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.FUMIGANT FACTSHEET

METAM SODIUM

" Resource ID#.5129

an. MA 4

‘;Fumigant Factsheet: Metam Sodium

The soil fumigant metam sodlum is the third most commonly used agricultural pesticide in the U.S. After

application, metam sodlum hreaks down rapldly into methyhsothlocyanate, the molecule that provndes the

prlmary biocidal activity.

4

¢. Metam scd:um fumlgants are classlfled by the U.S. Emnrcnmental Protectlon Agencv (EPA} in the agency’s ‘
most hazardous acute toxicity category. Symptoms of exposure mclude eye irntatlon, skln rash, headache, :
nausea, shortness ‘of breath, and fainting. -

In Iaboratory tests,(

metam sodlurn has suppressed the actmty of the | lmrnune systern, caused cancer,

increased fetal loss in pregnant animals, and caused birth defects, It is classified by EPA as a "probable human -

. carcinogen” and the agency categorlzes itasa “developmental toxlcant." '

-

Methylisothlocyanate is very hlghly toxlc to flsh and other aquatlc ammals. concentratlons of one part per
. trillion have killed tadpoles in Iaboratory tests, . :

2

_ Fumlgatlon with metam sodium kills beneflclal mycorrh:zal fungl in the soil. Because these fungl increase the
ability of plants to take up essential nutrients, elimination of mycorrhizal fungi in agricultural sofl can lead to
yield losses or increases in the need for fertilizer. Metam sodium fumigation also /tulls nitrogen-fixing soil
bacterua and recovery can take over three months.

BY CAROLINE Cox _

| Mctarr[ sodium (see Figure 1) is

a fumigant designed.to kill nematodes,

ber of the dithiocarbamate chemical fam-

-ily.! U.S. manufacturers of metam sodium
- fumigants include Amvac Chemical Cor-

* poration, Sundance AG Inc., and UCB
‘ Chermca.ls Corporanon 2

* According to 1997 U.S. Enviromo_en—

tal Protection Agency (EPA) estimates,
- metam sodium is the. third most com-
monly used pesticide in the U.S:, with

agriculrural use of 59 million pounds per
- year.? The Pacific Northwest accourits for
* almost half of the natlona] use, 24 Iml-

' - lion pounds 47 (See Flgure 2) -

Metam sodium’s major- uses m thc
"U.S. are for fumigation of potato, pea-
" nut, carrot, and tomato fields.® :

One of the most stnk.mg thmgs about '

; ’.

Caroltne Gox is JPR's edifor. . -

14

‘soil pathogens,. and weeds. It is 2’ mem- -

Figure 1
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1 Acute toxlclty

metam sodium’s use is the rate at which

the fumigant is applied. While many pes-
ticides are applied ar rates of several
pounds per acre, recommended rates for
metam sodium applications can be over

300 pounds per acre®!! and applxcauon E
rates of over 100 pounds per acre are not

uncommaon.’

An Actrve Breakdown Product j

i

Afier apphcatxon, metn sodinm det”
grades (breaks down) rapidly into.
_ mcthyhsothlocyanatc (MITC), MITC,.

‘ not metam sodium, is the moleculc lthat -

i

- is actually. active as a pesticide.” Because .
- the rapid transformation makes the haz-

ards of metam sodium and MITC hard
to separate, this article summarizes haz-

" All metam sodium products are clasm- '
fied by EPA with the signal word “Dan-

ger,” because thcy are in the most haz-

- ardous acute toxicity category.!? The pri-
* mary acute (short-term) symptoms in
" people who have been exposed to metam -

sodium are skin irritation, eye irritation,
and irritation of the respiratory system. 14

* Skin and” eye 1rr1tatlon can be severe:
- MITC is “corrosive” to both.’® For'a
; completc list of s symptoms, see TabIe I :

‘ Allerglc Reactions -

© According to Iaboratory tests, repeated-
exposurc ‘of skin' to" metam sodium can

..cause allergic reactions, Based on these

tests, EPA has class1ﬁed metam sodmm

g5 a dermal sensitizer.1® Allergic skin're- -
actions have also been observed in peoplc -

exposed t6 metam soditm; MITC is likely
the cause of the a]lerglc reaction, /718 .. " "
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Both short- and Iohg-tei'm “exposure

“to metam sodium cause da.mage to the

IICI'VOUS system

.+ 'In 4 shoit-term study of mice, metam .
' sochu.m caused neurotoxic symptoms imy

miediately after exposure: hyperactlvxty
followed by mild lethargy.!? A study of -

rats found that single oral ‘exposues.to

" metam sodium reduced walking and

" movement at every dose tested.?? :
In a long-term {two year) study of rats’

exposed through - their drinking water,

* metam sodium-caused degeneratlon of the

sciatic nerve2!

Effects on the .
circulatpry System

In mice, oral exposure for ten or four-
teen days reduced blood levels of hemo-

. -globm, the oxygen-ca.rrymg molecules'in
% ‘blood. In’ addltlon, hematocnt (the per-/
.centage of blood volume occupied by

cells) decreased.!? Hematocrit levels also
decreased at all doses tested in a thrce

- month study of rats exposed to metam .
sodium through their d_rinl;ing water. 22

Effects on'Repreduction

- Four laboratory ‘studies submitted o0 .

EPA as part of metam sodium’s registra-
tion process have shown that exposure to
metam sodium affects reproduction.?

In astudy of rats, cornpleted in 1987,
q

-

T+ .
“Table 1

- Symptoms of Exposure
to Metam SOdlum

skm rash- ‘ !hroat imitation
nausea sore throat
vamiting breathing dlfﬁcultles
eye irritation shortness of breath .
burning eyes - fainting ..
headaches I
Sources

LS. EPA, 1998, 1ncldeni data systsm
Summary repert by chemical (metam
sodiuim), Washington D.C., Oct. 29.

-, Darcey Publications, 1999. Metam sodium
_drift in Earlimart, Californfaforces *~ -
-evacuaiion. Pesticide Report (Nov. 30): 7-8.

. Gomex, S. 1959, Ventura County
perspective: Praparadness lessons from 2™

) ?g;gg$ur Los Angeles Tmes (Sept.' T
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Flgure 2

_ Annual Use
ovar'2 million pounds
less than 2 millien pounds
| |none reported

Agrlcullural'Uses of Metam Sodlum in the U S. .

* Source: National Center for Food and Agricultural Policy, Undated. NCFAP pesticide use in
various commodities for 1991-1994, Database. htip:/fext.agn.uluc.edu/data/ncfap. html, -

RE retardatlons, tand -
anomalies” mcreased at ‘the lowest dose
tested. In a second study of rats, com-
pleted in 1997, fetal loss increased at the
lowest dase tested and skeletal abnormali--
ties increased at all but the lowest dose.2?
In a study of rabbits (1987), fetal loss

,-'mcreased at all but the lowest dose tested.

In a second study (1993), skeletal abnor--
malities increased 4t all but the lowest
dose tested and fetal, loss_increased at the '
high dose.

In both rats and rabb1ts, spma.l cord
and brain defects occurred in animals ex-

* posed to high doses of metam sodium,24

Based on these studies, EPA concluded

- that metam sodium is a2 “developmental -

toxicant.” Metam sodium has also béen

 classified by Califoria EPA as a chemlcal

“known to cause reproductwe tomcxty »25-

MITC reduced fetal growth in labora—
- tory studies of pregnant rabbits26 '

'Hormone Dlsruptlon

! Hormones are natural chemicals that!
travel in 'the bloodstream and regulate -
developmcnt, reproducnon, and - behav—-

 ior, In the last decade, public and scien-

tific concern that synthetic chemicals -
.might be inteifering with the functién of *

" natural horniones has intensified.?7:

!

“iRecent EPA rescarch with thétain $odiGni

'Agricuitufai uses of metam sodium in the U.S‘_,. are concentrated in the Pacific Norihwest.

PR Coa

indicates that it may be one of these hor-
mone disrupting chemicals.?®

.In many mammals, a sharp increase
in the levels of a sex hormone, luteiniz-
Ing hormene, triggers ovulation. A single
1n}ecn0n of meétam sodium in rats a few
hours prior to the expected time of this
hormone surge suppressed the surge and
caused in a drop in the’ percentage of
females who ovulated. The metam so-

- dium injection also lowered levels of the

hormone norepinephrine. MITC had
similar, but not 1dentlcal effects28

Effects on the Immune,Syst‘erh"

" 'Recent laboratory studies have shown
that metam sodium is toxic to the im-.
mune system. In mice; oral exposure for
s litdle as three days decreased the weight
of the thymus, the organ in which im-
mune system cells-called’ lymphocytes
mature. The numbet of immature white

blood éells in both the thymus and the

'spleen decreased. In addition, the activ-

ity of natural killer (NK) cells in the
spleen decreased. NK cells, part of the
immune system, “constitute an impor-

‘tant component in protection of the host"

from viruses and neoplas:a [tumors]: 19 )
Because workers are often exposed to

[l

15




policy, and it is both

;i S metam sodium through the skin, t_hese
: studies included dermal exposure. Der-
2 mal exposure decreased thymus weight,
i, .+ the number of immature white blood
b cells, and NK cell activity.l?
;- Follow-up studies which compared the
. effects of metam sodium to the effects of
. MITC showed that both chemicals are

- toxic to the immune system, but in dif-
decreased thymus weight and. decreased

metam sodium.??

o Mutagemclty

cells, was positive. It showed that metam
sodium damaged chromosomes, causlng
. breaks and fragmentmg 0

Chronic Tc)ucﬂy

* * metam sodium caused a variety of abnor-
malities in the nose: inflammation,’ de-
generation of the lining, enlargement of
~one gland and atrophy of another

| carclnogemclty

“y6

.« lf no adequate human data Lo
' are present; pos:twe eﬁects o
in animal cancer studles are
a basis for assessmg the '
carcinogenic hazard to . L
-humans. This assumptlon is
a public health conservatlve;

,approprlate and necessary o
-given that we do not test for
carclnogemclty in humans.” R B R

- B2, aprobable hu

ferent ways. MITC, like metam sodium, -

.. the number of immature lymphocytes .
‘ However, it did riot décrease-NK cell ac¥-
tivity; this effect is apparently caused by

Metam sodium’s mutagenicity (ablhty; '
to cause genetic dama.ge) was tested ‘as
part of its EPA reglstranon process. One’
of the four tests, one using human blood -

. Ina chronic (long—term) study of rats,'

. JOURNAL OF PESTICIDE REFORM/SPRING 20004 VOL. 20;NO.1 . - -

Flgure 3

a

-Parcent of micé with cancer o
{angiosarcoma) T

1995 'and‘ con- |
cluded that metam -

sodium should be
classified as Group

oo S T ) RTINS
. Eﬂect of Metam Sodlum on Cancer Rates i

Source U.8. EPA. Office of Prevention, Peshcldes and Toxn::
Substances. 1995. Carcmogamclty peer review of metam sodlum :
Washmgton D.C.,, May 1. ; : v

A!iyh T-n'

" ﬁnb‘{‘ ‘

females

‘20

10
- Ora] Exposure to Metam Sodlum |
) (m:lhgrams per kl[ogram of body wmght per day)

man carcinogen.®! .

This classification -
was based on laboratory tests us1ng mice
and rats given metam sodium. in their

drinking water. In the ‘test with mice, ..
_metam sodium caused anglosarcomas (a

cancer involving, the, lining of -a. blood -

ure 3,) An increased incidence of a simi-

lar caricer,: hemangiosarcorha, was found’
- in a test using male rats. ‘

31
. Metim sodium has also been clasm-

ﬁed by the California EPA as a chemical

“known to the state to cause cancer.”? -

‘An association of metam - §odium
manufacturers is challenging EPA’s B2
classification. of metam sodium.® . They

. cIaJrn that the evidence for metam sodium’s

. carcinogenicity comes from animal, not ‘Metabolites Other than erc

’human studies. They also stat¢ that metam

sodium breaks down quickly into: MITC,

1

which “has’ not becn identified by the US. -

'EPA, Californiz, or other health - organiza-

tiotis as elther a carcmogen ora reproduc— ,
tive toxicant,”? B
“In- responSe to the ﬁrst criticism’ it is-

i

important to note EPA’s conclusions about.‘

getiicity: “If no adequate human data‘ate
present, p051twe effects in. ammal cancer

: . rthel unportance of animal tests for carcino: .
'EPA evaluated meram sodlurn s carci-
' nogenicity (ablhty to- cause ca.ncer) m

. HDRTHWESTOOALITION FOR ALTEHNATIVES TO PESTICIDESINGAP o
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In ]aboratory tests of mlce, metam sodlum _exposure, |ncreases the
frequency of a cancet, anglosarcoma

studies are a basls for assessmg the carci-.
nogemc hazard to humans. This assump-

‘tion is 2 public health conservative policy,
and it is-both appropriate and necessary o

. g1ven thay’ ‘wedo 'not ‘test: for carcmoge-— R
vesselaz) in-the liver and spleen. (See Flg-ff‘.""‘-'

n1c1ty in huimans.3 EPA also states that -+~

“néarly all of the agents known to cause
cancer jn humans are carcinogenic in ani- -
mals in tests with appropriate protocols™*
and that “the méchanisms of control of
cell growth and differentiation are remark-"

~ably homologous [similar] among species.”4

In response to the second criticism,.
EPA states that two studies of MITC did
not find increased cancer rates, but r_hey-

used madequate dose levels.”> .

When metam sodmm breaks down':

lmto MITC;'a number of other theinicals o
. are formed including, methylamine, car- -

,,bon disulfide, and hydrogen sulfide 3¢

. Methylamine'can cause burns to-the

-eyes and sskin; “difficult breathlng, -and

chemical bronchitis: In faboratory stud-
ies. jt- has. caused: genetic damage™” and -

‘decreased white blood cell counts.2?

Carbon disulﬁde is toxic o the central '




JOURNAL OF PESTICIDE nEFonm‘SPmNG 2000 = VOL. 20, NO. 1

. neivous syste'm; with damage that cari be
permanent. It has damaged sperm pro- .

duction in cxposed people and caused ge-~

netic damage in human blood cells.?®
" Hydrogen silfide causes cye and res-

piratory - system irritation, nausea, diar-

+ rhea, headache, and -cardiac arrhythmla % ;

N Coriiammants

. NN drmcthylthlourea is a contami-
. nant of the metam sodium product
Vapam.!? In laboratory tests, N,N'-
dimethylthiourea | injures lungs,* reduces

fertility, and causes bm:h defects @
' Synergy

Synergy occurs when the combined °

effect of two chemicals is greater than

. the effect of either chemical alone. Such
interactions have been observed for
metam sodium with lead, and MITC with
ethylene thiourea (a breakdown product
x..of the ﬁ.mgrade nabam).%42 :
- When laboratory ‘nimals aré exposed

to both metam sodium and lead, the con-
centration of lead in their brains increases
_to five times the level found when ex-

posed to lead alone. Since lead is “a well-

known neurotoxic agent™! the conse-

quences of this synergy could be serious.

position ! of orgaruc matter, and the abun- -

dance of pest nematodes.
cial fungi that colenize plant roots and

erals. This process can be distupted by

metam sodium. (See Figure 4.) For ex- .
a.mple, University of California research-
.érs, in collaboration with extension farm
advrsors, looked at the impact of metam -

* Mycorrhizae are mdesprcad beneﬁ—_

increase plants’ uptake of necessary min- -

sodium fumigation on mycorrhizal fungi .

in cotton fields. They found that effects -

depended on how large the populauons
of mycorrhizal fungi were. In fields with
average or Jow numbers of mycorrhizae,
fumigation reduced the: percentage of cot-
ton roots containing mycorrhizae and the
size of the plants two months after fumi-
gation. At one of the three sites studied,
metam sodium fum1gatron led to an 18

- percent reduction in cotton y1elds
Similar results were found in a study
g of corn grown in fumigated fields.*(The +

corn was fumigated with both metam so-

dium and methyl bromide, another com-

mon soil fumigant.) Unless the fumiga-

tion was followed by application of phos-

' phorous fertilizer, the fumigation reduced

MITC, in combination with cthyleric -

thiourea, caused the nervous system of -

toads to develop abnormally. Neither com-
pound alone caused the abnormalities.#?

Effects on Aquatlc Ammals

MITC is “very hlghly ‘toxic to fish and .

aquatic invertebrates” accordmg to EPA#3

For some species, MITC's toxicity is stun- .

ning. For example, in a study of South
"African clawed toad tadpoles, exposure

to one pari per tillion for 12 hours
. caused 100 percent mortahty

Effects on Crop Plants

. Asabroad spectrum broclde, it is not
surpnsmg that metam sodium kills plants
growing in soil that js fumigated. In ad-
dmon, it has more subde effects on soil

microotganisms that can affect growth of
crops that are planted: afier the fumiga- .
tion has occurred. ‘These include effects

on mycorrhizae, mtrogen ﬁxatlon, decom—

NORTHWEST COALITION FOR ALTERNATIVES TO PESTICIDES/NCAP
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Metam sodlum

both corn weight and corn yield.%5 .
” Metam sodium’s disruption of mycor-
thizae can':also have more complex ef-

fects. In a study of onions, for example,-
metam sodium fumigation reduced the

percentage of plants colonized with myc-

orthizae. Plant helght was reduced about
50 percent, and onion yields were reduced

between 47 and 56 percent. The pest tar-
geted by the ﬁlrmgatron, the pathogenic
bacteria Fusarium, was also reduced, but
without ‘mycorthizae the onion- plants
were unable to withstand another patho-
gemc bacteria, Pseudomonas, found in the

irrigation water (treated urban -sewage).

Rot caused by Pseudomonas was respon-

 sible for about half of the yield reducuon

in ﬁumgated fields. 46 -

. Nru'ogen fixation is the process. byl

which nitrogen gas is transformed into

. nitrogen compounds that are usable by

plants. Most plants rely on bacteria as a
source of these nitrogen compounds
which ‘are -essential for plant growth.47
impacts bacteria

Flgure 4 : '
Effect of Metam Sodium
on Root Development it

" *Root from
. treated pine
,-seedling |

" Root fram-
untreated pine .~ -
seadling

Souree: lloba, C. 1977, The effact of
Vaparh on the ectotrophic miycorrhizae of
.pine seedlings: E. Afr Agnc For. J.

43 18-24. . -

Mefam sodium treatmerit of soil kills beneficial .. "~

myeorrhizal fungi leading to stuntmg and inhibi- -
tion of the roots of crops planted after fumiga- -

- tion.

respons1ble for two stcps in the nitrogen
cycle, the transformation of ammonia into
nitrites and the transformation of n1tntes R
info nitrates. 8 : ‘

" These impacts can be both severe and :
long lasting. A study of Japanese

17
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F|gure 5

800 T

. .o o

. 600 T-
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a
“B% 4001

. B ot
. &g - |
§3 200 {°
S o4
’ Black 'ba'rs'sho_w MITC

" concentration three days after
appllcatlon Scale is shown
above.

- MITC Alr contamlnation Following a Metam
Sodium Appllcation to a Carrot Field -

Source: Kellman, W.S. 1995. Pesticide air moniloring results Conducled by the Cal]l’omla Alr
Resources Board 1986-1985. Sacramento CA: Calif. EPA. Dept. of Pesticide Hegu!atlon
_ Envirenmental Mommrlng and Pest Management Branch. .

o

Note: Samples wére
collected about 20 meters in
each direction from the edge -
of the treated field

California carrot field.
- agricultural soils showed that metan so-
dium fumigation at typical agricultural

rates caused a ten thousandfold reduc-

formed ammonia into nitrites and that
this reduction did not show any recovery

#,  athousand fold reduction in the number
of bacteria thar transformed nitrites into

“recovery 105 days later.®?

one- activity petformed by microorgan-
istns in healthy soil. In 2 study of a Cali-
fornia- agricultural soil, the microorgan-.
isms that broke down cellulose, the mol-

parts of plants, were “severely inhibited”
by metam sodium ﬁnmgauon.?q -
* Pest nematodes are 2 common agi-

suppressive’ soils, nematode populations

.* .are not crop-damaging because of high
populations of fungi-that parasitize the

increase. In a study of sugar beet nema-
todes, fumigated soils contained twice as

18

¢ Dccomposmon of orgamc mattcr is’

tion in the number of bacteria that trans-
105 days later. Meétam sodium also'caused”

. nitrates with only © sorne 1nd.1cation of

ecule that makes up most of the woody -

L

cultural pxoblem In certain soils, called -

nematodes. Metam sodium canl kill the -
ﬁmg1 and cause nematode populations to.

MITC was found in all air samples collected three days aftera metam ‘sodium apphcatlon io a

nematodes as did unﬁlmigatcd soils.S
Air Contamination

Relative to other pesticides, MITC is
volatile (evaporates easily) and persists in

the environmeny. This means ‘that it can
‘contaminate the ait outside of targct ar”
_eas.”? For example,” MITC air, momtor-

ing during the apphcauon season in four
California counties where metam sodium
use is ‘high found MITC in nearly all
(87 - 100 percent) of the samples raken. 3
{See Figure.5 for one example.) .

A grap]nc example of MITC air con-
tamination occwrred in Earlimart, Cali-

" fornia, in Novembcr, 1999, when dozens
of people were treated at hospltals fol-.
lowmg a metam soduun ‘application via

irrigation water to a nearby field.34

" MITC contimination of air can be i in-

sidious because it, makes-people ill at
concentratlons too low to smell. 26"

: Health and En\uronmental

Eﬂ'ects ‘of a Splll

]

. Metam sodium mide headllnes on July

14, 1991, when a freight train. derailed

on:a bridge over the Sacramento River

'man}r ncmatode eggs. and Juvemle ' near Dunsmmr, Cahforma ? A tank car

cartying metam sodium from 2 manufac-
, turing plant in Commercc, California, to
-potaro fields ‘near Pasco, Washington,
fell into the river. Almost twenty. thou-
sand - ga]lons of metam sodiumJeaked
fr_om the car, -was transformédinto
MITC, and contaminated 40 miles of
the Sacramento River. Prior to the spill,
this part of the Sacramento River had
been world famous for its wild trout.%

For the residents of Dunsmuir, there
were both immediate and longer term ef-
fects on their health. Nausea, headaches,
_eye irritation, dlzzmcss, vomiting, and
'shortness of breath were reported by
Dunsmuir residents in the first five days
“after the spill? About 14 percent of
Dunsmmr residénts consulted a medical
 professional in the month following the
spill. 26 MITC exposure caused the devel-
opment of persistent asthma in some pa-
tients, and exacerbated existing asthma
" in Gthers. Symptoms persisted over a year
in some of these patients.’” In addition,
the California Department of Health Ser-
vices reported, bur was unable to con-
firm, a high rate of miscarriages among
wormen who wete in the spill area during
the first trimester of a pregnancy.®

.. The ecology. of the Sacramento RlVCl’

“was “severely affecied.”2 Nearly all plants S

and animals in the river were killed for
40 miles downstream, 3. The California
Department of Fish and Game (CDFG)

~reported fish kills in the *hundreds of
' ;housands.zs_Tho spill impacted mi¢roor-

ganisms, just-as - scx?erely zooplankton
populations in the river decreased 99.9
percent® and a. study of the riparian mi-- -
crobial community showcd that the spﬂl
caused persistent. changes.5®

" Some species recovered in'a matter of
yca.rs, others took (and are taking) mach
“longer. Sculpin, a bottom-dwelling fish
* that had been the most abundant fish in
" the river prior. to the spill, crayfish; the
“'Pacific giant salarhander, and over 40 spe-.
“cies of clams and snails were identified
by CDFG as slow to recover.5! Slowest
to recover are the mature trees that once
lined ‘the river; ‘state officials- estimated
50 years: | for mature trees kjﬂcd by thc
spill to be rcplaocd 3. ‘f' L
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