Soil Spreading of Organic Waste Products:

Source of Secondary Organic Aerosols
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Agricultural lands occupy about 40-50% of the INTRODUCTION

Earth’s land surface. Volatile organic compounds

condensation/coagulation’ A arosols
(VOC) emissions from soil, litter or related to SOA H,SO, HNO, .. — ooy ®eo |
agricultural practices receive little  attention | nucieaten @o rnePorAgMS

: : Oxydation oF ® e

compared to those emitted by the vegetation even H‘OH' hv,0,) T "
though they may represent important sources of NO=>NO: \vﬁigﬁié’?
VOC leading further to the formation of secondary =~ "or 502 e O3 OHSCOY_HO,
pollutants such as O; and secondary organic WKL /,rimaryaerosols
aerosols (SOA). Emissions from agriculture may TP

have important impacts on the quality of air, soll,
water and long-term sustainability of agricultural
ecosystems (Lal et al., 2008).
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Organic waste products (OWP) may be used

agriculture as organic amendments to improve soll
fertility. The valorization of different types of OWP
from farms (cattle, slurry..), urban (sewage sludge,

green waste) or

iIndustrial

origin

IS currently

promoted as a substitute for mineral fertilizers.
OWP have a wide variety of characteristics due to
their origin and the treatments that they may
undergo before spreading and this diversity could
have a significant impact on atmospheric emissions

(S. Houot et al.,

2014).

Chamber dimensions : L=0.55m, | = 0.29m, residence time = 5.3min

Reactor :

Green waste

dN/dlogdDp (#cm?)

L=1m, d = 0.1m, residence time = 1.3min

dN/dlogDp (#/cm?)
6

RESULTS

Leaf compost

£

c—| O;generator

Sewage sludge

Investigate VOC emissions from agricultural soils amended with different OWP, their subsequent reaction with O; and the SOA formation

EXPERIMENTAL SET-UP 0 analyser > SuPsS
Alr = enerator
. .. g Sagenerst | TE Al > PTR-ToF-MS
Soil and OWP containing chamber coupled to a flow tube reactor M o =
- | g O, analyser
Soil samples collected in Grignon, ICOS site, France 1 | >
. i ] %—) SMPS | > NOx analyser
Different OWP tested : green waste, leaf compost, sewage sludge, liquid manure ! o N
-ToF- l > HETS 2 £=>Pump
Measurement of VOC, SOA, O;, SO,, NOx, NH,;, CO, RH%, particles distribution, concentration and > Frns ! [TOF'S'MSﬁ“EfS
PR L L LR LT ’ ;
molecular composition | > HO+CO,
Air = Jcov cov I > Exhaust

Schematic of the experimental set-up

2 types of ozonolysis experiments : heterogeneous + gas phase and

only gas-phase ozonolysis experiments

Liquid manure

dN/dogdDp (#ecm’®)

63,8 638 3 &3 SIS (e 63,8 { 1E+06
E g © o] i '§ E - 1E+05
5 5 5 G
D 10 % 10 3 ' : v é 10 ; % 10 e
% £ 5 : @ £
@ 2 i . o T [ 1E403
2 10° 2v0 ] T T T 1 1 L D l
2,02 2,02 116 ) 124 128 R 173 1740 174 1748 175 1520 15-30 15-40 1550 16:00 1610 16:20 202 1E+02
08:30 09:00 : : A 120 16:35 16:40 16:45 16:50 16:55 17.00 17:05
300 300 ! ; i
] 36: 80 4 ,,/ e R R 400 ] Chamber opened for
o) ~ay 3 a 1 ' o 3004 mixin the sample
5. 200 \% 200 N = 04 !} '8. ' 8 p
< o 0 o : ,- £ 200-
O 100 - O 100 | 04— - !
x x X X X X X X 15:20 15:30 15-40 15:50 16:00 16:10 16:20 O 100'_
0 T T T T ] 0 T 1 T T T T ] 1715 1719 173 127 1731 1735 17:40 17:44 1748 0
08:30 08:36 08:42 08:48 08:54 09:00 09:00 09:30 10:00 10:30 11:00 = 06 1695 1 6 4 1 6 45 N 50 6 55 ”, 00 1? 05
018 T T T - T rof ’
5, ) i S ol —— m132.11 (CTH1502)H+
~ o b - ’
Ié 3- m 205.195 (C15H24H)H+ | 2 m?2 ( ) ® . 1000 40000
~ (@] o 02 . 0 i
5 g , S 5 BUUj - 30000
9 24 o = 00+ Y T v T Y T Y T Y T ¥ 1 w 600 1 03 in
o £ 15:20 15:30 15:40 1550 16:00 16:10 16:20 - . 0, in L 20000
. . S O 400 - !
S T T T T 0 0 0.4 20 T
= 08:30 08:36 08:42 08:48 08:54 09:00 09:00 091;30 10100 10‘;30 11:00 % 200 - Wﬁ - 10000
~—m33.031 (CH40)H+ methanol 1 1 L
2 " s | ~— M71.04758 (CAHGO)H+ MVK+MACR 2 0 — S - i it 0
. —— m33.031 (CH40)H+ methanol) N ' ! ' ' v ' ' ’ i ~— m109.10025 (C8H12)H+ Y - 16: 16:4 16:4 1 1 17: 17:
s 061 (CsHGO)H wone) IO (CAHBO)H butanone WEK e 90481 (C3HEOHracetone - m33.031 (CHAO)F+ methanol) ]\ e (CI(SHGO)H)+ acetone =y i 520 ?CBS?N He e o5 s —Urg 109.07600 {(?TSH BO)H+
~ ‘ ‘ —— m71.04758 (C4HB0)H+ MVK+ MACR ——m71.04758 (C4H60)H+ MVK+MACR ] “l‘\ ,,' ' ot —— m132.07899 (COHAN)H+ '
g W“ if m “ m109 10025 (CBH12)H+ . — M73.04758 (C4H8O)H+ butanone+MEK W “ 7306367 (C4HAO}+ butarione MEK 2 ”
g b ‘ i W\ * WA W ‘ 2 15 — m109.1025 (C8H12)H+ * B 500 l , ,
g » M w ”\ “ﬂ‘ ]( W Hl wl " J W g - 1. | o o~ 4 m136.07401 (CSHONOJH+ | ]
rU Ml ~Iu ‘M iyl ~a,. it R | R Rl
> 10 LA il ‘ ‘ “A 4 " ! HW'\ ‘) rhk M L m | g 4 JWW - W@ 3004 Moo W |
7 I = - m - . !
£ ‘ o 'ﬂ” mm W - ] . w '
il hy m . 0, in
Z M WW g . M‘M | ! | Q 200+ Oz '. F' ’
i - = ‘ W i MWW 1™ ’ d s I TR L 2 400 T B
5 - Y i e M s W At Wy % Wiy rL it Rt 5 - ~u | \ 1-3 20 15:30 15:40 15-50 16:00 1610 1620 g . b |
s wwwwmwww bt | ‘ W \ e ——m136.07512 (CBHINO)H+ Time (hhimm) —— m61.03030 (C2H402 s e e R Ay -
I”W i " WWMM” MWW W“WWW W Moo i o, M164.07288 (COHON)H+ m75.04563 (C3H602 16:35 1640 1645 1650 1655 1700  17:05
0.0 0 . . - . : 0,0 —— m89.061 (C4H80O2H . +
0830 0830 0842 0848 08354 09:00 09:00 09:30 10:00 10:30 11:00 e th: ) Time (hh:mm)

time (hh:mm)

Typical ozonolysis experiment on soill
and green waste

time (hh:mm)

Typical gas phase ozonolysis experiment on

soil and green waste

Typical ozonolysis experiment on soill
and leaf compost

Mm103.078 (C5H1002 5~
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and sewage sludge

v' Rapid SOA formation due to ozonolysis of sesquiterpenes emitted by green waste (SOA yields of ~
v No SOA formation from leaf compost

3%)

v Different chemical mechanisms between heterogeneous and gas phase ozonolysis
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Typical ozonolysis experiment on soil
and liquid manure
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v" Rapid SOA formation due to ozonolysis of VOC emitted by sewage sludge
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Offline green waste filter analysis by high resolution ToF-MS Laser Desorption lonization

CONCLUSIONS / FUTURE WORK
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nomogeneous reactions occurring in the gas phase
>

>

Offline aerosol filter analyses complement the gas-phase data :

Offline sewage sludge filter analysis by high resolution ToF-MS Laser
Desorption lonization

OWP + O;=> large VOC emissions and oxygenated VOC formation = contribution to secondary atmospheric pollution

Perspectives: VOC identification, gas-phase and heterogeneous mechanistic chemistry involved in SOA formation ...
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