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PREFACE

Health and Environmental Effects Documents (HEEDs) are prepared fof[the;;- f*1f,ﬁ
Office of Solid Waste and Emergency Response (OSWER). This document series . .
is intended to support 1istings under the Resource Conservation and Recovery = =

Act (RCRA) as well as to provide health-related limits and goals for emer-"

gency and remedial actions under the Comprehensive Environmental Response, = .

Compensation and Liability Act (CERCLA). Both published literature —and.
information obtained for Agency Program Office files are evaluated as they

pertain to potential human health, aquatic life and environmental effects of -
. hazardous waste constituents. The 1iterature searched for in this document- oo
and the dates searched are included in "Appendix: Literature Searched." '

Literature search material is current up to 8 months previous to the final.

draft date listed on the front cover. Final draft document dates (front =
cover) reflect the date the document is sent to the Program Officer (OSHER).*;jf'*.gf“ j

Several quantitative estimates are presented provided sufficient data

are available. For systemic toxicants, these include Reference doses (RfDs)

for chronic and subchronic exposures for both the 1inhalation. and-.oral oo
exposures. The subchronic or partial Jifetime RFD, is an estimate of an

exposure level that would not be expected to cause adverse effects when . -~
exposure occurs during a limited time interval i.e., for an interval ‘that -~ .. .
does not constitute a significant portion of the 1ifespan. This type of =
exposure estimate has not been extensively used, or rigorously defined as -
previous risk assessment efforts have Focused primarily on 1ifetime exposure = . -
scenarios. Animal data used for subchronic estimates generally reflect - -

exposure durations of 30-90 days. The general methodology for estimating

subchronic RfDs 1s the same as traditionally employed for chronic e“‘”@tG%,if{iy,“

except that subchronic data are utilized when avajlable.

In the case of suspected carcinogens, RfDs are not estimated. . Instead, -~ . o
a carcinogenic potency factor, or q3* (U.S. EPA, 1980a), is ‘provided. - . -
These potency ectimates are derived for both oral and inhalation exposures =~ .
where possible. In addition, unit risk estimates for air and drinking water = . -

are presented based on inhalation and oral data, respectively.

Reportable quantities (RQs) based on both chronic toxicity_and;térciﬂb#f“ i

genicity are derived. The RQ is used to determine the quahtity'dffa}hazard-fFff'

ous substance for which notification is required in the event of a release -

as specified under the Comprehensive Environmental Response, Compensation - ..
and Liab)1ity Act (CERCLA). These two RQs (chronic toxicity and carcino- -
genicity) represent two of six scores developed (the remaining four reflect - ...
ignitability, reactivity, aquatic toxicity, and acute mammalian. toxicity). -
Chemical-specific RQs reflect the lowest of these six primary criteria. The -

methodology for chronic toxicity and cancer based Ros,are-defined;in'u.s;fg
EPA, 1984 and 1986b, respectively. e




EXECUTIVE SUMMARY

4-Aminopyridine 1is an odorless, white crystalline compound that. .” S
stable to 1light. It 1is moderately soluble in water (Farm Chemtcals?ef?ﬁf7
Handbook, 1987). The compound is manufactured by Reilly Tar & Chemlcal{i::.;_z
Corporatlon (Indianapelis, IN) by a synthetic process (SRI,. l987). recent3r
production figures are not available. | | i

4-Aminopyridine, sold under the trade name nvttrol 1s used as a_”n_
registered bird repellent (Farm Chemicals Handbook, lQBl Hadler, 1982) .tif?;
Ingestion of 4-aminopyridine-laden bait by birds results in aberrantftfii;:
behavior that frightens dway other flock members_(Hadler,“lggg!hggrlﬁoniiair;ui
1984). 4-Aminopyridine can also be used as a chemical 1ntermed1ateflﬂaule};;it;éfn
1981). Pl

When released to the atmosphere, 4-amlnopyr1d1ne can be expected tof_
exist partly in the gas-phase where lt will be degraded raptdly by reactlon
with photochemicaliy-produced hydroxyl radicals. Using the method of_
Atkinson (1987), the half-1ife for this reaction in a typlcal amblent atmo-.i
sphere can be estimated to be 8 hours. Because 4-am1nopyr1d1ne has very lou
volatility from soil (Sims and Sommers. 1985,1986) or water. houever. 1t”t
not expected to partition signtftcantly to air when released to sotl :or
water. By analogy to aromatic amines as a chemtcal class (Hlll and Habey.

1985}, 4-aminopyridine may undergo slgnlflcant degradatton in sunltt natural
water by reactlon with photochemlcally generated free radlcals Although
4-amlnopyrldlne 1s soluble tn uater. slgnlflcant partltionlng from the_uater
column to suspended sollds and sedlment may occur . because of X _J‘ el
: bindlng reaction that has been observed tn other aromatlc amlnes (Parrls.

1980) Hydrolysts. dtrect photolysls and bloconcentratlon may not .be




important. The degradation of 4-aminopyridine in soil has;heenestudiedihfiit;;
several investigators (Naik et al., 1972; Betts et a].,'1§?Bge$§§frfandha;qu
Cunningham, 1975; Sims and Sommers, 1985, 1986). Although the bsaae‘gr‘a;aamn__;‘*__,.-;
in soil can vary greatly, their results indicate that 4-am1nopyrid1ne is?ffd{frﬁ
generally resistant to biodegradation in soil. Soil half- ]ives ranging fromf;d'iiiﬁ
3 months to >22 months have been observed (Starr and Cunningham 1975) a?f;i;_
S0171 column leaching studies have shown that 4-amino—pyridine 1s not leached;dhfii
significantly in either alkaline or acidic soils, although mobmty m
alkaline soils is slightly greater (Starr and Cunningham, 1975) _ __i
4-Aminopyridine is released directly to the environment (primari]y soi])??i
through its use as a bird repellent. Environmental releases from uastefi
streams or fugitive emissions from the manufacture of 4-aminopyridine or itsl
use as a chemical intermediate may be minor in relation to its use as a bird?i
repeilent. From a NIOSH survey (NOES) conducted betueen 198] and 1983 itﬁ
has been estimated that annually about 898 U.S. uorkers are potentia]ly;f
exposed to 4- amino-pyridine (NIOSH, 1985). Pertinent water. food,_air%on;
" dermal monitoring data were not located in the available ]iteratureioitediinii_5&b
ropendix A. | :_:.h_,u. : ”.:t__ T
Studles assessing the acute toxicity of 4—aminopyridine to fish reveaied
that toxicity was not dependent on water temperature or hardness. istﬁ?”’
96-hour tcsos for channel catfish and bluegill sunfish exposed to 4-am1no-
pyridine ranged from 2.43-7.56 mg/% (Schafer and Harking. 1975) ;”
toxicity of 4- aminopyridine to aquatic invertebrates uas assessed by Harking;
and Chandler {1981). Juvenile g]ass shrimp were the mest sensitive species”
tested  (96-hour LCgg=0- .37 mgl!), | folloued by mayfly nymphs |
mg/e), orayfish' (é;zs_mg(;). frog iarvae _(2.4._mg(t),fﬂuater_sfieasj




mg/%}, caddisfly 1larvae (15 mg/e), Asiatic clams (45 mgn.) and snaﬂ_...
(62 mg/e). The NOEC for larval frogs appears to be <] mg/! {HTrktng andh__
Chandler, 1981). L "h

The toxicity of 4-aminopyridine to btrds was studted extenstvely by a?sz
series of 1investigators. Oral LD50 values ranged from 2 4 35 mglkg foriiw
periods of exposure and observation of varying 1engths. There uas no:fe?
-evidence that reproduction among the progeny of 4- amtnopyrtdtne treatedﬁ!fgf?
birds was affected by treatment of the parents (Schafer et a] - 1975). f;?tiiiza
There was no evidence of secondary hazard potential among predatory btrds?;}h'
from the consumption of 4-aminopyridine-killed birds (HotleraandsSchafersﬁ?t =
19821 N =_t 3 .: .__ :g”

Pharmacokinetic data in humans indicate that 4—am1noojrtdtne*ts.absorhEdfid'
readily and nearly completely from the gastrointestinal tract (Uges et al _
1982). A4-Aminopyridine appears to distribute widely throughout the ttssuesf
(Rupp et al., 1983), but excretion data (Uges et al. 1982) suggest that
btoaccumulation does not occur in humans. Metabolites have not been foundii?
in the urine of humans treated with 4-aminopyridine, and htotransformattonkgf
appears unlikely {Uges et al., 1982). In a study using volunteers (Uges et;
al., 1982), ~B5% of an oral dose and 90% of an tntravenous dose of 4-am1no
pyridine was recovered in the urine, with an e]tmtnattonshatﬁ;jtfeEofns,bff
— | _ | _,,g_ _.i: e

4- Amtnopyrtdtne acts on the nervous -system to tncrease.the release.o}t
acetylcholine. The compound has been used in humans for the reversal “of

residual neuromuscular b]ockade from some neuromuscula h]ocktng agents"

antthtottcs Experimenta] uses 1nc1ude treatment of”pattents utth Botu]tnu
.tntoxtcatton. myoneural dtsorders and Alzhetmer s dtsease. The cltntca] usef
of 4—am1nopyrtd1ne is ltmited by 1ts narroh therapeuttc tndex. folloutng;

_7c11n1ca1 dose of 0. 15 o 3 mglkg (route not spectfted). the oniy stde:effect




noted were a slight increase in systolic blood pressure and heart rate,r”

while doses >0.5 mg/kg were likely to resuit in restiessness._confusion,ff}f_
nausea, weakness and tonic-clonic seizures (Agoston et a] 1985) | A case;;ffﬂ7
report of an accidental oral exposure (Spyker et al., 1980) indtcated that a;if
singie dose of ~0.6 mg/kg results in frank effects in humans.'{3”“d“ e :

The only data concerning the subchronic oral toxtcity of 4-aminopyridine;;?i;?
are two 90-day studies in the OPP CBI files summarized by u.s. EPA (1980b).:i¢ﬁv
Kohn (1968) observed hyperirritability in rats at dietary. concentrations ofﬁff
30 and 300 ppm 4-aminopyridine, with no effects noted at_3.ppm.-31n,dogsff5

(Cervenka and Vega, 1968}, salivation, muscular ueakness.“andyndecreaeeditria“"“:ﬁﬁ

bratnweight were observed at a doses of >1.0 mg/kg/day. o _
4-Aminopyridine has tested negative for reverse mutation in Sa]monelia f'

typhimurium (Ogawa et al., 1986; Wakabayshi et al., 1982). ‘Data. cuncerningff?7{'f4ti

the carcinogenicity, reproductive effects and toxicity of 4-aminopyrid1nef;
following inhalation or chronic oral exposure were not avaiiabie tn the';
11terature cited in Appendix A. No effects on reproduction or. feta]ffgiﬁ_ |
development were reported 1n rats treated with 1-5 mg/kg/day by intraperi—ito;rj;?ii
toneal injection for 1 or 6 months (Mitsov and Uzunov, 1972). _'”
The only available guide]ine or standard for 4-aminopyr1dine is an RQ of*f
1000 pounds (U.S. EPA, 1985). | f o
Because of the lack of data concerning carcinogenicity in humanrcff'
animals, 4-aminopyridine can be Classified as a CAG Group D chemicaljf?jﬁf
derivation of carcinogenic potency factors and a cancer-based RQ is;ore-
- €luded by the iack of carcinogenicity data._ Based on. the 90 day rat studyﬁs
by Kohn {1968), subchronic and chronic orai Rst of 0 0002 mglkglday (0 01

mg/day) and 0. 00002 mg/kglday (0 001 mg/day) were caiculated These Rstﬁ

"rshould be considered tentative because only Iimited information con ,niﬁs

'*tythe CBI studies {Cervenka and Vega. 1968-” Kohn. 1968) uere avaiiable

| dt*,eiVii;?7go"ff[ff,f=f}'_3”5~




- Based on low confidence in the study and the data base, cbnfidenfe'in theﬁe"A

RFDs is low. Data uere insufficient for the development of freshuater and
sa]tuatér'criteria for 4-aminopyridine A chronic. tox1c1ty RO for 4-am1no—5

pyridine of 100 pounds was calculated from the Kohn (}963) 90 day rat study
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1. INTRODUCTION
1.1.  STRUCTURE AND CAS NUMBER

4-Aminopyridine 1s a common chemical name for the compound current]yf
referenced by CAS as 4-pyr1d1namine (SANSS, 1988). Other synonyms fori
4-aminopyridine 1include 4-AP, p-aminopyridine, am1n0-4—pyrid1ne. gamma-j
pyridylamine and #4-pyridylamine (SANSS, 1988). It 1s also knoun by thei
. tradename Avitrol (Farm Chemicals Handbook, 1987). The structure, nn]ecular:“_

weight, empirical formula and CAS Registry number for d-aminopyridine are as;:'

follows:

Molecular weight: 94.12

Empirical formula: 65H6H2

CAS Registry number: 504-24-5

1.2, PHYSICAL AND CHEMICAL PROPERTIES e
&-Aminopyridine 1s an odorless, white crystallinef-cdmﬁbuﬁ&'ﬁtﬁeil“Is-

stable to light and umderately soluble in uater (faru Chemicals Handhook

1987). ‘It 1s soluble in -alcohol, ether and benzene (Heast 1985). Se1ected1

physica1 properties are as follous

“Melting point: . 158-9°C . "ﬁifHeast 1985 2
Bo1ling point: . 2135 - '-= nL"ﬂU1=!- 193]
Vapor pressure: o o '

at 180°C 13 mmug o f]ueast 985
at 25°C {estimated) 1000122 Hg o Us. e 1987

Water solubility: o S L
at 25°C _Ts.suo-ss.ooo ppa ;_:,-;;uts,;zpa/yxn, 1988

0124d




Log Kgw: 0.26 Hansch and Leo. 1985':*:'.-:'3'-.5

pKa at 25°C 9.1 Heast 1985
Air conversion mg/m® = 3.9 ppm
factors (25°C}): ppm = 0.26 mg/m?

In general, the aminopyridines react with alkylating agents at’tﬁE'afenattEij;ﬂd??
nitrogen to give derivatives {Goe, 1982) With a pKa of 9. 11 at 25°C (Heast i?iifﬂh
" 1985), 4-aminopyridine is a strong base in aqueous solution (U S EPAINIHif:tﬁﬁ”..
1988).
1.3. PRODUCTION DATA | E e
4-Aminopyridine s manufactured by Reilly Tar & Chem‘lceﬂ Corporatton"_-?
{Indianapolis, IN), which produces a wide range of pyridine compounds byfﬁ
synthetic processes (SRI, 1987). 4-Aminopyridine can be produced ny..,tne___f;i;_'ﬂ
hydrogenation of 4-nitro pyridine-N-oxide in the presenceanf s'agngylgiggéjT'
or palladium-carbon catalyst (Goe, 1982). e
Recent production figures for 4-aminopyridine were not 10cated Re111y7?
Tar & Chemical Corporation sells 4-aminopyridine (91% mtn‘lmum pur‘lty) 'lnf.'é_.f
packages ranging from 1 kg cans to 55 gallon drums (Kuney, 1986) The U S.f?if_
EPA TSCA Production File for 1977 (U.S. EPA, 1977) cites Remy Tar &
Chemical Corp.’ ‘as the only U. S manufacturer of 4-am1nopyrtdine-1houever."
their 1977 production volume 1s listed as conftdenttal 3 |
T.4. USE DATA i
§- Amtnopyrtdine. sold under the trade name Avitro] 1s used as a btrdiﬂ
repellent (Farm Chemicals Handbook 1987; Hadler, 1982). Hhen 1ngested from:_:_';
bait, 4-aminopyridine acts as a soporif\c. caustng btrds to utter distress;?
calls and fly in uncoord!nated and-spiral patterns. Th\s aberrant behavtor;J
frightens other feedtng flock memhers auay from the crop area (I-ladler. 1932
Carlson, 1984). Some or a11 app]icattons of Avttro] may be c]asstfted bya_
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the U.S. EPA as a registered pesticide. It 1s used to contro] crous.-

01244 _ ... - C _;_”_f-3:  ; :_

pigeons, grackles, starlings, sparrows, cowbirds, gulls and hlackhirds 1n1 ?f
and around structures and agricultures {sunflowers, fleld corn. sueet corn):?:
It is applied in grain baits that contain 0.5-3.0% 4- aminopyridine or 25 5uxfﬁ_
powder concentrate (Farm Chemicals Handbook, 1987). 4- Aminopyridine canif'
also be used as an intermediate (Hawley, 1981).
1.5.  SUMMARY S |
4-Aminopyridine is an odorless, white crystalline ﬁompdﬁﬁd_;thaf:;i;f"
stable to light. It is moderately soluble in water (Farm'che@iféigiﬂaﬁﬁQ ‘
book, 1987). The compound is manufactured by Reilly Tér'&'Cheﬁiﬁé}fﬁﬁfﬁﬁriéij
tion {Indianapolis, IN) by a synthetic process {SRI, 1931)';-:_’_._-'éc'en:'t"'p_fhgu;jﬁj-'_" "
tion figures are not available. E e “_='   .
4-Aminopyridine, sold under the trade name Avitré! is used as ?a-
registered bird repellent (Farm Chemicals Handbook.-'IQBT,E_HadIer. 1982)
Ingestion of 4-aminopyridine-laden bailt by hirds” fesuits 1n aberraﬁ
behavior that frightens away other flock members (Hadler. 1982. Carlson.

1984). 4-Aminopyridine can also be used as an 1ntermediate (Hauley. 1931)




2. ENVIRONMENTAL FATE AND TRANSPORT

Organic compounds having vapor pressures >0.0001 mm ugIArétexﬁééiéAi{ofj
exist almost entirely in the vapor phase in the ambtent atmOSphered
(Eisenreich et al., 1981). Based on an estimated vapor pressure of :jfw;'_f;
mm Hg at 25°¢ (U.S. EPA, 1987), 4-aminopyridine can be expected to extst 1ni}drd
the vapor phase in ambient air. _ »; DE o
2.1.1. Reaction with Hydroxyl Radicals. Using the metbodseof-*ntbtnson;
(1987), the rate constant for the vapor phase reaction of 4- aminopyridtnet;m_
with photochemically produced hydroxyl radicals can be estimated to bef
47.9x10722  cm3/molecule-sec at 25°C.  Assuming a. typical ambien'?
atmospheric  hydroxyl radica?l concentration of 5x10 5 _ mo]ecu]es/cmi:
(Atkinson, 1985), the half 1ife for this reaction can be estimated to be-~8¥-;
hours. Thus, reaction uith hydroxyl radicals is expected to cause raptd;ﬁ
loss of 4-aminopyridine in the atmosphere. _ _ L
2.1.2. - Physical Removal Processes. 4-Aminopyridine is- so]uble 1n uater.i
(Weast, 1985); therefore, removal of the free base or its salts from the{
atmosphere by wet deposition processes (rainfall, etc.) may be posstble liﬁf

the salts of this compound exist in particulate form in the atmosphere. they'
may be partly removed by dry deposition. . N
2.2. NWATER

2.2.1. Hydrolysis. Aromatic amines are generally resistant to aqueous

environmental hydrolysis (Harrts. 1932) Therefore. 4 amtnopyr1d1ne Is not

expected to hydrolyze stgntficant]y in uater Gl
2.2.2. Oxidation. As -a_ chemica] class, aromatic amines ca react
relative]y raptdly in sunlit natural uater by reactton uith photochemically-

'generated free rad1cals such as hydroxyl radica]s and peroxy radtcalsp(ﬂtll

s T




and Mabey, 1985). Typical half-lives for the reaction of aromatic emines?feﬁj
with hydroxyl and peroxy radicals on the surface of natural uater are ~30d;;lﬁ
and 19.2 hours, respectively, (Mi1l and Mabey, 1985). A1though Photooxidae;;fi:]f
tion rate constants specifically for 4-aminopyridine are not’ avai]able. the}?f}fff
data cited above suggest that photooxidation of 4-am1n0pyr1d1ng.jnan;turalﬁf;;;ff
water may be an important loss process - il“"".'”'" '

"2.2.3. Photolysis. 4-Aminopyridine 1is reported to be stable to 11ghtf¢?s
(Farm Chemicals Handbook, 1987); therefore, direct photo]ysis I notif

expected to be significant in the environment. As noted abdve, houeyer;f;

4-aminopyridine may react relatively rapidly with oxidants}sfdfmedeiﬁjdieg
sunlight in natural water. '_ S _'_ ddnizw |
2.2.4. Microblal Degradation. Pertinent data regarding the microbial}f I
degradation of 4-aminopyridine in water could not be__located 1n thegé
available 1iterature as cited in Appendix A. Based ongthefsdiisdegradatiqndi
data presented in Section 2.3., however, 4-aminopyridine ﬁay_ﬁe_fesis;eht:drf:
only slowly biodegradable by microbes in uater | d_'_  _ ..”_d_.d
2.2.5. Volatilization. Using the chemica] -bond estimation method of Hine
and Mookerjee (1975), the Henry's Law constant for 4-am1nopyr1dine ean heff
estimated to be 2.81x107* atm-m*/mol at 25°C. This value of Henry s Lau&:.__ﬂ;
constant 1indicates that volatilization from water 1s ‘not environmentallyi
important (Thomas, 1982). L ':__;' 'dd'n
2.2.6. Adsorption. Expetimental data regard\ngd_'the: adsorpt\on .
4-aminopyridine to suspended solids and sed\ment 1n. waier cou]d not b
1ocated in the available literature as cited in. Appendix A.f_ Althoughf

4-aminopyridine is soluble 1n uater.-the adsorptionlleaching data presente

1n Section 2.3. suggest that some partltloning from the uater co]umn t

result of covelent binding.
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2.2.7. Bioconcentration. The BCF of an organic chemical may be estimated -

from the equations (Bysshe, 1982),

log BCF = 0.76 log Kgy - 0.23 and e
log BCF = 2.791 - 0.564 log water solubility ' ~..-1;1Z7L;jfy.;_
(in ppm) e 22)

.Based on a log Koy ©f 0-26 (Hansch and Leo, 1985) and a "ét?ftttiﬁﬁiitty@fj
of ~80,000 ppm at 25°C (U.S. EPA/NIH, 1988), the BCF for 4;am1n¢pyr;aiq;fgaazg;;
be estimated from both equations to be ~i. This 1nd1cates'tnat_btoconééﬁ;ff“
tration in aquatic organisms may not be significant. B
2.3. SOIL S
2.3.1.  Adsorption. Starr and Cunningham (1975) measured the leachtng ofi;
*4C alpha-labeled 4-aminopyridine in three alkaline soils (pH 7 6 7 8) andti_
four acidic soils (pH 4.1-5.8). The leaching tests were conducted ustng 15}{*’
cm long soil columns that received an initial surface application of the”
4-aminopyridine. Over a 20-day period, 1-7 inches of simulated rainfallt'
were applied to each column. Sufficient water was applted every 2 3 days totn
produce an effluent from the bottom of EQCh co}umn At the end of therr
20-day period, only 0.02-0.13% of the applied. radioactivity had bee"
recovered in 'the effluents from the alkaline soils. uht]e <u o1x;¢u_

recovered in the effluents from the acidic soils. Examtnation of the sotl"i

columns after the 20- day perlod 1nd1cated that . 95-99% of the radtoacttvlty
applied to the alkaline soils had rematned in the upper - tnch 1ayerf'th:_ 1
and that essential]y all of radtoactivity applted to the acidic soils uasitn
the upper 1-inch 1ayer These tests c1ear1y demonstrated that 4 aminopyri-
dine may- remain adsorbed strongly onto soil co]loids. therefore. stgnificﬂnL

Ieaching is not expected to occur 1n most soi]s.




Aromatic amines have been observed to undergo rapid and revers‘lblef?j"’----*
covalent binding with humic materials in aqueous solution (Parris. 1980) ;jfﬂf
The 1nitial fast reaction of the amine group with carbonyl of humate to form_?i;:.:
imine linkoyd is followed by a slower and much less reversible reaction?;t:
believed to represent the addition of the amine to quinotda] structures;:t:g;v
followed by oxidation of the product to give an amino- substituted quinone.;:ffftﬁ
These processes represent pathways by which aromatic amines may be convertedﬁfi_fﬁf
to latent forms in the biosphere (Parris, 1380). This covalent btnding.,my:”-..':jj;f.:
account for the strong adsorption observed by Starr and Cunuingham"(jsiﬁ)”ipfk
their soil column leaching studies. | . _didﬁﬁxf
2.3.2. Microbial Degradation/Persistence. The degradatton of - &- amino-ﬁ;fa
pyridine in soil has been studied by several 1nvestigators (Na!k et al..;} o
1972; Betts et al., 1976; Starr and Cunningham, 1975; Sims and Sommers.f??ifj
1985, 1986). Their results indicate that 4- aminopyrtdtne 1s not rap\d]yid'fﬁ
destroyed in soi), and may be relatively persistent. R

Natk et al. (1972) examined the degradatton of 4-am1nopyr1d1ne 1n3
enrichment cultures using a 1 mM solution of the chemical and a 0 5% aqueou535
solution of fertile garden soil as the Inocula. The disappearance offt
applied 4-aminopyridine required >170 days under both aerobtc and anaerob1c;d
conditions. The authors conciuded that aminopyrtdtne is reststant ton
microbial attack. SuS

Betts et al. (1976) examined the degradation of 14C- labelled 4-am1no-
pyridine in three different soiils and in pure cultures of five sotl micr
organisms. 1In aerobic soll degradation expertments. a lag pertod:e”"iff
days was required before- a signtftcant rate of . 1‘C02 evolutton. uas
observed in any of the setjs;' At the end of 60 days. 6- 24% of the applted*

radteactivtty had been recevered__as_ ;fcoz, ln 60 day flooded sotl

oM w- o wenres




-tests. 21-28% of applied radioactivity was lost; however, the 1ossmayhave
been due to binding to the soil in an unextractable form rather than to
actual degradation. Pure cultures of five microorganisms isolated from soi]f{fsffﬁ
were unab]e to metabolize 4-aminopyridine in 5-6 days of 1ncubat10n.5¢_f-fgu;iidd”:"
Starr and Cunningham (1975) studied the degradattuu of l‘t 1abe1ed;f7;;5
4-aminopyridine n various alkaline and acidic solls under varytng'.':'-'-; i
conditions. Under anaerobic conditions, metabolization tof I‘COZ ;
negligible. Under aerobic conditions, a lag period of at least l week uasf*d;sefs'
required before significant conversion to 24C0, was _observed.; Hetapp)tf;ff"TH”{
zation rates varied stgnificantiy with soil type.'temperature_aud'mutsturef?

content. A 3-month CO, evolution rate at 30°C varied from 0.4% in an

acidic (pH 4.1) loam soil to >50% in a lighter textured..a]ka]1n§:‘pﬁi7:§,;s,e?tfa,;_
loamy sand. The metabolizatlon half-life of 4-aminopyridine in the sotls
tested ranged from ~3 months to >22 months. . -e _:sue:,t

Sims and Sommers (1985,1986) found 4-aminopyridine to' 5; -géﬁéfsijgf” !

resistant to degradation in soll decomposition studies using ‘a st]t loamli

soil. Only ~6% degradation at an initial concentration of 2 mmollkg uasff'”

observed in 64 days. The authors suggested that this res1stance to?
biodegradation may have been due to toxicity of the 4 amtnopyrtdtne to thef
microorganisms. In the Betts et al. (1976) pure culture study mentioned}
above, 4-aminopyridine was not toxic tu the m\croorganisms. hut also uas not;
metabolized by the microorganisms. _ _ _H:__ _d_' d |
2.3.3. Volatilization. Sims and Sommers ({1985, .1_9_36')_- reportedthat
4-am1nopyrtd1ne has very low volatility from soil. R
2.4.  SUMMARY |

When released to ‘the atMosphere,_ 4 amtnopyridine can he expe'ted

exist partly in the gas-phase uhere 1t wi]l be degraded rap1d1y by reactton



with photochemically-produced hydroxyl radicals. Using the"@éthndf;bfriﬁ

Atkinson (]937), the half-1ife for this reaction in a typica] ambient

atmosphere can be estimated to be 8 hours. Because 4-am1nopyr1dine.has=verj%: En::

Tow vo]atility from soil {Sims and Sommers, 1985,1986) or water. houever. 1t?75f

is not expected to partition significantly to air when released to 5011 or ,ff ;g_{ff

water. By analogy to aromatic amines as a chemical class (Hi]l and Habey,nfﬁlff

1985), 4-aminopyridine may undergo significant degradation in sun11t natura]?fif

water by reaction with photochemically-generated free radica]s._ Althoughfﬁff”fa

4-aminopyridine is soluble in water, significant part1t1on1ng from the uaterﬁffTﬁearfff

column to suspended solids and sediment may occur because of a cova]ente55?

binding reaction that has been observed in other aromatic am\nes (Parrts,;tﬁ5¥f

1980). Hydrolysis, direct photolysis and bioconcentration may not be;{fff

important. The degradation of 4-aminopyridine in soil has been studied by?;ff"L"

several investigators (Naik et al., 1972; Betts et a].. 1976 Starr andf_

Cunningham, 1975; Sims and Sommers, 1985, 1986). Although the biodegradation*--f'"“

in soil can vary greatly, their results indicate that 4-am1nopyrid1ne is“:
generally resistant to biodegradation in soil. Soil half 1ives ranging fromfa
3 months to >22 months have been observed (Starr and Cunningham. 1915) S

Soi1 column leaching studies have shoun that 4- aminopyridine is not leachedf

significantly in either alkaline or acidic soils, ‘although mobil1iy fin;

alkaline soils ¥s slightly greater {Starr and Cunningham. 1915)




3. EXPOSURE

4-Aminopyridine is released directly to the environment (primarilj SOi]ieT?;-"[
through 1ts use as a bird repellent. It is applied to crop fields in gra1n_ﬂeiﬂ. 
baits containing 0.5-3.0% 4- aminopyridine or as a 25-50% powder concentrateeei;
(Farm Chemicals Handbook, 1987). Environmental releases from uaste streams;fej
or fugitive emissions from the manufacture of 4-aminopyridine or. 1ts use. asrgf. ]
a chemical intermediate may be minor 1in relation to its use -@S _a_.birdﬁe?ir,
repelient. _ ' ' 

From the preliminary results of the NIOSH survey "“ofsfi:ceﬁauct53l~;f
between 1981 and 1983, it has been estimated that 898 U.S. workers per yeareefﬁ
are potentially exposed to 4-aminopyridine (NIOSH, 1985). : el
3.1.  WATER o

Pertinent data regarding the monitoring of 4- aminopyridine in wate   _
could not be located in the available 1iterature as cited in Appendix A ':;'"'
3.2. FOOD : - '.'e". -

Pertinent data regarding the monitoring of 4-aminopyridine. in fuod cou]d;;{
not be located in the available literature as cited in Appendix A |
3.3. AIR | Gl :

Pertinent data regarding the monitoring of 4- aminopyrid!ne 1n air could%
not be located in the available 1iterature as cited in Appendix A.eﬂ:,;jfffﬁ;
3.4.  DERMAL :

Pertinent data regarding dermal monitortng of 4- aminopyridine could not%
be 1ocated in the available literature as cited in Appendix A. _,_giff5f-
3.5.  SUMMARY | S | '

4- Aminopyridine Is released d\rectly to the environment (primar!ly soil)d

-'through its use as a bird. repellent Environmental releases from uast

o4 - w288




streams or fugitive emissions from the manufacture ofrA;émiﬁijfidinéiﬁff
itsuse as a chemical intermedtate may be minor in relation toits use as a
bird repellent. From a NIOSH survey {(NOES) conducted'beiueen'lgpjﬁaﬁqugég;
it has been estimated that annually about 898 U.S. uorkérs:a;eibéiéﬁffajji?ﬁ
exposed to 4-aminopyridine (NIOSH, 1985). Pertinent uaféf,1 f§§ﬁ;f;§jfqu}f:

dermal monitoring data could not be located in the avai]ab}e 1i1er§tﬁf§f§#

.cited in Appendix A.
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4. [ENVIRONKENTAL TOXICOLOGY
4.1. AQUATIC TOXICOLOGY

4.1.1. Acute Toxic Effects on Fauna. Schafer and Marking (19?5,1355§55?dsd;.5}3 i

the acute toxicity of 4-aminopyridine to channel catfish, Iotd]uruS;punlefwﬁfffﬁ[

tatus, and bluegill sunfish, Lepomis macrochirus, at variousftemoeratures;oﬂ;fr*'i

and water hardnesses. Water hardness concentrations “rangede rrdm.110;133f?'a'J~

' 40-48, 160-180 and 280-320 mg/t as CaC03

for very soft, soft hard andffififfff
very hard water, respectively. Toxcity of 4-aminopyridine to catfish varied]nf;ﬁwn""

by <2-fold based on variations in water hardness and temperature. fthof;.
static acute 3-, 6-, 24- and 96-hour LC . s (and 9sx conf‘ldence Hm‘lts) for
channel catfish exposed to 4-aminopyridine at 22°C in soft uater uere 13. Bfi?JJH“
(12.3-15.5), 13.8 (12.3-15.5), 9.35 (B8.3-10.6) and 5.8 mgll (5 2 6 4).f_ﬁ

respectively. Values for the 6-, 24- and 96-hour exposure periods ~forf

catfish in soft water at 17°C were 16. 4 (13 B 19.4), 9 8 (B 6 ll 2) and 4.36;
mg/e (3.9-4.8), respectively. Toxicity of 4-aminopyr1dine to catfish atfi”
12°C ranged from 4.36 mg/L (Lcso) in very hard uater to B 14 mg/!;:v
(LCSO) in soft water after 24 hours. The 96-hour LCsos ranged from 2.43
mg/% in very hard water to 4.00 mg/t in hard, soft and very soft uater..a-L?E
The 3-, 6-, 24- and 96 hour L{:5 “(and 95% confidence limits) for?i
bluegill sunfish exposed to Q-am!nopyridine at 22°C in soft uater uere 18 1;
(15.3-21.4), 15.0 (13.0-17.3), 12.3 (10.7-14.1) and 7. 55- mg/l.- -(6-3-9 1)."-’"3
respectively. Values 1in soft water at 17°C were 18.1 (15 3-21.4). 16i2
(14.1-18.6), 11.8 (9.7-14.3) and 5.60 mg/t (4.8-6.5), respectively 'lhe
3-hour Lc5 for sunfish at 12°c was identical in very. scft and" soft uater?if'

(38.1 mg/2). The 6- hour Lc s in very soft, soft and hard uater uere;;

50°
26, 23.2 and 38.1 mg/t, respectively, _The Zl-hour-LC50 ranged from B 6




mg/e in very hard water to 12.3 mg/t in hard water. The 96-hour Lc507inff

ranged from 2.82 mg/t in hard water to 4.41 mg/t in soft uater (Schafer;}".__}:;_.__-'é---fri

and Marking, 1975). - _'
Marking and Chandler (1981) assessed the acute toxicity of 4 amtnopyr1~;tf;

dine to a variety of aquatic 1nvertebrates in static tests. A]] studtesf

were conducted in reconstituted uater with a hardness of <40 mgll asé,_s f;

" caco Tests with mayfly nymphs, Isonychia sp., were conducted at 12°C:1aff

3"
Tests with water fleas, Daphnia magna, were conducted at 21oc. All otherff{,ﬁ]

tests were conducted at 16°C. The 6-, 24- and 96- hour LC s (and 95%177

507
confidence intervals) for D. magna were 23 (19-30), 17 (14—20) and 3 Zf

mg/t (2.3-4.5), respectively. Values Ffor glass shrimp._ Palaemonetesg;;;{'”“”b'

kadiakensis, were 47 (32-70), 3.3 (2. 3-4.6) and 0.37 mg/l (0 25-0 56). :

respectively. Values for crayfish, Procambrus acutus acutus. uere >60

(11-18) and 2.2 mg/2 (1.7-2.8), respectively. Values for mayflys uere 2_
(20-28), 5.3 (3.9-7.2) and 0.58 mg/t (0. 45-0 14), respectively.: Valuesi
for caddisfly larvae, Hydropsyche sp., were 99 (78-130), 30 (21-41) and 15;
mg/e (9.8-22), respectively. Values for frog larvae, Rana. ghenoceghala.fft_t5
were >30, 7.2 (6.6-7.8) and 2.8 mg/y (2.0-2.9), respecttvely._ The 24--and]ffﬁ

96-hour LC (and 95X confidence 1intervals) for adult Astatic c]ams.;ﬂlwif

50° o
Corbicula manilensis, were 78 (69-88) and 45 mg/t (40-50). respecttve]y.d_

Values for adult river horn snall, Oxytrema catenarta.:Qere;>jbqeand:£2iw}
mg/% {53-73), respectively. P
4.1.2. Chronic Effects on Fauna. R el

4.1.2.1.  TOXICITY —- uarktng and Chandler (1961) asséssédlfnitcﬁiﬁﬁi
success and larval survival of the 1eopard frog, Rana nhenocephala. upo’f
exposure to 4-aminopyridine. Eggs uere exposed to 4-am1nnpyrtd!ne utthin 16?

hours after deposttton at a tenperature of 16°C under stattc cundtttons.




-The exposures were continued until eggs hatched or deve]opment ceased
Hatching of control eggs required 9-11 days. The 1nvestigators reported a :l:”
hatching success of <5% among eggs exposed to <10 mg/e. _Larva]_survivali;;i;
was >95% at 1 mg/a but <5% at 2 mg/x. | Td___ S :__

4.1.2.2.  BIOACCUMULATION/BIOCONCENTRATION -- No measurga;-;;ggg,;;;éré.;f~ :
BCF value for 4-aminopyridine was found in the ltteratdre.h.Begedfdhttﬁéif
" regression equation, log BCF = 0.%6 log K - 0.23 (Lyman et al. lsaszff
and a log K value of 0.26 (see Section 1.2.), a BCF Va‘“e¢9f_9:?3_15‘?f
estimated for this compound. This value suggests that 4-amtn0pyrjdtne:utltif;g”’“
not bioaccumulate significantly in aquatic organisms. SR Y
4.1.3. Effects on Flora. | Pl

4.1.3.1. TOXICITY -- Pertinent data regarding the effeetédedeﬁreht;;;f;ifﬁ
exposure of aquatic flora to 4-aminopyridine could not_he_leeeted,tﬁetne;;ffﬁ
available literature as cited in Appendix A. t__ ;.._'_:. T.._._.

4.1.3.2.  BIOCONCENTRATION —- Pertinent data regarding ihé}_bi§§¢n§§¢}tf}fj}7f
tration of 4-aminopyridine by aquatic flora could not be zlbcatedtdjniftﬁeﬁtﬁi:' '''''
available Viterature as cited in Appendix A. ':__” tt_t'dft"d
4.1.4. Effects on Bacteria. Pertinent data regarding the effects of:::
exposure of aquatic bacteria to 4-aminopyridine could not be 1ocated in thei_
available 1tterature as cited iIn Appendix A. B -
4.2. TERRESTRIAL TOXICOLOGY

4.2.1. Effects on Fauna. Schafer et al. (1973a) summarized the existing:;fff

information regarding the toxicity of. 4-aminopyr1d1ne to btrds (Table 4-1):t:
Oral LD50 values ranged from 2. 4 mglkg for several spectes to 35 mg/kg forf‘
the domestic chicken, Gallus ggllg_._ Unly one study reported an tntranuscu
lar LDSO: 2.4 mg/kg for the red-uinged blackbtrd gelatu ghoeniceu .ﬂ”

- Dermal LDSOS reported for red- billed quelea. Qgetea qyelea. and sparrous;ffhﬁe

Passer domesticus, were both >100 uglkg. N
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Schafer et al. (1973b) reported the oral and dermal toxicity of 4-amino-

pyridine to quelea, Quelea quelea, house sparrows, Passer dn'mest’l'c:'us.".='.|"|'1d;:_"-:=

red-winged blackbirds, Agelajus phoeniceus. Oral toxicity was: determtned by;a
per os administration of propylene glycol solutions from a nﬂcrosyringe{;;

Dermal toxicity was determined by applying acetone so]utions to a sparse]yfﬂ

50

respectively. The dermal LD s for quelea and sparrows uere both >]00f?

mg/kg. LD..s were based on a 4-day observation period follnwingia;singleffy

feathered skin area. The acute oral LD..s were 5.6, 7.5 and 2 4 nq/kg.tf]

50
dose of 4-aminopyridine.

Schafer and Marking (1975) assessed the effects of long-term exposure of

bobwhite gquall, Colipus virginianus, mourning dove, 'Zenatda””ﬁacronrg;?}ﬁ

ring-necked pheasant, Phasianus colchicus, quail, Coturnix coturntx. _and

starling, Sturnus vulgaris, to 4-aminopyridine. Acute ora1 LD50 for;;
quaill, dove and female pheasant offered 3% 4-amtnupyrtd!ne contaninated battr;”

(cracked corn) for 7-35 days were 15.0, 8.1 and 1.5 mglkg..respecttvely'”

The acute oral LD oS for quail offered 4-am1nopyr1d1ne-contaminated -feed'”
(<1,000 ppm) for 28-40 days were 7.65 mg/kg for na]es and 8 05 mglkg for
females. An LD, for doves offered contaminated feed. could not be ca!cu-_
lated because of an insufficient level of mortality Treatment of starltngsf
by gavage daily for 25 days with a propylene glycol solution contatning ,;
dose of 1.78 mg/kg 4-aminopyridine resulted 1n an acute oral LD of 4t9d

mg/kg. R
Schafer et al. (1975) assessed the effects of I-aminupyridtne nn repro

duction and survival n quail Coturntx coturnix. In three separate studies

In the initial study, male and female birds ‘were gavaged uith a propylene;
glycol so!ut\on containing either 0 or 5,62 mglkg l-antnopyridine. thenf
" patred with untreated uates. AN btrds treated utth 4-autnopyr1d1nef




exhibited hyperactivity, tremors and minor motor selzures utthtn 4 hours”off?}c
treatment, while two males died within 24 hours of treatment.' Egg produc-;:':
tion by treated females was reduced significantly during the rd. ueek of”the;
study. Hatchability of eggs was not affected. In a second study.~breed1ngf
pairs were fed a diet that contained 0-1,000 ppm 4-amlnopyr1dtne for 4f;

weeks. No effects were observed among birds fed <31.6 ppm 4 amtnopyrtdtne.i:

There were no significant reproductive effects among btrds fed 100 and 316{
ppm 4-aminopyridine, although growth among males durtng the 4-ueek study uas?i;_, i
depressed and food consumption was reduced for the f'lrst 2 ueeks tn the 3]6_237;'1:7:.5
ppm dose group. A1l birds dosed with 1,000 ppm 4- amtnopyrtdtne dted utthtnfﬁi?fij
3 weeks. The 28-day LC. s for male and female quail in thts study uereifip&
447 and 562 ppm, respectively. In the third study. the~f progeny fromd:
the second study were mated when they reached sexua] maturity. no effects on;
reproduction were observed among these birds. o _'_f | ”dd
Garrison et al. (1982) assessed the lethal and sublethal effects of
4-aminopyridine to three species of mannikins, Lonchura punctulat ’ Lonchura
leucogaster and Lonchura malacca. and one specles of sparrou. gggggg
montanus.  Birds were dosed with various concentrations of 4-amtnopyr1dtne¢;4
in propylene glycol using a 50 mt syringe with 4 cm polyethylene tubtng'
attached to the needle. Four to six btrds per treatment tspecies dependent)

recelved a dose volume of 10- ptlto g bw. The investtgators reported

LDg

(2.62-3.69), 4.45 (3.33-5. 97) and 3 54 mglkg (l 84-6 80) for L punctulata._

values (and 95% conftdence Nmits) of 1. 9% (5. 41-11 sz;ff)a n

L. eucogaster. L. malacca and P. nmntanus. respecttvely.~ Garrtson et alQ*
11982) reported that the average times from dostng uith 5 0 nglkg to :he
first distress call emitted by dosed btrds were 33. B 21 3 52 8 and 23 07

mtnutes. respectively. The 1nvesttgators also assessed the effects of

onud IR i




4-aminopyridine-treated graln on sparrows. Six birds uere force fed. Onefi
kernel of rice treated with either 0.5 (4.4 mg/kg) or 1. ox (g 3 mglkg)if
4-aminopyridine. A1l birds demonstrated effects from the treatments ulthtnf}ff?;;;isi
30 minutes. The average times to mortality were 90 and zgiwmjnutes!;pps,.__
respeéttve]y L e

Holler and Schafer (1982) assessed the hazards to sharp-shtnned hauks,*fiﬁ;,;

" Accipter striatus, and American kestrels, Falco Aparvelrus. from the~;f;”
consumption of blackbirds killed with 4-aminopyridine. The food source forf;fefy_

isolated hawks and kestrels was obtained by Feeding caged blackhlrds a lxjdéi;}j

4-aminopyridine bait diluted 1:1 or 1:9 or a 3% 4-amlnopyrldlne batt dllutedid;;d]:e&rt
1:99.  Dead blackbirds were frozen at -20°C until needed. Hawks uereldfj'
offered two dead blackbirds/day for 7 days, while kestrels uere offered oner’“f

dead blackbird/day for 7 days. The investigators reported that there uas nofﬂr;

indication of secondary hazard potential to either of these predatory blrds::'

from the consumption of 4-aminopyridine-contaminated blackblrds

Hudson et al. (1984) reported acute oral LD s for male nallard ducks;*f7‘“
Anas platyrhynchos, offered products contalning 95 and 99.9% 4-am1nop,r1_;§
dine. The oral LD ;s (and 95% confidence limits) for 3- to Aqmonth-old?;; C
ducks were 4.36 (3.36-5.66) and 5.19 mg/kg (4.00-6.73), msp.,m.,.ﬂ,,_.____:_:_:.__:.___.I__._:-f:.-.z-_:-_-j

Sultana et al. (1986) determtned. the acute oral__:Ln5 of 4-amtno-'w

pyridine for rock dove, Columba livia, rose-ringed porakeets. Pslttacula.

krameri, house sparrows, Passer domesticus, and uhlte-backed muntas;

Lonchura striata. Birds were gavaged with propylene glycol solutlons of_"'i

4-aminopyridine by mtcrosyrtnge or ball ttpped gavage needle. then segre-ts
gated one to a cage and monltored for- mortallty for 48 hours after treat-;?
.ment. The tnvesttgators reported LDSO values (and 95% conftdence llmlts)
of 2.50 ({3.73-1.68), 3.02 (3. 02 3. 021._ 4.20 11.1;-4,231_ qnd_=z,91p;ng/gg'_
(4.26-2.08), respectively. ' P SRR
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8.2.2. Effects on Flora. Pertinent data regarding thed.effects:nd%i
exposure of terrestrial flora to 4-aminopyridine could not be 1ocated 1n theﬁf
available 1iterature as cited in Appendix A. | .
4.3. FIELD STUDIES _
Pertinent data regarding the effects of 4—aminopyr1dineedn*fidfd7endjdei;:“u:d
fauna in the field could not be located in the avallable 1iterature as. cited*-f;d
1n Appendix A. | |
4.4.  SUMMARY | _
Studies assessing the acute toxicity of 4—am1nopyr1d1ne t0'fisn;fe9eeiedffedﬁ
that toxicity was not dependent on water temperature or hardness.;iiIneﬁjvf
96-hour LC.gs for channel catfish and bluegill sunfish exposed to- a-am1no-;iff3lﬁ
pyridine ranged from 2.43-7.56 mg/s {Schafer and ﬂarking.- 1975) | d _
toxicity of 4-aminopyridine to aquatic invertebrates was assessed by nark1ng;;fe[
and Chandler (1981). Juvenile glass shrimp were the most_sensitive species;ﬁ;;J
tested ({96-hour L650=0.37 mg/t), followed by mayfly nymphs : (0 585
mg/e), crayfish (2.2 mg/e), frog larvae (2.4 mg/1), uater fleas (3. 21
mg/R), caddisfly 1larvae (15 mg/t}, Asietic clams (45 mg/l) and snails?j
(62 mg/e). The NOEC for larval frogs appears to be a mgll (Harking andf"
Chandler, 1981). S
The toxicity of 4-aminopyridine to birds was studied extensive1y bj.ae
series of 1nvestigators. Oral LD50 values ranged from 2 4 35 mg/kg _for;
per\eds of exposure and observation of wvarying 1engths.: There uas. -no

evIdence that reproduction among the progeny of 4-am1nopyrid1ne treatedt

from the consumption of 4 aminupyr‘idine kﬂled b‘lrds (l-loller and Schafer.
1982). | |



5. PHARMACOKINETICS
5.1.  ABSORPTION

In a study by Uges et al. (1982), six volunteers (ao-a1]kg,'.e}e=trs;t;§gj  -
orally with 20 mg 4-aminopyridine (two 10 mg enter‘lc-coated"'tab:]'ets')z..:.*:"""'i
Concentrations of 4-aminopyridine in the serum and urlne were measured at:"-i___
varying intervals for up to 9 and 736 hours, respectively. 4-Am1nopyr1d'lne_'.:'.-:_-_:-;;
"was detected in the serum 128+38 minutes after 1ngest1'on of the -coated.;gf_:_.z
tablets, and a maximum serum concentration of 62+15 ug/l. uas reached at:‘z-'j
193451 minutes after treatment. Based on urinary excretton data the 1nves-.r_};-"
tigators estimated that 98+48% of the dose was absorbed Ihe same subjectS__:.--'f-__.lj;f__,
and three additional volunteers (one male, two females) were also treated
with an intravenous injection of 20 mg 4- aminopyridtne (at least 14 days..
between treatments). By comparing serum 4—amtnopyr1dtne concentrat‘lons
following oral and intravenous dosing, the investigators. ca_lc_u]at_ed__.-_ th:at"i-':ﬂ
bioavailability was 95:29%. '_' | i

Coated capsules were required for oral treatment uith 4 aminopyrtdine::_:_""_:.'_
because of the occurrence of gastric cramps in three of four persons treated_-f}'_f-f-i.i
with uncoated tablets (two 10 mg tablets). Fol]ouihg treatment uithff

uncoated tablets, urine and saliva concentrations of 4-aminopyr1d1ne uere"'"-'

measured. 4-Aminopyridine was found in the sal‘lva --6 m‘lnutes _after
ingestion, with salivary concentrations htgher than those |n serum. .'and"‘
peaking at 25+30 minutes. The ‘lnvest‘lgators stated that the rap‘ld absorp-
tion of 4- am‘lnopyrtdtne (beg\nning w‘lth‘ln 15 m‘lnutes of 1ngest‘lon) ‘Ind\cates"’
that the compound 1s absorbed from the stomach.
5.2. DISTRIBUTION

Following oral and lntravenous treatment of human vo]unteers (60 Bl k)

utth a 20 mg dose of 4-aminopyrtd1ne. no d!fference uas found tn _4 am'lno

--.pyr‘ldine concentrattons !n the serum before and after oltraftltrat‘lon




Atndtcattng negligible binding to serum proteins (Uges et al..'lQB?)sd;tn'aitn.
review of the pharmacokinetics and side-effects of 4-amtnopyrtdtne;eSOhnfandfffP__
Uges (1981) stated that the compound readily crosses the -51q5qf5fa§ﬁf}ﬁfj7
barrier. Supporting data were not provided. | f'_h” ”'h;.
Rupp et al. (1983) treated seven fasted anesthetized mongret:dogs:Q1th;i:_‘
an intravenous 1injection of 4-aminopyridine (1 mg/kg). Thef‘ootnﬁefof;;s
" distribution was calculated to be 8.6 times the volume of°:théf;seronf~f:eitif
suggesting extensive distribution to the tissues. R
5.3. METABOLISM _
In the study by Uges et al. (1982), urine collected fﬁf.?‘:héﬁf$sffﬁﬁzﬁf;%:
persons treated with 4-aminopyridine as described above (sii. oral“_ nane'f;jf  ”
intravenous) contained >85% of the administered dose. Hhen ur ine - uas??f;f?}
incubated with beta-glucuronidase or hydrochloric acid there was’ no tncreaserﬁf
in the amount of detectable free 4-aminopyridine in- the urtne. suggesttngh
that 4-aminopyridine did not undergo glucuronidation or sulfonation.l u$1ngf€
a TLC technique, N-acetyl-4-aminopyridine hydrochloride was not deteeted tn:ft7
the urine from volunteers treated with 4-aminopyridine, nindtcattng -t“at{f
N-acetylation of 4-aminopyridine had not occurred. 'The 1nvesttgatorsfi
concluded that biotransformation of 4-aminopyridine is un]tke]y.m d7* S
5.4. EXCRETION IR |
In a study by Evenhuls et al. (1981), six volunteers ane'sthet"l":z'e'd..:‘:.fori"il-:.:::.
hour with a ketamine- dtazepmn anesthetic were treated utth an tntravenous;
injection of 4-aminopyridine (a ketamtne-dtazepam antagontst) at a dose off,
0.3 mg/kg. Blood and urine were sampled and analyzed for 4-am1nopyrtd1ne€*”
for varying pertods up to 8 or 48 hours._respecttvely “In ftve of the stx
volunteers, a secondary 1ncrease in p1asma concentratton was observed after;_

“the 1initlal decrease. The ttme of onset of the secondary increase uas;}



highly variable between individuals, occurring 20 90 minutes.after .the"”
injection. 4-Aminopyridine excreted in the urine accounted for 84 1% of thei_;
dose 12-14 hours after the injection and 87.3% of the dose at 48 hours _"'.'.

In volunteers given an 1ntravenous injection of 4- amtnopyrtdtne (20 mg).i_
Uges et al. (1982) reported that the elimination half- 11fe tn the serum uas;:
3.640.9 hours. About 30 hours after six human volunteers uere gtven a
" Yntravenous injection of 4- aminopyridine. 90.6+7.8% of the compound uasa
excreted 1n the urine. About 30 hours following an oral dose of a amino;;f
pyridine (20 mg) in enteric-coated tablets, 88. 5+4 3% of the unchangedj%
compound was excreted in the urine. Treatment of .four;-volunteerst_Hithhh
uncoated tablets of 4-aminopyridise resulted in the_recoueryrotaBthiﬁtjigéfkd
the dose in the urine in ~30 hours. The tnveSttgatorstaeonEjudedfi;hat
excretion was almost exclusively through the kidney. 4. | H_.._”h.hifhg_h

Buring 10 hours after dosing, Rupp et al. (1983) recovered from the
urine of seven fasted anesthetized dogs 60+9% of a dose of 4-amtnopyr1d1ne
at 1 mg/kg. During the same period, only 0.01:0. 01% of the admtntstered
compound was recovered in the bile. An elimination half life of 125 mtnutes
was calculated. The Investigators estimaied renal clearance rate -4-fo]d
greater than g!omeru]ar filtration rate ‘and concluded that rena] excretton
involved tubular secretion. | LR

Pharmacokinetic data 1in humans 1nd|cate that 4-am1nopyr\d1ne 1s absorbed
.readtly and nearly comptetely from the gastro\ntesttna] tract (Uges et al:*
1982). 4-Aminopyr1dine appears to distrtbute uide1y throughout the t1ssues
.(Rupp et al., 1983), but excretton data (Uges et al.. 1982) suggest that
bteaccumulatton does not occur. in humans . Hetabolttes have not been foun

in the urtne of humans treated wtth 4. amtnopyrtdtne. and htotransfornatis

01244 o 25




appears unlikely (Uges et al., 1982). In a study using huma“'VdiﬁntgéPSi

(Uges et al., 1982), ~B5% of an oral dose and 90% of an 1ntrajéﬁbps:dp§é bfi
4-aminopyridine was recovered in the urine, with an e]im1natibn-héiféﬁifg56f f
3.6 hours. "




6. EFFECTS

6.1. SYSTEMIC TOXICITY

6.1.1. Inhalation Exposures. Pertinent data regardtng-.the';tohtcttvi:of{:
4-aminopyridine following subchronic or chronic inhalation exposurecouId
not be located in the available literature as cited in Appendtx;ns;Trfiifjﬁ'ﬂj'
6.1.2. 0Oral Exposure. 'fh' S

6.1.2.1. SUBCHRONIC -- The only data regarding the subchfpnjtitAEajfiff
toxicity of 4-aminopyridine are two studies in the OPP_CBt:ftlesﬁsonﬁarteedfc
by U.S. EPA (1980b). Kohn (1968) fed rats (number not brovtded);?
4-aminopyridine hydrochloride in the dtet at concentrations of 3 30 or 30052
ppm for 90 days. Information regarding controls was not provtded At 30°:ei.

ppm, all surviving rats (specific survival data not_;provtded)”;uerefo;:
hyperirritable to noise and touch. Brain weights of femate.rats3and:1t;er“;
weights of male rats treated at 300 ppm were stgntftcantly (p<0 05);flt“=_
elevated. No changes in blood and urinalyses were noted. : Gross andi;
histopathologic examinations also did not reveal any stgntftcant changes.
Additional data in the CBI version of the study tndtcate that sporadtc !
hyperirritability also occurred at 30 ppm. and that the 3 ppm dose vas 3
NOEL (U.S. EPA, 1986a). _ | o ”:“: |
In a study by Cervenka and Vega (1968}, beagle dogs-(nonher’unspectftedt_:
were fed diets containing 4-amtnopyridtne hydrochlortde at concentrattonsh
that provided doses of 0.1, 1.0 or 2.0- 3 25 mg Q amtnopyrtdtne/kglday for_9
days. Information regardtng controls uas not provtded._ At >2 0 mg/kglday,

dogs exhibited salivation ano--muscular weakness; N0 htstopatho]ogtca]

lestons were observed. Accordtng to the summary. no dose-re]ated trendsit

mean organ weights uere observed a]though at the tvo htghest doses bratn

weights were s]tghtly decreased. The revtev from uhtch these dataduere

taken {U.S. EPA 1980b) stated that 'examtnatton of the bratn revealed no;




abnormalities,” but the extent and protocol of that ex;m1hq;;;ﬁige}éiﬁbiﬁf
described. No changes in blood and urinalyses were noted. : .p.'_ "":'d ::d:.
6.1.2.2. CHRONIC -- Pertinent data regarding the toxtcity .fi;
4-aminopyridine following chronic oral exposure could not be located 1n the:'
available literature as cited in Appendix A. e tt'i
6.1.3. Other Relevant Information. 4-Aminopyridine acts: af;fihé7dmot6rifp“’
“nerve terminal to decrease nwmbrane potassium conductanee. nhtcnf§;§1¢h§éﬁfjw;
the action potential, causing an influx of calcium and am anefeaséfiﬁ7iﬁefj_
release of acetylcholine (Agoston et al., 1985). Because of thts acttvtty.ijﬁ
4-aminopyridine has been used in humans to reverse restdual neuromuscu]ari}f}n

blockade resulting from nondepolarizing neuromuscular b]ocktng agents and'ifp

certain antibjotics. Experimental uses of 4-aminopyridine tne}udeltreatmentfz
of patients with Botulinus Intoxication, myoneurat' dtsorders (e g..li
myasthenia gravis, Eaton-Lambert syndrome) and Alzheimer' s dtsease.“,_jgez*fiy
clinical use of 4-am1nopyr1dine iIs 1imited by its narrou therapeuttc 1ndex...m
Agoston et al. (1985) reported that following a cltnical dose of 0 15 0'3
mg/kg (route not specified), the only side effects noted uere a sltght_“
increase in systolic blood pressure and heart rate._uht]e dosesgéots;nglkg?
were likely to result in restlessness, confusion, :neusee;.:ieeﬁnessf;;ﬁdip
tonic-clonic selzures. | o ”.:::' fd:fii _

Lundh et al. (1979) treated six  myasthenia gravis pat!ents utth;
intravenous injections of 4- amtnopyrtdtne at a dose of 10 mg 1njected over aj
10-minute period (body uetghts of patients were not provtded)._ The treat”’
ment alleviated muscu]ar ueakness. Side effects reported tnc]uded paraes
thesia perioral]y. a sensat!on of unsteadtness during ua]ktng. restlessnessf
and pain in the arm of the tnjection. Hesseltng et al (1984) found sone

improvement in the nental capactty of 14 Alzhetmer s pattents treated utt”“

4-aminopyridine (10 mg tutce a day) compared with treatment utth placehos”
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Spyker et al. (1980) reported that two men (100 kg) uho accidentally
ingested a pinch (estimated to be ~60 mg) of 4-amtnopyr1dtne uere admttted3"
to the hospital and survived the poisoning. The symptoms observed 1n these.
men tnc]uded nausea, weakness, dizziness, profuse perspiration. a]tered
mentat status and hypertension. One man also experienced- three tontc-clontc
sejzures. _ | _"'“h

Schafer et al. (1973a) summarized the acute toxicity of-':4_'a'ni'1ﬁ'b‘ﬁ}:.'-:{&iné'_ _
in birds and mammals; LD__ values for mammals are presented tn Tab]e 6 l.ﬁ:

50
Dogs were the most sensitive mammal studied, with an ora] LD °fj13ﬂ?

mg/kg. |

Houston and Pleuvry (1984) reported gross atakia in >40% of mtce
(Manchester strain) given an intraperitoneal injection of 4-am1nopyrtdtne at
1.6 mg/kg. Convulsions were also noted n an unspecified number of mtce

In a study by Mitsov and Uzunov (1972), white rats of hoth sexes uerel"
treated with 4-aminopyridine by 1ntraperttonea1 tnjectton for 1 or 6 months
In the 1-month study, groups of 10 rats/sex were treated utth 4-amtnopyr
dine at doses of 1 or 5 mg/kglday. uhtle in the b-month study. stmtlarfl
groups of rats were treated at doses of 1 or 4 mglkglday.- Control groups:'
for both studies were tnjected with physto]ogtc sa1tne.; Htstopathologtc

examination was 1imited to heart liver, brain, lung. ktdney and sp]een

noted in either -study The on]y htstopathologtc changes notedb tnm the

1-month study were a dose re]ated p1ethora of the cap|1]ar1e5_ -
myocardial 1ntersttttum._ and cerebra] edema. In additton to the effects
observed tn the l-month study. dose related parenchymatous degeneratton andh

fatty degeneratton of the ltver uere observed 1n the B-month study




Acute Toxicity of 4-Aminopyridine to Mammals

TABLE 6-1

'Re'f_e__re_n_ce'- = . -

Species Route Vehicle LDsp
(mg/kg)
Rat oral water 20 Schafer et al. 19133;;
Rat intraperitoneal water 6.5 Schafer et al.. 1973ahl?.
Mouse intraperitoneal water 14.7 Humphreys, 1962 :
Mouse intraperitoneal water 10 thra et al.. 1965
Mouse intraperitoneal water 9 | Fastier and HcDoua\l f ”
Mouse subcutaneaus water 5 Lemeignan and Lechat:'
1967 _ -.._. _.'

Mouse intravenous water 1 Fastier and HcDoua]l _

'.]958 .... . _.nﬁ
Dog oral “capsule 4 "Deichman and Gerarde.'

- 1969 S '

Dog oral water 3.1 "Schafer et al.. 191331
Rabbit dermal water 327

”':Deichman and Gerarde.




6.2.  CARCINOGENICITY T
Pertinent data regarding the carcinogenicity of 4—aminopyridine couid:aj
not be located in the available l1iterature as cited in Appendix A._p ;_];1555f5r
6.3.  MUTAGENICITY T
4-Aminopyridine has tested negative for reverse mutation in Sainnneiia;;rifT'
typhimurium (Ogawa et al., 1986; Wakabayshi et al., 1982). Details of tnese{":*
studies are summarized in Table- 6-2. Additional data concerning their
mutagenicity of 4-aminopyridine were not located. | £
6.4. TERATOGENICITY s
Mitsov and Uzunov (1972) did not observe any nﬂiformationsfintdffsprinpiﬁfi”hx
born to rats during 1- and G-month intraperitoneal Injection studles (see
Section 6.1.3.). This study was limited; only 12 off;prtng-ffoai1fea£edail;-
rats and 7 offspring from control rats were born from an unspecified numherffflgn
of pregnancies that "evolved normally.® Additional - data regarding theft:
teratogenicity of 4-aminopyridine were not located. | |
6.5. OTHER REPRODUCTIVE EFFECTS | e
Pertinent data regarding reproductive effects of 4-aminopyridine couidfﬂ
not be located in the available literature as cited In Appendix A.;- s
6.6.  SUMMARY g
4-Aminopyridine acts on the nervous system to increase the reiease of*
acetyicho]ine. The compound has been ‘used In humans for the reversai of
residual neuromuscular blockade from some neuromuscular biocking agents and?
antiblotics. Experimental uses Include treatment of patients uith Botuiinusf
intoxication. myoneural disorders and Alzheimer S disease. The c]inicai'”“
of 4-aminopyridine 1s Timited by its narrow therapeutic index'"foliouing a
clinical dose of 0.15-0.3 uglkg (route not specified)._the oniy side effectsﬁ

noted were a s'light increase 'In systoiic blood pressure and heart rate

£ 09/19/88°
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.In a rat study (Kohn, 1968), hyperirritability was observed at dietary}¥~

while doses >0.5 mg/kg were 1likely to result 1in restlessness; confusioﬁ;ﬁ
nausea, weakness and tonic-clonic seizures (Agoston et al. '1985) A case:e7fﬁf7f
report of an accidental oral exposure (Spyker et al.. 1980) 1nd1cated that dh
single dose of ~0.6 mg/kg results in frank effects in humans. _ _ .7_

The only data concerning the subchrontc ora1 toxicity of 4-amiﬁeﬁjfid{ﬁe;

are two 90-day studies in the OPP CBI files summarized by u.S. EPA (1980b);f.

concentrations of 30 and 300 ppm 4- aminopyridine. with no effects noted at 3;;f
ppm. In dogs (Cervenka and Vega, 1968), salivation, muscular ueakness andji;
decreased brain welght were observed at doses of >1.0 mglkg/day _”_ | .
4-Aminopyridine has tested negative for reverse mutation in §glmgggll§ﬂfi
typhimurium (Ogawa et al., 1986; Wakabayshi et al. 1982) Data concerning;-
the carcinogenicity, reproductive effects and toxicity of - 4-aminopyr1d1nefk_.;
following inhalation or chronic oral exposure were not . avai]able 1n thei{f

Viterature cited In Appendix A. No effects on reproduct1on or feta]f

development were reported in rats treated with 1-5 mg/kglday by 1ntraper1:”:

toneal injection for 1 or 6 months (Mitsov and Uzunov, 1972)




7. VEXISTI“G GUIDELINES AND STANDAkhS'
The RQ for 4-aminopyridine 1s 1000 pounds (U.S. EPA, 1985). Additional
guidelines and standards, including EPA ambient uatef faﬁ#fi§if5>ﬁﬁéi??¥
criteria, drinking water standards, FAO/WHO ADIs, EPA or FDA to]erancesfor
raw agricultural commodities or foods, and ACGIH, NIOSH dr_-:_l}_‘.::I-IA:'o_tf.(:'::u":|':c3||it.___‘i._..c_..;_iéli:''=
'exposﬁre 1imits could not be locate& in the available ]iterafﬁréfag?ﬁifé;ii;f?
Aopendix A. R S R
7.2.  AQUATIC L
Guidelines and standards for the protection..of.'aquaticf Iif§iff;6ﬁx
exposure to 4-aminopyridine could not be located in theﬂavaiﬂépiéfl{tgf&iﬁf@l

as cited in Appendix A.




8. RISK ASSESSMENT
8.1. CARCIHOGEH!CITY

Pertinent data regarding the carcinogenicity' of 4-aminopyridine couidfs:

not be located in the available 1iterature as cited in Appendix A.c'i-Amino-{;”

pyridine has tested negative for reverse mutation in Saimoneila _xphimuriumf
{Ogawa et a)., 1986; Wakabayshi et al., 1982). "___ii - j'i
*8.1.1. Weight of Evidence. As a result of a lack of data concerningi*}
carcinogenicity in humans and anima]s. 4-aminopyridine can be classified as=;7
an EPA Group D chemical (U.S. EPA, 1986b), not ciassifiabie as to numanfi-~
carcinogenicity. “7' ..i,,”::
8.1.2. (Quantitative Risk Estimates. The derivation of carcinogenic
potency factors for 4-aminopyridine 1is precluded by theliack{oficaccinq;;
genicity data. SR
8.2. SYSTEMIC TOXICITY |
_ 8.2.1. Inhalation Exposure. The derivation of inhaiation:risk:asse;sﬁentti
values for 4-aminopyridine is precluded by the lack of inhaiation;jats;;‘f;;?i
8.2.2. Oral Exposures. B ”_j'f'f"f_f” i

8.2.2.1. LESS THAN LIFETIME EXPOSURES {SUBCHRONIC) ;-"4;Amindbjiioiﬁé'
has been used in humans to reverse neuromuscuiar biockade resuiting from
nondepolarizing neuromuscular blocking agents and certain antibiotics. and
as an experimental treatment for Botulinus intoxication. myOneurai disorders]
and Alzheimer's disease (Agoston et al. 1985) Human-experience=indicatesf
that the compound has a very narrou therapeutic index. uith a dose of 0 15 3;
mglkg resuiting in a siight increase in systoiic biood pressure and hear |
rate, and a dose >0.5 mglkg resuiting in restiessness.iconfusion. nau':

ueakness and tonic-clonic seizures (Agoston et ai.. 1985) The repor'

Spyker et al. (1980). in uhich tuo 100 kg men uho accidentaily ingested

.'OIZ‘d : if'i 'ti - _ef{ s.p;h._;ofssfpi:}.__snf::;'idasfit:f;ti _Hﬂszig;aéy



hg of 4-aminopyridine developed nausea, weakness, d1zziness .attered menta]ie
status, and in one case tonic-clonic seizures, indicates that a dose of ~0. bgb’
mg/kg is a FEL in humans. The available acute human data are not sufflcientr
for risk assessment, but indicate that a subchronic RfD for a amlnopyridtne7
should be <0.15 mg/kg/day. | f__ o '_ o
In a study by Cervenka and Vega (1968), dogs were fed diets conta\ningidun;
" 4-aminopyridine at concentrations that provided doses of 0 1 1 0 orif
2.0-3.25 mg/kg/day for 90 days. At >2.0 mg/kg/day, dogs exhibited sa]iva-ﬁfﬁ
tion and muscular weakness; no compound related histopathologtc 1esions weregf*'*
observed. No dose-related trends 1in mean organ uetghts uere observed f}fff
although brain weights were decreased at the two htghest dosages.: Thts;;:
study indicates that >2.0 mg/kg/day is an adverse effect level but from the}t
information available, it 1s not clear whether the sltght and nondose-ffh
related decrease in brain weight at 1.0 mg/kg/day should be considered anvili
adverse effect. o _L_ p_h:____ :
In a 90-day study (Kobn, 1968), rats fed 4- amtnopyridtne in the dtet atai
300 ppm were hyperirritable to noise and touch; males had 1ncreased ltver;
welights and females had increased brain ueights. Addittonal 1nformatton 1n;;
the CBI files indicates that sporadic hyperirritability a]so occurred at 30;3
ppm. No effects were observed n rats fed 4-amtnopyrtd1ne tn the dIet at'3
ppm. Assuming rats consume food equivalent to 5% of their hody“wéight/dayﬂ;
(U.S. EPA, 1986c), the dtetary concentrations of #- aminopyrtdine of 3 30fj
| and 300 ppm correspond to dosages of 0.15, 1 5 and 15 mg/kg/day.
respectively. _ _ _ : et
Although the 1nformatton concerntng the Kohn (1968) study Is also.very
Timited, it is the on1y data available from uhtch a subchronic RfD canhbe
estimated Application of an uncertainty factor of 1000 [10 for specles to-

'sspectes extrapolatton. 10 to protect senstttve 1nd!v1duals and 10 to.reflect



deficienctes in the data base (U.S. EPA, 1988)] to the rat NOAEL of 0 15._.-__.
mg/kg/day yields a subchronic oral RfD of 0.0002 mg/kg/day. or 0 01 mg/dayf;r
for a 70 kg human. This subchronic RfD is well below the acute human effect?ilzﬁ,
level of 0.5 mg/kg/day. _' T e
Confidence in the RfD is low, based on low confidence In the study.andffip,
data base. Few detalls were avallable concerning the CBI study ne:ff
“validity of the study (Kohn, 1968) completed at Industria] BioTest Labora-?
tories is unknown. The supporting data are limited to a subchronic study 1nf2f
dogs (Cervenka and Vega, 196B), for which few detalls were. availab]e Tntst;if“”
RfD should be considered preliminary and should be reviewed uhen additlona]fdﬂ
data are avallable. The RFD is currently under review by ‘the Agency s RfDi;dﬁ
Work Group {U.S. EPA, 1989). | , i o
8.2.2.2. CHRONIC EXPOSURE -- Chronic oral studtes of 4 aminopyridine};”
were not available. As mentioned in Section 8.2.2.1., an ora] RfD foricf'”yﬁ'
4-aminopyridine is under review by the Reference Dose Hork Group (U S EPA'3
1989). L
A tentative RFD of 0.00002 mg/kg/day or 0.001 mg/day for a 70 kg human;
can be derived by dividing the subchronic oral RfD [derived from the Kohnf
{1968) rat study] by an additional uncerta\nty factor of ]0 to extrapo]ate;
from chronic to subchronic data. Confldence in this RfD is 1ou._based oni
low confidence in the study and data base. Because the basis of this RFD 1s}
not defensible, verification of an RfD for Q-aminopyridine should beiﬁ_
deferred until the details of ‘the Cervenka and Vega (19681 and Kohn (1968)i“
studies are available or until additional studies are completed. ftf* _chf
8.3.  AQUATIC o tt“_"
Insuffictent data prevented the development of a criterion for the:

protection of. freshuater 11fe exposed to’ 4 aminopyridine (Figure B 1) Xhe

data base 1acked an acute L650 uith a representative species from' the




TEST TVEE - -
Femily _ Acutess. > Chr.:-nil:' _
LD .
Chordate (Salmondid—-figh) NA NA o
w S
Chordate (wernweter fish) Z.972¢ NA
Chordate (fish or amphibian) 4.2300 ~ NA
6y S
Crustaqean (planktonic) 0.27* NA
- _—
Crustaceanr (berthic) c.z7 NA .
. . .
L 3% o
Insectan 0. S8e NA
#7 T
non—Arthropod/-Chordate T NA
“e o
New Insectan or phylum 15. 00 NA
representative
L~
aélgae NAR NA
Hio _ o
Vascular plant NR NR - -
aNA = Not available ‘Glass shrimp, Palaemonetes .ﬁ‘;fj;[{

kadiakensis

DA11 values represent 96-hour LCgps BT
; fCrayfish Procambrus acutus acutus
CChannel catfish, Ictalurus punctatus

IMayfiy, I son!chi sp. _
9Blueg11} sunfish, Lepomis | :
—ymacrochirus hAsiatic clam, Corbicula uan11ens1s

‘caddisfly. [drogs!ch sp.,.w
 FIGURE 8-1 e -f--',";5f*?ffffﬁﬁ““”

Organizatinn chart for Iisting GHAVs required to derive numerical’ uater &
quality criteria by the method of EPA/OWRS {1986) for the ‘protection of
freshuater aquatic life exposed to 4-an1nopyr1¢1ne ;ani.




Salmonid Ffamily and the results of chronic tests either u‘\th.freshuater
algae or vascular plants. The data base also 1acked acceptab]e chronic
tests with fish or invertebrates and results from studies assessing the;ﬂﬁ
bioaccumulation or bioconcentration of 4-aminopyridine in aquatic organisms;;i

No data were avallable regarding the effects of exposure of marine faund'
and f]ora to 4-aminopyridine, preventing the deve]opment _of£.aﬁasa}tya}gr,_

“criterion.

CITEE e T e




9. REPORTABLE QUANTITIES
9.1. BASED ON SYSTEMIC TOXICITY

The toxicity of 4-aminopyridine was discussed'in Chapter 6. Thé;oniyf:f;

data suitable for the derivation of an RO are the 90-day dog studies{n ;fl;~5:nH
(Cervenka and Vega, 1968) rat study (Kohn, 1968). Table 9-1 summarizes:o{' f;:;f;€;
these studies and Table 9-2 presents the derivation of CSs and aus._-ln-thefjafff:f”"“
study by Cervenka and Veqa (1968), muscular weakness, sa]ivation and an:;f:i;;;v"

decrease in brain weight was observed in dogs treated at >2.0 mg/kglday and*_;fﬁ?f'

a slight decrease in brain welght was observed at 1 mg/kg/day. . From the*ffi;ﬂiﬁf;;f
limited information available, it is not clear if the 1.0 mg/kg/day dose uas??n3;in"fl*ﬁ

a NOAtL or LOAEL; therefore, only the >2.0 mg/kg/day dose, corresponding to;?}:f-

an RVd of 4.2, will be considered for CS derivation. Kohn (1968) reportedifi
sporadic hyperirritability to noise and touch in rats treated orally Hith“F ”
4-aminopyridine in the diet at a dose of ~1.5 mg/kglday. or ‘an- Rvd f!ff:}ff
5.1. Effects in both dogs and rats correspond to an. RV Iofffi}ffﬂ{f”
Multiplying the larger RV, of 5.1 from the rat study by the RV of 1' a;;;'fa”
€S of 35.7 1s calculated. o .__:oo' | .n

The CS of 35.7 calculated from the rat study (Kohn..1968);.corfo$ﬁona{nﬁﬁ
to an RQ of 100 pounds, 1s selected to ropresent_the_fonicjtj_ofli—aminﬁ;}
pyridine and is presented in Table 9-3. el
9.2.  BASED ON CARCINOGENICITY:

No data were avallable concerning the carcinogenlcity of 4-am1nopyr1f”

dine.  4-Aminopyridine has tested negative for reverse mutationni::;

Salmonella typhimurium (CGgawa et al., 1986; Wakabayshi et a!.. 1982) (see

Section 6.3.). The lack of data concerning the carcinogenlcity of 4-amino'

pyridine in either humans or anima1s Ind\cates that the compound should b'
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TABLE 9-3

4-Aminopyridine
Minimum Effective Dose (MED) and Reportable Ouantity (RQ)

Route: oral

Dose*: 1.8 mg/kg
Effect: CNS effects
Reference: Kohn, 1968
RVq: 5.1

RVe: 7

Cs: 35.17

RQ: 100 pounds

*Equivalent human dose

09/19/88




classified as an EPA Group D chemical (U.S. EPA, 1986b), not classifiable as’

to human carcinogenicity. Hazard ranking based on carcinogenicity 1is not

possible for EPA Group D compounds.
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