
Tfre increased spectrum of activity af albendazole cww the other 
2-ami ITQ subst tuted ~~~~~~~daz~~e ant~~l~intics is ~~~~a~~y due to 
the fact that al~e~da~~~~ has greatly enhanced absorptictn atld 
distributim. No other single chemftlal entity is known wf~ich 
psssesses such a ~~de.~~e~tru~ of activity, thereby ~e~at~~~ a 
need for c~~~~natj~n therapy and offering significant t~e~a~~u~i~ 
benefits ts the livestock UWWT. Further-, such a drug, which is 
Beth safe and efficacious, is urgentfy needed to combat the deer 
liver fluke &scioloides which yearly ? nfects, 

ii! 
ehi~jtates 

and kills sheep in ever w ng areas of the CQu~try . 

c * Lvcatjvn where Product lwSt1 hrs Produc:ed -_-_--- _---- ---- 

Fur~ulatj~~s of a~~endaz~~~ for various modes of ad~~~~st~at~~~ 
wilt be prepared at Norden Laboratories, Lbmfn, Mebraska; and at 
S~~th~~~~e Animal Health Products, Otnaha, Nebraska. 
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Structuraf Formula: 

Stabifitv: 

tfng of a~b~~daz~le in aqueous acids m- bases teads 
t(o hydr~?ys~s sf the ~arbamat~ group ~r~d~&~~g Z-amino-S- 
propyltfrio-lH-benzjmidazole. 



Labwatorios Julian de Mexico operates under regulations Issued by 
the Secretaria de Desarrul'fo Urbana y Ecologia FIXBUE) 
V&cretariat of rban and ~~~~~~~~a~ ~eve~~~rnent~, and the 
Secretaria de Trabajo Prwfsion S-ocia! V&xretariat of Work and 
Social SecurityL These regulations cover personal safety, risk 
analysis-, ~~and~~n~ of air emissions and the characteristics ;of the 
waste streams to be dischafged. The Secretarfat makes an annual 
inspective of th;e plant for ~~rn~~ia~ce at the nork site. 

* Reglamento pas-a la Prevention y Control de las Agws 
~~~g~la~~~~ for the ~reve~t~~n and Cvfztroi df Haters) 

* Secretaria de Salad ~~~~art~ent of Health) 

r) Secretbria de ~alu~rjdad y Asistencia (Secretariat of wealth 
and WeWare). 

Specific ~~v~r~nrne~ta~ contr-ol practices utilized at the plant are 
as folluw: 
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Spent tv~~e~e* propanol and acetone streams generated in the 
process are reqowre;d and recycled for process reuse. Residuals 
r~maini~~~ after solvent recovery and solidified Carbonized 
residues fro,m the distillation process are sent to an Industrial 
Cenietery ia San Luis Potosf, Mexico. The Sec~*etaria de 
~a~~~ridad y Aslstencia Secretariat of Wealth and Wfar-e) 
a~t~~~~-i~~d Ing. Salvador Aldrett to ccrnstruct and operait@ the . 
site on ~~~t~rnb~r 22, E982. A copy of the authorization is 
fiound in A~~~~d~~ f. As a result of a~~r~va~ of a~~e~~da~~le for 
cattle, sheep and goats in the United States, a~~~~~~rnat~ly 
4,520 add~~~~na~ k~~~~ra~s of residual solids w-ill be d-ispused 
of in ~um~ljan~e with the abave. rqulations. 

it, Process WasheJ 

e chemical ceygen demand of t$le stream prbr to 
discharge. Process lbp~~s containing sodium sutfite a~ 
~le~trvlytj~ally oxldited to reduce chegnfcai ~~y~~n demand. 
AlkaHn@ and acid waste streams are wtected in their 
respective receptacles and then used to neutraflze each otfter- 
The resuftSng sedjment is combined with the treated pmcess 
liquors and treated washes, then the gwwral plant waste streams 
are d~s~~ar~~d to Empress para el Contwt de la C~ntarn~na~~u~ 
de! Aqua en la Zona de Civac Enterprise for the Contrcl'l of tlw 
CQ~tarn~nati~n of Water in the Area of C~va~~"~~GCAC~V~* a 
State-run bblogfral treatmeqt plant servl"rrg tft;e ~~d~~st~~a~ city 
CXV&C* Hastes ta ECCACEV are controlled and must be in 

pliance with th;e R~~larn~~t~ para la Prevencio~~ y Control de 
Aguas ~Re~u~at~~~ fur the ~r~v~nt~v~ and Contrut of Haters> 



Air emtssions generate-d during the production process, 
ccmsisting of organ& suck as toJlxeiie, ~~t~~an~~, propailof, 
etc., will be ~~~tru~~~d by condensers. In addi tfon, tk!re is 
an a&x system connected to each reactor artd centrifuge to 
further treat condetrser arld reactor emissions, ~4th a catMA 

bing solution, prior to discharge ts the atmosphere. Air 
,emissions are in compliance with the R~~lal~~~tQ para la 

nGon y Control de la ~~~tarnina~i~n Atmosferica ~r-~~j~ada 
a Emision de Humos y P~IYOS (Regulation for be ~r~v~~t~~~ 
Qntl-ul of t1-E A-t spheric ~u~tat~~~ati~~ ~r~~~~at~d by the 

Emission of Vapors and Dusts) Cf3apter 2, Artic'fes 20 and 21. 

Y. Employee Pratectilon 

~~rs~~~~~ working in tke pfar?t are provided with safety helmets, 
safety glasseslgctggles, uniE.orms, safety sh~oes and gloves as 

a3 protective ~~~~~rn~~~" Xf conditions warraM-, the 
operators have at their dtsposal Scott Air* Pak@.air ~r~ath~~~ 
systems, air suits, aprons and bo;ots. The working dlrectbns 
are written advising the operators what safety ~~~j~~~~~t must be 
used t;o handle each operat'ion. In acHtion, Material Safety 
Oata Sfseets WY avai labte on site fur al 1 cl~mica,ls ~~at~~~~d in 
the plant, ~~~e~d~~ 11.. 

B. 
j%adqctian Facility 
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i * CLaui d Waste -Stream 

Solid waste is dispose of at the City of tiftcsln rn~~~~~j~al 
landfill. The municipal landfill is regulated by the 
Nebraska ~~pa~.trn~~t of ~nv~r~nme~ta~ Control, Title 528, 
Rules and Regulatfons ~~v~r#~ng Hazardous Haste in Nebraska, 
Code Section 4, 10, 12, arxd 14 per CFR 40, Par-t 261 and Title 
132, Rules and R~~u~at~~~s ~~rta~~~~~ to Salid Wastics 
~~f~a~~~~n~. DIspusaJ of solid waste by &x-den is ~~n~~~t~d 
-in accordance with the above referenced taws and 
regufations. This waste includes small quan43ties of waste 
and containers from the rnan~fact~r~~g process and ~~~dat~d 
and r;eturned Finished goods. 

iii- Air Emissions 

Dust collectors are used to control the release of dust irtto 
ospRere in t!x ~r~d~~~i~~~ area. The dust collectors 

exhaust are HEPA filtered attd returned ta the bWding air 
sr~pply for recirculation, all in ~~~~l~an~~ wiM the above 
laws and regulations. The powder waste from the dust 
u9lection system is disposed of with the solid wastes as' 
described above. Norden Laboratories meets aI1 the local, 
state afld federal regulations pet- Section 112 af the Clean 
Air &A 



i. Liauid t&cite stream 

ii* Air Emissfons 
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It is estimated that a~~~~ux~rnat~~~~ 4 to 5 mWbn doses of 
albendazole ~aF~~ru~~rnate1~ 20 tons) per year nill be 
ad~ji~istered to cattle, sf-teep and goats. 

A~th~ug~ the major use uf a~~~ndazul~ will be in pastured arid 
feedlot cattle, the "wurst case" ~~~vjru~rne~ta~ cun~~~t~-at~u~~s 
and exposures ta al~e~~dazu~~ m~ta~u~jtes are expected to ~GCW 
when the drug is szsed in feedlot cattle. As a conseyuence, 
residues of albendazole m~ta~ul~tes will be ~~trud~ced into 
agricultural soils,. since feedlot manure is ~~trud~~~d irrtu th?is 
env~runm~nt as a fertilizer. In order to d~t~rrn~~~ the ~x~~~t~d 
concentratians of al~e~dazu~~ metabolites -in the feedlot and 
agricultural Soi Is, and low they relate tu the ~~vjrunrn~~~ta~ 
studies, the fu~~u~~r~g awful-matiun was considered, 

Average days 
5 

u finish fur feedlot steers 
and heifers 

Average start ng weight fur feedtut steers 
J and heifers 

Average spreadfng r te of mature onto 
agricultural soil 

Manure excreted per IO 0 
9 

lb live weight 
fur f~n~s~~ng cattle 

Manure excreted per tOOO Ib t-ive webgfit 
adjusted fur 60% luss of mofstUre 
due to exposure ts weather in feedlot 

136 days 

6-m lb 
or 3% kg 
20 tonsJacre 

8 5 tunslvpar * .t* 

3.4 tons/year 

A~~~nd~zul~ wiIf be ad~~~~~ster~d at the dose level of 
10 mgfkg 4.w. The only expected area sf ~un~e~trat~d use for 
the prsduct would be in feedtots. ~a~~l~~at~u~s performed to 
estimate the expected residues of al~~ndazu~~ and metabulites as 
runoff frum the feedlot and in agPicultura1 sulls folfow. 

(11 308 kg x 10 mglkg b.w. = 3,080 mg ABZ e~~~valents~an~ma~ 
Average drug dosage 
weight of 
animal 

Sit~e, on the average, rna~~r~ is nut r'emoved from the feecflot 
more than unce per feedout period, the expected cuncentration 
of afbendazole and metabolite residues can be calculated in 
feedlot manure. Albendazole and metabolite residue 
~un~~ntrat~u~s are based on a complete e~irn~~at~u~ af the -...--- --..1- . ..-1--* --_- 
albendazule dose and t~niform mixing of the dose into tfle total 
amuunt uf mantlre eliminated during the feedout period. 
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Xn addition, the tatal arn~~~~t of albendazole CMX3 
e~ujvajents elim-inated in the average feedlat per animal per 
feedoot period is calcufated as fol*lows: 

a. Feedlot Runsff 

Under "'worst case" ~ut~djt~uns ass~m~t~~ all of the 
applied al~~~da~~l~ and rn~ta~~~~t~ residues are 
contained in a two inch rainfall in the feed1 t whwe 
each animal occq.les 2OQ square feet of space 5 , the . 
~un~entratiun of these residues in the rutnff Iwithout 
taking waterksoi 1 equll ibratim into accuunt~ can be 
estbated as follaws: 

*This f3gwe is based 08 a 7,;QCKI lb. animal for a 136 day period. 
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Prcyer-t i es govern i ng the chern”l cat fate and degradatf ve 
~a~~~~ays for excreted albendazule aod nretabol i tes are 
~~~ese~ted in Section 7, Fate of Emi tted S-q&$.ance,s_. rl_--- --.- - ___- --.- 
Cu~side~-at~u~s of tsxic?ty to aquatic and terrestrial 
o~~~~~~~rns are sum ar-1zed in Sectior? 8, ~~v~~~~rn~~tal Effects 
of Re 1 eawd Wj@xmces . 

Al bendazol e w en adml~ist~~~d to cattle and sheep is rapidly 
metabol fzed v a sulfur oxidatio,n followed by carbamate 
~ydt~ulysjs. Cattle metaboll sm stcrdi es ful lowing w-al 
ad~~i~~st~at~~ Sndi cate that tAe major-i ty of the al bendazale dose 
excreted has een identified as three metabofites; sulfoxide fSO1, 
sulfutle (502), and 2-am~~~sulfu~~ (2NH . ~~ta~~l~srn in sheep 
has been s~~~~ to foflow a similar 

MethylES-~p~~pylsulfinyl)-1H-befiri i dazoi -2-yl f ~a~~amate 
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Metfty1I:5-(prol~tyls~t1f~ny1>-1t;-betszimidazo1-2-ylI 
carbamate 

5-(propylsulfonyl)-lH-benzi idarol-Z-amine 

Formula: StrWxral 



b 

T w
 



% Urinary ExcreZ;iun % Fecal ExcretSon TotaT % 

Cattle oYb-120 hrs> 17 77 

51 
k 

atiun not based on total excretion due to absence of r”ecal 
data. 



Approximately 60% uf ~~~~~da~~~~ residues in excreta are a~c~~~t~d 
for as albendarole and the three major rn~tab~l~t~s* sulfoxide, 
sulfone and 24mlnssuffane. The remainder contains ~~rner~~s minor 
metabolites such as rnetab~~~t~s E, F and G in Figure 2. 

It is seen here that the parent albendazole comprises less than Q.8% 
of the excreted dase in the ~nvir~~rn~~t. These data ccznfir 
the rn~tab~l~t~s are ~~al~tat~v~ly similar in cattlie and sheep. 

Based on the ~a~~~~at~d c~~~~ntrat~~~ of albendazole and its 
~~tab~l~t~ residues in feedlot runuff C3.263 ppm) and in ~rn~~d~d 
agr~c~lt~~a~ soit C53 ppb), and the percentage of these residues in 
excreta (Table 21, the rna~~rn~m passible ~~n~~~tra~~~~s of 
alb~ndaz~l~~a~d Its rn~tab~~it~ residues In feed?& runoff and in 
agri~ul~~ra~ soil can" be estimated as fullows (Table 3: 

Table.3 

The fate of albendazole and -its rn~tabu~~t~s in the @nv~r~nm~~t is 
markedly influenced by properties affecting chemical behavior. 
Earlier studies, conducted prior t;o the ~ubl~~at~~~ of the FDA 
~nv~r~nrn~~ta~ Assessment Technical Assistance ~a~db~~k~~ ~stab~isb~d 
that albendaaole binds tu soil, but provided little indicatiun of a 
pathway for d~~radati~~. Recent studies ~~rf~rrn~d according to FDA 
prstocals verify the resu'fts from earlier studies and provide 
evidence for a pathway of degradation. 
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Chemical 

It is cllearty ~ern~~strat~~ that the albe~~dazule 
~-arn~~us~~f~~~ 9s the most soluble major metabolite in water 
as ~~rn~a~~d to albendazole wh'fch is relatively water 
insolubk, ~~~~~d~~ XXI. 

ii. Qi ssoci a~t,,?on .Constants 

Table 5 



Table 6 

Qctatlof /Water Par33 tion Coeffic~r~Z: -.,--..--- -__---.-_ -.-. 
Chemi cat call* 

ABZ Srflfone 26 3.6 
ABZ Sulfoxi de 14 6.5 
ABZ 2-~rn~n~s~~f~ne 0.62 60.8 

-- 

h3 = cunceb‘z trat f on af 
/ 

concentration of 
sslute in octanc3l. solute in water 

** 
% = percent solute in water phase 

These results suggest that alb~~daz~~e is more lipid s~l~~l~ 
than its rnetab~~~t~s~ which agrees with the water ~~~~b~~~ty 
data presrznkd irt Table 4. 



fable 7 

ary of ~V-V~sib~~ Absvrbawx Spectra for ~~benda~u~~ 
And its Major ~etabvl I tes 

Extinction 
C:oeffi ri ent 

1.24 x to4 
F.11 x to4 
7.59 x 103 

2.16 x 1Q4 
2.36 x lo4 
1.72 x 104 

1.5 x HI4 
f.10 x to4 
1.53 x lo4 

9.84 x 103 
1.22 x lQ4 
1.13 x 104 

291.5 
291.5 
292.4 

~lbenda~vl~ and its major rneta~~v~jt~s adsorb in the UV region 
in WhTCh pl1otv ~~radat~v~ ~t~aT-acter~stj~a~ly occurs, ~~~~~ld~~ 
V.I. 

v. Soil AdsvrptivnJDeso~.~ti~ 

". and desorptivn roefficients of aFbendazvfe and Its sulfoxide 
metabvlite. Testing of the sulfvne and 2-aminusuffone 
rn~tabvl~t~s was not pursued. Testing was performed using 
three sails varying in pH, organic matter and cation exchange 
ca~a~ity~ to d~t~rrnjn~ the adsorptIon ~veff~~j~~~ts (Kd> and 
adsvr~t~v~ coefficients based upon the organic cat-bon content 
of the sv'tf Kv,). AddWvnal testing was condelcted tv define 
the e~~~~~b~~urn period. 



. . - I  - -  --I^ -c  
te s ts  d e ~ ~ s tra te d  tfi a t c  2 5 %  a & q -b e d , th e re fo re , a d v a ~ ~ ~ ~ d  te s ts  

; 
;r? re re  n u t re q u i  re d  a  

T e x a s  S i l ty  L o a m  fl .rn  S a n d , 6 5 %  S i ft, 1 9 %  C l a y  a n d  O rg a n i c  M a tte r  1 .4 7 3  
X l l b w fs  S i l ty  L o a m  (2 0 2  S a m !, 5 9 %  W - E , 2 1 %  C l a y  a n d  Q rg a n tr: M a tte r  3 .1 X )  . 

c  N e w  Y o rk  C u ;z m  (4 8 %  S a n d , 3 0 %  5 1 1 t, 2 2 %  C l a y  a n d  O rg a n i c  M a tte r  3 .1 x s  

T h e s e  re s u l ts  d e  n s tra te  th a t a ~ ~ ~ ~ d a ~ ~ ~ ~  s tro n g fy  b i n d s  to  a I‘1  s o O l s  
w i th  e x tre m e l y  m i n i * m a l  d e s o rp ti u n  o b s e rv e d . ~ ~ ~ ~ ~ d a ~ ~ l ~  s u tfo x rd e  i s  
m o re  m u b i l e  th a n  a l b e n d a z o l e , w i th  a  te n d e n c y  to  re m a i n  - i n  s o l l x ti a n . 

P  



14C-Albe~da2~le and wine from a calf treated with 
14~-a~~~~da2ul~ were mixed with a variety uf su>if types and 
the d~str~butju~l af residues wider d~~a~~~ and statfc 
ccmditims were determined. Bynamfc interaction si 
fast rnu~~n~ water conditiaw frum suil to streams and static 
InteractIan siwlates the ~~u~li~~at~u~ of standing water in 
cu;*lntact with s&l. 

Excreta frum cattle dosed with 14~-a~~~nda~ule were mixed 
wW several soil types and s&qjected to s~rn~~at~d 
percalation studies wit17 the leachate being 
radioactfve residues. Between 82 and 99% uf 
~ad~uactiv~ty was retainied urn the cuslumns regardless of soil 



DayC 4.54 
Oay 4% nightd 4.12 

3 --_- 

Q-U52 
0.155 

U.Q~~ 
0.450 

0.048 
0.W 

0.268 
1.65 

d ~a~~~~at~d EIS~WJ k values from the StatistScs Reports of Studies 
A-3U32-~~, A-3~33~~~, A-3~34-~~ and A-3035-88. f-life values 
are based an a day length uf 24 tfrs. 
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Based vn the half-lives calculated using ~~a~t~~.~ff~~~e~~~~s 
of lh$rt, it was clearty de~~st~at~d that afbendazole and 
its three major ~~tabu~~tes undergo rapid d~gradat~un to 50% 
uf their starting concentrations within a day in rn~d-s~rn~~~ 
aitd fess than twa days 117 mid-winter-. The, e~~~~~rn~l~tal 
~~~as~~ed~ half-lfives are slightly longer which reflects trpon 
the season ~begjrl~~~llg uf fall> and alsc on puur weather 
c~nd~t~~~s (especialfy a~b~~da~~~~ and the Z-~rn~~~us~lfu~~ 
m~tabul~te~ under which the studies were cua-tducted. An 
~~~~~~-u~rn~~ta~ hazard assessment is conservatively estimated 
using the measured rate uf degradation of tile test chenticals 
based OR tatal huurs (after correcting fur flat water bady). 

There was sume 'fess uf test chenrical in dark -runtrols at some 
sampling per’luds, however, the loss did nut si~fetn to be 
tame-d@~~~dent and therefore, hydrulysis was nut considered 
to be a s~gn#f~~a~t variable. 

Suil AdsurptionlDesorption: Using the ~~n~rnaT soil beading 
and rna~~rn~Jrn d~su~~t~u~ data fvr a~be~da~u~e Gable 81, the 
data from Table 3 ican be adQusted ta reflect the ~a~~~~rn 
“worst caseif estimated rtrnuff concentrations uf a~benda~u~~ 
that could be avai$abTe after equitibratfon w%th feedtot and 
qricultural so01 as presented in Table lO+ 

~~~iT~br~urn with 6 inches of sut'f. This ~311 result In the 
‘*worst case”” estimated cuncentration uf a~~e#da~u~~ available 
for runoff. Detailed calculatkms fur these data fn fable 10 
at-e shuwn i n Appendi x Xf I . 

The estimated %xst ease" concentrations fur the major 
rn~tabu~jt~s In feedlut runoff and ~g~~~u~tura~ sa'il are 
presented in Ta le 10 (previously presented in Table 31 based 
an 1 imited absorption to soi 1s. 
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a. Eye Seflsitivity Study 

Rewl ts: There were no signs of irritation in the eyes 
of treated rabbi ts. 
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b* Skir) Sensitivity Study 
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Spinach 
Beet foliage 
&?et root 
Wheat s tr-aw 
Wheat seed 

b* Gru,nth YfeM Effect 



** Estimated, above water s~Aubility of 6.82 to 8.05 pp 

At: 22 days, levels wer-ie 22 p b in edible and 174 ppb in 
non-edible tissues. 

After 44 days ‘fe-vels were 30 ppb in edi le and 116 ppb ill 
non-edible tissues. 
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x4. REFERENCES: 

ADA 110-048: Study Na. A-3004-78-f, August 19, 1981. 





S~~T~~L~NE 3EC~N ANVIL HEALTH PRODUCTS 
l6jOQ PAOLL PIKE 
WEST ~~~~~~R~ PA 29380 
PHONE: (2Ei) 25X-7424 UR (2Eq 251-7414 

-I_I---_--1--IIIIL-------------------------------------------.------------------ 



_II__I__LIII___I_c1-~---------------------------~---~- L--I---cLII----------- ---a”” 

QESCRX~TXVN: 
UQURLESS f UFF-~HXTE M~CRVNX~EQ PUWQERe 

UQUR ~~~~SH~L~: 
NUT APPLXCABLE 

~ELTXN~ PUPNT: 
208-210 QEGREES F 

SU~~~3XLXTY ~SVLVENT - sozu3rzITY) : 
EATER - XNSVL~3LE AT PH 5, 7 AND 9 (LESS THAN 1 MG/L) 
QX~ETHYL SULFUXXDE - SOLUBCE 
STRUNK ACXDS ANQ BASES - SUL~3LE 

BUXLXNG PUXNT: 
NOT A~~LXCA~LE 

SPECXFIC GR..AVITY: 
NUT A~~LXCA~~E 

VA~UR PRESSURES 
NUT A~~LXCA3LE 

VAP;OR QENSXTY: 
NUT APPLICABLE 

PERCENT VVWITPLES: 
NUT A~~L~~A~~~ 

I.. ~U~TXUN R.ATE; 
NOT APPLXCABLE 

--------------------_____1___1______4___- -----------__-------___cIIII____I__I_ 
4; FIRE AND EXPLOSION DkPA 

--I-cIIIII--u------------ --------------------__1____________11___-------------- 
FXRE AND EXPLUSXQN HAZARDS: 

USE EXTREME CA~TXUN~ DUST MAY FO EXPLUSXVE MXXT~RES WHEN MXXEQ XN AIR, 
KEEP DUST ~~NE~TXUN TV A M~NX~M AND AVO1:D SPARKSa 

~XTXN~~~SHXN~ MEQXA: 
USE EATERS CAR~UN DIX.lXXQE, FOAM OR DRY POWDER SUITABLE FOR S~R~~~N~~N~ 



________1________11___I__cc_____________- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  ---- 

5 . T ~ S P ~ R T A T ~ ~ N  
_____III_cII I I I I_I__-------------------------------------------------------~--- 
~ ~ ~ A R T M ~ N T  O F  T ~ N S ~ ~ R T A T ~ ~ N  H A Z A R D  ~ ~ S S ~ F ~ ~ A T ~ ~ N ~  

N O T  ~ S T A ~ L X S H ~ ~  
Q E P A R T M E N T  O F  T ~ N S P U R T A T r Q N  L A E E L X N G  R E ~ ~ r R E M E N T S  : 

N O T  ~ S T A ~ ~ ~ ~ S H ~ ~  
1___1__1_____1__1-3----- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -*--- - - - - - - -~--  

6. T O X ICITY 
cIccIuI--I--------cI--------------------------- ---------IIIIIcI------------ -..“.I- 
L E T H A L ITY : 

THIS S T E R N A L  ~ R ~ ~ ~ ~ ~ S  M Q D E R A T E  O R A L  L E T H A L ITY F ~ L L ~ ~ ~ N G  A  S I N G L E  
T R ~ A ~ M ~ N ~  IN ~ ~ ~ ~ T ~ R Y  A N I l24.ALS.  L D 5 0  V A L W Z S  A R E : 

M O U S E  - G R E A T E R  T H A N  3-oT”) O  M G /K G ; 
R A T  - ~ E T ~ ~ ~ N  I .320 A N D  2 4 0 0  M G J K G ; 
H E S T E R  - 6 R E A T E R  T H A N  Z d O O O  M G /K 6 ; 
~ 3 3 X T  - G R E A T E R  T H A N  5 0 0  M G J K G  

L E T H A L ITY X N  R A T S  W A S  D E L A Y E D  A P E ”R O X I: T E L Y  I W E E K  A F T E R  T R E A T M E N T  A N D  
S Y M P T O M S  O F  P Q X S O N X N G  r N C ~ ~ Q E Q  R E Q U C E D  B O D Y  W E IG H T S  N D  F O O T )  C U N S ~ M ~ ~ ~ ~ U N  t 
B Q T H  STC;NS O F  G E N E R A L  T O X ICITY, 

E ”’ ‘F G E N X C X T Y : 
T H X S  ~ T E R X A L  W A S  N U T  ~ ~ T A ~ ~ N ~ ~  X N  T W r 3  ~ ~ ~ ~ T ~ R Y  T E S T S  ( A M E S  T E S T  A N O  
~ ~ L L - M E ~ ~ A T ~ ~  ~ H ~ N ~ S ~  H A M S T E R  O V A R Y  TEST) .  

~ A R ~ ~ N ~ ~ E N ~ ~ ~ T Y ~  
T H Z S  ~ T ~ ~ ~ A L  IS  N O T  L ISTED A S  A  ~ A R ~ ~ N ~ ~ ~ N  B Y  IA R C , N T P  O R  O S H A . 
L ~ ~ ~ T ~ M ~  S T U D T E S  W ITH N L C E  A N D  R A T S  ~ ~ M ~ N S ~ ~ T ~ ~  N O  E V S 1 3 E N C E  O F  
C ~ C X N Q 6 E N X C r T Y . 

R ~ ~ R ~ ~ ~ ~ T ~ V E  EFFECTS:  
T ~ ~ T ~ ~ ~ N ~ ~  E F F E C T S  (BIRTH ~ ~ F ~ ~ T S ~  O R  TUXICTTY T O  ~ ~ V E L ~ ~ ~ N ~  ~ F F S ~ R ~ N ~  
~ ~ ~ ~ ~ E ~  TN  S T ~ ~ ~ ~ S  W Z T M  R A T S , R A B B ITS, S H E E P  A N D  S W INE, T H E S E  E F F E C T S  
U S U A L ’L Y  ~ ~ ~ ~ ~ ~ ~  A T  D O S E  L E V E L S  T H A T  A L 5 0  ~ R ~ ~ ~ ~ ~ ~  A T O N A L  T O X ICITY, 
R A T  R ~ ~ R ~ ~ ~ ~ T ~ V E  TUXZCI’S Y  S T U D I E S  S H ~ ~ ~ ~  O N L Y  M INIMAL E F F E C T S  O N  M A L E  
Q R  F E M i A L E  R ~ ~ R ~ ~ ~ ~ T ~ ~ N . 

~ ~ H ~ ~  EFFECTS:  
N O  E V X Q E N ~ E  F U R  S K X N  O R  E Y E  ~ R R ~ T A T ~ ~ N  IN R A B B ITS. 
N ~ M ~ R ~ ~ S  S ~ ~ C H R ~ N ~ ~  A N D  C H R O N IC T U X I C P T Y  S T U L 3 I E S  H A V E  B E E N  ~ ~ N ~ ~ ~ T ~ ~  W ITH 
THIS S T E R N A L . A T  H IGH D ; Q S E  L E V E L S  f O F T E N  ~ R ~ ~ ~ ~ ~ N ~  L E T H A L ~ ~ Y ~  A D V E R S E  
E F F E C T S  W E R E  N U T E D  T H A T  M A Y  R E P R E S E N T  T A R G E T  Q R G A N  T O X ICITY: 

X N  T H E  T E S T E S  O F  R A T S  A N D  M ICE: 
IN B L O O D  O R  B L O O D  F O R M X N G  Q R R G A N S  O F  R A T S , M ICE A N D  D O G S ; 
TN  L I V E R  O F  R A T S  A N D  M Z C E e  

--------------------_I_______I__cc)_____---------------------------------------  
T. H E A L T H  H A Z A R D S  A N D  FIRST A ID 
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““The information contained herein is based on data considered 
accurate. HHCowever, no warranty is expressed or implied ~e~a~~~~~ 
the accuracy of these data or the results ta be obtained frum 
the use thereof, The publisher, its parent, subsidiaries and 
affiliates assume no responsiblity for persunaf injury or 

perty damage ta vendees, 
the material, 

users or third parties ca%.ised by 
Such persons assume all. risks associated with the 

use aE the material.qf 
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where: Caf " cone uf sC?lute In oct&oJkJ; I_I_L_w--_ ..--- 
ccmc. of sulute in water 

% = percent solute in water phase 



. 



~Fter-~inati~ns af Ads~rQtiQn and Desor-ption Coefficients 
for Albendazofe and its ktfuxide Metabolile 

14C-~lb~~daz~le su'ffoxlde: The e~~~l~b~~~rn phase test was ~~~f~rm~d at 
solutSan: soil ratios of 20 to 1 for- Illinois sift loam soil WAYU.M) and 5 
to 1 for Hew York loam SQIl C YLM) for e~ujljbr-ium pet-iods of 2, 4, l6+ 24 

d 48 hours. A 25 mg/C solution was prepared by addition of 
~~~dazu~~ sulfoxide and analytical grade afbendazole sulfaxide to 

CaC12. Three tubes were prepared at the appropriate solution: soif 
ratio few each s&l type to serve as cmtrol blanks and triplicate samples 
were prepared for each e~ujli~riu~~ duration containing 40 mL of a 25 mgJL 
a~b~~daz~~e suifoxide sdution ts serve as sc~,il--less cantrols. Al 1 tubes 
were shaken for the t me periuds (above> at 130 l-pm and aqueous samples 

for radisassay after ~~~trj~~~at~~~. The adsorption phase test ws 
ed at so1MAx-t: sail ratios of 20 to 1 for XL?3 M and at 5 to t for 
M soil for an Fq~~~~b~-~~~ period of 15 hours. t 4C-A1 bendazule 

~~~f~~~d~ and analytical grade albendazole sulfoxlde solutions were prepared 
f M CaCl2 at 25, 10, 5 and 2.5 mglt. Triplicate 2 g soil samples of 

and triplicate 8 g samples af NYLM were placed in tubes and 40 mL of 
albendarole sulfoxide ~u~~e~~r~~~~~~ added to individual tubes. six 
soi I-less controls for eacEl test ~~~~~~~r-a~~~~ and three blank controls for 
each so>i 1 type were prepared. 

cmtai nf ng soi 1 (except fw the soi 1 -less cotttrol s) . 4C-A1 biendazol e 
suffoxide retained in the soff phase was allowed to desorb from the soil for- 



%c 1 h 

TXSTLM 109.6 13400 1.21 275423 335~~2UU 2.86 8.0 
1 CSTLM 501.2 275oss 0.730 1047 575300 u.915 5.5 
NYC 341.3 7800 0.936 312 501uo 1.33 6.5 

soi 1 K oc l/n K UC 1Jn 

1 LSTLM 52.6 2900 0.6Fl 38.1 2100 0.576 5.5 
FILM 6.3 350 0.771 6.5 360 0.657 6.5 
TXSTL 1.2” 150” * * * * 8.0 
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n WLvf the initial ~4C-a~~~~dazQle sulfoxide added adsorbed 
and greatet- than 43% adsot-bed QR~Q NYLM. AQQr~xi~lately 55% and 

5G of the adsorbed 14C-.a~~~~daz~~~ sulfsxide subsequently desorbed from 
ILSTLM and NYtt~ so,‘r 1 s, I-cspect”r vely . 

Greater than 36% of the initial 14C-albendazole added adsorbed mto TXSTLM, 
greatm- tt~an 92% adsorbed ontu ILSTtM and greater- thar~ 5’3% ads~~~~~d onto 
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biodegradation of AT~endazule Urinary and Fecal 
Metabolites fn Feedlot Soil 

I- li ne and feces fro 14~-~~~e~d~zo~~ at a dosage level 
of 15 aging body weight were incorporated hto feedlot soil at a rate af 
1 ppm of uritw-y ~~di~~~t~vit~ and 1 ppn fecal mdioactivity and incubated 

r in a sealed glass chamber. After 28 days, half of the cha~&~~s were 
converted to anaet-~bic systems and half remained as aerobic systels;s. At 
j~ter*vaTs of 0, 7, 14, 28, 60, 90 and 120 days, the air above the soil HIS 
drawn t~~~~~~~ gas wash bottles contai 
trap orgaftic volatile ~~rn~o~~~t~ and c4 

'ng Aquasol 2@ and Oxiffuor CO$@ to 

W+C?@EiVd~. 
CO2 

ATj~~ots of soil at various btervais were extracted nitR 
ettqd acetate and water buffered at pW 5. 

T!te amount of ~ad~~a~~~v~ty present a~ organic volatiles a~~~lnted to < 0.1% 
of the initial radioactiv' 
~~di~~~t~v~t~ present as Ih 

y present in the soil- The amount of 
CO in the chamber air ranged from 0.51 to 1.53% 

in the aerobic syste s and 0. 5 8 to O.Eis"J, in the anaerobic systems. The 
ar~o~nt of ~ad~~a~tiv~ty stfJt present In the soif at day 120 raged from 80 
- 98X of the initial ~~dj~~~tiv~t~ in the aerobic systems and 108 - 13t"f itt 
the anaerobic systems.. 

* 
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15.0 0 

11.6 83.8 7 ‘52.4 

14 11.4 11.3 80.6 103.3 * 

2T 

2% 

11.8 11.2 80.53 F03.8 

9.0 10.7 76.6 36.3 

60 Aerobic 12.4 
Anaerobic IQ.1 

11.1 
8-8 

74.7 
72.9 

98.2 
9-I *e 

7.2 
11.2 

8.7 
6.1 

88.4 
67.5 

104-3 
84.8 

120 Aerobic 
Anaerobic 

8.1 
11.5 

8.2 
5.0 

88.5 
79.5 

104.8 
96-U 



9 1 t loam, silty clay loam and a higf~ wganic matter s'tlt loam soil, used in 
these experiments were analyzed by United States Testhq Company, Enc., 
Mmphis, Tennessee and the soil characterized as follows: 

Sowce : 

Type: 

West Chester, PA 

s11t Loam 
wig31 Organic) 

6.5 

41.2 

49.2 

9.6 

32.1 

7.8 

17.1 

E. Millstone, NJ Clarksdale Mfss. 

silt Loam Silty Clay Loam 

1.8 2.5 * 

40.0 3.8 

5-l "2 52.2 

8.8 38.0 

28.4 39.5 

5.4 6.3 

12.25 33.3 
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a T4C-Alhendazole (Specific Activity = 2077 d~m/~g~ at a c~~ce~t~-atiuf~ 
of 1 rng~rn~ in acidic methancs!. 

'4c - AT bendazok - ~y~arn~c Interaction: 

All three soil types were fortified with ~4~-a~~e~dazo~e at 20 pprrr, 
~~~~~~~~l~z~d, placed in glass vessels with 2400 mt water al>d shaken WI an 
e~~~i~ui~e shaker for 24 hours. Aliquots of water wet-e removed, the 
3u$~erlded soil particles allowed to settle, and tite.water ar,alyzed for 
radj~activi ty- Vessels were returned for two add~t~o~a~ 24 hour irttervals 
to ascertain tljat e~~~~~i~r#~rn was estabTlshed in the system. The sc>il was 
then separated from the water and analyzed for radioactivity. 

14c - A~~e~dazole - Static Interaction: 

ATT three soil pes were placed in jars with 2400 mL of distilled water, 
fortified with ~-a~~e~dazo~e at 2.0 ppm, and stirred for 10 minutes, 2 
times per week, at a~~r~x~rnate~y 45 rpm ta simulate mild rnov~rne~~~ of water 
crrtder por-zd conditions. At intervals of 0, 1, 2, 3 atjd 4 weeks 
~~ost-treatme~ts, aliquots of the aqlxeous were removed, cents-jf~ged to remove 
~~~~e~ded soil ar)d the aqueous assayed for radioactivity. After four- weeks, 
soil al~~~~t~ wet-e assayed for ~~d~~~~t~v~ty* 

All three soi‘f types were fortified with ~4~-a~~e~d~~o~~ ~~~~~~y residues at 
+I?0 PP omog~n~zed with 2400 ml water, shaken on at7 equipoise shaker for 24 
!-rour-s and assayed as previously described for dynamic interaction testing. 

~4~-A~~e~dazo~e Ur'tnary Residues - Static Inter&ion: 

Al ? three soi 1 
~~~-~~~~~d with fx 

pes were placed in jars with 2400 mL of distilled water, 
~-a~~er~dazole urinary residues at 2.0 ppm, stir-red for 10 

inutes, two times per week at - 45 rpm and assayed as previously described 
for static iI~teract~Q~ testing. 

i 
e results of dynamic alrd static soil/w er Interaction -w'tth 
C-al~er~dazol~ and w-i nary residues of vi C-albendazofe are summar’rzed as 

fOllOWS: 
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14.43 
13.55 
18.44 

82T28 
35.39 
10.93 

81.50 
61.25 
32.84 
31.23 

65.70 34.54 





azde metabolite mixture was obtained ft-cm a steer orally dosed 
with rine and feces collected from this 
animal were mixed together as a ~~~~g~nate arld applied to 5 of of the soi.1~ 
to be tested. After- d~y~~g~ the s~jj~i~etah~l ite mixture was assayed for 
radjuactjvj~y and placed onto ~~~v~u~sly prepat-ed co'itms containbq s&l. 
Four d~ff~l~~l~~ soil types were studied, spatining a range of t&m-al 
proper-ties, organic matter currtent sod pH- Pt-for to prepari ng the cd mns , 
the soils were air-dried and sieved through a 20 WM screen to promote a 
~~~at~v~ly ~~~~f~~-r~ aggregate size. They were theta sieved to 30 mesh prior 
ta packing the soif ~~1~~~s. As controls, 2,4--O was employed as a control 
for substances which easily migrate through soil and DDT as a conk-o! to 
~~~jt~r swbstar~es which are retabed by soil- Two aliquots u25 mL each) 
of distilled water were allowed to percolate thrvugh each of the ~~~~~~ns 
(2 cm head) and each leach& aliquot was collected separately. The 
leachate v~lw~es were d~~~~~~~~~~d and the rad~~a~~jv~~y present measured by 
cuu~tjfl~ 1 mi, aliquots. After- percolation, the soil cQlLullns wet-e cut inta 
234 cm segments and the soils air-dried. The dried segments were weighed, 
~ujverj2ed~ mixed arld assayed for ~ad~~a~tjv~~y by combustion by 
scinti t 'lation cuu~~jng* S-ince column lengths werf~ 30 cm, a~~~-~xj~at~~y 12 
&~l~~~ segments were available fc>t- assay for each so'rl type. 



Based on the results, pho%olysis rates and half-lives of abendazok and its 
three majw rnetabo1 i tes net-e calcwtated- 



xx-2 

kpE = kp/2.2 

k 
6 

which represents a first-order phvtvlysis rate cons'cant for a water 
b ; in SEMI igh% is deduced by the equation: 

t4flere y-ield which represents the fracfcion of 
ptKYt0t-r affects ~~~t~d~~~-~d~t~u~ of test cfwrni cal ; ~1 
i s the mdar- absorptivity; LX is the solar b-radiance in nater and the 
s~mmativ~ is taken vver the range h 4 290 to 800 IWI. LX is the solar 
jf-rad~a~~~e at shallow depths for a water body under cleat- sky ~v~d~t~v~~s and 
is a function of latitude and season of the year. 

The reautim ~~a~t~rn yield for the test chemical, $$- is given by: 

asslfmi~lg that the loss of chemical is only due to photvlysis. 



PH 5 -- 

DayC 0.537 
Day z$ nigf7td u-525 

QayC 4.54 
Day & night d 4.12 

mendazole Wfvne 

Q-608 0.103 Summer 0.444 
0.516 0.2350 w i I? $2 e r 1.38 

1.55 1.29 Summer XI.547 
l-60 1.44 Winter 1.62 

7 --- 

0.192 
0.989 

U.l!x 
0.438 

0.190 
u-553 

0,. 190 
0.554 

9 _--- 

Q.052 
u.555 

U.QTG 
0.450 

0.048 
0.194 

Q.2G8 
1.65 

d Cal c:lrl ated vs i ng k values from the s%a%is%ics report of skidies A-3032-88, 
A-3033-88, A-3034-88 and L-3035-88. The half-life vaftw are based on a 
day length of 24 hour-s. 



w
 

pt
 

3 a 
d.

 

-5
 

x P-
4 



0.4 ppb Abi x 4162.6 Kg soilflOUU pglmg = 1.665 mg Abz 
13 ppb Abz-SU x 4162.6 Kg soil/1000 p.gImg = 54.11 

Abi-SO x 4162.E Kg soilif ~~g~rng = 19.1 
Abi-2 fi H2SU2 x 4162.6 Kg soilr'1000 pg!mg = 

Ru-Qtif ; 
200 sq ft per animal 
10 mg/Kg dose pet* axli 
2 inches of rair~fall ctz 200 ft2 

308 Kg animal 
3080 mg dosed pet- animal 
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mure obtained from heifers treated with albendazole fioiur ti 
evels of 115 mgPKg and collected within a three week period was 

soil at appljcatjon rates of 15 and 30 tons per acre. 

Sull Scrurc e and Analysis: 

tap water was added to each jar-. 
the soi 1 was covered with a da 





abort ~~~a~~@d from heifers treated witk atbendazole four times at dose 
levels of 15 mg/Kg was collected within a three week per-iud atjd j~~~~~-~~l-at~d 
into soil at application rates of 15 and 30 tom pet- due. 

All med'ra acre prepared the day prior to housefly egg coHections. 

This 1s a sta~dard*med~a used as a reference comparison- A 2500 gram 
quantity of COLA Standard Fly Larval ~~d~~rn was j~~~r~~rat~d into rn~~~~r~ and 
then mixed fnto a susp~$~~ of 80 @L of nondiastatfc dinalt and 45 g of 
active dry yeast in 8 liters of deioaized water. The medium was mjxed 
~~~ru~~~~y and equal quantities were transferred to five glass battery jars 
Wh-112 cm diameter by 21 cm de.@%> per treatment and covered wRh cloth. 
The e~~er~~~~~al design for the study, e~~~~~y~~~g five replicates per 
~rea~~e~t, is summarized as fol tows: 

I& meditated ~a~~r~ applied at ‘15 tons per au-e 
aim control mature applied at 15 tons per acre 
* meditated manure applied at 30 tuns per acre 
a ccMrsl manure applied at 30 tons per acre 
* CSMA media with no manure 

The rn~~-~~ng f~~~~~~~g mcsdia preparation, eggs were colbxted from the food 
dishes of mature F58W strain h~seflies from an in-house breeding colony. 
Two ~~~~dred viable eggs.were counted onto lined fTH.er paper- for each 
replicate. The larval media prepared the previous day was ~~~~~~~~~~~~~ mbied 
and the eggs were washed with water into a l-cm wide by 2.54~cm deep trench 
in the center of the media. The eggs wet-e then rlov;er-ed with the media and 
jar openings were cuvered with cloths. 
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The adult h~~s~f~~~s fru each- of. the five replicates per ~~~a~~~~~ were 
~~~~b~n~d in ur-der to obtain enough eggs fur replicate media jars for the F1 
ge~~erati~n - The flies were placed in 30 X 30 cm screened cages, each fitted 
with a sleeve opening, and provided with a diet of non-fat fiquid milk. 
After mating t-tad occtsrred, the Fl eggs wet-e collected as described for the 
FQ g~~~rat~~~ and seeded into standard CSFifA media ~~~~~a~~~~g no manure. 
Five replicate media jars, each ~~~ta~~~~g 200 eggs were prepared for each 
of the tr~eat~ents from the Fb generation.‘ The same procedures were used to 
obtain F1 pupae and adults as described for the 5, geneI-atlon. 

anure a~~l~~d at 30 tonsSacre as compared to untreated ~a~~~~ 
applied at the same level did not affect the number-s of F, housefly pupae 
and adults, or the nmbers of fl pupae and adults, 





NT - No j~lh~b~t~~n at any dose tested as listed UI&Y methods. 



Harvest: 

Hheat -- ~~mat~tre plants were cxt - 1 inch above the sail, 21 days after 
~lantjng* Mature plants were cut - 4 inches above the suil, 114 days after 
~la~~~~~~. 

Spinach - ~mmatuT-e spinach (41 days after ~la~t~~g~ was cut leavir~g - 1 to 2 
hzhes of stem with the leaf. Matwe plants were cut 64 days aftw 
planting, leaving - 1 tu 2 inches of stem with the leaves. 

Beets - ~~rnat~~-e leaves were removed 48 days after ~~a~~~~g leaving 1 to i 
i nches of stem un t nature plants were harvested 79 days after 
~la~tjn~- The leaves plus stems were- cut 112 to 1 itch above the soil a~,/ 
r-emuved before the beet r-uot was dug out. 
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Wheat straw 0.751 0.1142 0.669 - 13.833 

Wheat seed 0.018 0.0039 0.016 - 0.022 

~~~mat~re crop results are sunrmar-ized as follows: 

Albendazole Equivafents 
Mean qqm> Std. Deviation 

Spinach 0.113 0.0044 

aeet 0.085 Q.QQ5Q 

Wheat 0.15‘1 0.0148 
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Corltr-ot f94 53.3 26.5 
171 31.1 23.6’ 

Ti-eatment 223 68.2 19.9 
216 63.3 17.5 

41.6 18.2 
209 76.6 22.2 
242 74.1 21.3 

Average 228 64.8 21 *Q 

~~~~lds were expressed on a weight per plarat basis because the n~~b~~ of 
plants per flat vat-Ied. 

There was a. slight uptake of 14-carbon fwm albendazole and its ~~tab~~it~ 
d~~~~dat~~~ products. The degree of uptake in all plants was ~~~s~de~~d 

k-m-. No significant differences in biomass were noted between control and 
treated plants~ 



Soil Squrce and Analysis: 

Soil for the project was obtained from lot 84, fahey Weights s~bd~v~s~~n, 
N, south of Oregon, Wisconsin. A representative sample of the soil 

was setzt to the State Soil Cab for aljalysis and type determinatiott. The 
soil was a sandy foam WY% sand, 35% silt and 10% clay) with a pW of 6.4. 

Treatment and Sample Collection: 

Treatment of animals and sample coflectio!J were corlducted by Srn~th~l~~~ 
Beckman Animal Hiealth Prt4ducfs personnel. Manwe from two heifers drenched 
four times with albendazole at 15 mglkg ovw a three week period was 
collected and assayed for moisture content. 

The sandy loam soil was passed through a me~h~~~~a~ shredder and put irrto 
2-1J4 sqwwe foot flats in a greenhouse. The urimz and feces mixtures were 
spread over the soil in the flats at rates which corresponded to 15 and 30 
tcms per acre. For each crop, five replicate sets of flats were plarlted, 
each set ~~t~ta~~~t~g five flats: 

* medicated Manure applied at t5 tons pet' acre 
* cant-r-iof ma\17ure applied at 15 totls per acre 
CI medicated ~~n~r~ applied at 30 torus per acre 
m contt-01 manure appf ied at JO tons per- acre 
a soil with no manure 

RESUC‘PS 
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After 40 days, the cut plant weights wet-e greater in the treated flats at 
both application rates than theit- respective control flats. 

Barley - No differences wet-e found in plant heights 25 days after p~al~tjl~g~ 
~etweet~ treated or- control flats at either- 15 or 30 tons per: acre. 

After 40 days, the cut plant weights were greater in the treated flats at 
both appl i cntim rates than the i t- respective control flats. 

Corn - No differences were found in plant heights 30 days after planting, 
between treated or control flats at either 15 or 30 tous pm- acre. 

After 48 days, the cut plant weights wet-e not different at either 
appl icatiw t-ate than their respective contt-sl flats. 

Rear-Is - No differences were found in plant heights 30 days after ~~a~t~~g, 
between tt-eated a- cuntrol flats at either 15 or 30 tons per acre. 

After 46 days) the cut plant weights were not different at either 
a~~~~~ati~~~ rate than their respectWe control flats. 

Toma toe s - No differences were found in plant Iteights 40 days after ~la~tj~g 
between treated or control flats at 15 tans per acre or between treated or 
contt-ol flats at 30 tons per acre. The higher -rate of ~a~~~~ application, 
30 tons per acre, ~~~d~~ed taller plants than the loner rate of a~~~~~at~~~ 
in both treated and controf flats. 

~u~~~~ers - No differences were found in plant heights 48 days after 
PlaRtiRg, between treated or contrctl flats at either 15 or 30 tons per am-e. 

The ct,rt plant wrights were not differeczt at either a~~~~~at~~~~ I-ate than 
their n2spective control flats. 

Fescue - At the first cutting of the fescue C50 days after planting), 
average plant weights between treated or control flats were similar- at bsth 
ap~~i~at~~~ rates. The secmd cutting, one week later, showed no 
s~g~~fi~a~~t differences irj plant weights among any of the treatments. 

In al 1 cases, the average height andfar weight of plants in untreated Flats 
ho ~a~~~e~ was, as expected, much bwer than any of the tr-eated gr-oups. 

E~agg~~at~d levels of albendazale metabolite residues in sai! pt-oderced no 
statistically sjgR~f~~a~?t differences UXman's ~~~1~~~1~ range test> irl CROP 
growth (height or ~~~g~~t~ between cmtrofs and treated plants at boW 
appli~ati~R levels. Ther-efor-e, it is concluded tftat nlbendazole arxi its 

etabolite residues ar-e not expected to have any phytotoxic effect: 0.11 tIzese 
Ci‘ops. 



Static Acute Toxicity i>f Albendazole aid 
Its Major Metabolites to ~a~~t~~ids 

The tioxicity test was conducted using the methods described in the 
~~v~~~~~~~tal Assessment Technical Assistance Docurnerrt No- 4-08. 

The ~~~~~gi~al-r~s~~nse to ~~~~~~t~at~~~ data ~i~~~~~~jzat~~~~ derived front 
the toxicity tests were used ta estimate 24 and 48 hour median effect 
concentrations (EC5 

g: 
> and 95% confidence intervals. The ECSO is defm?d as 

the ~u~~~~t~atj~n 0 the test material in dilution water whrch caused 
~~~~~~~~~zat~~~~ of 50% of tire test ~~ga~js~ population at the stated time 

s interval. values were empirically estimated as being greater than the 
highest 

EC5 
cvncen ? ration tested when no test concentrations caused 50% or' mm-e 

~~~~~~j~~zatj~n. 

The ~~~-~~s~rved-~f~e~t cuncentration (NOK3, defined as the highest 
~~~~~~t~atj~~ tested at ar?d below which there were ISQ toxicant-related 
~~~~v~~~~zat~~n or physical and behaviaral abnormaffties, with r-aspect to the 
control orgarVi sms, during the 48 hmt- exposure period was also determined. 



* Estimated, above water solzrbi'fity uf 6.82 to 8.05 ppm. 

~~~at~~~~~ high levels of all ~~tab~~~t~s were reqzlir-ed for Daphnta 
toxicity. ABZ sutfone was the least toxic metabolite to Daphnia while 
Albendazole showed the highest level of Zox'lciQ. 



Rainbow Trout and Bluegill Sunfish Toxicity Study with the Ma:~r 
Metabolites of Albendarole 

The purpose of this study (conducted at Raltech Scientific Services) was to 
deterl~jrle the toxicity of the major sulfoxide, sulfone and 2-aminssulfonc 
m~tab~lites c>f albendazole, fr2 Raipbow trout and Bluegill sunfish. 

Static, acute exposures were ~~~f~rrned with the cold water Ra~~b~~ trout, 
Salmo ~-~i~-dner-~ and warm water Bluegill sunfish, wornis macrachirq$+. 

A mixt~rre of sulfoxide, suffone and 2-amin~su~f~ne (the three major bovine 
urinary rn~tab~~it~s of a~b~~dazu~~~ were combined in a 45:4~:10 ratio tu 
simulate the appruximate proportions of each found in the urine. Tell 
~l~~gjll sunfish were exposed to the metabalites at c~~entratisns af G, 
115, 135, 158, 186, 213, and 257 and to dillution water alone (cicl>ntrolL Ten 
Rainbow trout were exposed to the metabolftes at concentrations of 0, 30, 
50, 80, lQQ, 125, 150, 180, 210, 250 and 330 ppm and to control dilution 
water * The number sf test organisms affected or killed was recorded daily 
and at more frequent intervals dvrirtg the Jnitiaf phase of ttje test. 

The preliminary test with Bluegill sunfish ~~d~~ated that the Kg 
All ten fish exposed to this level of mixed metabo 

within 96 hotrrs and the first fish was dead at tlje 64 hour- observation. 
Fish exposed to csncentrations between 219 to 257 ppm exhibited 
ab~~~r-~~al~er~-ati~ behavior after 45 hours. The LC~Q value For bluegill 
s~fish as calculated from the mortality dnta obtalned was 222 ppm wtth 
lower and upper 95% confidence limits of 201 and 250 ppm. The LC~Q value 
for Rai~~b~w trout was calculated by probit analysis to be 86 ppm nOh 95% 
lower and upper confidence limits of 53 and 110 ppm. 

Relatively high levels OF all etabofites were required to produce toxfcity. 



APPE1SDfX xx 

~iuacc~~mulativn %3..1dy of ~lbe~daz~l~ and its Ma$3r LJrinary 
Metabolites in 8‘fuegill Sunfish 

A mi xture 
fo'i lowing 

yf T-ad~~l~b~~~~d metabofites was prepared from bov 
C-albendazc~le adrn~~~stra~i~~. This mixture and c-ali.wndnzole 

were incor-par-ated into 2000 L af water in a 955 ratio strch that the 
~~es~jtj~g nominai concentration of albendazule and its metabolites, 
expressed a5 albendazule equivalents, was 100 ppb. EWegill fish WiOl were 
added and rnai~ta~~~d for 44 days at 21°C. Both temperature and carbon-1 4 
conter~t of the water were rn~~it~r~d frequentty during the ex~~ri~~~~~ to 
~ns~[re that the rad~~~herni~a~ activity remained at > 80% of the itlitial 
value and that temperature variations ) 1°C did not OXW. ~ddit~~~~a~ water 
was added as required to compensate for evaporation. Fish (3 tcs 4) were 
r~rn~v~d twice weekly and dissected into edible and non-edible portions. 
These portions were each weighed and ~~rnu~~~ized in 2.0 mL of water- and the 
carbon-14 content was d~t~rrn~~@d by combustion and seintilfation c~ttnting. 

The ~~~~~~~-~4 ~~~~~~~ra~i~n reached a max~m~rn (far a single fish3 ~~~h~r~ the 
first week af ~~~~bat~~~ WI ppb edible; 1179 ppb non-edible) and then 
declined markedly until at 22 days the levels reached mearr values of 22 ppb 
For edible t-issues and 174 ppb for non-edible tissues. After 44 days, tt~ 
edible portians had mean levels of 30 ppb and non-edible levels of 116 ppb. 
At this time it became apparent that no plateau value would be obtained 2nd 
the fish were transferred Es a second tank free of radiolabeUed test 
substance. Levels in both edible and non-edible portions declined lo 13 artd 
29 ppb, respectively. The test was termltnated after 76 days. 

The transient nature of the a~~~irn~l~ted substances was dern~~~s~ra~ed by the 
decline of cat-bon-14 levels in tissues foflowing initial accumlaIatf:ion. 
After 22 days the ~i~acc~rn~la~i~n ratios were 1.86 for non-edible par-tions 
at~d 0.23 for edible portions. After transfer to art ~t~vj~~~~~rnel~~ fT*ee of the 
test substances, cat-bon-14 levels were rapidly reduced to < 20 ppb for- 
edible tissrre and < 40 ppb for ~~n-ed~~l~ portions. These :-esd ts indicate 
that ac~~~~~~~~a~i~~ of albendazole and its urinary metabolites in blueyi'ti 
sunfish is a shuW--lived effect. Due to the binding pr-opies-ties of 
a~b~~ldaz~le and HI metabolites to soil components, very little of these 
residues at-e expected to run off into streams. The trace al~ullrtts hi ch 
might leach into, streams would not bioaccumulate -ita fish. Therefore3 thet-e 
w~suld be rw hazard to humans and other animals whit-h ay use fish as d FQQd 
5cY..lrce I 




