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PESTICIDES - CLASS OF POTENTIAL IMPACT (CIP)
AN INDICATOR TO DRIVE SUSTAINABLE CHOICES

Abstract

1t is proposed the Class of Potential Impact (CIP), an indicator to be associated to the amount of
used pesticides to represent the degree of environmental pressure generated by a multitude of
products characterized by very different environmental properties. The CIP for more than 570
active substances is elaborated using environmental, eco-toxicological and toxicological data
derived from Pesticide Properties Database (PPDB). The CIP, alone or associated with the amount
of pesticides, may constitute a guide to drive the choices in the environmental sustainability and in
the policies of impact reduction by pesticides. It can be applied as a support during the design
phase of territorial planning (eg rural development plans) or sector (eg water management plans,
regulations for protected areas) aimed at greater environmental protection and also as an
instrument of monitoring and evaluation of the result of sustainable strategies in agriculture.

Keywords: pesticides, pesticide sustainable use, environmental pressure

The amount of used pesticides is in itself a good indicator of the pressure exerted on the
environment from agricultural activities. But not all pesticides are equal before the environment and
the health.

It 's easy to understand that a kilo of active substance characterized by high bioconcentration factor,
high toxicity towards fish and high persistence represents a higher pressure on the environment and
a higher hazard than that carried by an identical kilo of active substance readily biodegradable and
of low toxicity to living species.

In a previous contribution (1) it has been proposed an indicator called Class of Potential Impact
(CIP) to associate with the amount of used pesticides as "environmental specific weight", to better
enhance the degree of environmental pressure generated by a multitude of products on the market
characterized by very different properties and characteristics.

In this contribution, this indicator has been further enriched with chronic toxicity data against
various animal species, carcinogenicity and mutagenicity data and has been calculated for new
active substances recently introduced in the market.

For a list of more than 570 active substances (see attached list) we calculated the potential impact
class (CIP) for both single receptor/properties by sector (water, ecosystem, health), also indicating
the category phytoiatricc the No. CAS and the current administrative status
(revoked/authorized/unauthorized substance).

The substances present in the list belong to the organic synthetic substances which historically
represent a potential risk of water contamination, as evidenced by the results of monitoring in recent
years in [taly (2).

It does not include the products based on copper and sulfur, also if not entirely without impact on
the environment, they are compatible with organic farming and then are credited as environmentally
sustainable.

The proposed indicator has multiple uses and can provide guidance to drive environmental
sustainable choices in policies for reducing the impact from pesticides in certain territories and in
particular contexts for protecting determined receptors.

Alone or associated with the used amount of pesticides, the indicator can be applied at different
scales, as a support during the design phase of territorial planning at greater environmental and
health protection (eg rural development plans) or sector (eg water management plans, the



regulations for protected areas) as well as a tool for monitoring and evaluation of the result of
sustainable policies in agriculture.

To process the CIP indicator have been used environmental properties, toxicological and eco-
toxicological data derived from the Pesticide Properties Database- PPDB- (3), established a few
years ago as part of a research project funded by the European Commission.

It is one of the data banks among the most reliable and complete in the field of pesticides, available
on-line and, especially, of simple and immediate consultation.

The table below shows the indicators generally used to describe the main environmental properties,
eco-toxicological and toxicological properties of a chemical along with the thresholds suggested by
the authors of PPDB, to differentiate their hazard to determined receptors.

It is a total of 22 indicators, of which 6 are correlated to the water sector, 11 to ecosystem sector and
5 to the health sector, which we judged to be sufficiently representative to describe any adversity
towards the respective sectors.

Taking into account the indicated thresholds, it is assigned a class of potential impact (CIP) low,
moderate or high, respectively CIP "1", "2" or "3", for each receptor/properties. It is assigned the
class "0" (zero) if there is no available data.

Indicators of environmental, eco-toxicological and toxicological properties, potential impact potential class (CIP) with
respective thresholds

p g : Potential Impact Class (CIP)
. roprieta ambientale,
Indicatore prieta - - . 0 1 2 3
eco-tossicologica, tossicologica -
no data low moderate high
1 |water solubulity at 20°C (mg/l) affinity to water <50 50-500 >500
2 |Koc (ml/g) soil mobility >500 75-500 <75
3 |DT50 soil (day) soil persistence <30 30-100 >100
4 |DT50 water —hydrolysis at pH7 (day) water persistence <30 30-100 >100
5 |DT50 sediment (day) sediment persistence <30 30-100 >100
6 |GUS leachability <1,8 1,8-2,8 >2,8
7 |log Kow like to bioaccumulate <2,7 2,73 >3
8 |LD50 acute mammal (oral mg/kg BW/day) i . 22000 100-2000 <100
mammalian toxicity
9 |NOEL-Short term dietary (mg/kg) 22000 100-2000 <100
10 [LD50 acute bird (mg/kg) bird toxicity 22000 100-2000 <100
11 |LC50 acute fish (96h-mg/l) § i 2100 0,1-100 <0,1
fish toxicity
12 [NOEC Chronic 21 day (mg/l)fish >10 0,01-10 <0,01
13 [EC50 acute aquatic invertebrates (48h mg/l) 2100 0,1-100 <0,1
aquatic invertebrates toxicity
14 |NOEC 21 day (mg/l) aquatic invertebrates >10 0,01-10 <0,01
15 [LD50 acute honeybee (48h ug/bee; oral/contact) honeybee toxicity 2100 1-100 <1
16 |LC50 acute earthworms (14d mg/kg) L. 21000 10-1000 <10
earthworm toxicity
17 |NOEC 14 day eathworm reproduction (mg/kg) >100 0,1-100 <0,1
18 [ADI (mg/kg bw) (*) acceptable daily intake >0,1 0,01-0,1 <0,01
19 |endocrine distruptor effects on the endocrine system no possible yes
20 |effectson the riproduction system effects on the riproduction system no possible yes
21 |mutagenesis mutagenic effects no possible yes
22 |carcinogenesis cancerogenic effects no possible yes

(*) threshold values proposed by author

The indicators from 1 to 6 relate to the Water Sector and describe the hazard of residuality in this
matrix.

The 7 to 17 indicators refer to the Ecosystem Sector and describe the hazard to this matrix by
evaluating the acute and chronic toxicity levels against six animal species and the ability of the
substance to bioaccumulate (Kow).

Indicators 18 to 22 refer to the Health Sector and especially concerning the long-term effects. It
must be said that this sector there are many information gaps, that many "0" classes (no available
data), especially the effects on the endocrine and reproductive system. For carcinogenic effects it
has also consulted the IARC classification, which, when present, was considered prevalent: if the
substance is classified 2A then CIP = 3, if classified 2B then CIP = 2, if classified 3 then CIP = 1.




For carcinogenesis, the PPBD also considers the EPA classification and the European harmonized
classification.

Populating the scheme taking into account the particular values for each indicator, it is possible to
obtain for each active substance a profile both qualitative and quantitative.

Take for example the active substance glyphosate whose qualitative profile is that reported in the
table.

CIP - quality profile for the active substance glyphosate

NI I Potential Impact Class (CIP)
Indicatore Proprleta' am !enta S . 0 1 2 3
eco-tossicologica, tossicologica
no data low moderate high
1 [|water solubulity at 20°C (mg/I) affinity to water X
2 |[Koc (ml/g) soil mobility X
3 |DT50 soil (day) soil persistence X
4 |DT50 water —hydrolysis at pH7 (day) water persistence X
5 |DT50 sediment (day) sediment persistence X
6 |GUS leachability X
7 |log Kow like to bioaccumulate X
8 |LD50 acute mammal (oral mg/kg BW/day) i . X
- mammalian toxicity

9 |NOEL-Short term dietary (mg/kg) X
10 (LD50 acute bird (mg/kg) bird toxicity X
11 [LC50 acute fish (96h-mg/I1) X

fish toxicity
12 [NOEC Chronic 21 day (mg/l) fish X
13 |[EC50 acute aquatic invertebrates (48h mg/1) . . X

aquatic invertebrates toxicity
14 |NOEC 21 day (mg/l) aquatic invertebrates X
15 [LD50 acute honeybee (48h ug/bee; oral/contact) honeybee toxicity X
16 |LC50 acute earthworms (14d mg/kg) . X

earthworm toxicity
17 |NOEC 14 day eathworm reproduction (mg/kg) X
18 |ADI (mg/kgbw) (¥) acceptable daily intake X
19 |endocrine distruptor effects on the endocrine system X
20 [effects on the riproduction system effects on the riproduction system X
21 |mutagenesis mutagenic effects X
22 |carcinogenesis cancerogenic effects X

In the case of glyphosate, out of a total of 22 indicators, three indicators have CIP = 3, nine
indicators have CIP = 2, nine indicators have CIP = 1 and one indicator has CIP = 0.

To obtain a quantitative profile, to each indicator is assigned a score 1, 2 or 3 equal to the potential
impact of the respective class. To the class "0" (no data), security purposes, it is assigned a score of
3. It then performs the summation of separate data obtained by sector.

Further processing the results we got the potential impact class (CIP) of each sector (water,
ecosystem, helath) divided into 5 hazard classes.

CIP for WATER sector

You run the summation of the CIP of the 6 indicators related to the sector, it is estimated the
prevalence of CIP =1 and CIP = 3 over other classes and assign the CIP according to the diagram in
shown the table.

MIN | MAX CONDITIONS CIP OF SECTOR

6 9 LOwW

% n°CIP12n°CIP 2 TRUE
| 2 MEDIUM-LOW
< n°CIP12n°CIP 3 TRUE
>
% 10 14 3 MEDIUM
0
n°CIP3z2n°CIP 1 TRUE
4 MEDIUM -HIGH
n°CIP32n°CIP 2 TRUE

15 18 HIGH




CIP for ECOSYSTEM sector

In the presence of acute and chronic toxicity data, it is chosen as a precautionary measure the worst
case and assigned the corresponding CIP. You run the summation of the CIP of the 7 indicators
related to the sector, it is estimated the prevalence of CIP =1 and CIP = 3 over other classes and
assign the CIP according to the diagram in shown the table.

MIN | MAX CONDITIONS CIP OF SECTOR

7 11 Low

% n°CIP1=n°CIP 2 TRUE
= 2 MEDIUM -LOW
< n°CIP1=n°CIP 3 TRUE
>
% 12 16 3 MEDIUM
0
n°CIP3=n°CIP 1 TRUE
4 MEDIUM -HIGH
n°CIP3=n°CIP 2 TRUE

17 21 HIGH

CIP for HEALTH sector

If there is even one indicator CIP = 3, however, it is assigned a class of potential impact "HIGH" to
the health sector.

It runs the summation of the CIP of the 5 indicators related to the sector and assigns the CIP
according to the diagram shown in the table.

MIN | MAX CONDITIONS CIP OF SECTOR
If at least one CIP=3
5 HIGH

14 | 15
w
3 12 | 13 4 MEDIUM -HIGH
<
S
2 10 1 3 MEDIUM
(7]

8 | 9 2 MEDIUM-LOW

Continuing with the example of glyphosate, the final profile which is obtained is the one shown in
the table.

CIP - quali-quantitive profile for the active substance glyphosate
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Using the proposed indicator CIP, many active substances can be compared with each other, both in
preventive phase, if desired, for example, choosing between more products of similar agronomic
use that to lower receptor impact or lower sector impact, either in final phase, having, for example,
to calculate the pressure exerted on a given territory and in a given time period through the
"effective" amount of pesticides, taking account of the nominal used amount and the corresponding
CIP, using it as a multiplicative factor.

Multiplying the nominal used quantity Q of active substance "a" with the respective CIP of
receptor/sector, you get the “effective amount” Q eff of the substance "a" corresponding to that
receptor or sector.

Qa * CIPa = Qa eff. where Q a,b...z = nominal amount of used pesticide a, b.. z
Qb * CIPp = Qb eff. CIP a,b..z = CIP receptor/sector of pesticide a, b..z
Q¢ * CIPc = Qc eff. Qa,b...zeff. =effective amount of pesticide a, b... z
Qz * CIP; = Qg eff.

Adding the effective amount of each active substance used, you get the Total Effective Amount.
Qaeff. + Qp eff +... Qz eff. = Q eff. Total

The total effective amount obtained, divided the total nominal amount, returns the CIP average to
single receptor or sector.

Q effective total / Q nominal total = CIP average
Following are some examples of application of the CIP indicator.

In Tuscany the potential impact against honeybees, contrary to the expected, has gradually grown
over the years, reaching in 2015 the highest of the last 10 years.

CIP HONEYBEE TOXICITY - TUSCANY

3,00
2,80
2,60
2,40
2,20
2,00
1,80
1,60

=iiplnnnnle

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

As we can see in the chart below, the sales of pesticides with low potential impact for bees (CIP =
1) have been gradually reduced since 2008. Even if only slightly (a few percentage point) are
increased the sales of pesticides with high potential impact (CIP = 3).



CIP HONEYBEE TOXICITY - PESTICIDES SALES DISTRIBUTION % - TUSCANY
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Compared to the hazard of resuadility in the water of pesticides, in Tuscany we record a medium-
lower potential impact level (CIP just over 2 in 2013-15).

CIP WATER SECTOR
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For ten years, less than 20% of the sold amount of synthetic organic pesticides in Tuscany is
represented by active substances with CIP > 3.

CIP WATER SECTOR - PESTICIDES SALES % DISTRIBUTION -TUSCANY
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In 2015 the amount of pesticides with Water Sector CIP 1 or 2 was of 680 tons, the amount of
pesticides with CIP 3 to 5 was 127 tons.

CIP WATER SECTOR - PESTICIDES SALES QUANTITY -TUSCANY
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The CIP of the water sector in Tuscany is slightly greater than that registered in Italy, reversing a
trend of substantial equality forged over the previous five years.

We can not correlate most recent sales data, because the SIAN (National Agricultural Information
System) since 2012 does not publish any sales data and ISTAT does not publish data in
disaggregated form, as necessary, for reasons of statistical secrecy.
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If we compare the sales of pesticides in Tuscany and in Italy from 2002 to 2012 (see table below)
we can see that the amount of pesticides in Tuscany with water sector CIP 3 to 5 has always been a
percentage lower than in Italy, where instead are, always, the most relevant sales of low potential
impact pesticides (CIP = 1).



WATER SECTOR - % USED ITALY - 2012 WATER SECTOR - % USED TUSCANY 2012
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It’s interesting to note that in recent years there has been an overall positive evolution, due to the
gradual revocation in Europe of the older generation active substances.

As can be seen from the following graph, many active substances CIP = 5 for Ecosystem sector
were withdrawn in favor of active substances characterized by CIP=1 and CIP= 2.

ECOSYSTEM SECTOR

50
45
40

35

30 m AUTHORIZED
o5 m REVOKED
20

15

: . 1

0

Cip1 CiIP2 CIP3 CIP4 CIPS

%

al




In authorized products the number of CIP = 0 (no data) among the indicators of receptor/properties
that contribute to the Ecosystem sector CIP is greatly decreased (4%) compared with revoked
products (15%), while it significantly increased the number of indicators of receptor/properties with

CIP =1 (33% compared to 23%).

WATER SECTOR MARKERS - AUTHORIZED SUBSTANCES

mCIPO
mCIP1

CIP 2
mCIP3

WATER SECTOR MARKERS - REVOKED SUBSTANCES

mCIPO
mCP1
CIP 2
mCIP3

A similar trend can be appreciated for the Health Sector. The large number of active substances with
CIP 4 to 5 has decreased in favor of an increase of active substances with CIP 1 to 3.
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In this case remains, although in percentage decreased, the high number of CIP = 0 for receptor
/property indicators of authorized products (35%) than those revoked (50%).
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The improvement towards the water sector on the highest impact class (CIP = 3) it’s less evident
than the previous cases. Drop from 20% to 5% of the cases the absence of data, increased from
20% to 28% the set of indicators of receptor / properties with CIP = 3.
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ATTACHED

PESTICIDES - CLASS OF POTENTIAL IMPACT -CIP

LEGEND

POTENTIAL IMPACT CLASS (CIP) TO SINGLE RECEPTOR/PROPERTY

0 | Nodata

1 |low

2 | moderate
3 | high

POTENTIAL IMPACT CLASS (CIP) TO MATRIX/SECTOR

2

medium-low

3 | medium

medium-high

4
o

A acaricide
Af aficide
Al algaecide

Au  other uses

B bactericide
D dessiccant
E herbicide

Fm  fumigant

1 insecticide

Me metabolite

Mo  molluschicide

N nematocide
repellent

Re  growth regulator

Ro  rodenticide

S synergist

T wood preservative
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1
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5 |63284-71-9
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2

1
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1
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1
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OSSICARBOSSINA

OSSIDEMETON-METILE
OSSIFLUORFEN
OXADIAZON

OXADIXIL

OXAMIL

OXASULFURON

PACLOBUTRAZOLO

PARAQUAT
PARATION
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