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Abstract 

An industrial hygiene survey was conducted at the M&T Chemicals, Inc. 
Axis, Alabama plant to measure worker exposure to organotins at 
selected operations during the production of organotin compounds. This 
survey was conducted as part of a NIOSH-sponsored investigation of the 
extent of worker exposure to organotin compounds. NIOSH authorized 
the investigation as part of an assessment of the feasibility of 
conducting a study of reproductive effects. Two separate visits--on 
March 14, 1984, and on August 14, 1984-to the facility were, rnade in 
connection with this survey. 

Worker exposures to airborne organotins in organotin production areas 
were determined using M&T ChemicsJ's Standard Test Method AA-62 
(August 14, 1984 visit). This method allows for the determination of 
total organotins measured as tin. 

Using M&T's Method AA-62, results of personal samples ranged from 
0.02 to 0.05 mg/m3 of total organotins; results of area samples generally 
ranged from 0.01 to 0.0 2 mg/ m3 , although one sample indicated a total 
organotins concentration of 0.13 mg/m3 . 

Based upon workplace exposure data collected and employment data 
provided by the company, there are presently 14 potentially exposed 
male employees available for inclusion in a possible reproductive effects 
study. Since the plant began production in 1981, the theoretical 
maximum length of exposure for any given employee is approximately 
four years. A decision regarding the feasibility of conducting a 
reproductive effects study will be made following evaluation of the 
information contained in this report by NIOSH epidemiologists. 



1 .0 INTRODUCTION 

The National Institute for Occupati onal Safety and Health (NIOSH),  
Division of Surveillance,  Hazard Evaluations, and Field Studies 
(DSHEFS), Industry-Wide Studies Branch (IWSB), is  currently 
sponsoring an investigation o f  the extent of occupationa l exposure 
to organotins. The investigat ion was initiated after several rep orts 
of animal studies suggested possible adverse reD.roductive  effects 
associated with several organotin compoundsJl ,2 ,3 ,4,5) NIOSH 
authorized the invest igation as part of an a s sessm en t  of the 
feasibility of conducting a study of reproducti ve effects among 
workers exposed to  organotins. 

Clayton En vironmental Consultants, Inc., under contract to NIOSH, 
is conducting this study. The scope of thi s study,  in brief, includes :  

Task I. Review of toxicologic literature and identification of 
organotin manufacturers and users 

Ta sk IL Walkthrough surveys of facilities using/producing 
organotin compounds 

Task IIL Detailed industrial hygiene surveys to d ocument worker 
exposures 

During the walkthrough/indepth industrial hygiene surveys, 
information was also obtained  which would aid in  the assessment o f  
the feasibility o f  conducting a study o f  potential reproductive 
effects related to organotin(s) present • 

Th is survey of  the M&T Chemicals, In c. plant in Axis, Alabama was 
conducted as one of the Task III detailed  industrial hygiene 
surveys. A walkthrough survey of this site was conducted on 
September 8, 1 98 3. 

1 . 1  USES 

Occupational exposures to organotins may occur in the 
rnanuf acture and use o f  these materials. Organotins are principally 
used as s tabilizers for polyvinyl chlorides (PVCs) , as catalysts in 
the plastics and rubber industries, and as b iocides. 

2 .0 AUTHORITY 

Studies of  th is nature a re authorized und er the Occupational Safety 
and Health Act of 19 7 0, Public Law 9 1-5 9 6  (December 2 0 , 197 0) • .  
Specifically, NIOSH and NIOSH-authorized representatives have 
been authorized to conduct field research studies in industry, to 
evaluate findings, and to report on these f indings. Section 2 0(a)7  
states that  NIOSH shall conduct an d publish industry-wide studies 
of the effects of chronic or low-level exposure to industrial 
materials, processes, and stresses on the potential for illness,  
disease, or loss of functional capacity i n  the aging adult 
population. Sectio n 2 O(b) furthe r states that NIOSH is authorized 
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to conduct i nve stigations and question e mployers and e mployees as 
provided in Sectio n 8 of thi s Act i n  ord e r  to carry  out the functions 
and responsibilities und er  thi s  S ection. Sectio n 20(c) furthe r  states 
the auth ority to e nter into contracts, agree me nts, or othe r 
a rrangements with appropriate public ag encies  or private 
o rganization s for purpose s of conducting studies relati ng t o  
responsibilit ies und er  the Act. 

3 .0 DESCRIPTIO N OF FA CILITY 

The M&T Che micals, Inc. Axis plant w as built in 1981. It i s  located 
approximately 10 mile s nort h of M obile, Alabama. The plan t 
occupies approximately 200 acre s and cons ists of two organoti n 
prod ucti on areas (the 2 0 0  and 3 0 0  areas), an ad mini str atio n  
building, a n d  a maintenance build ing. Th e  10 0 are a of t he facility 
is  an inorganic t in production area. Th e r aw material s u s e d  i n  t he 
production are alkyl aluminum compounds, t in tet rachlo ride, 
dibutyl ether, heptane , a luminum chloride , and  butyl  crudes. The 
final prod uct s are d ibutyltin oxide (DBTO) , tributylt in oxide 
(TBTO) , butyl crudes , and tetrabutyltin.  Dibutyltin d ichloride 
(DBTC) ,  t ributyltin chloride (TBTC) , tin tetrachl oride ,  and butyl 
crude s ar e als o produce d and us ed in pr oduction proce s s e s . 

4.0 DESC RIPTION OF W ORKFORCE A ND RECORDKEEPING SYSTE M 

A t otal of 5 1  people are e m p loyed at t he Axis plant, 3 2  of the m (all 
m ale s )  d irectly involved i n  production. The average age is  about 3 4 
y ears. The total numbe r  o f  full-t ime produc t ion oper ators i s  14. 
All e mployees were newly hire d at the startup (198 1 )  of the plant . 

Workers work t hree consec ut ive 12-h our s h i fts ove r three d ays and 
change from day to night shift weekly .  Employ ees wor k  thre e  
12 -hour shifts one we ek, and four 12 -ho ur shi fts  t he following week. 

There are two 1 2-hour shifts  pe r day. Thre e op er at ors (two but yl 
t echnicians and one butyl ope rator) wo rk each day shift and two 
(on e butyl technician and one o perato r) wo rk eac h night sh ift i n  th e 
3 0 0  area. Two operators (one butyl t echnician and on e butyl 
opera tor) work in 100/2 0 0  area. Act ivities  associated wi th  e ac h  
job t i tle, which hav e the potent ial for o rganot in exposure , are 
describ ed below : 

1 00/200 Area 

• Butyl technician: Collect quality c ontrol s amples routinely. 

• Butyl ope rato r :  Collec t  quality contro l sampl e s  and monitor 
pr oduct io n  processes of o rganotins. 

-2-
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300  Area 

. o Butyl technic ian: C ollect quality con trol s am ple s .  

o Butyl operator : Collect quality c ontrol s amples, monitor  
production proce s se s  of  org anotins, and perform drum m ing 
and packaging of TBTO. These dru mm ing and packaging 
operations are perf ormed once eve ry two weeks .  The 
ope ration s  wer e  done during the August 14, 1984 survey. 

There are several ma intenance pe ople in the plant. 

Ind ividual e mployee records a re comp lete and have bee n  ret ained 
to  date. Records for term inated employee s  are also m ainta ined. 
The pers onnel records contain the  work h istory of each employee . 

5 .0  DESCRI PTION OF OP ERATIONS 

The aluminum alkyl pr oces s(6 ) of manuf actu:ring organotins i s  
currently used at t he plant. Thi s pr oc e s s  is pr esented in Fi gu re 1. 

100/200 
are as  

300 
area 

Figure l .  

Heptane and 
Dibutyl ether 

(DBE) 

Butyl  Crude + Al Cl3 

Alum inum al kyl 
[(C4 H9)3 Al] 

Dibut ylt in d ichloride Tributylt in chloride 
(DBTC) (TBTC ) i NaO H (o r KOH)  i N aO H  (o r KOH) 

DBTO TBTO 

Alumi num alkyl pro cess to manufact ure  butyl c rudes which  
are  used to manufacture D BTO and  TBTO. 

In the 1 00/20 0  are a, butyl crude is  produced from r a w  
materials as indi ca ted i n Fi gure I .  Al um inum alkyl 
co mpounds a re also produce d a s  intermedia te compound s .  In 
t he 1 0 0/200 areas, the ope rat ions are controlled from a 
control ro om and the process fac ili ti es,  including p ipeline s,  
are located o utdoors. 

In the 300 a rea,  t he D BTC (o r TBTC) and caus t ic m aterial 
(potassium hydroxide or sodium hydro xide) a:re m ixed and  
react ed in a reaction tank, and the fina l  products,  DBTO 
(powde r) and TBTO Qiquid) , are collect ed in bags/fiber d rums 
and 5 5-gallon drums,  respectively, and s to red i n  a warehouse 
pr ior to  shi pment. 

-3-
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6. 0 SUMMARY OF HEALTH EFFECTS AND TOXICOLOGY 

Organotins exhibit a broad spectrum of toxicities, depending on the 
number and length of alkyl or aryl groups .  Of th e various classes, 
i .e ., RSnX3, R2SnX2 , R3SnX, and R4Sn (where R = alkyl or aryl 
groups;  X = anion s, s uch as c 1- or OH-), R3SnX compounds are 
typically the most toxic. Within a part icular class, the  lower alkyl 
groups are usually t he most toxic, w ith the C I  thro

(
�h C3 groups 

significantly more toxic than th e higher alkyl groups. 0,7) 

Animal t oxicity data, expressed as an LD50 (the dose tha t  is lethal 
in 5 0 %  of the animals in a group of the  same species when 
administered by the stated route) for five compounds which are 
used or produced at the M&T Axis plant are list ed below. The 
ind icated LD50 value s  were obta ined from the 1 9 8 3  Supplement to 
t he 1981-8 2 Edit ion of t he Registry of Toxic Effect s  of Chemical 
Subs tances (RTECS).(8) The  RTECS is a compendium of toxici ty 
data extracted from the scientific literature. It is the RTECS 
editorial policy to give preference,  in reporting data, to studies in 
which the lowest to tal dose was administ ered over the shortest 
period of t ime to produce the toxic effect sta ted.  

Compounds  LD5 0, mg/Kg 

DBTC 1 0 0  (oral, motise)(B) 

DBTO 4 8 7  (oral, rat)C8 ) 

TBTC 1 2  9 (oral, rat)CB ) 

TBTO 8 7  (oral ,  rat)(S ) 

Tetrabutyltin 1 ,389 (oral, mous e)(S)  

Ma terials having LD50 values of  500 to  5 , 0 00  mg/ Kg (s ingle ora l 
dose, rats) are class i fied as "s l ightly toxic" substanees; ma ter ials 
wi t h  LD5 0 values of 5 0  to 5 0 0  m g/Kg  are  classif ied as "moderately 
toxic" ma ter ials; and che m icals wi th LD5 0 values o f  1 to  5 0  mg/Kg 
are rated as '1highly toxi c" chemicals. C9 )  

Many organot in co mpounds are skin i rri tants and may be absorbed 
v ia t he ski n. 0 0) 

During a br ief rev iew of t he toxicologic l i terature in  connect ion 
wit h  organot ins, several reports were uncovered which suggested 
poss ible adverse reproduct ive effects assoc iated with  several 
organot in co mpounds. The following discussion provides brie f  
synopses o f  these stud ies. 

-4-
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(a) The pregnancy rat es among mature female rats exposed to 2 
mg/m3 of tributyltin bromide x 2 hours per day by inhalation 
for I to 4 months and mated with unexposed males were 
reduced in a dose-related manner by up to 1 00 % ;  part ial 
recovery of (X'egnancy rates was observed following cessat ion 
of exposure. Male rats similarly exposed and mated wi t h  
unexposed females did not exhibit reduced ability to 
impregnate. No histological changes were observed 

)
in male 

t estes; atrophy of t he uterus was observed in females. U 

(b) Female rats  were given 20 o r  4 0  mg/kg/day by gavage of 
diotcyltin bis(isoctylmercaptoacetat e) (DOTM) or dibenzyltin 
b is(i soctylmercaptoacetate) (DBTM) - t wo stabilizers and 
plasticizers - for three months  followed by mat ing eit her wit h 
or without cessation of  exposure during gestat ion. The exposed 
rats showed significant differences from the cont rols wit h 
respect to feta! absorpt ions, death of fetuses, fetal and 
placental !{eights, but only when exposure continued during 
gestation . C2J 

(c) Male and f emale rats and guinea pigs administered the 
fungicides triphenylt in acetate (TPTA) and triphenyltin 
hydroxide (TPTH) at doses ranging from 5 t o  5 0  ppm (TPTA) an d 
2 .5 to 5 O ppm (TPTH) in t he diet for 9 0  days s howed, � alia, 
decreases in the weights o f  t he 

)
uterus and testes, but only at 

the higher doses (20 t o 5 0  ppm). {3 

(d ) Mature male rats given 2 0 mg/k g TPTA or triphenyltin c hloride 
(TPTC) via the diet for 1 9  days suffered, after TPTA, overall 
we i ght loss of approximately 1 0 %  and a decrease of 25 to 5 0 %  
i n  the size of the testes. Histologically, t he t estes showe d 
degenerat ive changes and abnormali ties; all animals were 
considered to be sterile. TPTC treatmen t produced similar but 
less severe e ffects and 6 0  to 70 1\S s terility. However, observed 
effects may be  secondary t o  overall wei ght loss and/or possibl�  
interference wi t h  blood flow or the blood clott ing mechanism . (4J 

(e) The ovaries of  female rats ad m inistered TPTA and TPTC via 
t h e  diet (2 0 m g/kg/day) and killed at  intervals from 4 to 2 4  days 
from  the start of adm inistrat ion of the compounds were 
significantly smaller than cont rols by f ive days, and , 
h istologically, showed a d�crease in  the number of mature 
follicles and corpora lutea. ( 5) 

Results of reproduct ive and teratologica l  s tud ies pertaining to 
tricyclohexyltin hydroxide (TCH H) have been reported. No effects 
on fert ili ty, gestat ion, v iabil ity, or lactation were observed in  rats 
fed 4 to 6 mg/Kg per day for three generat ions . Female rabbits 
r eceived o ral doses o f  3 mg/Kg  per day on the 8th throu gh t he 1 6t h  
days o f  gestation. There was no evidence of i l l  effects as judged 
by cri teria of ferti lity, ges tation, viability, and lactat ion, or by 
examination o f f  et uses for teratogenic effects. C7 

-5-
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It should be emphasized that, with the exception of one of these 
studies, all studies were based upon oral administration of the 
organotin in question. Further, it should be stated these these 
were animal studies. Therefore, such studies may not be 
necessarily indicative of the hazard potential associated with 
inhalation of these compounds, nor may they be necessarily 
indicat ive of human reproductive responses to these compounds. 

7.0 OCCUPATIONAL EXPOSURE C RITERIA 

Standards for occupational exposures to organot in compounds have 
been established or recommended by the Occupational Safety and 
Health Administration (OSHA) [Permissible Exposure Limits 
(PELs)J, the A merican Conference of Governmental Industrial  
Hygienists (ACGIH) [Threshold Li mit Values (TLVs)], and NIOSH, as 
follows: 

OSHA( l l) : 
PEL 

A CGIH( l 2) : 
TLV 

0. 1 mg/m 3 (as Sn); an 8-hour, t im e-weighted 
average (TWA) 

(1 )  0. 1 mg/m 3 (as Sn); an 8-hour, TWA 

(2) 0.2 mg/m3 (as Sn); a short-term exposure 
l imit (STEL) based on a 1 5-minute sample 
period 

( 1 )  0. 1 mg/m 3 (as Sn); a 10-hour work shift i n  
a 4 0-hour  workweek T W A  criterion 

(2) 0 .0 5  mg/m3 (as Sn); an action level as a 
TWA 

ACGIH has adopted the TLVs for total organotins wi th a ''s kin" 
notat ion, a warning of the potential for percutaneous 
absorpt ion; t he TL Vs for inhalat ion exposures are based on the 
presumption tha t there is no concurren t exposure v ia  the ski n 
and oral i ngest ion routes. It should be noted that all of the 
aforementioned exposure l imits and recommendations have 
been established for organot in compounds as a group (total 
organotin,  measured as ti n); no l imits have bee n  established for 
specific co mpounds. ACGIH has, however, separately adopted 
an 8-hou r, TWA TLV, without a skin notation, of 5 mg/m 3 for 
cyhexat i n (tricyclohexyltin hydroxide) . ( 1 2 ) 

8 . 0  DESC RI PTIO N O F  INDUSTRIAL HYGIENE, M E DICA L, SA FETY, 
A N D  E N VIRON M E NTA L P ROG R A MS 

8. 1 MEDICAL P ROG RAM 

The medical program at t he Axis plant is  run  by  a local physician 
retained on contrac t  by the  plant. The medical progra m provides 

-6-
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preremployment and annual physical examinations for production 
workers. Annual physicals are conducted by the physician at a 
local clinic. 

The m edical records are kept for 30 years after termination of 
employment. 

8.2 INDUSTRIAL HYGIENE 

The industrial hygiene program is supervised by an ind ustrial 
hygienist from the corporate office. The program i s  supported by 
an air sampling program conducted by quality control employees. 
Sampling and analyses have been performed for airborne total 
organotins, dibutyl ether, and hydrogen ch loride. Airborne 
organotin concentrations were d etermined in April and May 1 9 8 2, 
and June and July 1 9 8 3. 

8.3 SAFETY PROGRAM 

The faci lity has a comprehensive safety program whic h  includes 
routine training, risk analysis and incident review. A full-tim e 
safety manager is in charge of the safety program . Program 
elements include a personal protective equipment program and a 
shoe cleaning program. Also there is a monthly meeting of  a 
safety committ ee, consisting of representatives from managemen t 
and engineering, o ffice workers, and laborers. The security guard 
briefs all  people  who enter t h e  plan t on safety instructions. All  are 
required to carry chlorine escape mouthp iece respirators. Visitors 
are required to follow all safety requirem ents and carry ch lorine 
escape respirators. 

8 .3. 1 Personal Protective Equipment Program 

Use o f  persona l protective equipment, i ncluding clothing, safety 
glasses, hard hats, shoes (rubber boot s) , and rubber gloves, is 
r equired in the pr oduction area. A sh o wer facility is provid ed and 
i t is reported that almost all production workers do sh o wer aft e r  
co mpletion o f  w o rk although i t  i s  n o t  required . 

The following types of respirators are currently prov i d ed: 

(a) organic vapor/acid gas cartr i dge with hal f facepiece i n  the 
1 00/2 0 0  and 3 0 0  areas. 

(b) s upplied air from a breathing a ir co mpressor is available in 
3 0 0  area .  All areas have bottled breathing air available . 

(c )  chlor ine gas/escape mouthpiece in the 1 0 0/200 area. 

(d) sel f-eontained breathing apparatus is available in the 1 0 0, 
2 0 0, and 3 0 0  a reas. 

-7-
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(e) acid gas/organic vapor canist ers with full f acepiece in the 
100/200  and 30 0 areas. 

Ah-supplied helmets are available for use with supplied air 
from t h e  breathing air compressor in the 10 0/20 0 and 3 0 0  areas .  

8.3.2 Shoe Cleaning Program 

There is a facility for employees to wash shoes before entering the 
office building from production areas. The intent  of the shoe 
cleaning facility  is  t o  prevent low level organotin con ta minat ion in  
the  office building from contaminated shoes. 

8.4 OTHER ENVIRONMENTAL PROG R A MS 

Most t in wast e is recycled; the sediments from the wastewater 
pond are t ransport ed to the M&T Chemicals Carrollton, Kentucky 
plant for tin reclamat ion. 

9 .0  HISTORICAL EXPOSURE DATA 

Table I presents hist orical industrial hygiene sampling d ata.  All 
samples were collected by M&T personnel during routin e operat ions. 

TABLE I 
Histor ical Industrial Hygiene Sampling Dat a 

Sampling Nu mber 
Month of Samples 

1 2/ 8 2 
1 2 /82  
4-5/ 8 2  
6/83  
7/83 

4 
2 

1 0  
4 
4 

Sampled 
Area 

2 0 0  
1 0 0/200 
1 00/2 0 0 
1 0 0/2 00  

300  

Chemicals 
Analyzed 

Average 
Concentrat ion 

(mg/m 3) 

Dibutyl ether 
Hyd rogen ch loride 
Organotins 
Organotins 
Organotins 

Non e detected  
None detected 
0 .0 3 3  (as Sn} 
0.0 3 0  (as Sn) 
0 .0 0 9  (as Sn) 

10.0 DESC RIPTION OF ENGINEERING CONTROLS 

A local ventilat ion system has been installed at the chemical 
react ion process in the 3 0 0 area; vapors exhaust through a causti c  
scrubber and solid materials exhaust to a baghouse for 
environmental protect ion .  Three fans mount ed in walls  are used 
f o r  general ventilat i on. 

The  1 0 0/20 0 area is located outdoors; processes/operations are 
under the influence  of natural ventilation. 

-8-



1 1 .0 EVALUATION SCOPE 

On March 1 4, 19 84, a personal sample was taken in the  1 0 0/200 
area for measurem ent of dibutyl ether. Sampling was also 
conducted using NIOSH Method P&CAM 368  for speci fic 
organotins--tetrabutyltin, TBTO, TBTC, DBTO, and DBTC--and 
t otal organotins; however, problems encountered in analyt ical 
instrument se t-up prevented successful analysi s of the organotin 
samples. Area samples were collected in the 1 00/20 0  area for 
m easuremen t of dibutyl ether, hydrogen chloride , and chlorine . 

On August 1 4, 1 9 84, samples were ciollected il'1  .�h e  breathing zones 
of a butyl t echnician in the  1 0 0/200  area and a' butyl technician and 
t wo butyl operators in the 300  area for measurement of  exposure 
to total organotin. Area samples were also collected in bot h areas  
for total organo t ins measurement . Sampling and analyses for 
specific organotins were not undertaken for t his survey .  In 
connection with personal and area sampling, side-by-side samples 
were collect ed to allow for an inter- laborat ory comparison o f  
results u sing the  M&T sampling and analyt ical me thod . 

1 2.0 SAMPLING A ND ANALYTICAL METHODS 

A general summary of sampling and analytical methods used for 
determining airbo rne organotins , dibu tyl ether, chlorine, and 
hydrogen chloride i s  shown in Table IL  

Compound 

Total organot in 

Dibutyl ether 

Chlorine 

Hydrogen 
chloride 

TABLE II 
Sampling and Analyt ica l Meth o d s 

Method 

M&T Sf aBdard Met h o d  
A A-62 1 4 

NIOSH P&CAM 1 2 7 ( 1 5) 

0SHA( l 6) 

NIOSH S-246( 1 7) 

-9-

, ;  
Colle1• ' fon  
Metho·5· 

Glass fi ber filter 
and X A D-2 t ube 
in ser ies  

15  0-mg act ivated 
charcoal 

0. 1 % sul famic  
acid solution  

0. 5 M  s od ium 
acet at e  soluti o n  

Analyt ical 
Met ho d  

Solvent extract i o n/ 
desorp t ion 
and AAS analys i s  

Gas chroma-
tography 

Spec i fic i on 
electr ode 

Speci fic i on 
electrode 



Samples taken on August 14, 1984 were analyzed for total 
organotins using M&T Chemicals' Standard Test Method AA-6 2. 
Samples were collected using a glass fiber filter followed by an 
XAD-2 sorbent tube. Samples were extracted with acetic acid and 
toluene and analyzed for total organotins using graphite furnace 
AAS. The manufacturer has indicated that this method is in the 
process of being validated and that details of the method will be 
published i n  late 198 5. 

1 3 .0 RESULTS AND DISCUSSION 

Sampling and analytical results are presented in Appendix A, 
Tables III through VII. 

Samples collected on August 14, 1 984 were analyzed for total 
organotins using M&T Chemicals' Standard Test Method AA-62. 
The results are presented in Appendix A, Tables III-I to III-4. All 
concentrations are expressed as milligrams of elemental tin per 
cubic meter of air sampled. Table IV summarizes the results. 

1 3. 1  ORGANOTINS 

1 3 .  l. l 3 00  Area 

1 3. 1 .2 

Analytical results of personal samples for total organotins 
ranged from 0 .02  to 0.05 mg/m3 . Results are presented in 
Table III-1 . During this survey, a 2-1/ 2-hour personal sample 
was taken of the butyl operator during the drumming 
operation. The result was 0.03 mg/m3 ; thus, there appeared to 
be no substant ial difference in airborne total organotin 
concentrations between routine butyl operator activities and 
the drum ming activity. It should be noted that air line 
respirators are worn during the drumming operation; therefore 
"actual" exposures very likely were lower than the sampling 
results would suggest. 

Results of area samples are presented in  Tables IIl-2 and 111-3. 
The highest concentration of total organotin, 0. 1 3  mg/m3 , was 
determined in the F3 0 1  area on the first floor. This 
concentration apparently resulted from the presence of 
organotin residues that were not cleaned up im mediately after 
recent maintenance activities. Results at other monitored 
areas in the 300 area ranged from 0.01 to 0.02 mg!m 3• The 
airborne 01;ranotin concentration measured on  the 2nd floor was 
0 .01 mg/m 

1 00/200 Area 

Two samples, one personal (of a butyl technician) and one area, 
were taken from the 1 00/200  area during each survey. The 
results of personal and area samples analyzed by Clayton were 
0.05 and 0.02 mg/ m3 for total organotins (as Sn) (see Table 
III-4) . 
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During this survey, side-by-side samples were collected by 
M&T Chemicals and Clayton and analyzed by their respective 
laboratories (with both laboratories using the analytical 
procedure prescribed by M&T's AA-62 method) . Additional 
details concerning the comparison of results of the side-by-side 
samples are presented in  Section I 3.3. 

1 3.2  DIBUTYL ETHER, CHLORINE, AND HYDROGEN CHLORIDE 

Tables V through VII present result s  of sampling for dibutyl ether, 
chlorine, and hydrogen chloride. A personal sample (approximately 
7 hours) obtained from a butyl operator in the 200  area indicated 
that the airborne d ibutyl ether concentration was 0. 14  ppm. There 
is no standard for occupational exposure to dibutyl ether. An area  
sample obtained i n  the 1 00 area for chlorine indicated that the 
concentration was below the detection limit of the method used. 
The OSHA PEL for chlorine is 1 ppm. This PEL is for a ceiling 
concentration . An area sample (5-1 / 2  hours) obtained in the 1 0 0  
area for hydrogen chloride indicated a concentration of 0. 0 25  ppm. 
The OSHA PEL for hydrogen chloride is 5 ppm. This PEL is for a 
ceiling concentration. 

Because the OSHA PELs for chlorine and hydrogen chloride are 
based upon shorter sampling times, the concentrations measured 
here are not directly comparable to these limits. 

1 3 .3 RESULTS OF ANALYSIS OF SIDE-BY-SIDE SAMPLES 

The analytical results of side-by-side samples collected during the 
August 14,  1 984 survey are presented and compared in  Appendix B .  
There i s  a very good agreement between the results obtained from 
both laboratories (correlation coeffic ient (Y) = 0 .97 5). 

13.4 OTHER OBSERVATIONS 

Some of the workers reportedly occasionally experience skin and 
throat irritat ion. 

1 3 . 5  WORKER POP ULATION AVAILABLE  FOR A REPRODUCTIVE 
EFFECTS STUD Y 

Based upon workplace exposure data collected and employment 
data provided by the company, there are presently 14 potentially 
exposed male employees available for inclusion in a poss ible 
reproductive effects study. Since the plant began production i n  
1 9 8 1 , the theoretical maximum length of exposure for any given 
empl oyee is approximately four years. 

1 4.0 CONCLUSIONS 

14. 1  WORKER EXPOSURES TO ORGA NOTINS 

Based on the results of the two surveys, worker exposures t o  
organotins are summarized below: 
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(a) In t he 3 00  area, t he highest concent rat ion of total organotins 
(0 . 1 3 mg!m3 ) was measured at t he F-30 1  area, i.e. ,  at t he 
southwe s t  corne r of t h e  firs t floor of  the  building. Subjective 
observation indicated t hat the area was not well cleaned after 
recent maintenance activity. There was poor ventilation in this 
area during t he s urvey and t his is an area of infrequent worker 
activity. According to the corporate industrial hygienist o f  
M&T, the area has s ince been cleaned, ventilation has been 
improved, and the area was remonitored. R emonitoring 
reportedly indicated a considerably lower concentration (0.0 2 
m glm3) . 

(b) Per sonal sample results indicated that butyl technicians and 
operator s were exposed to airborne total organoti n 
concentrat ions of 0 .0 2  to 0.05 mg!m 3 . Butyl technician 
exposures as measured during the survey were slightly hi gher 
than  those of t he butyl operators. 

(c ) Total organot in concentrat ions i n  t h e  general areas of  t he first 
floor of  the 30 0 area were 0 .0 1 to 0.0 2 mg/m3 on August 1 4, 
1 984, as analyzed by M&T Chemical's Standard Method AA-6 2. 

1 4.2 CHEMICALS OTHER THAN ORGANOTINS 

Airborne concentrations of ot her c hemical substances measured ,  
including dibutyl  et her i n  the  20 0  area, and chlorine and hydrogen 
chloride in the 1 0 0  area, were determined. Chlorine 
concentrations were below the detection limit of t he method. 
Long-t erm area s amples for hydrogen chloride and dibutyl e ther 
indicated c oncentrations o f 0.0 2 5 ppm and 1 .4 2  pp m , respecti vely . 
The OSHA PEL for hydrogen chloride is 5 ppm (as · a ceiling 
concentration); t he OSHA PEL for chlorine is I ppm (as a ceiling 
concen trat ion) . No stand ard has been established for dibutyl 
ether. Because the OSHA PELs for chlorine and hydrogen chloride 
are based upon s horter sampling t imes, the c oncentra t ions 
measured here are not direct ly comparable t o t hes e limits. 

1 5 . 0  R ECO M M E NDATIONS 

(a} To reduce t he poten t ial for exposure to ail'- or surface- b orne 
organotins, cleanup should be acc omplished prompt ly after 
ma intenance act ivity that results in visible contamination o f 
surfaces, such as the situat ion observed in the F-3 0 1 area 
during t he survey. 

(b) Comp laints of t hroat i rr i tat ion can be minimized by increased 
use of t he available respiratory protect ive equipment i n  
act ivit ies where exposure t o  potent ially i rri tat ing atmospheres 
may be ant icipated .  

1 6. 0  FEASIBI LITY OF  C O ND UCTING A REPROD UCTIVE EFFECTS 
STUDY 

A decis ion regarding t he feasibility of c onduc ting a reproduct ive 
effects study will be made following evaluation of t he information 
contained i n  t h is report by NIOSH epidemiologists. 
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APPENDIX A 

SAM PLING AND ANA LYTICAL RESULTS 



Sam ple 
Number 

A E-3 6 

X A D-2-3 6 

A E- 1 4  

XA D-2- 1 4 

A E- 1 6  

X A D-2-1 6 

Description 

TA BLE Ill - 1 

Results of Organotin A nalyses* 
M & T Che m icals, Inc. 
A xis Plant , A labama 

August 1 4, 1 984 

S am pling Period 
S tart Stop 

Sampled A ir 
Volume 

(liters) 

3 00 A rea, Personal sample, 0 8 1 7  1 628  584  
butyl techn ician 3 

3 0 0  Area, Personal sam ple, 0 8 1 7  1 62 8  5 84 
butyl technician 3 

Total of above 2 samples 0 8 1 7  1 62 8  5 84 

300  Area, personal sam ple, 1 00 2  1 530  423 

butyl operator 3 

3 00 A rea , personal sa m ple, 1 00 2  1 53 0  423  
butyl operator 3 

Total of above 2 sam ples 1 00 2  1 530 423 

300  Area, personal sam ple, 1 53 2  1 8 1 3  208  
butyl operator 3 ,  during 
d rum m ing operation 

3 00 A rea, personal sam ple, 1 53 2  1 8 1 3  2 0 8  
butyl operator 3 ,  during 
dru m m i ng operation 

Total of above 2 samples 1 53 2  1 8 1 3  208  

A irborne Organotin 
Concentrations 

(mg/ m 3  as Sn) 

0.0 1  

0 .04 

0.0 5 

0 .0 1 

0 .0 1 

0.0 2  

0.0 2  

o .o  1 

0 .0 3 

L. O .D . :  0 . 6  ug Sn per sample,  equivalent to an airborne concentration of 0 .00 1 2  mg/m3 (assum ing a 500L air 
sam ple). 

* Using M & T Chem ica ls Standa rd Test M ethod A A-62 .  



Sam ple 
Number Descript ion 

A E-06 3 0 0  A rea, area sa m ple , 
2nd floor, behind R 3 0 1  

X A D-2-06  3 0 0  A rea , area sam ple, 
2nd floor, behind R 3 O 1 

Total of above 2 sam ples 

A E-40 3 0 0  A rea, area sa mple , 
1 st floor, F3 5 l 

X A D-2-40 300 A rea, area sam ple, 
1 st floor, F3 5 l 

Total of above 2 sa m ples 

A E- 1 8 300  A rea, area sa m ple , 
1 st floor, F-3 5 1 during 
drum ming operation 

XA D-2- 1 8 3 00 A rea, area sam ple, 
1st  floor, F-3 5 1  during 
drum ming operation 

Total of above 2 sam ples 

TA BLE 111 - 2 

R esults of Organotin A nalyses* 
M & T Che m icals, Inc.  
Axis Plant, Alabama 

August 1 4, 1 984 

Sam pled A ir 
Sam pling Period Volum e  
Start Stop (liters) 

0857 1 64 1  489 

0 85 7  1 64 1  489  

0 8 5 7  1 64 1  489 

090 5 1 539  500  

0 90 5  1 53 9  500  

0905  1 53 9  500 

1 54 0  1 826 2 1 2  

1 54 0  1 826  2 1 2  

1 540 1 82 6  2 1 2  

A irborne Organotin 
Concentrations 

(mg/ m 3  as Sn) 

0 .0 0 7  

0 .004  

0 .0 1 

0 .008  

0 .003 

0 .0 1 

0 .008  

0 . 004  

0 .0  l 

L.O.D. :  0 . 6  ug  Sn  per sam ple, equivalent to  an  airborne concentration of  0 .00 1 2  mg/ m3 (assum ing a 500 L a ir 
sam ple). 

* Using M & T C hem icals Standard Test M ethod A A-62 .  



Sa mple 
Number 

A E-2 2 

X A D-2-22  

A E-3 1 

XA D-2-3 1 

Description 

300 A rea, area sam ple, 
1 st floor, F3 0 1  

300 Area ,  area sample, 
1 st floor, F30 1 

Total of above 2 samples 

300  Area, area sam ple , 
1 st floor, P-34 1  

300  A rea ,  area sam ple, 
1 st floor, P-3 4 1  

Total of above 2 sa mples 

TABLE III - 3 

R esults of Organotin Analyses* 
M & T Chem icals, Inc. 
Axis Plant, Alabama  

August 1 4, 1 984 

Sam pling Period 
Start Stop 

0 9 1 1  1 74 8  

0 9 1 1 1 748 

0 9 1 1 1 748 

0 9 1 8  1 744 

0 9 1 8  1 7 44 

0 9 1 8  1 744 

Sampled A ir 
Volume 

(Liters) 

476  

476  

476  

549 

549 

549  

Airborne Organotin 
Concentrations 

(mg/m 3 as Sn) 

0. 1 1  

0.0 1 

0. 1 3  

0.0 1 

0 .0 1  

0.0 2 

L.O. D. = 0 . 6  ug Sn per sample, equivalent to an airborne concentration of 0 .00 1 2  mg/m3 (assuming a 5�00 L air 
sample) .  

*Using M &T Chemical's Standard Test M ethod AA-62. 



Sample 
N u m ber 

A E-2 1 

XA D-2-2 1 

A E-09 

X A D-2-0 9 

TABLE III - 4 

Results of Organotin A nalyses* 
M & T C he m icals, Inc. 

Descript ion 

1 0 0/200  A rea , personal 

Axis Plant, Alabama 

A ugust 1 4, 1 9 84 

Sam pling· Period 
Start Stop 

l O l l  1 7 5 6  
sam ple , butyl ope rator 4 (lunch  time:  1 3 4 1 - 1 42 0) 

l 00/200  A rea , personal l O l l  1 7 5 6 
sa m ple , butyl operator 4 

Total of above 2 sampl es 1 0 1 1 1 7 56  

1 00/200 A rea, area sam ple , 0 847 1 63 5  
C-2 60 ,  bottom sa mpling 
port 

1 00/200  Area ,  area sam ple, 0847  1 63 5  
C-260 ,  bo ttom sampling 
port 

Total of above 2 sam ples 0 847 1 63 5  

Sam pled A ir 
Volume 

{Liters) 

498 

498 

498 

544 

544 

544 

A irborne Organotin 
Conc entrations 

(mg/m 3 as Sn) 

0 .007  

0 .040  

0 . 05  

0 . 005  

0.0 2  

0.0 2  

L.O.D. = 0 . 6  ug Sn per sam ple, equivalent to a n  ai rborne concentration of 0 .00 1 2  mg/ m3 (assuming a 500 L air 
sam ple) .  

* Using M &T Chem ical ' s  Standard Test M ethod A A-62.  



TABLE IV 
Sum mary of Organotin Results 

of  August 1 4, 1 984 Survey 

Sample 
Descriptio n 

1 00/200  Area, pf• ·:- 3onal 
sa mples , butyl t�(_hnician/ 
operator 

2 00 Area, area samp les, 
C 260 bottom sa mpling port 

3 00 Area, personal sa mple , 
butyl technician 

3 00 Area, personal  sample, 
butyl operator 

3 0 0  Area , are a  sa mple, 
F-3 0 1 

3 0 0  Area ,  area sample , 
F-34 1 and F-3 5 1  fi lters 

3 0 0  Area,  area sample , 
2nd level,  behind R-3 0 1 

3 00 Area , area sa mple, 
P-34 1 

Airborne Organotin Co ncentration 
( mg/ m3 as Sn) 

0.05 

0.02 

0.05 

0 .02-0 .03 

0. 1 3  

0.0 1 

0 . 0 1 

0 .0 2 



Sam ple 
Number 

C-1 

C-2 

TA BLE V 
Airborne Dibutylether Concentrations: 200  A rea 

M &T Chemicals, Inc. 

Description 

A rea sam ple at dibutylether sam pling 
port (there was a small leak) 

Personal sam ple, butyl operator 

Axis Plant, Alaba m a  
M arch 1 4, 1 984 

Sampling 
Period 

Start Stop 

0954 1 654 

094 6 1 650  

Sam ple 
Weight 

(mg) 

0.067 

o.o 1 4  

The l imit  of detect ion ofctibutylether was 0.002 m g  per sam ple. 

No standard for occupat ional exposure to dibutylether has been established or recom mended. 

Sam ple 
Volum e 

(Liters) 

8.85 

1 8.66  

Dibutylether 
Concentration 

(ppm) 

1 .42  

0 . 1 4  



Sam ple 
· Number 

C l 2- l  

TABLE VI 
Airborne Chlorine Concentrations: 1 00 A rea 

M &T Che m icals, Inc. 

Descript ion 

A rea sample, northside of 2nd level, 
above vent line to venturi scrubber 

Axis Plant, Alabama 
M arch 1 4, 1 9 84 

Sampling 
Period 

Start Stop 

0 9 3 3  1 643 

Sample 
W eight 

(ug) 

<4 

The li mit of detection of chlorine was 4 ug per sam ple. 

Sam ple 
Volume 

(Liters) 

447  

OSH A PEL for chlorine is l ppm as  a ceiling concentration as measured during any 1 5-m inute sampling period. 

Chlorine 
Concentration 

(ppm) 

< 0.003 



Sam ple 
Number 

H C l -1 

TA BLE Vil 
A irborne H ydrogen Chloride Concentrations at 1 00 A rea 

M &T C hem icals, Inc. 

Descript ion 

A r ea sam ple, northside of 2nd level, 
above vent line to venturi scrubber 

A xis Plant, Alabama 
M arch 14 ,  1 984 

Sampling 
Period 

Start Stop 

0933  1 50 0  

Sample 
W eight 

(ug) 

1 2 

Sample 
Volum e  

(Liters) 

325 

H ydrogen 
Chloride 

Concentration 
(ppm) 

0.0 2 5  

A merican Conference of G ov ernmental Industrial H ygienists (ACG IH) Threshold Lim it Value (TLV) for Ceiling Concentration: 
5 ppm (not to be exceeded) as measured dur ing any 1 5-m inute sampling period. 

Occupational Safety and H ealt h Adm inistrat ion (OSH A )  Perm issible Exposure Limit  ( PEL) for Ceiling Concentration: 5 ppm 
(not to be exceeded) as m easured during any 1 5-m inute sam pling period. 

The l imit  of detection ( L.O .D.)  of hydrogen chloride (H C l) was 23 ug. The sam ple was blank-corrected; weights of H Cl in the 
sam ple and a blank were 3 5  ug and 23 ug, respectively. Thus, the net amount of H Cl was 35 - 23 = 1 2  ug. 



APPEN DIX B 

DUPLIC ATE SAMPLE RESULTS ANAL YZED BY 
M&T CHEMICAL AND CLA YTO N LABORATORIES 

USING M&T METHOD AA-62 ANALYTICAL P ROCED URE 



Total Organotin Conc entrations 
( mg/ m3 as Sn) 

Sample Description M&T Clayton 

3 0 0  Area, perso nal samples, 0.0 4  0.0 5 
butyl technician 3 

3 0 0  Area, personal samples, 0.0 3 0.02  
butyl operator 3 

3 00 Area , personal s a mp les, 0 .0 4  0 .03  
dur ing drum ming 

3 00  Area , area samp les, 0.0 9  0 . 1 3  
1st floor F-30 l 

3 0 0  Area , area sa mp les 0.0 4  0 .03 
1st floor, P-34 1 

3 0 0  Area, area samples 0 .0 2  0. 0 1 
1st floor, F-35 1 

3 0 0  Area, area samp les 0 .0 2  0 . 01 
1 st floor, during drum ming 

3 00 Area, area sa mples 0.0 2 o.o 1 
2nd floor, behind R-3 0 l 

1 00/300  Area, perso nal 0 .04  0.0 5  
sa mples, butyl operator 4 

2 00 Area,  a rea sa mples , 0 .0 2 0 . 0 2  
C-2 6 0  

Correlatio n  Coefficient ( f ) = 0 . 9 7 5  




