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Estimation of pesticide application in buffer
zones around Danish addresses
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What we are working on now:

Estimating the actual pesticide exposure
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Sprajtegifte i landbruget mistaenkes for
at veere skyld i borneleukaemi
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PESTICIDES AND LEUKEMIA

= Most common cancer in children

=  Multifactorial: interaction between genetic (inherited) susceptibility factors and
exogenous exposures

= Chronic low-level pesticide exposure during pregnancy and early childhood could be
risk factor

= Challenge: relatively rare outcome and low-levels of exposure
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International Journal of Hygiene and

Environmental Health :"_“'L'""--;_‘ =

Volume 222, Issue 1, January 2015, Pages 49-67 =

Household exposure to pesticides and risk
of leukemia in children and adolescents:
Updated systematic review and meta-
analysis

Geneviéve Van Maele-Fabry ® © &, Laurence Gamet-Payrastre & Dominique Lison ©

(a) Forest plot of studies related to residential pesticide exposure and all types of childhood

leukemia
Study OR (95% CI) Weights (%)
Lowengart et al. (1987) 3.8 (1.37-13.02) 0.29
Buckley et al. (1989) 1.85 (1.16-2.99) 1.61
Leiss and Savitz (1995) 3(1.6-5.7) 0.9
Alexander et al. (2001) 3.67 (1.54-8.74) 0.48
Soldin et al. (2009) 2.77 (1.08-7.14) 0.41
Spix et al. (2009) 0.69 (0.42-1.12) 1.5
Castro-Jiménez and Orozco-Vargas (2011) 2.8(1.01-7.77) 0.35
Slater et al. (2011) 1.06 (0.78-1.42) 4.03
Ding et al. (2012) 1.63 (1.04-2.55) 1.8
Ferreira etal. (2013) 2.24 (1.57-3.2) 2.85
Maryam et al. (2015) 0.55(0.25-1.2) 0.59
Bailey et al. (2015) 1.64 (1.53-1.75) 80.18
Zhang et al. (2015) 1.8 (1.1-2.8) 1.66
Hyland et al. (2018) 0.84 (0.57-1.26) 2.3
Ferri etal. (2018) 1.65 (0.92-2.96) 1.06
Total 1.57 (1.27-1.95) 100

T T 1
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Positive association confirmed

for domestic use

Low-quality of evidence

Need for better studies
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ENVIRONMENTAL EXPOSURE?

— ,
Booth et al. Environmental Health (2015) 14:82

DOl 10.1186/512940-015-0070-3 ENVIRONMENTAL HEALTH

Research
Risk of Childhood Cancers Associated with Residence in Agriculturally R Open Access
Intense Areas in the United States . . . W) crossmark
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the associations observed in this study
need to be confirmed by analytic
epidemiologic studies using individual
level exposure data and accounting for
potential confounders that could not be
taken into account in this ecologic
study.
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ENVIRONMENTAL EXPOSURE?
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WHY DENMARK?

Environmental data
Exposure in time and space
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Environment International

. ‘ I IY DE N I I IAR I( : -—'—E‘L— Volume 143, October 2020, 105955 Ph
|

Residential proximity to agriculture and risk
_ o _ of childhood leukemia and central nervous
= >60% population near indirect agricultural exposures system tumors in the Danish national birth

= Danish National Birth Cohort: cohort s
| 96’84] ||Ve blrths .I 996_2003 Deven M. Patel ?, Steen Gyldenkzerne ®, Rena R. Jones ?, Sjurdur F. Olsen ©, Gabriella Tikellis ¢,

Charlotta Granstrém ©, Terence Dwyer ©, Leslie T. Stayner ®, Mary H. Ward ® 2 =

= Case-cohort analysis
= 191 cases (61 leukemia, 59 CNS)
= 9171 controls (~10% random sample)
» Geocoded residences during pregancy
» Danish General Agricultural Reqgister
* From 1996: location and area of subsidized crops (crops for sale & grassland)
= /20,000 fields
= Spatial resolution 2-5m
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EXPOSURE TO CROPS

Area within buffer zones 250, 500, 1000, 2000m where

these crops are grown

Winter cereals
Spring cereals
Grass/clover
Winter rapeseed
Peas

Maize

Sugar beets

Seed crops

Planting cycel matched to each month of pregnancy
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EXPOSURE TO ANIMALS

Central Husbandry Reqister

= /7,000 animal locations

Cattle Es &I
Pigs R Q
Sheep/goat - . s

Poultry
Others (mink, deer etc) )

—

yy O y D

- Sum animals Total nitrogen excretion N,
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Table 3
Hazard ratios (HR) and 95% confidence intervals (95% CI) for childhood leukemia and CNS tumors associated with crop area (total, by type) within 500 m of the
home during pregnancy, unadjusted and adjusted for total animal nitrogen excretion (Nex) ' within 1000 m of the home.

Leukemia CNS tumors
Crop Type Range (hectares) N Cases Unadjusted for Total Adjusted for Total Cases Unadjusted for Total Adjusted for Total
Animals” Animals” Animals® Animals”
n HE. (95% CI) HR (95% CI) n HR (95% CI) HR (95% CI)
No Crops No Crops 3479 17 Ref Ref 19 Ref Ref
Total Crops = 0-<69 1962 11 1.2 (0.5-2.5) 1.3 (0.6-2.9) 12 1.2 (0.6-2.5) 1.1 (0.5-2.4)
6.9-23.9 1957 14 1.5 (0.7-3.0) 1.9 (0.8-4.4) 15 1.5 (0.7-3.0) 1.2 (0.5-2.8)
24-66 1964 19 2.0 (1.02-3.8) 2.6 (1.02-6.8) 13 1.3 (0.6-2.6) 1.0 (0.4-2.8)
Winter Cereals 0-=<1.5 1961 10 1.1 (0.5-2.3) 1.2 (0.5-2.7) 13 1.3 (0.6-2.6) 1.1 (0.5-2.5)
1.5- < 8.3 1961 20 2.1 (1.09-4.0) 2.4 (1.1-5.3) 17 1.7 (0.9-3.3) 1.3 (0.6-2.9)
8.3-566 1961 14 1.4 (0.7-3.0) 1.7 (0.7-4.3) 10 1.0 (0.5-2.1) 0.8 (0.3-2.0)
Spring Cereals 0-=08 1961 14 1.5 (0.7-3.0) 1.6 (0.8-3.4) 15 1.5 (0.7-2.9) 1.3 (0.6-2.7)
0.8- < 5.0 1961 16 1.7 (0.8-3.3) 1.8 (0.8-4.1) 14 1.4 (0.7-2.8) 1.1 (0.4-2.6)
5.0-46 1961 14 1.5 (0.7-3.0) 1.5 (0.6-3.9) 11 1.1 (0.5-2.3) 0.8 (0.3-2.1)
Grass/clover 0 2214 8 0.7 (0.3-1.7) 0.9 (0.4-2.2) 14 1.2 (0.6-2.5) 1.1 (0.5-2.4)
=0-=<1.1 1708 16 1.9 (0.96-3.8) 2.7 (1.2-6.2) 9 1.0 (0.5-2.3) 0.9 (0.4-2.2)
1.1-32 1961 20 2.1 (1.1-4.0) 3.1 (1.2-7.7) 17 1.7 (0.9-3.2) 1.5 (0.5-3.9)
Winter rapeseed = 0-15 2445 17 1.4 (0.7-2.8) 1.5 (0.6-3.6) 18 1.4 (0.7-2.7) 1.2 (0.5-2.8)
Seed crops = 0-24 1800 9 1.1 (0.5-2.6) 1.2 (0.5-3.1) 11 1.3 (0.6-2.8) 1.1 (0.4-2.7)
Sugar beets = 0-20 1600 15 1.9 (0.96-3.9) 2.2 (0.9-5.3) 8 1.0 (0.4-2.2) 0.7 (0.3-2.1)
Peas =012 1698 17 2.0 (1.03-4.0) 2.4 (1.02-5.4) 15 1.7 (0.9-3.4) 1.5 (0.6-3.5)
Maize = 0-20 1130 13 2.3(1.1-4.9) 2.8 (1.1-6.9) 4 0.7 (0.2-2.1) 0.5 (0.1-1.8)

1 Nex values were calculated by multiplying numbers of each animal type by animal-specific nitrogen excretion rates.

2 Adjusted for child gender and maternal age.
3 Adjusted for child gender, maternal age, and total animal Nex within 1000 m of the home.
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Samfund
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BUT WHAT ABOUT PESTICIDES?

>, App_rate,, 2012 2013,CropType * ACropTypex
All.mld_x { 1 )

App_ratecy, ar . =
where

App_ratecorarx = Corrected application rate per hectare in year x
for active ingredients (1996-2003), g Al ha !

App_rateaj 2012 2013,cropyype = Reported average application rate per
ha for year 2012 and 2013 by crop type, g Al ha !

Acroptypex = Area with the crop type in year x, ha

Algpiqx = Amount of Al sold in year x, g

n
App_AIBuﬁer,xJ = Z App_rafgt'orr,m,x * Ar_.‘mp'.fjrpe.ﬂu_ﬂ'er,x * AIch‘y {2)
1

where

App_Alpyfer.my = Applications in the buffer in year x and month y, g
Al

AcropType,Buffer.x = Area of crop type in the buffer in year x, ha
Alprqc,y, = Fraction of active ingredients applied to crop type in
month y, dimensionless

n = crop types with applications of Al

AARHUS
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HEALTH

We found elevated risk of childhood leukemia in offspring of
mothers with the highest tertiles of applications of the
herbicides fluroxypyr/bromoxynil/ioxynil, phenmedipham, and
tribenuron-methy! and the fungicide tebuconazole, adjustment
for total animal Nex within T000 m increased the risk estimates
slightly (HRs were > 2.0) but none were statistically significant.

Our findings suggest that living in areas of Denmark with a high
density of agricultural crops during pregnancy was associated
with increased risk of childhood leukemia in the offspring
although the reasons for this association are not clear. A few of
the nine herbicides and one fungicide that were used on a high
proportion of crop fields showed similar patterns of elevated
leukemia risk, but the correlated use and other limitations of the
pesticide use metrics prohibit conclusions about specific
pesticides.
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IMPROVING THE EXPOSURE MEASURES

Based on application journals, AU ENVS has estimated for planning years 2010-2021

applied kg of active ingredient by CAS-no. for each
= Month
= 100x100 m grid cell in the Danish Kvadratnet .

Figur 1
100 km- og 10 km-nettene, vist med gra hen-
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BUFFER ZONES

For each of > 2 million addresses in DK

» Calculate the percentage of area of the
DKN_100m_ETRS89 cells within

= T00m
= 250m
= 500m
= 1000m

= Sum kg of each pesticide for each month,
weighted by % grid cell within circular buffer
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NEED FOR SPEED

Fastest (laziest?) to do by geometry in R:

= Construct relevant DKN_100m_ETRS89 cells for
each address

» Calculate overlap geometrically

- 1 year pesticide data set, all households ~ 3h

Could it have been done in QGIS? Other tools?
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NEXT STEPS

: I“
H

We now have e . “
= pesticide application (kg,,) within | i - w EEEEE] N RS

buffer zones

» Number of animals within buffer ot s TAA S0 s DS I i o R

Zones

A bit too much data to get started: i e R e
—~ Aggregation of pesticides HECEt N Raucam B EE aali;

Most comprehensive nationwide SN pESIN | o
exposure dataset for pesticide - FEEE] |

application

- Lots of epidemiology to come :, = e i . -;;;3.,.' — :: -
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TAK NOVO nordisk
foundation

Steen Gyldenkcerne (AU ENVS)

Henriette Horsdal (National Center for Register-based Research NCRR, AU)

Cecilie Schmidt @stergaard (AU Public Health, NCRR)

Torben Sigsgaard (AU Public Health)

Carsten B Pedersen (National Center for Register-based Research NCRR, AU)
Marianne Gigrtz Pedersen (National Center for Register-based Research NCRR, AU)

Contact: js@ph.au.dk

o
Twitter: @JorgSchullehner }1 BERTHA &

Department of Public Health

Bluesky: @jorgs.bsky.social _ _
BERTHA - Big Data Centre for Environment and Health

Novo Nordisk Foundation Challenge Programme
(grant NNF170C0027864).
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@JorgSchullehner #30DayMapChallenge 2021, Day 22: Boundaries
Background: Natural Earth

Jorg

@jorgs.bsky.social

Schullehner

17 followers 28 following 7 posts

Environmental Health | Water Quality | GIS | Assistant Professor @Aarhus University



Course GIS in Health Sciences

ECTS: 3 Course leader: Jorg Schullehner Language: English

Graduate school: Faculty of Health Graduate program: PH Course fee: 3,600.00 DKK

Status: Course is open for application Semester: Spring 2024 Application deadline: 12/02/2024
Cancellation deadline: 26/02/2024 Start date: 11/03/2024 Administrator: Lena Melchior Villadsen

Course Advanced GIS in Health Sciences

ECTS: 5 Course leader: Jibran Khan Language: English

Graduate school: Faculty of Health Graduate program: PH Course fee: 6,000.00 DKK

Status: Course is open for application Semester: Fall 2024 Application deadline: 23/09/2024
Cancellation deadline: 0//10/2024 Start date: 21/10/2024 Administrator: Anne Fabricius
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