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Three Cases

1) Heavy metals in Kgbenhavn
i) TCE trichloroethene in apples
i) A new risk: perfluorinated compounds PFAA, PFOA, PFOS
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1) Heavy Metals in Copenhagen

.......

In most if not all Western cities, people start to grow their own
vegetables and fruits in a wave named "Urban gardening". People do
so for sustainability, fresh and healthy food and for the joy of gardening.

Copenhagen is no exception.
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Most if not all Western city soils are contaminated with pollutants such as

lead (Pb) and other heavy metals (Cd, Cu, Cr, Ni, Zn), arsenic (As), organic
contaminants (tar, oils) and more. Paris, London, Berlin ...

Copenhagen is no exception.




Heavy metal lead Pb

Highly poisonous. Blood and brain
disorder. Cognitive deficits in children.

Ruled out in DK since 2000 but presence
in Copenhagen soils 200 to 600 mg/kg
dw.

Soil quality target 40 mg/kg,
intervention value 400 mg/kg

"It Is appropriate to take measures to
reduce the presence of lead in food as
much as possible (EU 2006)."

Lead limit ug/kg fw
Vegetables 100
Leafy vegetables 300
Green kale 300

Lead was highest 1960 to 1980 in

Old roofs are a common Pb source:

city centers (London, Berlin) and
causes slow cognitive development
of children - the true reason for the
punk wave?
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environme!

of heavy metal pollution in the urban

Sources

February 2017

Measured Pb concentration in top soils KH and omrade
public parks (times soil quality standard 40 mg/kg dw)
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Figure 11: Soil Quality Criteria Index for Pb.
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Project “Risks of Urban Gardening”

Facts

KH Kommune Teknik- og Miljgforvaltning contacted DTU, and our
students grew and analyzed vegetables and fruits for their heavy metal
content.

Questions

> |Is it hazardous to do Urban Gardening in KH?
» Do the harvest products contain heavy metals at risky levels?

» Do the harvest products contain heavy metals above legal standards?

All data shown are from student projects.

DTU Environment




Campaign 2014 Martin Bjerge Jgrgensen
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Radish, spinach, lettuce grown in containers

Down-town but with clean soil. Uptake from air.
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Campaign 2014
Martin B. Jgrgensen

Downtown but in clean soll . P\
= uptake from air “E == L
Measured concentrations, fresh weight. l » r—_ 5
In brackets: legal standards.

Lead Cadmium
Soil mg/kg dw 14 to 31 (40 / 400) 0.08 to 0.27 (0.5)
Lettuce pg/kg fw 26 to 69 (300) 21 to 68 (200)
Spinach 28 to 51 (300) 55 to 145 (200)
Radish 6 to 9 (100) 3 to 6 (100)

Growing plants in clean soil down-town Copenhagen gave
vegetables with no reason for concern.

It can also be concluded that air pollution in Copenhagen is no
obstacle for urban gardening.
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Campaign 2012/13

Marlies Warming
and Mette Guldborg Hansen

Gardening in local soil

Does intake of trace elements through urban gardening in
Copenhagen pose a risk to human health?

Marlies Warming “, Mette G. Hansen *°, Peter E. Holm ¢, Jakob Magid 2,
Thomas H. Hansen ?, Stefan Trapp ”

2 Department of Plant and Environmental Sciences, Faculty of Science, University of Copenhagen, Thorvaldsensvej 40, 1871 Frederiksberg C, Denmark
b Department of Environmental Engineering, Technical University of Denmark, Miljoevej 113, 2800 Kongens Lynghy, Denmark

Environmental Pollution 202 (2015) 17-23
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Campain 2012/13 Sampling sites

SN - @ Soil samples

® Vegetable samples

1 noname garden

2 KU SCIENCE student
gardens
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S KeBenhavn
Frederiksberg 3 Strandlyst allotment
gardens
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Sampling sites in Copenhagen (map.fror‘n ka.kort.dk).
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Concentrations in soil (mg/kg dw) =

1 =low 2 =medium 3 = above legal standard for As, Cd, Ni, Pb, Zn
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Concentrations in vegetables (mg/kg dw)
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Figure 12, Trace metal concentrations in the vegetables. Concentrations of Cd, Cu and Zn are derived from
analysis with ICP-OES, while Pb concentrations originate from analysis with GF-AAS. Error bars indicate
95 % confidence intervals (n = 3, if the vegetable was only present at 1 subsite, or n = 6, if the vegetable was
present at 2 subsites, compare section 3.1.1).
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Risk assessment

Ratio of intake to tolerable daily intake.

Vegetable consumption (Danish average) and

direct soil ingestion (200 mg/d children, 50 mg/d grown-ups).
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The risk in KH (if any) is not the food from contaminated sites - it is
Intake of soil attached to vegetables and by playing children!
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Lead in vegetables - urban gardens and commercial

Concentrations in ug/kg ww

Pb Urban produce? "normal” food | EU

limite
n mean | min - max n min - max

Carrot 4 24 12 - 35 24 3 - 37 100

Radish 3 22 11 - 38 5 10 - 40 100

Potatod 5 17 8 - 33 143 0 -39 100

Lettuce 3 54 28 - 78 10 5-61 300

Kale 4 39 23 - 63 23 26 — 164 300

2 Values from Hansen and Warming (2013) and Jgrgensen (2014)

b Food database of Denmark http://frida.fooddata.dk

¢ Limit values according to Commission regulation EC No. 1881/2006
d Potatoes analyzed with peel, EU limit value for potato without peel

DTU Environment
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Conclusions and recommendations

Heavy metals Kgbenhavn

We found that lead is the most problematic heavy metal in KH soills.

All concentrations in vegetables were below legal standards
and not higher than in commercial products.

Most lead is taken up with attached soll, or by direct soil ingestion.

Thus: wash your hands; wash and peel your vegetables;
If possible, use clean soil in containers for gardening downtown.

Reference: Warming, M., Hansen, M.G., Holm, P.E., Magid, J., Hansen, T.H., Trapp, S.
(2015). Does intake of trace elements through urban gardening in Copenhagen pose a risk
to human health? Environmental Pollution 202, 17-23.
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1) TCE Trichloroethylene in fruits

Own studies: Wood samples to screen for GW
contamination — very successful, often TCE

We never found TCE in fruits
and only small amounts in leaves.

Is there a health risk from TCE plant uptake?

Soil gas sampling Tree coring
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M Hill AFB, Utah 84056-5824 www.hilltoptimes.com hilltop.pa@hill.af.mil Vol. 57 No. 40, October 11, 2001 H

by Charles Freeman
Enviromental Public Affairs

Results from a recent Hill AFB sponsored study
show traces of TCE (Trichloroethene) in home-
grown fruit from selected fruit trees sampled in
Sunset and Clinton.

In August and September, Utah State Univer-
sity scientists — at Hill's request - sampled fruit
trees and vegetable gardens for possible conta-
mination and discovered small traces of the chem-
ical in the fruit samples. Hill environmental
officials believe this could be the first time
= TCE has ever been detected in homegrown fruits.

Hill officials did the study after they were
approached by residents who attended envi-
ronmental-sponsored InfoFairs held last fall in
Sunset and Clinton. At that time, nine residents
asked environmental personnel to sample their
fruit trees and vegetable gardens for possible
] contamination.

Extremely low traces of TCE were found in
trees belonging to seven of the nine residents.

NSIDE:

property of the other two residents. In addition,
the study showed no such contamination in veg-
etable gardens sampled in the same areas.

During the last few years community outreach
efforts have been stepped up considerably by
Hill's environmental staff. The InfoFairs provide
an opportunity for people in the surrounding
areas, impacted by the groundwater contami-
nation, to get pertinent information on Hill's
cleanup program.

TCE is a degreasing solvent commonly used
at Hill AFB until the mid-1970s and is the most
common groundwater contaminant at Hill. Accord-
ing to published information, TCE is sus-
pected of causing cancer in animals, but its effects
on humans, especially atlow levels, isn’t known.

“The sample results came as a complete sur-
prise to us,” said Allan Dalpias, the base’s direc-
tor of Environmental Management. “When the
first set of sampling results arrived in late August,
our first inclination was that there was probably
amistake somewhere.” A second set of samples

| discrimination There was no detection of TCE in fruit at the W See Fruit, page 5
Page 3 ]
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TCE found in local fruit tree samples

How chemicals
get into trees -

Trees pump the most water
during the spring and summer
when the fruit is growing. Once
¢ the fruit has matured, the tree
pumps less waler. During
winter, the tree pumps just
enough water to stay alive

4 e, ‘
'~‘&s‘1. /

PEIASEY < ) s
=== | Chemicals in the ground-

| waler are pumped up
- through the roots and into

lowest chemical concentrations
are at the top of the shallow
groundwater.

Shallow Groundwater
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Summary of field survey results (ug/kg fw)

Total Detects Total Detects Total Detects
Sample .
type samples above samples | above |samples| above
(Year 1) MDLP (Year 2) MDL (Year 3) MDL
. 15
Fruit 103 257 0 149 0
0.4-17.9)
Trunk 13 10 93
cores 64 58 (0.6 to 264 (0.4 to
(0.4 to 7.5) 62) 204)
Total 167 28 315 10 413 93

417 locationsinyear 1, 31 inyr 2, and 5 in yr 3. Replicates included.
0.1 ug/kg fresh weight




Hypothesis

TCE \

(glycoside metabolite, trichloroethanol)  Volatilization

TCE Very little risk of TCE (and PCE, DCE, VC)
accumulation in fruits due to rapid volatilisation.
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I11) Perfluoroalkyl acids PFAA

About 4000 perfluorinated compounds in use (!) for pizza boxes, fire
foams, impregnation, who-knows-what. Very stable. Hydrophobic and

lipophobic (film-forming). Bioaccumulative and persistent!
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PFBA Perfluorobutanoic acid PFOA Perfluorooctanoic acid

DTU Environment




Example: Germanys best vegetable land — 644 ha UT!

>

contaminated by polyfluorinated compounds in recycled paper comp‘fﬁt
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https://en.wikipedia.org/wiki/File:Perfluorooctanoic_acid.png

Study on plant uptake of PFAA
Andrea Gredelj, guest PhD at DTU in 2019

Chicory exposed to 9 PFAA in soil and irrigation water for 81 days
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Study on plant uptake of PFAA
Chicory data Andrea Gredelj, model Andrea & Stefan 2019
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High accumulation from solil in plants of short PFAA
those are so far not considered bioaccumulative (in fish, milk, meat)

No regulation, little attention — take care!



Results plant uptake of PFAA
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a) logRCF, vs. logKd b) logRCF,, vs. CF, logK, vs. CF,
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Short-chain PFAA are the
» only known chemicals with

» low Kd (adsorption to soil) and

,,,,,,

high RCF (adsorption to plant roots).

>
» = bioavailable and bioaccumulative
>

\ o and highly persistent!

Department of Environmental Engineering



Overall Summary (three cases)
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1) Heavy Metals

Legal standards exist for both soil and vegetables.
In KH little transfer into garden plants, but risk of direct soil ingestion.

i) TCE trikloroetylen is a frequent groundwater pollutant in DK

Legal standards for solil exist (5 mg/kg). There is little or no risk for
uptake into fruits, such as apples.

i) Perfluoroalkyl acids PFAA

Widely used persistent compounds. PFOA and PFOS no longer used,
but others are. Their unique properties make them suspect for very
high accumulation in leaves and fruits.

No legal standards (yet?), more studies welcome.

DTU Environment
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