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ABOUT CENTER FOR FOOD SAFETY

CENTER FOR FOOD SAFETY (CFS) is a non-profit public interest and 

environmental advocacy membership organization established in 1997 for the 

purpose of challenging harmful food production technologies and promoting 

sustainable alternatives. CFS combines multiple tools and strategies in pur-

suing its goals, including litigation and legal petitions for rulemaking, legal 

support for various sustainable agriculture and food safety constituencies, 

as well as public education, grassroots organizing and media outreach. 

For over a decade, CFS has worked alongside Hawai‘i organizations and 

advocates to advance the vision of a safer, healthier food system. Since 

opening the Honolulu office in 2014, CFS has provided legal and scientific 

advice to activists, worked with the legislature, convened workshops and 

conferences, supported local farming, secured funding for our partners, and 

grown its Hawai‘i True Food network membership.
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SUMMARY OF KEY FINDINGS

Hawai‘i’s agriculture is dominated by experimental genetically engineered (GE) crops grown 
by five of the world’s six major agrochemical-seed multinationals: Monsanto, Dow Chemical, 
DuPont-Pioneer, Syngenta and BASF. Like the plantation agriculture that preceded them, these 
GE seed crop operations claim much of Hawai‘i’s prime farmland, make no contribution to the 

state’s food needs, and involve intensive use of toxic pesticides. 

HISTORICAL OVERVIEW OF AGRICULTURE IN HAWAI‘I (SECTION 2)

 ❖ The GE seed industry’s rapid expansion onto former plantation lands has contributed to steadily declining 
food security; once food self-sufficient, by 2013 Hawai‘i supplied less than 12% of its food needs (2.3).

 ❖ The seed industry accounts for less than 0.5% of Hawai‘i’s jobs and gross domestic product, while 
agriculture redirected to greater food self-sufficiency would create more jobs and bolster Hawai‘i’s 
economy (2.3.2 & 2.3.3, inset on “Diversified Agriculture”).

GENETICALLY ENGINEERED CROPS IN HAWAI‘I (SECTION 3)

 ❖ Hawai‘i leads the nation in GE crop field trials, with tests on 1,141 sites in 2014 alone, representing a far 
higher density of field tests than on larger mainland states (3.1).

 ❖ The majority of GE crops tested in Hawai‘i are corn (67%) or soybeans (24%), while virtually no GE crops 
relevant to Hawai‘i’s food needs are being tested (3.2).

 ❖ The most commonly tested GE “trait” is herbicide-resistance (82% of field releases over the past two years), 
which permits heavier and more frequent spraying of herbicides than is otherwise possible (3.2 & 3.4).

PESTICIDE USE ON HAWAI‘I (SECTION 4)

 ❖ GE seed corn in Hawai‘i involves much more intensive use of pesticides than mainland field corn, for 
instance, 17 times more restricted use insecticides (4.1 to 4.4).

 ❖ From 2007-2012 on Kauai, DuPont-Pioneer alone applied 90 different pesticide formulations representing 
63 active ingredients on 2/3 of the days each year, with on average 8.3 to 16 applications per application 
day in various years of this period (4.3).

 ❖ Large agricultural users of more hazardous “restricted use pesticides” (RUPs) – mostly seed firms – 
account for 99.8% of agricultural RUP sales on the Islands (4.6).

ADVERSE IMPACTS OF PESTICIDES REPORTED IN HAWAI‘I (SECTION 5)

 ❖ Pesticide drift frequently sickens Hawai‘i’s schoolchildren, triggering nausea, vomiting, dizziness and 
difficulty breathing, among other symptoms, and in some cases necessitating decontamination showers, 
school evacuations and hospitalization.

 ❖ Children and adults in Waimea, Kaua‘i, downwind of DuPont-Pioneer fields, have been particularly hard 
hit by pesticide drift and “fugitive dust;” Kaua‘i physicians report “almost daily” respiratory complaints, 
as well as nose bleeds and dermatitis; and they suspect pesticides as a possible cause of high cancer and 
birth defect rates.

 ❖ Hawai‘i’s lack of a pesticide poisoning surveillance system, as found in 11 other states, means that pesticide 
drift is likely far more common than realized.
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HEALTH IMPACTS OF PESTICIDE EXPOSURE (SECTION 6) 

 ❖ Farmworkers and children are at greatest risk from pesticides, due to high exposure and greater sensitivity, 
respectively. Fetuses (via maternal exposure) are the most vulnerable.

 ❖ In a major review of the medical literature, the American Academy of Pediatrics found strong evidence 
linking pesticide exposure of kids to childhood cancers, neurobehavioral and cognitive deficits, adverse 
birth outcomes, and asthma. Many of the implicated pesticides (e.g. chlorpyrifos, atrazine) are heavily 
used in Hawai‘i (6.2).

 ❖ Adults exposed to pesticides have higher risk of various cancers, Parkinson’s disease, depression, and 
reproductive problems, such as low sperm counts (6.1).

 ❖ Studies suggest that even one-time (acute) pesticide poisoning episodes can sometimes have long-term 
health impacts (6.4).

ENVIRONMENTAL IMPACTS OF PESTICIDES IN HAWAI‘I (SECTION 7)

 ❖ Hawai‘i’s incredible biodiversity and many threatened and endangered species are at risk from intensive 
pesticide use on the Islands.

 ❖ For instance, atrazine contamination of surface water threatens amphibian life, while many insecticides 
heavily used in seed corn operations are toxic to bees.

DEFICIENT FEDERAL AND STATE REGULATION MAKES
LOCAL ACTION NECESSARY (SECTION 8)

 ❖ EPA relies almost entirely on companies’ tests on their own pesticides, fails to consider the toxicity of 
pesticide additives and exposure to multiple pesticides, and wrongly assumes perfect compliance with 
application regulations (8.1.1).

 ❖ Thousands of pesticide drift episodes occur each year despite EPA regulation, causing illness in both 
children and adults as well as crop damage; in 2009, public interest groups sued EPA for its failure to 
protect kids from hazardous pesticide drift (5.2, 8.4).

 ❖ Government scientists found that pesticide drift frequently sickens schoolchildren, and recommend 
“pesticide spray buffer zones around schools” (5.2, 8.4)

 ❖ Momentum is building to protect kids from pesticide drift. At least nine states and 14 counties have 
established no-spray buffer zones around sensitive areas such as schools, daycare centers and hospitals, 
among other regulations (8.4 & 8.5).

 ❖ Residents of three Hawai‘i’s counties passed ordinances regulating pesticide use and pesticide-intensive 
GE seed crop operations; rather than comply with these prudent laws, Hawai‘i’s pesticide firms have sued 
the counties to overturn them (8.3). 

A growing movement, led by communities and local elected officials, is demanding protection of Hawai‘i’s 
environment and its citizens, especially its keiki, from pesticidal harms; and a sustainable food system that 
better meets the state’s food needs.

S U M M A R Y  O F  K E Y  F I N D I N G S
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PART ONE:
INTRODUCTION

In November 2013, 4000 
people took to the streets 
of Kaua‘i in support of Bill 
2491, a proposed ordinance 

that would require agrochemical 
companies to disclose the amount, 
location, and frequency of the 
pesticides they spray, as well as 
observe modest no-spray buffer 
zones around “sensitive areas” 
including homes, schools, hospitals, and waterways. That same year, on Hawai‘i 
Island, Ordinance 13-121 was passed to provide farmers and residents of Hawai‘i, their 
property, and the environment important protection from the impacts of genetically 
engineered (GE) crops, such as transgenic contamination and associated pesticide 
drift, while also banning the planting and outdoor testing of new GE crops. In 2014, 
Maui County followed suit, passing a temporary moratorium on GE operations until 
the companies funded an Environmental and Public Health Impact assessment. 
These historic actions are the work of a powerful and growing community-driven 
movement to protect citizens, especially our children, from the irresponsible practices 
of the multinational agrochemical companies that operate across the state of Hawai‘i.

This report emerges from the frontlines of that movement. First, we describe the 
historical and economic context of the seed industry, its role in Hawai‘i’s agriculture 
and economy, and the missed opportunities for greater food security. This is followed 
by a detailed review of GE crop field trials and pesticide usage practices that char-
acterize the seed industry in Hawai‘i.  We then discuss pesticide poisoning episodes 
in Hawai‘i, and more broadly survey the medical and scientific literature addressing 
the human health and environmental impacts of pesticides. Finally, we describe the 
serious deficiencies in federal regulation in this arena, and the wave of initiatives tak-
en by states and counties in response. Our hope is to build support for measures to 
protect Hawai‘i’s citizens, particularly children, from harmful pesticide exposure; and 
for measures to increase Hawai‘i’s local food production and food security.
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PART TWO: OVERVIEW OF
AGRICULTURE IN HAWAI‘I

2.1 ERA OF SUSTAINABILITY

Before we can delve into Hawai‘i’s current agricultural landscape, and 
the role that GE seed testing and production plays in that landscape, it is 
useful to consider the history of agriculture and resource management in 
the state. This history points to important socio-political dynamics that 

have dramatically reduced community access to land and water, transforming food 
from locally produced sustenance into a commodity to be exported or imported.  
Hawai‘i’s history of food self-sufficiency also inspires  Hawai‘i’s food movement, as 
Native Hawaiians supplied all of their own food needs for thousands of years without 
needing to import food. 

Although Hawaiian agriculture was long dominated by export-oriented sugar and 
pineapple plantations, for centuries prior the Islands’ agricultural system sustained 
thriving communities living on the most remote island chain in the world (Mitra 
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2014). The first Polynesians arrived in Hawai‘i from the Marquesas between 500 and 
700 AD. They introduced animals, including pigs and chickens, and brought essential 
plants for subsistence from their land of origin1 (HDOA 2015a). All of these plants 
and animals provided the Islands’ settlers with everything they needed to survive, 
including food, clothing, medicine, and materials for building shelter. These locally 
cultivated staple foods supported the nutritional demands of the early settlers, but 
fostered population growth that required more sophisticated systems of agriculture. 

Over the next millennium, in almost complete isolation, the Hawaiians developed 
an agricultural system that included aquaculture, or fish ponds (loko i‘a), irrigated 
wetland taro patches (lo‘i kalo), and rain-fed dryland field systems (Newman 1971, 
Vitousek et al. 2004). These systems were designed to work in harmony with fea-
tures of the local ecosystem to optimize growing conditions for crops. For exam-
ple, to provide optimal taro growing conditions in ponds of slowly circulating water, 
Hawaiians engineered and built foundational infrastructure such as ditches (‘auwai) 
that fed stream water into staggered terraces, or lo‘i. While irrigated wetland agricul-
tural systems were primarily found on older islands and in the alluvial valleys of the 
younger islands, rain-fed dryland systems suitable to local growing conditions were 
often found on the younger volcanoes of Maui and Hawai‘i (Vitousek et al. 2004). 
This approach to infrastructure design ultimately allowed taro cultivation in Hawai‘i 
to reach intensive levels, with hundreds of varieties developed for particular terrains 
or for specific traits, all derived from roughly twelve original varieties brought to 
Hawai‘i by the early Polynesian settlers (Hawaiian Encyclopedia 2015). As the Ha-
waiians’ staple crop, taro (or kalo) was imbued with cultural significance, providing 
spiritual and physical sustenance simultaneously.2

Hawaiians continued building their local food system by developing the ahupua‘a 
land management system, which incorporated key principles of ecology and environ-
mental management. The ahupua‘a system organized natural resource use and access 
around self-sustaining land divisions that follow watershed contours from the tips 
of the mountains (mauka) to the near-shore fisheries (makai). These wedge-shaped 
pieces of land encompass a range of microclimates and natural habitats, each section 
uniquely suited to cultivating crops, hunting, fishing, and foraging. This arrangement 
allowed for maximizing the use of biodiversity over short distances and acknowl-

1The canoe plants include ‘ape (elephant’s ear), ‘awa (kawa), ‘awapuhi kuahiwi (shampoo ginger), hau ipu (gourd), kalo (taro), 
kamani (Alexandrian laurel), kī (ti), kō (sugar cane), kou, kukui (candlenut), mai‘a (banana), milo (portia tree), niu (coco-
nut), noni (Indian mulberry), ‘ohe (bamboo), ōhi‘a‘ai (mountain apple), ōlena (turmeric), olonā, pia (Polynesian arrowroot), 
‘uala (sweet potato), uhi (yam), ‘ulu (breadfruit), and wauke (paper mulberry).
2For Native Hawaiians, taro is not simply a traditional food, but a relative, an older brother of the Hawaiian people deserving 
of great respect. “The first child of Wākea and Ho‘ohōkūkalani was an unformed fetus, born prematurely they named him 
Hāloa-naka (quivering long stalk). They buried Hāloa-naka in the earth, and from that spot grew the first kalo plant. The 
second child, named Hāloa in honor of his elder brother, was the first Hawaiian ali‘i nui and became the ancestor of all the 
Hawaiian people” (Kame‘eleihiwa 1992).

Taro (or kalo) 
was imbued 
with cultural 
significance, 
providing 
spiritual 
and physical 
sustenance 
simultaneously.
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edged the interactive influences of biological resources and production zones. This 
land management style preserved ecosystem services and provided advanced agricul-
tural options that worked with the natural world (Mueller-Dombois 2007). 

An ahupua‘a contained all the resources a community would need to sustain itself, 
while allowing for high productivity; historically it is reported that this system sus-
tained a population of one million (Stannard 1989). The community living within an 
ahupua‘a was responsible for managing its land and water resources. This communi-
ty-based management of natural resources underpinned social and political belong-
ing: “Rather than being residents of a village, a family belonged to an ahupua‘a…The 
ahupua‘a assured that its residents had access to the resources of both land and sea” 
(Corum 2000). Further, as a set of practices that shaped land and relationships, it also 
pointed to a “way of seeing” the world and the relationships therein, as the ahupua‘a 
“governed people’s survival and their capacity to secure ready access to necessary 
resources” (Andrade 2001). Weaving together the cultural and social identity with 
the place where one resides, the Hawaiian worldview further understood ‘āina not as 
simply land or property, but as that which feeds, signaling the inextricable relation-
ship between land, people, and food. The values governing land and natural resourc-
es in Hawai‘i ensured that the present generation would subsist totally from locally 
sourced food, and that the integrity of natural resources would be preserved so future 
generations could thrive. The fact that the residents of the Hawaiian Islands never 
relied on imported food well into the eighteenth century is a direct result of this inte-
grated approach to the food system, land management and socio-cultural belonging.

2.2 PLANTATION AGRICULTURE

With the arrival of Captain Cook in 1778, a new era in Hawai‘i’s agriculture began – 
one dominated by foreign agricultural interests that would gradually alienate native 
Hawaiians from their land and natural resources, and utilize these resources for pes-
ticide-intensive plantation crop agriculture that undermined Hawai‘i’s food security 
and impacted the health of Hawai‘i’s people and its environment as well. 

In the mid-nineteenth century, the transfer of land into the hands of Americans and 
Europeans became known as the Mahele,3 whereby the foreign concept of private 
property, a concept antithetical to the communal land model of kānaka maoli, was 
introduced as a legal mechanism to displace most Hawaiians from the land they had 
historically managed. This resulted in the concentration of land among a small group 
of foreign merchants and sugar planters, who came to be known as the Big Five (Cas-
tle & Cooke, C. Brewer & Co., Alexander & Baldwin, Theo Davies & Co., and Amer-

3The Mahele was an act for land redistribution proposed by King Kamehameha III in 1830, enacted in 1845, and amended in 
1850 that allowed foreigners to buy and lease land (Bartholomew et al. 2012).

The ahupua‘a 
land management 

style preserved 
ecosystem 

services and 
provided 

advanced 
agricultural 

options that 
worked with the 

natural world. 
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ican Factors) (Suryanata 2002). Indeed, the Mahele 
laid the foundation for the export-orientated “cash 
crop” plantation agriculture that would define Ha-
wai‘i until the late 1970s, and significantly increase 
the Islands’ dependence on imported foods.  

The sugar and pineapple industries dominated Ha-
wai‘i’s society, economy and agriculture for nearly 
two centuries, and former Big Five firms Castle & 
Cooke and Alexander & Baldwin remain among the 
largest landholders in the state today (Figure 1). In 
addition to land they own, large landholders have 
extended their control by taking advantage of the 
State’s policy of leasing large parcels of public land 
at extremely low cost, available at rents as low as just $.02 an acre (Kent 1983). These 
large, multinational agricultural companies transformed both the environmental and 
political landscapes, as their increasing control over Hawai‘i’s land and water was 
inextricably tied to their increasing political power. The traditional irrigation sys-
tems supporting Hawaiian taro and fish pond production were disrupted by water 
diversion projects initiated by the booming sugar and pineapple plantations, which 
accessed the water resources free of charge (Kent 1983). 

Because of their control over Hawai‘i’s natural resources, the production of sugar 
doubled in the four years after the Reciprocity Treaty.4 After 15 years, the production 
and exportation of sugar had grown ten times (Kent 1983). To meet the needs of these 
expanding plantations, Korean, Japanese, Chinese, Filipinos, Portuguese, Puerto Ri-
cans, and Russian contract laborers were brought to work on the Islands (Hawaiian 
Encyclopedia 2015). By the beginning of the 1900s, Commercial and Sugar Company 
had 25,000 acres of land, housed 3,200 workers and returned a 20% profit to its stock-
holders (Kent 1983). At their peak in 1936, pineapple plantations occupied 89,000 
acres across the Islands (Bartholomew et al. 2012), while sugarcane occupied over 
200,000 acres as late as 1982 (Figure 5). Land used for production of export commod-
ities was of course no longer available to supply Hawai‘i’s needs: as early as 1934-1936, 
Hawai‘i produced only 37% of its food, importing the rest (Loke and Leung 2013). 

The sugar and pineapple plantations utilized industrial production methods to meet 
rising demand and increase their yields (Kent 1983). These included increasing re-
liance on synthetic chemical inputs (pesticides and fertilizers) and shorter crop ro-

4The Reciprocity Treaty was an agreement between the Kingdom of Hawai‘i and U.S. starting in 1876, whereby free access 
to the U.S. market for sugar and other products grown in Hawai‘i was granted in exchange for land, that later became Pearl 
Harbor naval base.

Figure 1: Top Private Landowners in Hawai‘i 2013
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tations, resulting in accelerated depletion of soil and pollution of the environment. 
Some extremely toxic plantation pesticides infiltrated the groundwater, posing hu-
man health risks (Allen et al. 1997). 

Hawai’i became a state in 1959.  Despite heavy pressure to develop and urbanize 
agricultural land in the state, both the Hawai‘i State Constitution (Article 11)5 and 
the 1961 Hawai‘i State Land Use Law offered protections for agricultural land, which 
resulted in a system of controls and incentives, including tax provisions, that encour-
aged property owners to dedicate their land to agricultural uses.  However, these land 
use provisions have not translated into increased access to land for small farmers, 
nor have they halted the decline in food self-sufficiency. Obstacles for small farmers 
include the high cost and scarcity of land for sale, and the preference of landowners 
to lease large parcels of land in long-term leases (Suryanata 2002).

Thus, Hawai‘i retained a high concentration of land ownership in the post-statehood 
period, with the majority still dedicated to export-oriented commodity production 
(Kent 1983). Today, the majority of land in Hawai‘i is still controlled by an exclu-
sive group of private entities, including two firms formerly belonging to the Big Five. 
After the State of Hawai‘i (#1) and the federal government (#2), the top six major 
landowners in Hawai‘i are Kamehameha Schools, Parker Ranch, Lanai Resorts LLC, 
Alexander & Baldwin, Moloka‘i Ranch, and the Robinson Family (see Figure 1). Pri-
vately owned land represents 2.4 million acres, or 57% of total land in Hawai‘i (Sury-
anata 2002). 

The plantations that once defined Hawai‘i’s agriculture have almost disappeared, 
as major producers of sugarcane and pineapple, such as Dole and Del Monte, shut 
down operations in Hawai‘i and sought lower-cost production in developing coun-
tries (Goldberg 1996), for instance in the Philippines and Taiwan, where agricultural 
wages were less than 10% those of Hawai‘i in the early 1970s (Bartholomew et al. 
2012).  Today, all that remains of the once dominant plantations are one sugarcane 
operation on Maui and a single major pineapple producer on O‘ahu (HC Sugar 2015, 
Paiva 2009).  However, the plantation era legacy of land concentration, intensive use 
of toxic pesticides, and agriculture for export lives on with the genetically engineered 
seed crop industry, to which we now turn.

2.3 THE RISE OF THE SEED CROP INDUSTRY IN HAWAI‘I

Hawai‘i has become a major center for production of seed crops, which are crops 
grown for breeding purposes or for farmers’ planting stock rather than for food, feed 

5Article XI of the Hawai‘i State Constitution demands the state protect agricultural lands and support food self-sufficiency: 
“The state shall conserve and protect agricultural lands, promote diversified agriculture, increase agricultural self-sufficiency 
and assure the availability of agriculturally suitable lands.”

DIVERSIFIED AGRICULTURE – AN OPPORTUNITY MISSED
Obstacles for 
small farmers 

include the 
high cost and 

scarcity of land 
for sale, and 

the preference 
of landowners 
to lease large 

parcels of land in 
long-term leases.
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DIVERSIFIED AGRICULTURE – AN OPPORTUNITY MISSED

Diversified agriculture is an amorphous concept, 
a buzzword of sorts, that has come to represent 
the hopes for a revitalization of Hawai‘i agri-
culture following the demise of the plantation 

era and the release of many thousands of acres for alternative 
uses (Suryanata 2002).  For some, it means developing new 
export crops – such as macadamia nuts, papaya and tropical 
flowers – to replace pineapples and sugarcane.  While this 
strategy has enjoyed some success (e.g. high-quality Kona 
coffee), it has often fallen victim to the same forces that 
undermined plantation-era export crops: falling prices as 
global corporations source cheaper supplies in developing 
countries.  For instance, producers in Mexico, Brazil and the 
Philippines have largely supplanted Hawai‘i’s growers in ma-
jor papaya markets such as the mainland U.S., Japan and the 
European Union.  Likewise, the rapidly increasing demand 
for cut flowers on the mainland since the 1970s has been 
met largely by producers in South and Central America 
rather than Hawai‘i.  Sadly, even the flowers for traditional 
Hawaiian leis are increasingly imported (Suryanata 2002). 

In the 1990s, state officials showed passing interest in foster-
ing diversified agriculture of another sort: small-scale farm-
ing for local food production.  According to University of 
Hawai‘i (UH) agricultural scientist Hector Valenzuela, 200 
novice farmers were given two acres each to cultivate, “but 
they weren’t given full support. We didn’t show them how 
to farm. So after a few years they gave up” (as quoted in Mi-
tra 2014). Valenzuela acknowledges that the farming life is 
tough, but sees that as still more reason to help those who 
take the plunge to succeed.  What explains the state’s failure? 
For Valenzuela, part of the problem was that UH agricultur-
al scientists turned to genetic engineering (GE), and “shut 
themselves up in labs when they should have been in the 
fields, showing farmers how to grow food” (Ibid.).  Veter-
an Moloka‘i activist Walter Ritte had a similar experience. 
Agricultural extension agents never followed through on 
promises to provide training and support for aspiring farm-
ers. He notes that then-Governor Ben Cayetano encouraged 
further expansion of the GE seed industry, instead: “[a]
ll of a sudden the best lands were being given to these big 
chemical companies and we were back to industrial [agri-

culture] again” (as quoted in 
Mitra 2014). As a result, Ha-
wai‘i has become less food 
self-sufficient than ever be-
fore; by 2010, it is estimated 
that the state imported over 
88% of its food (Loke and 
Leung 2013).

How large of an opportunity did Hawai‘i miss with its mis-
guided promotion of the GE seed corn industry? Hawai‘i ag-
ricultural experts estimate that replacing 100% of imports of 
selected food products  with local production would gener-
ate $303 million in earnings, $39 million in state taxes, and 
create 14,629 jobs (Leung and Loke 2008, Table 5), over 10 
times the number currently provided by the pesticide-seed 
industry.  A much more modest goal – replacing just 10% 
of imported foods overall with local production – would 
keep $313 million now spent overseas in the local econo-
my; and through ripple effects generate $188 million more 
in sales, $37 million more in earnings, and $6 million more 
in state tax revenues throughout the economy. It would also 
create 2,300 new jobs, 65% more than currently provided by 
the pesticide-seed industry (Leung and Loke 2008, Hawai‘i 
Food Security 2012).

Even the more modest goal presents challenges. Farming is 
hard work that not everyone is suited to; land prices are high; 
low-cost competition from off-island producers lowers prof-
it margins; and some are put off by agriculture because of its 
association with plantation-era abuses and pollution. Even 
so, the obstacles are far from insurmountable. They could 
be overcome if the state and university were willing to make 
a vigorous and sustained commitment. This might involve 
hiring more agricultural extension agents who know how 
to farm rather than genetic engineers who do not; training 
novice farmers; enacting policies to make agricultural land 
more affordable; and encouraging consumers to “Buy Ha-
waiian,” among other measures (Leung and Loke 2008, Ha-
wai‘i Food Security 2012).
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or biofuels production.  The history of seed operations in Hawai‘i began in 1966 with 
a five-acre test planting of corn on Moloka‘i by several mainland seed firms, leading 
to establishment of the Moloka‘i Seed Service.  Winter seed corn operations expand-
ed quickly, and by 1969 totaled about 500 acres on the islands of Moloka‘i, Maui, and 
Kaua‘i. University of Hawai‘i initiated year round breeding nurseries as early as 1970, 
and the widespread transition from winter to year-round nurseries occurred in the 
1990s. Major firms with seed corn operations on Hawai‘i at that time included Pio-
neer Hi-Bred International, Northrup King, and Illinois Foundation Seeds, among 
others (Brewbaker 2003). The seed industry transitioned rapidly from conventional 
to GE crops beginning in the 1990s, and today the vast majority of seeds produced 
on Hawai‘i are genetically engineered (see “Biotechnology = Pesticides + Patented 
Seeds”).

Hawai‘i’s chief attraction to seed crop firms was and is that its year-round growing 
season  allows for multiple plantings per year, permitting more rapid breeding of new 
varieties than is possible on the mainland, where the climate permits only one crop 
per season. Most seed crop operations are situated on the drier leeward (south and 
west) side of the islands, on former sugarcane land with irrigation systems, to pro-
tect the plants from damaging trade winds and excessive winter rainfall (Brewbaker 
2003).

As plantation agriculture declined, prime farmland and associated irrigation systems 
were freed up for other uses.  The State of Hawai‘i promoted expansion of the seed 
crop industry onto this irrigated farmland in several ways.  In addition to leasing state 
lands directly to agrochemical companies (discussed further below), the state legis-
lature created an agency called the Agribusiness Development Corporation (ADC), 
which as part of the Hawai‘i Department of Agriculture is charged with promoting 
diversified agriculture on former plantation lands.  In 2007, the ADC gave exclusive 
license to use, manage, operate, maintain, and control the infrastructure of the for-
mer Kaua‘i sugar cane lands to a private entity called the Kekaha Agriculture Asso-
ciation (KAA). As part of this arrangement, KAA gained control of two critical ditch 
systems that represent much of west Kaua‘i’s agricultural water resources. KAA is pri-
marily financed and run by its largest corporate leaseholders, which include Pioneer 
Hi-Bred (now owned by DuPont), Syngenta, and BASF; but it also receives sizeable 
annual management and project fees that are funded by taxpayers.  In contrast to its 
promotion of agrochemical company interests, KAA has made no noticeable efforts 
to train Kaua‘i’s aspiring farmers in food production (Eng 2012).

Has the state’s promotion of the seed crop industry been good for Hawai‘i’s agricul-
ture and economy? Or has it foreclosed other options, incurring what economists call 
“opportunity costs,” that would have provided more benefits? Below, we explore these 
questions with respect to employment, economic impact, land use, and food security.

Hawai‘i’s chief 
attraction to 

seed crop firms 
was and is that 
its year-round 

growing season  
allows for 

multiple plantings 
per year.
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BIOTECHNOLOGY = PESTICIDES + PATENTED SEEDS

There has been enormous consolidation in the 
seed industry over the past three decades.  The 
world’s six major multinational agrochemical 
companies – Monsanto, DuPont-Pioneer, Syn-

genta, Dow Chemical, Bayer, and BASF – have acquired a 
huge number of seed firms. These include behemoths like Pi-
oneer Hi-Bred, DeKalb, Northrup-King and Holden’s Foun-
dation Seeds, as well as hundreds of smaller firms (Howard 
2009). By 2009, the “Big Six” agrochemical companies, as 
they’re known, accounted for fully 58% of the world’s com-
mercial seed sales (Table 1). Five of these six multinationals 
(all but Bayer) have seed operations on Hawai‘i.

This acquisition spree was spurred by two major factors. 
First, the advent of plant patents in the 1980s and 1990s 
made the traditionally low-profit seed industry a potentially 
lucrative market by giving seed owners the legal “right” to 
prohibit farmer seed-saving, and thereby increase seed sales 
and prices. Second, the development of genetic engineering 
techniques enabled introduction of new “traits” into corn 
and other crops. Seed firms incorporate large “technology 
fees” for these traits into the price of the seed, another rea-
son for skyrocketing seed prices in the era of genetic en-
gineering. These new “biotechnology” (i.e., consolidated 
agrochemical & seed) firms have made it a top priority to 
use genetic engineering to make their newly acquired plant 

varieties resistant to herbicides (i.e., weed-killers), thereby 
dramatically increasing sales of these profitable products as 
well (Freese 2014). Table 1 illustrates the strong nexus be-
tween agrochemicals and seeds: the “Big Six” account for 
two-thirds (67%) of combined seed and agrichemical sales 
revenue worldwide.  

From the mid-1990s to the present, genetically engineered 
varieties of corn, soybeans, and cotton have almost entirely 
replaced conventional varieties in both farmers’ fields and in 
Hawai‘i’s seed crop operations.

Source: Based on ETC Group (2011).

Table 1: Top 6 Companies in Agrichemicals & Seeds

Company

(2009 sales, in billions of dollars)

Seeds +
Agrichemicals

Sales
Market
Share

Seeds Agrichemicals

1

2

3

4

5

11.724

11.055

8.244

7.044

5.007

6 4.537

Monsanto (USA)

Syngenta (Switzerland)

Bayer (Germany)

DuPont-Pioneer (USA)

BASF (Germany)

Dow Chemical (USA)

Top Six Companies 47.611

Total Market 71.400

16%

15%

12%

10%

7%

6%

67%

Market
Share

27%

9%

3%

17%

NR

2%

58%

Sales

7.297

2.564

0.700

4.641

NR

0.635

15.837

27.400

Market
Share

10%

19%

17%

5%

11%

9%

71%

Sales

4.427

8.491

7.544

2.403

5.007

3.902

31.774

44.000

2.3.1 Employment

The agricultural sector as a whole provides extremely few jobs in Hawai‘i, and its 
contribution to state employment has declined sharply over the past quarter centu-
ry (Figure 2).  Agriculture accounted for 9,550 jobs in 1990, declining 32% to just 
6,500 jobs by 2013.  Because this decline in agricultural employment coincided with 
a 16% rise in total jobs, agricultural jobs fell from 1.8% to just 1.0% of the state’s work 
force (Figure 2). While agricultural employment is also declining nationally, Hawai‘i 
is disproportionately job-poor in this critical sector.  In 2012, for instance, agriculture 
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accounted for 1.45% of U.S. jobs (US Department 
of Labor 2013, Table 1), 40% higher than the agri-
cultural share of Hawai‘i’s employment in that year 
(1.06%).

To our knowledge, there is no independently pub-
lished data regarding seed industry employment in 
Hawai‘i; however, according to a report by indus-
try contractors, the Hawai‘i seed crop industry em-
ployed 1,397 workers in 2012 (Loudat and Kasturi 
2013). This represents just 0.23% of total Hawai‘i 
jobs (612,800) in that year.  In other words, the seed 
industry accounted for just 1 of every 439 jobs in 
Hawai‘i in 2012.  The number of seed industry jobs 
has declined sharply (by 25%) since 2008, when 
1,863 individuals were employed (Loudat and Kas-

turi 2009).  Moreover, nearly half (43%) of seed industry jobs are part-time (Ibid.), 
and hence presumably provide too little income to support a family.

2.3.2 Economic Impact

Contrary to popular belief, Hawai‘i’s seed industry makes a marginal contribution to 
the state’s economy, as measured by gross domestic product (GDP).7 As with employ-
ment, we first examine the agriculture sector as a whole, of which the seed industry 
is a part.  

The “agriculture, forestry, fishing and hunting” sector (AgFFH) ranks second to last 
(19th) among 20 sectors in GDP by industry, behind “arts, entertainment & recre-
ation” and surpassing only “mining” (Figure 3). From 1997 to 2013, AgFFH com-
prised just 0.48% to 0.75% of Hawai‘i’s “all industry” GDP (Figure 4).8 In 2012, for 
instance, Hawai‘i’s AgFFH sector had a GDP of $335 million, just 0.52% of the state’s 
GDP of $68.8 billion (both in constant 2009 dollars).

While there are no GDP figures for the seed industry subsector in particular, annu-
al agricultural statistics for the state indicate that seed crops represent about one-
third (34%) of the overall value of agricultural production (HASB 2011, p. 7).  By 
applying this 34% factor to total agricultural GDP ($355 million for 2012), it may be 

Figure 2: Agricultural vs. Non-Agricultural
Jobs in Hawai‘i: 1990-2013
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Sources: Data for 1990 to 2010 (HDBEDT 2015a) and data for 

2011 to 2013 (State of Hawai‘i Data Book 2013).

7According to the U.S. Bureau of Economic Affairs, the “GDP by industry” statistic “provides the basis for comparing the 
performance of each industry relative to other industries and to the economy as a whole and for identifying each industry’s 
contribution to economic growth” (BEA Consumer Guide 2015). 
8If one excludes forestry, fishing and hunting to focus solely on the “farms” subsector that encompasses the seed industry, 
the GDP contribution is smaller still: from 0.40% to 0.64% of “all industry” GDP over this period.
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estimated that the seed industry yielded an annual 
GDP of roughly $121 million in 2012, representing 
just a small fraction (0.18%) of the state’s GDP. In-
dustry proponents have proposed a variety of eco-
nomic “ripple effects” that would roughly double 
the industry’s impact (Loudat and Kasturi 2013). 
However, even if these estimates are accepted at 
face value, the seed industry is still an extremely 
minor player in Hawai‘i’s economy, with less than 
0.5% shares of jobs and state GDP. Moreover, it is 
quite clear that seed crops have much lesser ripple 
effects than growing food for consumption in Ha-
wai‘i (Leung and Loke 2008).

Seed industry contractors (Loudat and Kasturi 2009, 
2013) have made much of the rapid growth in “val-
ue” of the Hawai‘i seed industry. However, this high 
growth rate primarily reflects the astronomical rise 
in the price of genetically engineered seeds that the 
agrochemical/seed giants are charging American 
farmers, who have ever fewer affordable seed op-
tions as these companies continue to buy up smaller 
seed firms (Freese 2007a, Hubbard 2009). The pesti-
cide-seed industry’s increasing “value” is thus noth-
ing to celebrate, except perhaps in the boardrooms 
of the companies themselves. (See Appendix I for 
further discussion of methods used to artificially 
inflate the importance of the seed industry to Ha-
wai‘i’s economy). 

2.3.3 Land Use and Food Security

The decline of plantation agriculture freed up huge 
amounts of land, which opened up enormous op-
portunities for more local food production. Despite 
official rhetoric on the importance of increasing 
food self-sufficiency, however, the state chose not to 
embrace these opportunities (see “Diversified Ag-
riculture – An Opportunity Missed”).  As a result, 
even the non-plantation component of Hawaiian 
agriculture is stagnant and in some respects in steep 
decline.

Figure 3: GDP of Agriculture vs. Other Industries
in Hawai‘i: 2009
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Figure 4: Agriculture as Share of Hawai‘i’s Real GDP
(constant 2009 dollars, in millions)  
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One clear sign of this is that the land area planted to 
crops other than sugarcane and pineapple (including 
seed crops) has not increased at all from plantation 
days to the present. Consider this simple fact: despite 
the freeing up of 200,000 acres of prime plantation 
land, much of it irrigated, since 1982, there has been 
no net increase in land planted to other crops, 
which stands at roughly 40,000 acres today as it did 
three decades ago (Figure 5).

A second indicator of the state’s diminishing agri-
cultural sector is the declining market share for lo-
cally grown fresh produce in Hawai‘i’s market. Over 
the past two decades, Hawai‘i has made zero prog-
ress in producing a greater share of the fresh vege-
tables its citizens consume. In 2008, only one-third 
of vegetables were home-grown, while two-thirds 
were imported, the same split as in 1990 when plan-
tations still claimed much of the best land (Figure 6). 
Incredibly, Hawai‘i has become nearly twice as de-
pendent on imports of fresh fruits: the home-grown 
share declined from 57% in 1990 to just 32% by 2008 
(Figure 6). That a state with ideal conditions for fruit 
production should import two-thirds of its fresh fruit 
must be counted a major failure of state agricultural 
policy, particularly in a state supposedly committed 
to greater food self-sufficiency.9 The import shares of 
fruits and vegetables have likely increased still further 
since 2008; however, these statistics are not available 
because the Hawai‘i Department of Agriculture de-
funded the agency that records these data in 2009.10

Figure 5: Area Planted to Plantation
vs. Other Crops in Hawai‘i: 1982-2011
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Figure 6: Share of Fresh Fruit and Vegetable Markets
Supplied by Hawai‘i Produce: 1990-2008
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Sources: HASB (various years), see table entitled 

“SUMMARY: Acreage in crop and total farm acreage, by 

county” in respective annual bulletins. Note: Beginning in 

2007, HASB stopped listing pineapple acreage separately, 

but instead folded it into the “All other crops” category 

(see HASB 2007, p. 79, footnote 7). In this figure, estimated 

pineapple acreage is added to “Sugarcane and Pineapple” 

and subtracted from “Other Crops” for 2007-2011.

Sources: HASB (various years). See tables entitled 

“Market Supply: Fresh market fruits, State of Hawai‘i” and 

“MARKET SUPPLY: Fresh market vegetables, State of 

Hawai‘i” in respective annual bulletins.

9The steep rise in the import share of fresh fruits is not explained by increased 
consumption of fruits not readily grown in Hawai‘i.  For instance, comparison 
of figures for 1990 and 2011 shows only slight increases in apple and pear im-
ports (by weight).
10Because these data are of course vital for assessing Hawai‘i’s progress (or 
lack thereof) toward food self-sufficiency, the state’s defunding of this agency 
speaks volumes about its lack of true commitment to this rhetorically support-
ed goal. The data no longer available since 2009 are “in-shipment” or import 
figures for fruits and vegetables: “data was provided by the Market Analysis 
and News Branch of the Hawai‘i Department of Agriculture.  Data for 2009 
is not available due to reduction-in-force eliminating all Market Analysis and 
News Branch positions” (HASB 2009, p. 38, footnote 2). The data are also 
missing for 2010 and 2011.

10Because these data are of course vital for assessing Hawai‘i’s progress (or lack thereof) toward food self-sufficiency, the 
state’s defunding of this agency speaks volumes about its lack of true commitment to this rhetorically supported goal. The 
data no longer available since 2009 are “in-shipment” or import figures for fruits and vegetables: “data was provided by the 
Market Analysis and News Branch of the Hawai‘i Department of Agriculture.  Data for 2009 is not available due to reduc-
tion-in-force eliminating all Market Analysis and News Branch positions” (HASB 2009, p. 38, footnote 2). The data are also 
missing for 2010 and 2011.
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In the face of this failed agricultural policy (and per-
haps to obscure it), state officials miss no opportunity 
to herald the growth of the seed crop industry. Indeed, 
harvested seed crop acreage has increased about 10-
fold since 1982 (Figure 7). This rising acreage in seed 
crops has coincided with a more than 50% decline in 
the already minimal acreage planted to fruit and veg-
etable crops: from a peak of over 14,000 acres in the 
late 1990s to just 6,000 acres today. In 2009, Hawai‘i 
for the first time had more acres planted to seed 
crops than to fruit (excluding pineapples) and veg-
etables combined (Figure 7). As more land is devot-
ed to inedible seed crops, less is available to farmers 
growing food crops for local consumption, meaning 
an overall decline in food security. 

However, the seed industry has a much larger “foot-
print” than even these figures suggest. Based on real 
property tax records, the five agrochemical/seed 
firms active in Hawai‘i own or lease over 25,000 acres 
for their operations (Table 2). This is over four times 
the seed crop acres harvested in 2011, and four times 
the total area planted to vegetables and fruits (ex-
cluding pineapple) (Figure 7). The seed industry’s 
footprint (25,034 acres) is two-thirds the size of 
the total area planted to crops other than sugar-
cane or pineapple (37,600 acres). This high-quality 
land, most or all of it irrigated, would be extremely 
well-suited to local food production, but the seed in-
dustry’s control ensures that it cannot be used for this 
purpose. Interestingly, the great majority of this land 
(20,823 acres) is leased by the companies from Ha-
wai‘i’s large landowners or from the state itself (Table 
3).  Thus, both state officials and Hawai‘i’s prominent 
landowners are actively ceding valuable agricultural 
land to pesticide-intensive seed crop operations that make zero contribution to Ha-
wai‘i’s food supply, even as the state becomes ever less food self-sufficient.

2.3.4 Summing Up

Hawai‘i’s seed crop industry provides few jobs and contributes little to the state’s econ-
omy, but nevertheless claims a large amount of prime cropland. Despite a rhetorical 

10Because these data are of course vital for assessing Hawai‘i’s progress (or lack thereof) toward food self-sufficiency, the 
state’s defunding of this agency speaks volumes about its lack of true commitment to this rhetorically supported goal. The 
data no longer available since 2009 are “in-shipment” or import figures for fruits and vegetables: “data was provided by the 
Market Analysis and News Branch of the Hawai‘i Department of Agriculture.  Data for 2009 is not available due to reduc-
tion-in-force eliminating all Market Analysis and News Branch positions” (HASB 2009, p. 38, footnote 2). The data are also 
missing for 2010 and 2011.

Figure 7: Area Planted to Vegetables, Fruits
(excl. Pineapples), and Seed Crops
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Table 2: Land Used for Seed Crop Operations in Hawai‘i

Company Acreage Owned or Leased Islands

Monsanto

DuPont-Pioneer

Dow Chemical

Syngenta

BASF

Total 25,034 acres

8,480

7,644

4,060

3,675

1,175

Moloka‘i, Maui, O‘ahu

Kaua‘i, O‘ahu

Moloka‘i, Kaua‘i

Kaua‘i, O‘ahu

Kaua‘i

Source: Honolulu, Kaua‘i, and Maui Real Property 

Assessment Division, 2015.
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commitment to food self-sufficiency, the state 
has done little or nothing to actually promote 
it. As a result, cropland devoted to production 
of fruit and vegetables is in steep decline, and 
Hawai‘i imports ever more of its produce - and 
over 88% of its food overall (Loke and Leung 
2013). Rather than continuing to facilitate the 
expansion of the seed crop industry, the state 
and major landowners must change course and 
make a serious, sustained effort to reinvigorate 
the state’s agriculture for increased local food 
production. The health and environmental im-
pacts of pesticide-intensive genetically engi-
neered seed crop production make this course 
correction all the more urgent.

Table 3: Major Lessors of Land to the
Seed Industry on Hawai‘i

Landholder Acreage Leased Islands

Gay & Robinson, Inc.

State of Hawai‘i DoA-ADC

Island Palm Communities

Molokai Properties Limited

Kamehameha Schools

Total 20,823

8,835

5,882

2,400

2,113

1,000

Hawai‘i Agricultural Research Center 390

State of Hawai‘i – Hawai‘i Homelands 149

State of Hawai‘i – Other 45

Alexander & Baldwin LLC 9

Kaua‘i

Kaua‘i

O‘ahu

O‘ahu

O‘ahu

Moloka‘i

Moloka‘i

Moloka‘i

Maui

Source: Honolulu, Kaua‘i, and Maui Real Property 

Assessment Division, 2015.
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PART THREE:
GENETICALLY ENGINEERED 
CROPS IN HAWAI‘I

Although genetically engineered (GE) crops were not grown com-
mercially until the early to mid-1990s, outdoor experimental plantings 
began in 1987. Hawai‘i was one of the very first states to host a GE crop 
field trial in 1988. Early tests involved tomatoes, cotton, and corn engi-

neered primarily for herbicide-resistance and/or insect-resistance (ISB Release 2015).

Genetic engineering endows crops with new “traits” by introducing genes derived 
from other organisms, mostly from bacteria. Insect-resistant crops incorporate one 
to seven bacteria-derived genes that cause the plant to generate an equivalent num-
ber of insect-killing toxins in all of its tissues. Herbicide resistance11  is the ability of 

11Also incorrectly called “herbicide tolerance” by the agrochemical-seed firms and those who follow their faulty naming con-
vention. The Weed Science Society of America clearly defined such GE crops as “herbicide-resistant” in 1998 (WSSA 1998).
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a plant to withstand an herbicide application that would otherwise kill it, to enable 
more convenient weed control. This trait is generated by inserting into the crop ge-
nome the “resistance” gene from a soil bacterium that has evolved immunity to the 
herbicide through frequent exposure to it (e.g. Adler 2011). As discussed further be-
low, herbicide-resistant crops are by far the dominant type of GE crop grown today, 
and they lead to much increased use of and dependence on toxic herbicides.

Field releases of GE crops are carried out under perfunctory permits issued by Unit-
ed States Department of Agriculture’s (USDA) Animal and Plant Health Inspection 
Service (APHIS). Obtaining a permit is a simple affair that involves providing min-
imal information, for instance the crop species, the intended trait(s), and the field 
test location(s). While USDA once carried out environmental assessments under the 
National Environmental Policy Act (NEPA) prior to issuing permits, this is rarely 
done today. In fact, the last full environmental assessment of a GE crop field release 
in Hawai‘i was conducted in 1994 (ISB EA 2015).  

3.1 TRENDS IN NUMBER OF GE CROP FIELD TESTS IN HAWAI‘I

Hawai‘i is ground zero for experimentation with GE crops. According to a US-
DA-sponsored database maintained by Virginia Tech, more permits have been is-
sued for GE crop field tests in Hawai‘i (3,243) than in any other state in the nation 

since field tests began in 1987 (Figure 8). Because 
Hawai‘i is much smaller than other states where GE 
crops are also frequently tested, it has a much higher 
density of field releases.  For instance, Hawai‘i has had 
9.2 times more GE crop field releases per unit land 
area than Illinois. This suggests that more people in 
Hawai‘i live in close proximity to field test sites than 
residents of Midwestern states, such as Illinois.

A permit covers just one GE crop species (e.g., corn), 
but may involve the testing of dozens of different GE 
traits.  An individual permit may authorize testing in 
one or multiple states; on one or many sites in each 
of those states; and on anywhere from fractions of an 
acre to many thousands of acres (Figure 9). As shown 
in Figure 10, annual permit numbers for Hawai‘i have 
fluctuated in a narrow range of 100-200 since the year 
2000, but the number of field test sites authorized by 
those permits has increased nearly three-fold, from 
425 to 1141, over the same period.  USDA does not 
break down field test acreage data by state (Figure 9); 

Figure 8: Top Ten Most Frequent
Locations for Crop Release
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Each release often involves tests on several different sites.
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however, the dramatic rise in the number of field 
test sites, and the increasing acreage planted to seed 
crops as a whole (Figures 7 and 10), suggests strongly 
that ever more Hawai‘i residents live in proximity to 
heavily sprayed GE seed crop fields.

3.2 TYPES OF GE CROPS
TESTED IN HAWAI‘I

Hawai‘i’s pesticide firms test out new GE crops un-
der permit, as discussed above, and these exper-
imental varieties may not be sold to farmers. They 
may also grow some approved GE crops to produce 
seed for farmers, but such “seed increase” plantings 
occur primarily on the mainland (Gomes 2015). In 
both cases, the ultimate goal is producing GE seed 
as planting stock. Thus, it is not surprising that the 
types of GE crops grown in Hawai‘i reflect the types 
that are grown on the mainland.  

GE corn and soybeans comprise the majority (about 
90%) of GE crop acreage in the U.S. The remaining 
10% is comprised primarily of GE cotton, alfalfa, 
canola, and sugar beets. Virtually all of these GE 
crops incorporate only one or both of two traits: in-
sect-resistance (IR) and herbicide-resistance (HR). 
All GE soybeans, alfalfa, canola, and sugar beets are 
HR only; while most GE corn and cotton incorpo-
rate both HR and IR traits. GE crops with HR and/or 
IR traits are so dominant that USDA does not even 
bother to record the miniscule acreage planted to 
other types of GE crops (Figure 11). Thus, although 
virus-resistant GE papaya looms large in Hawai‘i, 
neither the crop nor its trait is significant enough to 
register in the larger scheme of biotech agriculture. 
In fact, GE papaya represents less than 0.001% of U.S. 
acreage planted to GE crops.

Over 90% of GE crop field releases in Hawai‘i involve 
corn or soybeans, reflecting the dominance of these 
crops on the mainland; all other crops combined 
comprise less than 9% of field releases. Corn is tested 

Figure 10: Permits and Field Test Sites for GE
Crop Field Releases in Hawai‘i
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Figure 9: Permit for Typical GE Corn Field Release
in Hawai‘i and Puerto Rico

BP_Number 14-302-112rm
Monsanto
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Confidential Business
Information

CBI
10/29/2014

02/25/2015
03/01/2015
03/01/2016

Institution
Acres
CBI
Receive
Issued Date
E�ective Date
Expire Date
Status Issued
Regulated Article Corn

CBI

In E�ect

Pet_test

Type

Petition EA
& Determination

N/A

rel

Petition for
Deregulation

N/A

Associated Field
Tests

N/A

Release
Environmental
Assessment

N/A

03/01/2015

Locations Hawai‘i, Puerto Rico
Phenotypes AP-Altered Nitrogen Metabolism, AP-Drought 

Tolerant, AP-Yield Increased, HT-2,4-D Tolerant, 
HT-CBI, HT-Dicamba Tolerant, HT-Glufosinate 
Tolerant, HT-Glyphosate Tolerant, HT-Quizalofop 
Tolerance, IR-CBI, MG-Method Development, NR-CBI, 
OO-Method Development

Genes

Sort Date

No Environmental
Assessment

Source: ISB Release Record Detail (2015).  Total maximum 

area of field tests in Hawai‘i (HI) and Puerto Rico (PR) 

combined is 970 acres.  Phenotypes (i.e. traits) being 

tested include resistance to six different herbicides (see 

herbicides listed after “HT” under “Phenotypes”).  Several 

“phenotypes” and all “genes” are kept secret as “CBI” 

(confidential business information).

Source: ISB Locations & Sites (2015).
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nearly three times more frequently than soybeans and 
represented 67% of total GE crop field releases from 
2010 to 2014 (Figure 12). The dominance of GE corn 
is also shown by the fact that seed corn comprised 
95.6% of the value of the state’s seed crop industry in 
2011 (Loudat and Kasturi 2013).

GE crops with a broad range of traits have been in-
tensively tested in Hawai‘i (and elsewhere) for nearly 
three decades (Table 4), but aside from herbicide- and 
insect-resistant crops, virtually none have entered the 
marketplace. The industry’s failure in this regard has 
several explanations. First, serious technical obstacles 
result in an extremely high failure rate for genetic en-
gineering, particularly for complex traits that involve 
multiple genes. Second, the biotech industry’s con-
centration of its research and development (R&D) re-
sources on herbicide-resistant crops has occurred at 
the expense of developing other traits. Third, some GE 
crops have been rejected in the marketplace.

Herbicide-resistance was the most frequently tested 
trait in GE crop field tests on Hawai‘i over the past five 
years (Figure 13). Herbicide-resistant (HR) crops were 
grown in over two-thirds (68%) of GE field releases 
over this period (542 of 802), and were even more 
prevalent over the past two years (82% of field releases 
in both 2013 and 2014).12 The predominance of her-
bicide resistance in agrochemical-seed company R&D 
is also demonstrated by the numerous HR crops that 
have recently been approved by USDA for commercial 
use (Table 5).

In contrast, extremely few GE crops with improved 
nutritional quality13  were tested: just 18 over the entire 
five-year period, or 2.2% of field releases (Figure 13).  

Figure 11: Adoption of Genetically Engineered Crops
in the United States, 1996-2014

1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

100

80

60

40

20

0

BT Cotton HT Soybeans BT Corn

HT Corn HT Cotton

P
er

ce
n

t 
o

f 
P

la
n

te
d

 A
cr

es

Figure 12: GE Crop Field Tests in Hawai‘i: 2010-2014
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Source: USDA ERS (2015).  Note that “HT” = herbicide-

tolerant, which is equivalent to “HR” = herbicide-resistant.  

“Bt” stands for Bacillus thuringiensis, the bacterium from 

which genes are derived to make corn and cotton insect-

resistant.

Source: ISB Release (2010-2014).  Corn and soybeans 

together accounted for 91% of field test permits in Hawai‘i 

in the five years from 2010 to 2014.

12As noted above, a single permit often authorizes testing of a variety of different 
traits (see Figure 9). The average field release in Hawai‘i over the past five years 
involved traits from 2.7 trait categories (Table 4).
13Based on GE crops with the phenotype designated “nutritional quality im-
proved.” Some GE crops with other compositional alterations (e.g. altered oil 
content, protein levels altered) are not included in this count.
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This fact shows clearly that the agrochemical com-
panies have little or no interest in improving nutri-
tion, as they sometimes claim.  Another much-tout-
ed goal of genetic engineering is disease-resistance. 
Here too, R&D efforts fall far short of what would be 
needed to successfully develop a crop with resistance 
to certain fungal, viral, or bacterial plant pathogens 
(Figure 13).

3.3 COMPANIES WITHHOLD
INFORMATION ON GE CROP
FIELD TESTS

As shown in Figure 9, companies routinely withhold 
key facts about their GE crop field tests as “confi-
dential business information” (CBI). In fact, 81% of 
Hawai‘i permits (in 2014) hid the identity of one or 
more traits as CBI. The usual rationale for CBI is that 
disclosing such information would give competitors 
valuable clues about the types of GE crops it is de-
veloping. However, facts are often deemed CBI even 
when they are well-known to competitors.  For in-
stance, Dow Chemical publicized its development of 
2,4-D-resistant corn and soybeans to the world no 
later than August of 2007 (Dow Chemical 2007). Yet 
not a single one of the hundreds of permits issued to 
Dow Chemical for field tests of GE herbicide-resis-
tant crops identifies 2,4-D-resistance as the trait, in 
Hawai‘i or in any other state. It is hard to avoid the 
conclusion that companies often abuse CBI in order 
to hide from the public unpleasant facts about their 
GE crops – in this case, that they are being heavily 
sprayed with the toxic herbicide 2,4-D. 

3.4 HERBICIDAL ONSLAUGHT WITH
GE HERBICIDE-RESISTANT CROPS

As shown in Figure 14, five agrochemical-seed firms 
were responsible for 97% of GE crop field releases in 
Hawai‘i over the past five years, while various pub-
lic sector institutions were responsible for just over 
1%.  The remainder represents testing of GE tobac-

Table 4: Types of Genetically Engineered
Crops Tested in Hawai‘i

Trait
Category Example Comments

Herbicide
Resistance

Insect
Resistance

Most widely grown type of GE crop 
(~170 million acres in U.S.).  Fosters 
rapid evolution of herbicide-resis-
tant weeds, more herbicide use, 
environmental harm and crop 
damage from herbicide drift, and 
increasing farm size.

Corn w/ sterile pollen is used for 
breeding purposes; sterility of 2nd 
generation (harvested) seed is 
sought to prevent farmers from 
saving seed.

Alterations in fertility (e.g. 
sterile pollen or seed), 
maturity or plant develop-
ment

Alterations in composition of 
grain or fruit, including 
nutritional changes

Genes for antibiotic or 
herbicide resistance

Resistance to fungal, viral or 
bacterial plant pathogens

Resistance to nematodes, 
tiny worm-like pests in the 
soil

Altering “sex” of plant 
(female to male or 
hermaphrodite); pharma 
crops

Bt corn that contains up to 7 
toxins derived a from a soil 
bacterium (Bacillus 
thuringiensis, “Bt”)

Corn, soybeans, cotton that 
survive direct application of 
one or more herbicides (e.g. 
2,4-D, dicamba, glyphosate, 
glufosinate)

Various “Bt” toxins kill di�erent 
pests; some reduction in chemical 
insecticide use; Bt-resistant corn 
rootworm (a serious root pest of 
corn) is an increasing problem.

Corn w/ increased starch content is 
sought for use in biofuels 
production.

Little R&D for these traits; GE 
papaya & squash are the only 
commercially grown crops in this 
category. 

Little R&D; no commercially grown 
GE crops in this category. 

Pharma crops are intended as 
“biofactories” for pharmaceutical 
production; drug is extracted (e.g. 
from corn kernels).  Contamination 
& food safety concerns.

Antibiotic or herbicide is applied 
early in development process to kill 
o� GE plant cells that fail to 
express the intended trait.

Agronomic
Properties

Product
Quality

Marker
Gene

Disease
Resistance

Nematode
Resistance

Other

Source: Information in ISB Release (2010-2014).

Figure 13: GE Crop Field Trial Permits for
Selected Traits in Hawai‘i: 2010-2014
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co with some unknown product quality trait by Pless 
and Associates.  The fact that agrochemical firms are 
overwhelmingly dominant explains why herbicide re-
sistance is the most frequently tested trait in Hawai‘i 
(Figure 14). These firms are the major producers of 
herbicides, which comprise 65% of all pesticide use in 
American agriculture (EPA 2011, Table 3.4). By engi-
neering crops for resistance to herbicides they also sell, 
the agrochemical companies profit twice: from expen-
sive GE seeds, and from vastly increased sales of the 
herbicides that are used with them. In fact, over the 16 
years from 1996-2011, herbicide-resistant corn, soy-
beans, and cotton increased herbicide use by a massive 
527 million lbs. over what would have been applied in 
their absence (Benbrook 2012). USDA confirms that 
herbicide use has more than doubled on soybeans 
from 1996 to 2012: from 61 to 133 million lbs. per year 
(USDA NASS 2014).

Most of this additional herbicide is glyphosate, the ac-
tive ingredient in Monsanto’s Roundup, and it is ap-
plied to the company’s Roundup Ready crops. This 
massive use of glyphosate has triggered a raging epi-
demic of glyphosate-resistant weeds, just as overused 
antibiotics breed resistant germs. Glyphosate-resis-
tant weeds infest upwards of 61 million acres in the 
U.S., and are becoming a major problem for ever more 
farmers (Fraser 2013). 

Hawai‘i is a major test ground for the pesticide com-
panies’ short-sighted response to glyphosate-resistant 
weeds: namely, new GE crops resistant to a host of 
other herbicides that will still kill them, at least for a 
time. In 2014, 82% of GE field releases in Hawai‘i in-
volved crops resistant to one or more (class of) her-
bicide(s): 2,4-D, dicamba, glufosinate, ALS inhibi-
tors, quizalofop, imidazolinones, and glyphosate. 
Because 63% of Hawai‘i permits had herbicide-re-
sistance traits hidden as “CBI,” GE crops resistant to 
unidentified chemicals are also being tested, perhaps 
even to restricted use herbicides such as atrazine and 
paraquat. Herbicides kill plants and many are toxic to 

Table 5: “Next Generation” GE
Herbicide-Resistant Crops

Petition # Company Herbicides StatusCrop

13-262-01p 2,4-D, glufosinate,
glyphosate*

Pending
Approval

CottonDow
Chemical

12-215-01p HPPD inhibitors,
glufosinate, glyphosate*

Approved 2014SoybeansBayer/
Syngenta

12-185-01p Dicamba, glufosinate,
glyphosate*

Approved 2015CottonMonsanto

11-234-01p 2,4-D, glufosinate,
glyphosate

Approved 2014SoybeanDow
Chemical

10-188-01p Dicamba, glyphosate* Approved 2015SoybeanMonsanto

09-349-01p 2,4-D, glufosinate,
glyphosate*

Approved 2014SoybeanDow
Chemical

09-328-01p Isoxaflutole, glyphosate Approved 2013SoybeanBayer

09-233-01p 2,4-D, ACCase inhibitors, 
glyphosate*

Approved 2014CornDow
Chemical

09-015-01p Imidazolinones Approved 2014SoybeanBASF

07-152-01p Imidazolinones,
glyphosate

Approved 2009CornDuPont-
Pioneer

Note: Where “glyphosate” appears with a “*”, the GE crop was approved without
glyphosate resistance but the pertinent company has announced plans to
introduce it via cross-breeding.Source: USDA APHIS (2015). GE herbicide-resistant crops 

approved for commercial use over the past few years.  

Where glyphosate appears in italics and boldface, the GE 

crop was approved without glyphosate resistance but the 

pertinent company has announced plans to introduce it 

via cross-breeding.

Figure 14: GE Crop Field Releases in Hawai‘i
by Institution: 2010-2014
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human beings. By increasing herbicide use, these new GE herbicide-resistant crops 
pose greater risks to Hawai‘i’s people and environment; and they offer no real solu-
tion to mainland farmers’ weed problems, because they will quickly raise a crop of 
even more intractable weeds resistant to multiple herbicides (Mortensen et al. 2012, 
CFS 2014b). This chemical arms race between herbicide-resistant crops and weeds 
will boost herbicide use to new heights, both on Hawai‘i’s test fields and on the main-
land (Kilman 2010), putting agriculture in a “crisis situation” (Keim 2014). This may 
be great news for the agrochemical companies, but certainly not for the rest of us. 

Two of the major “next-generation” herbicide-resistant crops to be introduced in the 
next year or two are Dow Chemical’s 2,4-D-resistant corn and soybeans and Monsan-
to’s dicamba-resistant soybeans and cotton (Mortensen et al. 2012). Introduction of 
these crops is projected to boost agricultural use of 2,4-D by three- to seven-fold (CFS 
2014a) and that of dicamba by 11-fold (CFS 2014b). Why does this matter? 2,4-D was 
part of Agent Orange used in the Vietnam War, and continues to be contaminated 
with highly toxic dioxins, contrary to industry claims (Holt et al. 2010). Many scien-
tific studies link exposure to chlorophenoxy herbicides like 2,4-D to non-Hodgkin’s 
lymphoma (Schinasi and Leon 2014), a cancer of the immune system that kills 30% of 
those afflicted with it. Other studies have found 2,4-D exposure linked to low sperm 
counts in workers and other reproductive impacts. Dicamba has also been associated 
with increased risk of non-Hodgkin’s lymphoma, among other cancers, developmen-
tal toxicity in vitro and in experimental animals, and inhibition of a critical brain 
enzyme (CFS 2013a). BASF has experimented with corn and canola resistant to imid-
azolinone herbicides; at least one widely used imidazolinone herbicide (imazethapyr) 
has been strongly linked to bladder and colon cancer (Koutros et al. 2009).

Glyphosate, long heralded as a relatively safe herbicide, was recently determined to 
be a probable human carcinogen by cancer experts at the World Health Organization 
(Guyton et al. 2015). In a two-year rat feeding study, animals that ingested Roundup 
and/or Roundup Ready corn (event NK603) exhibited a higher incidence of mamma-
ry tumors, as well as adverse effects on the kidney, liver and pituitary glands, relative 
to an untreated control group (Seralini et al. 2014a). This peer-reviewed study, origi-
nally published in Food and Chemical Toxicology in 2012, was retracted after intense, 
politically charged criticism, much of it by plant biologists with no experience in 
toxicology (Seralini et al. 2014b). Over 150 scientists condemned the retraction as 
politically motivated (End Science Censorship 2014, Portier et al. 2014), leading to 
its re-publication in another journal in 2014.

Glyphosate, 
long heralded 
as a relatively 
safe herbicide, 
was recently 
determined to be 
a probable human 
carcinogen by 
cancer experts at 
the World Health 
Organization.
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PART FOUR: PESTICIDE AND 
FERTILIZER USE IN GE SEED 
CORN PRODUCTION

Intensive herbicide spraying is just one component of the chemical on-
slaught involved in growing GE seed crops in Hawai‘i. Other types of pesticides 
are also heavily used, especially for GE corn, the dominant seed crop in Hawai‘i.

4.1 AGROCHEMICAL USE ON MAINLAND FIELD CORN 

No major crop is as chemical-intensive as corn.  Field corn cultivation claims nearly 
half the nitrogen and phosphate fertilizer used in U.S. agriculture (USDA ERS 2013).  
Excessive fertilizer use is one of the biggest threats of industrial agriculture, generat-
ing toxic nitrates that pollute water supplies (Charles 2015), creating “dead zones” in 
water bodies such as the Gulf of Mexico (Diaz and Rosenberg 2008), and degrading 
soil quality (Mulvaney et al. 2009).
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Corn is also heavily treated with pesticides, a category that includes herbicides to kill 
weeds, insecticides, fungicides, and other pest-killing chemicals. Corn accounted for 
50% of all herbicides (by weight) applied to 21 major and minor crops in the U.S. in 
2008 (USDA ERS 2014), including about 85% of the endocrine-disrupting herbicide 
atrazine (USGS Atrazine 2015). Unlike corn grown for seed (see below), most main-
land field corn is not sprayed with insecticides or fungicides. However, at least 90% of 
corn seed is now treated with neonicotinoids (Douglas and Tooker 2015), a class of 
insecticides implicated in bee die-offs that have been severely restricted in Europe, as 
well as up to four fungicides (CFS 2013b).

4.2 AGROCHEMICAL USE ON SEED CORN GROWN IN HAWAI‘I 

Cultivation of seed corn involves still more intensive use of agrochemicals. This is 
because the inbred varieties grown for breeding purposes are less vigorous and more 
vulnerable to environmental stress and pests than the more robust hybrids that main-
land farmers grow (Thomison undated). Because inbreds have smaller root systems 
than hybrids, some seed growers “over fertilize to ensure against fertility deficien-
cies” (Ibid.). Because inbreds are less able than hybrids to compete with weeds, “seed 
growers rely heavily on herbicide applications….” (Ibid.). A seed growers’ guide lists 
groups of 10 to 18 insecticides to control various insect pests of corn (Rinehold 2011). 
All told, it is not unusual for seed corn growers to make 12 trips across the field per 
crop for agrochemical applications and other tasks (Thomison undated).

Agrochemical use is especially intensive on seed corn in Hawai‘i, as described by Ha-
wai‘i’s premier corn breeder, Dr. James L. Brewbaker. Because Hawai‘i’s soils are not 
well-suited to corn, they require heavy applications of nitrogen fertilizer, which cre-
ates “[t]he potential for leached nitrate to pollute groundwater …. a serious environ-
mental concern” (Brewbaker 2003). Hawai‘i’s subtropical climate also fosters greater 
disease and insect threats than are found on the mainland – threats that the mainland 
varieties grown by the seed firms on Hawai‘i have not been bred to withstand. This 
explains why “Hawai‘i’s corn seed industry … is compelled to use pesticides heavily” 
(Brewbaker 2003). According to Brewbaker, the “[u]nique pesticide regimes … im-
posed by the seed industry” on Hawai‘i kill off beneficial insect predators that would 
otherwise control the pests:

“Seeds are treated before planting, and preemergence insecticide is usually 
incorporated at the time of planting for control of leafhoppers and thrips.  
Subsequent insecticide and fungicide treatments are applied on a 5-7 day 
regime….  One result of this insecticide regime is that many predators and 
parasites of corn pests are also eliminated or reduced in population. These 
insects serve to greatly reduce the severity of damage from thrips, leafhop-
pers, aphids, and mites in pesticide-free fields to levels of insignificance, as is 
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the case at CTAHR’s Waimanalo Research Station” (Brewbaker 2003, p. 69, 
emphasis added).

Dr. Brewbaker followed an entirely different path in his own breeding work, demon-
strating that Hawai‘i can produce food crops to supply local needs while also dramat-
ically reducing toxic pesticide use (see “Breeding for Resistance … and Food”).

4.3 PESTICIDE USE ON HAWAI‘I’S SEED CORN:
BY THE NUMBERS

These authoritative accounts of intensive pesticide use on seed corn are borne out by 
hard numbers. The following discussion is based on limited pesticide sales and usage 
information reported by the agrochemical-seed firms on Hawai‘i. Some of these data 
have been released as part of a vigorous effort to defeat legislative initiatives requir-
ing greater transparency and protective measures (i.e., no-spray buffer-zones around 
schools). Other data have been released in the context of a lawsuit brought against 
DuPont-Pioneer by Kaua‘i citizens sickened by dust and pesticide drift from the com-
pany’s seed crop operations (Jervis and Smith 2013).

Only the latter data cover all pesticides: general use as well as restricted use (see be-
low). Records obtained from DuPont-Pioneer show that this single company applied 
90 different pesticide formulations containing 63 different active ingredients14 on 
Kaua‘i from 2007 to 2012 (Jervis and Smith 2013). Consistent with Dr. Brewbaker’s 
description above, the frequency of use is extremely high. DuPont-Pioneer sprayed 
on two-thirds (65%) of the days over this nearly six-year period; and 8.3 to 16 ap-
plications were made per application day, on average, in various years of this peri-
od (Jervis and Smith 2013). Figure 15 shows the frequency of use by class of pesticide. 
The third-most frequently applied class is also among the most toxic: organophos-
phate insecticides such as chlorpyrifos (discussed below), which were sprayed on av-
erage 91 days each year (see Figure 15 and Table 6). If one considers the additional 
pesticide use by Dow Chemical, Syngenta, and BASF, which presumably use similar 
practices, there are likely an average of 30 or more spray operations most days 
of the year on Kaua‘i. Even if one accounts for the fact that applications are made 
to only portions of the companies’ overall seed fields, this still represents extremely 
intensive pesticide use.

The other available data applies only to “restricted use pesticides” (RUPs), an EPA 
designation for pesticides whose “toxicity exceeds one or more … specific hazard 

14An “active ingredient” (a.i.) is the pest-killing-component of a pesticide formulation that contains many other ingredients 
(some kept hidden as trade secrets) as well. Some formulations contain the same a.i. While the a.i. is normally the most toxic 
component, other components of the formulation (e.g. surfactants) can in some cases be harmful as well.
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BREEDING FOR RESISTANCE... AND FOOD

It is ironic that Hawai‘i, a leading center of pesti-
cide-intensive, GE seed corn production, is at the 
same time the breeding ground for the world’s lead-
ing “pesticide-free”15 conventional corn varieties. Dr. 

James L. Brewbaker, known in Hawai‘i as the King of Corn, 
has bred a multitude of sweet corn varieties with excellent 
resistance to diseases and insect pests. These varieties – bred 
over half a century at the University of Hawai‘i’s Waimanalo 
Research Station on O‘ahu – are credited with saving Ha-
wai‘i’s sweet corn industry, and are also widely grown in 
Thailand, Australia, and many other countries (Salkever 
2003). The University of Hawai‘i has developed field corn 
varieties with similarly broad-spectrum resistance. The key 
to Dr. Brewbaker’s success is breeding without insecticides 
and fungicides:

“Using no pesticides, a continuing evolution 
occurred between diseases, pests, and Hawai‘i’s 
home-bred corn.  Today, Waimanalo-bred corns 
effectively can be grown without pesticides, having 
high levels of resistance to a host of diseases, pests, 
and stresses peculiar to the Hawaiian Islands” 
(Brewbaker 2003, p. 4).

The concept is simple. By foregoing pesticide use, those 
strains that have natural resistance to ubiquitous pests and 
diseases are less infested, and so can be selected for further 
breeding to enhance resistance still more. In contrast, the 
intensive use of pesticides in most conventional breeding 
operations eliminates pest and disease “pressure,” making it 
impossible to identify and thus select for varieties that have 
natural resistance. Lacking resistance, these defenseless 
plants are sprayed heavily, as described above. 

While the concept is simple, the execution involves hard 
work and many years of breeding.  Even so, this approach 

has had demonstrably su-
perior results to genetic en-
gineering. While Hawai‘i’s 
local corn varieties have 
broad-based resistance to 
all of the state’s major insect 
pests and diseases, nearly 
three decades of genetic en-
gineering have only succeeded in endowing corn with resis-
tance to a few key mainland insect pests, and entirely failed 
on the disease front. Even this narrow GE-endowed resis-
tance is proving fragile, as the devastating corn rootworm is 
rapidly evolving resistance to the Bt toxin in Monsanto’s GE 
corn (Philpott 2011).

If corn can be bred for resistance to Hawai‘i’s pests and dis-
eases, so can other food crops.  In fact, University of Hawai‘i 
scientist James C. Gilbert has employed similar techniques 
to breed resistant tropical varieties of tomatoes, eggplant, 
edamame soybeans, and other crops (Brewbaker 2010). 
Indeed, it is well-known that breeding without pesticides 
is an effective means to develop pest- and disease-resistant 
strains of most crops (Robinson 1996). By slashing insec-
ticide and fungicide use, such crops would be cheaper to 
produce, which in turn would help make Hawai‘i produce 
more cost-competitive with offshore production. Every acre 
of pesticide-intensive seed corn replaced by a resistant food 
crop would thus have multiple benefits – reducing the hu-
man health and environmental impacts of pesticides while 
increasing local food production. The work of Dr. Brew-
baker and others shows that this is not only a desirable, but 
also a feasible path, if only Hawai‘i’s government and large 
landowners would commit to plant breeding in the public 
interest, provide proper financial and technical support to 
aspiring farmers, and withdraw subsidies and leases to the 
agrochemical-seed industry.

15In this informal usage, pesticide refers only to insecticides and fungicides, not 
herbicides.
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criteria.”16 While RUPs are generally more toxic, it 
should be noted that many general use pesticides are 
also harmful.

RUP sales data for Kaua‘i show that 22 RUPs repre-
senting 18 active ingredients were applied in agri-
culture from 2010 to 2012. Assuming that sales are 
roughly equivalent to usage, an average of 20,801 lbs. 
of agricultural RUPs (weight of active ingredients 
only) were applied annually over this period (Figure 
16). Eighty-one percent (81%) of RUP active ingre-
dients by weight were applied to corn, 19% to coffee, 
and negligible amounts used on ornamentals, soy-
beans, sugarcane, tomatoes, and turf. The major users 
of agricultural RUPs were Dow Chemical, Syngenta, 
DuPont-Pioneer, Terminix International,17 and Kaua‘i 
Coffee Company. 

Total pesticide use is likely four times greater than RUP 
use, or over 80,000 lbs. of active ingredients annually. 
This is based on the fact that DuPont-Pioneer applies 
over four times as many general use pesticide products 
(90) as RUP products applied by all major RUP users 
(22). All other things being equal, total pesticide use 
would be 90/22 or 4 times greater than RUP use. Es-
timation is our only recourse in the absence of Kaua‘i 
County’s Ordinance 960, which would have required 
all major RUP users to report their use of all pesticides.

4.4 RESTRICTED USE PESTICIDES:
HAWAI‘I VS. MAINLAND CORN

More nuanced information about monthly RUP use 
for Kaua‘i has been provided by the Hawai‘i Depart-
ment of Agriculture, based on industry reporting, be-
ginning in December 2013 (HDOA 2015c).18 Below, 
we first compare use of restricted use (RU) insecticides 

Figure 15: DuPont-Pioneer Pesticide Use
on Kaua‘i: 2007-2012
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Source: Jervis and Smith (2013). Chart based on data 

released by DuPont-Pioneer regarding its pesticide use 

practices on its seed corn and GE crop test fields near 

the town of Waimea, Kaua‘i.  See Table 6 below for key.

Table 6: Key to DuPont-Pioneer Pesticides
Used on Kaua‘i 

Pesticide Class Pesticide Type Examples of Active Ingredients

Organophosphorous

Pyrethroid*

Organophosphate*

Macrocyclic lactone

Microbiological

Herbicide

Insecticide

Insecticide

Insecticide

Insecticide

Glyphosate, glufosinate

Permethrin*, zeta-cypermethrin*

Chlorpyrifos*

Avermectin

Bacillus thuringiensis

Chloroacetanilide* Herbicide S-metolachlor*, alachlor*

Quaternary ammonium* Herbicide Paraquat dichloride*

Strobilurin Fungicide Azoxystrobin

Carbamate* Insecticide Methomyl*

Sulfonylurea Herbicide Chlorimuron

Triazine* Herbicide Atrazine*

Nicotinoid Insecticide Imidacloprid

Conazole Fungicide Propiconazole

Note: Entries with * are classes with one or more members in the restricted use
pesticide (RUP) category. All active ingredients with * in the “Examples” column
are RUPs used on Kaua‘i. 

16See 40 CFR Part 152.170: Criteria for restriction to use by certified applicators.
17Terminix is known for use of sulfuryl fluoride, a toxic fumigant, for residential pest control (e.g. termites), but also sup-
plies (or supplied) large amounts of this compound to the pesticide companies on Hawai‘i to treat their stored seed corn. 
Interestingly, EPA instituted a phase-out of food uses of sulfuryl fluoride on human health grounds in 2011 (EPA Sulfuryl 
Fluoride 2011).
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in Kaua‘i seed corn operations to the use of the same 
RU insecticides on mainland corn (see Table 7). For 
this comparison, we assume that 25% of land leased by 
pesticide companies on Kaua‘i (12,500 acres) is plant-
ed to seed or GE test corn in a given year, and that all 
of it is sprayed with RU insecticides.19

We focus first on restricted use insecticides, for sever-
al reasons. First, RU insecticides are extremely toxic; 
for instance, the nervous system toxin chlorpyrifos has 
been strongly linked to cognitive disorders in children, 
as discussed later in this report. Second, many are quite 
potent, meaning they are harmful at extremely low 
doses; for example, beta-cyfluthrin (the active ingre-
dient of Baythroid XL) kills insects at the vanishingly 
low rate of 0.01 lb. per acre (1/100th of a pound). Third, 
RU insecticides are used quite frequently and through-
out the year (Figure 17). Finally, many are drift-prone, 
and thus may pose risks to residents near seed corn 
fields where they are used.

The annual per acre rate of RU insecticides is 7.84 times 
greater on Kaua‘i than on those acres of mainland corn 
that are treated at all: 0.750 versus just 0.096 lbs/acre 
(see Table 7 for following discussion). The proportion 
of pesticide company land that is used to grow seed 
corn in a given year (25%) is over twice (2.17 times) 
the proportion of mainland corn that receives any RU 
insecticide at all (just 11.52%). When these two factors 
are considered together, use of Hawai‘i RU insecticides is 17 times more intense 
(7.84 x 2.17) on Kaua‘i than use of the same insecticides on mainland corn: 0.188 
versus 0.011 lbs./acre/year. Finally, the average acre of Kaua‘i seed corn is treated 
with RU insecticides more than 3.5 times per year, versus barely more than 1 time per 
year on the minority of mainland corn that is sprayed with these insecticides.

Figure 16: Average Annual Sales of Restricted
Use Pesticides on Kaua‘i: 2010-2012 (lbs. a.i.)
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Source: Based on “Restricted Use Pesticides Sold on 

Kaua‘i: 2010-2012,” a spreadsheet obtained from Kaua‘i 

County Council member Gary Hooser. RUPs converted to 

pounds active ingredient based on EPA-approved labels 

for the respective pesticides. “Synthetic pyrethroids” 

are restricted use insecticides that include permethrin, 

tefluthrin, esfenvalerate, lambda-cyhalothrin, zeta-

cypermethrin, beta-cyfluthrin and bifenthrin.  Because 

some pesticides are much more potent than others 

(applied at much lower rates), lesser use does not 

necessarily mean less concern for human health or 

environmental impacts. For instance, methomyl is a 

carbamate insecticide with high acute toxicity to humans.

18The Kaua‘i Good Neighbor Program.  We find it unfortunate that the Hawai‘i Dept. of Agriculture chose a clearly biased 
euphemism for this program (“Good Neighbor”) rather than giving it a neutral name. 
19The 25% figure is the proportion of pesticide company land on Hawai‘i (25,034 acres, see Table 2) that is used to grow seed 
or test corn in a given year (6,110 acres, the average number of seed crop acres grown over the 2009-2010 to 2011-2012 crop 
years (see Figure 7).  Applying the same 25% figure to the 12,500 acres leased by pesticide companies on Kaua‘i (Syngenta 
Seeds vs. County of Kaua‘i 2014) yields 3,125 acres of seed corn grown and sprayed with RU insecticides on Kaua‘i in a given 
year.
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Figure 17 shows that RUPs are sprayed throughout the 
year, meaning that there are many more opportunities 
for harmful drift episodes to occur than in the Mid-
west, where spraying on corn is limited primarily to 
narrow windows in the spring and early summer. In 
general, RU herbicides are applied more heavily in the 
spring and especially in the fall. RU insecticides are 
applied more consistently throughout the year, though 
with a very strong spike in the winter months (Decem-
ber to February). It is likely no accident that two of the 
higher-profile pesticide drift poisoning episodes on 
Kaua‘i occurred in November (Gregg 2006) and Janu-
ary (Leone 2008), when spraying of RU herbicides and 
insecticides, respectively, were likely near peak levels 
based on these 2014 data.

4.5 COMPARISON TO PESTICIDE USE
IN CALIFORNIA

There have been a number of misinformed compari-
sons between pesticide use on Kaua‘i and California. 
While it is true that pesticides are heavily used in veg-
etable and fruit production in California, these com-
parisons are fatally flawed and hence highly mislead-
ing.  First, some have compared overall pesticide use 
in California to RUP use on Kaua‘i, which is entirely il-
legitimate because the total amount of pesticides used 
on Hawai‘i is estimated to be four-fold higher than 
RUPs alone (see Section 4.3).

Second, crude comparisons of “pounds per acre” are not 
very informative if they make no distinction between 
extremely toxic and relatively benign compounds. For 
example, the most heavily used pesticide in California 
(25% by weight) is sulfur, a comparatively safe fungi-
cide that is far less concerning than nerve-toxin in-
secticides, like chlorpyrifos, even though the latter are 

used in much lesser quantities (CA Pesticides 2012). 

Finally, the most important comparison that can be made between the two states is 
that at least 14 California counties have responded to the rampant pesticide drift that 
afflicts the state’s children by establishing no-spray buffer zones around schools (CPR 

Table 7: Restricted Use Insecticide Use on Kaua‘i
Seed Corn vs. Mainland Field Corn

Parameter Kaua‘i Mainland Factor

RUI Use Pounds Total

Seed/field corn acres treated

Total land in corn

Avg. lbs. RUI/Treated Acre

% Total Area Treated w/ RUI

2,345

3,125

12,500

0.750

25.00%

Avg. lbs. RUI/All Acres 0.188

RUI Total Acre Treatments 11,116

Acre Treatments (total) 3.557

903,000

7.84

2.17

17.01

3.50

9,434,821

81,875,000

0.096

11.52%

0.011

9,575,720

1.015

Source: CFS analysis of RUP use on Kaua‘i in 2014, 

accessed 2/17/15 (HDOA 2015c). Pounds and gallons of 

RUP products converted to pounds active ingredient 

according to EPA labels for the respective RUPs.  Figures 

for mainland corn based on 2010 pesticide use data from 

USDA NASS (2011).

Figure 17: Pounds of Restricted Use Pesticides (a.i.)
Applied on Kaua‘i by Month: 2014
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2010, Khokha 2010), while the single such measure enacted by voters in Hawai‘i – 
Kaua‘i’s Ordinance 960 – was defeated in court by the pesticide companies whose 
toxic products are implicated in sickening the state’s children.

4.6 PESTICIDE USE BY AGROCHEMICAL FIRMS
VS. SMALL FARMERS

Pesticide industry representatives have tried to argue that Kaua‘i’s Ordinance 960 
would be detrimental to small-scale farmers, but nothing could be further from the 
truth.  Ordinance 960 applies only to “commercial agricultural entities” that use more 
than 5 pounds or 15 gallons of any single restricted use pesticide per year, and thus 
would exempt the vast majority of small farmers.  This is demonstrated in Table 8, 
which shows that small agricultural RUP users account for just 0.17% of agricultural 
RUP sales statewide, versus the 99.83% share of large RUP users.  Even those few 
small farmers who might be subject to Ordinance 960 could continue their spar-
ing use of RUPs, as long as they comply with the law’s buffer zone restrictions and 
reporting requirements, which are designed to protect public health and increase 
transparency. 

The pesticide companies have also argued that Ordi-
nance 960 unfairly singles them out. This allegation not 
only contradicts their notion that small farmers would 
be harmed by the law, it is also patently untrue. The 
Ordinance applies not only to seed crop operations, 
but to all large RUP users, including for instance some 
coffee operations. The exemption of small RUP users 
is also entirely reasonable, since the impacts of their 
minor use of RUPs pales in comparison to the harms 
from large-scale RUP use. In like manner, the federal 
Food Safety Modernization Act exempted many small 
farms selling locally from regulations designed to prevent large-scale outbreaks of 
food illness associated with industrial operations that market their products region-
ally or nationally (CFS 2010). Like other community members, small farmers would 
in fact benefit from the public health provisions of Ordinance 960.

Table 8: Sales of Restricted Use Pesticides
for Agricultural Use in Hawai‘i: 2013

RUP Users
Pounds
Product

Gallons
Product

Pounds
Active
Ingredient

Agricultural Use -
Large Users*

Agricultural Use -
Small Users**

*5 lbs./15 gallons and greater 
**Less than 5 lbs./15 gallons

123,133.05

27.64

Totals 1,020,419.03

422,478.84

720.66

1,310,780.53

59,189.81

793.43

60,948.72

Percent
of Total

99.83%

0.17%

Source: HDOA (2015b)



HAWAI‘I CENTER FOR FOOD SAFETY PESTICIDES IN PARADISE: HAWAI‘I’S HEALTH & ENVIRONMENT AT RISK36  |

PART FIVE: ADVERSE
IMPACTS OF PESTICIDES
REPORTED IN HAWAI‘I

5.1 LESSONS FROM HISTORY

Many Hawai‘i residents can recall incidents when public health was 
threatened by exposure to agricultural pesticides. For example, in 1980 
drinking water wells in the O‘ahu town of Kunia were closed due to 
contamination with hazardous levels of several pesticides, including 

ethylene dibromide (EDB) and dibromochloropropane (DBCP), the latter a Dow 
Chemical nematicide infamous for causing sterility or impaired fertility in tens of 
thousands of farmworkers worldwide (Gonzalez and Loewenberg 2003). The con-
tamination of Kunia wells was so serious that EPA designated the area a Superfund 
site (EPA 1995). In 1982, milk on O‘ahu was found to be contaminated with hazard-
ous levels of the pesticide heptachlor, and elevated levels were also found in human 
breast milk20 (Smith 1982). Researchers found that exposure to DBCP and heptachlor 

20Heptachlor-contaminated pineapple leaves were fed to dairy cows.  
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was one likely factor driving increased breast cancer rates in Hawai‘i (Allen et al. 
1997). All three pesticides were long used in pineapple production, and are today 
banned for food uses as probable human carcinogens (EPA 2014a, 2014b, 2014c) and 
other health risks.  

These episodes teach us important lessons. First, pesticides initially approved and 
used for many years as “safe” are found to be hazardous based on further scientific 
study.  Second, powerful agricultural interests often continue to use hazardous pes-
ticides even after their toxicity is well understood. For instance, even though EPA 
banned the sale, distribution and shipment of heptachlor in 1988 (EPA 2014c), ex-
isting stocks continued to be used as late as 1993 in Del Monte pineapple fields on 
O‘ahu (Allen et al. 1997); and while EPA banned DBCP in 1979, an exemption was 
granted for continued use on pineapples in Hawai‘i until at least 1985 (EPA 2014b). 
Most disturbing, perhaps, is how Hawai‘i state and university officials have covered 
up pesticide contamination and denied clear health risks to citizens so as to protect 
agricultural interests (Smith 1982).  

These lessons are still relevant today because hazardous pesticides continue to be 
applied today on GE corn fields. These GE seed corn operations are run by some 
of the very firms that produced the plantation-era pesticides and long assured us of 
their supposed safety. While the crops and chemical names have changed, Hawai‘i 
residents continue to be threatened by pesticides – not only in the water, but in the 
very air we breathe.

5.2 PESTICIDE DRIFT IN HAWAI‘I

Any pesticide can drift beyond the field where is it applied.  Spray drift occurs during 
application, and is favored by windy conditions. Volatile pesticides like 2,4-D and 
dicamba are subject to vapor drift, which occurs when previously applied pesticides 
evaporate from plant and soil surfaces days to months after application (USGS 2003), 
and is more likely in hot, still conditions. Finally, pesticides can be carried in the 
wind as pesticide-laden dust.  State pesticide officials receive over 2,000 complaints of 
pesticide drift each year, many involving crop damage (AAPCO 1999, 2005), but all 
agree this vastly underestimates the true scope of the problem.

Pesticide drift occurs quite frequently in Hawai‘i. A cursory search of Hawai‘i me-
dia revealed numerous episodes in which pesticides drifted to schools, affecting the 
health of hundreds of students and their teachers (e.g. Clark 2001, Vorsino 2006, 
Shikina 2007, Da Silva 2007, Fujimori 2008, Kakesako 2010, KITV 2013, Wong 2013, 
Yager 2014, Wong 2014). Some of these incidents involved residential use of mala-
thion, an organophosphate insecticide recently determined to be a probable human 
carcinogen by the World Health Organization’s International Agency for Research 
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on Cancer (Guyton et al. 2015). Because malathion products are not restricted use 
pesticides, data are lacking on their use in seed crop operations, though we know that 
pesticide firms use considerable quantities of related insecticides such as chlorpyrifos 
(Figures 15 & 16). Many of these incidents necessitated emergency medical care, de-
contamination showers, and/or school evacuations and closures.

Teachers and schoolchildren in Waimea on Kaua‘i have reported becoming sick on 
at least three separate occasions following chemical applications to a nearby seed 
corn plot (Leone 2008). In a 2008 episode, 60 children and at least two teachers ex-
perienced headache, dizziness, nausea, and/or vomiting; 10 or more children were 
treated at an emergency room; several were put on a nebulizer to relieve respiratory 
distress; and one was given an anti-vomiting medication intravenously. A teacher 
who was also affected firmly rejected the explanation given by Hawai‘i officials and 
Syngenta that “stinkweed” was the culprit, saying that she was familiar with stink-
weed’s odor and that this was not the cause (Leone 2008, Hillyer 2008).  

Many similar episodes have been reported on O‘ahu. In 2007, 15 students were sick-
ened by pesticide drift at Kahuku Intermediate and High Schools, forcing closure of 
the school for three days, while other students reported ill effects from the use of the 
insecticide malathion at St. Joseph School in Waipahu in 2008 (Hillyer 2008, Leone 
2008).  In 2014, 31 students and staff at Kahalu‘u Elementary School experienced 
nausea, burning eyes, shortness of breath, dizziness, sore throat, and coughing, and 
26 were evacuated to and treated at nearby hospitals, due to a strong chemical odor 
that the Fire Department linked to reports of pesticide spraying in the area (Kalani 
and Fujimori 2014). These symptoms are all commonly reported effects of exposure 
to pesticides (AAP 2012: Table 2). Even when victims appear to fully recover from 
short-term or “acute” pesticide exposures of this sort, they can sometimes have seri-
ous long-term health consequences, as discussed further in Section 6.

These media reports likely represent a small fraction of actual pesticide poisoning 
cases, for several reasons. First, as acknowledged by the EPA, “many [pesticide drift] 
incidents are unreported” (EPA 2001). Second, even when victims of pesticide poi-
soning do seek medical attention, California officials have found that “[p]hysicians 
often do not report potential pesticide illnesses” (CA PISP Fact Sheet undated), often 
because they are ignorant of the effects of pesticide poisoning (AAP 2012). Finally, 
Hawai‘i does not have a “pesticide poisoning surveillance program” of the sort estab-
lished in 11 other states – California, Florida, Iowa, Louisiana, Michigan, Nebraska, 
New York, North Carolina, Oregon, Texas, and Washington (CDC 2014). Such a pro-
gram, if established in Hawai‘i, would likely capture many more pesticide-induced 
illnesses.
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Evidence from other states also suggests that pesticide drift is a frequent occurrence.  
A study of pesticide exposure at schools in eight states from 1998 to 2002 identified 
2,593 individuals who had experienced acute pesticide-related illnesses. Of the 406 
cases for which more detailed information was available, nearly one third (31%) in-
volved pesticide drift from farmland while the others involved pesticide use at the 
school (Alarcon et al. 2005). In a single year, seven pesticide drift cases involving 
school buses were reported in California’s San Joaquin Valley (Khokha 2010). Ac-
cording to Teresa de Anda of Californians for Pesticide Reform, who has visited 
many rural communities in her state, drift has become “so commonplace that people 
don’t report it” (as quoted in Khokha 2010).  

Physicians concerned about pesticide drift in west Kaua‘i encounter “almost daily 
reports of respiratory symptoms in patients that have no history of these respira-
tory illnesses…,” many of whom do not recover despite healthy lifestyle changes or 
pharmacological interventions. They also report recurring nose bleeds in children, 
recurring dermatitis, patients who experience a “metallic taste” in their mouths, as 
well as high levels of infertility and gout (Kaua‘i Physicians 2013). Waimea residents 
are frequently afflicted with “fugitive dust” blowing into their town, which is down-
wind of a 1,000-acre DuPont-Pioneer seed corn operation (Jervis and Smith 2013). 
The dust comes so frequently and in such quantity that continual laborious cleaning 
is required, disrupting residents’ lives. Windblown dust is also frequently a problem 
on Moloka‘i. Extremely fine dust can penetrate into the lungs and cause bronchitis 
(CCOHS 2012). As the U.S. Geological Survey has observed, “pesticides can become 
airborne attached to wind-blown dust” (USGS 2003). Thus, pesticide-laden dust 
must be considered together with spray drift as well as water and food contamination 
when considering the health threats of pesticides near GE test fields.  

Pesticides may also be a factor in still more serious health threats. Dr. James Raelson 
and his colleague Dr. Chatkupt, practicing pediatricians on Kaua‘i, have noted an 
unusually high incidence of rare birth defects involving malformations of the heart 
in Kaua‘i over the past seven years, at roughly ten times the national rate (Raelson 
2013). They note that Hawai‘i has not had surveillance for birth defects since 2005, 
and have called for unbiased epidemiology studies by the U.S. Centers for Disease 
Control and Hawai‘i’s Department of Health to better understand the causes. Kaua‘i 
physicians and residents have also noted a “cancer cluster” in Waimea – 37 cases in a 
neighborhood of just 800 – which is said to be 10 times the statewide cancer rate. Al-
though a one-page report by the Hawai‘i Department of Health disputes the existence 
of a cancer cluster on Kaua‘i, the author conceded that her analysis was inconclusive, 
and reportedly said: “If I lived there, it would concern me” (Skolnick 2013).

To our knowledge, there have been no official medical investigations of the epi-
sodes reported above. To be successful, investigations of this sort must be conducted 
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promptly after the episode occurs, be led by epidemiologists and other medical per-
sonnel, and involve detailed examination of victims and thorough assessments of 
possible causes. Chemists with the University of Hawai‘i conducted an “air sampling” 
study at the Waimea school where the 2008 episode recounted above occurred (Li et 
al. 2013). However, this investigation began more than two years after the incident 
occurred; was conducted by chemists rather than physicians; involved no question-
ing or examination of victims; and perversely focused on stinkweed as the possible 
cause despite eyewitness testimony to the contrary. Some of the 24 pesticides mea-
sured in the study are no longer in use; and conversely, no testing was conducted for 
the great majority of the 63 pesticide active ingredients known to be used on Kaua‘i 
by DuPont-Pioneer (Jervis and Smith 2013). Thus, it is unsurprising that the results 
were inconclusive. 

However, the testing did detect the insecticide chlorpyrifos in the ambient air inside 
and outside the school, and exposure to organophosphate insecticides like chlorpyr-
ifos is known to cause nausea, dizziness, respiratory distress, and the other reported 
symptoms (AAP 2012: Table 2). Other pesticides detected in the ambient air inside 
and outside the school included bifenthrin, benzene hexachloride (BHC), and di-
chlorodiphenyltrichloroethanes (DDT). While the concentrations of these pesticides 
detected more than two years after the incident were thought to be below health 
concern limits, their presence demonstrates a troubling history of pesticide drift, and 
together with eyewitness evidence supports pesticides as the likely cause of the poi-
soning episodes on Kaua‘i.  

In Part 4, we discussed the extremely intensive use of pesticides by the agrochemical 
firms on Kaua‘i; similar practices are used to grow seed corn on Moloka‘i, O‘ahu, and 
Maui (refer to Appendix II for RUP use maps). Given the heavy and frequent appli-
cation of toxic pesticides, and the proximity of many seed fields to rural towns and 
dwellings, the pesticide poisoning episodes reported in the media are likely a small 
fraction of actual cases. Next, we discuss some of the medical literature on the health 
impacts of pesticide exposure.
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PART SIX: HEALTH IMPACTS 
OF PESTICIDE EXPOSURE

Pesticides have a long history of negative, often unforeseen, impacts 
on human health. People are exposed to certain pesticides in their food 
and water; farmworkers take in pesticides via dermal contact and inhala-
tion of spray. Pesticide drift represents an important additional exposure 

pathway (Goldman et al. 2009). In general, farmers, farmworkers, pregnant women, 
and children are at greatest risk: farmers are more highly exposed than the general 
population; while fetuses and children are more susceptible to the harmful effects of 
pesticides than adults. Pesticides cause acute health problems such as nausea, dizzi-
ness, vomiting, headaches, abdominal pain, muscle aches, and skin or eye irritation 
(AAP 2012, Owens and Feldman 2004), and can also have longer-term impacts as 
discussed below (see Table 9 for a summary of findings).

6.1 FARMERS AND PESTICIDE APPLICATORS

Age-adjusted cancer rates in the U.S. population nearly doubled (85% rise) from 1950 
to 2001, corresponding to the period of rapid growth in use of pesticides and other 
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industrial chemicals (Clapp et al. 2006). Significant associations between agricultural 
chemical use and cancer deaths have been found in 1,497 rural U.S. counties (Ste-
ingraber 2010). National Cancer Institute scientists have found that farmers in the 
U.S. and elsewhere suffer from higher rates of certain cancers – including leukemia, 
non-Hodgkin’s lymphoma, multiple myeloma, and brain cancer – than the general 
population, even though they have fewer cancers and are healthier overall (Blair and 
Zahm 1995).

These findings drove considerable research into potential causes, particularly pesti-
cide exposure. Non-Hodgkin’s lymphoma (NHL) is a terrible cancer of the immune 
system that kills 30% of those who contract it. A large number of studies have as-
sociated NHL with exposure to chlorophenoxy herbicides like 2,4-D (Zahm et al. 
1990, Cantor et al. 1992, Blair and Zahm 1995, Mills et al. 2005); dicamba herbicides 
(Cantor et al. 1992, McDuffie et al., 2001); glyphosate (Hardell et al. 2002, De Roos et 
al. 2003, Schinasi and Leon 2014, Guyton et al. 2015); atrazine (De Roos et al. 2003); 
and organophosphate insecticides (Schinasi and Leon 2014). 

The findings involving glyphosate, 2,4-D and dicamba are especially concerning be-
cause GE crops resistant to these herbicides have been developed by Dow Chemical 
(2,4-D and glyphosate) and Monsanto (dicamba and glyphosate) (see Section 3.4). 
These crops involve heavier and more frequent applications than are otherwise used 
(Mortensen et al. 2012), and have been field-tested in Hawai‘i (ISB Release 2010-
2014). In addition, these three herbicides are among the most drift-prone herbicides 
in use today, as evidenced by the large number of drift-related crop damage com-
plaints attributable to them (AAPCO 1999, 2005). If drift is damaging crops, people 
may be exposed as well.

Exposure to imidazolinone herbicides has been strongly associated with bladder and 
colon cancer in the Agricultural Health Study (Koutros et al. 2009), and BASF has 
field-tested imidazolinone-resistant corn and soybeans in Hawai‘i (ISB Release 2010-
2014). Exposure to chlorpyrifos, a restricted use pesticide heavily used in Hawai‘i (see 
Figures 15 and 16, Table 6), has been linked to lung cancer (Lee et al. 2004) and rectal 
cancer (Lee et al. 2007). 

Many pesticides affect the nervous system. Thus, it is not surprising that a large body 
of research finds that pesticide exposure can trigger neurological disorders. Sever-
al major meta-analyses21 have demonstrated a strong association between pesticides 
and Parkinson’s disease. For instance, Priyadarshi et al. (2000) assessed 19 studies 
published between 1989 and 1999, and found that the majority reported that pesticide 

21A meta-analysis is a “study of studies.” By assessing the findings of multiple studies for a particular disease outcome, more 
definitive conclusions can be reached than is possible with individual studies.
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exposure elevated the risk of Parkinson’s disease. 
Brown et al. (2006) made similar findings, which 
were “strongest for exposure to herbicides and in-
secticides, and for long durations of exposure.” A 
review by van den Mark et al. (2012) came to the 
same conclusions. Particular (classes of) pesticides 
implicated in Parkinson’s disease include paraquat 
and rotenone (Tanner et al. 2011), chlorophenoxy 
herbicides (Brighina et al. 2008, Elbaz et al. 2009), 
and 2,4-D (Tanner et al. 2009).

Paraquat is one of the most heavily used RUPs on 
Kaua‘i (Figure 16). Besides the association with Par-
kinson’s disease, it is also one of the most acutely 
toxic herbicides in use, and is banned in 32 coun-
tries, including the European Union and Switzer-
land, home of Syngenta, its major producer (Watts 
2011). It is responsible for thousands of deaths, both 
accidental poisonings and suicides (Ibid.). While 
ingestion of as little as a teaspoon of concentrate 
is fatal, paraquat is 1,000-fold more toxic when in-
haled (Ames et al. 1993) due to its extreme toxicity 
to lung tissue (McDonald et al. 1992). Paraquat also frequently causes topical injuries 
and may be associated with skin cancer (Wesseling et al. 2001). Kentucky agricultural 
extension agent Gordon Johnson reports that paraquat can drift for miles (Johnson 
2008). Paraquat drift sickened dozens of people in a small California agricultural 
community, inducing respiratory distress, nausea, and diarrhea, among other symp-
toms (Ames et al. 1993).

Several studies have also found a positive relationship between pesticide exposure 
and depression (reviewed in Bienkowski 2014, see also Beard et al. 2014). Higher 
rates of clinically diagnosed depression were found in both farmers with high cu-
mulative exposure and those who reported pesticide poisoning (Beseler et al. 2008, 
Beseler and Stallones 2008).  A study of agricultural workers in France found nearly 
double the rate of depression in those exposed to herbicides, with higher rates as-
sociated with longer-term exposure (Weisskopf et al. 2013). Bjorling-Poulsen et al. 
(2008) provide further information on the neurotoxicity of pesticides. The troubling 
implication of many of these studies is that acute poisoning episodes can in certain 
cases have chronic, long-term consequences for mental health.

Pesticides can also disrupt our hormonal systems, including the production and ac-
tivity of sex hormones such as testosterone. The evidence is particularly strong for at-

Table 9: Health Impacts of Pesticides

Impacts Pesticides Implicated Selected Studies

Lung Cancer

Chlorophenoxy herbicides &
2,4-D
Dicamba herbicide
Glyphosate
Organophosphate insecticides
Atrazine

Imidazolinone herbicides

Chlorpyrifos

Parkinson’s Disease Pesticides Generally
Paraquat 
Rotenone
Chlorophenoxy herbicides &
2,4-D

Hormone disruption
(reproductive impacts)

Atrazine
Alachlor
Diazinon

Swan et al. 2003a &
2003b, Hayes et al.
2010 & 2011

Zahm et al. 1990, 
Cantor et al. 1992, 
Blair and Zahm 1995, 
McDu�e et al., 2001, 
Hardell et al. 2002, 
De Roos et al. 2003, 
Mills et al. 2005, 
Schinasi and Leon 
2014

Koutros et al. 2009

Lee et al. 2004

Rectal Cancer Chlorpyrifos Lee et al. 2007

Beseler et al. 2008, 
Beseler and Stallones, 
2008, 
Bjorling-Poulsen et al. 
2008, Weisskopf et 
al. 2013, Beard et al. 
2014; see Bienkowski 
2014 for review 

Brown et al. 2006, 
Priyadarshi et al. 
2000, Brighina et al. 
2008, Elbaz et al. 
2009, Tanner et al. 
2009 & 2011, van den 
Mark et al. 2012

Non-Hodgkin’s 
Lymphoma

Bladder and Colon 
Cancer

Depression, Mental 
Health, Neurotoxic 
e�ects

Organophosphates
Herbicides
Chlorophenoxy herbicides & 
2,4-D
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razine, the most heavily used RUP on Kaua‘i (Figure 16) and most common pesticide 
contaminant of water. Numerous studies show that low-level exposure to atrazine has 
demasculinizing effects – such as reduced sperm production and testes size – on male 
fish, amphibians, reptiles and mammals (e.g. Hayes et al. 2011). Low concentrations 
of atrazine have been shown to completely feminize male frogs (Hayes et al. 2010). 
The Study for Future Families, sponsored by the U.S. National Institutes of Health, 
provides evidence of impacts on humans. Men in Columbia, Missouri, which is situ-
ated in a predominantly agricultural part of the state, were found to have significantly 
lower sperm counts and fewer motile sperm than men in New York, Minneapolis and 
Los Angeles (Swan et al. 2003a). A follow-up study found that Missouri men more 
highly exposed to atrazine, alachlor or diazinon (as measured by the levels of pesti-
cide metabolites in their urine) were much more likely to have lower sperm counts, 
as well as more abnormal and less motile sperm, than those with lesser exposure 
(Swan et al. 2003b). Taken together, this evidence strongly suggests that atrazine and 
perhaps other pesticides pose a real threat to human reproductive health. The envi-
ronmental effects of atrazine are discussed below (see Section 7).

6.2 OUR KEIKI AT RISK

It is well established that the young are more susceptible to the harmful effects of 
pesticides than adults (National Research Council 1993, Roberts and Karr 2012), for 
several reasons. First, infants and children are more highly exposed to pesticides be-
cause they consume more food and water on a body-weight basis and have a higher 
breathing rate than adults. Secondly, children have greater hand-to-mouth activity, 
increasing opportunities for exposure to pesticide residues in dirt and dust. Final-
ly, the immature, developing physiological systems of children are more susceptible 
to disease-causing disruption. This applies particularly to neurological impacts and 
cancer (NRDC 1997). Exposure of pregnant mothers to pesticides is particularly haz-
ardous, since pesticides can be potent disruptors of fetal development.

The American Academy of Pediatrics (AAP) recently published a major report en-
titled “Pesticide Exposure in Children” that comprehensively reviewed 195 medical 
studies on the subject (Roberts and Karr 2012). Among other impacts, their chief 
concerns were as follows:

1. Childhood cancers, especially leukemia and brain tumors;
2. Neurobehavioral and cognitive deficits, such as reduced IQ and attention 

deficit/hyperactivity disorder; 
3. Adverse birth outcomes, including preterm birth, low birth weight, and 

congenital anomalies; and
4. Asthma.
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We briefly discuss each of these impacts below with reference to the AAP’s compre-
hensive review (see Table 10 for a summary of findings).

6.2.1 Childhood Cancers 

Five of six recent case-control studies found a statistically significant relationship be-
tween pesticide exposure and leukemia (Roberts and Karr 2012). Two of the studies 
offered the most detailed exposure assessment conducted to date, and link increas-
ing risk with rising exposure, a strong indication that the observed associations are 
real. Maternal exposure to pesticides between the periods of preconception through 
pregnancy was identified as the primary risk factor. Maternal use of either herbicides 
or insecticides was associated with nearly double the risk of childhood leukemia (In-
fante-Rivard et al. 1999). A meta-analysis provided additional support, also showing 
double the risk of leukemia in children of mothers occupationally exposed to pes-
ticides while pregnant (Wigle et al. 2009). Monge et al. (2007) also finds increased 
risk of leukemia in children borne to parents exposed occupationally to pesticides in 
Costa Rica.

Nine of the ten studies examining pesticides and brain cancer that have been con-
ducted since 1998 demonstrated an increased risk estimate of brain tumors with 
maternal and/or paternal exposure to pesticides, though not all achieved statistical 
significance.  Among the better quality studies, one that involved 321 cases demon-
strated that maternal exposure to insecticides before or during pregnancy was asso-
ciated with a 90% greater risk of astrocytoma (a type of brain cancer) in the child, 
as well as a trend to higher risk when fathers were exposed (van Wijngaarden et al. 
2003).

6.2.2	Neurobehavioral	and	Cognitive	Deficits

Exposure to many pesticides causes acute neurological symptoms, such as headaches 
and dizziness. However, a spate of recent studies is building an irrefutable case that 
long-term, low-level exposure to organophosphate insecticides (OPs) in early life 
(particularly in utero) has profoundly negative impacts on children’s neurological 
development. The National Institutes of Health and the EPA are sponsoring three 
large-scale studies on this subject, two in urban settings and one in a rural commu-
nity (Roberts and Karr 2012). Women were enrolled during pregnancy, and their 
exposure to OPs carefully measured. Their children were tested for neurological de-
velopment in the following years. What do the studies show? At two to four years 
of age, higher prenatal OP exposure was associated with “significantly poorer men-
tal development,” “pervasive developmental disorder,” and in one group “increased 
scores for attention-deficit/hyperactivity disorder” (Rauh et al. 2006, Eskenazi et al. 
2007). At seven years of age, kids more highly exposed to OPs in the womb had 

A spate of recent 
studies is building 
an irrefutable 
case that long-
term, low-level 
exposure to 
organophosphate 
insecticides in 
early life has 
profoundly 
negative impacts 
on children’s 
neurological 
development.



HAWAI‘I CENTER FOR FOOD SAFETY PESTICIDES IN PARADISE: HAWAI‘I’S HEALTH & ENVIRONMENT AT RISK46  |

PA R T  S I X :   H E A LT H  I M PA C T S  O F  P E S T I C I D E  E X P O S U R E

lower IQ scores in all three groups (Bouchard et al. 2011, Engel et al. 2011, Rauh et 
al. 2011). Bouchard et al. (2010) similarly found increased rates of attention-deficit/
hyperactivity disorder in eight to fifteen-year olds whose urine had higher levels of 
OP breakdown products, a sign of greater exposure.

These findings are even more concerning when one considers the intensive use of 
chlorpyrifos in Hawai‘i’s seed corn operations, coupled with its propensity to drift. 
Records released by DuPont-Pioneer show that the company sprays OPs on Kaua‘i 
quite frequently: once every four days (91 days/year) (Figure 15). The OP insecticide 
chlorpyrifos is also one of the most heavily used restricted use pesticides on Kaua‘i, 
with on average 2,350 lbs. applied each year (Figure 16). Air monitoring in California 
and Washington has found levels of chlorpyrifos exceeding health limits on sever-
al occasions (Goldman et al. 2009). An examination of California’s Pesticide Illness 
Surveillance Program found that chlorpyrifos was among the most frequently cited 
culprits in drift-related pesticide illnesses over the past two decades (CA PISP 1992-
2011). As noted above, air sampling at Waimea School consistently detected chlorpy-
rifos. Based on these multiple lines of evidence, there is every reason to expect that 
chlorpyrifos drift is adversely affecting the health of residents living near GE seed 
corn fields.

6.2.3 Adverse Birth Outcomes

The American Academy of Pediatrics is also concerned about the possible role of 
pesticides in triggering adverse birth outcomes (Roberts and Karr 2012). Two studies 
in Minnesota have revealed a higher rate of birth defects in children fathered by male 
pesticide applicators in areas of the state where chlorophenoxy herbicides (e.g. 2,4-D) 
and fungicides are most heavily applied. These studies also found a seasonal effect, 
with children conceived in the spring, when herbicide use is heaviest, exhibiting the 
highest birth defect rates (Garry et al. 1996, Garry et al. 2002). Six additional studies 
described by Roberts and Karr (2012) found higher risk ratios for birth defects in 
mothers exposed to pesticides, with three of them showing statistically significant 
effects. A study of expectant mothers carried out in New York demonstrated an asso-
ciation between exposure to chlorpyrifos and reduced birth weight and length (Per-
era et al. 2003). Wolff et al. (2007) also found reduced birth weight in infants born to 
mothers exposed to OPs during pregnancy, but only in those children with a muta-
tion that reduces their ability to detoxify OPs, demonstrating the important principle 
that genetic makeup can increase susceptibility to pesticidal harms. Another study 
concluded that in utero exposure to OPs is associated with reduced gestation time 
(Eskenazi et al. 2004). Prenatal atrazine exposure has been associated with suppres-
sion of fetal growth (Chevrier et al. 2011) and exposure to chlorophenoxy herbicides 
and certain other classes of herbicide, such as triazines (e.g. atrazine), with increased 
risk of spontaneous abortion (Arbuckle et al. 1999, 2001).
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6.2.4 Asthma

Asthma is the most common, chronic noninfectious disease of childhood, and is es-
timated to affect 300 million people worldwide, causing a quarter of a million deaths 
each year (Strina et al. 2014). Asthma is characterized by intermittent breathing diffi-
culty, including chest tightness, wheezing, cough, and shortness of breath. There have 
been few studies of pesticides and asthma in children, but those conducted raise seri-
ous concerns. For instance, in a study carried out in Southern California, exposure to 
either herbicides or insecticides in the first year of life was strongly linked to a diag-
nosis of asthma before the age of five – an over four-fold higher risk from herbicides 
and more than two-fold greater risk from insecticide exposure (Salam et al. 2004). 

Studies of adults provide similar evidence. Farmers are at high risk of asthma and 
other respiratory diseases (Hoppin et al. 2002), and exposure to organophosphate 
and carbamate insecticides has been linked to asthma in Canadian farmers (Senthil-
selvan et al. 1992). Two studies in the U.S. have associated exposure to a number of 
pesticides with wheezing, one of the major symptoms of asthma. Hoppin et al. (2002) 
found a higher incidence of wheezing in farmers exposed to the herbicides atrazine, 
alachlor, and paraquat as well as the OP insecticides chlorpyrifos, parathion, and 
malathion. Five of these pesticides are known to be used in Hawai‘i, with atrazine, 
alachlor, and chlorpyrifos at particularly high levels (Figure 16). Slager et al. (2009) 
found that recent exposure to 2,4-D and glyphosate was associated with greater risk 
of rhinitis, and increasing scientific evidence suggests that rhinitis and asthma are a 
single disorder with clinical manifestations in the upper and lower respiratory tracts, 
respectively (Moscato et al. 2009). These findings take on added weight when one 
considers the testimony of Kaua‘i physicians that West-
side residents are very frequently afflicted with symp-
toms of respiratory distress.

Children may be harmed by pesticides even from sec-
ond-hand exposure. For example, farmworkers ex-
posed to pesticides may accumulate residues on their 
skin and clothing, and thereby inadvertently expose 
their families (Thompson et al. 2003). Similarly, rural 
homes have much higher levels of pesticide residues 
in dust than non-rural residences (Simcox et al. 1995, 
1999; Rull et al. 2009). These take-home pathways can 
contribute to children’s exposure to pesticides in agri-
cultural communities (Lu et al. 2000).

Table 10: Pesticide Impacts on Children

Categories Specific Impacts Selected Studies

Childhood Cancers

Adverse birth
outcomes

Infante-Rivard et al. 
1999, van 
Wijngaarden et al. 
2003, Monge et al. 
2007, Wigle et al. 
2009 

Rauh et al. 2006, 
Roberts et al. 2007, 
Eskenazi et al. 2007, 
Rauh et al. 2011, 
Bouchard et al. 2011, 
Engel et al. 2011, 
Shelton et al. 2014

Poor mental development & 
developmental disorder, increased 
rates of attention-deficit & 
hyperactivity disorder, lower IQ 
scores

Higher risk of asthma, other 
respiratory diseases, breathing 
di�culty, chest tightness, 
wheezing, cough, shortness of 
breath

Preterm birth, low birth weight, 
lower birth length, higher risk rates 
for birth defects, reduced 
gestation time, congenital 
anomalies, suppression of fetal 
growth, higher risk of spontaneous 
abortion

Leukemia, Brain tumors, 
astrocytoma (a type of brain 
cancer)

Garry et al. 1996, 
Arbuckle et al. 1999, 
2001, Garry et al.  
2002, Perera et al. 
2003, Eskenazi et al. 
2004, Wol� et al. 
2007, Chevrier et al. 
2011, Roberts and 
Karr 2012

Senthilselvan et al. 
1992, Hoppin 2002, 
Salam et al. 2004, 
Strina et al. 2014

Neurobehavioral & 
Cognitive deficits

Asthma

Children may 
be harmed by 
pesticides even 
from second-hand 
exposure.
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6.3 HEALTH HARMS SPECIFICALLY
LINKED TO PESTICIDE DRIFT

The medical studies discussed above address the harms of pesticides from a variety 
of exposure pathways: food, water, dermal contact, inhalation and/or drift. Below, we 
discuss studies that specifically address health outcomes where drift is the presumed 
exposure pathway. 

A growing body of research supports the proposition that living near pesticide-sprayed 
fields increases the risks of a number of serious diseases, and exposure via pesticide 
drift is the most likely explanation. Many of these studies have been conducted in 
California, which has an extremely fine-grained pesticide reporting system that pro-
vides precise information on which pesticides are sprayed near any given community, 
when, and in what amounts. 

Epidemiological studies based on this information have made some troubling find-
ings. For instance, Costello (2009) found that exposure to paraquat and maneb with-
in 500 meters of the home increased the risk of Parkinson’s disease by 75%, with those 
under 60 years of age at higher risk. Roberts et al. (2007) conducted a similar analysis, 
and concluded that expectant mothers residing within 500 meters of fields sprayed 
with organochlorine insecticides (e.g. dicofol and endosulfan) during early pregnan-
cy have a six-fold higher risk of bearing children with autism spectrum disorder than 
mothers not living near such fields; this ASD risk declined with increasing distance 
from field sites and increased with rising application amounts. 

Shelton et al. (2014) reported a 60% increased risk of ASD in children of mothers 
who lived near fields sprayed with organophosphate insecticides at some point during 
their pregnancies, with much higher risk when exposure occurred in the second tri-
mester of their pregnancies. Similarly increased risk – for both ASD and develop-
mental delay – was found for children of mothers near fields treated with pyrethroid 
insecticides just prior to conception or during their third trimester. Proximity to car-
bamate-treated fields was also linked to higher risk of developmental delay. These 
findings take on added significance when one considers that most of the insecticides 
at issue in this California study are used on Kaua‘i and likely on other Islands as well: 
one of the three organophosphates (chlorpyrifos); four of the five pyrethroid insecti-
cides – permethrin, lambda-cyhalothrin, cypermethrin, and esfenvalerate; and one 
of the two carbamates (methomyl) (see Figures 15, 16 and Table 6).

6.4 PESTICIDE POISONING CAN CAUSE LASTING HARM

All of the symptoms reported above involving Hawai‘i’s schoolchildren are among 
those typically caused by pesticide drift, which include headaches, dizziness, diffi-
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culty breathing, nausea, vomiting, weakness, chest pain, fatigue, rashes, and eye 
ailments (Owens and Feldman 2004, CA PISP 1992-2011). It is often assumed that 
people suffer no permanent harm from pesticide poisoning episodes, but research 
is demonstrating that this is sometimes not the case. For instance, several studies 
of Colorado farmers and their spouses have demonstrated that pesticide poisoning 
is significantly associated with depression up to three years after the self-reported 
acute poisoning episode (e.g. Stallones and Beseler 2002, Beseler and Stallones 2008). 
In a study of Nicaraguan agricultural workers, those who had been hospitalized for 
organophosphate pesticide poisoning, and experienced standard symptoms such as 
nausea, vomiting, lightheadedness and heachaches, performed much more poorly 
on neuropsychological tests conducted roughly two years after the episode than an 
unpoisoned control group (Rosenstock et al. 1991). Kofman et al. (2006) conducted 
a neuropsychological assessment of children 6 to 12 years of age who had been hos-
pitalized for organophosphate poisoning in infancy (< 3 years of age). These children 
had more difficulty restraining and controlling their motor behavior, a hallmark of 
attention deficit hyperactivity disorder (ADHD), than a matched control group (see 
also Section 6.2.2). The pathways and intensity of exposure were generally not report-
ed in these studies, making it difficult to draw conclusions about the impacts of poi-
soning by pesticide drift. However, this research clearly indicates that children and 
others exposed just a single time to a pesticide may in certain cases go on to develop 
chronic neurological conditions, even if they appear to fully recover.

6.5 EXPOSURE TO PESTICIDES IN WATER

Exposure to pesticides via drift must be considered together with other pathways, 
especially water and food. Both surface water (e.g. streams, rivers, lakes) and ground-
water (e.g. source of well water) are regularly polluted with agrochemicals. As noted 
above, heavy nitrogen fertilizer use on corn can contaminate drinking water supplies 
with toxic nitrates (Brewbaker 2003, Charles 2015). The U.S. Geological Survey has 
conducted extensive investigations into the presence of various pesticides in U.S. wa-
ter bodies, the atmosphere, and groundwater as part of the National Water-Quality 
Assessment Program (NAWQA).  In the 1990s, NAWQA investigations revealed that 
one or more pesticides or breakdown products were detected more than 90% of the 
time during the year in streams draining watersheds with agricultural, urban and 
mixed land uses. Annual mean concentrations of one or more pesticides exceeded 
a human health benchmark in about 10% of the 83 agricultural streams that were 
sampled. Pesticide concentrations in groundwater (wells) also sometimes exceeded 
health standards (Gilliom et al. 2006).

Atrazine is among the most commonly detected pesticide contaminants in our wa-
ters. Monitoring of twenty Midwest and Southern watersheds revealed atrazine in 
all of them, with 16 having average concentrations above 1 part per billion – the 
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level that has been shown to harm plants and wildlife (Wu et al. 2010). Atrazine eas-
ily leaches into groundwater, and has been detected in 80% of raw (untreated) and 
ready-for-consumption water samples taken from 153 drinking water systems across 
the country (Ibid.). A New York Times exposé based on these monitoring data re-
vealed that an estimated 33 million Americans are exposed to atrazine in tap water 
(Duhigg 2008).

The European Union banned atrazine in 2003 on the basis of its persistence (Sass and 
Colangelo 2006). Atrazine’s maker, Syngenta, has conducted a dirty tricks campaign 
in an attempt to discredit atrazine critics, and heavily lobbied EPA to keep the her-
bicide registered in the U.S. (Duhigg 2008, Howard 2013). EPA has acknowledged 
concerns about the potential risk of atrazine exposure to children (EPA 2006), but it 
remains the second most-heavily used agricultural pesticide in the U.S. (EPA 2011). 

While the Hawai‘i Department of Health does not routinely monitor surface water 
for pesticides, it recently teamed up with the Hawai‘i Department of Agriculture to 
conduct a statewide pesticide sampling project of 24 watersheds and streams. Results 
showed at least one pesticide was detected at all locations (Grange 2014). Atrazine 
was the most commonly found pesticide in the study, with 80% of test sites contam-
inated by this restricted use pesticide. Atrazine was also the most common pesticide 
contaminating water samples in the earlier study based on a NAWQA investigation 
of O‘ahu, which found trace levels of atrazine in 90% of base flow samples (Anthony 
et al. 2004).  

These researchers interpreted pesticide patterns in water samples as reflecting his-
toric land uses, meaning that pesticides used on pineapple and sugar cane fields still 
impacted water resources years after their use on those lands ended. Agricultural her-
bicides were generally detected in water originating from groundwater, which is par-
ticularly significant given that nearly all of Hawai‘i’s drinking water is from ground-
water sources.  Four public supply wells exceeded the state’s water quality standards 
for fumigants (DBCP and TCP), and Hawai‘i was ranked first in the percentage of 
water wells in which fumigants were detected out of more than 80 NAWQA studies 
across the nation (Anthony et al. 2004). It is important to note that monitoring pro-
grams test for breakdown products of some but not all pesticides, thus some could es-
cape detection. Some of these breakdown products persist longer in the environment 
and may have greater toxicity than their parent compounds.

6.6 EXPOSURE TO PESTICIDES IN FOOD

Pesticide residues are often found on food crops that have been directly or indirect-
ly sprayed, a major exposure pathway. Organically grown foods have substantially 
lower residue levels than conventionally grown foods (Baker et al. 2002). Lu et al. 
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(2008) demonstrated that breakdown products of organophosphate insecticides 
(OPs) practically disappeared in the urine of urban and suburban children after they 
were switched from a diet of conventional fresh fruit and vegetables to their organic 
counterparts. This shows that for (sub)urban children, diet is the major exposure 
pathway for OPs, which as discussed above are associated with a range of cognitive 
and neurobehavioral disorders in children. Children exposed to OPs via spray drift 
as well as their diets will have higher cumulative exposure and thus a still greater risk 
of health impacts. 

A recent Government Accountability Office (GAO) study determined that the U.S. 
Food and Drug Administration (FDA) and USDA should strengthen pesticide mon-
itoring programs and further disclose monitoring limitations (US GAO 2014). FDA 
is responsible for monitoring fruits and vegetables for pesticides. According to the 
GAO study, FDA is testing an ever smaller proportion of produce for pesticide resi-
dues. Less than 0.1% of imported fruits and vegetables, and even fewer domestic food 
samples, are being tested (US GAO 2014). GAO also found that FDA’s residue testing 
program does not give a statistically representative picture of either the frequency 
or magnitude of pesticide residue violations in the U.S. food supply. FDA’s annual 
reports did not disclose that the agency failed to test produce for 6 of the 25 most 
commonly used pesticides with set tolerances, including glyphosate, 2,4-D, methyl 
bromide, and paraquat. The GAO report reveals that Americans cannot rely on our 
nation’s food safety agency to protect us from excessive pesticide residues in the U.S. 
food supply. 
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PART SEVEN:
ENVIRONMENTAL IMPACTS 
OF PESTICIDES IN HAWAI‘I

Beyond the considerable threats that pesticides pose to the health of Ha-
wai‘i residents, these chemicals also threaten Hawai‘i’s unique and biodiverse 
environment. 

7.1 HAWAI‘I – BIODIVERSITY HOTSPOT AND
“ENDANGERED SPECIES CAPITAL OF THE WORLD”

The Hawaiian Islands are the most isolated group of islands on the planet, about 
2,400 miles from the nearest continental shore. As a result of this isolation, very few 
plants and animals have colonized the islands, lending to a large number of endemic 
species—in fact, about 9,500 species are found nowhere else on the planet (Evenhuis 
and Eldredge 2002). Further, the microclimates of each island vary greatly, ranging 
from tropical rainforest to even alpine conditions. These microclimates, coupled with 
volcanic activity, have also created diverse soils; ten of the twelve soil orders of the 
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world have been identified on the Islands (Deenik and McClellan 2007). This wide 
range of environmental conditions has led to about 24,000 distinct species calling 
Hawai‘i home (Scheuer and Clark 2001).

Yet, while Hawai‘i is identified as a biodiversity hotspot, it has also been named the 
“endangered species capital of the world” (Scheuer and Clark 2001). The Islands rep-
resent just 0.2% of land area in the United States, and yet they are home to over 
one-third of the nation’s federally endangered species (Holt 2001). Roughly 75% 
of documented species extinctions in the U.S. have occurred in Hawai‘i (Allison and 
Miller 2000), and 437 species on the Islands are listed as either threatened or endan-
gered (US Fish and Wildlife Service 2012).

7.2 THREATS POSED BY AGROCHEMICALS

The intensive use of agrochemicals in seed corn operations, described above, can-
not fail to harm the environment as well as human health. Much of the fertilizers 
and pesticides applied to fields are washed off to enter streams and bays, or perco-
late downwards to contaminate groundwater resources. Streams laden with nitrogen 
fertilizer – which is heavily used in seed corn operations (Brewbaker 2003) – cause 
eutrophication in the bays that receive them (Diaz and Rosenberg 2008). In this pro-
cess, the excess nitrogen stimulates excessive growth of aquatic plants, which upon 
dying are decomposed by organisms that deplete the water of oxygen, killing off fish 
and other aquatic animals.  

Chemical pesticide run-off is associated with a wide range of habitat damage, in-
cluding direct species harm and soil and watershed degradation. Studies have found 
that benthic, or bottom-living, organisms in tropical bays such as Hawai‘i had higher 
concentrations of contaminants than bays in comparable temperate regions (Hunter 
et al. 1995). In a study performed in 1995, oysters in Kaneohe Bay contained levels 
of the pesticides dieldrin and chlordane high enough to be classified as a threat to 
human health by EPA (Ibid.). 

Below, we discuss the environmental harms associated with several (classes of) pes-
ticide heavily used in Hawai‘i’s seed corn operations. Where available, we discuss 
studies and information specific to the Hawai‘i context.

7.2.1 Atrazine

Atrazine is the number one restricted use pesticide applied in Kaua‘i’s seed corn op-
erations (Figure 16), and is also applied to a handful of other crops, such as sugarcane 
and macadamia nuts. As discussed in Section 6.5, atrazine is the most commonly de-
tected pesticide in Hawai‘i’s waters (Grange 2014). In this study, however, agricultural 
locations where a perennial water source is not available were not tested, so much of 
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Maui’s agricultural regions as well as Kunia (Del Monte pineapple plantation), Molo-
ka‘i, and Wai‘anae were not sampled. Further, the majority of samples were taken 
from flowing water rather than lakes and ponds, where pesticide concentrations can 
be 2.5-10 times higher than those found in flowing water. Amphibians often mate in 
standing water and ephemeral agricultural ponds or irrigation ditches, where they 
may be exposed to higher concentrations than found in this study.

The ubiquitous presence of atrazine in water is concerning because of its ability to 
disrupt hormonal systems, including sex hormones. Atrazine demasculinizes male 
fish, amphibians, reptiles and mammals at extremely low levels (Hayes et al. 2011). 
Male tadpoles exposed to atrazine at concentrations as low as 0.1 parts per billion 
(ppb) developed hermaphroditic characteristics (multiple male and female gonads), 
while as little as 1 ppb atrazine reduced larynx size, which could affect fitness in the 
wild (Hayes et al. 2002).

Atrazine is also linked to immunosuppression in amphibians, making them more 
susceptible to pests and disease. Tree frog tadpoles exposed to an environmentally 
realistic concentration of atrazine experienced increased mortality as adults from in-
fection with a chytrid fungus that is implicated in global amphibian declines (Rohr 
et al. 2013). A meta-analysis of the effects of atrazine on fish and amphibians found 
still broader evidence for atrazine’s suppression of immunity, namely, increased risk 
of infection by a host of pathogens, including trematodes, nematodes, viruses, and 
bacteria (Rohr and McCoy 2010).

Atrazine may also indirectly harm aquatic organisms by degrading their habitats. The 
EPA has reported that the effects of atrazine on aquatic ecosystems “may be severe 
due to the loss of up to 60 to 95% of the vegetative cover, which provides habitat to 
conceal young fish and aquatic invertebrates from predators,” and that “numerous 
studies have described the ability of atrazine to inhibit photosynthesis, change com-
munity structure,” and kill aquatic plants at concentrations between 20 and 500 parts 
per million (ppm) (EPA 2006).

Marine and coral environments are at increased risk due to groundwater and run-
off contamination (Cesar and van Beukering 2004). Several essential watersheds 
throughout the state have been classified as impaired water bodies due to pollutants 
found exceeding the total maximum daily load limits (TMDLs) by the Hawai‘i De-
partment of Health (HDOH 2009). Atrazine is also toxic to coral (Jones et al. 2003), 
and while the causes of the epidemic disease killing Kaua‘i’s North Shore coral reefs 
have not been fully ascertained, atrazine in runoff water has been suggested as one 
possible factor (D’Angelo 2013). Atrazine may also harm coral by slowing the growth 
rates of symbiotic phytoplankton, which could also reduce the availability of food 
throughout higher trophic levels in the oceanic food web (Weiner 2007).
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7.2.2 Paraquat

Paraquat is one of the leading restricted use pesticides applied on Kaua‘i (see Figure 
16), and is used primarily in coffee but also in seed crop operations. Paraquat is a 
highly toxic and fast-acting non-selective herbicide that acts by inhibiting photosyn-
thesis. Paraquat has been found to persist in soils because it easily binds to both clay 
and organic materials, and is extremely resistant to breakdown by both sunlight and 
soil microbes.  Thus, paraquat residues accumulate with repeated applications (EPA 
2009b).

Paraquat is highly toxic to a wide range of animals by all routes of exposure (Extoxnet 
1993). In 2014, five family pets (four dogs and one cat) were killed in a small neigh-
borhood in Kalaheo, Kaua‘i due to paraquat poisoning (D’Angelo 2014). The fitness 
of male parasitic wasps, an important beneficial predator often used in integrated 
pest management strategies, is decreased when exposed to paraquat (Lacoume et al. 
2009). 

Paraquat also poses risks to aquatic organisms. Paraquat reduced the growth rate 
of a freshwater microalgal species, among other adverse impacts, which could have 
negative effects on organisms at higher levels of the food web (Prado et al. 2009). Cer-
tain types of freshwater fish may experience gill, liver, and kidney alterations when 
exposed to paraquat (Parvez and Raisuddin 2006). Paraquat in water is rapidly ab-
sorbed by aquatic plants, reaching high concentrations in plant tissue. In one study, 
tadpoles feeding on paraquat-contaminated plants had shorter tails, exhibited abnor-
mal swimming behavior, and died at higher rates than unexposed tadpoles (Bauer 
Dial and Dial 1995). Another study co-authored by two EPA scientists found that 
paraquat was “highly toxic” to tadpoles of the Northern leopard frog.  Exposure to 
just 0.1 part per million (ppm) paraquat for as little as four days caused significant 
reductions in weight and length relative to unexposed controls.  Some tadpoles had 
gross skeletal abnormalities, dying after the four-day exposure (Linder et al. 1990).

In response to a lawsuit, EPA conducted an assessment of the risks posed by paraquat 
and other pesticides to the federally threatened California red-legged frog (CRLF), 
finding that paraquat is “likely to adversely affect” the CRLF, and potentially affect 
the frog’s designated critical habitat (EPA 2009b). However, the ensuing efforts to 
restore CRLF populations in California leave the vast majority of amphibians, in-
cluding those in Hawai‘i, vulnerable to continued harm from paraquat, atrazine and 
other pesticides.

7.2.3 Chlorpyrifos

Chlorpyrifos is a restricted use, organophosphate insecticide that is heavily and fre-
quently used on Kaua‘i (Figures 15 and 16). Organophosphates are a class of nerve 
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toxin insecticides that inhibit the enzyme that breaks down the neurotransmitter 
acetylcholine. Insects are killed by unnatural accumulation of the neurotransmitter, 
which overstimulates neuronal cells.  Because forms of this enzyme are present not 
only in insects but in many animals, chlorpyrifos is very highly toxic to birds, aquatic 
invertebrates, freshwater fish, other estuarine and marine organisms, and bees (NPIC 
2009). The cognitive and neurobehavioral impacts of chlorpyrifos on children are 
discussed in Section 6.2.  

Chlorpyrifos binds readily to soils and is a fairly persistent chemical with a half-life 
ranging from 7-120 days, but has been detected in fields as long as a year after applica-
tion (NPIC 2009). Like other pesticides, chlorpyrifos is washed out of the atmosphere 
in rainfall events to contaminate bodies of water. In 2001, the U.S. Geological Survey 
found chlorpyrifos in “toxic rainfall” at levels exceeding the proposed state guidelines 
for protection of aquatic life in most samples, and at excessive levels in some river 
samples as well (USGS 2003). Chlorpyrifos is also a terrestrial threat, and has been 
shown to kill substantial numbers of both adult and larval bees at levels that are found 
in the environment (Zhu et al. 2014). When it does not kill, chlorpyrifos can alter 
honeybees’ behavior in ways that reduce their fitness, such as increased time groom-
ing, abdominal spasms, and disrupted gut functioning (Williamson et al. 2013).

In 2004, the State of New York sued Dow Chemical, the manufacturer of chlorpyrifos, 
for illegally marketing the chemical as “safe.” Chlorpyrifos is one of five pesticides 
currently being assessed by the U.S. Fish and Wildlife Service for their impacts on 
endangered species (CBD 2014).

7.2.4 Synthetic Pyrethroids

Synthetic pyrethroids are another class of neutrotoxic pesticide. They are among the 
restricted use insecticides used 17 times more intensively in Hawai‘i’s seed corn oper-
ations than in mainland corn (see Section 4.4, Table 7), and include permethrin, te-
fluthrin, esfenvalerate, lambda-cyhalothrin, zeta-cypermethrin, beta-cyfluthrin, and 
bifenthrin. They are also the second-most frequently used class of RUPs, sprayed on 
96 days per year by DuPont-Pioneer on Kaua‘i (Figure 15). Pyrethroids are derived 
from an extract (pyrethrum) of the chrysanthemum, but they have been chemically 
altered to be both more potent and more persistent in the environment. They are also 
often formulated with additional ingredients (synergists) that increase their potency 
by inhibiting enzymes that detoxify the pyrethroid (BP Pyrethroids undated). 

Although generally less acutely toxic to human beings than organophosphate insecti-
cides, several pyrethroid formulations (i.e. those containing bifenthrin, esfenvalerate 
and lambda cyhalothrin) carry label statements warning of possible death upon in-
gestion as well as harm from inhalation. EPA regards permethrin, zeta-cypermethrin 
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and bifenthrin as possible human carcinogens (BP Pyrethroids undated). Infants are 
more susceptible to pyrethroids because they lack the ability to efficiently detoxify 
them. Pyrethroids also cause respiratory and dermal allergies in sensitive individuals 
(BP Pyrethroids undated).

Pyrethroids are extremely toxic to fish, aquatic invertebrates, lobsters, oysters, shrimp, 
zooplankton and bees (BP Pyrethroids undated). Shrimp, the amphipod Hyalella az-
teca, and the midge larva Chaoborus obscuripes can be killed by pyrethroids at the 
vanishingly low concentrations of 2 to 5 parts per trillion (Weston and Lydy 2010). 
Some fish (bluegill and lake trout) are killed at levels below 1 part per billion (BP 
Pyrethroids undated). Permethrin, the most heavily applied of the restricted use py-
rethroids on Kaua‘i, can enter water via erosion of soil particles to which it binds, or 
through drift.  EPA classifies it as “very highly toxic” to fish and invertebrates in both 
freshwater and marine environments (EPA 2009a).  

Pyrethroids are also extremely toxic to bees, which according to product labels can be 
killed not only by direct exposure to spray, but also at the much lower concentrations 
found in spray drift. Pyrethroids are so toxic that EPA warns of harm to bees that visit 
blooming crops or weeds that have previously been sprayed (EPA 2009a). Permethrin 
also has sub-lethal effects. Bees exposed to low doses spend less time foraging and 
more time engaging in self-cleaning behaviors and trembling (Cox and Wilson 1984). 
In its registration of permethrin, EPA acknowledges that it is “likely to reduce the 
numbers and possibly eliminate populations of beneficial insects” (EPA 2009a).

7.2.5 Neonicotinoids

Neonicotinoids are a class of neuroactive insecticides that are often applied to seeds as 
a seed treatment; they are absorbed by the growing seedling and distributed through-
out its tissues. Thus, foraging pollinators such as bees and birds can be exposed to 
neonicotinoids when collecting pollen or nectar. 

Neonicotinoids are highly toxic and have lethal or sublethal effects on a wide variety 
of species. In 2013, over 50,000 bees were killed in a Target Store’s parking lot in Or-
egon when a direct application of the neonicotinoid formulation Safari, containing 
the active ingredient dinotefuran, was sprayed on flowering linden trees to control 
aphids (Case 2013).  Studies also show that neonicotinoids can make native and man-
aged bees more susceptible to viral pathogens and the varroa mite (Nazzi et al. 2012, 
Di Prisco et al. 2013).  Neonicotinoids also affect bee behavior and inhibit their ability 
to efficiently forage or return to the hive. In Hawai‘i, there have recently been dramat-
ic losses of both domesticated and feral bees (Edwards-Hunt 2011).

Neonicotinoids are soluble, persistent compounds that are frequently found in sur-
face waters across the U.S., where they are known to affect aquatic species (Morrissey 
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et al. 2015). An EPA report concluded that imidacloprid, a widely used neonicoti-
noid, “is categorized as very highly toxic (0.069 - 0.115 ppm) to freshwater inverte-
brates on an acute basis” (EPA 2007). Neonicotinoids have long half-lives and may 
persist in field sites for several years, where they can accumulate due to repeated use 
(van der Sluijs et al. 2013).

Birds may also be poisoned by neonicotinoid exposure. A single kernel of corn coated 
in neonicotinoids can kill a songbird (Mineau and Palmer 2013), and birds may be 
adversely affected by lack of invertebrate prey as neonicotinoids reduce insect popu-
lations (Hallmann et al. 2014). Birds are among the most endangered animal groups. 
Currently, 34 bird species, including many species of Hawaiian honeycreeper, are list-
ed as endangered (US Fish and Wildlife Service 2015).

Clearly, neonicotinoids have serious and pervasive environmental impacts.  But be-
cause they are not restricted use pesticides, they are exempt from the voluntary RUP 
reporting system on Kaua‘i, and data on their use is not available either in Kaua‘i or 
on the other Islands. However, we know that roughly 90% of corn seeds planted by 
mainland farmers are coated with the neonicotinoids clothinanidin or thiomethox-
am (Douglas and Tooker 2015, Stokstad 2013), and that Hawai‘i seed corn is almost 
certainly treated as well (Brewbaker 2003). Thus, neonicotinoids very likely persist 
in Hawai‘i’s environment in and around seed corn fields. In a draft report assessing 
findings from Hawai‘i’s pilot program to monitor pesticide contamination in surface 
waters, the most common seed-applied neonicotinoids were not tested. Testing for 
these compounds is absolutely essential to make a realistic assessment of environ-
mental impacts from seed corn and other crops.

7.3 IMPACTS OF MULTIPLE PESTICIDES

Humans and other organisms are often exposed to numerous pesticides, which can 
have additive effects or interact in various ways that make them more toxic than 
exposure to one of them alone. Several studies have shown that organophosphate 
insecticides like chlorpyrifos are more toxic to aquatic invertebrates and frogs when 
low levels of atrazine are also present (Belden and Lydy 2000). Bumblebee colonies 
exposed to both a neonicotinoid and a pyrethroid suffered higher losses of worker 
bees than colonies exposed to either chemical alone (Gill et al. 2012). Synthetic py-
rethroids are often formulated with a substance (piperonyl butoxide) that inhibits 
enzymes that would otherwise break down the pyrethroids, thus making them more 
toxic (BP Pyrethroids undated). Some fungicides likewise suppress detoxifying en-
zymes (Stokstad 2013). The intensive and frequent use of many different pesticides in 
seed corn fields increases the opportunities for additive and synergistic interactions 
that potentiate their toxic effects on Hawai‘i’s wildlife.
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PART EIGHT: DEFICIENCIES
IN REGULATION

The responsibilities for regulation of GE crops and pesticides in 
the United States are shared by three agencies. USDA is responsible for 
field trials and commercial approval of GE crops. EPA has jurisdiction 
over pesticides, including those that are produced in or applied to GE 

crops. FDA conducts voluntary consultations regarding GE foods with companies 
that choose to consult with it under the Federal Food, Drug, and Cosmetic Act. This 
compartmentalization of review means that significant impacts and harms are not 
addressed holistically, if at all. A prime example of regulatory breakdown is the failure 
of either USDA or EPA to address the significant harms caused by GE herbicide-re-
sistant crop systems, which include a dramatic increase in toxic herbicide use and an 
epidemic of herbicide-resistant weeds. At the state level, there is nothing in Hawai‘i’s 
pesticide law that requires buffer zones, mandatory disclosure, or notification of the 
public regarding use of toxic pesticides. There is also no Hawai‘i statute that specif-
ically addresses GE crops. At both state and federal levels, government officials are 
failing to protect Hawai‘i’s citizens and environment from the deleterious effects of 
GE crops and their associated pesticide use.
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8.1 PESTICIDE REGULATION

8.1.1 Flaws in EPA regulation

EPA regulates pesticides under the Federal Insecticide, Fungicide, and Rodenti-
cide Act and the Federal Food, Drug, and Cosmetic Act. Its regulatory authority 
encompasses the insecticidal toxins produced in insect-resistant GE crops and the 
weed-killers applied to crops engineered for resistance to herbicides. We have de-
scribed numerous examples of EPA-approved pesticides that are harmful. Below, we 
discuss several weaknesses in EPA’s assessment process that lead to the approval of 
hazardous products (Jacobs and Clapp 2008).

First, EPA normally requires tests only on the pesticide product’s active ingredient, 
even though it is well-known that so-called “inert ingredients”22 in pesticide formula-
tions can be toxic in their own right, or increase the active ingredients’ toxicity. Simi-
larly, EPA assesses risks from exposure to only one active ingredient in isolation, even 
though in the real world people are exposed to multiple pesticides that can in some 
cases have additive or synergistic effects. Importantly, EPA relies almost entirely on 
experiments conducted by the financially interested pesticide company, and virtually 
ignores more relevant human epidemiological studies, such as those discussed in this 
report, that are carried out by independent medical scientists (e.g. Sears et al. 2006). 
In addition, EPA approves hazardous pesticides based on the assumption that farm-
ers and pesticide applicators will comply perfectly with exposure reduction measures 
(e.g., rubber gloves, goggles, and long-sleeve shirt), despite clear evidence that such 
measures are unrealistic and often not followed. Of course, schoolchildren and others 
exposed to drift have no way of implementing such protective measures.

As deficient as EPA regulation is generally, it provides still less protection in the case 
of pesticide drift. Though EPA has long required pesticide labels to include admo-
nitions to applicators to avoid spray drift, as documented in this report it is a very 
frequent occurrence, both on Hawai‘i and the mainland. Despite rules that ostensibly 
prohibit application in windy conditions, the Association of American Pesticide Con-
trol Officials (AAPCO), an organization of state pesticide officials, “has experience 
that supports that there are numerous pesticide applications made when it is too 
windy” (AAPCO 2002). EPA proposed labeling changes with the aim of mitigating 
pesticide drift in 2001, but the proposal was never finalized (Goldman et al. 2009). Fi-
nally, EPA’s very definition of drift is deficient, in that it leaves out vapor drift and pes-
ticide-laden dust, applying only to the type of drift that occurs during application.23

22In this context, “inert” means non-toxic to the target pest, and says nothing about the ingredient’s toxicity to people or the 
environment.
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One stark example of EPA’s deficient regulation is chlorpyrifos (see Sections 6.2.2 and 
6.6).  EPA is quite aware that chlorpyrifos is toxic, which explains why it phased out 
residential uses of the insecticide beginning in the year 2000, specifically to protect 
children (Goldman et al. 2009). Yet chlorpyrifos remains the most heavily used in-
secticide in U.S. agriculture (EPA 2011), meaning that residues on produce remain a 
major exposure pathway. Rural kids subject to drift are still more highly exposed. In 
Hawai‘i, GE crop field test sites are often so close to populated areas that people in 
both rural areas and towns are at risk of drift exposure.

8.1.2 Hawai‘i State Pesticide Law

The State of Hawai‘i regulates pesticides under the Hawai‘i Pesticide Law, H.R.S. 
chapter 149A. The scope of the Hawai‘i Pesticide Law has been a subject of litigation 
since 2014, when the chemical industry challenged a county ordinance passed in the 
Island and County of Kaua‘i that required disclosure and imposed buffer-zones on 
certain pesticide uses on the Island. Syngenta Seeds v. County of Kaua‘i, No. 14-00014, 
2014 WL 4216022 (D. Haw. Aug. 25, 2014), appeal docketed, No. 14-16833 (9th Cir. 
Sept. 25, 2014). Regardless of the scope of the State’s pesticide authority, this much is 
clear: Hawai‘i’s Pesticide Law does not comprehensively address the significant po-
tential harms associated with pesticide use and pesticide drift, particularly as these 
practices relate to the cultivation and testing of GE crops. 

Hawai‘i’s Pesticide Law is one of only a handful of state pesticide laws that does not 
expressly preempt local pesticide authority (Porter 2013). Regardless of the outcome 
of the ongoing appeal, and what counties may have authority to regulate regarding 
pesticide use, as it currently stands, the Hawai‘i Pesticide Law does not regulate the 
local impacts of pesticide use. The provisions of the Hawai‘i Pesticide Law govern 
(1) pesticide licensing, H.R.S. §§ 149A-11, -13, -13.5, -14; (2) pesticide labeling, id. §§ 
149A-11, -15; (3) pesticide sales, id. §§ 149A-11, -15.5,  17, -18, -20; (4) the manner 
of pesticide use, id. § 149A-31; and (5) online posting of certain records, id. § 149A-
31.2. Hawai‘i Revised Statute 149A-2 prohibits the use of pesticides in any manner 
that presents an unreasonable adverse effect on the environment, which includes any 
unreasonable risk to humans or the environment with consideration for the econom-
ic, social and environmental costs and benefits of the pesticide’s use. The State law 
neither provides for nor prohibits mandatory warnings prior to, or after, pesticide 
application, nor any direct or indirect restrictions on the locations of pesticide use. 

23EPA’s definition: “Spray or dust drift is the physical movement of pesticide droplets or particles through the air at the time of 
pesticide application or soon thereafter from the target site to any non-, or off-target site.  Spray drift shall not include move-
ment of pesticides to non- or off-target sites caused by erosion, migration, volatility, or windblown soil particles that occurs 
after application or application of fumigants unless specifically addressed on the product label with respect to drift control 
requirements.”  See http://www.epa.gov/PR_Notices/prdraft-spraydrift801.htm, last visited 7/14/13.
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8.2 REGULATION OF GENETICALLY ENGINEERED CROPS

8.2.1 United States Department of Agriculture

USDA regulates GE crops under the Plant Protection Act (PPA). Under the PPA, a 
GE crop is presumed to be a “plant pest” unless or until USDA determines that it does 
not pose plant pest risks, in which case it is formally “deregulated” for commercial 
use. The majority of GE crops grown in Hawai‘i are presumed to be plant pests, and 
as such can only be grown in regulated field trials upon approval of USDA’s Animal 
and Plant Health Inspection Service (APHIS). In most cases, however, APHIS grants 
perfunctory approval of such field tests under a streamlined “notification system” 
instituted in 1993. The GE crop developer “notifies” APHIS of its intent to conduct 
a field trial, providing minimal information such as the crop species, genetic modi-
fication(s), and field trial location(s). APHIS responds with an “acknowledgement” 
within 30 days (Freese 2007b). While APHIS once conducted environmental assess-
ments under the National Environmental Policy Act prior to granting approval, this 
is rarely done today. In fact, the last full environmental assessment of a proposed GE 
crop field trial in Hawai‘i was conducted in 1994 (ISB EA 2015).

APHIS is supposed to tightly regulate GE crops grown in field trials to ensure that 
they do not persist in the environment, become admixed with neighboring crops, or 
cause environmental harm. However, USDA’s own Inspector General and a National 
Research Council committee have harshly criticized APHIS for its poor performance 
in this arena (USDA OIG 2005, National Research Council 2002). APHIS’s failure to 
properly regulate GE crops is also demonstrated by several federal court decisions. 
See, e.g., Center for Food Safety v. Johanns, 451 F. Supp. 2d 1165 (D. Haw. 2006) (Ha-
wai‘i Biopharm); International Center for Technology Assessment v. Johanns, 473 F. 
Supp. 2d 9 (D.D.C. 2007) motion to dismiss appeal granted, No. 07-5238, (D.C. Cir. 
Mar. 17, 2008) (GE Grasses); Geertson Seed Farms v. Johanns, 2007 WL 518624 (N.D. 
Cal. Feb. 13, 2007), affirmed, 541 F.3d 938 (9th Cir. 2008) (GE Alfalfa); Monsanto 
Company v. Geertson Seed Farms,130 S.Ct. 2743 (2010). 

In the Hawai‘i Biopharm case, the federal district court in Hawai‘i ruled that the gov-
ernment had, in fact, violated the National Environmental Protection Act (NEPA) 
and acted in “utter disregard” of the Endangered Species Act by failing to perform the 
required analysis before issuing field trial permits for GE crops engineered to be “bio-
factories” for production of potent pharmaceutical compounds (Hawai‘i Biopharm, 
451 F. Supp. 2d at 1182). In the GE Alfalfa case, the federal district courts found 
for the first time that USDA’s commercialization approval of a GE crop (Monsanto’s 
Roundup Ready alfalfa) without preparing a full Environmental Impact Statement 
(EIS) was illegal. Prior to the GE Alfalfa decision, USDA had never before undertak-
en an EIS for any GE crop in over 15 years (Achitoff and Kimbrell 2013). As a direct 
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result of the GE Alfalfa decision, USDA now regularly prepares the requisite NEPA 
documentations prior to commercial approval of new GE crops.

8.2.2 Hawai‘i State GE regulatory framework

The State’s authority to regulate GE crops is similarly a question that is currently 
pending before the Ninth Circuit Court of Appeals. See Hawai‘i Floriculture & Nurs-
ery Ass’n v. Cnty. of Hawai‘i, No. 14 CV-00267-BMK, 2014 WL 6685817 (D. Haw. 
Nov. 26, 2014), appeal docketed, sub nom. Hawai‘i Papaya Industry Ass’n v. Cnty. of 
Hawai‘i (9th Cir. Jan 6, 2015). In that case, the federal district court found that an 
assortment of state laws relating to plant quarantine, plant pests, and noxious weeds, 
could apply to GE crops and thereby preempt local county action. Whether or not 
such laws may be amended or applied in such a way, the statutes have never been 
applied to GE crop regulation. In fact, none of the statutes relied upon by the court 
even mentions GE crops. As with the Hawai‘i Pesticide Law, Hawai‘i statute does not 
expressly prohibit or address the issue of disclosing production of GE plants, nor 
regulate GE organisms in any way. The State has no statute that specifically addresses 
the impacts of cultivating and testing GE crops. There is currently no comprehensive 
state statutory scheme occupying the field of GE organism regulation.

8.3 ATTEMPTS AT LOCAL REGULATION – LITIGATION UPDATE

Lacking protection from state and federal agencies, whose regulatory mechanisms 
fail to account for the impacts of pesticides and GE crops on Hawai‘i, residents of 
different counties have demanded that their local governments take action, under 
the counties’ authority to regulate agriculture, ensure the welfare of its residents, and 
protect public resources. See HRS § 205-43; HRS § 46 1.5(13); Syngenta Seeds, Inc. v. 
Cnty. of Kaua‘i, No. 14-CV-00014-BMK, 2014 WL 4216022, at *4 (D. Haw. Aug. 23, 
2014).  As the federal district court observed in Syngenta Seeds v. County of Kaua‘i, 
No. 14-00014, 2014 WL 4216022 (D. Haw. Aug. 25, 2014), the legislature has “ex-
pressly recognized that the counties have some role to play in enacting regulations 
that affect the field of agriculture,” citing state law expressly granting the counties 
authority that includes “formulating ‘agricultural policies, tax policies, land use plans, 
ordinances, and rules’” (citing HRS § 205–43).

8.3.1 Kaua‘i County

In November 2013, the County of Kaua‘i approved a groundbreaking new ordinance 
to protect the public from pesticide exposure. Ordinance 960 required notification 
and disclosure of pesticide applications to help residents avoid pesticide drift and to 
ensure better medical treatment for those exposed to pesticides, and also created buf-
fer zones around sensitive locations, including schools, hospitals, and waterways. Un-
willing to comply with these prudent restrictions to safeguard the health of Hawai‘i 
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residents, the chemical corporations filed a lawsuit, alleging every claim of which 
they could conceive, rather than simply comply with the County’s urgently-need-
ed, reasonable, and limited ordinance.  Unfortunately, in September 2014, the court 
ruled that the county ordinance was preempted by state law.

However, the decision had some positive aspects. The court denied the chemical com-
panies’ claim that County Ordinance 960 law was also contrary to or prohibited by 
federal law. Thus, federal pesticide law and the federal plant law applied to GE crops 
did not prohibit county regulation. Thus, the decision supported the conclusion that, 
in other states, federal law would not prohibit counties from protecting themselves 
the way Kaua‘i did, by regulating pesticides and GE crops via disclosures and buffer 
zones. The Kaua‘i decision is currently under appeal before the Ninth Circuit Court 
of Appeals. 

8.3.2 Hawai‘i County (Big Island)

In December of 2013, Hawai‘i County enacted Ordinance 13-121, which prohibited 
the open-air cultivation of GE crops with certain limited exemptions, for instance GE 
papaya registered with the County. The Ordinance provided farmers and residents of 
the Big Island, their property, and the environment important protection from the 
impacts of GE crops, such as transgenic contamination and associated pesticide drift. 
In June 2014, Hawai‘i County was sued by the Biotechnology Industry Organization, 
which represents the Islands’ chemical corporations, among other plaintiffs, and Or-
dinance 13-121 was determined to be invalid. The ruling, issued by the same judge 
as in the Kaua‘i case, again concluded that GE crops must be regulated at the state 
level, despite the fact no state statute even mentions GE crops or was intended to reg-
ulate them. However, the Court’s decision was not without its silver lining, in that it 
rejected the plaintiffs’ arguments that county and state regulation of commercialized 
GE crops was prohibited by federal law, though it did hold that federal law prohibited 
county regulation of some, but not all, experimental plantings. CFS is representing 
the County pro bono to appeal the lower court’s ruling before the Ninth Circuit Court 
of Appeals. 

8.3.3 Maui County

On November 5, 2014, Maui voters made history by passing a Maui County ballot 
initiative that would have placed a temporary moratorium on the testing and plant-
ing of GE crops in Maui unless or until an environmental and public health study 
demonstrated that they were safe. This victory was unprecedented, given that chem-
ical companies like Monsanto and Dow Chemical raised over $8 million to fight the 
initiative – the most money raised on any local ballot initiative in U.S. history.
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Monsanto and Dow Chemical challenged the ballot initiative in federal court. The lit-
igation is being adjudicated before a different federal judge than the one who presid-
ed over the Kaua‘i and Hawai‘i Island decisions. In light of the two erroneous rulings 
on the other Islands’ ordinances by Magistrate Judge Kurren, the road to victory at 
the district court level is admittedly difficult. 

8.4 MOMENTUM BUILDING TO PROTECT KIDS
FROM PESTICIDE DRIFT

In a failed attempt to better protect human health and the environment from pesti-
cide drift, EPA proposed improved pesticide labeling in 2001 (EPA 2001), but this 
proposal was never finalized and is not in effect. In an important sign of the times, 
however, public interest and farmworker groups formally challenged EPA for its inac-
tion, and petitioned the Agency to establish regulations to protect children from pes-
ticide drift. This petition, entitled Pesticides in the Air – Kids at Risk, provides further 
information documenting the harms from this neglected health threat (Goldman et 
al. 2009). In Section 6, we discussed a seminal review of the medical literature on the 
threat of pesticides to children’s health by the premier organization representing our 
nation’s pediatricians, the American Academy of Pediatrics (Roberts and Karr 2012). 
AAP has also released an official policy statement based on this review that makes 
specific recommendations to mitigate health threats from pesticides (AAP 2012). 
Among the local policy approaches listed by AAP are the establishment of no-spray 
buffer zones around schools, posting warning signs of pesticide use, and restricting 
specific types of pesticides at schools. Medical scientists from the federal and state 
governments, writing in the prestigious Journal of the American Medical Association, 
also support “adoption of pesticide spray buffer zones around schools” (Alarcon et 
al. 2005).  

An increasing number of states and counties have recognized the health threats 
posed by pesticide drift and the serious deficiencies in EPA regulation. Momentum is 
building to protect kids from pesticide drift, including measures such as those found 
in Ordinance 960 (Feitshans 1999). As of 2004, at least seven states had established 
no-spray buffer zones around schools, hospitals, nursing homes, public parks, and 
playgrounds (Owens and Feldman 2004). More recent information shows that nine 
states (Hurley et al. 2014) and fourteen counties in California (CPR 2010) have estab-
lished similar no-spray zones. States with notification requirements for pesticide ap-
plications near schools have increased in number from eight in 2004 to eleven today 
(Owens and Feldman 2004, Hurley et al. 2014). These policy actions evince growing 
awareness of the serious health threats posed by pesticide drift.

An increasing 
number of states 
and counties 
have recognized 
the health 
threats posed by 
pesticide drift 
and the serious 
deficiencies in 
EPA regulation.
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8.5 OTHER STATE AND COUNTY PESTICIDE PROGRAMS
AND REGULATIONS 

As noted in Section 5.2, eleven states have established pesticide poisoning surveil-
lance programs: California, Florida, Iowa, Louisiana, Michigan, Nebraska, New York, 
North Carolina, Oregon, Texas, and Washington (CDC 2014). Such a program, if 
established in Hawai‘i, would likely capture many more pesticide-induced illnesses.

Washington State tracks pesticide-induced illnesses and publishes annual pesticide 
incident reports to provide a sound empirical basis for measures to mitigate these 
harms.  Pesticide drift is consistently the leading cause of pesticide-induced illness 
(WA PIRT 2010). In California, counties play a leading role in pesticide regulation 
(CA DPR 2011). The County Agricultural Commissioners (CACs) generally have 
enforcement authority for state pesticide law, especially with respect to more haz-
ardous pesticides, which are designated “restricted materials.” Anyone who wishes to 
use a restricted material must petition the CAC for a permit. The CAC can conduct 
on-site monitoring to assess risk, and then deny the permit, or issue it with restric-
tions based on local conditions. Because a permit is the functional equivalent of an 
environmental impact report, it is up to the county to decide if the proposed use of a 
restricted material will cause a substantial adverse health or environment impact. In 
addition, growers must file a “notice of intent” with the CAC at least 24 hours before 
a scheduled application to give county staff time to evaluate the site before or during 
the application.

In many states, one finds county- or even township-specific drift regulations that are 
tailored to the particular types of crops that are grown and pesticides used in the area. 
Some of these regulations target certain drift-prone pesticides; some restrict usage 
during part of the year. The intent of most such regulations is to prevent drift-related 
crop damage (Feitshans 1999, CPR 2010, MI DoA 2011). How much more important 
is it to protect people, and especially vulnerable children, from the hazards of pesti-
cide drift?

How much more 
important is it to 

protect people, 
and especially 

vulnerable 
children, from 
the hazards of 

pesticide drift?
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PART NINE: CONCLUSION

Hawai‘i is at a crossroads in its economic and agricultural develop-
ment. Over a century of plantation agriculture, producing commodi-
ties for export, has steadily diminished Hawai‘i’s ability to feed itself, 
and today the state imports 88% of its food. Plantation-era pesticides 

have exacted a heavy toll on the health of Hawai‘i’s citizens and its environment.  This 
legacy of food insecurity and pollution has been perpetuated by the agrochemical 
firms that test genetically engineered seed crops on a large and growing share of Ha-
wai‘i’s prime farmland.  Like sugarcane and pineapple, GE seeds are shipped offshore; 
and like the plantation crops, they involve intensive use of pesticides.

As communities across the state have become more aware of the hazards, they have 
pushed back, demanding greater transparency and prudent restrictions. Their chief 
concern is not whether GE foods are safe to eat, as some would have it, but rather the 
health and environmental effects of the toxic pesticides that are so heavily used in the 
expanding GE seed crop operations.
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As this report shows, there is ample reason for concern. Growing GE seed corn in 
Hawai‘i involves much more frequent and intensive use of insecticides and fungicides 
than mainland corn. Because so much of it is genetically engineered for resistance to 
herbicides, weed-killers are also heavily applied. Hawai‘i’s media have reported nu-
merous episodes of pesticide drift sickening schoolchildren. Residents of the Kaua‘i 
town of Waimea, downwind of DuPont-Pioneer test fields, have been especially hard 
hit.

The medical literature discussed in this report leaves little doubt that many of the 
pesticides used in Hawai‘i can cause serious harm to human health. In adult popula-
tions, pesticide exposure has been strongly linked to various cancers, Parkinson’s dis-
ease, depression, and disruption of our hormonal systems. Still more concerning are 
the impacts on children, whose developing systems are more vulnerable to pesticidal 
harms. Exposure of pregnant women is particularly threatening, since pesticides can 
cause lasting damage by interfering with fetal development. The neurobehavioral im-
pacts of pesticides are perhaps most frightening. A spate of recent studies is building 
an irrefutable case that long-term, low-level exposure to nerve toxin insecticides in 
early life (particularly in utero) can result in autism, attention-deficit/hyperactivity 
disorder, and reduced intelligence. Other pesticidal impacts indicated by a growing 
number of studies include childhood cancers, adverse birth outcomes, and asthma. 
Pesticides also threaten native biodiversity and ecological services by polluting water 
and harming aquatic organisms, and killing beneficial insects and pollinators.

Lacking protection from federal regulators, three Hawai‘i counties have taken action. 
The State of Hawai‘i must follow suit. Greater transparency and modest protections 
are urgently needed. The public has the right to know which pesticides are being used, 
and in what quantities, particularly because they are often applied near places of work 
and play. Scientists and physicians require this information to better assess pesticidal 
threats and make informed medical decisions for their patients. As our knowledge of 
the many risks posed by pesticides grows, policymakers will be in a better position to 
develop regulations that adequately protect public and environmental health. How-
ever, enough is known already for Hawai‘i lawmakers to follow the lead of numerous 
other states and counties and establish modest, no-spray buffer zones around homes, 
schools and hospitals. Such buffer zones represent a prudent first step towards better 
protecting Hawai‘i’s residents, particularly vulnerable children, from pesticide drift. 

Together, we can ensure that Hawai‘i’s agriculture takes a new path, one that pro-
motes the health, well-being, and food self-sufficiency of our Islands, now and for 
future generations.

As our knowledge 
of the many 

risks posed by 
pesticides grows, 

policymakers 
will be in a 

better position 
to develop 
regulations 

that adequately 
protect 
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environmental 

health. 
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APPENDIX I: CONTRIBUTION OF AGRICULTURE AND THE 
SEED INDUSTRY TO HAWAI‘I’S ECONOMY

One source of confusion in measuring the economic contribution of Hawai‘i’s agri-
culture is the use of inappropriate statistics that inflate the “agricultural” sector by 
aggregating it with processed foods, beverages and tobacco.  This is the approach tak-
en by the Hawai‘i Department of Agriculture, which combines “agriculture, forestry, 
fishing and hunting” (AgFFH) with the “food and beverage and tobacco products 
manufacturing” sector (FoodBTP)24 as the basis for its assessment of the performance 
of Hawai‘i’s agriculture (HASB 2011, p. 17). Because the GDP of FoodBTP is roughly 
the same as that of AgFFH, this method of accounting doubles the apparent contri-
bution of agriculture to Hawai‘i’s economy relative to the real GDP figures portrayed 
in Figures 3 and 4.

The seed industry, its contractors and the state agricultural officials use several other 
dubious methods to overstate the industry’s contribution to Hawai‘i’s economy. First, 
they utilize the hazy metric of “value” rather than GDP. Value is variously defined 
as “annual operating expenses” (Loudat and Kasturi 2013, Table 2) or “sales or gross 
operational budgets” (HASB 2011, Seed Crops, p. 22).  Whatever is meant by “value,” 
GDP is clearly a much preferable metric because it avoids the “double-counting” in-
herent in the use of sales data.25 Second, seed industry contractors Thomas Loudat 
and Prahlad Kasturi make misleading use of statistics to inflate the seed crop in-
dustry’s economic impact. They breathlessly report an extremely large figure for the 
seed industry’s percentage growth “since its inception” (Loudat and Kasturi 2013). As 
noted in the body of the report, the Hawai‘i seed industry began as a 5-acre winter 
nursery on Moloka‘i. Such a tiny “industry” can grow at a breathtaking percentage 
rate and still make little contribution to the economy. The misleading nature of this 
statistic is illustrated by a simple example. Assume an industry’s “value” is just $1,000 
at its inception. An increase to $1 million some years later would represent a 99,900% 
rise, despite the fact that a $1 million enterprise is still quite insignificant in the larger 
scheme of things.

24FoodBTP itself combines two distinct subsectors in the North American Industry Classification System (NAICS): NAICS 
311: “food manufacturing” and NAICS 312: “beverage and tobacco product manufacturing.”
25An industry’s GDP is its gross output (e.g. sales) minus inputs used in the production process (e.g. energy, raw materials, 
purchased services) (BEA Consumer Guide 2015).  Subtracting inputs is necessary to avoid inflation of economic impact by 
“double-counting,” as acknowledged by the Hawaii Dept. of Agriculture (Hawaii Ag Stats 2011, p. 17), which nevertheless 
continues to rely primarily on gross output as measured by sales in describing the performance of Hawai‘i agriculture (Ibid.).
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APPENDIX II: RUP USE IN KAUA‘I, MOLOKA‘I, MAUI, AND O‘AHU

involved pesticide drift from farmland while the others involved pesticide use at the
school (Alarcon et al. 2005). 

Pesticides may also be a factor in still more serious health threats. Dr. James Raelson and
his colleague Dr. Chatkupt, practicing pediatricians in Kaua‘i, have noted an unusually
high incidence of rare birth defects involving malformations of the heart in Kaua‘i
over the past seven years, at roughly ten times the national rate (Raelson 2013). They
note that Hawai‘i has not had surveillance for birth defects since 2005, and have
called for unbiased epidemiology studies by the U.S. Centers for Disease Control
and Hawai‘i’s Department of Health to better understand the causes. Kaua‘i physicians
and residents have also noted a “cancer cluster” in Waimea—37 cases in a neighbor-
hood of just 800—which is said to be 10 times the statewide cancer rate. Although
a one-page report by the Hawai‘i Department of Health disputes the existence of a
cancer cluster on Kaua‘i, the author conceded that her analysis was inconclusive, and
reportedly said: “If I lived there, it would concern me” (Skolnick 2013).
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