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UNITED STATES EN'JIRONMEUTAL PROTECTION AGENCY 


WASHINGTOPI,  D.C. 23'!60 


OFFlCE O FJUN 2 6 i981 	 PESTICIDES AND TDXlC SUBSTANCES 

SUBJECT; 	 Carbofuran; €PA Reg.#279-2875 (Furadan 75 WP) and €PA Reg.#279-
2876 (Furadan F3; a lso FWC 35001 4 EC (unreg is te red Carbofuran 
analog) . CASWELCmA')-).---

FROM: 	 Amal Mahfouz, Tox i co log i s t  -
l'oxicology Brarch, BED T -

TO: 	 Jay El lenberger  (12)  
R e g i s t r a t i o n  D i v i s i o n  (TS-767) n 

THRU: 	 Chr is  Chaisson, Ac t ing  Chi5f  
Taxi c o logy Branch, HED IT::-769) 

Ac t ion  Requested: 

FMC has submitted t h e  f o l l ~ w i n ghuman ara' and dermal s tudies f o r  review 
and i n c l u s i o n  i n  the  Carbsfuran f i l e :  

I. Human o r a l  study w i t h  Carbofuran a n a l y t i c a l  grade la.g.). Accession#241303 
o o o q l 5 ' uDA 1  ., 

A. Acute Oral (QRC, 9/17/76) 
B. Carbof uran Metabol i tes I n  Ur ine  (MRI#4230-B, 7/15/77]. 

11. Human dermal s tud ies  w i t h  Furadan 75 UP. Accession#241303 

A. S ing le  Dermal Dose, a t  h igh tenperature and humidity (QRC, 3/18/77) 
B. S ing le  Dermal Dose, a t  low temperature and humidi.ty (QRC, 3/18/77) 
C. M u l t i p l e  Dermal Dose, a t  h igh te rpera tdre  and hun id i t y  (QRC, 3/18/77] 
D. Carbofuran Metabo l i tes  i n  U r ine  (MRICS230-B, 7/15/77) 



OToxicil;y data on two subjects t rea ted  a t  the mid-dose level (0.1 mg/kg) 
in  the oral study (I-A) need to  be reported ( 4  subjects t rea ted  a t  
0.1 mgl'kg i n  the MRI report ,  only 2 subjects reported in the QRC 

r epor t ] .  


"Clarification are  a1 so needed concerning the difference of the actual 
dosages 23 and 29 mg/kg from the nominal dosage 32 mg/kg i n  t he  (dermal 
study with Furadan 75% WP (11-B). 

'Analysis of Carbof uran/metabol i t e s  in urine demonstrated t h a t  l e s s  
than 501% of the i n i t i a l  dosage was eliminated i n  urine i n  the oral 
study (I-B) and l e s s  than 3.5% i n  the dermal study (1x4). Data on 
the level of Carbofuran/metaboli t e s  i n  blood should be submitted f o r  
review (blood samples were taken t o  be analyzed, see I-A, p. 17 and 
11-A, p. 22 of t he  submitted repor t s ) .  

'Data were not adequately reported f o r  some parameters. The individual 
data for  each subject  a r e  required a t  each monitoring interval .  The 
fol lowing data should be submitted: 

Oral study (I-A Carbof uran analytical  grade) Individual data for  
hematology, ur inalysis  and blood chemistry ; and the  preadmission val ues 
f o r  these parameters. Also c l ea r  documentation of baseline and 0-hour 
val ues. 

Dermal Study (11-A, B ,  C - Furadan 75 WP) 

1. 	 Symptoms 
2. 	 Pupil s ize  and Eye accommodation 
3. 	 Pulse r a t e ,  blood pressure, and EKG 
4. 	 Respiration r a t e  and body temperature 
5. 	 Fukuda t e s t  and Romberg 
6. 	 Iiaboratory values (hematology, urinalysis,  and 


blood chemistry) pre- and post-treatment; and c l ea r  

documentation of base1 i ne and 0-hour val ues. 


7. 	 Age and weight for  subjects i n  pa r t  B only.-
Dermal Study (111-A - Furadan 4F and 111-8 - FMC 35001 4EC) 

1. 	 Pupil size* and Eye accommodation 
2. 	 Pulse rate*, blood pressure*, and EKG 
3. 	 Respiration r a t e  and body temperature 
4. 	 I-aboratory values (hematology, urinalysis,  and blood chemistry ) 

pre- and post-treatment; and c l ea r  documentation of baseline and 0-hour 
\fat ues. 

*Only the average of a l l  determinations was presented a t  the. end of the  
24-hours monitoring period. 



111. 	 Hluman dermal s tud ies  w i t h  Furadan 4F and FMC 35001 4EC ( a  Carbofuran 
a~nalog). Accession#241305 

A,. Sing le  Dermal, Furadan 4F (QRCA52.03; 2/15/78) 
0 .  Sing le  Dermal , FMC 35001 (QRW152.03; 2/15/78) 

I V .  	 Human dermal study w i t h  Furadan 75 WP (IBT Study#F-9426; 8/12/71 ). 
Accession#241304. 

Th i s  study i s  c u r r e n t l y  under v a l i d a t i o n  by Clement Associate Inc. 

Related Pe t i t i ons :  	 6F1875, 6F1803, 6F1789, 6F1787, 6F1701, 6F1672, 
5F1527 and 5F1530. 

Recommendations: 

These studies('1-111 	 l i s t e d  abovejare c l a s s i f i e d  as supplementary data. 

No e f f e c t  except f o r  a marginal RBCChE i n h i b i t i o n  (22% and 11% i n  two 
subjects respec t i ve l y )  was noted a t  0.05 mg/kg i n  the  o ra l  Carbofuran 
study ( I - A )  l i s t e d  above. Th is  l e v e l  was 20 times lower than t h e  NOEL 
o f  1 mg,lkg/day f o r  Carbofuran based on a two-year r a t  feeding study. 

Acute responses were a lso  noted mg/kg Carbofuran i n  t h i s  study; 
2.0 mg/hg Furadan 75 WP i n  the  I - A  above). Acute responses 
were al!;o observed a t  4.0 mg/kg i n  t h e  Furadan 4F study a f t e r  dermal 
exposurt? (111-A above) and a t  16 mg/kg i n  t h e  FMC 35001 4EC - dermal 
study (1:II-B above). 

These s1:udies are c l a s s i f i e d  as supplementary data due t o  o f  the  f o l l o w i n g  
finding:;: 

'Baselirte values were e r r a t i c  f o r  some parameters i n  a l l  these s tud ies  
i n  t h e  c o n t r o l  sub jec ts  and some t e s t  subjects i .e.  ves t i bu la r  mechanisms 
and PChE i n  study I-A p. 2, 3 and 5 o f  the  review; PChE i n  study 11-A 
p. 4; RBCChE i n  study 11-C p. 7; b lood chemistry i n  study 111-B p. 5. 
Other e r r a t i c  basel ine and con t ro l  values were no t  discussed i n  the  
reviews because more data were needed. 

"PChE determinat ions were genera l l y  e r r a t i c .  RBCChE determinat ions 
were e r r a t i c  i n  t h e  FMC 35001 4EC study (111-B, dermal 1. These data 
i n d i c a t e  t h a t  some b lood samples may n o t  have been immediately analyzed 
a f t e r  c o l l e c t i o n .  Voss and Sachsse method used f o r  b lood ChE determinat ions 
i n  a l l  these studies uses p rop iony l th iocho l i ne  f o r  substrate, t h i s  
subs t ra te  i s  non-speci f ic  f o r  AChE and may have a f f e c t e d  the  RBCChE 
data espec ia l l y in thcFMC 35001 4EC study. 



Summary o f  darbofuran T o x i c i t y  Data 

Study Formulat ion Results Core-Classi f i c a t i o n  

I -A  Single Oral Dose 
Human (MI 

Ana ly t i ca l  grade 0.05 mg/kg - lowest dose l e v e l  
(2  subjects) :  
No e f f e c t  noted except f o r  a 
nominal decrease i n  ChE a c t i v i t y .  
RBCChE - 11% adn 22%. 
PChE - 32% and 36%. 

Supplementary 

0.1 mg/kg - mid dose (2  subjects) :  
Symptoms - headache i n  one sub jec t  
and l ightheadedness i n  the  other.  
RBCChE i n h i b i t f o n  - 33% and 31%. 
PChE i n h i b i t f o n  - 56% and 35%. 

0.25 mg/kg - h ighest  dose l e v e l  
(4 subjects) :  
Symptoms - Severe chol i n e r g i c  
poisoning. 
RBCChE i n h i b i t i o n  - 46% and 63%. 
PChE i n h i b i t i o n  - 33% and 100%. 

(Pre-admission data are requ i red  
before assessing hematology, 
b lood chemf s t r y ,  and u r i n a l y s i s  
data) 

I-B Metabolism - Human (M) Ana ly t i ca l  grade 7-phenol i s  the  major metabo l i te  
i n  u r i n e  as a r e s u l t  o f  o r a l  
exposure; l ess  than 50% o f  
the  t e s t  compound was recovered 
i n  ur ine.  

Supplementary 



Study Formulat ion 

11-A S ing le  Dermal Dose Furadan 75% WP 
Human (M) 

11-9 Sing le  Dennal Dose Furadan 75% WP 

I 11-C M u l t i p l e  Dermal Dose Furadan 75% WP 
I 
1 - Human (M)  

Resul t s  

NOEL o r  LEL was n o t  determined 
because data f o r  doses (0.5 and 
1.0 mglkg) lower than t h e  h ighes t  
l e v e l  were n o t  completely repor ted  
( 2  subjects/dose). 

2.0 mg/kg - h ighest  dose l e v e l  
( 2  subjects):  
Symptoms - Severe cho l i ne rg i c  
poisoning r e q u i r i n g  a t rop ine  
admin is t ra t ion .  
RBCChE i n h i b i t i o n  - 46% and 65%. 
Traces o f  p r o t e i n  i n  ur ine, and 
s l i g h t l y  increased SGOT. (expo-
sure: 4 h r s  a t  8595°F and 68%- 
89% RH). 

No symptoms a t  any dose l e v e l  t es ted  

(2.0, 4.0, 8.0 and 32.0 mg/kg; 2 

subjectsldose).  

No s i g n i f i c a n t  e f f e c t  was noted a t  

2, 4 o r  8 mglkg dose l eve l s .  


A t  32 mglkg ( a c t u a l l y  23 and 29 mglkg), 

RBCChE i n h i b i t i o n  was 24% i n  one subject  

(29 mglkg) and GGT increased by 300% i n  

the o ther  sub jec t  (23 mg/kg). 

(exposure: 4 h rs  a t  70-75°F and 35%- 

40% RH). 


1 " , - lkg , , /A- . ., ." ,,,y, uey appii'ed f o r  4 n r s  a t  
8595°F and 68-89% RH on 3 consecu- 
t i v e  days ( 2  subjects) :  caused 26%-29% 
RBCChE days i n h i b i t i o n  i n  the  second 
day o f  treatment i n  bo th  subjects, 80% 
increased i n  BUN vai  ue a t  the  end o f  the  
t h i r d  day i n  one subject.  

Core-Classi f i c a t i o n  

Supplementary 

Supplementary 

Supplementary 



Study Formulat ion 

11-0 Metabolism - Human (MI Furadan 75% WP 

111-A S ing le  Dermal Dose - Human ( M I  Furadan 4F 

111-6 S ing le  Dermal Dose - Human (M) FMC-35001-4EC 

S ing le  Dermal Dose - Human (M) Furadan 75% WP 

Resul ts  Core-Mi nimum 

7-phenol i s  t h e  major metabo l i te  
i n  u r i n e  as a r e s u l t  o f  dermal 
exposure; 0.0 t o  3.8% o f  the  t e s t  
compound was recovered i n  ur ine.  

Supplementary 

LEL = 0.5 mg/kg - Lowest dose l e v e l  
( 2  subjects) :  
Symptoms - burning sensation a t  
a p p l i c a t i o n  s i t e  i n  one subject,  and 
stomach d iscomfor t  i n  the  other. 
RBCChE - 22% and 7%. 
PChE - 46% and 33%. 

Supplementary 

4 mg/kg - h ighest  dose l e v e l  
(2  subjects):  
Symptoms - Severe cho l i ne rg i c  
poisoning r e q u i r i n g  a t rop ine  
adminis t rat ion.  
RBCChE - 69% and 49%. 
Increased t o t a l  p r o t e i n  i n  one 
subject.  (exposure: 4 h rs  a t  
90-95'F and 70%-80% RH). 

LEL = 0.5 mg/kg - Lowest dose 
l e v e l  (2 subjects) :  
Symptoms - Headache 
PChE i n h i b i t i o n  - 12% and 46%. 

Supplementary 

16 mg/kg - h ighest  dose l e v e l  
(2  subjects):  
Symptoms - Severe cho l i ne rg i c  
poisoning iborn subjects j. 
RBCChE i n h i b i t i o n  - 34% and 35%. 
(exposure: 4 hrs. a t  90-95OF 
and 70%-80% RH). 

IBT study - under v a l i d a t i o n  by 
Clement Associates. 

I V  



-Human Acute Oral Toxicity 

"Eva1 uation of the  Safe Exposure Levels to Carbamate, Adninistered Orally to 
Healthy Adu'l t Nonnal Male Volunteers"; John D. Arnol d; Quincy Research Center 
(ORC), 9/17/76; and MRI Project No. 4230-8, 7/15/77. Accession#241303 

I .. Material and Methods 

Test Suhstance - Carbof uran, analytical grade. 

Nine caucasian, healthy male subjects were selected for  t h i s  study from a 
pool of volunteers a t  Quincy Research Center. The subjects, were 23-47 
years old and weighed 60-95 kg. 

Three single oral doses of Carbof uran were tested: 0.05, 0.1, and 0.25 
mg/kg. One dose level was evaluated a t  a time on two subjects s ta r t ing  
w i t h  0.0'5 mg/kg. Data generated from the 24-hour post-treatment were 
evaluated before proceeding t o  the  next higher dose level. Different 
subjects were used a t  each dose level. 

According t o  the investigators the dose which produced noticeable side 
e f fec t s  (0.25 mg/kg) was further evaluated on two more subjects and one 
control subject. The control subject was given placebo. 

All subjects took a breakfast before dose administration, then were 
confined to  t he i r  beds for  two hours and were permitted only minor 
ambulatory act ivi ty  f r m  2-8 hours post drug administration. Cigarette
smoking was permitted during t h i s  study. 

The subj~ects remained under observation f o r  24 hours. During t h i s  time they 
were monitored for  signs and symptms of toxicity i.e. headaches, nausea, 
lightheadedness, dry mouth, salivation,  vomiting, dramess, dizziness. 
unsteadi~ness, abdominal pain, diaphoresi s, nervousness and weakness. The 
subjects were also monitored for  the  followi ng parameters: 



Blood chol ines terase  ac t iv i ty*  i.e. plasma and erythrocytes:  
0-hour (pre-dosing), 1/2, 1 ,  2, 3, 6 and 24 hours. 

EKG: 0-hr (pre-dosing), 1,  4 and 24 hrs. Measurements were a1 so 
done a t  2 and 3 hours f o r  t h e  high dose group and cont ro l  subject .  

~ l o o d  pressure,  h e a r t  r a t e ,  temperature, and respi ra t ion:  -1, 
-1/2 and 0 h r  (pre-dosing), 1/4, 1 ,  4 ,  1 1 1/29 2, 3 ,  4,  5, 6 ,  
7, 8, and 24 hrs. 

Ves t ibular  funct ion (Fukuda s t ep  tes t  and Romberg tes t ) :  0-hr 
(pre-dosing), 1 ,  2 ,  3, 4, 5, 6 ,  7,  8 ,  and 24 hrs. 

Pupil s i z e  and eye accommodation: 0-hr, 1 ,  2, 3, 4,  5, 6 ,  7, 
8 and 24 hrs. 

Hematology, u r i n a l y s i s  and blood chemistry: 0-hr and 24 hrs 
a f t e r  dosing (base l ine  i s  within 14 days of pre-dosing) 

Carbofuran and metaboli tes  i n  urine: -6, and 0-hr (pre-dosing), 
1,  2, 3, 4, 5, 6 ,  8, 16 and 24 hrs. 

All s u b j e c t s  had a complete physical before se l ec t ion  f o r  t h i s  study 
and a f t e r  the 24-hours monitoring period. During the  study, the sub jec t s  
were under a phys ic ian ' s  care. 

*Choli nesterase a c t i v i t i e s  were determined according t o  the method described by 
Voss, G. and Sachsse, K.  "Toxicology and Applied Pharmacology, 16:764-777, 1970". 



C .  


~i.Results 

A. Symptoms-

-0.05 mg/kg dosage: No ove r t  symptoms o r  e f f e c t s  were noted. 

0.10 	 ma/kg dosa e: One sub jec t  had headache, and the  o ther  was 
eaded+ 

EKG f o r  one sub jec t  r e f l e c t e d  25% decrease i n  the  s inus r a t e  as 
compared t o  the bas l ine  and the 0-hr determination. Th is  sub jec t  
a lso  exh ib i t ed  Sinus Arrhythmia (SA) and Sinus Bradycardia (SB); both 
SA/SB were noted a t  4 and 24 hours post-treatment as compared t o  a 
normal base1 ine. 

Th i s  sub jec t  a1 so exh ib i t ed  d e t e r i o r a t i o n  i n  the  v e s t i b u l a r  mechanism a t  
the  end o f  the  24-hour observation; however h i s  base l ine  response was 
already abnormal (measured by the  Fukuda step tes t * ) .  These e f f e c t s  
cou ld  n o t  be f u l l y  assessed because o f  e r r a t i c  data on t h e  second 
subject  and the  cont ro l .  C iga re t te  smoking may have a f f e c t e d  these 
data. 

The e f f e c t  o f  Carbofuran was i n s i g n i f i c a n t  sn p u p i l  s i z e  and eye accommo- 
da t ion  a t  t h i s  dose l eve l .  

0.25 nig/kg dosage: Symptoms analogous t o  those u s u a l l y  a t t r i b u t e d  t o  
m ~ e s t e r a s ei n h i b i t i o n  (drowziness, nausea, dizziness, nervousness, 
vomiting, headaches, weakness, dry mouth, sa l i va t i on ,  unsteadiness, 
abdominal pains, and d iaphoresis)  were observed w i t h i n  the  f i r s t  3 
hours i n  t h r e e  o f  the f o u r  subjects; the  f o u r t h  sub jec t  e x h i b i t e d  
nausea on l y  w i t h i n  t h e  f i r s t  h a l f  hour post-treatment. 

Changes i n  hear t  rate,  lower body temperatures, and lower r e s p i r a t i o n  
r a t e  were a lso  noted i n  these subjects. The symptoms cou ld  be c o r r e l a t e d  
i n  t h e i r  seve r i t y  and incidence w i t h  the ex ten t  and dura t ion  o f  RBC 
ChE i n h i b i t i o n .  

EKG r e s u l t s  r e f l e c t e d  SB i n  3 subjects a f t e r  3 t o  4 hours post-treatment. 
One t e s t  sub jec t  d i d  n o t  recover  a f t e r  24-hours. The noted SB i n  
these subjects was p a r a l l e l e d  by an average o f  25% decrease i n  the  
Sinus rate;  the  sub jec t  t h a t  d i d  n o t  recover from t h e  SB a t  the  end o f  
the  stiudy a l so  a exh ib i t ed  sharp increase (54%) i n  s inus r a t e  i n  t h e  
f i r s t  hour before the subsequent decrease (25%) s t a t e d  above. 

Ves t i bu la r  mechanisms* were abnormal and d e t e r i o r a t i n g  a f t e r  one hour 
post-treatment i n  two** o f  the  fou r  subjects. One of these two subjects 
had a p o s i t i v e  Romberg ( cou ld  no t  stand up) a f t e r  one hour post-treatment, 
t h i s  e f f e c t  p a r a l l e l e d  a 54% increase i n  Sinus rate. The other  two 
subjecrts d i d  not  show any d e t e r i o r a t i o n  i n  v e s t i b u l a r  mechanisms; 
however t h e i r  response was abnormal p r i o r  t o  dosing and one o f  them 
remained w i t h  abnormal response u n t i l  t h e  end o f  t h e  24 hours mon i to r ing  
~ e r i o d . .  

?he v e s t i b u l a r  mechanism r e f l e c t s  t h e  a b i l i t y  o f  t h e  sub jec ts  t o  s tand up, 
The Fukuda Step Test Resul ts  were repor ted as 3 sets o f  responses: 

1 Normal , Border1ine, o r  Abnormal 
2. Sa,me, Improved, o r  D e t e r i o r a t i n g  
3. P o s i t i v e  Romberg 

**These two sub jec ts  were t h e  on ly  non-smokers i n  t h i s  study 



All 4 subjects treated a t  0.25 mg/kg dosage level had constricted pupils 
and increased eye acccmmodation. Pupil constriction and eye accommodation 
d id  rlot completely return t o  normal a t  24 hours post-treatment in two 
subjects, one of these two subjects remained w i t h  severe pupil constriction 
even a f t e r  24 hours post-exposure. 

B. -B l  ootl Chol inesterase 

1. -Red Blood Cells Cholinesterase (RBC ChE) 

The RBC ChE inhibit ion reflected a dose response relationship i.e. 
22% and 11% decrease a t  0.05 mg/kg; 35 and 31% decrease a t  0.10 
m~g/kg; 62%, 63%, 46% and 59% decrease a t  0.25 mg/kg; and 10% for 
placebo. 

A . t  0.05 mg/kg dose level ,  11%is the maximum decrease i n  RBCChE 
ac t iv i ty  i n  one subject tested. This decrease is w i t h i n  the normal 
range of RBCChE act ivi ty  fluctwtion as discussed i n  Ref(l)*. The 
22% decrease i n  the second subject re f lec t s  a marginal effect .  

A t  0.1 mg/kg dose levels the maximum RBC ChE depression was detected 
one hour post-treatment and returned almost t o  normal a f t e r  three 
hours post-treatment. 

A t  0.25 mg/kg dose level the maximum RBC ChE inhibition occcurred 
a f t e r  three hours in one subject and one hour i n  the  other three 
subjects; RBC ChE act ivi ty  was almost back to  normal a f t e r  s ix  
hours treatment. 

2. Plasma Chol inesterase (PChE)-
PChE determinations reflected a maximum reduction i n  ac t ivi ty  of 
316% and 32% a f t e r  1 hour post-treatment a t  0.05 mg/kg; 56% and 35% 
a f t e r  1/2 hour post-treatment a t  0.1 mg/kg; and 53%, 33%, 100% and 
81%a f t e r  2-6 hours post-treatment a t  0.25 mg/kg. 

P'lasma cholinesterase act ivi ty  levels  were low prior t o  dosing i n  
some subjects, which imply a greater degree of actual cholinesterase 
depression. The control subject showed 42% t o  54% maximum reduction 
i n  PChE ac t iv i ty  i n  the f i r s t  hour. Conditions causing such reduction 
ill the control subject and among subjects prior t o  dosing w i t h  
Ciirb~furan were not explained i n  t h i s  study and should be c l a r i f i ed  
by the registrant .  

*Ref(l) 1;oxicology of Anticholinesterase Pesticides by Elsa Reiver, Yogoslav 
Academy of Sciences and Arts. Zagreb. EPA-600/1-77-031, June 1977. 



C. Hemat.ology, U r i n a l y s i s  and Blood Chemistry 

Because the  determinat ions o f  these parameters demonstrated e r r a t i c  
values p r i o r  t o  dosing, these f i nd ings  are n o t  considered usefu l .  
I n d i v i d u a l  data f o r  each determinat ion and t h e  subjects hea l th  h i s t o r y  
are requested from the  reg i s t ran t .  

D. -Carbofuran Metabol i tes i n  U r ine  (MRI Report) 

7-phenol was t h e  major metabo l i te  i n  u r i n e  o f  subjects t rea ted  a t  
0.05, 0.10, 0.25 mg/kg dose leve ls .  The maximum l e v e l  o f  7-phenol 
was 23.7 ug/ml; t h i s  l e v e l  was detected i n  u r i n e  o f  a sub jec t  e x h i b i t i n g  
ser ious t o x i c  symptoms a t  0.25 mg/kg dose l e v e l .  According t o  t h e  M R I  
i nves t i ga to rs ,  7-phenol found i n  u r i n e  o f  some Furadan p l a n t  workers 
was 3 t imes h igher  than t h i s  maximum l e v e l  (23.7 ug/m1) w i thou t  i n d i c a t i o n  
o f  any i l l n e s s .  

Small amounts o f  unmetabolized Carbofuran, 3-keto-7-phenol, 3-hydroxy-7-
phenol, 3-keto carbofuran and 3 hydroxycarbofuran were detected i n  a l l  
samples a t  a l e v e l  o f  1% t o  8% o f  the  administered dosages. Most o f  the  
detected 7-phenol metabo l i te  was found i n  the  f i r s t  8 hours post-treatment. 

The t o t a l  amount o f  Carbofuran metabo l i tes  detected i n  u r i n e  a t  t h e  end o f  
24-hour mon i to r ing  pe r iod  was 38.05% a t  0.05 mg/kg dosage; 49.40% a t  
0.10% mg/kg dosage (one o f  the fou r  subjects t rea ted  a t  0.1 mg/kg dose 
l e v e l  i n  t h i s  MRI  sec t i on  was n o t  inc luded i n  t h i s  average because of 
the  excep t i ona l l y  h igh  74% recovery l e v e l ) ;  and 38.55% a t  0.25 mg/kg dose 
leve l .  

Considering t h a t  t h e  l e v e l  o f  carbofuran/metabol i tes i n  u r i n e  i s  l e s s  
than 50% o f  the  actual  Carbofuran dosages, and cons ider ing  t h a t  t h e  
study i nd i ca tes  t h a t  t h e  b lood w i l l  be analyzed f o r  Carbofuran/metabol ites  
l e v e l s  (p. 17 o f  t h i s  repor t ,  l a s t  paragraph), the  r e g i s t r a n t s  a re  asked 
t o  submit the  data on the  Carbofuran/metabolites i n  blood. 



111. -Concl usion 

Based on the data presented in the Quincy and MRI report, the 0.25 mg/kg 
dose level caused serious toxic symptoms typical of cholinergic poisons 
i n  three of the four exposed subjects, and a high level of RBCChE inhibition 
of 46% t o  63%. Also PChE inhibition was as high as 80% t o  100%i n  two of 
these subjects. 

,-

;	Two subjects treated a t  the 0.1 mg/kg dose level exhibited headache, 
1 ightheadness, and mderate reduction i n  RBC ChE (31% and 35%) and PChE 
(35% and 56%11. A decrease of 38-52% i n  p la te le ts  level was also noted in 
one of these two subjects. 

Foilr subject:; treated a t  the 0.7 mg/kg dose level were monitored f o r  

Carsbofuran wtabol i tes  i n  urine according to  the MRI report, Consequently, 

tonicity data should have been available i n  the QRC report on 2 other 

subjects .and the regis t rants  should be asked t o  submit these data. 


The Wo subjects treated a t  the lowest dose level 0.05 mg/kg, demonstrated a 

marginal response to  Carbofuran (11% and 22% RBCChE inhibition, and 32% 

and 36% PChE inhibition). This dose level is 20 times lower than the NOEL 

of 1 mg/kg/day for  Carbofuran based on a two year r a t  feeding study, (TOX 

tolerance printout 9/11/80). 


Effects on PChE, EKG, and vestibular mechanism could n o t  be ful ly  assessed 

i n  t h i s  study because of the inconsistent and e r r a t i c  values obtained for  the 

control and t e s t  subjects. 


More than 50% of the administered Carbofuran was not  detected i n  urine. 

The regis t rants  are asked t o  submit avail able data on Carbof uran/metabol i t e s  

i n  blood. 


The method used f o r  blood ChE determinations, Voss and Sshsse, uses 

prolpionylthiocholine for substrate. T h i s  substrate is non-specific for 

RBCChE. Also the report (MRI#4230-B, report#l p. 13) indicates tha t  the 

procedure as  used i n  this study "may &e resu l t  in obtaining figures which 

do not r e f l ec t  the maximum quantity of circulating Carbofuran" i n  the blood. 


This study i s  c lass i f ied  supplementary data because data on the control 

subject and the baseline values for  some t e s t  subjects were inadequate. 

I n ~ v idual data for  hematology, urinalysis and blood chemistry determinations, 

and the subjects preadmission values for  these paraneters should be 

reqllested fronn the registrant.  




a[. 	 "Carbamate (Carbofuran) Human Dermal Study - F i n a l  Report" 
John D. Arnold; Quincy Research Center (QRC), 3/18/77; and M R I  P r o j e c t  
No. 4230-8; 7/15/77; Accession No. 241303 

I.-Mater ia l s  and Methods 

Tes t  Substance - Furadan 75 WP, a Carbofuran fo rmula t ion  w i t h  
x . O %  a c t i v e  ingred ien t .  

Eighteen hea l thy  a d u l t  males, age 18-55 years, were selected 
from a Quincy Research volunteer  pool f o r  t h i s  study. The study 
was conducted i n  th ree  p a r t s  (A, B, C )  t o  determine the  th resho ld  
t o x i c i t y  l e v e l  t o  simple and m u l t i p l e  doses o f  Carbofuran under 
normal and e levated temperature and humidity. 

E i g h t  subjects were a r b i t r a r i l y  assigned t o  p a r t  A, another e i g h t  
t o  p a r t  B, and t h e  l a s t  two were assigned t o  p a r t  C. D i f f e r e n t  
su,bjects were used a t  each dose l e v e l  i n  each p a r t  o f  t h i s  study. 

Base l ine  b lood and u r i n e  l abo ra to ry  determinat ions were done f o r  
ealch sub jec t  a f t e r  overn igh t  f as t ;  they were then g iven a standard 
b r ~ ~ a k f a s t  The t e s t  compound before Carbofuran adminis t rat ion.  
wa'j app l ied  d i r e c t l y  t o  t h e  sub jec t ' s  backs and l i q u i d  (water, 
a r t i f i c i a l  sweat, o r  s a l i n e )  was added t o  g ive a 50% mix tu re  ( l g  
po\rder/ml l i q u i d ) .  The mix ture  was spread on a designated area of 
the  upper back. The subjects immediately began a m i l d  work 
cyc le  o f  5 minutes excerc ise and 15 minutes res t ;  t h i s  cyc le  was 
repeated 11 times over a f o u r  hour period. The t e s t  substance 
wa!; then removed and t h e  subjects were monitored f o r  t h e  remainder 
o f  the 24-hour post-treatment pe r iod  i n  p a r t  A and B, and f o r  3 
days i n  p a r t  C ( m u l t i p l e  dose). Tobacco smoking was permi t ted 
dur ing  t h i s  study. 

Ascending dermal doses o f  Furadan 75% WB were tes ted  under 
cond i t i ons  o f  h igh  temperature 85-95OF and humidi ty  68-89% RH. 
E i y h t  subjects, age 25-53 years, weighing 63-78 k g  and 156-182 
cm t a l l  were tes ted  i n  groups o f  two per dose l e v e l .  

The f i r s t  group received a placebo app l ica t ion ,  the  second group 
received a 0.5 mg/kg dose l e v e l ,  the  doses were then doubled f o r  
subsequent groups u n t i l  a minimum e f f e c t  l e v e l  * ( t h resho ld  t o x i c  
l e v e l )  was reached. 

*Mi'nimum e f f e c t  l e v e l :  l e v e l  which produces m i l d  b u t  d e f i n i t e  
c l i n i c a l  symptoms. 



The f o l l o w i n g  doses were used i n  t h i s  pa r t :  

Actual Dose 
per  sub jec t  

Dose mg/kg (a.i.1 Medium mg/kg (a.i.) 

0.5 	 water 0.302, 0.502 
1.O 	 water 1.007, 0.969 
2.0 	 A r t i f i c i a l  2.070, 2.007 

sweat 

-P a r t  B 

The sub jec t ' s  weights and ages were no t  i d e n t i f i e d  i n  t h i s  par t .  The 
subjects were a lso tes ted  i n  groups o f  two i n  ascending order  under 
cond i t ions  o f  normal temperature 70-75OF and humidi ty  35-40% RH. The 
f i r s t  group received 2.0 mg/kg Carbofuran ( t h e  h ighes t  dose t e s t e d  under 
cond i t ions  o f  h igh temperature and humidi ty  1. The doses were genera l l y  
doubled f o r  subsequent groups u n t i l  t o x i c i t y  was noted. A l l  doses were 
spread on the  sub jec t ' s  backs w i t h  sa l ine .  The f o l l o w i n g  doses were 
used i n  t h i s  par t :  

Actual Dose per  sub jec t  
Dose mg/kg (a.i.) mg/kg (a.i.) 

The actual  dosage/subject a t  32 mg/kg dose l e v e l  i s  low i n  bo th  subjects 
(23.04'7 mg/kg i n  one sub jec t  and 29.047 mg/kg i n  t h e  second subject ) ,  
explanat ion o f  t h i s  d i f f e rence  i s  needed from t h e  reg i s t ran t .  

P a r t  C 

Two subjects were t rea ted  a t  1 mg/kg dose l e v e l  on 3 consecutive days, 
under cond i t ions  o f  h igh  temperature 85-95'F and humidi ty  68-89% RH as 
i n  P a r t  A. A l l  doses were spread on the  sub jec t ' s  back w i t h  normal 
sa l i ne .  The f o l l o w i n g  t a b l e  represents t h e  actual  dose l e v e l  per  sub jec t  
i n  the  th ree  consecutive days o f  treatment: 

Dose Actual 
Subject- mg/kg/day (a.i. ), Dose p e r  Subject  



-- 

A l l  subjects i n  par ts  A, B and  C remained under observation for  24 hours. 
During this time they were monitored f o r  signs and symptoms of toxici ty  
i.e. Lightheadedness headaches, nausea, dry m o n t h ,  sa l ivat ion,  vomiting, 
drowziness, dizziness, unsteadiness, abdominal pain, di aphoresis, nervousness 
and w~sakness. The subjects were also monitored fo r  the following parameters: 

.-Blood cholinesterase act ivi ty* i.e. plasma and erythrocytes: 0-hour 
(pre-dosing), 1/2, 1,  2,  3, 6 and 24 hrs (0-hr is the baseline). 

..EKG: 0-hr. (pre-dosing), 1 ,  4 and 24 hrs. Measurements were a l so  done 
a t  2 and 3 hours fo r  the  high dose group and control subject. 

-.Blood pressure, heart  ra te ,  temperature, and respiration: -1, -1/2, and 
0-hr (pre-dosing), 1/4, 1/2, 3/4, 1,  1 1/2, 2, 3, 4, 5, 6 ,  7, 8,  
and 24 hrs. 

-Vestibular function (Fukuda step test and Romberg t e s t ) :  0-hr (pre-
dosing), 1 ,  2, 3,  4, 5,  6, 7, 8 and 24 hrs. 

-Pupil s i z e  and eye accommodation: 0-hr., 1,  2, 3, 4, 5, 6, 7, 8 and 
24 hrs. 

-Hematology, urinalysis and blood chemistry: 0-hr and 24 hrs a f t e r  
dosing. Baseline values determined before breakfast. 

-1Carbofuran and metabolites i n  urine: -6, 0-hr (pre-dosing), 0-1, 
1-2, 2-4, 4-8, 8-16 and 16-24 hrs. 

A l l  subjects underwent a complete physical before selection fo r  t h i s  
study and a f t e r  the  24 hours monitoring period. During the  study, the  
subjects were under a physician's care. 

*Cholinesterase a c t i v i t i e s  were determined according to the method 
described by Voss, G and Sachsse, K "Toxicology and Applied Pharmacology, 
16~764-777, 1970". 

11. Results 

A, Par t  A 

1. Blood Chol inesterase 

Except f o r  one subject treated w i t h  1.0 mg/kg dose level 
RBCChE inhibit ion ref lected a dose-response relat ionship
i.e.: 

0.5 mg/kg - 20% and 23% inhibit ion 
1.0 mg/kg - 39% and 9% inhibit ion 
2.0 mg/kg - 46% and 65% inhibit ion 

Cholinesterase data were compared to  the 0-hour pretreatment 
data as baseline. 



IRSCChE i n h i b i t i o n  decreased s u b s t a n t i a l l y  by the  8 t h  hour o f  exposure 
a t  a l l  dose leve ls ,  and the  enzyme a c t i v i t y  returned almost t o  
normal i n  a l l  subjects by t h e  end o f  the  24-hour mon i to r ing  period. 

It i s  important  t o  note t h a t  t h e  two subjects t rea ted  a t  t h e  2 
mg/kg dose l e v e l  experienced a severe enough c h o l i n e r g i c  e f f e c t  as t o  
requ i re  a t rop ine  admin i s t ra t i on  a f t e r  5 hours post-treatment i n  one 
subject,  and a f t e r  4 1/4 hours, 5 hours and 5 1/4 hours post-treatment 
.in the  other. Th is  second sub jec t  was removed from treatment a f t e r  
2 hours and 50 minutes o f  exposure and t h e  t e s t  substance washed 
from h i s  back. 

I'ChE values were e r r a t i c  a t  a l l  dose l e v e l s  ( i nc lud ing  placebo) i n  
i th is  study [ i n c l u d i n g  p a r t  A, B and C),  and were inconc lus ive  i n  
ivssessing t h e  e f f e c t  o f  Carbofuran on ChE i n h i b i t i o n .  

2. !;ymptoms, Hematology, Blood Chemistry and U r i n a l y s i s  

Ilo symptoms were repor ted f o r  subjects t rea ted  a t  the  0.5 and 1.0 
nng/kg dose levels .  The i n v e s t i g a t o r s  repor ted a l s o  t h a t  no e f f e c t s  were 
noted a t  these l e v e l s  i n  hematology, blood chemistry and u r i n a l y s i s  
data. The two subjects t r e a t e d  a t  2.0 mg/kg experienced c l a s s i c a l  
cho l i ne rg i c  i n h i b i t i o n  symptoms t h a t  p a r a l l e l e d  i n  seve r i t y  t h e  
degree o f  RBCChE i n h i b i t i o n  i n  these subjects. The r e p o r t  s ta tes  t h a t  
hemograms were no t  a f fec ted  b u t  no data was presented. 

One sub jec t  (RE) a t  2 mg/kg was weak and shaky a f t e r  3 1/2 hours o f  
exposure; these symptoms p a r a l l e l e d  a 29% t o  46% RBCChE i n h i b i t i o n  
leve l .  Th is  sub jec t  was g iven 2 mg o f  atropine-IM 5 hours post- 
t:reatment, however a 44% RBCChE i n h i b i t i o n  l e v e l  was maintained 
through the  6 t h  hour o f  exposure. RBCChE a c t i v i t y  was normal a t  
?:he end o f  the  24 hour mon i to r ing  period. Traces o f  p r o t e i n  were 
detected i n  u r i n e  a t  the  end o f  t h e  24 hour mon i to r ing  period. 

The second (CB I sub jec t  repor ted  1 ightheadedness, "hazy v i s i o n "  
and hunger 2 1/2 hours post-treatment, which p a r a l l e l e d  33% t o  53% 
RBCChE i n h i b i t i o n  l e v e l ,  twenty minutes l a t e r  he began t o  vomit. 
Th is  sub jec t  was d i r e c t l y  removed from the  excerc ise regimen, and 
t h e  t e s t  substance was washed from h i s  back. However, he s t i l l  
experienced an urge f o r  defecat ion and severe muscle cramps w i t h  
h i s  bowel movement. By t h e  4 t h  hour post-treatment t h e  sub jec t  
was vomiting, shaking, ch i1  l i n g  and extremely weak, these symptoms 
p a r a l l e l e d  an increase i n  RBCChE i n h i b i t i o n  frm 53% t o  65%. 
Subsequently the  sub jec t  was administered 2 mg atropine-IM a t  4 1/4 
hours, 5 hours, 5 1/4 hours post-treatment. F o r  t h e  r e s t  o f  the 
day the  sub jec t  remained t i r e d  and exhausted, t h e  RBCChE i n h i b i t i o n  
dropped t o  17% and 10%by t h e  8 t h  and 10 th  hour and returned completely 
t o  normal a f t e r  24 hours post-treatment. 

Th i s  sub jec t  was asymptomatic by t h e  end o f  the  mon i to r ing  period, b u t  
had a s l i g h t l y  increased SGOT value of 61 I U  a t  the  end o f  the  
mon i to r ing  period. This  increase r e f l e c t s  7% higher  SGOT than t h e  
base1ine. 



3. -Other Effects 

A s u m r y  was reported i n  t h i s  study concerning the resul ts  associated 
w i t h  the e f fec t  of the t e s t  substance on the vi ta l  signs, vestibular 
function and eyes of the subjects. 

a. 	 Electrocardiograms: No ef fec t  was noted. However, the condition 
of the two subjects treated a t  2 mglkg was serious enough t o  require 
atropine administration. EKG data were obtained a f t e r  t h i s  admini-
s t ra t ion which may explain why no Carbofuran related effect  was 
noted a t  2 mg/kg dose level. 

b. 	 Vital Signs: Subject ( R E )  manifested elevated erect  pulse ra te  
long a f t e r  his excercise had ended a t  4 hours post-treatment 
i .e. 144, 150 and 130 bpm a t  4, 5, and 8 hours respectively; subject 
( C B )  experienced supine tachycardia w i t h  pulse ra tes  of 100, 165, 120, 
110, and 102 bpm a t  2, 3, 4, 6, and 8 hours respectively. I t  i s  
important to  note that  these data were affected by atropine 
administration t o  subject ( R E )  a f t e r  5 hours of exposure and to  
subject ( C B )  a f t e r  4 114, 5 and 5 114 hours of exposure. 

c. 	 Pupil Size and Eye Accommodation: No ef fec t  was noted except 
for the two subjects ( R E )  and ( C B )  t reated a t  2.0 mglkg. However, 
measurement for  these 2 subjects were unavailable to  the investigator 
a f t e r  2 and 4 hours r e s~ec t ive ly  "therefore, no assessment of the i r  
response could be made": This Feviewer notes tha t  these two subjects 
were the only subjects i n  t h i s  study (Par t  A, B and C) reported w i t h  
severe cholinergic inhibition symptoms. Lack of data on pupil size 
and eye accommodation appears to  be related to  the diff icul ty  of 
measuring these parameters due to  the subjects i l l  ness. 

d. 	 Vestibular Function: No ef fec t  was noted except for  the two 
subjects ( R E )  and {CB) t reated a t  2.0 mglkg. Those two subjects 
were unable t o  stand for the Fukuda and Romberg procedures a f t e r  
2 and 4 hours respectively. No data were available for  review 
t o  assess the s ta tus  of these two subjects a t  the end of the 
24-hour monitoring period. 



-- B .  Par t  B 

Subjects i n  th is  par t  were reported asymptomatic a t  a l l  dose levels 
tes ted (2.0, 4.0, 8.0, and 32.0 mg/kg). 

REiCChE data were e r r a t i c  and inconsis:ent. Only two subjects reflected 
a maximum RBCChE inhibit ion level of 20% or s l ight ly  higher, i.e., 
one subject treated a t  2.0 mg/kg dose level reflected a maximum 
RE'CChE inhibit ion of 20% a f t e r  6 hours posttreatment, and another 
subject treated a t  32 mg/kg dose level reflected a maximum RBCChE 
inhibit ion of 24% a f t e r  8 hours of exposure. RBCChE inhibit ion was 
every low o r  ins ignif icant  i n  the other subjects. PChE data were 
a1 so e r r a t i c  a t  a l l  dose levels,  

Blood analysis indicated t h a t  one subject ( G K I  t reated a t  the 4 mg/kg 
dose level had a s l igh t ly  lower to ta l  protein value of 5.59% a t  the 
final  check up as compared to  a 5.9g% baseline value and a 5.69% 
va~lue for the lower normal range. The two subjects treated a t  the 32 
mg/kg dose level also reflected some difference i n  the 24-hour blood 
an~alysis: one subject (SB) had a s l igh t ly  lower glucose value of 61 
mg/dl as  compared t o  a 0-hour value of 67 mg/dl and t o  the lower 
nclrmal range value of 65 mg/dl; the second subject ( D R )  had an increase 
of 391% i n  GGT* value (47 IU) as compared t o  the 0-hour value (12 
IU) and 223% as compared t o  the maximum normal range value (21.0 
I U 1 ) .  The increase i n  GGT value i s  associated w i t h  hepatic and/or 
pancreatic pathology which  indicates adverse effects  despite the lack 
of symptoms a t  this dose level ,  

No other e f fec t s  were noted i n  this p a r t B  of the study. However 
individual data were not presented. 

I t  was also noted tha t  the two subjects treated a t  32 mg/kg received 
only 23 and 29 mg/kg Carbofuran respectively. The regis t rant  should be 
asked t o  explain t h i s  difference. 

%GT: Gama Glutamic transpeptidase. 



Thr! two subjects i n  t h i s  p a r t  o f  the  study were repor ted asymptomatic 
during t h e  3 days o f  t e s t i n g  a t  1.0 mg/kg. 

Maximum RBCChE i n h i b i t i o n  was 26% f o r  one subject  and 29% f o r  the  
other. These moderate i n h i b i t i o n  l e v e l s  were noted i n  both subjects 
on the second day o f  exposure i.e. 23%, 22% and 26% i n h i b i t i o n  a f t e r  
4, 8, and 24 hours post-treatment i n  one subject, and 29%, 28%, 24% 
ant1 29% i n h i b i t i o n  a f t e r  3, 4, 6 and 24 hours post-treatment i n  the  
second subject.  

Basel ine RBCChE a c t i v i t i e s  f o r  both subjects i n  the f i r s t  and t h i r d  
day o f  t e s t i n g  were 30% 1 ower than the  mean normal a c t i v i t y  detected 
by the  Voss and Sachsse method ( f o r  a random sample o f  the populat ion).  
The h igher  l e v e l  o f  i n h i b i t i o n  noted i n  both subjects on t h e  second 
day as compared t o  the  f i r s t  day, and the  low basel ine RBCChE a c t i v i t y  
l e v e l  determined on the  t h i r d  day may suggest a pa t te rn  o f  s l i g h t l y  
cum~ula t i v e  response. 

The r e g i s t r a n t  are asked t o  exp la in  the  30% lower than normal l eve l  
o f  RBCChE basel ine a c t i v i t y  noted on day one. 

Blood ana lys is  i nd i ca ted  t h a t  one subject  (RC) r e f l e c t e d  a 27 mg/dl 
BUN value a t  t h e  end o f  the  study, an 80% increase as compared t o  the  
0-hour value (15 mg/dl) and a 35% increase over the  maximum normal 
range (20 mg/dl). This  increase represents an adverse e f fec t .  

No other  e f f e c t s  were noted i n  t h i s  p a r t  C o f  the study. However 

i n d i v i d u a l  data were n o t  presented. 


D. -Carbofuran Metabol i tes i n  Ur ine (MRI Report) 

7-phenol i s  the  major Carbofuran metabolite. The amount detected i n  
u r i ne  was i n s i g n i f i c a n t  i n  a l l  three pa r t s  A, B, C o f  t h i s  study. 

The percentage o f  7-phenol recovered i n  p a r t  A d i d  n o t  exceed 3.8% a t  
any dose l eve l ;  i n  p a r t  B t h e  recovery d i d  n o t  exceed 0.11% a t  any 
dose leve l .  Ur ine was n o t  analyzed f o r  other  metabol i tes i n  these 
Wo par ts  (A, 8) .  These data i n d i c a t e  t h a t  Carbofuran i s  dermal l y  
absorbed a t  a h igher  r a t e  a t  h igh temperature and humidity. 

I n  lpart C, t races o f  unmetabolized Carbofuran and 3-hydroxy-carbofuran 
were detected i n  t h e  t h i r d  day o f  exposure. I n  t h e  second subject  
t races o f  unmetabolized Carbofuran were detected i n  each day o f  
exposure, and t races o f  3-keto-7-phenol (0.1 ug/ml) were noted on the 
t h i r d  day o f  exposure. The percentage o f  t o t a l  Carbofuran recovery 
i n  t h i s  p a r t  C d i d  n o t  exceed 0.48% a t  any o f  the  3 days o f  exposure. 

Considering t h a t  t h e  1 eve1 o f  Carbof uran/metabol ites  i n  u r i ne  does 
no t  exceed 3.8% o f  the  actual  Carbaf uran dosages i n  t h i s  study, and 
considering t h a t  b lood was f rozen t o  be analyzed f o r  l e v e l s  o f  
Carbof uran/metabol i t e s  i n  t h i s  study ( t h i s  repor t ,  p. 22, l a s t  paragraph), 
the r e g i s t r a n t  are asked t o  submit the data on the Carbof uran/metabol ites  
i n  blood. 



T h i s  study is  unacceptable because the crucial individual data for  
each subject  were not fu l ly  reported. Except for  the cholinesterase 
resul ts ,  a l l  data were reported as a summary. 

The c lass ica l ,  severe cholinergic poisoning noted i n  the two subjects 
treated a t  2.0 mg/kg dose level under conditions of high temperature and 
h~umidityi n  Par t  A make i t  unusual t ha t  no symptoms, or  other effects  were 
noted a t  the lower dose levels,or i n  subjects treated a t  much higher dose 
levels under conditions of low temperature and humidity i n  Par t  B while 
one subject reflected 300% increase in  GGT act ivi ty  a t  32 mg/kg. 

I t  seems also unlikely tha t  no symptoms were noted i n  Par t  C (multiple 
application) while one subject reflected 80% increase i n  B U N  value 
over the 0-hr determination and the two subjects reflected 26-29% 
RBCChE inhibition. 

Conflicting definit ions ex i s t  between the protocol and the final  
report  of t h i s  study concerning the baseline values and the 0-hour 
values. Clarifications of these values including tabulated data are  
requested from the regis t rant  (especSal1y for  Ch.E data). 

Clarification i s  also needed concerning the high dose (32 mg/kg) i n  
par t  B of t h i s  study (low temperature and low humidity). The actual 
dosage administered t o  one subject i s  23 mg/kg and t o  the second 
slubject 29 mg/kg. The regis t rants  are  requested to  explain the reason 
f ~ ~ rt h i s  decreased r a t e  of application. 

1.t i s  also noted tha t  an extremely low level (0.0% t o  3.0%) of 
C,arbofuran/metabolites was detected i n  urine. These data may indicate 
tha t  a small fraction of the t e s t  substance was dermally absorbed. Data 
om the level of Carbofuran/metabolites i n  blood are  requested from the 
reg is t ran t  t o  assess these findings. 

I n  conclusion, a l l  the individual data fo r  each subject are required for  
the review of t h i s  study. This means tabulated resu l t s  for  the following 
effects:  

1. 	 Symptoms
2. 	 Pupil Size and Eye Accommodation 
3. 	 Pulse ra te ,  blood pressure, and EKG; respiration ra te  and 

body temperature 
4. 	 Fukkuda t e s t  and Romberg 
5. 	 Laboratory values (hematology, urinalysis, and blood 

chemistry) pre-and post-treatment and clear  documentation 
of baseline and 0-hour values. 

6. 	 Carbofuran/metabolites i n  blood. 

Also ident i f icat ion of age, weight and height of each subject i n  
o a r t  6 and C. 



a.Human Ilermal Toxicity 

"Comoarison of Cholinesterase Inhibit ion and Effects of Furadan 4F and FMC 
3500i 4 EC"; John D. Arnold; Quincy Research Center ( Q R C ) ;  Act 152.03; 2/15/78; 
Acc.#241305 

I. Eter ia ls  and Methods 

Te!jt Substances - Two formulations: Furadan 4F (Carbofuran) and FMC 
3?7)01 4EC (Carbofuran analog). Each formulation contained 48) mg 
a:i./ml. 

Furadan 	 FMC 35001 

2,3-Dihydro-2,2-dimethyl-7-benzo-	 2,3-Dihydro-2,2-dimethyl-7-

furanyl methylcarbamate 	 benzofuranyl [(dibutylamino) 

thiolmethyl carbamate 

Twenty males 18-53 years 01 d weighing within 15% of the  ideal weight 
fo r  their height were selected from a Quincy Research volunteer pool 
for. t h i s  study. The baseline cholinesterase ac t iv i ty  level did not 
r e f l ec t  remarkable differences between these selected subjects. 

The subjects were a r b i t r a r i l y  assigned to  receive Furadan 4F or  FMC 
35001 4 EC i n  groups of two; no subject  received more than one treatment 
of either compound. 

Con~pounds were diluted t o  50% of their original concentration and applied 
to a designated area of the sub jec t ' s  backs a t  a level of 0.5 mg per 
square centimeter. The dose levels  used were a s  follows: 
Furtadan 4F - 0.5, 1.0, 2.0 and 4.0 mg/kg 
FMC 35001 4 EC - 0.5, 1.0, 2.0, 4.0, 8.0 and 16.0 mg/kg 

Each dosage was administered 1 1/2 hour a f t e r  breakfast and the 
sub'jects were not allowed t o  smoke from 1/2 hour before treatment 
unti l  2 1/4 hours a f t e r  dose administration. 

From 1 hour pre-treatment u n t i l  4 hours post-treatment, subjects were 
consfined i n  a controlled environmental room w i t h  temperature between 33-
36OC (90-96OF) and re la t ive  humidity 70-80%. From 0-4 hours a f t e r  
treatment subjects al ternated 5 minutes of mild ergometer excercise w i t h  
15 minutes of r e s t ,  this  cycle was repeated 11 times i n  t h i s  4-hour period. 



Four hours a f t e r  treatment the  subjects were removed from the environ- 
merttal room and t h e i r  backs were washed w i t h  soap and water t o  remove 
the  compounds; normal ac t iv i ty  was permitted f o r  the  r e s t  of the 
24-hour post-treatment period. The subjects were fasted 9 hours 
before the 24-hour f inal  blood and urine samples collection f o r  
routine t e s t s ,  i .e.,  hematology, blood chemistry and urinalysis.  

The subjects were monitored a t  regular in tervals  f o r  24 hours post- 
treatment fo r  symptoms, plasma and erythrocytes cholinesterase (PChE and 
RBCChE) inhibit ion,  pupi 1 s i z e  and eye accommodation, a r t e r i a l  pressure, 
h e i ~ f t  ra tes ,  electrocardiogram, respiration ra tes  and temperature. 
Routine laboratory determination fo r  blood and urine, and physical 
examinations were performed a t  the end of the  24-hours post-exposure 
period. The overall schedule of measurements was as follows: 

Physical Examination - preadmission, 24 hours post-treatment 

Cholinesterase ac t iv i ty  - preadmission, 0 (p re - tes t ) ,  1/2, 1 ,  2, 4, 6 
and 24 hours post-treatment (0-hr was used 
as base1 ine)  

P u p i l  s i z e ,  eye accommodation - preadmission, 0, 1/2, 1 ,  2, 3, 4, 6, 
8 and 24 hours post-treatment 

Arterial  pressure, heart  ra te ,  - preadmission, 0, 1/2, 1,  2, 3, 4, 6, 8 
re5;piration ra te ,  temperature and 24 hours post-treatment 

Electrocardiogram - preadmission, 12 hours post-treatment 

Routine blood and Urine t e s t s  - preadmission, 24 hours 

Cholinesterase ac t i v i t i e s  were determined according to  the  method described 
by Vos!;, Guenther and Sachsse, Klans i n  "Toxicology and Applied Pharmacology 
16:764-777, 	 1970". 

11. Results 
7-


A. Furadan 4F 

1. Blood Chol inesterase 

Maximum RBCChE inhibit ion was noted a t  the  highest dose level 
4.0 mg/kg, 49% i n  one subjects and 61% i n  the  other. RBCChE 
inhibit ion was maximum four hours post-treatment a t  a l l  dose 
levels. Recovery was noted 24-hour post-treatment i n  a l l  
subjects. RBCChE inhibit ion ref lected a dose-response 
relationship: 

0.5 	 mg/kg - 22% and 7% inhibit ion i n  two subjects 
respecti vely 

1.0 mg/kg 	 - 29% and 21% inhibit ion in  two subjects 
respectively

2.0 	 mg/kg - 42% and 40% inhibit ion i n  two subjects 
respectively

4.0 	 mg/kg - 61% and 49% inhibit ion in  two subjects 
respectively 



PChE i n h i b i t i o n  was i ncons i s tan t  and e r r a t i c .  Moderate PChE 
i n h i b i t i o n  was noted i n  the  two t e s t  subjects t rea ted  a t  the  
lowest  dose l e v e l  0.5 mg/kg (33% and 46%) and i n  one sub jec t  
t rea ted  a t  2.0 mg/kg (44%). 

PChE was i n s i g n i f i c a n t  a t  1.0 mg/kg (4% and 15%), a t  2.0 
mg/kg f o r  one sub jec t  (6%) and a t  the  h ighes t  dose l e v e l  
4.0 mg/kg f o r  the two t e s t  subjects (6% and 9%). 

No e f f e c t  was noted a t  the  end o f  t h e  24-hour mon i to r ing  period. 

2. -Symptoms, Hematology, Blood Chemistry and U r i n a l y s i s  

-0.5 mg/kg dose l e v e l  - One sub jec t  had a burn ing  sensat ion a t  the  

a p p l i c a t i o n  s i t e ,  t h e  o the r  had two episodes o f  unse t t l ed  stomach. 

No o ther  e f f e c t s  were noted a t  t h i s  dose l eve l .  


1.0 and 2.0 mg/kg dose l e v e l s  - No symptoms were reported; however 
T c r e a s e d  SGOT determinat ion were repor ted  f o r  one sub jec t  a t  1.0 
mg/kg l e v e l  i n  both f i n a l  ( 6  IU) and base l ine  values (5 IU) as compared 
t o  the  normal SGOT range o f  8-100 I U .  A t  2.0 mg/kg l e v e l ,  SGOT 
decreased t o  7 IU  a f t e r  24 hours post-treatment as compared t o  18 I U  
f o r  the  basel ine value. 

4.0 mg/kg dose l e v e l  - The two sub jec ts  t r e a t e d  a t  t h i s  dose l e v e l  had 
g a s s i c a l  symptoms o f  c h o l i  ne rg i c  po i  soni ng. The symptoms were severe 
enough t h a t  one sub jec t  had t o  be removed from t h e  environmental 
room a f t e r  3 hours post-treatment, h i s  back washed, and he was given 
0.4 mg atropine.  The o the r  sub jec t  was g iven 1.2 mg a t rop ine  a f t e r  
4 hours post-treatment; he a lso  had a s l i g h t l y  increased f i n a l  t o t a l  
p r o t e i n  value o f  8.5 g /d l  as compared t o  6.9 g/dl  base l ine  and 5.9-8.1 
g/d l  normal range. 

3. -Other E f f e c t s  

The e f f e c t s  o f  Furadan 4F on p u p i l  s i z e  and eye accommodation, and 
on e r e c t  and supine hea r t  r a t e  and b lood pressure were n o t  adequately 
reported, on ly  mean values and standard deviat ions were summarized. 
Resp i ra t ion  rates, body temperatures and r e s u l t s  o f  the  Electrocardiograms 
(EKG) were no t  reported. 



1. Blood Chol inesterase 

Maximum RBCChE i n h i b i t i o n  o f  35% and 34% was noted i n  t h e  two 
subjects t rea ted  a t  the  h ighes t  dose l e v e l ,  16 mg/kg. Maximum 
i n h i b i t i o n  occurred 1/2 t o  6 hours post-treatment a t  the  d i f f e r e n t  
dose l e v e l s  tested. Recovery was noted 24-hour post-treatment. 
RBCChE i n h i b i t i o n  r e f l e c t e d  a dose-response r e l a t i o n s h i p  a t  the  
h igher  dose l e v e l s  tested: 

0.5 mg/kg - 5% and 0% i n h i b i t i o n  i n  two subjects respec t i ve l y  
1.0 mg/kg - 11% and 9% " I, 0, 

I, I, ,I ,I ,I2.0 mg/kg - 8% and 12% 
" ,I I, It 0,4.0 mg/kg - 10% and 18% 
" ,I 0, I I,8.0 mg/kg - 22% and 25% " I f  I ,  0,16.0 mg/kg - 35% and 34% 

PChE i n h i b i t i o n  was i ncons i s tan t  and e r r a t i c .  Maximum i n h i b i t i o n  
o f  46% was noted i n  one sub jec t  t r e a t e d  a t  0.5 mg/kg ( t h e  lowest  
dose l e v e l  ); t h e  o ther  sub jec t  had on ly  12% i n h i b i t i o n .  No 
i n h i b i t i o n  was noted a t  1.0 mg/kg; minimal i n h i b i t i o n  o f  14% and 
6% was repor ted  a t  2.0 t o  8.0 mg/kg dose leve ls ;  low i n h i b i t i o n  
o f  24% and 18% was repor ted  a t  16.0 mg/kg ( t h e  h ighes t  dose l e v e l  ). 

No e f f e c t  was noted a t  t h e  end o f  the 24-hour mon i to r ing  pe r iod  
a t  any dose l eve l .  

2; Symptoms, Hematology, Blood Chemistry and U r i n a l y s i s  

0.5 mg/kg dose l e v e l  - Headache was repor ted  f o r  one subject. 
No symptoms were noted f o r  t h e  second subject;  however t h e  
basel ine and f i n a l  leucocyte values (3.6-3.3 K mm3) were w i t h i n  
the  low end o f  the  normal range (1.3-13.3 K/mA 1. 

1.0 mg/kg dose l e v e l  - Severe headache was repor ted  f o r  one subject  
a f t e r  5 hours post-treatment. No symptoms were repor ted f o r  the  
second subject;  however a s l i g h t  decrease i n  SGOT ( 7  IU)  was 
noted as compared t o  t h e  base l ine  (16 IU) and the  normal range 
(8-100 IU). 

2.0 mg/kg dose l e v e l  - S l i g h t  redness was noted a t  the  a p p l i c a t i o n  
s i t e  a f t e r  1 1/2 hour post-treatment. No symptoms were noted 
f o r  the  second subject;  however a s l i g h t l y  increased BUN l e v e l  
(20 mg/dl) was determined a t  the  end o f  t h e  24 hours mon i to r ing  
pe r iod  f o r  t h i s  sub jec t  as compared t o  t h e  base l ine  (15 mg/dl) 
and the  normal range (5-19 mg/dl). 

4.0 mg/kg dose l e v e l  - One sub jec t  experienced a d ry  mouth e f f e c t  
a t  2 3/4 hours post  exposure. A s l i g h t l y  increased BUN (20 mg/dl) 
was noted as compared t o  t h e  base l ine  (15 mg/dl) and t h e  normal 
range. No e f f e c t  was repor ted  f o r  t h e  second subject.  



-8.0 mg/kg dose level - Weakness and fatigue when exercising were reported
for  both subjects a t  t h i s  dose level a t  3 1/2 hours post-treatment. One 
of the subjects had a n  increased tota l  protein (8.3 g/dl)  as compared 
to  the normal range (5.9-8.1 g/dl) , and decreased 1 evels of SGOT (7  IU) 
and leucocytes (4.2 ~ / m m 3 )  as compared t o  baseline (SGOT 12 IU, Leucocytes 
5.2 k/mm3), and the normal range. No baseline tota l  protein value was 
reported. 

16.0 mg/kg dose level - The two subjects treated a t  t h i s  dose level had 
3 a s s i c a l  symptoms of cholinergic poisoning a t  1 1/4 t o  2 1/2 hours 
post-treatment. No other data were reported a t  this dose level. 

3. -Other Effects 

Th'e e f f ec t  of FMC 35001 4 EC on pupil s i ze  and eye accommodation, and on 
e r~ec t  and supine heart ra te  and blood pressure were n o t  adequately reported; 
on'ly mean values and standard deviations were sunar ized.  Respiration 
ra tes ,  body temperatures and resu l t s  of the Electrocardiograms ( E K G )  were 
not reported. 

1:II. Conc'lusions 

Furadan 4F and FMC 35001 4EC cause severe cholinergic poisoning 
symptoms i n  male human volunteers a t  the highest dose levels  tested,  
i.e., 4.0 mg/kg f o r  Furadan and 16 mg/kg f o r  FMC 35001. These 
subjects were exposed to  the compounds for only four hours under 
cond.itions of mild exercise, 90-96 O F  and 70-80% RH. The symptoms were 
paralleled by 49% t o  61% RBCChE inhibit ion w i t h  Furadan and 34% t o  
35% Inhibition w i t h  FMC 35001. The lowest e f fec t  level (LEL) noted 
for  Furadan 4F i s  0.5 mg/kg. Mild toxicity was manifested a t  this 
leve'l by 22% RBCChE i n h i b i t i o n  i n  one subject, 33% and 46% PChE i n  
the two subjects respectively; and symptoms l i ke  burning sensation 
a t  the s i t e  of application i n  one subject, and stomach discomfort 
i n  the second subject. 

The 'lowest e f fec t  level noted f o r  FMC 35001 4EC is also 0.5 mg/kg. 
Mild toxici ty  was manifested by 46% PChE inhibit ion i n  one subject 
and symptoms i.e. headache i n  one subject. 

FMC 35001 4EC is not a potent RBCChE inhibi tor  as compared t o  

Furatian 4F. However, toxici ty  of this compound appears not t o  be 

closely related w i t h  the extent of ChE inhibition. Symptoms 

experienced by the subjects treated w i t h  FMC 35001 were more 

pronounced (i .e.  severe headaches) than the subjects treated w i t h  

Furaclan a t  the same low dose levels  of 0.5, 1.O, and 2.0 mg/kg 

despi'te t ha t  RBCChE average inhibit ion was higher w i t h  Furadan 

(15%, 25% and 42% respectively) than FMC 35001 (3%, lo%, and 11% 

respectively) a t  these dosages. 




- .  The following data are 
requested for review: 

1 .  	 Individual data a t  0 ,  1/2, 1 ,  2, 3 ,  4, 6, 8 and 24 hours 
post-treatment for pupil s i ze ,  eye accommodation, supine and 
erect heart rates and blood pressure. 

2. 	 Data on respiration rates and body temperatures. 

3.  	 EKG data. 

4. 	 Preadmission data and medical history. 



O F F l C E  OF 
PESTIC IDES A N D  T O X I C  SLIBSTFNCES 

JUN 2 3 I93i 
MEMORANDUM-

DATE: 	 June 3, 1981 

SUBJECT: 	 FMC response t o  data requests o f  1/9/81 r e l a t i v e  t o  t h e  
EPA Reg .#279-2875; "Carbamate (Carbof uran) Human Dermal 
Study QRC 3/18/77", and C l a r i f i c a t i o n s  R e l a t i v e  t o  
Chol i nes te rase  Determinat ions i n  Carbof uran Oral  and Dermal 
T o x i c i t y  Human Stud ies  " I n d u s t r i a l  Hygiene S tud i  
Project#4230-B page 104, 7/15/77" cA s w m 
Accession#241303 

FROM: 	 Amal Mahfouz, T o x i c o l o g i s t  ~dHbap9-IDc 
Toxicology Branch, HED (TS-769) b/ 3/f/ 

TO: Jay E l l enbe rge r  (12)  
R e g i s t r a t i o n  D i v i s i o n  (TS-767) 

~l' ,' ' 

Recommendations 

The i n f o r m a t i o n  requested by t h i s  rev iewer  from Don Car lson (FMC) 
on 1/9/81 (See a t tached  memo o f  2/17/81) concerning dosage concent ra t ions  
and a p p l i c a t i o n s  i n  t h e  Carbofuran 75% WP - human dermal study [QRC -
f i n a l  repo r t ,  3/18/77] and c l a r i f i c a t i o n  r e l a t i v e  t o  notes on t h e  
chol  i nes te rase  a n a l y t i c a l  methodology [MRI - I n d u s t r i a l  Hygiene Stud ies  
- Project#4230-B, p. 104, 7/15/77] have been submi t ted  and reviewed. 

T h i s  in fo rmat ion ,  p rov ided  on 3/26/81, was considered i n  my o r i g i n a l  

rev iew o f  5/13/81 from Amal Mahfouz t o  Jay E l l enbe rge r  EPA Reg.#279-2875 

(Furadan 75 WP) and EPA Reg.#279-2876 (Furadan 4 F) ;  

a1 so FMC 35001 4 EC ( un reg i s te red  Carbof uran analog) . 
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PP $062304, 1 H52 97; f o r  use in/on
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FROI4: Sami Malak, Chemi s t  4,,'77qb4~~ k' 
Environmental Fa te  Branch, HED (TS-769) 

orFIcEOF 
PESTICIDES A N D  T O X I C SUBSTANCLS 

TO: 	 Jay  El lenberger  (12)  
Reg i s t r a t ion  Division (TS-769) 

Toxic01 osv Branch 
-rd ~ ; a lua t ion  D i v i s i e n  (TS-769) 

Residue Cliemi s t r y  Branch 

Hazard Evaluat ion Division (TS-769) 


THRU: 	 Dr. Willa Garner, Chief 9 
Revr'e5ic Sec t ion  $1 
Eflvironmental Fa te  Branch, HED (TS-769) 

This i s  t o  address  t h e  ques t ion  r a i sed  by t h e  Toxicology Brancli a s  t o  
whether o r  not carbofuran would contaminate ground water  under t h e  
proposed use pa t t e rn  in/on soybeans. 

A simulated PEST!.!! leaching rode1 was c a r r i e d  o u t  f o r  a t yp ica l  soybean 
f i e l d  uinder I l l i n o i s  cond i t ions  [ s i l t  loam: pH 6.2, OM 3.9%, bulk 
density 1.5, and poros i ty  0.4851. The s imula t ion  was ?or  a s i n g l e  
applica' t ion a t  2.235 Kgfha, assuming a s o i l  recharoe r a t e  of 17 inches 
of water  p e r  y e a r .  Hydraulic parameters f o r  t h i s  t e x t u r i a l  group were 
obtained from Clapp and Hornberger. An experimental Kd of 0.305 was used. 
Considering an average t i  2 of 80 days fo r  carbofuran and a c o r r e c t i o n  
f a c t o r  of t h r e e  to c o r r e c i  f o r  PESTAN1s assumption t h a t  biodegradat ion 
i s  deptti independent when, i n  f a c t ,  i t  i s  not ,  we ca:culated a 
degradation r a t e  c o e f f i c i e n t  of 1.2 X 10-4 h r s l .  

Predictiions obta ined  showed t h a t  carbofuran would leach below 3 f e e t  
a t  a na):inum concent ra t ion  of 35 ppb a f t e r  560 days and below 5 f e e t  
a t  a ma):inium concent ra t ion  of 5 ppb a f t e r  7CG days of app l i ca t ion .  
I t  has been estimated t h a t  the  l eacha te  from su r face  runoff would 
increase  t h e  ground water flow by 10%. Using a d i l u t i o n  f a c t o r  of 
10 X, concent ra t ions  of carbofuran i n  ground water  of about 3.5 ppb 
would be expected. This  i s  approxina te ly  1 O n f  t h e  previous 
PESTIW pred ic t ions  (40  ppb) f o r  Long Is land .  The 1980 ground water  
monitcring data from Long i s l a n d  were c o n s i s t e n t  with those  predic ted .  



EFB be l ieves  t h a t  carbofuran \ . r i l l  leach U the sa tura ted  zone a t  l e v e l s  
equ iva len t  o f  4 ppb and as such, i t  i s  expected t o  contaminate ground 
water under the  prescr ibed use in /on  soybeans. 

Note t o  PM: I n  an at tempt t o  dup l i ca te  t h e  Long I s l a n d  p r e d i c t i o n s  u s i n g  
~ s a m i ~ a r a m e t e r s ,t h e  i npu ts  obtained were not cons i s ten t  w i t h  those 
p rev ious l y  recorded. Present p red i c t i ons  were below the  prev ious 
p red i c t i ons  by a  f a c t o r  o f  500 t o  650 X. Accord ingly ,  we recommend t h a t  
f i e l d  n u n i t o r i n g  f o r  carbofuran corl taminat ion t o  ground water must be 
includet l  under the proposed permi t ,  no t i ng  t h a t  mon i to r i ng  shou ld  cont inue 
f o r  a  per iod  o f  2 years.  
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TO: Jay E l  1 enberger ( 12) 
Reg i s t r a t ion  Division (TS-767) 

1. 	 Carbofuran was nox t e ra togen ic  o r  f e t o t o x i c  i n  r i b b i t s  a t  gavage 
dosages up t o  2.03 mg/kg/day dbring ges ta t ion  days 6-18. The study 
i s  acceptable a s  Core-Minimum Data. 

Review: 

1. 	 Terat~3logy Study i n  t h e  Rabbit with Technical Carbcf uran (iRDC#167-
156; ,April 20,  19811 

G P O U ~ : ~  20 pregnant New Zeal and \4hi t e  r a b b i t s  were used t o  determineof 
the  t e ra togen ic  potent ia l  of Carbofuran. Dosage l e v e l s  of 0.12, 0.50 
and 2,.00 mglkglday were administered o r a l l y  by gavage a s  a s i n g l e  
da i ly  dose on ges ta t ion  days 6 through 18 a t  a cons tan t  volume o f  1 
rnl/kg,. The cont ro l  group received the  vehic le  only,  0.5% aqueous 
Methocel on a comparable regimen a t  a volume of 1 mg/kg. 

Cesarciai~ s e c t i o n s  were performed on a l l  survivl'ng females on g e s t a t i o n  
day 29. 



Results: 

Survival was 100% in the control group and i n  the  0.12 and 0.50 mg/kg/day 
dosage groups. Three dam aborted near the end of the gestation period; 
one each i n  the Carbofuran t rea ted  groups. One dam i n  the  2.00 mg/kg/day 
dosage group died on gestation day 11; a cause of death could not be 
determined a t  necropsy. Durirrg gestation,  matting and/or s ta ining of the 
anogential haircoat was noted in a l l  groups, w i t h  an increase i n  duration 
observed i n  2.00 mglkglday dosage group. 

Mean maternal body weight gain i n  the  0.12 and 0.50 mg/kg/day dosage 
groups was comparable to  the control group throughout gestation.  A 20% 
reduction i n  mean naternal body weight gain was noted i n  the 2.00 mg/kg/day 
dosage group during the treatment period when compared to  the control 
group; mean gain thereaf te r  was coniparable t o  the control group. 

There were no biological7y meaningful differences o r  s t a t i s t i c a l l y  
s ignif icant  differences in  mean Cesarean section values or in the number 
of l i t t e r , ;  with malformations (or developmental and genetic var ia t ions)  
i n  any of the  Carbofuran t rea ted  groups when compared t o  the  control group. 

Conclusion:-

Carbofurari was not teratogenic or  fe totoxic  in rabbi ts  a t  g-lvage dosages 
up t o  2.00 mg/kg/day d u r i n g  gestation days 6-18. 

Classification: Core-Mi nimum Data 


