TIN AND TIN COMPOUNDS 23

3. HEALTH EFFECTS

3.1 INTRODUCTION

The primary purpose of this chapter is to provide public health officials, physicians, toxicologists, and
other interested individuals and groups with an overall perspective on the toxicology of ton and tin
compounds. It contains descriptions and evaluations of toxicological studies and epidemiological
investigations and provides conclusions, where possible, on the relevance of toxicity and toxicokinetic

data to public health.

A glossary and list of acronyms, abbreviations, and symbols can be found at the end of this profile.

Because there is such a large number of inorganic tin and organotin compounds, only the most widely
studied compounds and those that present the greatest potential for human exposure have been selected
for the discussion of health effects. In addition to primary studies, review articles and government reports
are occasionally provided in order to assist the reader in understanding more fully the toxicology of the

tin compounds.

3.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To help public health professionals and others address the needs of persons living or working near
hazardous waste sites, the information in this section is organized first by route of exposure (inhalation,
oral, and dermal) and then by health effect (death, systemic, immunological, neurological, reproductive,
developmental, genotoxic, and carcinogenic effects). These data are discussed in terms of three exposure

periods: acute (14 days or less), intermediate (15-364 days), and chronic (365 days or more).

Levels of significant exposure for each route and duration are presented in tables and illustrated in
figures. The points in the figures showing no-observed-adverse-effect levels (NOAELS) or lowest-
observed-adverse-effect levels (LOAELS) reflect the actual doses (levels of exposure) used in the studies.
LOAELSs have been classified into "less serious" or “serious™ effects. "Serious" effects are those that
evoke failure in a biological system and can lead to morbidity or mortality (e.g., acute respiratory distress
or death). "Less serious" effects are those that are not expected to cause significant dysfunction or death,

or those whose significance to the organism is not entirely clear. ATSDR acknowledges that a
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considerable amount of judgment may be required in establishing whether an end point should be
classified as a NOAEL, "less serious™ LOAEL, or "serious" LOAEL, and that in some cases, there will be
insufficient data to decide whether the effect is indicative of significant dysfunction. However, the
Agency has established guidelines and policies that are used to classify these end points. ATSDR
believes that there is sufficient merit in this approach to warrant an attempt at distinguishing between
"less serious" and "serious"” effects. The distinction between "less serious” effects and "serious" effects is
considered to be important because it helps the users of the profiles to identify levels of exposure at which
major health effects start to appear. LOAELs or NOAELSs should also help in determining whether or not
the effects vary with dose and/or duration, and place into perspective the possible significance of these

effects to human health.

The significance of the exposure levels shown in the Levels of Significant Exposure (LSE) tables and
figures may differ depending on the user's perspective. Public health officials and others concerned with
appropriate actions to take at hazardous waste sites may want information on levels of exposure
associated with more subtle effects in humans or animals (LOAELS) or exposure levels below which no
adverse effects (NOAELSs) have been observed. Estimates of levels posing minimal risk to humans

(Minimal Risk Levels or MRLs) may be of interest to health professionals and citizens alike.

Levels of exposure associated with carcinogenic effects (Cancer Effect Levels, CELS) of tin compounds

are indicated in Table 3-5 and Figure 3-5.

A User's Guide has been provided at the end of this profile (see Appendix B). This guide should aid in

the interpretation of the tables and figures for Levels of Significant Exposure and the MRLs.

3.2.1 Inhalation Exposure

Little information has been published regarding the effects of inhaled inorganic tin or organotin
compounds on human health. Reports of human occupational exposures often involve multiple chemicals
and lack details on actual exposure concentrations and conditions. Some reports of humans must also be
regarded as anecdotal. The older animal literature (from the 1950s) includes inhalation studies that are
lacking in description of methods and in reporting of experimental findings. However, it is still possible
to characterize some aspects of tin toxicity due to inhalation of inorganic tin and organotin compounds.
Exposure levels of the inhaled organotin compounds are expressed as milligrams per cubic meter (mg/m°)

of the specific tin compound unless otherwise noted. Doses are not expressed as doses of tin due to the
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covalent bond between the tin and the organic moiety. There are no data for specific inorganic tin
compounds. Calculations of parts per million (ppm) values are included where appropriate. Table 3-1
and Figure 3-1 summarize available quantitative information on health effects that have been observed in
animals after inhalation exposure to tributyltins. Exposure levels are expressed as ppm in Table 3-1 and
Figure 3-1. A table and figure are not presented for inorganic tin compounds due to limitations of the

available studies.

3.2.1.1 Death

Inorganic Tin Compounds. No studies were located regarding lethality in humans or animals after

inhalation exposure to inorganic tin compounds.

Organotin Compounds. Deaths have been reported in humans following exposure to organotins. One of
six workers died 12 days following exposure to a mixture of half dimethyltin and half trimethyltin
chloride vapor that occurred during the cleaning of a caldron at a chemical plant. Maximum exposure
was a total of 1.5 hours over a 3-day working period (Rey et al. 1984). No estimates of exposure levels
were given. The symptoms preceding death included excretion of high levels of tin in the urine,
respiratory depression, and coma. More uncertain is the report of a female worker who died following a
drenching with triphenyltin chloride, diphenyltin dichloride, and other unidentified compounds. No
estimates of exposure levels were given. Death was apparently caused by renal failure 12 days after
exposure (NIOSH 1976). No other studies were located regarding lethality in humans after inhalation

exposure to organotin compounds.

A 4-hour LCs, of 77 mg/m? for tributyltin oxide (as total particles) was described by Schweinfurth and
Gunzel (1987) in a summary of acute studies; the LCsq for particles with a diameter of <10 um was

65 mg/m>. The summary also indicates that a concentration of 20 mg/m?® of an aerosol of tributyltin oxide
was lethal to guinea pigs within 1 hour of exposure. Lethality in mice was observed following single or
repeated daily exposures to a butyltin mixture (81.2% tributyltin bromide and 3.7% dibutyltin dibromide)
together with other unidentified compounds (15.1%) (Igarashi 1959). The concentration was 5.65 mg
tin/m® (1.16 ppm) as the butyltin mixture for different durations of exposure. The tributyltin bromide
concentration was 1.1 ppm and that for dibutyltin bromide was 0.06 ppm. For a 2-day, 8-hour/day
exposure, approximately 80-90% of the exposed mice died. Despite the observation of other signs of
toxicity (see Section 3.2.1.2) the exposure of the mice to multiple compounds confound the interpretation
of the data.



Table 3-1 Levels of Significant Exposure to Tributyltins - Inhalation

Exposure/ LOAEL
Duration/
Key 5 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System (ppm) (ppm) (ppm) Chemical Form
ACUTE EXPOSURE
Systemic
1 Mouse 6d . ;
(NS) 7 hr/d Cardio 0.42 |T§l:;aShl 1959
Hepatic 0.42  (blood congestion)
Renal 0.42  (glomerular swelling,
tubular epithelial lesions)
Reproductive
? o goh?/d 0.39 (40% decrease in lwamoto 1960
(NS) reproduction) BT
INTERMEDIATE EXPOSURE
Systemic
3 Rat gsh(rj/d Resp 0.3 (lung hyperemia, Gohlke et al 1969
(NS) catarrhal bronchitis) TBT
Hepatic 0.3 (minor fatty
degeneration)
Ocular 0.3 (inflamed eyes, nostrils)
4 Rat 80d Resp 0.39  (bronchitis edema) lwamoto 1960
(NS) TBT
Cardio 0.39 (myocardial atrophy)
Hepatic 0.39 (atrophy, necrosis)
Renal 0.39 (swelling and congestion)
Other 0.39 (splenic hyperplasia,

thickened sheaths)

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Table 3-1 Levels of Significant Exposure to Tributyltins -

Inhalation

(continued)

Exposure/ LOAEL
Duration/
Key 6 Species Fr((:zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System (ppm) (ppm) (ppm) Chemical Form
Reproductive
S Rat 80d 0.39 Iwamoto 1960
(NS)

TBT

a The number corresponds to entries in Figure 3-1.

Cardio = cardiovascular; d = day(s); Derm = dermal; hr = hour(s); LC50 = lethal concentration, 50% kill; LOAEL = lowest-observed-adverse-effect level; NOAEL =
no-observed-adverse-effect level; Resp = respiratory

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL

yx4



Figure 3-1 Levels of Significant Exposure to Tributyltins - Inhalation
Acute (<14 days)
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Figure 3-1 Levels of Significant Exposure to Tributyltins -
Intermediate (15-364 days)

Inhalation (Continued)
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In rats exposed nose-only for 29-32 days for 4 hours to doses of 0, 0.03 (vapor), 0.16 (vapor), or
2.8 (aerosol) mg/m? of tributyltin oxide 5 days/week for 21-24 treatments, the mortality in the high-dose
group was 5/10 males and 6/10 females (Schweinfurth and Gunzel 1987); no toxicity was noticed in the

groups exposed to vapors. Little detail was presented in this brief summary.

3.2.1.2 Systemic Effects

No studies were located regarding cardiovascular, hematological, or musculoskeletal effects in humans or

animals after inhalation exposure to inorganic tin or organotin compounds.

The highest NOAEL values and all reliable LOAEL values for systemic effects in each species and

duration category are recorded in Table 3-1 and plotted in Figure 3-1.

Respiratory Effects.

Inorganic Tin Compounds. Stannic oxide dust or fumes produce a benign form of pneumoconiosis,
known as stannosis, in humans (Cutter et al. 1949; Dundon and Hughes 1950; Pendergrass and Pryde
1948). The workers exhibiting this pulmonary condition had industrial exposures ranging from 15 to

20 years. No exposure levels were included in the case reports. In all cases, chest x-rays of the workers
showed discrete opaque shadows throughout the lungs, attributed to stannic oxide deposits. However,
there was no impairment of pulmonary function or systemic disease. It also has been reported that x-rays

of tin foundry workers confirmed more than 150 cases of stannosis by 1959 (Stewart and Lassiter 2001).

No studies were located regarding respiratory effects in animals after inhalation exposure to inorganic tin

compounds.

Organotin Compounds. Respiratory depression requiring artificial ventilation occurred in three of six
chemical workers. The exposure duration was a total of 1.5 hours over a 3-day working-period to a
mixture containing half dimethyltin and half trimethyltin chloride (Rey et al. 1984). Although the two
surviving workers, who were the most severely affected, developed permanent neurological disabilities,

respiratory problems did not persist.
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Tributyltin oxide has been implicated in producing irritation of the upper respiratory tract and chest
irritation, tightness, and pain in workers using a rubber material containing tributyltin oxide. Exposure
conditions were not described. No changes were observed in pulmonary function tests (NIOSH 1976).
Wax and Dockstader (1995) reported that all members of a family of five (two adults and three children)
complained of sore throat, burning nose, and wheezing 24 hours after a room in their home had been
painted with a paint containing tributyltin oxide for mildew control. Cough and difficulty in breathing,
characterized by inspiratory discomfort, were observed in a man a few hours after inhaling an unspecified
amount of powdered trimethyltin chloride (Saary and House 2002). Shortness of breath and chest

discomfort was still present 20 days after the exposure.

Inflammatory changes consisting of hyperemia and bronchitis were observed in the respiratory system of
rabbits exposed to 4-6 mg/m?® (0.30-0.45 ppm) tributyltin chloride for 95 days (Gohlke et al. 1969).
Histopathology, consisting of severe bronchitis and vascular and alveolar edema, was seen in rats exposed
to 2 mg tin/m* (0.41 ppm) as a mixture of tributyltin bromide (0.39 ppm), dibutyltin dibromide

(0.02 ppm), and hydrocarbon impurities for 80 days (Ilwamoto 1960). Since these were terminal
histopathological evaluations only, it is not known whether the changes were reversible or would have

produced functional impairment in the animals if exposure had continued.

Information summarized by Schweinfurth and Gunzel (1987) indicate that a single 4-hour exposure of
rats to aerosols of tributyltin oxide produced signs of irritation such as nasal discharge, lung edema and

congestion.

Gastrointestinal Effects.

Inorganic Tin Compounds. No studies were located regarding gastrointestinal effects in humans or in

animals after inhalation exposure to inorganic tin compounds.

Organotin Compounds. Very limited information is available in humans. Wax and Dockstader (1995)
reported that nausea and vomiting occurred among all the members of a family of five who were exposed
at home to tributyltin oxide contained in paint for mildew control. Saary and House (2002) reported that
a man who inhaled powdered trimethyltin chloride complained of substernal and epigastric burning with

flatulence a few hours after exposure. The abdominal pain still persisted 2 months after exposure.
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Hematological Effects.

Inorganic Tin Compounds. No studies were located regarding hepatic effects in humans or in animals

after inhalation exposure to inorganic tin compounds.

Organotin Compounds. Data concerning hepatic effects of organotins in humans and animals are

limited.

Autopsy of a chemical worker who died following exposure to a combination of methyltin salts (see

Section 3.2.1.1) revealed massive fatty degeneration of liver cells and necrosis (Rey et al. 1984).

Fatty degeneration was observed at necropsy in animals killed after a 95-day exposure period to 4—

6 mg/m?® (0.30-0.45 ppm) tributyltin chloride (Gohlke et al. 1969). Histopathology, consisting of atrophy
and slight necrosis of the liver, was seen in rats exposed to 2 mg tin/m*® (0.41 ppm) as a mixture of
tributyltin bromide (0.39 ppm), dibutyltin dibromide (0.02 ppm), and hydrocarbon impurities for up to

80 days as part of a study of reproductive function (Iwamoto 1960). Atrophy of the liver cells increased
with exposure duration in the females. Some recovery was apparent if exposure to tin was stopped prior

to sacrifice. The longer the duration of exposure, the less complete the recovery.

Renal Effects.

Inorganic Tin Compounds. No studies were located regarding renal effects in humans and animals after

inhalation exposure to inorganic tin compounds.

Organotin Compounds. Data concerning renal effects of organotins in humans and animals are limited.

Autopsy of the one chemical worker who died following exposure to the combination of the methyltin
salts (see Section 3.2.1.1) revealed shock kidneys (i.e., proximal tubule degeneration), which represents
serious tubule damage (Rey et al. 1984). The other five exposed men had high tin concentrations in the

urine with the highest levels occurring in the most severely affected.

Inhalation exposure of mice to a concentration of 5.65 mg tin/m* (1.16 ppm) as a mixture of tributyltin
bromide (1.1 ppm), dibutyltin dibromide (0.06 ppm), and hydrocarbon impurities for 7 hours/day over
6 days produced pathological changes in the kidney (Igarashi 1959). Necropsy of animals revealed slight



TIN AND TIN COMPOUNDS 33

3. HEALTH EFFECTS

degenerative changes in the glomeruli, convoluted tubules, and collecting tubules as well as extra-
medullary hematopoiesis. More extensive kidney pathology was observed in rats exposed to 2 mg tin/m?
(0.41 ppm) as a mixture of tributyltin bromide (0.39 ppm) and dibutyltin dibromide (0.02 ppm) for

2 hours/day for 80 days. Kidney damage consisted of extensive congestion and swelling of the renal

tubular epithelium (Iwamoto 1960).

Dermal Effects.

Inorganic Tin Compounds. Contact with inorganic tin salts produces mild irritation of the skin and
mucous membranes (WHO 1980). However, no specific studies were located regarding dermal effects in

humans and animals after inhalation exposure to inorganic tin compounds.

Organotin Compounds. No studies were located regarding dermal effects in humans after inhalation
exposure to organotin compounds. Occupational exposure produces such effects as discussed in
Section 3.2.3.1.

Dermal effects were observed during inhalation studies in mice that were exposed to a butyltin mixture
(30 parts tributyltin bromide to 1 part dibutyltin dibromide) and consisted of reddening of the skin and
dilatation of the blood vessels of the nose, feet, and tail (Igarashi 1959). These effects may have been

caused by direct contact with the chemical.

Ocular Effects.

Inorganic Tin Compounds. No information was located regarding ocular effects in humans following

exposure to inorganic tin compounds.

Organotin Compounds. Inflamed eyes and nasal mucous membranes were observed in the last month of
a 95-day inhalation study of tributyltin chloride in female rats (Gohlke et al. 1969). The animals were

exposed to concentrations of 4-6 mg/m?* (0.30-0.45 ppm) for 6 hours/day, 5 days/week.
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3.2.1.3 Immunological and Lymphoreticular Effects

No studies were located regarding immunological effects in humans or animals after inhalation exposure
to inorganic tin or organotin compounds. However, some lymph node atrophy was observed in rats

exposed to a butyltin mixture for 14 days (lwamoto 1960).

3.2.1.4 Neurological Effects

Inorganic Tin Compounds. No studies were located regarding neurological effects in humans or in

animals after inhalation exposure to inorganic tin compounds.

Organotin Compounds. A study by Rey et al. (1984) provides some information on neurobehavioral
changes in humans after exposure to organotin compounds (dimethyltin dichloride and trimethyltin
chloride). The study describes the cases of six chemical workers exposed to methyltins primarily by
inhalation who experienced headache, tinnitus, deafness, impaired memory, disorientation,
aggressiveness, psychotic and other severe neuropsychiatric behavior, syncope, and loss of consciousness
as symptoms of exposure; one subject died. The two surviving workers with the highest urinary tin levels
exhibited fixed neurological effects which were not resolved more than 6 years after exposure. The
remaining three survivors returned to work, but had memory loss, which persisted for 6 months. Similar
cases have been reported by other investigators. Fortemps et al. (1978) reported that two chemists who
had been intermittently exposed to vapors of dimethyltin dichloride and trimethyltin chloride for about

3 months abruptly developed a status of mental confusion with generalized epileptic seizures. Before the
acute episode, the subjects had complained of headaches, pain in various organs, and psychological
disturbances such as memory defects, vigilance loss, insomnia, anorexia, and disorientation. Both
patients recovered completely following removal from exposure. Ross et al. (1981) examined 22 male
workers 1 month following exposure to trimethyltin spillage (presumable inhalation and dermal exposure
occurred) and compared the frequency of neurological symptoms between those who suffered high
exposure with those with lower exposure. Those highly exposed showed a significantly higher incidence
of nonspecific symptoms such as forgetfulness, fatigue and weakness, loss of motivation, and specific
symptoms such as bouts of depression and attacks of rage and temper compared to those with lower
exposure. Some symptoms persisted for at least 3 years following the accident. Yanofsky et al. (1991)
and Feldman et al. (1993) described the case of a 23-year-old male who was accidentally exposed to
vapors of a trimethyltin compound and 72 hours later exhibited delirium, spatial disorientation,

perseveration, inappropriate affect, and memory loss. Urine and serum assays for tin showed
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considerably elevated concentrations of trimethyltin when tested 3 weeks following the accident. Five
months after the accident, the man experienced complex partial seizures that required him to take
anticonvulsant medication for 7 years. Four years after exposure, tests revealed persistent memory
defects, cognitive dysfunction, and dysphoria. Saary and House (2002) described the case of a man who
worked in a chemistry laboratory and inhaled an undetermined amount of powdered trimethyltin chloride
on a single occasion. Within 3 hours of exposure he felt agitated and he later developed a headache,
dizziness, and twitching of the right eye and cheek. Two months after exposure, he continued
experiencing twitching of his eyelids and arms and complained of suffering short-term memory problems

and difficulty retaining new information.

No relevant studies were located regarding neurological effects in animals after inhalation exposure to
organotin compounds. It was reported that no histopathological changes were observed in the brains of
mice following a 6-day inhalation exposure to 2.12 mg tin/m® (0.44 ppm) as a mixture of tributyltin

bromide (0.42 ppm), dibutyltin dibromide (0.02 ppm), and hydrocarbon impurities (Igarashi 1959).

3.2.1.5 Reproductive Effects

Inorganic Tin Compounds. No studies were located regarding reproductive effects in humans or animals

after inhalation exposure to inorganic tin compounds.

Organotin Compounds. No studies were located regarding reproductive effects in humans after

inhalation exposure to organotin compounds.

A study in rats was conducted to assess reproductive effects of a mixture of tributyltin bromide (81.2%)
with other compounds such as dibutyltin dibromide (lwamoto 1960). The rats were exposed to 2 mg
tin/m*® (0.41 ppm) for acute- and intermediate-duration exposures (equivalent to 0.39 ppm tributyltin
bromide and 0.02 ppm dibutyltin dibromide). Pregnancy rates were markedly reduced after 4 weeks to
3 months of exposure, but returned to near control rates when exposure was discontinued. Histo-
pathological evaluations were made in separate studies of different exposure durations (14-80 days)
followed by recovery periods. No changes were seen in males, but atrophy of the glandular uterus was
observed as early as 14 days of exposure in females. All effects were reversed during the recovery
period. Although a mixture of butyltin compounds was used and the results were not clearly reported,
this study suggests that some impairment of female reproductive functions may occur after inhalation of

these compounds.



TIN AND TIN COMPOUNDS 36

3. HEALTH EFFECTS

3.2.1.6 Developmental Effects

No studies were located regarding developmental effects in humans or animals after inhalation exposure

to inorganic tin or organotin compounds.

3.2.1.7 Cancer

No studies were located regarding cancer effects in humans and animals after inhalation exposure to

inorganic tin or organotin compounds.

3.2.2 Oral Exposure

In contrast to the limited information on the inhalation toxicity of tin compounds (Section 3.2.1), there are
considerable more data regarding the effects of oral exposure to organotin compounds, particularly in
animal studies. Although there is less information concerning health effects produced by oral exposure to
inorganic tin compounds, the data from animal studies allow some characterization of health effects of
these compounds. Dosages are expressed as milligrams of tin per kilogram of body weight per day (mg
tin/kg/day) as the specific inorganic tin compound fed or administered orally. Table 3-2 and Figure 3-2
summarize available quantitative information on health effects that have been observed in animals after
oral exposure to inorganic tin compounds. Similar information for organotin compounds is given in
Tables 3-3 through 3-8 and Figures 3-3 through 3-8. In order to be consistent with most studies in the
literature, dosages are expressed as mg/kg/day of the specific organotin compound rather than as a tin

equivalent.

3.2.2.1 Death

Inorganic Tin Compounds. No studies were located regarding lethality in humans after oral ingestion of

inorganic tin compounds.

In animals, the lowest oral dose that produced deaths in rats following a single gavage administration was
473 mg/kg body weight stannous chloride (NTP 1982). However, all rats survived doses up to
945 mg/kg/day when the compound was fed in the diet for 14 days (NTP 1982). For mice, the lowest oral



Table 3-2 Levels of Significant Exposure to Inorganic Tin - Oral

Exposure/ LOAEL
Duration/
Key 5 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
ACUTE EXPOSURE
Death
1 l_‘;:"f‘t or aa Oan; 473 F (1/5 females died on day NTP 1982
(Fischer- 344) (GW) 3) SnCl2
2 Mouse once 378  (1/5males and 1/5 NTP 1982
(B6C3F1) (GW) females SnCI2
died on day 3)
Systemic
3 Mouse 14d 1229 (males and females NTP 1982
(B6C3F1) 7 diwk i i
gained less weight than SnCl2
A those in the lowest dose
group)
Reproductive
4 Rat 10d
(Wistar) Gd 6.15 31F FDRL 1972
1 x/d SnCI2
(GW)
5 Mouse 10d
(oD Gd 615 31F FDRL 1972
1 x/d SnCI2
(GW)
6 Hamster 5d
(Golden Gd 6-10 StF ;DCR; o
Syrian) 1 x/d A
(GwW)

SANNOJINOD NIL ANV NIL
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Table 3-2 Levels of Significant Exposure to Inorganic Tin - Oral (continued)

Exposure/ LOAEL
Duration/
Key & Species Frequency NOAEL Less Serious Serious Reference
. : (Route) :
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
Developmental
7 Rat 10d
31 FDRL 1972
(Wistar) Gd 6-15
1 x/d SnCl2
(GW)
8 Mouse 10d
(co-1) Gd 6-15 31 FDRL 1972
1 x/d SnCI2
(GwW)
9 Hamster 5d
31 FDRL 1972
(Golden Gd 6-10
Syrian) 1 x/d SnCl2
(GW)
INTERMEDIATE EXPOSURE
Death
10 Rat 18wk 315 (4/10 males died) DeGroot et al. 1973
(Wistar) w SnCI2
(3) n
Systemic
11 Rat 4wk Cardio 325 DeGroot et al. 1973
(Wistar) 7 diwk
(F Sn3(P04)2
Gastro 98 325 (slightly distended small
and large intestine)
Hemato 33 98 (decreased hemoglobin

and hematocrit)

Renal 325

Bd Wt 33 98 (30% decreased body
weight gain in males)

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL

8¢



Table 3-2 Levels of Significant Exposure to Inorganic Tin - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 5 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
12 Rat 13 wk Cardio 440 DeGroot et al. 1973
i 7 d/wk
(Wistar) Sno
F)
Hemato 440
Hepatic 440
Renal 440
Bd Wt 440
13 Rat 13 V.Vk. Cardio 315 DeGroot et al. 1973
Wistar) ad libitum
( SnCl2
()
Gastro 32 95 (abdominal distension)
b
Hemato 32 95 (reduced hemoglobin
concentration)
Hepatic 32 95 (bile duct epithelium
proliferation)
Renal 315
Endocr 315
Bd Wt 95 315 (weight loss)
Other 32 95  (14% reduced food

consumption on week 2)

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL

6¢



Table 3-2 Levels of Significant Exposure to Inorganic Tin - Oral (continued)

Exposure/ LOAEL
Duration/
Key 6 Species Fr(%qouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
14 R\)lf/litstar ;“é"/tvk Cardio 85 DeGroot et al. 1973
(Wistar) ph Sn(CI8H3302)
Hemato 85
Hepatic 85
Renal 85
Bd Wt 85
15 (F\ta . é\é\llt/k Cardio 390 DeGroot et al. 1973
istar ® SnO2
Hemato 390
Hepatic 390
Renal 390
Bd Wt 390

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL

(014



Table 3-2 Levels of Significant Exposure to Inorganic Tin - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 5 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
16 r‘\):llt X ?é\l/tvk Cardio 275 DeGroot et al. 1973
(Wistar) © Snso4
Gastro 275
Hemato 28 83 (decreased hemoglobin
and hematocrit)
Hepatic 83 275  (slightly decreased
liver/body weight ratio,
homogenous cell
cytoplasm)
Renal 275
Bd Wt 28 83 (16% decreased body
weight gain and
decreased food intake in
males)
17 'T;t o é\é\lll\(/vk Cardio 220 DeGroot et al. 1973
(Wistar) ® SnC4-H406
Hemato 22 66 (decreased hemoglobin
and hematocrit)
Hepatic 66 220  (bile duct hyperplasia,
homogenous cell
cytoplasm)
Renal 220
Bd Wt 22 66  (11% decreased body

weight gain in males)

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Table 3-2 Levels of Significant Exposure to Inorganic Tin - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 6 Species F’(gqouu‘igfy NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
18 Rat 4wk Cardio 285 DeGroot et al. 1973
(Wistar) 7 diwk SnC204
F)
Hemato 29 86 (decreased hemoglobin
and hematocrit)
Hepatic 29 86 (bile duct hyperplasia,
homogenous cell
cytoplasm)
Renal 285
Bd Wt 29 86 (18-25% decreased body

weight gain and
decreased food intake)

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL

44



Table 3-2 Levels of Significant Exposure to Inorganic Tin - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 5 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
19 R\)lfllitstar ?é\l/tvk Cardio 315 DeGroot et al. 1973
( ) G) SnCl2
Gastro 95 315 (slightly distended small
and large intestines)
Hemato 32 95 (decreased hemoglobin
and hematocrit)
Hepatic 32 95 (bile duct hyperplasia,
homogeneous cell
cytoplasm)
Renal 315
Other 32 95 (30% decreased body
weight gain and
decreased food intake)
20 (F\ta . é\é\llt/k Cardio 390 DeGroot et al. 1973
istar, ® sns
Hemato 117 390 (significant increase in
hematocrit in males)
Hepatic 390
Renal 390
Bd Wt 390

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Table 3-2 Levels of Significant Exposure to Inorganic Tin - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 5 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
21 R\)/f/litstar ic\lNlli(bitum Gastro 7.9 M (increased intestinal Janssen et al. 1985
( ) - length) SnCl2
Hemato 7.9 M (decreased hemoglobin
concentration)
Bd Wt 7.9M (17% reduction in final
body weight)
2 Tk Cardio 2457 NTP 1982
( ) G) SnCl2
Gastro 157 311 (gross distention of the
cecum)
Hemato 2457
Hepatic 2457
Renal 2457
Bd Wt 157 (11.7% decreased body
weight gain in males)
23 RNaSbblt 11 Q}g Hemato 10F (transient hemolytic Chmielnicka et al.1993
(NS) ©) anemia) SnCl2

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Table 3-2 Levels of Significant Exposure to Inorganic Tin - Oral

(continued)

Exposure/ LOAEL
Duration/

Key 5 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference

Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form

Reproductive

24 ;?Satra . (23%%_20 56 F Theuer et al. 1971
Dawley)  ad libitum SnF2

)

25 Fsatra . é%%_zo 45 Theuer et al. 1971

Dapwlegy) ad libitum NaSn2Cl5
F)

Developmental

26 (F;atra . é%%_zo 56 F Theuer et al. 1971
D£W|3y) ad libitum SnE2

F)

27 RSat ?3%%-20 45 Theuer et al. 1971
(Sprague- ad libitum NasSn2Cl5
Dawley)

)

CHRONIC EXPOSURE

Death

28  Rat ;12d;\Tvcl’< 0.7 (decreased longevityin ~ Schroeder et al. 1968
(Long- Evans) o) females by 11%) sSnCl2

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL

14



Table 3-2 Levels of Significant Exposure to Inorganic Tin - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 5 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
Systemic
29 Rat 105 wk .
(Fischer- 344) 7 diwk Cardio 63 NTP 1982
) SnCl2
Gastro 63
Hepatic 63
Renal 63
Bd Wt 63
30 (Ff_at e )4712d/r\nNc|)( Hepatic 0.7 (fatty degeneration) Schroeder et al. 1968
ong- Evans w sncl2
Renal 0.7  (tubular degeneration,
vacuolization)
Bd Wt 0.7 (11-16% decreased body
weight, compared to
controls)
31 “’é‘;‘?:m 105 i Cardio 164 NTP 1982
( ) ) SnCl2
Gastro 164
Hepatic 164
Bd Wt 164

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL

i4



Table 3-2 Levels of Significant Exposure to Inorganic Tin - Oral (continued)

Exposure/ LOAEL

Duration/
Key 6 Species Fr((:zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
32 Mouse 18 mo Bd Wt 0.7 Schroeder et al. 1968

(albino) 7 diwk
SnCI2
(W)

a The number corresponds to entries in Figure 3-2.

b Used to derive an intermediate-duration oral minimal risk level (MRL) of 0.3 mg/kg/day; the MRL was derived by dividing the NOAEL by an uncertainty factor of 100 (10 for animal
to human extrapolation and 10 for human variability).

Cardio = cardiovascular; d = day(s); Derm = dermal; (F) = feed; (GW) = gavage in water; Gastro = gastrointestinal; Hemato = hematological; LOAEL =
lowest-observed-adverse-effect level; M = males; mo = month(s); NOAEL = no-observed-adverse-effect level; SnC204 = stannous oxalate; SnC4H406 = stannous tartrate;
Sn(C18H3302)2 = stannous oleate; SnCI2 = stannous chloride; SnO2 = stannic oxide; Sn207N2 = stannous nitrate; Sn3(P04)2 = stannous orthophosphate; SnS = stannous sulfide;
SnSO4 = stannous sulfate; (W) = water; wk = week(s)

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Figure 3-2 Levels of Significant Exposure to Inorganic Tin - Oral
Acute (<14 days)

SANNOJINOD NIL ANV NIL
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Figure 3-2 Levels of Significant Exposure to Inorganic Tin - Oral (Continued)

Intermediate (15-364 days)

Systemic
mg/kg/day
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SANNOJINOD NIL ANV NIL
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Figure 3-2 Levels of Significant Exposure to Inorganic Tin - Oral (Continued)
Intermediate (15-364 days)
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Figure 3-2 Levels of Significant Exposure to Inorganic Tin - Oral (Continued)
Chronic (2365 days)
Systemic
mg/kg/day
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Table 3-3 Levels of Significant Exposure to Dibutyltins - Oral

Exposure/ LOAEL
Duration/
Key 5 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
ACUTE EXPOSURE
Death
1 Rat f )O('/d 20 F (4/20 deaths 24 hours Alam et al. 1993
(NS) (GO) after dosing) DBT
2 (F\erstar) ?le(;d 50 (death of 30%-50%) Barnes and Magee 1958
(GO) DBT
3 R\)lz\jitstar fg/;-lS 75F (5o0ut12pregnantrats ~ Emaetal. 1991b
(Wistar) O) died) DBT
4 F\ta t z(;Nlli(bitum 23 (4 females and 2 males ~ Seinen etal. 1977a
(Wistar) ® _dled DBT
in second week)
Systemic
5 (?Ii:star) ?lecjd Gastro 50 (distention of stomach) Barnes and Magee 1958
(GO) DBT
Hepatic 50 (bile duct necrosis)
6 Rat 3d . - . hali |
Wist 1 x/d Bd Wt 20 F (reduced body weight 40F (significant body weight ~ Khaliq et al. 1991
(Wistar) (©0) gain) loss) DBT

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Table 3-3 Levels of Significant Exposure to Dibutyltins - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 6 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
7 RaF igvlli(bitum Hepatic 7.7 23 (proliferation of bile duct Seinen et al. 1977a
(Wistar) ® epithelium; periportal DBT
fibrosis)
Bd Wt 7.7 23  (20% reduced final body
weight)
8 RaF once Hepatic 18.3 M (increased serum AST Ueno et al. 2003b
(Wistar) (GO) and ALT activities) DBT
9 Mt)bgse OGncOe Hepatic 9.2M 18.3 M (liver damage) Ueno et al. 1995
(albino) (GO) DBT
10 h:?buirfg oGncOe Hepatic 58.6 M (liver necrosis) Ueno et al. 2003b
( ) (GO) DBT
11 GH” Ptllg OGnCOe Hepatic 36.6M Ueno et al. 2003a
(Hartley) (GO) DBT
H 1 . . .
12 (C;:T;;ir 1x0/|d Hepatic 30 M (bile duct necrosis) Jang et al. 1986
Syrian) (GO) DBT
Immuno/ Lymphoret
13 Ra't gc;Nlli(bitum 7.7 (over 50% reduced Seinen et al. 1977a
(Wistar) relative thymus weight;

F

lymphocyte depletion in
lymphoid organs)

DBT

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Table 3-3 Levels of Significant Exposure to Dibutyltins - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 5 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
Reproductive
14 Rat ?3/3-7 3.8F (significantincrease in ~ Ema and Harazono 2000
(Wistar) 0) postimplantation loss) DBT
15 RaF fg/g'ﬁ 5F 7.5F (increased resorptions, ~ Emaetal. 1991b
(Wistar) dead fetuses, and DBT
(GO) . )
postimplantation loss)
16 Ra.t f‘glzj'g 20F (increased resorptions, =~ Emaetal. 1992
(Wistar) dead fetuses, and DBT
(GO) postimplantation loss)
17 Rat fi/g's 7.6 F (reduced fertility rate; Ema et al. 2003
(Wistar) increased DBT
(GO) pre-implantation loss)
18 ?\E?star) fg/g-ﬁ 10E Farr et al. 2001
(GO) DBT
) i increased incidence o .
19 l?;t o &32/(71 17 10F 15F ( d incid f Noda etal. 1992b
(Wistar) oo dead or DBT
(GO) resorbed fetuses)

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Table 3-3 Levels of Significant Exposure to Dibutyltins - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 5 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
Developmental
20 R\)/?/lt . fgéq 3.8 7.6 (significantly reduced Ema and Harazono 2000
(Wistar) (GO) fetal body weight) DBT
21 Rat fg/g'ﬁ 25 5 (increased incidence of ~ Emaetal. 1991b
(Wistar) external and skeletal DBT
(GO) i
malformations)
22 Rat f‘glzj'g 20 (increased incidence of ~Emaetal. 1992
(Wistar) ©0) malformations) DBT
23 ?Vststar) fg/g'ls 5 10 (slight increase in Farr et al. 2001
malformations) DBT
(GO)
24 Rat f‘glzj'ﬂ 5 10 (increased external and ~ Noda et al. 1992b
(Wistar) ©0) skeletal malformations)  pgT

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Table 3-3 Levels of Significant Exposure to Dibutyltins - Oral

(continued)

Exposure/ LOAEL
Duration/
Key & Species Frequency NOAEL Less Serious Serious Reference
. : (Route) :
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
INTERMEDIATE EXPOSURE
Systemic
= Ra.lt 92 |C-jb- Hemato 3.4M 5.7 F (8% reduced hemoglobin Gaunt et al. 1968
(Fischer- 344) ad libitum ;
concentration) DBT
(F)
Hepatic 57F
Renal 57F
Endocr 57F
Bd Wt 57F
26 Rat- isx% Hepatic 17.5M (increased heme Mushtaq et al 1981
(albino) oxygenase activity, DBT
(GO) decreased activity of
microsomal enzymes)
27 Mouse 4 wk . .
(Swiss- ad libitum Hepatic 30M Seinen et al. 1977a
Webster) (F) DBT
Renal 30M
Endocr 30M
Bd Wt 30M
Immuno/ Lymphoret
- b )
28 Ra't 4d6|-\g-k 5M (depressed humoral Seinen et al. 1977b
(Wistar) ad fibitum response against SRBC)
F) DBT
29 Mouse 4 wk .
(SWiSS- ad libitum 30M Seinen et al. 1977a
Webster) (F) DBT

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Table 3-3 Levels of Significant Exposure to Dibutyltins - Oral (continued)

Exposure/ LOAEL
Duration/
Key 6 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
30 ?Aswzz K m 20 M Seinen et al. 1977b
Webster) (F) DBT
CHRONIC EXPOSURE
Death
31 Ra't 78 wk 6.65M (52% survival at NCI 1978a
(Fischer- 344) ad libitum inati
termination DBT
F) compared to 85% in
controls)
32 Mouse Zg Yi\{)kitum 19.76 F (86% survival compared ~NCI 1978a
(B6C3F1) with 95% in controls)
&) DBT
Systemic
33 Rat 78 wk
(Fischer- 344) ad libitum Resp 6.65 NCI 1978a
) DBT
Cardio 6.65
Gastro 6.65
Hepatic 6.65
Renal 6.65
Endocr 6.65
Dermal 6.65
Bd Wt 6.65
34 Mouse 78 wk
(B6C3F1) ad libitum Resp 19.76 NCI 1978a
DBT
(F)
Cardio 19.76
Gastro 19.76
Hepatic 19.76

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Table 3-3 Levels of Significant Exposure to Dibutyltins - Oral (continued)

Exposure/ LOAEL

Duration/
Keytc{;l Species Fr((:zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form

Renal
Endocr
Dermal

Bd Wt

19.76

19.76

19.76

19.76

a The number corresponds to entries in Figure 3-3.

b Used to derive an intermediate-duration oral minimal risk level (MRL) of 0.005 mg/kg/day; The MRL was derived by dividing the LOAEL by an uncertainty factor of 1000 (10 for the
use of a LOAEL, 10 for animal to human extrapolation and 10 for human variability).

Bd Wt = body weight; Cardio = cardiovascular; d = day(s); Endocr = endocrine; (F) = feed; F = Female; Gastro = gastrointestinal; gd = gestational day; (GO) = gavage in oil; hemato =
hematological; LOAEL = lowest-observed-adverse-effect level; M = male; NOAEL = no-observed-adverse-effect level; Resp = respiratory; x = time(s); wk = week(s)

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Figure 3-3 Levels of Significant Exposure to Dibutyltins - Oral
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Figure 3-3 Levels of Significant Exposure to Dibutyltins - Oral (Continued)
Intermediate (15-364 days)
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SANNOJINOD NIL ANV NIL
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Chronic (=365 days)

Figure 3-3 Levels of Significant Exposure to Dibutyltins - Oral (Continued)
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p-Pig  h-Rabbit s-Hamster ONOAEL - Animals ANOAEL - Humans 1 other than
g-Cow a-Sheep g-Guinea Pig Cancer
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Table 3-4 Levels of Significant Exposure to Dioctyltins - Oral

a
Key to Species

Figure (Strain)

Chemical Form

Exposure/ LOAEL

Duration/

Fr(%qouuiz;:y NOAEL Less Serious Serious Reference
System _(mg/kg/day) __(mglkg/day) (mg/kg/day)

ACUTE EXPOSURE

Systemic
1 Rat
(Wistar)

Immuno/ Lymphoret

2

Rat
(Wistar)

2 wk .
ad libitum Hepatic 23
(F)

Renal 23

Endocr 23

Bd Wt 7.7F 23 F (12% reduced final body

weight)

gﬁbitum 7.7  (over 35% reduction in

relative thymus weight;
(F) lymphocyte depletion in
lymphoid organs)

INTERMEDIATE EXPOSURE

Death
3

Gn Pig
(Hartley)

5-7 wk
ad libitum

F

7 F (10 of 16 deaths on
weeks 4-5)

Seinen et al. 1977a
DOT

Seinen et al. 1977a
DOT

Seinen et al. 1977b
DOT

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Table 3-4 Levels of Significant Exposure to Dioctyltins - Oral

(continued)

Exposure/ LOAEL
Duration/
Key & Species Frequency NOAEL Less Serious Serious Reference
Fi Strai (Route) )
igure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
Systemic
4 Rat 2&,\1|i(bitum Resp 53F 16 F (gross changes Seinen and Willems 1976
(Wistar) suggesting chronic DOT
(F) respiratory disease)
Hemato 5.3 16 M (decrease hemoglobin
concentration)
Musc/skel 16
Hepatic 16
Renal 5.3 16 M (functional changes
suggesting renal
impairment)
Dermal 16
Bd Wt 16
5 Mouse ?V\;k K Hemato 100 F 500 F (14% reduction in mean Miller et al. 1986
(BALBI/c) Xl ;
hemoglobin DOT
(GO) concentration).

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Table 3-4 Levels of Significant Exposure to Dioctyltins - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 5 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
6 ?—lnaz:g igvlli(bitum Gastro 4M 8 M (abdominal edema) Seinen et al. 1977a
( Y) - DOT
Hepatic 8M
Renal 8M
Endocr 8M
Bd Wt 4 M (13% reduced final body 8 M (43% reduced final body
weight) weight)
Immuno/ Lymphoret
7 Rat S\Jvlli(bitum 5.3  (thymus atrophy; Seinen and Willems 1976
(Wistar) lymphocyte depletionin  poT
F) thymic cortex)
8 R e 5M (impaired cell-mediated Seinen et al. 1977b
(Wistar) immunity; lymphocyte DOT
F depletion from thymus)
9 E\:IB(:JLSSIC) ?Y(%Vk 100F 500 F (67% reduction in relative Miller et al. 1986
thymus weight) DOT
(GO)
10 Gn Pig gaNlli(bitum 4M 8 M (lymphocyte depletion in Seinen et al. 1977a
(Hartley) ® thymic cortex) DOT

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Table 3-4 Levels of Significant Exposure to Dioctyltins - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 6 Species Fr((:zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
11 Gn Pig 5-7 wk 7F Seinen et al. 1977b
(Hartley) ad libitum DoOT
F)

a The number corresponds to entries in Figure 3-4.

Bd Wt = body weight; Endocr = endocrine; (F) = feed; F = Female; Gastro = gastrointestinal; (GO) = gavage in oil; hemato = hematological; Immuno = immunological; LOAEL =

lowest-observed-adverse-effect level; M = male; NOAEL = no-observed-adverse-effect level; Resp = respiratory; x = time(s); wk = week(s)

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Figure 3-4 Levels of Significant Exposure to Dioctyltins - Oral

Acute (<14 days)

mg/kg/day Systemic <
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S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Figure 3-4 Levels of Significant Exposure to Dioctyltins - Oral (Continued)

Intermediate (15-364 days)

mg/kg/day Systemic
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g-Cow a-Sheep g-Guinea Pig Cancer

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Table 3-5 Levels of Significant Exposure to Triphenyltins - Oral

Exposure/ LOAEL
Duration/

Key 5 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference

Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form

ACUTE EXPOSURE

Death

1 R\)/fllt t f‘g/Z'” 9F (mortality in pregnant Noda et al. 1991b
(Wistar) (GO) rats) TPT

Systemic

2 HGarT|1dSter OGnCOe Endocr 50 M (hyperglicemia and Ohhira and Matsui 1996
(Sy(r)iar?)n (GO) hypertriglyceridemia) TPT

3 Hamster once Endocr 50 M (increased serum Ohhira et al. 1999
g);/(r)ile(tjr?)n (GO) glucose and triglycerides) TPT

Immuno/ Lymphoret

4 F\ta X z(;Nlli(bitum 6.7M 20 M (19% reduction in thymus Snoeij et al. 1985
(Wistar) ® weight) TPT

Reproductive

5 Rat f‘g/g'e’ 31F 4.7F (infertility and Ema et al. 1997b
(Wistar) 0) preimplantation loss) TPT

6 RaF f)?/d7_9 3.1F 6.3F (increased resorptions, ~ Emaet al. 1999a
(Wistar) dead fetuses, and TPT

(GO) postimplantation loss)

! Ra.t 13():1(/3-3 3.1F 4.7F (reduced uterine weight Ema et al. 1999b

(Wistar) (©0) and serum progesterone) TPT

SANNOJINOD NIL ANV NIL

S103443 H11V3IH €
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Table 3-5 Levels of Significant Exposure to Triphenyltins - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 6 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
8 Rat Gd 7-17 3F 6 F (fetal resorption) Noda et al. 1991b
(Wistar) 1 x/d PT
(GO)
Developmental
° (F\Qli:star) fg/g_g 3.1 4.7 (reduced fetal body Ema et al. 1997b
weight
(GO) ght) TPT
10 RaF ft)al(/é3-15 6.3 9.4 (decreased body weight Ema et al. 1999a
(Wistar) (©0) of live fetuses) TPT

INTERMEDIATE EXPOSURE

Death
11 Rat

(Fischer- 344) ad libitum

12 Mouse
(B6C3F1)

Systemic
13 Rat

(Fischer- 344) ad libitum

7 wk

F

7 wk

ad libitum

F

7 wk

F

Bd Wt

23.2

60

(10/10 rats died)

(10/10 died)

(25% reduction in body

weight gain)

NCI 1978b
TPT

NCI 1978b
TPT

NCI 1978b
TPT

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Table 3-5 Levels of Significant Exposure to Triphenyltins - Oral (continued)

Exposure/ LOAEL
Duration/
Key & Species Frequency NOAEL Less Serious Serious Reference
Figure (Strain) (Route) Chemical F
g System (mg/kg/day) (mg/kg/day) (mg/kg/day) emical Form
14 Rabbit 72 Id . Hepatic 8.7M 17.4 M (hypertrophy of smooth Dacasto et al. 1994
(New ad libitum : ;
endoplasmic reticulum)

Zealand) (F)

Immuno/ Lymphoret

15 Rat 3-4 wk
(Wistar) (F

16 Rabbit 70d
(New ad libitum

Zealand) (F)

CHRONIC EXPOSURE
Death

17 Rat 104 wk
(Wistar) ad libitum
F)
18 Mouse 78 wk

(B6C3F1) ad libitum
(F)

Renal 8.7M 17.4 M (slight vacuolization of
tubular epithelium)

Bd Wt 1.7M 8.7 M (more than 10%
reduction in final body

weight)

1.25M (changes in immune
response)

8.7M 17.4 M (depletion of lymphocytes
in thymic cortex)

TPT

17.4M (more than 20%
reduction in final body
weight)

Vos et al 1984b
TPT

Dacasto et al. 1994
TPT

0.4F (51% survival vs. 75% in  Tennekes et al. 1989b
controls) TPT

4.88 M (74% survival vs. 95% in  NCI 1978b
controls) TPT

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL

0.



Table 3-5 Levels of Significant Exposure to Triphenyltins - Oral (continued)

Exposure/ LOAEL
Duration/
Key 6 Species F’(gqouu‘igfy NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
19 Mouse gg Yi\:)kitum 20.16 F (50% survival vs. 74%in  Tennekes et al. 1989a
(Hybrid) ® controls) PT
Systemic
20 Rat 78 wk
(F) TPT
Cardio 3.75
Gastro 3.75
Hepatic 3.75
Renal 3.75
Endocr 3.75
Dermal 3.75
Bd Wt 3.75

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Table 3-5 Levels of Significant Exposure to Triphenyltins - Oral

(continued)

Exposure/ LOAEL
Duration/
Key & Species Frequency NOAEL Less Serious Serious Reference
Fi Strain) (Route) i
igure ( System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
21 Ra 104 wk Cardio 6.2F Tennekes et al. 1989b
(Wistar) (F) TPT
Gastro 6.2
Hemato 6.2F
Musc/skel 6.2F
Hepatic 0.4F (bile duct proliferation)
Renal 6.2F
Endocr 0.4F (cystoid lesions and
hyperplasia of the
pituitary)
Ocular 6.2
Bd Wt 6.2
22 RaF 52 wk Cardio 6.2 Tennekes et al. 1989b
(Wistar) (F TPT
Hemato 0.4 1.3 (significant decrease in
hemoglobin and
hematocrit in females;
increased prothrombin
time in males)
Hepatic 0.4F (bile duct proliferation)
Renal 6.2
Endocr 0.4 1.3 (cystoid pituitary lesions)

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL

¢l



Table 3-5 Levels of Significant Exposure to Triphenyltins - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 6 Species Fr(%qouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
23 Mouse 78 wk Resp 9.75 NCI 1978b
(B6C3F1) ad libitum
) TPT
Cardio 9.75
Gastro 9.75
Hepatic 9.75
Renal 9.75
Endocr 9.75
Dermal 9.75
Bd Wt 9.75

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL

€L



Table 3-5 Levels of Significant Exposure to Triphenyltins - Oral

(continued)

Exposure/ LOAEL
Duration/
Key & Species Frequency NOAEL Less Serious Serious Reference
Figure (Strain) (Route) i
g System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
24 Mousg 80 V.Vk. Cardio 20.16 Tennekes et al. 1989a
(Hybrid) ad libitum
TPT
) 456F
Gastro 20.16
Hemato 20.16
Musc/skel  20.16 F
Hepatic 456 F 15.24 M (35-40% increase relative
liver weight)
Renal 20.16
Endocr 20.16
Dermal 20.16  (skin lesions, females
more sensitive than
males)
Ocular 20.16
Bd Wt 456 F 15.24 M (11% reduced final body

weight)

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Table 3-5 Levels of Significant Exposure to Triphenyltins - Oral

(continued)

Exposure/ LOAEL
Duration/
Key & Species Frequency NOAEL Less Serious Serious Reference
Figure (Strain) (Route) S i
ystem  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
25 Dog 52 wk Resp 0.62 Sachsse et al 1987
(Beagle) (F) TPT
Cardio 0.62
Gastro 0.62
Hemato 0.62
Musc/skel 0.62
Hepatic 0.62
Renal 0.62
Endocr 0.62
Dermal 0.62
Ocular 0.62
Bd Wt 0.62
Immuno/ Lymphoret
26 Rat 52 wk 0.3 M (reduction in serum Tennekes et al. 1989b
(Wistar) F) immunoglobulins 1gG1, TPT
1gG2a, IgG2C, IgA, and
increase in IgM)
27 RaF 104 wk 6.2F Tennekes et al. 1989b
(Wistar) (F TPT
28 Mouse 80 wk 15.24  (decreased levels of Tennekes et al. 1989a
(Hybrid) (F serum immunoglobulins)

TPT

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Table 3-5 Levels of Significant Exposure to Triphenyltins - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 6 Species Fr((:zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
Reproductive
29 Ra 104 wk 0.3M (Leydig cell hypertrophy Tennekes et al. 1989b
(Wistar) (F and tubular atrophy) TPT
Cancer
30 RaF 104 wk 1.6  CEL (pituitary tumors) Tennekes et al. 1989b
(Wistar) (F TPT
31 Rat 104 wk 5.2F CEL (testicular tumors) ~ Tennekes et al. 1989b
(Wistar) (F) TPT
32 Mouse 80 wk
ad libitum 15.24 F CEL (hepatocellular Tennekes et al. 1989a

F

carcinoma)

TPT

a The number corresponds to entries in Figure 3-5.

Bd Wt = body weight; Cardio = cardiovascular; CEL = cancer effect level; d = day(s); Endocr = endocrine; (F) = feed; F = Female; Gastro = gastrointestinal; Gd = gestational day;
(GO) = gavage in oil; (GW) = gavage in water; hemato = hematological; Immuno = immunological; LOAEL = lowest-observed-adverse-effect level; M = male; NOAEL =
no-observed-adverse-effect level; Resp = respiratory; x = time(s); wk = week(s)

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Figure 3-5 Levels of Significant Exposure to Triphenyltins - Oral
Acute (<14 days)

mg/kg/day Systemic )
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Figure 3-5 Levels of Significant Exposure to Triphenyltins -

Intermediate (15-364 days)

Oral (Continued)

mg/kgiday Systemic
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SANNOJINOD NIL ANV NIL
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Figure 3-5 Levels of Significant Exposure to Triphenyltins - Oral (Continued)

Chronic (2365 days)
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SANNOJINOD NIL ANV NIL
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Table 3-6 Levels of Significant Exposure to Triethyltins - Oral

Exposure/ LOAEL
Duration/
Key 5 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
ACUTE EXPOSURE
Death
1 RaF igvlli(bitum 6.7 M (3/10 died, none in Snoeij et al. 1985
(Wistar) © controls) TET
2 ané o 3M (4/10 rats died after third  Squibb et al. 1980
(CD) W) dose) TET
Systemic
3 Rat 2wk R N ”
) ad libitum Bd Wt 0.7 M (13% reduction in final 2 M (30% reduction in final Snoeij et al. 1985
(Wistar) - body weight) body weight) TET
4 Féaé g ‘)’(Vltvk Bd Wt M 3M (significant body weight ~ Squibb et al. 1980
(CD) W) loss) TET
5 ?Sa;rague ‘15 S,d Bd Wt 0.5M (body weight loss) Yallapragada et al. 1991
Dawley) (GO) TET
Neurological
6 Rat once 3 M (significant disruption of Kernan et al. 1991
(Sprague-  (GW) normal spontaneous TET
Dawley) activity)
7 (F;Ttt)ino) z(;Nlli(bitum 2 (ataxia, paralysis of hind Magee et al. 1957

F

limbs) TET

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Table 3-6 Levels of Significant Exposure to Triethyltins - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 6 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
8 Rat 2 wk . "
(Wistar) ad libitum 2M 6.7 M (brain edema) i;CT)eIJ etal. 1985
(F)
9 Rat g \),(\%Vk 1M (reduced grip strength Squibb et al. 1980
(CD) and startle TET
(GW) i
responsiveness)
10 Rat ‘13 d,d M 1.5M (hind limb paralysis) Yallapragada et al. 1991
(Sprague- X TET
Dawley) (GO)
INTERMEDIATE EXPOSURE
Death
11 Rat 3(;”|'.‘b.t 2 (4/6 rats died during the ~ Magee et al. 1957
(albino) ad libium i
third week) TET
(F)
12 F\ta t 1V]\-/Wk 1.4 (death) Smith 1973
(Wistar) (W) TET
Systemic
13 Rat 92 Iqb't Bd Wt 0.66 M Purves et al. 1991
(Sprague- aa lioitum TET
Dawley) (W)
14 Rat 4 wk Bd Wt 0.8 M (50% decrease in body  Reiter et al. 1980
(CD) W) weight)

TET

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Table 3-6 Levels of Significant Exposure to Triethyltins - Oral (continued)

Exposure/ LOAEL
Duration/
Key 5 Species Fr((:zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/kg/day) (mg/kg/day) Chemical Form
Neurological
R . .
15 at 2drr|]ict))itum 0.7 (brain edema; changes in Eto etal. 1971
(Dse?v;?eg;)e— W) brain lipid composition)  TET
16 Rat zi I?bitum 2.8 (motor dysfunction, Graham and Gonatas 1973
(Osborne- splitting of peripheral TET
Mendel) (W) myelin sheaths and
edema of brain)
17 F;at 23 I?bitum 0.26 M 0.66 M (significant increase in Purves et al. 1991
(Dapvﬁg;)e- W brain spongiosis) TET
18 Ra K 0.4M (diminished maze activity 0.8 M (paralysis) Reiter et al 1980
(CD) and startle response)
W) TET
19 Rat S 4.2M (hind limb paralysis Richman and Bienkamper
(Long- Evans) W) followed by recovery; 1984

demyelination in spinal  TET
cord and peripheral
nerves)

a The number corresponds to entries in Figure 3-6.

Bd Wt = body weight; d = day(s); (F) = feed; (GO) = gavage in oil; (GW) = gavage in water; LOAEL = lowest-observed-adverse-effect level; M = male; mo = month(s); NOAEL =

no-observed-adverse-effect; x = time(s); (W) = drinking water; wk = week(s)

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Figure 3-6 Levels of Significant Exposure to Triethyltins - Oral
Acute (<14 days)
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Figure 3-6 Levels of Significant Exposure to Triethyltins - Oral (Comtinued)
Intermediate (15-364 days)

SANNOJINOD NIL ANV NIL
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Table 3-7 Levels of Significant Exposure to Trimethyltins - Oral

Exposure/ LOAEL
Duration/
Key 5 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
ACUTE EXPOSURE
Death
1 Rat' once 7M (4 out 10 rats died) Alessandri et al. 1994
(albino) (GO) T™T
2 Rat once 5 (fatal seizures after 4 Bouldin et al. 1981
(Long- Evans) (G) doses) T™T
3 RaF once 12.6 M (LD50) Brown et al. 1979
(Wistar) (GO) T™MT
4 Rat 2wk 2 M (2/10 deaths, none in Snoeij et al. 1985
(Wistar) ad libitum
controls) TMT
)
5 HNaSmStef OG“COe 4F (death within 4 days of ~ Brown et al. 1984
(NS) (GO) dosing) T™T
6 Primate once 3.75M (4/11 died within 3 days ~ Brown et al. 1984
(NS) (GO) of dosing) T™T
7 Gerbil once 3F (death within 2-7 days of Brown et al. 1984
(NS) (GO) dosing) T™T

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Table 3-7 Levels of Significant Exposure to Trimethyltins - Oral (continued)

Exposure/ LOAEL
Duration/
Key 5 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
8 GNT"b" . OG”COe 4 (death within days of Nolan et al. 1990
(Mongolian) (GO) dosing) T™MT
Systemic
9 RaF once Renal 3M (slightly dilated proximal 10 M (marked proximal tubule ~ Opacka and Sparrow 1985
(Wistar) (GO) tubules and impaired necrosis, impaired organ  TMT
organ function) function)
10 Rat once Renal 12.25M (severe kidney tubule Robertson et al. 1987
(Long- Evans) (GW) damage) T™T
Bd Wt 12.25 M (significant weight loss)
11 Rat 6d ; i I |
(Sprague 1 x/d Bd Wt 1.5M (reduced body weight 2.5M (body weight loss) Yallapragada et al. 1991
- ain
Dawley) (GO) gain) ™T
Neurological
12 Rat i‘;/‘i‘ 1 (self-mutilating and highly Bouldin et al. 1981
(Long- Evans) ©) aggressive behavior) TMT
13 Rat once 6 M (morphological damage ~ Chang and Dyer 1983
(Long- Evans) (G) to sensory neurons) T™T

SANNOJINOD NIL ANV NIL
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Table 3-7 Levels of Significant Exposure to Trimethyltins - Oral (continued)

Exposure/ LOAEL
Duration/
Key 5 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
14 Rat once 7.5M (neuronal damage; Chang et al 1983
(Long- Evans) (GW) mainly olfactory cortex,  TMT
fascia dentata)
15  Rat once 9M (progressive Ishida et al. 1997
(Sprague- (GW) degeneration of TMT
Dawley) hippocampal cells;
impaired learning)
16 Rat once 8F (significant damageto ~ Kutscher 1992
(Long- Evans) (GW) hippocampal structures)  TmT
17 Rat once 9 M (aggressive behavior and Nishimura et al. 2001
(Sprague-  (G) biochemical changesin  TuT
Dawley) brain areas)
18 Rat 2(;”'!‘[). 0.7M 2M (neuronal degeneration ~ Snoeij et al. 1985
(Wistar) ad libitum in hi
in hippocampus and T™T
F) pyriform cortex)
19 Rat once 9 M (loss of pyramidal cells in  Tsutsumi et al. 2002
(Sprague- (GW) hippocampus and TMT
Dawley) impaired learning)

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Table 3-7 Levels of Significant Exposure to Trimethyltins - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 5 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
20 Rat ? gld 0.75M (hyperexcitability; Yallapragada et al. 1991
(Sprague- reduced brain calmodulin T™MT
Dawley) (GO) activity)
21 Mouse once 3M (neuronal damage; Chang et al 1983
(BALB/c) (GW) mainly hippocampal, TMT
fascia dentata)
22 Hamster once 4F (whole body tremors) Brown et al. 1984
(Ns) (GO) T™T
23 Primate once 3M (ataxia; neuronal Brown et al. 1984
(NS) (GO) degeneration in brain T™T
areas)
24 Gerbil once 3F (tremors, prostration, Brown et al. 1984
(NS) (GO) hippocampal T™T
degeneration)
25 Gerbil once 3.5 (prostration, tremors and  Nolan et al. 1990
(Mongolian) (GO)

ataxia; histopathological
changes in the CNS)

T™T

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Table 3-7 Levels of Significant Exposure to Trimethyltins - Oral (continued)

Exposure/ LOAEL
Duration/
Key 5 Species Fr((:zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
INTERMEDIATE EXPOSURE
Systemic
26 Ra.t 25 d . Bd Wt 0.8 Allen et al. 1994
(Wistar) ad libitum
(F) T™MT
Neurological
21 RaF 23 Iqb't 0.8 (aggressive behavior; cell Allen etal. 1994
(Wistar) ad fibitum necrosis in the
T™MT
(F) hippocampus, pyriform
cortex, amygdala, and
olfactory tuberculum)
28 Rat iG /dZd 1 (tremors and seizures in  Bouldin et al. 1981
(Long- Evans) + X pups; neuronal necrosis
, T™MT
(G) in hippocampus)
Developmental
29 Rat 56d I .
(Sprague- _ ad libitum 0.05M (significant decrease in Noland et al. 1982

Dawley) (W)

extinction learning ability)

T™T

a The number corresponds to entries in Figure 3-7.

Bd Wt = body weight; d = day(s); (F) = feed; F = Female; (G) = gavage; (GO) = gavage in oil; (GW) = gavage in water; LD50 = lethal dose, 50% Kkill; LOAEL =
lowest-observed-adverse-effect level; M = male; NOAEL = no-observed-adverse-effect level; x = time(s); (W) = drinking water; wk = week(s)

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Figure 3-7 Levels of Significant Exposure to Trimethyltins - Oral
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Figure 3-7 Levels of Significant Exposure to Trimethyltins - Oral (Continued)

Intermediate (15-364 days)
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Table 3-8 Levels of Significant Exposure to Tributyltins - Oral

Exposure/ LOAEL
Duration/
Key 5 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
ACUTE EXPOSURE
Death
1 (Rsa;rague f >O<|/d 37.5M (6/50 died) Elsabbagh et al. 2002
Dawley) (GO) TBT
2 RT:,- (()Gncoié) 148 M (LD50 in corn oil) Elsea and Paynter 1958
(albino) TBT
3 Rat. once 194 M (LD50 in aqueous Elsea and Paynter 1958
(albino) (GW) suspension) TBT
4 Mousg fg/g'” 27F (3/40 pregnant mice died, Faqietal. 1997
(Hybrid) (O) none in controls) TBT
5 Hgﬂl‘jta OG“COe 149.6 M (2-week LD50; 172 Takagi et al. 1992
(Sy?iarf)n (GO) mg/kg in females) TBT
Systemic
6 Fsatra e éld%-lg Endocr 0.25F 2.5F (reduced serum Adeeko et al. 2003
Dapwl egy) 1 x/day thyroxine) TBT
(GO)
Bd Wt 25F 10F (18% reduced body
weight gain)
7 RLat e fg/g-zo Bd Wt 5F 10F (20% decrease in body Crofton et al. 1989
(Long- Evans) (O) weight gain) TBT

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Table 3-8 Levels of Significant Exposure to Tributyltins - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 6 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
8 Fat ) ?Gncoe) Endocr 60M Raffray and Cohen 1993
Wistar
TBT
Bd Wt 30 M (body weight loss 48
hours
after dosing)
9 RaF once Hepatic 58.6 M (increased serum AST Ueno et al. 2003b
(Wistar) (GO) and ALT activities) TBT
10 Rat ‘13 d/d Bd Wt 15M 2.5M (significant weight loss) ~ Yallapragada et al. 1991
(Sprague- X BT
Dawley) (GO)
11 Mou.se Gd 6-15 Bd Wt 5F (18% reduction in body Baroncelli et al. 1995
(albino) (GO) weight gain) TBT
12 Mouse Gd 6-15 Hemato 20F Karrer et al. 1995
(albino) (GO) TBT
13 Mou.se once Hepatic 39M 58.6 M (liver damage) Ueno et al. 1995
(albino) (GO) BT
14 Z\(I)buizi) (()Gncoe) Hepatic 58.6 M (liver necrosis) Ueno et al. 2003b
TBT
15 GnPig once Hepatic 117.2M Ueno et al. 2003a

(Hartley) (GO)

TBT

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Table 3-8 Levels of Significant Exposure to Tributyltins - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 6 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
16 (i'nazllg OGnCOe Hepatic 58.6 M Ueno et al. 2003b
( Y) (GO) TBT
17 Hamster — once Hepatic 29.6 (bile duct dilation and Takagi et al. 1992
(S(i/(r)ilgr?)n (GO) inflammatory damage) TBT
Bd Wt 66.7 F 100 F (13% decrease in final
body weight)
Immuno/ Lymphoret
18 Ra.t once 30 M (significant decrease in Raffray and Cohen 1993
(Wistar) (GO) relative and absolute TBT
thymus weight)
19 Re,lt ioxlcljj 1.25M 2.5M (enhanced primary Smialowicz et al. 1989
(Fischer- 344) immune response to TBT
(GO) SRBC; significant
decrease in thymus
weight)
20 Rat ioxlcij 25M 5M (enhanced immune Smialowicz et al. 1990
(Fischer- 344) response to SRBC TBT
(GO) immunization; reduced T
cells)
21 Ra.t so\iNlli(bitum 2M 6.7 M (lymphocyte depletion in Snoeij et al. 1985
(Wistar) © the thymus) TBT

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Table 3-8 Levels of Significant Exposure to Tributyltins - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 5 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
Neurological
22  Rat fg/d 37.5M (agressive behavior; Elsabbagh et al. 2002
(Sprague- seizures) TBT
Dawley) (GO)
23 RaF once 6.3 M (decreased dark-phase Ema et al. 1991a
(Wistar) (©) spontaneous motor TBT
activity)
24 Rat ? Sld 1.5M 2.5M (slight tremors and Yallapragada et al. 1991
(Sprague- weakness) TBT
Dawley) (GO)
Reproductive
25 Rat 11d 10E Adeeko et al. 2003
(Sprague- Gd 8-19 TBT
Dawley) 1 x/day
(GO)
26 Rat ég - 25F (significant increasein ~ Emaetal. 1995
(Wistar) ad 10412 resorptions and TBT
Gd 13-15 post-implantation loss)
(GO)
27 Rat oGr?cg 100F (significantincrease in ~ Emaetal. 1997a
(Wistar) 0) post-implantation loss) TBT

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Table 3-8 Levels of Significant Exposure to Tributyltins - Oral

(continued)

Exposure/ LOAEL
Duration/
Key & Species Frequency NOAEL Less Serious Serious Reference
Fi Strai (Route) i
igure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
28 :lz\liitstar) ég 03 81F 16.3 F (significant increase in Harazono et al. 1998
regnancy failure
(G0) pregnancy ) TBT
29 (F\Qli:star) é]ad%n 8F 16 F (increased fetal deaths ~ Noda et al. 1991a
and resorptions
(©O) ptions) TBT
30  Rat iOX/C(ij 5M 10 M (histologic alterations of Yuetal. 2003a
(Sprague- seminal vesicles and TBT
Dawley) (GO) epididymis)
31 Rat io% 5M 10 M (reduced sperm counts) Yu etal. 2003b
(Sprague- X BT
Dawley) (GO)
32 Mogse Gd 6-15 5F (increased early Baroncelli et al. 1995
(albino) (GO) parturitions TBT
and number of
resorptions)
33 Mouse :(L;%%-ls 23.4F 35F (decreased number of Davis et al 1987
(albino) x/d implantations TBT
and living fetuses
O) g )

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Table 3-8 Levels of Significant Exposure to Tributyltins - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 5 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
34 m)srﬁj ) fi/g-ﬂ 27E Fagi et al. 1997
(GO) TBT
Developmental
35 (F;a;rague_ :(L;]adS-lg 10 Adeeko et al. 2003
Dawley) 1 x/day TBT
(GO)
36 ('T_?ng Evans) 13():1(/2-20 5F 10F (decreased pup survival) Crofton et al. 1989
©0) TBT
37 Rat ?ég 29 25  (significant increase in ~ Emaetal. 1995
(Wistar) Gd 10-12 incidence of clef palate  TgT
Gd 13-15 when TBTC was given
(GO) on Gd 13-15)
38 ?Vststar) Sr?cz 100 (significant increase in Ema et al. 1997a
incidence of cleft palate) TgT
(GO)
39 Rsat f?(/(ej-zo 1 (hyperactivity and Gardlung etal. 1991
(D;v:/?g;)e- ©) impaired learning) TBT
40 Ra't ég 0-3 8.1 16.3  (significantly reduced Harazono et al. 1998
(Wistar) (O) fetal weight) TBT

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Table 3-8 Levels of Significant Exposure to Tributyltins - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 5 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
41 glillitstar) (131dd7-17 8 16  (significant increase in Noda et al. 1991a
cleft palate incidence
(GO) p ) TBT
42 Z\Tbuizs) fg/g-lS 20F 40F (approximately 21% Baroncelli et al. 1990
lower fetal weight
(©0) ght) TBT
43 Mouse Cd6-15 10F 20F (significantincreasein ~ Baroncelli et al. 1995
(albino) (GO) postnatal mortality) TBT
44 Mouse :(L;%%-ls 11.7F (cleft plate and other Davis et al 1987
(albino) x/d bone abnormalities) TBT
(GO)
45 Mouse 13():1(/2-17 135 27  (significant increased Fagi et al. 1997
(Hybrid) ©0) incidence of cleft palate) TgT

INTERMEDIATE EXPOSURE
Death

46

Rat
(Wistar)

5 wk
3 d/wk

Gw)

8  (unspecified number of
deaths on week 3)

Attahiru et al. 1991
TBT

S103443 H11V3IH €

SANNOJINOD NIL ANV NIL
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Table 3-8 Levels of Significant Exposure to Tributyltins - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 5 Species Fr(?zqouuiz;:y NOAEL Less Serious Serious Reference
Figure (Strain) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form
Systemic
47 Monkey 22 wk Hemato 0.16 M Karrer et al. 1992
(Cynomolgus) 6 d/wk
(GW) TBT
Bd Wt 0.16 M
48 Rat 56 }Nli( Endocr 3M 6 M (33% increase in adrenal Funahashi et al. 1980
(Sprague- XIW ; ; 0
relative weight and 26% TBT
Dawley) (GO) of the hypophysis)
Bd Wt 3M 6 M (13% decrease in final
body weight)
49 Rat (13%% 19 Endocr 25F 10F (decreased serum T4 Adeeko et al. 2003
(Sprague- ) and T3)
Dawley) 1 x/day TBT
(GO)
Bd Wt 20