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Water gquality Is a (the) major topic of
environmental concern in New Zealand
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Samples were
collected from the
water abstraction
point at each of 16
study sites every
three months
between 2009 and
2019
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Four microbes
Campylobacter sp.,
Escherichia coll,
Cryptosporidium and
Glardia were measured
with standard technigques.
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Two sites on the Waikato River, the Oroua River and ONYYRRSTTY
Waiorohi Stream had all four microbes present, often ifmesmorerzzms
high numbers.

Other sites, such as the Hutt River and Big Huia Creek

In Wellington, never had pathogenic microbes or unsafe

levels of E. coli.
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Pathogens

Campylobacter
Cryptosporidium
E. coli

Giardia
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Waikato River- Hamilton|

0

Lake Karapiro
Turitea Dam
Oroua River

Lower Huia Dam
Waitakere Dam
Hutt River
Wainuiomata River
Orongorongo River
Ashley River
Pareora River
Waiorohi Stream
Tautau Stream
Waingawa River
Big Huia Creek
Waikato River - Tuakau |
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Large number of GIS variables = e
linked with New Zealand rivers

Y

Department of Conservation

‘r Te Papa Atawbhai

Glacier mountain, hard sedimentary
Mountain, hard sedimentary
Hill, hard sedimentary
Hill, soft sedimentary
Low elevation, hard sedimentary
Low elevation, soft sadimentary
Lake
Spring

¢ Hillflow elevation, volcanic

Freshwater Ecosystems
of New Zealand

Source: Snelder et al, 2001
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Full NZMG Easting

Full NZMG Northing
District Health Board
Ecoli_pred E coli collected
Ecoli_rain_pred E coli/rainfall
Rainfall

Soil deficit 47 pOte ntial

Runoff

variables

Month

Number of ruminants

Rum_density Ruminants/catchment area

Dairy_density Dairy/area in dairy

popll Population in 2011

ORDER_ Stream order

DISTSEA Distance to the sea

CATCHAREA catchment area

SeglanAirT Summer (January) air temperature (degrees C) — used in the absence of robust estimates of water temperature
Average minimum daily air temperature (degrees C) normalised with respect to SeglanAirT — negative values indicate strongly seasonal

SegMinTNorm climates and positive values indicate weakly seasonal climates

SegFlow Mean annual flow (m3/sec), derived from hydrological models, provided by Jochen Schmidt, NIWA, 2006

Mean annual 7-day low flow (m3/sec), derived from hydrological models, provided by Jochen Schmidt, NIWA, 2006 — see

SegFlowVariability http://wrenz.niwa.co.nz/webmodel/ for details.

Segment slope (degrees), derived from GIS calculation using length and difference between upstream and downstream elevation for each
SegSlope segment

Riparian shading (proportion), the likely degree of riparian shading derived by using national, satellite image-based vegetation classification
SegRipShade to identify riparian shading in each segment, with the degree of shading then estimated from river size and expected vegetation height
Nitrogen concentration (ppb) as estimated from CLUES, a leaching model combined with a regionally-based regression model,

SegCluesN implemented within a catchment framework (Woods et al., 2006)

Average slope (degrees), from mid-point of each river segment to the coast, differing from the original REC estimates of downstream slope


http://wrenz.niwa.co.nz/webmodel/

Artificial intelligence

Machine Learning
Big Data

Non-linear modelling
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Artificial intelligence is already In
widespread use

Critical manoeuvre with / without ESP
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Ruminants

Important
variables ...

I " SegFlow
linked with o
Ecoli_pred

Season
Rain
pop11

Month
USPasture

Giardia ReachSed

SegCluesN

CVr=0.71 e

NO3N_State

Variable

Deficit
Ecoli_rain_pred

b —— ) MC|_State |

Ruminants
Season

Month 1
CATCHAREA -

1A DRP_State
Cryptosporidium
Ecoli_pred

— SegFlow

CV r - Ol61 gRain
pop11
USWetland
SegFlowVariability
ReachSed
ECOLI_State

Variable

Runoff
DISTSEA
NO3N_State |

Importance

Importance



What happens to predictions if we model key MASSEY
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variables while holding all others constant? e e

fitted function

fitted function
fitted function

T T T T T T T T T T
500000 1000000 1500000 2000000 0.010 0.015 100 110 120 130

Ruminants (15.2%) DRP_State (12.6%) MCI_State (9.4%)

fitted function
fitted function
fitted function

T T T T T T T T T T
0.0e+00 4.0e+09 8.0e+09 1.2e+10 100 0.001 0.002 0.003 0.004 0.005

CATCHAREA (8.5%) Deficit (8%) USWetland (7.7%)




The more ruminants in the
catchment the more protozoa

Protozoa
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Pathogens
@ Cryptosproidium
¥ Giaridia

l
500

[ |
1000 1500
Number of ruminants upstream (x 1000)

1
2000




324 MASSEY

¥
5897 UNIVERSITY

EEEEEEEEEEEEEEEEEEEE

UNIVERSITY OF NEW ZEALAND

Protozoa were more prevalent in
waterways with:

1. Lower water guality,

2. Higher numbers of ruminants in the
catchment, and

3. In September and December.
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Important .

Rain

variables et
SegCluesN

' " SCalci
linked with e
= Dairy_density
‘@ DSMaxLocalSlope
S

Season
LogNConcentration
USAvgSiope
Ruminants
Impervious

E. coli corrected B o sl

Rum_density
SegFlowVariability

for rainfall
CV r — 051 Importance

20

USPasture J
Rain l
NO3N_State 1
Month 1
Season J|
SegJanAirT 1
Rum_density |
USCalcium
SegMinTNorm

Campylobacter
sp. et

DISTSEA

— SegCluesN

CV — O 47 ECOLI_State
. USDaysRain ‘{

DSMaxLocalSlope
Runoff

pop11

Variable

10 15
Importance
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The more of the catchment in pasture, — e
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the greater the presence of pathogens

Bacteria

@ Pathogens
<@ Camplylobacter
<@ E. coli = 200 MPN/100 mL

B~ (o)}
o o
| |

Percentage of positive samples
7

| |
0.0 0.2 0.4 0.6
Percentage upstream catchment in pasture
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1. Pathogens are more abundant at some water supply
sites than others.

2. Frequency of specific pathogen prevalence is weakly
correlated with the prevalence of the other microbes. But
In general, sites with pathogens tended to have all of them
present.

3. Protozoan abundance was strongly linked with the number
of ruminants in the catchment, but also ecological health
of the waterway.

4. Bacterial abundance was most strongly linked with rainfall
and the percent of the catchment in pasture.

5. Although drinking water at all these sites is treated, the
recent outbreaks of drinking water contamination
highlight that water managers also need to consider
management of the water supply catchment to ensurg:een: ®

REET

safe drinking water. NEWZEALAND @



