men i stedet forskelle i nedbgr-af-
stremningsresponser i form af episodiske begi-
venheder med stor vandfgring.

- Et datasaet med vandferingssegtede koncen-
trationer for alle perioder med vandfaring over
90. percentlen blev etableret til brug for analy-
serne over de 4 ar.

- Der blev ikke registreret utilsigtede udlednin-
ger fra udbragt gylle i Igbet af de 4 uger efter
den lukkede periode for gylleudbringning i ana-
lyserne af dataseettene fra de 4 oplande.

- Derimod var der tegn pa utilsigtede udlednin-
ger fra udbragt gylle i en vad sommer i to af op-
landene.

- Forfatterne forslar at reguleringen af gylleud-
bringning derfor begr udvides med ekstra rad-
givning om markenes lgbende fugtighedsfor-
hold.
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Kritiske kildeomrade, diffus forurening, fosfor, LiDAR,
DEM, landbrug, hydrologisk fglsomt omrade

Stormflow, Baseflow, fosfor, landbrug, diatomer, mak-
roinvertebrater
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L: A sub-field scale critical source area
index for legacy phosphorus manage-
ment using high resolution data

2016

I.A.Thomas, P.-E. Mellandera, P.N.C.
Murphy, O. Fenton, O. Shine, F.
Djodijic, P. Dunlop, P. Jordan

M: Influence of stormflow and baseflow
phosphorus pressures on stream ecol-
ogy in agricultural catchments

2017

Mairead Shore, Sinead Murphy, Per-
Erik Mellander, Ger Shortle, Alice R.
Melland, Lucy Crockford, Vincent O'Fla-
herty, Lauren Williams, Ger Morgang &
Phil Jordan

- | artiklen praesenteres der et 'naeste genera-
tions' GIS baseret indeks for kortleegning af kri-
tiske kildepavirkede arealer pa markskala
(CSA). Indekset forudsiger risikoen for oplgst
P-tab fra dele af marker med et hgijt indhold af
P (vandekstraherbart P) og omradets hydrolo-
giske sensitivitet for afstremning.

- Starrelsen af P koncentrationer og tab, samt
de gkologiske pavirkninger i perioder med
store afstremninger og baseflow perioder blev
unders@agt.

- Et nyt GIS-baseret veerktgj identificerer kriti-
ske kildepavirkede omrader (CSA’s) i 4 op-
lande med forskellig dyrkning og hydrologi og
sammenligner forekomsten med malinger af
fosfortab i vandlgb med anvendelse af hgjfre-
kvente sensormalinger af fosfortransport under
afstremningshaendelser.

- En staerk sammenhaeng mellem maling af to-
tal uorganisk P i vandlgb og vandekstraherbart
P fra marker i oplandene gjorde det muligt at
beregne oplgst P koncentration i overfladisk af-
strgmning fra marker, der multipliceret med
den beregnede hydrologiske konnektivitet
kunne bruges til et indeks for kritiske kildeom-
rader for delomrader af markerne i oplandene.
- Veerktgijet tillader at placerer malrettede, om-
kostningseffektive virkemidler i omrader med
stor risiko for fosfortab med overfladisk af-
stremning

- Fosforkoncentrationens pavirkninger af de
gkologiske forhold i vandlgb (bentiske alger)
var generelt starre under baseflow end under
stormflow.

- En pilotgvelse indikerede, at udledninger af
spildevand og husdyrggdning fra kveeg bidrog
til basflow P-koncentrationen i vandlgb.

- En hurtig forbedring af vandlgbets gkologiske
tilstand kraever derfor sandsynligvis en reduk-
tion i disse udledninger



Klimakemiske indikatorer, vejrprocesser, Nordatlantisk N: Integrated climate-chemical indica-

oscillation, nitrat og fosfor, forurening i floder og vand-
lgb, vandkvalitet regulering.

tors of diffuse pollution from land to wa-
ter

2018

Per-Erik Mellander, Phil Jordan, Mari-
anne Bechmann, Ophélie Fovet,
Mairead M. Shore, Noeleen T. McDon-
ald & Chantal Gascuel-Odoux

- Denne artikel praesenterer, hvordan udviklin-
gen over tid i klima indikator kan pavirke nae-
ringsstofkoncentrationer og —tab fra diffuse kil-
der i oplande. Analysen er gennemfart for in-
tensivt overvagede oplande i det vestlige Eu-
ropa.

- Pa en arlig skala fandtes sammenhange mel-
lem naeringsstofkoncentrationer i vandlgb pa
lokal oplandsniveau og pavirkningen som fglge
af stagrre, oceaniske klimamgnstre defineret
ved intensiteten med det Nordatlantiske oscil-
lation index (NAO).

- Forfatterne forslar, at der er behov for udvik-
ling af integrerede klimakemiske indikatorer for
at kunne adskille klimaeffekter fra effekter fra
management i oplande.
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5 Konklusion og perspektiver

En type af nitratsensor (Nitratax), der fungerer efter UV maleprincippet, er
blevet testet i 3 mindre vandleb over en periode pa 3 ar. Der er opstillet et
skema for fire forskellige faktorer, der kan pavirke sensormalinger.

I testen af nitratsensor i 3 vandleb er der fundet eksempler pa nulpunktfor-
skydning af sensor ved opseetning i Jegstrup Beek. Det skyldes formentlig ud-
feeldninger af okker pa sensorens malehoved. Det kan dog ogsa skyldes, at
UV-lys fra solen medtages i malingen.

ISalte A og Horndrup Beek har nitratsensoren ikke veeret udsat for nulpunkt-
forskydninger. Derimod er der konstateret dataudfald pga. iseer sensorfor-
styrrelser. I Horndrup Beek er det skyld i et datatab i ca. 9% af den ca. 6 ma-
neder lange maleperiode.

I bade Salts A og Horndrup Bak méler sensoren generelt lidt hejere nitrat-
koncentrationer end koncentrationerne malt ved udtag af punktprever. Afvi-
gelsen er storst ved lave koncentrationer. Det skyldes formentlig sensorinter-
ferens enten med organisk stof eller UV-lys fra solen, som giver et ekstra ude-
frakommende UV-lys signal til modtageren. I begge vandlgb kan der opstilles
robuste og gode sammenhzaenge mellem nitratkoncentrationer malt med sen-
sor og i punktprever (R? > 0,95). Det er derfor muligt at kalibrere sensorma-
lingerne, s koncentrationen af nitrat bliver sammenlignelig med den koncen-
tration, som er malt i laboratoriet.

For at fa gode malinger med nitratsensoren tyder de forholdsvis fa erfaringer
fra test i danske vandleb pé at vandleb og lokalitet skal udvaelges ngje og ud
fra viden om felgende:

e Opsettes i vandlgb med store udsving i nitratkoncentrationen

e Opsettes i vandlgb med forholdsvis lave jernkoncentrationer (f.eks.
<1 mg total jern/I)

e Sensor skal opseettes s& den star i skygge for direkte sollys

Malingerne med nitratsensor giver mulighed for at beregne en mere sand
transport af nitrat. | Horndrup Beek er der konstateret afvigelser mellem den
sensorkalibrerede og punktpreveberegnede nitrattransport, som varierer i
mellem manederne. Afvigelsen kan bade resultere i en underestimering af
manedlig nitrattransport pd op til 36 % og en overestimering pa op til 18% ved
at anvende punktprever contra sensormalinger (tabel 8). Ved anvendelse af
sensormélinger udnyttes ogsa de intensive malinger af vandferingens varia-
tion gennem degnet (gjebliks vandferingen med 5-15 minutters oplgsning er
anvendt).

Sensormadlinger af nitrat giver gode muligheder for mere dyberegdende tolk-
ninger af hydrologien, kilder og transportveje for nitrat i oplandet. Herunder
optimale data til at udfordre bade de hydrologiske og stofdynamiske model-
ler i oplande.



Erfaringerne fra anvendelse af sensorer i miljgovervagningen i Irland peger
pa, at den optimale lgsning for sensorstationer, hvor der er opsat flere senso-
rer, der daekker et speend af kemiske parametre, er at opseette sensorerne i
malefaciliteter teet pa vandleb, sa malinger foretages pa oppumpet vand fra
vandlgbet. Dette minimerer forventeligt bade sensorforstyrrelser og nul-
punktsforskydning af sensor og optimerer saledes driften af sensorerne.

10 ars erfaringerne fra Irland med sensorstationer med op til 5 forskellige ty-
per af sensorer i drift viser, at der ma forventes at skulle afseettes en forholds-
vis stor mandskabsresurse til drift af- og tilsyn med sensorstationer, samt da-
taindsamling, data kvalitetssikring, database vedligehold og dataanalyse.

Der er behov for en lgbende validering og kalibrering af en nitratsensor i det
enkelte vandleb. Malefrekvens til validering og kalibrering af sensor skal for-
mentlig malrettes til det enkelte vandlgb.

Der er behov for at kunne opbevare sensordata i en database, udvikling af soft-

ware til datavask af sensordata (maskinleering), samt udvikling af software til
kontinuerlig validering og kalibrering af sensordata ud fra punktprever.

49



50

6 Referencer

Blicher-Mathiesen, G., Holm, H., Houlborg, T., Rolighed, J., Andersen, H.E.,
Carstensen, M.V,, Jensen, P.G., Wienke, J., Hansen, B. & Thorling, L. 2019.
Landovervagningsoplande 2018. NOVANA. Aarhus Universitet, DCE - Na-
tionalt Center for Miljp og Energi, 241 s. - Videnskabelig rapport nr.
352http:/ /dce2.au.dk/pub/SR352.pdf

Burkitt, L. L. ], P.; Singh, R.; Elwan, A. (2017). High resolution monitoring of
river nitrate in agricultural catchments - a case on the Manawatu River, New
Zealand. 19. Palmerston North, New Zealand: Fertilizer and Lime Research
Centre, Massey University.

Ferreira, J. G., Vale, C., Soares, C. V., Salas, F., Stacey, P. E., Bricker, S. B., Silva,
M. C., Marques, J. C., 2007. Monitoring of coastal and transitional waters un-

der the E.U. Water Framework Directive. Environmental Monitoring and As-
sessment 135: 195-216. doi: 10.1007/s10661- 007-9643-0.

HACH, 2012. Onlinemaling af nitrat - Nitratsonder med UV- og ISE-
teknologi, DOC033.58.30142
https:/ /dk.hach.com/asset-get.download.jsa?id=25593615991

HACH, 2014, NITRATAX sc Betjeningsvejledninger, udgave 6A,
DOC023.58.03211
https:/ /dk.hach.com/asset-get.download.jsa?id=25939080556

HACH, 2018. Tender Text UV Nitrate Sensor with predictive diagnostics,
DOC353.52.35053_Nitratax ~ plus  https://dk.hach.com/asset-get.down-
load.jsa?id=50613973154

Hvid S. K. 2018. Projektidé og pilotoplande, Vand & Jord, 2018, nr. 4.

Jordan, P., J. Arnscheidt, H. McGrogan & S. McCormick (2005) High-resolu-
tion phosphorus transfers at the catchment scale: the hidden importance of
non-storm transfers. Hydrol. Earth Syst. Sci., 9, 685-691.

Jordan, P., Cassidy, R., Macintosh, K. and Arnscheidyt, J., 2013. Field and la-
boratory tests of flow-proportional passive samplers for determining average

phosphorus and nitrogen concentration in rivers. Environmental Science &
Technology 47: 2331-2338 doi: 10.1021/es304108e

Jordan, P. & G. Shortle. 2017. Agricultural Catchments Programme - Phase 2
Report. Wexford: Teagasc.

Kronvang, B., Bruhn, A. J. 1990, Overvagningsprogram Metoder til bestem-
melse af stoftransport i vandlegb, Miljgministeriet, Danmarks Miljgunderse-
gelser Afd. for Ferskvandsgkologi.

Kronvang, B., Grant, R., Kristensen, P., Aertebjerg, G., Hovmand, M., Kirke-
gaard, J., 1993. Nationwide monitoring of nutrients and their ecological ef-
fects: State of the Danish aquatic environment. Ambio 22: 176-187.



Regeringen, 2017. Digital hub - for et styrket veekstmiljo.
https:/ /www.regeringen.dk/nvheder/strategi-for-danmarks-digitale-va-
ekst/digital-hub/

Rode, M., Wade, A. ]., Cohen, M. ], Hensley, R. T., Bowes, M. J., Kirchner, J.
M, Arhonditsis, G. B., Jordan, P., Kronvang, B., Halliday, S. J., Skeffington, P.
A., Rozemeijer, J. C., Aubert, A. H., Rinke, K., Jomaa, S., 2016. Sensors in the
stream: The high-frequency wave of the present. Environ. Sci. Technol. doi:
10.1021/acs.est.6b02155

Ryan, D., P. Mellander, P. Jordan, J. Kennedy, I. Fox, K. Madden & O. Coakley.
(2019). ACP: Ten years of high temporal resolution water quality monitoring.
Agricultural Catchment Programme Conference 2019: Teagasc.

USGS, 2019. USGS Water Data for the Nation.
https:/ /waterdata.usgs.gov/nwis

van Geer, F. C,, Kronvang, B., and Broers, H. P., 2016, High-resolution moni-
toring of nutrients in groundwater and surface waters: process understand-
ing, quantification of loads and concentrations, and management applica-
tions, Hydrol. Earth Syst. Sci. 20: 3619-3629. doi: 10.5194/hess-20-3619-2016

van’'t Veen S. G. W., Tornbjerg H., Windolf J., Kjeldgaard A., Ovesen N. B,
Poulsen J. R., Kronvang, B., 2018. Hvordan males kvaelstof i vandlgb? Vand &
Jord, nr. 4.

Villa, A., Folster, J., Kyllmar, K., 2019. Determining suspended solids and total
phosphorus from turbidity: comparison of high-frequency sampling with
conventional monitoring methods, Environmental Monitoring and Assess-
ment 191: 605. doi: 10.1007/s10661-019-7775-7

51



52

Bilag 1. Tema opdeling af Irland papers om ni-
trat og fosfor sensorer

I dette appendix findes en gennemgang af artikler omhandlende monitore-
ring af vandlgb med N og P sensorer. Resultaterne i artiklerne stammer pri-
meert fra Irland og er indsamlet i forbindelse med deres oplandsprogram. Ke-
ynotes (S) er ikke defineret af forfatterne til artiklerne men af forfatterne af
neerliggende notat.

Temal

THESE PAPERS RELATE TO THE BLACKWATER-TRACE PROJECT
AND THE USE OF P ANALYSERS FOR HIGH-RESOLUTION DATA
CAPTURE. MORE APPLIED USE THAN PRACTICAL DESCRIPTION

A: High-resolution phosphorus transfers at the catchment scale: The hidden
importance of non-storm transfers

P.Jordan, J. Arnscheidt, H. McGrogan and S. Mc.Cormick
2005

Abstract:

High resolution measurements of total phosphorus (TP) concentrations in a
stream draining a 5 km”2 agricultural catchment (a sub-catchment of Lough
Neagh in Northern Ireland) were made every 10 mins by continuous flow in-
strumentation using new homogenization, digestion and colorimetric phases.
Concurrently, rainfall and stream discharge data were collected at 5 and 15
min. intervals. Major P flushing episodes during storm events peaked on the
rising limbs of storm hydrographs. A period of baseflow also indicated the
importance of other sources that maintain the stream in a eutrophic state be-
tween storm events. These data provide insights into catchment processes that
conform to definite patterns that, in a coarser sampling regime, might ordi-
narily be attributed to sampling and analytical ‘noise’.

Keywords: Acute and chronic phosphorus transfers, high-resolution monitor-
ing, catchments

Extra notes:

e More monitoring on this fine scale can provide us with new knowledge
on catchment processes/sources can be more focused.

¢ Reasonable to sample fingerprints during three phases: 10.00 to 14:00(pri-
mary daily enrichment phases), post 14.00 - 23.00 (secondary enrichment
phases) and 23.00 to 10.00 (recovery phase). This will enable a fully char-
acterization of low flow nutrient transfer for mitigation plans.

¢ Fine scale nutrient monitoring in highlighting deficiencies in current un-
derstanding of rural nutrient transfers.

e More data can be used in order to optimize the location of mitigation
measures and change of management practices.

¢ In this paper they have a description of the sensor setup in Ireland and of
auto calibration



B: Characterizing phosphorus transfers in rural catchments using a contin-
uous bank-side analyser

P. Jordan, J. Arnscheidt, H. McGrogan and S. Mc.Cormick
2007

Abstract:

A six-mount series of high-resolution synchronous stream discharge and total
phosphorus (TP) concentration data is presented from a 5 km”2 agricultural
catchment in the Lough Neagh basin, Northern Irland. The data are hourly
averages of 10 minute measurements using a new bankside, automatic, con-
tinuous monitoring technology. Three TP transfers ‘event-types” occur in this
catchment: (1) chronic, storm independent transfers: (2) acute, storm depend-
ent transfers; (3) acute, storm independent transfers. Event-type 2 transferred
over 90% of the total 279 kg TP load in 39% of the total period; it corresponded
to diffuse transfers from agricultural soils. Event-types 1 and 3, however,
maintained the river in a highly eutrophic state between storm events and
were characteristic of point source pollution, despite there being no major in-
dustrial or municipal point sources. Managing P transfers at the catchment
scale requires a robust monitoring technology to differentiate between dy-
namic, multiple sources and associated event types and so enable a reliable
assessment of the performance of mitigation measures, monitored at catch-
ment outlets. The synchronous and continuous TP and discharge data series
generated in this study demonstrate how this is possible.

Keywords: total phosphorus, phosphorus, phosphorus transfers, continuous
monitoring, Lough Neagh catchment

Extra notes:

o [ catchments with low BFI values can even low flow nutrient transfers
have influence at the eutrophic impact on the river system. In large catch-
ments is wastewater treatment works properly the dominating source of P
under low flow situations.

e High resolution monitoring can be used to document positive improve-
ments in water quality from diffuse transfer mitigation programs.

o The new technology is likely the most rigorous way of monitoring the ef-
fectiveness of mitigation measures designed to reduce the effects of both
diffuse and point sources of pollution in complex catchments.
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C: Defining the sources of low-flow phosphorus transfers in complex catch-
ments.

J. Arnscheidt a, P. Jordan a, %, S. Li a, S. McCormick a, R. McFaul a, H.J.
McGrogan a, M. Neal b, J.T. Sims

2007

Abstract:

Nutrient transfers from the land to rivers have the potential to cause persistent
eutrophic impacts at low flows even though the transfers may constitute a
minor percentage of total annual fluxes. In rural catchments, the contribution
from agricultural soils during storm events can be particularly large and un-
tangling the relative contributions from multiple sources that vary in time and
space is especially problematic. In this study, the potential for domestic septic
tank system pollution during low flows was investigated in 3 small catch-
ments (3 to 5 km(2)) using an integrated series of methods. These included
septic system surveys, continuous (10 min) total phosphorus (TP) monitoring
at the outlet of each catchment, repeated low-flow water quality surveys in
sub-catchments upstream of the catchment outlets and single day river-walk
water quality surveys. A series of faecal matter and grey-water fingerprinting
techniques were also employed. These included determining sterol ratios in
stream sediments, monitoring the presence of proteins, E. coli and enterococci
bacterial signatures and boron. The total density and density of poorly main-
tained septic systems mirrored the magnitude of frequent TP concentrations
in the catchments although this relationship was less apparent in the nested
sub-catchments. The exception was possibly related to the simple hydraulics
in one particular catchment and indicated temporary effluent attenuation in
the other catchments. Repeated low-flow and river-walk water quality sur-
veys highlighted discrete areas and reaches where stepped changes in nutri-
ent concentration occurred. Bio-chemical fingerprinting showed that between
7% and 27% of sediments were contaminated with human faecal material and
correlation matrices indicated that, at least during low flows, P fractions were
positively correlated with some markers of faecal and grey-water contamina-
tion.

Keywords (S): Phosphorus transfers, high-resolution monitoring, catch-
ments, domestic septic tank system pollution

Extra notes:

The impact of clusters of poorly placed and maintained septic systems is im-
mediately evident at low flow in systems with simple hydraulics (i.e., Ar-
magh). It is less clear how poor septic system clusters impact low and high
flows in more complex hydrological systems (i.e., Monaghan) and the propor-
tion of the P transfer compared to soil P losses during flushing, storm events
requires further (fingerprinting) research. This should decouple the contribu-
tion of human/animal/soil P transfers in heavily populated agricultural
catchments across all flow percentiles and add to the debate relating to cost-
benefit analysis of mitigating nutrient and bacterial transfers to freshwater.



D: Low flow water quality in rivers; septic tank systems and high-resolu-
tion phosphorus signals.

Macintosh KA, Jordan P, Cassidy R, Arnscheidt J, Ward C.
2011

Abstract:

Rural point sources of phosphorus (P), including septic tank systems, provide
a small part of the overall phosphorus budget to surface waters in agricultural
catchments but can have a disproportionate impact on the low flow P concen-
tration of receiving rivers. This has particular importance as the discharges
are approximately constant into receiving waters and these have restricted
dilution capacity during ecologically sensitive summer periods. In this study,
anumber of identified high impact septic systems were replaced with modern
sequential batch reactors in three rural catchments during a monitoring pe-
riod of 4 years. Sub-hourly P monitoring was conducted using bankside-ana-
lysers. Results show that strategic replacement of defective septic tank sys-
tems with modern systems and polishing filters decreased the low flow P con-
centration of one catchment stream by 0.032 mg TPL(-1) (0.018 mg TRPL(-1))
over the 4 years. However two of the catchment mitigation efforts were offset
by continued new-builds that increased the density of septic systems from 3.4
km(-2) to 4.6 km(-2) and 13.8 km(-2) to 17.2 km(-2) and subsequently increased
low flow P concentrations. Future considerations for septic system mitigation
should include catchment carrying capacity as well as technology changes.

Keywords (S): Phosphorus transfers, high-resolution monitoring, catch-
ments, domestic septic tank system pollution

Extra notes:

In terms of forward monitoring strategies, it seems likely that in populated,
agricultural catchments such as those represented here, the higher frequency
P (and other nutrient, etc.) concentrations will have a high probability of being
allied with higher frequency low flows and that these will most likely be sam-
pled using coarse frequency sampling regimes (e.g. weekly or monthly). It
seems that from this work, at least, the status of river water quality at this
scale and low flow is more likely to be influenced by rural point sources.
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E: Using high-resolution phosphorus data to investigate mitigation
measures in headwater river catchments

J. M. Campbell, P. Jordan, and J. Arnscheidt

School of Environmental Sciences, University of Ulster, Coleraine, Northern
Ireland, BT52 1SA, UK

2015

Abstract:

This study reports the use of high-resolution water quality monitoring to as-
sess the influence of changes in land use management on total phosphorus
(TP) transfers in two 5 km? agricultural sub-catchments. Specifically, the work
investigates the issue of agricultural soil P management and subsequent dif-
fuse transfers at high river flows over a 5-year timescale. The work also inves-
tigates the phenomenon of low flow P pollution from septic tank systems
(STSs) and mitigation efforts - a key concern for catchment management. Re-
sults showed an inconsistent response to soil P management over 5 years with
one catchment showing a convergence to optimum P concentrations and the
other an overall increase. Both catchments indicated an overall increase in P
concentration in defined high flow ranges. Low flow P concentration showed
little change or higher P concentrations in defined low flow ranges despite
replacement of defective systems and this is possibly due to a number of con-
founding reasons including increased housing densities due to new-builds.
The work indicates fractured responses to catchment management advice and
mitigation and that the short to medium term may be an insufficient time to
expect the full implementation of policies (here defined as convergence to op-
timum soil P concentration and mitigation of STSs) and also to gauge their
effectiveness.

Keywords (S): Phosphorus transfers, high-resolution monitoring, pollution
from septic tank systems, mitigation efforts



Tema 2:

THESE PAPERS USE HIGH---RESOLUTION P DATA FOR SAMPLE RE-
GIME METHODS AND MODELS TESTING

A: Limitations of instantaneous water quality sampling in surface-water
catchments: Comparison with near-continuous phosphorus time-series
data

R. Cassidy, P. Jordan
2011

Abstract:

The validity of load estimates from intermittent, instantaneous grab sampling
is dependent on adequate spatial coverage by monitoring networks and a
sampling frequency that reflects the variability in the system under study.
Catchments with a flashy hydrology due to surface runoff pose a particular
challenge as intense short duration rainfall events may account for a signifi-
cant portion of the total diffuse transfer of pollution from soil to water in any
hydrological year. This can also be exacerbated by the presence of strong
background pollution signals from point sources during low flows.

In this paper, a range of sampling methodologies and load estimation tech-
niques are applied to phosphorus data from such a surface water dominated
river system, instrumented at three sub-catchments (ranging from 3 to 5 km2
in area) with near-continuous monitoring stations. Systematic and Monte
Carlo approaches were applied to simulate grab sampling using multiple
strategies and to calculate an estimated load, Le based on established load
estimation methods. Comparison with the actual load, Lt, revealed significant
average underestimation, of up to 60%, and high variability for all feasible
sampling approaches.

Further analysis of the time series provides an insight into these observations;
revealing peak frequencies and power-law scaling in the distributions of P
concentration, discharge and load associated with surface runoff and back-
ground transfers. Results indicate that only near-continuous monitoring that
reflects the rapid temporal changes in these river systems is adequate for com-
parative monitoring and evaluation purposes. While the implications of this
analysis may be more tenable to small scale flashy systems, this represents an
appropriate scale in terms of evaluating catchment mitigation strategies such
as agri- environmental policies for managing diffuse P transfers in complex
landscapes.

Keywords: High resolution monitoring, Phosphorus, Load estimation
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B: Technical Note: Assessing a 24/7 solution for monitoring water quality
loads in small river catchments

P. Jordan'? and R. Cassidy?
2011

Abstract:

Quantifying nutrient and sediment loads in catchments is difficult owing to
diffuse controls related to storm hydrology. Coarse sampling and interpola-
tion methods are prone to very high uncertainties due to under-representa-
tion of high discharge, short duration events. Additionally, important low-
flow processes such as diurnal signals linked to point source impacts are
missed. Here we demonstrate a solution based on a time-integrated approach
to sampling with a standard 24 bottle autosampler configured to take a sam-
ple every 7 h over a week according to a Plynlimon design. This is evaluated
with a number of other sampling strategies using a two-year dataset of sub-
hourly discharge and phosphorus concentration data. The 24/7 solution is
shown to be among the least uncertain in estimating load (inter-quartile
range: 96% to 110% of actual load in year 1 and 97% to 104% in year 2) due to
the increased frequency raising the probability of sampling storm events and
point source signals. The 24/7 solution would appear to be most parsimoni-
ous in terms of data coverage and certainty, process signal representation, po-
tential laboratory commitment, technology requirements and the ability to be
widely deployed in complex catchments.

Keywords (S): Quantifying nutrient and sediment loads, 24/7 solution for
monitoring water quality loads, standard 24 bottle autosampler.



C: Assessments of Composite and Discrete Sampling Approaches for Water
Quality Monitoring

Rachel Cassidy & Phil Jordan & Marianne Bechmann & Brian Kronvang &
Katarina Kyllmar & Mairead Shore

2018

Abstract:

Achieving an operational compromise between spatial coverage and tem-
poral resolution in national scale river water quality monitoring is a major
challenge for regulatory authorities, particularly where chemical concentra-
tions are hydrologically dependent. The efficacy of flow-weighted composite
sampling (FWCS) approaches for total phosphorus (TP) sampling (1 = 26-52
analysed samples per year), previously applied in monitoring programmes in
Norway, Sweden and Denmark, and which account for low to high flow dis-
charges, was assessed by repeated simulated sampling on high resolution TP
data. These data were collected in three research catchments in Ireland over
the period 2010-13 covering a base-flow index range of 0.38 to 0.69. Compar-
isons of load estimates were also made with discrete (set time interval) daily
and sub-daily sampling approaches (1 =365 to >1200 analysed samples per
year). For all years and all sites a proxy of the Norwegian sampling approach,
which is based on re-forecasting discharge for each 2-week deployment,
proved most stable (median TP load estimates of 87-98%). Danish and Swe-
dish approaches, using long-term flow records to set a flow constant, were
only slightly less effective (median load estimates of 64-102% and 80-96%,
respectively). Though TP load estimates over repeated iterations were more
accurate using the discrete approaches, particularly the 24/7 approach (one
sample every 7 hin a 24 bottle sampler - median % load estimates of 93-100%),
composite load estimates were more stable, due to the integration of multiple
small samples (n =100-588) over a deployment.

Highlights:

e River flow-weighted composite and discrete sampling approaches were
assessed for chemical load

¢ The assessments were made on near continuous total phosphorus and dis-
charge data

e Data were collected in three rivers of varying hydrological conditions over
3 years

e The accuracy of the composite methods were dependent on the flow con-
stants used

e The methods show where trade-offs could be made to optimize load cal-
culations with small datasets

Keywords: Sampling. Catchments. Phosphorus loads
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D: The application of high temporal resolution data in river catchment
modelling and management strategies

L. Crockford & S. O’'Riordain & D. Taylor & A. R. Melland & G. Shortle & P.
Jordan

2017

Abstract:

Modelling changes in river water quality, and by extension developing river
management strategies, has historically been reliant on empirical data col-
lected at relatively low temporal resolutions. With access to data collected at
higher temporal resolutions, this study investigated how these new dataset
types could be employed to assess the precision and accuracy of two phos-
phorus (P) load apportionment models (LAMs) developed on lower resolu-
tion empirical data. Predictions were made of point and diffuse sources of P
across ten different sampling scenarios. Sampling resolution ranged from
hourly to monthly through the use of 2000 newly created datasets from high
frequency P and discharge data collected from a eutrophic river draining a
9.48 km? catchment. Outputs from the two LAMs were found to differ signif-
icantly in the P load apportionment (51.4% versus 4.6% from point sources)
with reducing precision and increasing bias as sampling frequency decreased.
Residual analysis identified a large deviation from observed data at high
flows. This deviation affected the apportionment of P from diffuse sources in
particular. The study demonstrated the potential problems in developing em-
pirical models such as LAMs based on temporally relatively poorly-resolved
data (the level of resolution that is available for the majority of catchments).
When these models are applied ad hoc and outside an expert modelling
framework using extant datasets of lower resolution, interpretations of their
outputs could potentially reduce the effectiveness of management decisions
aimed at improving water quality.

Keywords: Agriculture Modelling, Phosphorus, Water quality Pollution,
High frequency data



E: Field and Laboratory Tests of Flow-Proportional Passive Samplers for
Determining Average Phosphorus and Nitrogen Concentration in Rivers

Philip Jordan, Rachel Cassidy, Katrina A. Macintosh, Joerg Arnscheidt
2013

Abstract:

Flow responsive passive samplers offer considerable potential in nutrient
monitoring in catchments; bridging the gap between the intermittency of grab
sampling and the high cost of automated monitoring systems. A commer-
cially available passive sampler was evaluated in a number of river systems
encapsulating a gradient in storm response, combinations of diffuse and point
source pressures, and levels of phosphorus and nitrogen concentrations.
Phosphorus and nitrogen are sequestered to a resin matrix in a permeable car-
tridge positioned in line with streamflow. A salt tracer dissolves in proportion
to advective flow through the cartridge. Multiple deployments of different
cartridge types were undertaken and the recovery of P and N compared with
the flow-weighted mean concentration (FWMC) from high-resolution bank-
side analysers at each site. Results from the passive samplers were variable
and largely underestimated the FWMC derived from the bank-side analysers.
Laboratory tests using ambient river samples indicated good replication of
advective throughflow using pumped water, although this appeared not to
be a good analogue of river conditions where flow divergence was possible.
Laboratory tests also showed good nutrient retention but not elution and
these issues appeared to combine to limit the utility in ambient river systems
at the small catchment scale

Keywords (S): Flow-Proportional Passive Samplers, P and N concentrations
in rivers, laboratory test
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F: Nonlinear empirical modeling to estimate phosphorus exports using con-
tinuous records of turbidity and discharge

Camille Minaudo, Rémi Dupas, Chantal Gascuel-Odoux, Ophélie Fovet, Per-
Erik Mellander, Philip Jordan, Mairead Shore, Florentina Moatar

2017

Abstract:

We tested an empirical modeling approach using relatively low-cost continu-
ous records of turbidity and discharge as proxies to estimate phosphorus (P)
concentrations at a subhourly time step for estimating loads. The method
takes into account nonlinearity and hysteresis effects during storm events,
and hydrological conditions variability. High-frequency records of total P and
reactive P originating from four contrasting European agricultural catchments
in terms of P loads were used to test the method. The models were calibrated
on weekly grab sampling data combined with 10 storms surveyed subhourly
per year (weekly+ survey) and then used to reconstruct PP concentrations dur-
ing all storm events for computing annual loads. For total P, results showed
that this modeling approach allowed the estimation of annual loads with lim-
ited uncertainties (= —10% £15%), more reliable than estimations based on
simple linear regressions using turbidity, based on interpolated weekly+ data
without storm event reconstruction, or on discharge weighted calculations
from weekly series or monthly series. For reactive P, load uncertainties based
on the nonlinear model were similar to uncertainties based on storm event
reconstruction using simple linear regression (=~ 20% +30%), and remained
lower than uncertainties obtained without storm reconstruction on weekly or
monthly series, but larger than uncertainties based on interpo-
lated weekly+ data (= —15% = 20%). These empirical models showed we could
estimate reliable P exports from noncontinuous P time series when using con-
tinuous proxies, and this could potentially be very useful for completing time-
series data sets in high-frequency surveys, even over extended periods.

Plain Language Abstract:

Phosphorus (P) loads transported by rivers and streams have to be estimated
reliably, but this is a difficult task because P loads can be transported during
very short period of time, like during storm events, and most P surveys are
executed with low sampling frequencies. Because continuous surveys of P’ are
costly, we tested a modeling approach using commonly used low-cost contin-
uous records of turbidity and discharge as surrogate variables. This had to
take into account nonlinear relationships and the fact that the relationship be-
tween P and turbidity or discharge is different during a rising phase or a de-
scending phase. The model we developed estimates P concentration varia-
tions during storm events and provides continuous time series of P. From the
model estimations, total annual loads of P could be predicted with low uncer-
tainty ranges when using turbidity as a surrogate variable, showing its ability
at estimating phosphorus exports values closer to the reality. The soluble re-
active form was however less reliably predicted by discharge records, but our
method could still be improved.

Keywords (S): Empirical modeling, P-loads, turbidity and discharge as prox-
ies for P



Tema 3

THESE PAPERS DESCRIBE THE USE OF N PROBES FROM A PRACTI-
CAL PERSPECTIVE

A: Technical Note: Field experiences using UV/VIS sensors for high-reso-
lution monitoring of nitrate in groundwater

M. Huebsch, F. Grimmeisen, M. Zemann, O. Fenton, K. G. Richards, P. Jordan,
A. Sawarieh, P. Blum1, and N. Goldscheider

2015

Abstract:

Two different in situ spectrophotometers are compared that were used in the
field to determine nitrate-nitrogen (NO3-N) concentrations at two distinct
spring discharge sites. One sensor was a double wavelength spectrophotom-
eter (DWS) and the other a multiple wavelength spectrophotometer (MWS).
The objective of the study was to review the hardware options, determine ease
of calibration, accuracy, influence of additional substances and to assess pos-
itive and negative aspects of the two sensors as well as troubleshooting and
trade-offs. Both sensors are sufficient to monitor highly time-resolved NO3-N
concentrations in emergent groundwater.

However, the chosen path length of the sensors had a significant influence on
the sensitivity and the range of detectable NO3-N. The accuracy of the calcu-
lated NO3-N concentrations of the sensors can be affected if the content of
additional substances such as turbidity, organic matter, nitrite or hydrogen
carbonate significantly varies after the sensors have been calibrated to a par-
ticular water matrix. The MWS offers more possibilities for calibration and
error detection but requires more expertise compared with the DWS.

Keywords: Nitrate-N sensors, UV /VIS sensors, high resolution monitoring,
turbidity

Extra notes:

¢ Annual cleaning in lab required

e path length of the sensor should be carefully chosen

o DWS sensor easiest to calibrate but does not distinguish between NO3-N
and NO2-N

e Grab sample measurements every 3-6. Month for calibration- calibration
in the stream water

e sensor position: horizontal

e sensors can give better understanding of groundwater processes in the fu-
ture.
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B: High resolution monitoring of nitrate in agricultural catchments - a case
study on the Manawatu River, New Zealand

- Envirolink Report prepared for Horizons Regional Council, August 2017.
MAUX1604 / 1720-HZLC135

Lucy Burkitt, Phil Jordan, Ranvir Singh, Ahmed Elwan

Summary:

Horizon Regional Council (HRC) requested Massey University’s Fertilizer
and Lime Research Centre (FLRC) to investigate and provide advice on the
potential of using high-resolution monitoring of nitrate-N sensors to measure
water quality in streams and rivers in their agricultural catchments. The ob-
jectives of this study were: (1) to test the performance of two commercially
available high-resolution sensors (NITRATAX and OPUS) in monitoring ni-
trate-N concentrations, particularly under a low nitrate-N concentration envi-
ronment, in a New Zealand river; and (2) to compare the nitrate-N loads cal-
culated using the high-resolution sensor data, verses the standard monthly
grab sampling method in the river. The study was undertaken in the Mana-
watu River at the Teachers College monitoring site, for a period of one year
from Feb 2016 to Jan 2017.

At the study site, the NITRATAX sensor was deployed from Feb 2016 to Jan
2017, but the OPUS sensor was deployed for a shorter duration from Dec 2017
to Jan 2017. The self-cleaning NITRATAX sensor provided accurate and pre-
cise nitrate-N measurements over the entire range of nitrate-N concentrations,
with raw values measured from 0.00 to 1.29 mg/L. The NITRATAX values,
however, were slightly negatively biased in comparison to the standard labor-
atory analysis method, and a comprehensive calibration was used to apply a
correction factor to achieve the final adjusted NITRATAX results. Interest-
ingly, the NITRATAX precisely measured small changes in nitrate-N concen-
trations over a 24 hr period when nitrate-N concentrations were very low
(<0.25 mg/L). These diurnal changes in nitrate-N measured by the NI-
TRATAX were validated with the laboratory measurements, confirming the
reliability and accuracy of this sensor’s measurements.

The measurement of nitrate-N concentrations every 15 minutes using the NI-
TRATAX sensor, allowed a detailed examination of the annual fluctuation of
nitrate-N concentrations in the Manawatu River, revealing trends that have
rarely been studied at a catchment scale in New Zealand. Elevated nitrate-N
concentrations were consistently detected at the start of the drainage season
(May, Jun, Jul), when the river flow rate increased. Nitrate-N concentrations
decreased around Oct and generally remained low (<0.6 mg/L) for the re-
mainder of the year. Although the monthly grab samples followed this gen-
eral trend, the sample timing did not allow the detection of the first run-
off/drainage event for the season (Mar) or some of the peak flow events, lim-
iting our ability to understand or analyse nitrate-N loss processes at the catch-
ment-scale. Further studies could use the high-resolution sensor data to ex-
amine the time lag between drainage/runoff events and elevated nitrate-N
concentrations in more detail.

The OPUS nitrate-N sensor also performed with precision during low flow and
low nitrate-N concentrations (<0.35 mg/L) from Dec 2017 to Jan 2017. Despite
issues with fouling of the sensor lens, two discrete sets of OPUS sensor data
results showed that the sensor measured nitrate-N concentrations that were



slightly positively biased in comparison to the standard laboratory method.
Although these concentrations were closer to the laboratory values (mean dif-
ference of 0.021 mg/L) compared to the NITRATAX (mean difference of -
0.063 mg/L), a correction factor based on detailed calibration data is recom-
mended if these sensors were to be used for routine water quality monitoring
in streams and rivers in the region.

The high-resolution NITRATAX sensor data improved the quantification ac-
curacy of the nitrate-N loads in the study river. There was a 14% difference
between the annual nitrate-N load measured using the NITRATAX sensor
data and monthly grab samples analysed in a laboratory (using the flow-
weighted method), with higher annual nitrate-N load measured using the NI-
TRATAX (1926 vs 1674 t/yr). The data analysis confirmed that the monthly
grab sampling missed some of the highest flow events, resulting in an under-
estimation of annual nitrate-N loads in the Manawatu River.

Overall, the NITRATAX and OPUS high-resolution sensors appear promis-
ing, novel tools to allow detailed measurement of nitrate-N concentrations
and loads in the Manawatu River, provided that extensive calibration and ad-
justment is undertaken, and a lens cleaning mechanism is installed. On this
basis, these sensors’ are recommended for further testing and evaluation, as a
new tool to improve our understanding of nitrate-N loss processes from New
Zealand catchments and to improve the accuracy of our nitrate-N load calcu-
lations.

Keywords: Nitrate-N sensors, high-resolution data, Catchment science, NI-
TRATAX, OPUS, 24-hour campaign measurement

Extra notes:
Report about NITRATAX and OPUS Nitrate-N sensors measurements in low
nitrate concentrations.

e 14 % difference between annual N-load measured based on sensor and
based of monthly grab sample

e They did not look at how many samples we need for calibration the sen-
sors

e campaign measurement show a diurnal fluctuations in nitrate-N.

e More knowledge about characteristic of periphytonprocessing of nitrate-
N in streams and rivers.

e More knowledge about nitrate leaching during stream bank modifications

o detailed calibration checks and data adjustment are required for both sen-
sors to be used for routine water quality monitoring in streams and rivers.
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Tema 4.

THESE PAPERS DESCIBE USE OF THE ANALYSERS TO UNDERSTAND
PROCESSES AND MAKE ASSESSMENTS FOR THE “AGRICULTURAL
CATCHMENTS PROGRAMME” www.teagasc.ie/agcatchments

A: Using the nutrient transfer continuum concept to evaluate the European
Union Nitrates Directive National Action Programme

D. Wall, P. Jordan, A.R. Melland, P.-E. Mellander, C. Buckley, S.M. Reaney, G.
Shortle

2011

Abstract:

Agricultural catchments are where farm and landscape management interact
with policy and science; especially with regard to the implementation and
evaluation of agri-environmental regulation. The Nitrates Directive con-
strains nitrogen and phosphorus use and management on agricultural land
across all EU member states and is one of the programmes of measures to
mitigate eutrophication of water resources under the Water Framework Di-
rective. All policies require a robust evaluation tool and for the potential dif-
fuse transfer of nutrients from land to water, the nutrient transfer continuum
concept is applied here as an example framework in small (6-30 km?2) catch-
ments. The experimental design, methods and some early results are pre-
sented: auditing nutrient sources to established levels of compliance is the
first stage and considers nutrient use and soil status. Studying pathways pro-
vides an understanding of linkages between the land sources and delivery in
catchment rivers. This delivery is generally associated with episodic, high
magnitude transfers and may not necessarily be the only or even primary eco-
logical impact in rivers. Critiquing existing delivery/impact metrics and de-
fining appropriate standards for identifying trajectories associated with dif-
fuse nutrient transfer will be important in ensuring that agrienvironmental
policies are given a fair and thorough evaluation over a suitable time period.

Keywords: Catchments, Phosphorus, Nitrogen, Nitrates Directive



B: The seasonality of phosphorus transfers from land to water: Implications
for trophic impacts and policy evaluation

P. Jordan A.R .Mellanda P.-E. Mellander G. Shortle and D. Wall
2012

Abstract:

The Nitrates Directive regulations are a Programme of Measures under the
EU Water Framework Directive to protect waters from agricultural transfers
of nitrogen and phosphorus. Soil phosphorus management to an agronomic
optimum and closed winter periods for organic and inorganic fertiliser
amendments are among a suite of policy measures to curtail diffuse pollution
at catchment scale. In this investigation, two intensive grassland and two ar-
able catchments (7-12 km?2) in the Republic of Ireland were studied to link a
high resolution spatial survey (< 2 ha) of soil P availability with P delivery in
receiving rivers; monitored on a sub-hourly basis over one year. Data indi-
cated that source risk, as defined by soil P availability and organic P loading,
was less important than mobilisation and hydrological transfer potential
which increased delivery due to runoff flashiness as described by a hydrolog-
ical metric during the winter. Overall, however, annual TP loads were low to
moderate (0.175 to 0.785 kg ha— 1 yr— 1). The data also highlighted, without
exception, the influences of summer background P loading and subsequent
ecologically significant P concentrations from persistent point sources. This
may have implications for expected ecological status and recovery in these
catchments, which appeared more at risk in catchments with little buffering
in terms of summer base flow dilution. Wetter winters and drier summers
under climate change scenarios would likely increase stream P concentrations
both during storms and during baseflows and would be particularly magni-
fied in those catchments with flashy runoff and suppressed baseflow. These
seasonal insights into source-to-delivery functions and risk (re)assessment
were only possible with high resolution (spatial and temporal) data collection
and will be important in influencing expectations of policies that are evalu-
ated at larger scales but with coarser resolution sampling.

Highlights

» High resolution P data are presented at source (soil) and delivery (rivers)
in agri-catchments. » Lowest perceived P source risk is found to be highest
in P delivery load. » Transport factors including soil permeability appear
more important than source pressures. » Summer river concentrations are
significantly high. » Future hydrological function may intensify diffuse and
point P impacts.

Keywords: Phosphorus, Eutrophication, Catchments, High-resolution moni-
toring
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C: Stream water quality in intensive cereal cropping catchments with regu-
lated nutrient management

AR. Melland, P.-E. Mellander, P.N.C. Murphy, D.P. Wall, S. Mechan, O.
Shine, G. Shortle, P. Jordan,

2012

Abstract:

Regulating farm nutrient management is a European Union policy approach to
meet water quality targets. In two intensively cropped catchments (9 km2 and
11 km?2) in Ireland, high resolution monitoring was undertaken over two years
to investigate interactions between the regulations and nutrients in streams.

In a catchment with predominantly well-drained soils (Arable A) farmed for
spring barley, high phosphorus (P) concentrations and turbidity during peak
river flows indicated high connectivity of nutrient sources with streams. High
baseflow volumes, however, maintained mean stream P concentrations below
the environmental quality standard (EQS). Total oxidised nitrogen (TON)
concentrations decreased during storms and baseflow concentrations re-
mained relatively stable and below drinking water standards.

In a contrasting catchment on moderate to poorly drained soils (Arable B)
farmed for winter wheat, dairy and beef, the EQS for P was never met. High
baseflow P concentrations during summer were attributed largely to loss of
dilution in low discharge rates. Spatial surveys of water quality indicated
baseflow P concentrations were influenced by persistent point sources.
Baseflow TON concentrations were lower during summer than winter and
this was attributed to seasonal disconnection and attenuation of N sources.

Average annual streamflow total P loads were higher from Arable B (0.72 kg
ha-1) than from Arable A (0.27 kg ha—1) whereas TON loads were higher
from Arable A (28 kg ha—1) than from Arable B (17 kg ha—1). Suspended sed-
iment losses, after a first approximation, were less than 0.18 t ha—1 yr—1. The
upper quartile of stream discharge dominated annual loads of P, TON and
suspended sediments. Of most concern were stream P concentrations in Ara-
ble B and potentially P and N loads from both catchments given both catch-
ments contribute to eutrophic coastal waters. Compliance with farm nutrient
management regulations should mitigate persistent agricultural point sources
but will not affect non-agricultural point source influences on stream P con-
centrations. Under current regulations, decreased N surplus at source and
subsequent depletion of nitrate from vadose and groundwater stores may de-
crease TON loads over time.

Highlights

» We present the first analysis of catchment-scale water quality responses to in-
tensive cereal cropping in Ireland. » We evaluated the efficacy of farm nutrient
regulations using high resolution data in hydrologically contrasting catchments.
P Stream nutrient concentrations met standards except for phosphorus in a
catchment with low baseflow and high peak flow. » Nutrient and suspended
sediment loads in streamflow were comparatively low. P Critical source areas
and times for hydrological connectivity of nitrogen sources were important.

Keywords: Phosphorus, Nitrate, Catchment, hydrology, Mitigation
measures, Nitrates directive



D: Quantifying nutrient transfer pathways in agricultural catchments using
high temporal resolution data

Per-Erik Mellandera, Alice R. Mellanda, Phil Jordan, David P. Wall, Paul N.C.
Murph, Ger Shortle

2012

Abstract:

There are uncertainties in the definition of phosphorus (P) and nitrogen (N)
transfer pathways within agricultural river catchments due to spatiotemporal
variations such as water recharge and the farming calendar, or catchment soil
and hydrogeological properties. This can have implications for mitigation
policies. This study combined detailed pathway studies with catchment inte-
grated studies to characterise N and P transfer pathways for four agricultural
catchments with different land management, soil drainage and geology. A
Loadograph Recession Analysis (LRA) method is introduced, to identify and
quantify integrated delivery transfer pathways of total oxidised nitrogen
(TON), total reactive phosphorus (TRP) and total phosphorus (TP). High tem-
poral resolution river discharge and water quality measurements from a large
runoff event (and recession) were used. In two catchments with well drained
soils, below-ground delivery pathways of TON represented up to 97% of the
total flow event load, and up to 63% of the TRP and TP load. In these catch-
ments, hydrological quick flow pathways were only 2-8% of total flow but
were efficient in delivering P (up to 50%). Two other catchments had poor to
moderately drained soils where up to 55% of the hydrological pathways were
quick flow. This quick flow delivered up to 88% of the event flow P load but
background groundwater flows were apparently mixed with point source sig-
nals. Results suggest that, in catchments with permeable soils and geology,
subsurface pathways will need to be considered for mitigation strategies for
both diffuse N and P delivery and measures that target surface transfer path-
ways such as riparian buffer strips may be ineffective. In such catchments,
long chemical recessions from storm events may prolong impacts on the eco-
logical status of receiving rivers.

Highlights

» We introduce a new method for quantifying N and P transfer pathways in
agricultural catchments. » High temporal resolution data of surface water
was coupled to groundwater data. » Transfer pathways of N and P transfer
were characterised. P Subsurface pathways of both N and P need considera-
tion for mitigation strategies. » Measures that target surface transfer path-
ways may be ineffective in some cases.

Keywords: Nitrogen Phosphorus Quick flow Baseflow EMMA Mitigation
measures
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E: Delivery and impact bypass in a karst aquifer with high phosphorus
source and pathway potential

Per-Erik Mellander, Phil Jordan, David P. Wall, Alice R. Melland, Robert
Meehan, Coran Kelly, Ger Shortle

2012

Abstract

Conduit and other karstic flows to aquifers, connecting agricultural soils and
farming activities, are considered to be the main hydrological mechanisms
that transfer phosphorus from the land surface to the groundwater body of a
karstified aquifer. In this study, soil source and pathway components of the
phosphorus (P) transfer continuum were defined at a high spatial resolution;
field-by-field soil P status and mapping of all surface karst features was un-
dertaken in a > 30 km? spring contributing zone. Additionally, P delivery and
water discharge was monitored in the emergent spring at a sub-hourly basis
for over 12 months. Despite moderate to intensive agriculture, varying soil P
status with a high proportion of elevated soil P concentrations and a high
karstic connectivity potential, background P concentrations in the emergent
groundwater were low and indicative of being insufficient to increase the sur-
face water P status of receiving surface waters. However, episodic P trans-
fers via the conduit system increased the P concentrations in the spring during
storm events (but not >0.035 mg total reactive P L") and this process is similar
to other catchments where the predominant transfer is vizepisodic, surface
flow pathways; but with high buffering potential over karst due to delayed
and attenuated runoff. These data suggest that the current definitions of risk
and vulnerability for P delivery to receiving surface waters should be re-eval-
uated as high source risk need not necessarily result in a water quality impact.
Also, inclusion of conduit flows from sparse water quality data in these sys-
tems may over-emphasise their influence on the overall status of the ground-
water body.

Highlights

» Many Irish karst aquifers are classified as poor status contributing to eu-
trophication of receiving waters. » We investigated a 46 km?2 agricultural
land underlain by a karstic aquifer. » P source/pathway/delivery compo-
nents were defined at high spatiotemporal resolution. » High P source and
vulnerability did not elevate P in the emergent groundwater. » Definitions
of risk and vulnerability for P delivery in Karst systems need further evalua-
tion.

Keywords: Agriculture, Diffuse pollution, Nutrients, Groundwater, Conduit
flow, Eutrophication
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Abstract:

The degree to which waters in a given watershed will be affected by nutrient
export can be defined as that watershed’s nutrient vulnerability. This study
applied concepts of specific phosphorus (P) vulnerability to develop intrinsic
groundwater vulnerability risk assessments in a 32 km? karst watershed
(spring zone of contribution) in a relatively intensive agricultural landscape.
To explain why emergent spring water was below an ecological impairment
threshold, concepts of P attenuation potential were investigated along the nu-
trient transfer continuum based on soil P buffering, depth to bedrock, and re-
tention within the aquifer. Surface karst features, such as enclosed depres-
sions, were reclassified based on P attenuation potential in soil at the base.
New techniques of high temporal resolution monitoring of P loads in the
emergent spring made it possible to estimate P transfer pathways and reten-
tion within the aquifer and indicated small-medium fissure flows to be the
dominant pathway, delivering 52-90% of P loads during storm events. An-
nual total P delivery to the main emerging spring was 92.7 and 138.4 kg total
P (and 52.4 and 91.3 kg as total reactive P) for two monitored years, respec-
tively. A revised groundwater vulnerability assessment was used to produce
a specific P vulnerability map that used the soil and hydrogeological P buff-
ering potential of the watershed as key assumptions in moderating P export
to the emergent spring. Using this map and soil P data, the definition

Keywords (S): Karstic Agriculture catchment, Phosphorus, P loads, path-
ways, P vulnerability map.
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G: Coupling of surface water and groundwater nitrate-N dynamics in two
permeable agricultural catchments
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2014

Abstract:

The current study investigated the coupling of groundwater and surface wa-
ter nitrogen (N) dynamics over 3 years, and considered intensive agricultural
land-management influences over this period where the risk of N loss to wa-
ter was considered high. Groundwater N (as nitrate) was monitored monthly
in different strata and zones in four hillslopes, two in each of two agricultural
catchments of c. 10 km2, and stream water N flux was monitored sub-hourly
in the catchment outlets. Field nutrient sources were connected to surface wa-
ter via groundwater; the groundwater along hillslopes was seen to be influ-
enced spatially and temporally by management, geology and weather as ob-
served in the concentration variability of nitrate in groundwater. Based on
spatio-temporal averages of nitrate-N concentration, groundwater status was
considered good (at least below a maximum acceptable concentration (MAC)
of 11 3 mg/1). However, zones coincident with land-use change (ploughing
and reseeding, typical of a management event in intensive landscapes),
showed high spatio-temporal variability in nitrate-N concentration, exceed-
ing the MAC temporarily, before recovering. This spatio-temporal variability
highlighted the need for insight into these differences when interpreting
groundwater quality data from a limited number of basin-scale sampling
points and occasions. In both catchments the 3-year mean nitrate-N concen-
tration in stream water was similar to the spatio-temporal mean concentration
in groundwater. The magnitude and variability of loads, however, were more
related to changes in annual runoff rather than changes in annual groundwa-
ter nitrate-N status. In one wet year, nitrate-N loads exceeded 48 kg/ha from
an Arable catchment and 45 kg/ha from a grassland catchment (close to dou-
ble the loss in a dry year).

Keywords (S): Nitrogen, groundwater, nitrate-N loads, spatio-temporal vari-
ability
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Abstract:

Phosphorus (P) loss from soils to water can be a major pressure on freshwater
quality and dairy farming, with higher animal stocking rates, may lead to po-
tentially greater nutrient source pressures. In many countries with intensive
agriculture, regulation of P management aims to minimise these losses. This
study examined the P transfer continuum, from source to impact, in a dairy-
dominated, highly stocked, grassland catchment with free-draining soils over
three years. The aim was to measure the effects of P source management and
regulation on P transfer across the nutrient transfer continuum and subse-
quent water quality and agro-economic impacts. Reduced P source pressure
was indicated by: (a) lower average farm-gate P balances (2.4 kg ha—-1 yr-1),
higher P use efficiencies (89%) and lower inorganic fertilizer P use (5.2 kg ha—1
yr—1) relative to previous studies; (b) almost no recorded P application during
the winter closed period, when applications were prohibited, to avoid inci-
dental transfers; and (c) decreased proportions of soils with excessive P con-
centrations (32-24%). Concurrently, production and profitability remained
comparable with the top 10% of dairy farmers nationally with milk outputs of
14,585 1 ha—1, and gross margins of € 3130 ha—1. Whilst there was some indi-
cation of a response in P delivery in surface water with declines in quick flow
and interflow pathway P concentrations during the winter closed period for
P application, delayed baseflows in the wetter third year resulted in elevated
P concentrations for long durations and there were no clear trends of improv-
ing stream biological quality. This suggests a variable response to policy
measures between P source pressure and delivery/impact where the strength
of any observable trend is greater closer to the source end of the nutrient trans-
fer continuum and a time lag occurs at the other end. Policy monitoring and
assessment efforts will need to be cognisant of this.

Highlights

¢ We monitored a dairy grassland catchment with P mitigation measures for
3 years.

e Reduced P source pressure was indicated at farm and field scale.

e Production and profitability remained comparable with top dairy farms
nationally.

e P delivery to the stream showed some response but not biological quality.

¢ Response to mitigation measures varied between source and delivery/im-
pact.

Keywords: Phosphorus loss, Nutrient transfer continuum, Water quality, Mit-

igation measures, Nutrient management, Agricultural catchment, Compara-
tive economics
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groundwater phosphorus vulnerability

Mellander P.-E. Jordan P. Shore M. McDonald N.T. Wall D.P. Shortle G. Daly
K.

2016

Abstract:

Two groundwater dominated catchments with contrasting land use (Grass-
land and Arable) and soil chemistry were investigated for influences on P
transfer below the rooting zone, via the aquifer and into the rivers. The objec-
tive was to improve the understanding of hydrochemical process for best
management practise and determine the importance of P transfer via ground-
water pathways. Despite the catchments having similar inorganic P reserves,
the iron-rich soils of the Grassland catchment favoured P mobilisation into
soluble form and transfer to groundwater. Sites in that catchment had ele-
vated dissolved reactive P concentrations in groundwater (> 0.035 mg 1- 1)
and the river had flow-weighted mean TRP concentrations almost three times
that of the aluminium-rich Arable catchment (0.067 mg1-1 compared to 0.023
mg 1-1). While the average annual TRP flux was low in both catchments (alt-
hough three times higher in the Grassland catchment; 0.385 kg ha— 1 com-
pared to 0.128 kg ha— 1), 50% and 59% of TRP was lost via groundwater, re-
spectively, during winter periods that were closed for fertiliser application.
For policy reviews, slow-flow pathways and associated time-lags between fer-
tiliser application, mobilisation of soil P reserves and delivery to the river
should be carefully considered when reviewing mitigating strategies and ef-
ficacy of mitigating measures in groundwater fed catchments. For example,
while the Grassland catchment indicated a soil-P chemistry susceptibility, the
Arable catchment indicated a transient point source control; both resulted in
sustained or transient periods of elevated low river-flow P concentrations, re-
spectively.

Highlights

e P transfer via groundwater to rivers was investigated in two agricultural
catchments.

e Fe-rich soils favour P mobilisation into soluble form and transfer to
groundwater.

¢ P concentrations in near-stream groundwater influence stream P concen-
trations.

¢ Groundwater contribution to stream TRP flux was 50% and 59% in winter.

e Susceptibility of P via groundwater should be considered for mitigation.

Keywords: Agriculture, Phosphorus mobilization, Phosphorus transfer, Path-
ways, Water pollution, Eutrophication
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Abstract:

In this paper, we analyse 4 years of data from simultaneous high-frequency
monitoring of streamflow and phosphorus (P) concentration. This was carried
out to investigate hydrological flow paths and P transfer pathways from dif-
fuse sources in two intensively farmed river catchments (~10 km?) with con-
trasting flow controls and dominating flow paths. Catchment scale P loss was
viewed on an annual and event flow basis and related to hydrological flow
paths. A grassland catchment with mostly poorly drained soils, and a
higher Q10:Qoo ratio (60 compared with 24), had three times higher annual P
loss than an arable catchment with mostly well-drained soils (1.04 compared
with 0.34 kg TP ha') despite the arable catchment having larger areas with
high soil P status and more discharge. Neither of the catchments indicated
supply limitations. The magnitude of the P losses from the two catchments
was not defined by land use, source pressure or discharge volume but rather
by more basic rainfall-to-runoff partitioning influences that determine pro-
portions of quickflow and slowflow. There were larger differences between
the years than between the catchments, and the P loss of the arable catchment
appeared more sensitive to climate. The results confirmed the need to manage
the quickflow components of runoff to moderate P transfers. Therefore, in or-
der to further reduce diffuse pollution it may be necessary to account for the
contrast in hydrological function before or in addition to any of the other fac-
tors known to influence P losses from catchments (such as soil P and land use).
Schemes designed to attenuate diffuse P after mobilization from soil surfaces
can then be targeted (and resourced) more effectively. Copyright © 2014 John
Wiley & Sons, Ltd.

Keywords (S): High-frequency monitoring, phosphorus, hydrological func-
tion, quickflow
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Abstract:

Managing incidental losses associated with liquid slurry applications during
closed periods has significant cost and policy implications and the environ-
mental data required to review such a measure are difficult to capture due to
storm dependencies. Over four years (2010-2014) in five intensive agricultural
catchments, this study used high-resolution total and total reactive phospho-
rus (TP and TRP), total oxidised nitrogen (TON) and suspended sedi-
ment (SS) concentrations with river discharge data to investigate the magni-
tude and timing of nutrient losses. A large dataset of storm events (defined as
90th percentile discharges), and associated flow-weighted mean (FWM) nu-
trient concentrations and TP/SS ratios, was used to indicate when losses were
indicative of residual or incidental nutrient transfers. The beginning of the
slurry closed period was reflective of incidental and residual transfers with
high storm FWM P (TP and TRP) concentrations, with some catchments also
showing elevated storm TP:SS ratios. This pattern diminished at the end of
the closed period in all catchments. Total oxidised N behaved similarly to P
during storms in the poorly drained catchments and revealed a long lag
time in other catchments. Low storm FWM P concentrations and TP:SS ratios
during the weeks following the closed period suggests that nutrients either
weren't applied during this time (best times chosen) or that they were applied
to less risky areas (best places chosen). For other periods such as late autumn
and during wet summers, where storm FWM P concentrations and TP:SS ra-
tios were high, it is recommended that an augmentation of farmer knowledge
of soil drainagecharacteristics with local and detailed current and forecast soil
moisture conditions will help to strengthen existing regulatory frameworks to
avoid storm driven incidental nutrient transfers.

Highlights

e High resolution stream chemistry data were used to inform slurry appli-
cation policy.

e 90th percentile storm discharges had signals of residual and incidental nu-
trient transfer.

¢ No incidental transfer signals were detected during the 4 weeks after the
closed-period.

o There were indications of incidental transfers in a wet summer in two
catchments.

e Regulations could be augmented with advice on soil moisture conditions.

Keywords: Incidental, Nutrients, Slurry, Closed-period, Catchments, Water-
quality
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Abstract:

Diffuse phosphorus (P) mitigation in agricultural catchments should be tar-
geted at critical source areas (CSAs) that consider source and transport factors.
However, development of CSA identification needs to consider the mobilisa-
tion potential of legacy soil P sources at the field scale, and the control of (mi-
cro)topography on runoff generation and hydrological connectivity at the sub-
field scale. To address these limitations, a “next generation” sub-field scale CSA
index is presented, which predicts the risk of dissolved P losses in runoff from
legacy soil P. The GIS-based CSA Index integrates two factors; mobile soil P
concentrations (water extractable P; WEP) and a hydrologically sensitive area
(HSA) index. The HSA Index identifies runoff-generating-areas using high res-
olution LiDAR Digital Elevation Models (DEMs), a soil topographic index (STI)
and information on flow sinks and effects on hydrological connectivity. The
CSA Index was developed using four intensively monitored agricultural catch-
ments (7.5-11 km?) in Ireland with contrasting agri-environmental conditions.
Field scale soil WEP concentrations were estimated using catchment and land
use specific relationships with Morgan P concentrations. In-stream total reac-
tive P (TRP) concentrations and discharge were measured sub-hourly at catch-
ment outlet bankside analysers and gauging stations during winter closed pe-
riods for fertiliser spreading in 2009-14, and hydrograph/loadograph separa-
tion methods were used to estimate TRP loads and proportions from quickflow
(surface runoff). A strong relationship between TRP concentrations in
quickflow and soil WEP concentrations (12 = 0.73) was used to predict dissolved
P concentrations in runoff at the field scale, which were then multiplied by the
HSA Index to generate sub-field scale CSA Index maps. Evaluation of the tool
showed a very strong relationship between the total CSA Index value within
the HSA and the total TRP load in quickflow (12 =0.86). Using a CSA Index
threshold value of 20.5, the CSA approach identified 1.1-5.6% of catchment ar-
eas at highest risk of legacy soil P transfers, compared with 4.0-26.5% of catch-
ment areas based on an existing approach that uses above agronomic optimum
soil P status. The tool could be used to aid cost-effective targeting of sub-field
scale mitigation measures and best management practices at delivery points of
CSA pathways to reduce dissolved P losses from legacy P stores and support
sustainable agricultural production.

Highlights

¢ A new GIS-based tool identifies CSAs of legacy P at the sub-field scale.

e The index uses water extractable P, a soil topographic index and Li-
DAR DEMs.

e The CSA Index was evaluated against measured total reactive P loads in
quickflow.

e HSAs were more important in P CSAs than high soil P or mobilisation po-
tential.

o The tool allows targeted, cost-effective mitigation at delivery points and
pathways

Keywords: Critical source area, Diffuse pollution, Phosphorus, LIDAR DEM,
Agriculture, Hydrologically sensitive area
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Abstract:

Stormflow and baseflow phosphorus (P) concentrations and loads in rivers
may exert different ecological pressures during different seasons. These pres-
sures and subsequent impacts are important to disentangle in order to target
and monitor the effectiveness of mitigation measures. This study investigated
the influence of stormflow and baseflow P pressures on stream ecology in six
contrasting agricultural catchments. A five-year high resolution dataset was
used consisting of stream discharge, P chemistry, macroinvertebrate and dia-
tom ecology, supported with microbial source tracking and turbidity data.

Total reactive P (TRP) loads delivered during baseflows were low
(1-7% of annual loads), but TRP concentrations frequently exceeded the envi-
ronmental quality standard (EQS) of 0.035 mg L' during these flows (32-
100% of the time in five catchments). A pilot microbial source tracking exer-
cise in one catchment indicated that both human and ruminant faecal efflu-
ents were contributing to these baseflow P pressures but were diluted at
higher flows. Seasonally, TRP concentrations tended to be highest during
summer due to these baseflow P pressures and corresponded well with de-
clines in diatom quality during this time (R?=0.79). Diatoms tended to re-
cover by late spring when storm P pressures were most prevalent and there
was a poor relationship between antecedent TRP concentrations and diatom
quality in spring (R2 = 0.23). Seasonal variations were less apparent in the ma-
croinvertebrate indices; however, there was a good relationship between an-
tecedent TRP concentrations and macroinvertebrate quality during spring
(R2=0.51) and summer (R2 =0.52).

Reducing summer point source discharges may be the quickest
way to improve ecological river quality, particularly diatom quality in these
and similar catchments. Aligning estimates of P sources with ecological im-
pacts and identifying ecological signals which can be attributed to storm P
pressures are important next steps for successful management of agricultural
catchments at these scales.

Highlights

e The magnitude and ecological impacts of stormflow and baseflow P pres-
sures were investigated.

e Phosphorus pressures (in terms of concentration) were generally greater
during baseflow than during stormflow.

¢ Baseflow P pressures appeared to impact stream diatom ecology.

¢ A pilot exercise indicated human and ruminant faecal effluents were con-
tributing to baseflow P pressures.

e Improving river ecological quality likely requires a reduction in point
sources.

Keywords: Stormflow, Baseflow, Phosphorus, Agriculture, Diatoms, Ma-
croinvertebrates
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Abstract:

Management of agricultural diffuse pollution to water remains a challenge
and is influenced by the complex interactions of rainfall-runoff pathways, soil
and nutrient management, agricultural landscape heterogeneity and biogeo-
chemical cycling in receiving water bodies. Amplified cycles of weather can
also influence nutrient loss to water although they are less considered in pol-
icy reviews. Here, we present the development of climate-chemical indicators
of diffuse pollution in highly monitored catchments in Western Europe. Spe-
cifically, we investigated the influences and relationships between weather
processes amplified by the North Atlantic Oscillation during a sharp upward
trend (2010-2016) and the patterns of diffuse nitrate and phosphorus pollu-
tion in rivers. On an annual scale, we found correlations between local catch-
ment-scale nutrient concentrations in rivers and the influence of larger, oce-
anic-scale climate patterns defined by the intensity of the North Atlantic Os-
cillation. These influences were catchment-specific showing positive, negative
or no correlation according to a typology. Upward trends in these decadal
oscillations may override positive benefits of local management in some years
or indicate greater benefits in other years. Developing integrated climate-
chemical indicators into catchment monitoring indicators will provide a new
and important contribution to water quality management objectives.

Keywords (S): Climate-chemical indicators, Weather processes, North Atlan-

tic Oscillation, nitrate and phosphorus, pollution in rivers, water quality man-
agement.
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