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Outline of Talk

|. Types of pesticides and their use in US, common
pesticides used

|1. Effects on human health and environment of acute
toxics and endocrine disruptors

I11. Pesticide effects on energy use and the
balance sheet
V. Alternatives to pesticides

V. Precautionary principle applied with respect to
pesticides: The case of Sweden



Who uses them?

Table 1.1 Estimated annual pesticide use

Pesticide use

Country/region (10° metric tons)
United States 0.5
Canada 0.1
Europe 0.8
Other, developed 0.5
Asia, developing 0.3
Latin America 0.2
Africa 0.1
Total 2.5

Source: Data from Pimentel, 1995b.

Pimental, Techniques for Reducing Pesticide Use 1997




* Developing countries
may have higher rates
than developed

Comparisons of
pesticide use by area

o Units are grams / ha

FIGURE 17. COMPARISON OF PESTICIDE USE® (grame per hectare)
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Increasingly toxic pesticides used
though total amount has decreased
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Figure 19.1 The amount of synthetic pesticides—insecticides, herbicides, and fungicides—pro-

duced in the United States. About 90% is sold in the United States. The decline in the total amount

produced since 1975 is in large part due to the 10— to 100-fold increased toxicity and effectiveness of
the newer pesticides (based on Pimentel et al. 1993)

(Pimentel, Techniques for Reducing Pesticide Use 1997)




Estimated losses from insects: ave 12%

Table 17.1 Vegetable crop losses from insects with current insecticide use and estimated costs if insecticides were reduced and several alternatives
were substituted
Total insecticide
6 - Total added
use (kg — 10°) Insecticide treatment Added alternative
Area Hectares Cost Total cost /Current crop\ alternative  control cost
Crop (ha — 103" Current® Reduced® treated (%) ($3ha™!)* ($—10° [ pestloss (%) \cost ($ ha™') ($ — 10
Lettuce 90 0.35 0.26 97 68 59 7 10 0.70
Cole 111 0.40 0.20 62 30 2.1 13 10 0.70
Carrots 39 0.02 0.01 37 10 0.1 7 5 0.08
Potatoes 570 1.60 1.12 88 46 23.1 10 5.40
Tomatoes 145 0.20 0.15 95 26 3.6 0 0.00
Sweetcorn 206 0.27 0.05 84 70 12.1 19 10 2.00
Onions 54 0.75 0.50 79 18 0.8 4 5 0.27
Cucumbers 42 0.02 0.01 34 12 0.2 21 5 0.10
Beans 132 0.11 0.07 72 9 0.9 12 5 0.33
Cantaloupe 50 0.08 0.05 78 40 1.6 8 0 0.00
Peas 135 0.02 0.01 49 5 0.3 4 5 0.61
Peppers 25 0.09 0.06 85 80 1.7 7. 5 0.09
Sweet potatoes 31 0.26 0.02 100 0 1.3 16 5 0.22
Watermelons 72 0.06 0.04 53 14 0.5 4 5 0.30
Other vegetables 100 0.01 0.006 40 30 1.2 13 5 0.20
Total 424 2.556 54.40 11.00
“USDA, 1992.

bConverted from USDA, 1993,

“Pimentel et al., 1991.

4USDA, 1993.
¢Calculated.

(Pimentel,

Techniques for Reducing Pesticide Use 1997)
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Numbers of arthropod species in which populations have developed

resistance to insecticides of the six principal types available.

(Brown,

Ecology of Pesticides 1978)




Pesticide treadmill

Pest develops resistance

Meanwhile have killed natural enemies of
the pest

Need to use pesticides more frequently

Other Insects that had been held in check
now become pests called secondary pest
resurgence



What makes a pesticide “bad?”

e Broad spectrum (many types of organisms killed)

* High environmental acute effect and chronic effect
within ecosystem (bioaccumulation)

 High toxicity (acute) and chronic effects within
mammals
— carcinogen
— developmental and reproductive toxins
— endocrine disruptors



Chemical classification of pesticides
e Heavy metals and elementals (19th century):
Lead, Arsenic, Mercury, Sulfur, Copper
— Insecticides, fungicides, microbiocides

— PbAs: bioaccumulation, high acute mam. Tox.
carcinogen, behavioral disorders, devel./reprod.
toxin, As endocrine disruptor

e QOrganochlorines (1938): DDT, aldrinic @a ane,
lindane, heptachlor
— Insecticides, persistent bioaccumulation, low

acute mammalian toxicity, carcinogen,
devel/reprod toxicity, sus. endocrine disruptor

CCly
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An ill wind
& cloud of the insecticide DDT hillows over the beach
and beachgoers—in 1945 as part of a mosquito-control pro
gram at Mow York's Jones Beach State Park. Used in Europe
to ward off bug-borne disease during World War [L, DDT was
ance hailed as a miracle product. This photograph was pub
lished in the October 1943 GEOGRAPHIC cle *Your New
World of Tomorrow,” But by the time “tomorcow™ came,
evidence showed thar birds from sprayed areas aceumulared
high levels of DT, damaging their ability to reproduce. Other
rescarch pointed to the chemical as a human carcinogen. Use
of DDT was banned in the United States in 197
National Geoeraphie: Felruary 1096
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» Organophosphates (1940s): eroboon 3

™
CH-5—P
S
0—CH
HsC,—O0—C 3

parathion, diazinon, malathion ! wotathion

— Insecticide, low persistence, high acute mammalian
toxicity, possible carcinogen, sus. endocrine

disruptor
» Carbamates (insecticides, Ned
nematicides): aldicarb, benomy!l - L
— more persistent than OP, high acute mam. toxHin, 5
cholinesterase inhib, ground water, C;T_cfa_m 5
sus. endocrine disruptor s,

. Carbamate (fungicides): maneb, mancozeb

— not acute mam. tox., carcinogen, dev/reprod toxin,
sus. endocrine disruptor, low acute aquatic




@:HMHLEH,
e Contact herbicides

— Paraquat: persistent, high acute mam. Toxicity, slightly
to high toxic aquatic

— Triazine herbicides: Atrazine- persistent, low acute
mam. toxicity, carcinogen,

|
: Cl M N—{CH,—CH,
sus er_ldo. dIS.-, qround water T T
. Systemlc herbicides Y
—glyphosate (OP)- not persistant, low acute m’ém}me
H\N / "N sllghtly toxic aquatic, Porter’s new work CH,

h — hormones (2,4-D (auxin); 2,4,5-T) - not persistent,
T moderate acute mam. tox.,

0 . . OH

POSS. carcinogen; sus. endo. disruptor, -
potential ground water contaminant

NO,

2,4-Dinitrophenol



Pyrethroids (botanical)

— Insecticide, low persistence, moderate acute
mammalian toxicity, carcinogen, very highly
acute toxicity to aguatic organisms

— Permethrin (add compound so doesn’t degrade
w/UV light), not organic

— used with salmon to eliminate

HsC CHg

cl ﬁ D\/O\ /©
—_— c‘,.--"” 0

Cl

Permethrin




ops bar Tha Hew Work Trmes

Plantation workers in Mac-
aragua marched in Mo-
vember, demanding com-
pensation for hi prot-
loma they say were cauged
Ly a pesticide, Manuel
Chzida Moarteya, above,
siid he and other workors
who applied the pesticide
were ot told of the poten
tial hazards.

Anaxiaml e

Banana Workers
Get Day in Court

By DAVID 1_.u~..|'.1:_|:il' 'r|.1||| SAMUEL I.UI\'-F'\EERQ

CHINANDEGA, Micaragua — Mpnuel Guido Montoya never
chikdren e once hopesd would @ase his war ol and bring
war gsira dallars, Years ago, he tried w start o family, be

Like spares of men and woaner
— mnd thousands of Meld workers i

3 hanans-growing region
ul Central Amarica
T

mchboropropane, or DBCE, for hie medical pral
pesticide was bannod n mw I| al the United Stapes in L7
was found 1o cause sLer |||l.:| bt continaed ko be used Tor Years in
the banana plantations thal supply American superma irkeds.

For |_u,|;.|_||:|_“-d|;-= they workers say, their ffor N compen-
satin far the damage done by TiEC P — it iliny, CAmsET,
and birih defects in children — have Beon £ ued by the legal
pwctics of American chemical and Troil eomponies, But now they
are getting their day in court

A ruling by a federal judge in Mow Cirleans has apened the way
for a lnwssali h|1:||| hi by 3,000 Central American banana workers
qeeking millions In I'.||1|.u, first time ong of these coses
wanld b tried i the United States. The United Stabes Suprem
Cowrt will bear arguments Wadnesday oo whether or not to allaw
ather DECE liwsuits o be (ried in staie courts

And over the abjections af the Bush administration, which has
pressed the Mic in governmient of beball of the corporate

Croatisnied on Puge 3

Br

Cl—CH,

DBCP

nematicide
Trade name Nemagon

Moderate acute toxicity,
causes male sterility,
carcinogen, suspected
endocrine disruptor,
slight acute toxicity

Used in Central America
for 10 years after known
US sterilization

Still court cases

Ave $6500/person in one
settlement

CH—CH,—Br



Methyl Bromide

I_... ..hh_ » ' e L . L -
fumigant,sterilant ’ E ﬁ
— High acute mam. toxicity, %,J— e o
dev/reprod toxin, moderate o : »
acute aguatic toxicity gl
— Used on many crops before ===t
planting —

— Phaseout in Jan 2005
Montreal convention, but
Bush admin applied for an
extension

— Now applying more than in
2003




Clopyralid (pyradine herbicide)

especially used in grasses for thistle control

Acute toxicity not available, not likely carcinogen,
potential ground water contaminant, much not known
Problem: compost contamination

wsu.gov/compost



Adjuvants or additives

Any substance added to a
pesticide to enhance its
performance

Not under same regulations
as pesticides

“Considered to be non-
pesticidal and non-toxic”

Includes: surfactants,
spreader-sticker, wetting
agents, emulsifiers, reduced
evaporation, foaming,
buffering

Many chemical types

Under “inert” or now “other”

leaf

Surfactants reduce surface
tension



“Inerts”

In study from 1987-97 inerts
doubled from 1200 to 2311

Some 26% hazardous to human or
environmental health

EPA mandated public disclose and
use decrease 97%

292 listed as unknown toxicity are  /
reglstered by EPA as active ingred [/
In other pesticides {7

EPA supports rest of ingredients
as secret

Many no toxicity data

Cox, Toxic Secrets “Inert Ingred.
In Pesticides” NCAP




Case of Roundup (glyphosate)
surfactant POEA (polyethoxylated
tallow amine), similar to serm|C|d_e

Caroline Cox publishes paper
1988 that surfactant in
Roundup was poisonous to
people/animals based on
Japanese data

No action

2005- U of Pitt Biologist
Relyea publishes that toxic to
tadpoles

In article in Science News
EPA admits that it doesn’t

spent much time testing inerts Sclence News Sept7 2005

e L



Where to find Info...
www.pesticideinfo.org

« Mike Beug’s formulation used Atlox
surfactant- “Agramyl 135 Iis a modified
starch derived from waxy maize that
generates highly water-soluble films”

* If not pesticide but still has “inerts”:
Household products database
http://householdproducts.nim.nih.gov/cg
|-
bin/household/brands?tbl=chemé&id=17
=A



Mode of action of certain
Insecticides on Insects (acute)

(J—__ SENSILLUM

Fig. 1.2. Points in the insect nervous system at which the post-1945 insecticides
derange or inhibit action-potential transmission.
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ll. Human and environmental
health problems

e Consumers- acute and chronic effects of pesticide
residues In food

— Prev to 1938 tried to regulate Pb, As and Fl on
fruits and vegetables

— In mid 1990s still could buy PbAs in Costa
Rica
e Farm workers- acute and chronic toxicity of
pesticide applicators

* Wildlife- acute and toxic problems
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. Strawberries

Top 10 foods with
pesticide residues

Bell Peppers & Spinach
Cherries

Peaches

3 Eantaloupe (Mexican)

. Celery

. Apples

. Apricots

1
2.
3.
4.
5
6
i
8
9

. Green Beans
10. Grapes (Chilean)
11. Cucumbers

Commercial produce ranked in

Pegt{cidg | Q—

concentration and toxicity.



Impact on farmworker health

Okonogan
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' L Asolin_

Counfies with opple production;
number represenl acres, with number

of Phosdrin poisonings in parentheses 1993

Geographic distribution of cranberry production and incidences of Phosdrin poisonings in apple orchards b d o p 9 4

Counties with cronberry production;
ﬂ number represents ocres

Figure 2.1

(Pimentel, Techniques for Reducing Pesticide Use 1997)




How acute toxicity determined

» Determination of safety: LD,

— Number of milligrams that kill 50% of rats or mice
by method indicated (inhalation, cutaneous etc.)

— Acute (Immediate)

LD,

Aldicarb 1 mg/kg

Atrazine 3080 mg/kg

Nitrate not tested for LD., but causes blue babies



LD., don’t take into account:

Longterm effects

Endocrine disruption

Immune system effects

Effects of low concentrations
Mixtures of pesticides and fertilizers
Multiple routes of exposure

Additions (surfactants and other “inert”
Ingredients)
Physiological stressors (malnutrition)



“New” story: Endocrine
disruptors

Theo Colborne, 1987. Our Stolen Future.
— PhD UW, observations of birds of Great Lakes
— Led to endocrine disruptor hypothesis
— Data still emerging

— National EPA still not released list of suspected
chemicals, though Illinois EPA, Keith, Colborn
and Benbrook list and Canada and other
countries have




Function of endocrine disruptors

e They can act like a natural hormone and
bind to a receptor. This causes a similar
response by the cell, known as an agonist
response.

* They can bind to a receptor and prevent a
normal response, known as an antagonistic
response.

A substance can interfere with the way
natural hormones and receptors are
synthesized or controlled.



Source of agricultural endocrine

disruptors
o Agricultural runoff /Atmospheric transport

— Organochlorine Pesticides (found in
Insecticides, many now phased out)
 DDT, dieldrin, lindane

— Carbamate insecticides
o **Aldicarb (PAN-pesticide database)

« Agricultural runoff

— Pesticides currently in use
o **Atrazine, trifluralin, permethrin



Other sources of endocrine
disruptors

 [ncineration, landfill
— PCB (Polychlorinated biphenyls), PCD (PC
dioxins)
* Municipal effluent and agricultural runoff

— Natural hormones produced naturally by
(animals); synthetic steroids (contraceptives)

e 17-b-estradiol, estrone, testosterone; ethynyl
estradiol

o ECS Communications Last update: September 15 1999
http://www.ec.gc.ca/eds/fact/broch_e.htm



Dr. Warren Porter
UW Dept. Zoology

e Testing on wild mice

— Mixtures of agrochemicals (including endocrine
disruptors) at levels found in WI groundwater:

« Atrazine, Aldicarb, nitrate
— Concentrations at much below EPA testing
— Different times of year
— Different nutritional states

 EPA Response




Porter’s article makes
headline news In Madison WI
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Study sees
angers in
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the water

Research on mice
hints chemicals
could harm kids

By Rick Barreil
Agribiusinass raporiarn

A mix of chemicals commonly
found in ground water altéred the
development of young mice and in-
dicates a threat may exist for chil-
dren, a UW-Madizon professor
said Monday in releasing a live-
vear study

sources, supports other studies
thiat looked at ehildren exposed to
pesticidies

“It's not much of A leap to go
from & mouse to a human when
vou mare talking about the level of a
ehemleal that might induee cancer
or mutatidns,” he aald Children
heave developing brains and im-
mune systems and are “especially
vulpnerable” to changes in thyroid
hormaomnes

To complement his study, Por
ter cited tesis in the state of So-
nora Mexieo, where sclentists
found striking differences in hand
eve conrdination and other mental
and nhwsical skills when comBar-




Endocrine, immune, and behavioral effects of aldicarb (carbamate),
atrazine (triazine) and nitrate (fertilizer) mixtures at groundwater
concentrations

WARREN P. PORTER, *' JAMES W. JAEGER * AND IAN H. CARLSON ®

' Department of Zoology, University of Wisconsin, Madison, Wisconsin
® Endocrinology Laboratory, University of Wisconsin Hospital, Madison, Wisconsin

This paper describes the results of 5 years of research on interactive effects of mixtures of aldicarh, atrazine, and nitrate on endocrine, immune, and
nervous system function. The concentrations of chemicals used were the same order of magnitude as current maximum contaminant levels (MCLs) for all
three compounds. Such levels occur in groundwater across the United States. Dosing was through voluntary consumption of drinking water. We used
fractional and full factorial designs with center replicates to determine multifactor effects. We used chronic doses in experiments that varied in duration
from 22 to 103 days. We tested for changes in thyroid hormone levels, ability to make antibodies to foreign proteins, and aggression in wild deer mice,
Peromyscus maniculatus, and white outbred Swiss Webster mice, Mus musculus, ND4 strain. Endocrine, immune, and behavior changes occurred due to
doses of mixtures, but rarely due to single compounds at the same concentrations. Immune assay data suggest the possibility of seasonal effects at low
doses. We present a multiple-level model to help interpret the data in the context of human health and biological conservation concerns. We discuss six
tesﬁngdcﬁcimcinofcmmﬂyup‘medp:sﬁcidﬂ,mdsuggcﬂmofhumhcﬂthmmnsifmmq_mdsinpcsﬁd&uwmminm

Keywords: aldicarb, atrazine, behavior, endocrine, groundwater mixtures, immune, nitrate.




Figure 1.1. Wisconsin wells with

atrazine detections.
s [

Atrazine detected
In groundwater L
in Wisconsin
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Source: WI Department of Agriculture, Trade & Consumer
Protection - ARM Division (7/97)




Public water supply wells with
Nitrate-Nitrogen levels above
5 milligrams/liter - 1995

B Nitrate-Nitrogen B Nitrate-Nitrogen
5-10 mg/L (4%) >10 mg/L (2%)




Aggression after 14 days of exposure

Chemical(s) Exp 1 Exp 2 Exp 3 Exp 4 Exp 5 Exp 7*
Ald - -

Atz - - -
Nit 0.1662 - 0.0579 0.008 ** - -
Ad-Az 0.1948 - - - 0.0347 * -
Ad-Ni - - - -
Az-Ni - 0.0547 - 0.0247 * - 0.1963
A-A-N - 0.0077 * - 0.1549 -

Degrees of
Freedom 1,33 1,40 1,40 1,40 1,40 1,40
Num, denom

* significant p <0.05

** significani p <0.01

Porter 2000



Ability to make antibodies to foreign proteins

significantly reduced in mixtures

Chemical(s) Exp1 ~ Exp2  Exp3  Expd  Exp5  Exp6  Exp8  Expll

0.0827 0179* 0.1222
Atz 0348+ 0.1937 - 01275 - : - :
Nit . : & X 0.0541 - :
AdAz - 0026 * 0.0775 - 0.0832 - 0362+
AdNi - 0039 - - 0280¢ - - .
Az-Ni 2 0044 00587 0045*  (258* - 0.1158 -
AAN - . : 0.1691 0.1858 -
Degrees of

Freedom 1,34 1,39 137 1,35 1,39 1,39 1,38 140
Num. denom

* significant p <0.05
** significant p <0.01

Porter 2000



Chemicalfs)  Exp1

Ald 00053 - : 00777 01779 - 0.194 -
Az . : 01882
Nit = - : - 0.1942 - : . :
Ad-Az . - 01611 - : 01654 - 0.1582 -
AdNi . 0.1418 0.1289 - 3 : : - g
A-AN - - - - 0.0149* - 0.0614 - -
Degrees of
Freedom 126 13 137 138 137 139 135 138 135
Num, denom

*significant  p <0.05

*significant  p <0.01

Bxp?2 Bxp3 Exp 4 Exp5 Bxp6 Bxp7 Exp 8 Exp11

Porter 2000



Human health effects from this
mixture at environmental levels

Increases In thyroid cancer
reduction in sperm count
depressed immune response
Increased In emotional disturbance
Increased learning disabilities
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Thyroid Gland: White Females, 1970-94

US = 0.42/100 000

0.67-0.7TE (highesl 10%)

0.81-0.45c

0.47-0.50 -
0.44-0.45

D.42-0.43

0.40-0.41

0.37-0.38

0.34-0.38

0.25-0 .32

0.16-0.28 (lowest 10%)

Sparse data (161 SEAS. 7.50% of des™s,




Human sperm count (x108/ml)

—

8

Carlsen, E. et al. 1992. Brit. Med. J. 305: 609-613 @

Abell, A. et al. 1994. Lancet 343: 1498 A
Pajarinen et al. 1997 Brit. Med. J. 314:13-18 ¥
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Pesticide Appli'er's, Bi__utiﬁés, and Birth Defects in Rural
Minnesota

Vincent F. Garry(1), Dina Schreinemachers(), Mary E. Harkins), and Jack
- Griffith)

( 1)- University of Minnesota Laboratory of Environmental Medicine and Patholug}r, Minneapolis, MN
55414 USA, (2) U. S. Environmental Protection Agency, Research Triangle Park, NC 27711 USA

* Earlier studies by our group suggested the possibility that offspring of pesticide appliers might have
iincreased risks of birth anomalies. To evaluate this hypothesis, 4,935 births to 34,772 state-licensed,
private pesticide appliers in Minnesota occurring between 1989 and 1992 were linked to the Minnesota
state birth registry containing 210,723 live births in this time frame. The birth defect rate for all birth
anomalies was significantly increased in children born to private appliers. Specific birth defect categories,
circulatory/respiratory, urogenital, and musculoskeletal/integumental, showed significant increases. For
the general population and for appliers, the birth anomaly rate differed by crop-growing region. Western
Minnesota, a major wheat, sugar beet, and potato growing region, showed the highest rate of birth
anomalies per/1000 live births: 30.0 for private appliers versus 26.9 for the general population of the
same region. The lowest rates, 23.7/1000 for private appliers versus 18.3/1000 for the general
population, occurred in noncrop regions. The highest frequency of use of chlorophenoxy herbicides and
fungicides also occurred in western Minnesota. Births in the general population of western Minnesota
showed a significant increase in birth anomalies in the same three birth anomaly categories as appliers and
for central nervous system anomalies. This increase was most pronounced for infants conceived in the
spring. The seasonal effect did not occur in other regions. The male/female sex ratio for the four birth
anomaly categories of interest in areas of high phenoxy herbicide/fungicide use is 2.8 for appliers versus
1.5 for the general population of the same region (p = 0.05). In minimal use regions, this ratio is 2.1 for
appliers versus 1.7 for the general population. The pattern of excess frequency of birth anomalies by
pesticide use, season, and alteration of sex ratio suggests exposure-related effects in appliers and the
general population of the crop-growing region of western Minnesota. Key words: agriculture, birth
defects, data linking, fungicides, herbicides, pesticide appliers. --Environ Health Perspect 104:394-399

s Hp:llehpnetl, nichs, nil. QEY./AQFSAEfiﬁ‘.ﬁ/.j_gf{_(.’f}../.5(:.1.::_-r...;r__- htr)
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An Anthropological Approach to the Evaluation of Preschool
Children Exposed to Pesticides in Mexico
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|Bureau of Applied Research in Anthropology, University of Arizona, Tucson, AZ 85721 USA
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Foothills Valley

54-Month-old 55-Month-old 54-Month-old 55-Month-old
female female female female

Figure 1. Representitive drawings of a person by 4-year-old
Yaqui children from the valley and foothills of Sonora, Mexico.

Foothills Valley
I ! I I
i
: |
| /
54-Month-old 55-Month-old 54-Month-old 55-Month-old
female female female female

Figure 2. Representitive drawings of a person by 5-year-old
Yaqui children from the valley and toothills of Sonora, Mexico.



Pesticide cost on human health
(without the more subtle effects)

Table 4.1 Estimated economic costs of human pesticide poisonings and other pesticide-related
illnesses in the United States each year

Human health effects from pesticides Total costs (5)

Cost of hospitalized poisonings

2380* x 2.84 days at $1000 day ™' 6 759 000
Cost of outpatient treated poisonings

27 000" x $630¢ 17010000
Lost work due to poisonings

4680" workers x 4.7 days x $80 day ™' 1 760 000
Pesticide cancers

< 12000 cases x $70 700° case ™! 848 400 000
Cost of fatalities

27 accidental fatahties® x $2.2 million 59 400 000
Total 933 329000

"Keefe et al., 1990,

®]. Blondell, EPA, Washington, DC, personal communication, 1991.
“Includes hospitalization, foregone earnings, and transportation.
4See text for details.

From: Pimental and Greiner. 1994. Environmental and social costs of pesticide
use. Techniques for Reducing Pesticides. Wiley



Examples of endocrine related
effects in wild populations

deformities and embryo mortality in birds and fish
caused by exposure to industrial chemicals and
organochlorine insecticides;

Impaired reproduction and development in fish
exposed to effluents from pulp and paper mills;

abnormal reproduction in snails exposed to antifouling
substances applied to the exteriors of ships;

depressed thyroid and immune functions in fish-eating
birds;

feminization of fish near municipal effluent outlets.
http://www.ec.gc.ca/eds/fact/broch_e.htm



Destruction of natural enemies
and honey bees

e Broad spectrum insecticides Kill non-target
organisms

e 1920-1950 much work on “natural enemies
and beneficial 1nsects

o After about 1945 loss of pollinators and
need to rent colonies of honey bees

ﬁ ..
PREDATORS PARASITOIDS



Effects of pesticide use on energy

Table 1.2 Energy and economic inputs per hectare for conventional and modified corn production systems

Conventional Modified
Quantity 10% kcal Economic ($) Quantity 10* keal Economic (§)

Labour (h) 10 7 50 12 9 60
Machinery (kg) 35 1485 91 45 1215 75
Fuel (1) 115 1255 38 70 764 23
N (kg) 152 3192 81 27 5591 17
P (kg) 75 473 53 34 214 17
K (kg) 96 240 26 15 38 4
Limestone (kg) 426 134 64 426 134 64
Corn seed (kg) 21 520 45 21 520 45
Cover crop seed (kg) - 10 120 10
Insecticides (kg) 1.5 150 15 0 0 0
Herbicides (kg) 2 200 20 0 0 0
Electricity (10* kcal) 100 100 8 100 100 8
Transport (kg) 322 89 32 140 39 14
Total T845 5323 3712 337
Yield (kg) 7000 24746 8100 29160

Output/input ratio 315 7.86

Source: Data from Pimentel, 1993,

Pimental. 1994. Pest Management in Agriculture.Techniques for Reducing Pesticides.
Wilev



[1l. Summary of environmental
and social costs of pesticide use

Table 4.6 Total estimated environmental and social costs from pesticides in the United States

Costs $ million year™*
Public health impacts 933
Domestic animal deaths and contamination 31
Loss of natural enemies 520
Cost of pesticide resistance 1400
Honey bee and pollination losses 320
Crop losses 959
Surface water monitoring 27
Groundwater contamination 1800
Fishery losses 56
Bird losses 2100
Government regulations to prevent damage 200
Total 8346

From: Pimental and Greiner. 1994 Environmental and social costs of
pesticide use. Techniques for Reducing Pesticides. Wiley



The balance sheet

o $6.5B/yr in pesticides saves $26B/yr in US
Crops

 Environmental and social costs another
$8.3B/yr (conservative figure)

— difficult to estimate environmental and social
COsts

— how to put into $ the cost of a human life

From: Pimental and Greiner. 1994 Environmental and
social costs of pesticide use. Techniques for Reducing
Pesticides. Wiley



V. Alternatives: Bio-pesticides

* Microbials- Bacillus thuringensis (Bt) stomach
poison of a number of larvae of Lepidoptera
(insect order which includes butterflies/moths)

— Cabbage diamondback, looper, imported cabbageworm

— Some resistance to Bt before genetically engineered
Into crops

— Resistance Is now increase due to incorporation in
genetically engineered varieties
* Biochemical- plant growth regulators, or
substances that repel or attract pests
— pheromones, insect growth hormones



Imported Cabbageworm,
Pieris rapae, Order Lepldoptera

43

Adult male cabbage butterfly. Imported cabbage worm larva and leaf damage. Note
fecal pellets on leaf.

Small yellow bullet-shaped eggs

Similar larvae and damage to cabbage looper and
diamond back moth

Can be destructive
Handpick in garden or spray Bacillus thuringiensis



Cabbage Looper, Trichoplusia ni
epidoptera moth

Major problem of cabbage family
Can be controlled through Bacillus thuringiensis




Cabbage diamondback moth
Plutella xylostella

Adult 1s moth

Smaller than other two

Causes holes in leaves

Manage using Bacillus thuringiensis



Alternatives, cont.

botanical sprays and powders:

— horsetall, pyrethrum (?)

— rotenone, derris root

— many now limited like tobacco, rotenone
compost teas for fungal and bacterial diseases
dormant olls

some limited use of copper and sulfur

— Bordeaux- hydrated lime plus copper



Fertility affects diseases: Take-all
management with macro- and

microelements

* High NO4-N favors
disease

* High NH,-N
depresses disease

e In what form you
apply nutrients can
affect disease
Incidence

Table 1. Mineral elements affecting take-all of cereals.

Increase Take-all Reduce Take-all
Potassium nitrate Potassium chloride
Phosphorus excess Phosphorus sufficiency
Calcium carbonate (lime) Sulfur
Magnesium carbonate Magnesium chloride
Magnesium sulfate Calcium chloride
Molybdenum Manganese

[ron

Zinc

Copper chloride

Huber 1989



Substitution not that costly

Table 17.1 Vegetable crop losses from insects with current insecticide use and estimated costs if insecticides were reduced and several alternatives
were substituted

Total insecticide Total added

6 .
use (kg — 10°) Insecticide treatment Added alternative

Area Hectares Cost Total cost  Current crop  alternative  control cost

Crop (ha — 10%" Current® Reduced® treated (%)? ($3ha™')* ($—10°)  pestloss (%) cost($ ha™')}  ($ — 10%F

Lettuce 90 0.35 0.26 97 68 59 7 10

Cole 111 0.40 0.20 62 30 2.1 13 10

Carrots 39 0.02 0.01 37 10 0.1 7 5

Potatoes 570 1.60 1.12 88 46 23.1 10

Tomatoes 145 0.20 0.15 95 26 3.6 0

Sweetcorn 206 0.27 0.05 84 70 12.1 19 10

Onions 54 0.75 0.50 79 18 0.8 4 5

Cucumbers 42 0.02 0.01 34 12 0.2 21 5

Beans 132 0.11 0.07 72 9 09 12 5

Cantaloupe 50 0.08 0.05 78 40 1.6 8 0

Peas 135 0.02 0.01 49 5 0.3 4 5

Peppers 25 0.09 0.06 85 80 1.7 7 5

Sweet potatoes 31 0.26 0.02 100 0 1.3 16 5

Watermelons 72 0.06 0.04 53 14 0.5 4 5

Other vegetables 100 0.01 0.006 40 30 1.2 13 5

Total 424 2.556 54.40

TUSDA, 1992,

bConverted from USDA, 1993,

“Pimentel et al., 1991.

4USDA, 1993.

¢Calculated. (Pimentel, Techniques for Reducing Pesticide Use 1997)




IPM Programs

» Cotton, corn, alfalfa, soybeans, citrus, walnuts,
apples, pears, vegetables and others

 |n a study of 3500 growers in 15 states reduction
of pesticide use has earned users $54 million/year
than conventional (Rajotte et al. 1987 in BIRC)

« National Park Service reduced pesticide use 70%
In first 3 years IPM implemented



V. Precautionary Principle for the
adoption of new technologies

— determine If new technology Is needed
— proof that it i1s not harmful
Currently

—a) no need to prove It Is needed
—b) proof that it is harmful



The precautionary principle
applied: the case of Sweden

Public concern mid 1980s caused change
Reduction of pesticides 50% 1985-1990

Reduction of pesticides 50% of that 1990-
1993

As of 1993 reduction 65%

— use of lower dose less detrimental herbicides-
25-30%

— reduction in 10% due to less acreage planted

— reduction 20-25%




The case of Sweden

Table 5.5 Pesticides in Swedish agriculture that have been suspended or restricted, 1986-1990

Removed from the market mainly because of: Severely restricted
for health or

Health Environmental Insufficient environmental

reasons reasons documentation reasons

Aldicarb Aldicarb Carbaryl Benomyl

Bromacil Atrazine Chloroxuron Captan

Carbaryl Dicofol Dienoclor Carbendazim

Chlorothalonil Lindane Lenacil Diquat dibromide

Cyhexatin 2-Methoxyethyl Metoxuron Endosulfan

mercury acetate sodium chlorate

Diaminozide Terbacil TCA-sodium Folpet

Dinocap Thiram Ziram Simazine

1,3-Dichloro-propene  Trifluralin Thiophanate-methyl

2-Methoxyethyl Ziram

mercury acetate
Metoxuron

Source: Swedish National Chemicals Inspectorate (1995).



Has the loss of pesticides hurt
Swedish agriculture?

Tonnes/year

5000

— & Herbicides
—*— Fungicides

— %  [Insectcides

4000
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1981 {1983 1085 1987 1989 1991 1993
Year

Figure 56 Lse of pesticides in Swedish agniculture since 1980 by tonnes of active ingredient.
Sowrce: Swedish National Chemicals Inspectorate, 1995 800
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Figure 5.3 MNumber of weeds per square metre in Swedish feld trials. Source: Petlersson (1994)



Summary

Change to precautionary approach important
(prove safety not damage)

Test appropriately (mixtures etc.) and in addition
to LDg, developmental and reproductive effects,
Immune system, endocrine disruption, learning
disabilities

Public education about the problem

Investment in green products, stocks (stakeholder
power), research

— (Assadourian, “The Role of Stakeholders” Sept/Oct
2005 WorldWatch)



Useful references and websites
Pesticide Action Network
http://www.pesticideinfo.org/index.html
Washington Toxics Coalition
www.watoxics.org 1-800-844-SAFE

Farm Chemicals Handbook. Meisterpro
Reference Guides. Annual update.

Environment Canada Communications
http://www.ec.gc.ca/eds/fact/broch_e.htm

US EPA http://www.epa.gov/pesticides/
Environmental Working Group
WWW.ew(.org



Study questions

1) Look over information on your favorite pesticide on
the PAN database (..www..pesticideinfo.org)

* Look up its LD, and calculate the #g for acute, oral,
dermal and inhalation for a 125lb person. What
suspected endocrine disruptor by what list? What are
the ecological effects?

2) The precautionary approach is adopted by the Int’l
Biodiversity Convention for the protection of BD, but
not any of the other international treaties the US has
signed. How might this generate a conflict in a
particular case?

3) How does a secondary pest resurgence contribute to
the pesticide treadmill?
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