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EXECUTIVE SUMMARY 

OCCURRENCE OF ORGANOTIN COMPOUNDS IN WATER AND SEDIMENT IN CANADA 

R. James Maguire*, Richard J. Tkacz, Y.K. Chau and Gerald A. Bengert 
Environmental Contaminants Division 
National Water Research Institute 

and 
Paul T.S. Wong 

Great Lakes Fisheries Research Branch 

Water and sediment samples from 265 locations across Canada were 
analyzed for butyltin and methyltin species, and inorganic tin. In l0 % of the 
water samples the highly toxic tributyltin species was found at concentrations 
which could cause growth retardation upon chronic exposure to a sensitive 
organism, rainbow trout yolk sac fry. High concentrations of tributyltin were 
found in some sediments (up to 10 mg Sn/kg dry weight), but the biological 
availability of sediment—associated tributyltin is unknown. Tributyltin was 
mainly found in areas of heavy boating and shipping traffic, which is consistent 
with its use as an antifouling agent in some paints for boats, ships and docks. 
The methyltin species were found much less frequently in.water and sediment than 
tributyltin and its degradation products. 

On the basis of this work and our earlier work, we conclude that the 
highly toxic tributyltin is moderately persistent in water and sediment in 
Canada (half life at least a few to several months), and that in areas of boating 
and shipping traffic there may be cause for concern with regard to chronic toxicity 
or effects in sensitive organisms. 

Management Implications 

Tributyltin is a pesticide which is used as (i) an antifouling agent in 
some paints for boats, ships and docks, (ii) a general luber preservative, and (iii) 
a slimicide in cooling water. It is 10-4000 times more toxic to rainbow trout than 
pentachlorophenol, carbofuran, copper, lead, fenitrothion, aminocarb, chlorobenzene 
and arsenic. A cursory literature search reveals that only 2,3,7,8@TCDD and 
chlorpyrifos are mre toxic than tributyltin to rainbow trout. 

As a member of the organotin class, tributyltin was listed on the 
Environmental Contaminants Act Category III list in 1979. The results of our research 
over the past five years should provide the Comercial Chemicals Branch (BPS), which 
administers ECA, with enough information to take further action. This may involve 
regulatory action under ECA or referral to Agriculture Canada for action under the 
Pest Control Products Act. This work will also be communicated to the Water Quality Branch so that they may consider monitoring for tributyltin in selected areas.
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ABSTRACT 

Water and sediment samples from 265 locations across Canada were 
analyzed for butyltin and methyltin species, and inorganic tin. In 10% of the 
water samples the highly toxic tributyltin species was found at concentrations 
which could cause growth retardation upon chronic exposure to a sensitive 
organism, rainbow trout yolk sac fry. High concentrations of tributyltin were 
found in some sediments (up to 10 mg Sn/kg dry weight), but the biological 
availability of sediment—associated tributyltin is unknown. Tributyltin was 
mainly found in areas of heavy boating and shipping traffic, which is 
consistent with its use as an antifouling agent in some paints for boats, ships 
and docks. The methyltin species were found much less frequently in water and 
sediment than tributyltin and its degradation products.
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Q , , 
, RESUM 

La contamination de l'eau et des sediments dans 265 locations an 
Canada par les especes des butyletains et des methyletains, et de l'€tain 
inorganique, est mise en evidence. Dans 10% des échantillons de l'eau, la 
uconcentration du txibutylétain est suffisamment elevee pour susciter des 
inquietudes quant A sa toxicité chronique pour les organismes sensibles. On 
a trouve des concentrations elevées du tributyletain dans des sediments aussi 
(jusqu‘a 10 mg Sn/L), mais, on ne sait pas si le tributyletain dans les sediments 
est toxique. On a trouve le tributyletain en generale dans les ports ou dans

I 
les chenauk de navigation, car le tributyletain est utilise comme un agent

I antisalissure dans quelques peintures pour des bateaux. On a trouve dess =' 

\ I . especes des methyletains dans l'eau et dans les sediments beaucoup moins souvent 
que les especes butyletains.
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INTRODUTION 

Organotin compounds are used in three main ways, yi5., as stabilizers for 
poly(viny1 chloride), as catalysts and as pesticides (1), They are a class of 
compounds about which more information is sought under Canada's Environmental 
Contaminants Act (2) regarding toxicology and environmental fate. 

The main organotin compounds which are likely to be released to the 
environment in Canada are those of triphenyltin (Ph3Sn+), tricyclohexyltin (cy3sn+), 
di-n-octyltin (Oct2Sn2+), di-n-butyltin (Bu2sn2+), dimethyltin (Me2Sn2+) and 
tri—n-butyltin (Bu3Sn+) (l). Triphenyltin and tricyclohexyltin are agricultural 
pesticides. Di-n-octyltin is used as a stabilizer in some food wrappings. Di-n- 
butyltin is used as a poly(vinyl chloride) stabilizer, as is dimethyltin, and as a 
catalyst in a number of industrial processes. Tri—n—butyltin is used as an 
antifouling agent in some paints for boats, ships and docks, as a general lumber 
(preservative and as a slimicide in cooling water. It is by far the most toxic to 
aquatic orga.n_i_sms of all organotin compounds used in Canada.

_ 

Persistence studies on prominent organotin pesticides have indicated that 
abiotic degradation generally occurs, as does biological degradation, through 
mechanisms of sequential dealkylation (3) or dearylation (4). Therefore the series 
Ph S (4-n)+ (4~n)+ (4+n)+ h - ' . (4-n)+ 

n n , CynSn and BunSn (where 1-n each case n( 4) , OctnSn 
(where n$ 2) and MenSn(’4"n)+ (where n<4) may be present in the Canadian environment. 
The last series includes tri- and tetramethyltin, which are not released per §e_to 
the environment, since methylation of tin and methyltin species has been demonstrated 
in natural water-sediment mixtures (5,6). - 

We have been interested in tributyltin because of its high toxicity, 
and in methyltin species since methylation of tin and organotin compounds may be 
important in their environmental mobility. Over the past several years we have 
developed methods of analysis for butyltin and methyltin species in water and 
sediment (7-9), reported their occurrence in a small survey of Ontario harbours 
and shipping channels (10-12), and determined the persistence of tributyltin in 
fresh_water and sediment (3,l3,l4). This article is a survey of 265 locations across 
Canada (and 7_locations in Michigan and New York State, USA) for butyltin and 
methyltin species, and inorganic tin, in water and sediment. Such a national 
survey is an essential element of the evaluation of the hazard posed by these
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compounds to aquatic ecosystems in Canada, and is one of the main recomendations 
of the National Research Council of Canada review of organotin compounds (1). 

Analyses of a much smaller number of fish for the butyltin and methyltin species, 
and inorganic.tin, are also reported in this article. 

EXPERIMENTAL SECTION 

For brevity, each of the nsbutyltin and methyltin species is referred to 
here as though it existed only in cationic form (e,g;, Bu3Sn+). This formalism is 
not meant to imply exact identities for these species in water, sediment or fish. 

Materials - 

Tetra—n-butyltin, bis(tri+n=butyltin) oxide, di-n—butyltin dichloride, 
n-butyltin trichloride, trimethyltin chloride, dimethyltin dichloride, methyltin 
trichloride, tin, methylmagnesium bromide and n-butylmagnesium bromide were from 
Ventron (Danvers, MA, USA). n-Pentylmagnesium bromide was prepared from readily . 

available chemicals. 2-Hydroxy—2,4,6-cycloheptatrien-l—one (tropolone) was from 
Aldrich (Milwaukee, WI, USA). All organic solvents were pesticide grade from 
Caledon (Georgetown, Ont., Canada). Sulfuric and hydrochloric acids were reagent 
grade, but the HCl was washed with a solution of tropolone in benzene to remove 
traces of inorganic tin. Water was doubly-distilled. 

Butylpentyltin (B11rlPe44nSn ,. where n( 4) and but-ylmethyltin (BunMe4__nSn, 
where 15 ns 3) standards were prepared by standard Grignard techniques (7,9) which 
do not result in redistribution of alkyl groups.» Particular attention was paid to 
the possibility of contamination of the n-butylmagnesium bromide and n1pentyl— 
magnesium bromide by methylmagnesium bromide, but no such contamination was evident. 
This precaution was taken to confirm that the observations of naturally—occurring 
methyltin species and butylmethyltin compounds in water and sediment were real. 

Sample Collection ' 

_ 

i Water and/or sediment samples were collected from 265 locations across 
Canada (and 7 locations in Michigan and New York State, USA) between 1982 and 1985. 
However, at only 179 of these locations were both water and sediment samples taken. 
The reasons for this are that some samples were taken as part of sampling programs 
of other agencies, and that, §,g., no sediment sample could be taken at a particular
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location because of the nature of the lake or river bottom. The small boats used 
in sample collection were not Painted with antifouling paint. 

For the butyltin species, samples (8 L) of subsurface water from a depth 
of 0.5 m were collected in amber glass bottles, and the contents were acidified 
to pH 1 and stored at 4 QC until extraction. These_preservation conditions are 
?effective over a period of at least three months (15). Sediment samples were 
collected with an Ekman dredge. The top 2 cm was scraped off into glass jars and 
frozen as soon as possible, then freeze-dried, ground and sieved to pass an 850 um 
screen. The fresh water fish were provided by the Great Lakes Fisheries Research 
Branch of the Department of Fisheries and Oceans. 

For the methyltin species, subsurface water samples of 4 L only were 
collected, and were preserved with 1400 g each of NaCl prior to storage at 4 QC. 
The sediment was collected as described above. 

Sample Analysis - Butyltin Species and Inorganic Tin 

The methods of analysis for water (7,l0) and sediment (ll) are documented 
elsewhere. In essence, they involve extraction of Bu3Sn+, Bu2Sn2+, BuSn3+ and 
inorganic tin from acidified water samples, or dry sediments, with the complexing 
agent tropolone dissolved in benzene, pentylation of the extract to produce the 
volatile mixed butylpentyltin derivatives, BunPe4_nSn, purification by silica gel 
column chromatography, concentration of the purified solution, and gas chromatographic 
determination of the derivatives (vide infra). 

The analyses of the fish required a few modifications. Whole fish (5-200 g) 
were homogenized in a blender, and the homogenate was dispersed in concentrated . 

HCl (l6) with l0 mL HCl per g of homogenate. Practically complete solution at room 
temperature was usually effected in less than 2 hr with magnetic stirring. Higher 
temperatures and longer stirring times should be avoided. The resulting mixture 
was diluted five-fold with water, then extracted in the same way as the water samples 
described above. Success in breaking emulsions and in lipid removal was achieved 
by using large quantities of Na2SO4 during the drying stage before derivatization, 
and by using 3% water+deactivated silica gel in the final cleaniup, rather than the 
activated.silica gel used in the water and sediment analyses. - 

Determination of the BunPe4_nSn derivatives from extracts of water, sediment 
and fish was done by packed column gas chromatography with a quartz tube furnace
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atomic absorption spectrophotometric detector (8). Considering that a fairly 
specific detector for tin was used in the analyses,.identities of the butylpentyltin 
species were deemed to be confirmed by co—chromatography with authentic standards 
on two column packing materials of very different polarity. 

In the quantitation of the analytes, use was made of appropriate reagent 
blanks. The results reported in this article are all above the limit of 
quantitation (LOQ), which is defined (17) as the reagent blank value plus ten times 
its standard deviation. In practice, for our work this is equivalent to stating 
that a chromatographic peak was not accepted as real unless it was at least 2-3 
times as large as any corresponding peak in the reagent blank. 

Recoveries of Bu3Sn+, Bu2Sn2+ and BuSn3+ from spiked water samples at 1-10 
mg Sn/L varied from 96 t 4 to 103 i 8% (7). Recoveries of Sn(IV) from water at pH 
5-8 were poor (35 1 23%), probably because of the formation of unextractable SnO2 
(3). Recoveries of the three butyltin species and inorganic tin from spiked 
sediment at 0.01, 0.2, 1 and 100 mg Sn/kg dry weight ranged from 55 t 26 to 180 t 
100% (ll); in general, however, recoveries were quantitative within a fairly wide 
range of experimental error. From lake trout (Salvelinus namaycush Walbaum) Spiked 
with each species at 0.02~O.lO mg Sn/kg wet weight, recoveries of Bu3Sn+ were 94 * 
14 to 104 i 12%; of Bu2Sn2+, es 1 11 to 83 1 4%; of BuSn3+, 55 i 10 to 63 i 5%; 
of Sn(IV), 21 i ll to 97 i 2%. Although the method described above was developed 
for lake trout, it is reasonable to assume that it would be equally as effective 
for other fish. 

The concentrations of butyltin and methyltin species, and inorganic tin, 
in water, sediment and fish reported in this article have not been corrected for 
recovery. 

Although Sn(IV) was the only inorganic tin species for which recoveries 
were determined, the tin present in our water, sediment and fish samples is reported 
as total inorganic tin, since any Sn(II) which might have been present would likely 
have been oxidized to Sn(IV) during pentylation. ' 

Sample Analysis — Methyltin Species 

The method of analysis for water is documented elsewhere (9). In essence, 
4 r-- '

. 

it involves extraction of the three methyltin species, Me3Sn+, Me2Sn2+, MeSn3*, and 
inorganic tin, from the NaCl-preserved water samples with tropolone in benzene,
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butylation of the extract to produce the volatile mixed butylmethyltin 
derivatives, BunMe4_nSn, and determination of the derivatives by packed column gas 
chromatography with a quartz tube furnace atomic absorption spectrophotometric 
detector. 

In the determination of the methyltin species and inorganic tin in sediment 

l g of freeze—dried sediment was mixed with 10 mL H20, 6 g NaCl, 1 g KI, 2~g 

sodium benzoate and 5 mL of 0-5% (w/v) tropolone/benzene solution, and the mixture 
was shaken for 2 hr. Phases were separated by centrifugation, and l mL of the 
benzene phase was butylated and analyzed as described above for water. 

In the determination of the methyltin species and inorganic tin in fish 
(i,g., sole, MicI9stQmus pacificus Lockington), 2 g of homogenate was digested in 
5 mL of 20% tetramethylammnium hydroxide in a capped test tube in a water bath at 
60 °C for l~2 hr until the tissue had dissolved to a pale yellow colour. After 
the solution was cooled, its pH was reduced to 6-8 with 50% HCl, 2 g NaCl and 3 mL 
0.5% (w/v) tropolone/benzene were added, and the mixture was shaken for 1 hr. Phases 
were separated by centrifugation, and l mL of the benzene phase was butylated and 
analyzed as described above for water. 

The comments made above with regard to confirmation of identity of the 
butyltin species, and their limits of quantitation, are also generally applicable 
to the methyltin species. Recoveries of the three methyltin species and Sn(IV) from 
water, sediment and fish were generally quantitative. Determinations of Sn(IV) by 
the butylation technique agreed well with determinations by the pentylation 
technique, . 

-
, 

RESULTS 

_Butyltin Species and Inorganic Tin in Water 

. Table 1 shows concentrations of the three butyltin species and inorganic 
tin in unfiltered water and the top 2 cm of sediment at 272 locations (five locations 
were sampled twice). Details of the sampling locations are given in the Appendix. 

‘~' - The most important species to consider is tributyltin since the toxicity 
of butyltin species declines substantially with decreasing number of butyl groups 
(18). In subsurface water, tributyltin was determined reliably (i:§., at
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concentrations greater than its limit of quantitation) in 43 of 221 samples. In 
general it was found in areas of heavy boating or shipping traffic, which is 
consistent with its use in some antifouling paints for boats, ships and docks. The 
highest concentration of tributyltin found was in Port Hope, Ontario (2.34 ug Sn/L). 
This concentration is about one quarter of the 24 hr LC~50 value for adult rainbow 
trout (19) and in addition it exceeds the 12 d LC—l00 value of 1.83 ug Sn/L for 
rainbow trout yolk sac fry (20). At another 7 locations the tributyltin 
concentration was less than 1.83 ug Sn/L but greater than 0.37 ug Sn/L, a 
concentration which was found, over a period of 110 d, to cause a significant and 
dose-related growth retardation in rainbow trout yolk sac fry (20). At a further 
13 locations the tributyltin concentration was less than 0.37 ug Sn/L but greater 
than 0.07 ug Sn/L, a concentration at which growth retardation of rainbow trout yolk 
sac fry over 110 d was observed, but was significant only during the last few weeks 
of the exposure period (20). Therefore in 21 of these 43 locations at which 
tributyltin was determined reliably, there may be cause for concern with regard to 
chronic toxicity or effects in sensitive organisms. These 21 locations represent 
10% of all locations at which water samples were taken. 

- The aqueous tributyltin concentrations reported in this survey are similar 
to those found earlier in Ontario waters (10), but are generally higher than those 
in seawater in England (21), rivers and lakes in Switzerland (22), and San Diego 
Bay, USA (23). ’ 

Dibutyltin was found in 27 of our 221 water samples. It could be 
introduced to water itself since dibutyltin compounds are used as poly(viny1 chloride) 
stabilizers, or it could be a degradation product of tributyltin, which is perhaps 
more likely since tributyltin was found in l9 of the 27 locations at which dibutyltin 
was found. Monobutyltin was found in 33 of 221 water samples. To our knowledge, 
monobutyltin compounds are not used commercially in Canada, so the monobutyltin 
found in water is probably a degradation product of dibutyltin. The inorganic tin 
found in water may be present naturally, may be introduced in inorganic form, and/or 
may be a degradation product of organotin compounds. 

Butyltin Species and Inorganic Tin in Sediment 

The sediment results are also shown in Table.l. Tributyltin was determined 
reliably (i;§., at concentrations greater than its limit of quantitation) in 78 of 
235 samples. In general the pattern of its occurrence in sediment was similar to
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its pattern of occurrence in water. The ten highest concentrations of tributyltin, 
up to 10.8 mg Sn/kg dry weight, were all found in different parts of Vancouver 
Harbour. The toxicological significance of sediment-associated tributYltin is at 
present difficult to assess. Tributyltin appears to be adsorbed moderately strongly 
to sediment and very little was desorbed from undisturbed sediment over a period 
‘of 10 months (14). The biological availability of sediment-associated tributyltin 
has yet to be established. Preliminary results indicate that oligochaete worms (i) 
can accumulate sediment—associated tributyltin, thus making it potentially 
available to bottom-feeding fish, and (ii) can degrade tributyltin. 

There are few other data with which to compare our sediment results. With 
the exception of the high concentrations in Vancouver Harbour, the concentrations 
of tributyltin in sediment reported in this survey are similar to those found 
earlier in Ontario (10), and to the concentration in one Japanese river sediment 
(24), but generally exceed those of four Swiss lake sediments (22). 

Dibutyltin was found in 61, monobutyltin in 47 and inorganic tin in 100 
of our 235 sediment samples. _

‘ 

Methyltin Species in Water and Sediment 

Table 2 shows concentrations of the three methyltin species in water and 
sediment in the only locations at which they were found (concentrations of inorganic 
tin are shown in Table 1). The methyltin species were found much less frequently 
than the butyltin species, i.e., in only 7 of 221 water samples and 21 of 235 
sediment samples. The findings in water are in marked contrast to our earlier 
findings in Ontario (10), in which MeSn3+ and Me2Sn2+ were found in 28 of 30 water 
samples. The concentrations observed in water in this survey are, however, similar 
to those observed before in Ontario and in a variety of natural waters elsewhere 
(25-29). As far as the sediment results are concerned, the high concentrations of 
MeSn3+ in some harbours in New Brunswick (up to l7 mg Sn/kg dry weight) is noteworth 
Even without considering the New Brunswick results, the concentrations of the three 
methyltin species in sediments in this survey are significantly higher than those 
observed in other areas (29). As with tributyltin, the toxicological significance 
of sediment-associated residues of methyltin species is unknown. It should be borne 
in mind, however, that methyltin species in water are far less toxic to aquatic 
organisms than is tributyltin (18,30).

Y.
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Butyltin and Methyltin Species, and Inorganic Tin, in Fish 

Table 3 shows concentrations of butyltin and methyltin species, and 
inorganic tin, in fish. Water and sediment samples were not taken at the same time 
as the fish were caught. Only 18 fish were analyzed, so it is difficult to ~ 

generalize on the results- Inorganic tin was found frequently in the fish. The 
only fish which contained tributyltin were from harbours, which is at least 
consistent with the findings in water and sediment. 

‘Naturally—Occurring Butylmethyltin_QQmpQunfiS in Water and Sediment 

Our earlier finding of Bu3MeSn and Bu2Me2Sn in the sediments of four 
harbours in Ontario at relatively high concentrations with respect to Bu3Sn+ and 
Bu2Sn2* prompted speculation that methylation of butyltin species in aquatic 
environments may be a significant pathway of transformation (ll). This survey has 
shown, however, that butylmethyltin compounds were found only infrequently in water 
and sediment. The results, for the only locations at which these compounds were 
found, are shown in Table 4. The compound Bu3MeSn, for example, was determined 
reliably in only 7 water samples and 1 sediment sample, compared with 43 water 
samples and 78 sediment samples for Bu3Sn+. In general, Bu3Sn+ concentrations were 
greater than Bu3MeSn concentrations in water and sediment in locations at which both 
species were found. Therefore, although it is likely that the butylmethyltin 
compounds resulted from the methylation of butyltin species in water or sediment 
(ll), this survey demonstrates that such methylation is not in general a significant 
pathway of transformation of butyltin species. Support for such a conclusion is 
provided by our recent work on the biological degradation of tributyltin in water 
and sediment (14). The species Bu3MeSn, Bu2Me2Sn, MeSn3+ and Me2Sn2+ were observed 
but appeared to be present in minor amounts relative to those of Bu3Sn+, Bu2Sn2+, 
BuSn3+ and inorganic tin. '

‘ 

Table 4 also shows that tetrabutyltin was found rarely in water and 
sediment. It may result from the disproportionation of other butyltin species, or 
it might be introduced to water as a contaminant of some pesticidal tributyltin 
formulations. i

' 

DISCUSSION 

Methyltin Species
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The occurrence of methyltin species in water and sediment may be a result 
of the use of dimethyltin compounds as poly(vinyl chloride) stabilizers, and/or 
the result of the methylation of inorganic tin and methyltin species, either 
biologically or abiotically (5,6,3l,32). Within the limits of the analytical method 
used in this survey, methyltin species were only infrequently found in water and 
zsediment. On the basis of these data alone we cannot.determine the origin of the 
methyltin species. 

Despite the fact that methylation of inorganic tin in water and sediment 
is a slow process (with a half life probably Tfl>l y - ref. 6), it should not be 
discounted as a significant phenomenon over long periods of time since the process 
converts tin to forms which are both more toxic and, more importantly, more mobile 
in aquatic environments. 

Butyltin Species 

This discussion will be limited to tributyltin since it is the most toxic 
of the butyltin species (18). 

The hazard posed by tributyltin to an organism in water or sediment may 
be viewed as a function of its toxicity and its concentration and persistence in 
water or sediment. 

Tributyltin is highly toxic to aquatic organisms. For copepods (33,34), 
mussel larvae (35), crab larvae (30), lobster larvae (36), sheepshead minnows (37), 
bleak (33), guppy (38) and rainbow trout (l9,20) lethal concentrations are in the 
range 0.04—l6'ug Sn/L. Most of the available data on toxicity are for marine 
organisms, and although it is reasonable to assume that tributyltin would be equally 
as toxic to fresh water organisms, more information is needed on its toxicity to 
fresh water organisms. In addition, in view of the high concentrations of 
tributyltin in sediments in Vancouver Harbour, the biological availability of 
sediment—bound tributyltin should be investigated. 

On the basis of our work on the degradation of tributyltin in fresh water 
and sediment (3,l4), it appears that the main factors limiting its persistence are 
sunlight_degradation in water and biological degradation in water and sediment, and 
with the temperatures and sunlight intensities prevalent in Canada, the half life 
of tributyltin is likely to be at least a few to several months.
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With regard to the finding of tributyltin in water, it should be noted 
that no attempt was made in this work to determine the partitioning of tributyltin 
between suspended solids and "solution" since the solids/water partition 
coefficient (KP = 3.x 103 ug/kg/ug/L) at a suspended solids concentration of 10 mg/L 
indicates that most tributyltin is associated with the aqueous phase of the_water 
column and very little is adsorbed onto suspended solids (39). For the purposes 
of this work, therefore, it is assumed that all the tributyltin in the water 
colun is bioavailable and potentially toxic‘to aquatic life. This work has shown 
that in 10% of the 221 locations from which water samples.were collected, there may 
be cause for concern with regard.to chronic toxicity or effects in sensitive organisms 
The affected areas are mainly those that have heavy boating or shipping traffic. 
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Subsurface Water and the Top Two cm of Sedimenta 
Table 1. Concentrations of Butyltin Species and Inorganic Tin in Unfiltered 

N Location Water (ug Sn/L) 
Bu3$n+ Bu2Sn2+ BuSn3+ Tin 

Sediment (mg Sn/kg) 
Bu3Sn+ Bu2Sn2+ BuSn3+ Tin 

BRITISH COLUMBIA 

Nanaimo Harbour 
Tsehun Harbour 
Deep Cove 
Patricia.Bay 
Esquimalt Harbour (1) 

Esquimalt Harbour (2) 

Victoria Harbour (1) 

Victoria Harbour (2) 

Vancouver 
Vancouver 
Vancouver 
Vancouver 
Vancouver 
Vancouver 
Vancouver 
Vancouver 
Vancouver 
Vancouver 
Vancouver 
Vancouver 
Vancouver 
Vancouver 
Vancouver 
VBIICOHVGI 
VBIICOIIVG 1‘ 

Vancouver 
Vancouver 
Vancouver 
Vancouver 

Harbour 
Harbour 
Harbour 
Harbour 
Harbour 
Harbour 
Harbour 
Harbour 
Harbour 
Harbour 
Harbour 
Harbour 
Harbour 
Harbour 
Harbour 
Harbour 
Harbour 
Harbour 
Harbour 
Harbour 
Harbour 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

(20) 

(21) 

det. det. det 

det. det. 0.12 

det. det. 0.01 
det. det. det. det 

x x 
x x 
x x 
x x 
x 

V

x 
X . X 
X X 

det. det. 
X - X 
X X 

X X 
X X 
X X 
X X 
X .X 

X X 
X X 
X X 

X X 
X X 
X X 
X X 
X X 
X X 
X X 

det. 
x x. 

X X 
det. det 
x x 
x x 
x x 
x x 
x x_ 

X X 
X X 
X X 

0.18 

0.14 
1.40 

0.24 
det. 
0.02 

0.15 
0.08 
0.11 
0.05 
0.02 
0.12 
2.18 
0.35 
1.90 
7.35 
2.78 
2.12 
0.51 
0.26 

0.57 
0.05 

det. 
0.08 

0.02 
0.70 

0.28 

d€t. 

0.04 
0.02 
0.09 
0.03 
det. 
0.07 
0.39 
0.03 
0.90 

0.90 

0.22 
0.04 

0.30 

0.04 

det. 
0.32 

0.15 

d€t '. 

0.02 
det. 

0.02 
0.28 

0.21 

det. 

0.03 
det. 

0.24 
0.02 
0.22 

0.70 

1.70 
0.08 
det. 

0.32 

0.01 

0-19 
1.74 

0.12 
0.60 
det. 

det. 

0.19



Table l cont'd 
No. Location 
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Water (ug Sn/L) ,Sediment (mg Sn/kg) 
BU35n+ Bfi25n2+ BuSn3+ Tin Bu3Sn+ B'u2Sn2 BuSn3+ Tin 

30 Vancouver 
31 Vancouver 
32 Vancouver 
33 Vancouver 
34 Vancouver 
35 Vancouver 
36 Vancouver 
37 Vancouver 
38 Vancouver 
39 Vancouver 
40 Vancouver 
41 Vancouver 
42 Vancouver 
43 _Vancouver 
44 Vancouver 

Harbour 
Harbour 
Harbour 
Harbour 
Harbour 
Harbour 
Harbour 
Harbour 
Harbour 
Harbour 
Harbour 
Harbour 
Harbour 
Harbour 
Harbour 

(22) 

(23) 

(24) 

(25) 

(26) 

(27) 

(28) 

(29) 

(30) 

(31) 

(32) 

(33) 

(34) 

(35) 

(36) 

X X X 

x x x 
x x x 
X X X 
x x x 
0.01 

x x x 
x x x 
x x x 
x x x 
x x x 
x x x 

45 False Creek det. 
46 Fraser R. 
47 Fraser R. 
48 Fraser R. 
49 Fraser R. 

50 Fraser R, 
51 Fraser R. 
52 Fraser R. 
53 Fraser R. 
54 Fraser R. 

55 Fraser R. 
56 Fraser R. 
57 Fraser R. 
58 Fraser R.

1 .1... -_.-. 
59 Fraser R. 
60 Fraser R. 
61 (Fraser R. 

(1) 

(2) 

(3) 

(4). 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

X X X 

X X - X . 

X X X 
X X X 

0.01 0.01 
X X X 

X X X 
X X X 

X X X

x 
3.42 
x 
x 
X
x 

det. 
det.

3
x
x
x
x
X

X 

x

x
x 

12.69 
x

X
X

X 

0.17 
0.02 
1.50 
0.31 
‘2.60 
3.26 
0.35 
0.28 
9.32 
0.08 
0.09 

10.78 
4.41 
2.59 
0.19 
0.06 
det. 
det. 
0.01 
det. 

det. 

det. 

det. 

0.02 
0.04 
det. 
det. 

0.40 
0.03 
0.56 
0.11 
0.12 
1.60 
0.29 
0.20 
7.10 
0.03 
0.03 
8.51 
3.03 
0.s7 
0.16 
0.03 

det. 
0.04 
det. 

det. 
det. 

det. 

0.06 

"det. 

0.23 
0.02 
0.08 
0.02 

0.29 
0.17 
0.04 

det. 
3.36 
0.20 

0.05 
det. 

0.01 
det. 

det. 

det. 

0.28 
det. 

0.03 

0.95 
0.60 
det. 

0.02 
0.11 
0.14 
0.18 
0.36 

0-35 
0.05 
0.06 

0.08 
det. 

det. 

0.02 

0.06



Table_l contfd 
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Bu3Sn+ Bu2Sn2+ BuSn3+ Tin Bu3Sn+ Bu2Sn2+ BuSn3+ Tin 

62 Fraser R. 
63 Fraser R. 
64 Fraser R. 
65 Fraser R. 
66 Fraser R. 
67 Fraser R. 
68 Fraser R. 
69 Fraser R. 
70 Fraser R. 
71 Fraser R. 
72 Fraser R. 
73 Fraser R. 
74 Fraser R. 
75 Fraser R. 

76 Fraser R, 
77 Fraser R. 
78 Okanagan L 

(11) 

(18) 

(19) 

(20) 

(21) 

<22) 

('23) 

(24) 

<25) 

<26) 

<21) 

<28) 

<29) 

(so) 

(31) 

(32) 

. at 
Penticton 

79 okanagan R . at 
.tPenticton 

ALBEREA 

80 North Saskatchewan R, 0.21 x x x x 
at Devon (1) 

81 North Saskatchewan R. 
- at Devon (2) 

82 North Saskatchewan 
" at Edmonton 
83 North Saskatchewan 

“'abo$e Fort 
Saskatchewan 

84 North Saskatchewan 
at Fort 

a Saskatchewan (1) 

det. 
X X X X 
X X X X

I 

X X X X 
X X X X 
3- X X X 
X X X X 

det. 

det. det. det. 0.07 
0.06 
0.01 

det. det. det. det. 0.02 0.03 0.01 0.02 
x x x x

I 

x x x x 
0.01 

.x x x x 
x x x x 
x x x x 

0.02 

0.03 

det. 0.04 
det. 

0.43 0.23 

h det. 

0.02 

det.



Table l cont'd “ No. Location 

l8 

Water (ug Sn/L) Sediment (mg Sn/kg) 
Bu3Sn+ Bu2Sn2+ BuSn3+ Tin Bu3Sn+ Bu2Sn2+ BuSn3+ T1n 

85 North Saskatchewan 
at Fort 
Saskatchewan (2) 

86 North Saskatchewan R. 

below Fort 
Saskatchewan 

87 North Saskatchewan 
at Pakan 

88 North Saskatchewan 
near Myrnam 

89 North Saskatchewan 
near Alcurve 

90 .Bow R. above Calgary 
91 
92 
93 
94 

Bow R. at Calqary 0 Bow R. below Calgary 
Oldman R. at Lethbridge 
South Saskatchewan R. 

at Medicine Hat 

SASKATCHEWAN 

95 North Saskatchewan R. at 
Nor-th Bat-t-le ford (,l,) 

96 R. at 
(2) 

R. 

North Saskatchewan 
North Battleford 

97 North Saskatchewan 
near Borden 

98 North Saskatchewan R. at 
Prince Albert (1) 

99 North Saskatchewan R. at 

{‘il“} 

100 

' Prfhce Albert (2) 

South Saskatchewan R. 
at Saskatoon 

R. 0.04 

R. X X X X 

R. X X X X 

R. X X X X 

0.23 

0.01 0.11 0 l7 

det. 

X X X X 

0.02 

X‘ X X X 

0.93 det 

det. det. 0.05 

X X X X 

X X X X



Table 1 cont'd 
NO. Location 

Bu Sn+ Bu2Sn2+ BuSn3+3 
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Tin 
Water (ug Sn/L) Sediment (mg Sn/kg) 

Bu3Sn+ Bu2Sn2+ BuSn3+ Tin 

101 

102 

103 
104 
105 

South Saskatchewan R. 

below Saskatoon 
Qu'Appelle R. at Fort 

Qu'Appelle 
Qu‘Appel1e R. near Welby 
Wascana Cr. at Regina 
Saskatchewan R. at 
Nipawin 

MANITOBA 

106 

107 
108 
109 
110 
111 

Saskatchewan R. at The 
Pas 

Souris R. at Coulter 
Red R. at Selkirk 
Red R. above Winnipeg 
Red R. below Winnipeg 
Red R. at Emerson 

ONTARIO 

112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 

Wabigoon R. at Dryden 
Wabigoon R. at Minnitaki 
Wabigoon R. (l) 

Wabigoon R. (2) ' 

Clay L. (1) 

Clay L. (2) 

Wabigoon R. (3) 

Thunder Bay (1) 

Thunder Bay (2) 

Thunder Bay (3) 

-Kanlirliistiquila R. 

Nipigon-R. 
Terrace Bay 

', 

det. 

det. 

0.02 

0.01 

0.01 
0.08 

0.64 
0.49 

0.12 

det. 

0.02 
0.01

\ 

0.07 

det. 

det. 

det. 

0.03 

0.05 

0.25 
0.19 
0.03 
0.15 

det. 
0.15 

3.58 

0.64 

0.05 

0.94 

0.10 
0.18 
0.25 
0.85 

4.20 

2.90 
2.10 
2.11 
0.41 
8.29 

00 

0.22 

X X X X

X 
X-

X

x 
0.04 
0.01

X 
X
X 

0.07
x 

0.03 
det. 

' X X X

x
X
x 
1.15 
0.27
x 

0.33 

0.01 

3.90 
0.01
x



No. 
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Location 
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water (ug Sn/L) Sediment (mg Sn/kg) 
Bu3Sn+ Bu2Sn2+ BuSn Tin + 3+ 

B\l.35I1 Buzsn“ Busn Tin 

125 
126 
127 
128 
129 
130 
131 
132 
133 

134 

135 

136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 

148 
149 
150 
151 
152 

Marathon (1) 

Marathon (2) 

Marathon (3) 

Turkey L. (l) 

Turkey L. (2) 

Turkey L. (3) 

Turkey L» (4) 

Turkey L. (5) 

St. Marys R. at Sault 
Ste. Marie (1) 

St. Marys R. at Sault 
Ste. Marie (2) 

St. Marys R. at Sault 
Ste. Marie (3). 

Blind R. 
Elliot L. 
Spanish R. 

Georgian Bay 
Simon L. 
Kelley L. 
Ramsey L. 
Elbow L. 
Nepewassi L. 
Ashiqami L. 

Kukagami L. 
L. Nipissing at North 
Bay 

L. Muskoka 

0.02 
det. 
0.09 
0.05 
det. 
0.08 

1.68 

0.11 

0.57 
det. 

det. 
det. 

0.02 

0.04 

0.04 

0.01 
det. 
det. 

0.09 

det. 

det. 

det. 

det. 
det. 

0.01 
0.93 

0.05 
det. 

0.06 
det. 

0.01 
det. 

det. 

0.01 
0.03 

L. Simcoe at Barrie det, 
Collingwood Harbour 
Owen Sound Harbour 
L. Huron (1) 

1.08 

0.16 
0.03 
0.06 

0.02 

0.01 

0.0m 
0.56 
0.31 
0.49 
0.50 
1.60 
4.69 

1.36 
0.17 
0.72 
0.91 

0.02 
2.54 
1.84 
0.59 

X X X 

0.07 0.09 

0.10 

x x x 

0.02 

x x x 
0.01 0.01 det. 
0.03 

0.22 
x ' x x 

0.02 0.24 
0.32 

0.58 4.73 

0.21 2.50 
0.04 

x ‘x x 
x x x 
x x x 

0.71
x 

6.38 

1.09 
1.90 
0.01 

15.50 

10.30

X 

1.15 
7.62

X 

0.48 
0.32
x 

1.54 
0.42 
4.40 
6.11 

0.99 
0.58
x
X
X



Table 1 cont'd 
o. N Location ' Water (ug 
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+ 2+ Bu3Sn Bu2Sn 
Sn/L) Sediment (mg Sn/kq) 
BuSn3+ Tin Bu3Sn+ Bu2Sn2+ BuSn3+ Tin 

153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 

176 

177 

178 
179 0 180 
181 

L. Huron (2) 

St. Clair R. (1) 

st. Clair R. (2) 

St. Claif R. (3) 

St. Clair R. (4) 

St. Clair R. (5) 

L. St. Clair (1) 

L. St. Clair (2) 

L. St. Clair (3) 

Thames R. 

Detroit R. (1) 

Detroit R. (2) 

L. Erie (1) 

L. Erie (2) 

Port Stanley 
Port Dover 
Nanticoke 
Grand R. (1) 

Grand R- (2) 

Grand R. (3) 

Grand R. (4) 

Niagara R. at Fort Erie 
Niagara R., Chippawa 

Channel 
Niagara R. at 

on—the—Lake 
Niagara R. at 

on—the—Lake 
Welland Canal 
Welland Canal 
Thorold South 

Niagara- 
(l) . 

Niagarae 
(2) 

(1) 

(2) 

0.05 

0.22 
0.02 det. 

0-10 
det. 0.04 

det. 

0.29 
0.07- 

0.20 
0.01 

det. det. 

det. det. 
St. Catharines (1) . 0,03 

det. 

0.03 
det. 
0.01 
0.01 
0.03 

0.01 

1.89 
det. 

det. 

det. 

0.82 
1.13 
0-39 
0.04 
0.76 
1.11 
1.06 
2.67 
6.67 
0.44 
4.40 

2.22 
27.20 
1.66 
1.72 
0.14 
0.04 
0.22 
1.06 
0.07 

0.08 

0.06 

1.79 
0.02 
1.91 

X X 

X X 
0.01 det 
X X 
X X 

X X 

X X 

X X 
X X 

0.04 0.01 det. 

X X X X 
0.01 
0.01

x 

det. 
X
x 

X
X 
IX

X 

det 
0.0

X 

det
x
X 

X
X
X
X

1 

X X 

det 
x X 
X X 

X X 
X X 
X X
X X
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Water (ug Sn/L) _ 

_ 

Tsediment (mg Sn/kg) 
Bu3Sn+ Bu2Sn2+ BuSn3+ Tin Bu3Sn+ Bu2sn2+ Busn3* Tin 

182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
l93 
194 

‘ill, 
195 

' 196 
197 
198 

199 

200 

201 

202 

203 

204 
205 

{“Il’ 
206 
207 

St. Catharines (2) 

Port Weller 
Credit R. 

Humber R. 
Toronto Harbour (1) 

Toronto Harbour (2) 

Don R. 
Toronto Harbour (3) 

Whitby (1) 

Whitby (2) 

Port Hope 
Cobourg 
Moira L. 
Moira R. 
Belleville 
Kingston Harbour 
St. Lawrence R. at 
Maitland (1) 

St. Lawrence R. at 
Maitland (2) 

St. Lawrence R. at 
Cornwall (l) 

St. Lawrence R. at 
Cornwall (2) 

St. Lawrence R. at 
Cornwall (3) 

St. Lawrence R. at 
Cornwall (4) 

L. Timiskaming 
Sasaginaga L. 

det. 
0.03 
det. 

0.03 

0.24 
1.72 
0.10 
2.34 
det. 

0.01 
0.01 

0.05 

0.01 

det. 

Ottawa R. at Chalk River 0.52 
Ottawa R. at Arnprior 

0.01 

det. 

0.01 

0.01 
0.74 
0.06 
0.04 
0.01 

1.36 

0.02 

0.59 

0.11 

1.60 
1.21 

0.34 

6.46 

2.00 
0.42 37.20 
0.01 
0.28 

0.01 

3.04 
9.90 
9.87 
0.42 
0.27 
0.55 
0.03 
0.83 

1.32 

0.34 

0-19 

0-01 

0.08 
0.41 

0.23 

X X X 
0.01 0.01 
0.01 det. 
det. 

0.11 
0.04 

4 

0.07 
0.02 0.03 0.01 

0.01 0.09 
0.16 0.22 . 0.40 

0.02 0.02 
0.03 0.15 0.27 

'0.15 0.21 

0.02 0.03 

0.01 det. det. 

det. det.

X 

5.70 
2.97 
1.55 
0.39 
0.43 

1.42 
1.74 
0.48 

0-12 
2.11 
1.34 

0.40 

0.66 

6.80 

det. 
0.19 
1.26 
2.56



No. Location Water (ug Sn/L) 
+ 2+ 3+ 
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Bu3Sn Bu2Sn~ BuSn Tin 
,Sediment (mg Sn/kg) 

Bu3Sn+ Bu2Sn2+ BuSn3+ Tin 

208 
209 

Ottawa R. at Ottawa 
Ottawa R. at Chute a 
Blondeau 

MICHIGAN, USA 

210 Detroit R. 0.57 

NEW YORK STATE, USA 

211 
212 
213 
214 
215 
216 

Buffalo Harbor 
Buffialo R. 
Niagara R. (1) 

Niaqaxa R. (2) 

Gill Creek 
Niagara R. (3) 

QUEBEC 

217 

218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 

231 

Ottawa R. at 
Temiscaming 

0.36 Schyan R.
V 

Ottawa R. at Thurso’ det. 
Ottawa R. at Montebello 0.02 
Lac des Deux Montagnes det. 
Lac Saint—Louis (1) ‘det. 
Lac Saint—Louis (2) 

Lac Saint-Louis (3) det. 
Lac Saint—Louis (4) 0.02 
Sainte—Catherine lock 
Saint—Lambert lock (1) 

Saint—Lambert lock (2) 

Cana1_de la Rive Sud 

0.08 

St. Lawrence R. at 
Lonqueuil 

0.01 

0.01 0.02 

1.82 

0.09 

0.02 0.02 

0.32 
0.87 

0.02 

0.08 
5.50 
1.06 

0.07 

0.01 
2.36 
0.06 
det. 
det. 

0.02 
0.10 

St. Lawrence R. at 0.03 0.07 0.04 4.70 
Montreal (1) 

0.09 0.03 det. 0.01

X

X

X 

XI

X
X 

0.06 
0.04 

0.30 
0.02 
0.03 
0.16
X 

0.02 

0.03

X

X

X

X 

X
x 

det. 
0.01 

0.28 
det. 
det. 
0.08
x 

det. 

0.08

X

X 

x.

X 

X
X 

0.09 

det. 
0.04
x 

0-l8 

'X

x 
0.05 

X

x 

0.11 
X
X 

0.33

x 

2.29



Iable l contfd 
No. Location Water (ug Sn/L) Sediment (mg Sn/kg) 

Bu3Sn+ Bu2Sn2+ BuSn3+ Bu3Sn+ Bu2Sn2+ BuSn3+ Tin 

24 

Tin 

232 

233 

234 

235 
236 
237 
238 
239 
240 
241 

242 

243 
244 

245 

246 

NEW 

247 

248 

249 

250 
251 

St. Lawrence R. at 
Montreal (2) 

St. Lawrence R. at 
Montreal (3) 

St. Lawrence R. at 
Montreal (4) 

Montreal Harbour (l) 

Montreal Harbour (2) 

Montreal Harbour (3) 

Montreal Harbour (4) 

Montreal Harbour (5) 

Montreal Harbour (6) 

Richelieu R. at St.- 
Jean d'Iberville 

Richelieu R. at Ville— 
de-Tracy 

St. Francois R. 

St. Lawrence R. at 
Quebec (l) 

St. Lawrence R. at 
Quebec (2) - 

Louise Basin at Quebec_ 

BRUNSWICK 

Saint John R. at 
Quisibis 

Saint John R. at 
Maugerville 

Kennebecasis Bay at 
Renforth 

Saint John Harbour 
Dalhousis Harbour 

det. 

0.04 

2 0.71 X 

0.03 

det. 0.62 0.21 0.19 
det. , 0.18 

det. 

det 

0.04 
det. 
det. 
0.17 
0.01 

det. 

0.14 

0.04 

0.06 

1 0.62 

X X 

0.35 
0.04 
0.02 

0.37 
0.07 
det. 
det. 

det. 
0.10 K 0.05 
det. 

0.02 

0.03 0.01 

det. det.

X 

det. 

0.81 

8.30 
0.03 

det. 
det. 

0.06 

0.15 0.26 

0.10
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Table 1 cont'd 
No. Location Water (H9 Sn/L) Sediment (mg Sn/kg) 

2+ 3+ + 2+ 3 - Bu3Sn+ Bu2Sn BuSn Tin Bu3Sn Bu2Sn BuSn + Tin 

252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 

Bathurst Harbour 
Lameque Harbour x x 
Shippegan x x 
Miramichi R. (1) 

Miramichi R. (2)
_ 

Escuminac Harbour x x 
Point Sapin x x 
Richibucto Harbour 
Cap Lumiere x x 
Chockpish R. x x 
St. Edduard de Kent x x 
Buctouche Harbour 
Shediac Bay 
Cap Pele x x 
Murray Corner x x 
Cape Tormentine 

PRINCE EDWARD ISLAND 

268 Charlottetown Harbour 

NOVA SCOTIA 

269 
270 
271 
272 

Pictou Harbour 
Port Hawkesbury Harbour 
Sydney Harbour 
Halifax Harbour 

NEWFOUNDLAND . 

273 
274 
275 
276 
277 

Port—aux—Basques Harbour 
Stephenville Pond 
Argentia Harbour 
Conception Bay’ det. det. 
St. John's Harbour 

0.02 . det. 1.71 0.05 
X 0.08 
x 0.18 

0.01 det. 
0.02 det. 0.03 
x 0.08 
x 0.16 

0.18 
x 0.19
x
x 

5.27

X
X 

det. 

det. det. 0.14 
det. det. 
0.01 0.01 
det. det.. 

0.19 

det. 
_ 

det. det. 
0.03 

aPrecise sampling locations are described in the Appendix. Concentrations in
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Table 1 cont'd 

sediment are in dry weight terms. "Blanks" mean below limit of detection (LOD — 

‘ref. l7), "det." means that a species was detected but its concentration was 
below the limit of quantitation (LOQ - ref. 17), and "x" means no sample. For 
sample sizes of 8 L for water and 10 g dry weight for sediment, the LOQ values 
for each species are about 0.01 fig Sn/L and 0.01 mg Sn/kg dry weight, respectivel 
LOD values were generally about one third of LOQ values. ~



Table 2. Concentrations of Methyltin Species in Unfiltered Subsurface Water 

27 

and Top Two cm of Sedimenta 

No. Location H Water (ug Sn/L) _a_ 
u 

- “Sediment (mg Sn/kg) 
2+ + + 2+ 3+ Me3Sn+ Me2Sn 

_ 

MeSn3 Me3Sn Me2Sn MeSn 

7, 

18 
35 
36 

BRITISH COLUMBIA 

Victoria Harbour (1) 0.15 0.08 
Vancouver Harbour (10) 

Vancouver Harbour (27) 

Vancouver Harbour (28) 0.18 0.12 

ONTARIO 

115 
116 
146 
165 
166 
171 
183 
186 
191 
197 
198 

201 

Wabigoon R. (1) 

Clay L. (1) 

Kukagami L. 
L. Erie (1) 

L. Erie (2) 0.06 
Grand R, (2) 0.02 
Port Weller 0.03 
Toronto Harbour (l) 

Whitby (2) 

Kingston Harbour 0.14 
St. Lawrence R. at 
Maitland (1) 

St. Lawrence R. at 
Cornwall (2) 

MICHIGAN, USA 

210 Detroit R. 0,06 

QUEBEC 

0.02 
0.03 

0.10 
0.10 
0.75 
0.11 

0.08 

0.17 

225 Lac Saint¢Louis (4) 0,02 
..

_ 

235 Montreal Harbour (1) 0_Q1 

det. 

0.17 

0.01 
0.02 

0.13 

0.01 
0.02



Table 2 cont'd 
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No. Location Water (ug Sn[L) n Sediment (mg Sn/kg) 
Me3Sn+ Me2Sn2+ MeSn3+ Me3Sn+ Me2Sn2+ MeSn3+ 

NEW 

253 
254 
257 
258 
260 
261 
262 
265 
266 

BRUNSWICK 

Lameque Harbour 
Shippegan Harbour 
Escuminac Harbour 
Point Sapin 
Cap Lumiere 
Chockpish R. 

St. Edouard de Kent 
Cap Pele 
Murray Corner 

10.87 
10.16 
9.62 

11.62 
17.19 
10.67 
2.86 
2.47 
5.65 

aPrecise sampling locations are shown in the Appendix. Concentrations in sediment 
are in dry weight terms. "Blanks" mean below limit of detection (LOD — ref. l7) and 
"det." means that a species was detected but its concentration was below the limit of 
quantitation (LOQ — ref. 17). For sample sizes of 4 L for water and 10 g dry weight 
for sediment, the LOQ values for each species are about 0.01 ug Sn/L and 0.01 
mg Sn/kg dry weight, respectively. LOD values were generally about one third of LOQ 
values. The concentrations of inorganic tin are shown in Table l.

v
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Table 4. Concentrations of Tetrabutyltin and Mixed Butylmethyltin Compounds in 
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Unfiltered Subsurface Water and the Top Two cm of $edime_nta 

No. Location Water (uq_Sn/L) .3... Sediment (mg Sn/kg dry weight) 
Bu4Sn Bu3MeSn Bu2Me2Sn BuMe3Sn Bu4Sn Bu3MeSn Bu2Me2Sn BuMe3Sn 

119 
132 
136 
155 
156 
168 
176 

183 
187 
189 
194 
196 
204 
206 

208 

:QNTARIO 

Thunder Bay (1) 

Turkey L. (5) 0.12 
Blind R, 
St. Clair R. (2) det. 
St. Clair R. (3) 

P0rt nover~ ' 

Niagara R. at 
Niagara—on—the- 
Like (1) 

Port Weller 
Toronto Harbour (2) 

Toronto Harbour (3) 

Moira L. 
Belleville 
L. Timiskaming 
Ottawa R. at Chalk 0.02 

River 
Ottawa R. at Ottawa 

MICHIGAN; USA 

210 Detroit R. 

QUEBEC V 

218 
220 

231 

Schyan R. 
Ottawa R. at 
m‘Montebello 

0.12 
0.15 
det. 
0.22 

0.12 

det. 
0.21 

0.18 

0.31 

0.03 

0.07 

0.11 
det. 
det. 
det. 

0.03 
det. 

det. 0.04 

X' .X X X 
d€t.' 

det 

0.02 det. 

det. 
det. det. 

St. Lawrence R. at det. 
Montreal (1) 

det. 
0.01 

aPrecise sampling locations are shown in the Appendix.» "Blanks" mean below limit of_
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Table 4 cont'd 

detection (LOD - ref. l7), "det." means that a species was detected but its 
concentration was below the limit of quantitation (LOQ - ref. 17) and "x" means 
no sample. For sample sizes of 8 L for subsurface water and l0 g dry weight for the 
sediment, the LOQ values for each species are about 0.01 ug Sn/L and 0.01 mg Sn/kg 
dry weight, respectively. LOD values were generally about one third of LOQ values.



O@"HH\ON\w\Qw®H Om_HH\ON\m\Q@®H 

OH\QwmH 

mV“OH\ON\®\W®mH Om"OH\ON\@\¢mmH ONdOH\ON\®\¢w®H NH“OH\ON\m\W®@fi mO“OH\oN\m\Q®@H wmhmO\ON\@\WwQH Om"®O\ON\®\W@®H 

OH\¢Q@H 

§H\OH\¢®mH hH\QH\$QmH

_ 

OH\Q@®H OH\¢®mH 

OO“WH\HH\OH\QmmH 

JE_m\@H\OH\WQ@H _Eim\@H\OH\Qw®H 

OH\¢@@H

QQm Om OH OH0

_ 

OHQ 
m_MH

QQ W_w ®_NH @_OH 

OH NHQ ¢_w 

£00“ 

EOHM

E 
OOH 

_CflmmM0w\mwMfl%mH£m_H0>50oGfi> 

x00” 

HQGGH 

EON“ 

EHOH 

_GflmmM0w\w©hM%mHsw_H®>DODGM> 

m©HM>mH£m 

HQ>DOUCM> 

>pHHHUMu 

OCHGMOH 

HMO 

_H®nE§q 

Mwq 

GHOSW 

EON“

E 
OOH 

_H0nE5q 

Mug 

®HO£m 

EON“

E 
on 

_H0nE§g 

Mug 

oHO£m 

EOHM’E 

mfl 

_H0nE5q 

Mud 

w0>Hfi£3 

H$>50uCd> 

m0>HMg3 

H0>DOoCM> 

wQ>HM:3 

HU>50uCfl> 

Qmufihm 

Uuflw 

mCOHq 

MO 

gmfla 

pfiflfim 

uC0E“fi0Hp 

wmfiswm 

HMO 

_m3OHH@z 

umhfim 

“M 

uUHGH 

@HMHH5m 

pGfiOm 

0m0m 

HMO 

_H50nHM= 

Hwmmm 

¥CHOm 

W@®:mcOm 

U56 

pGHOm 

HMO£m 

MHMS 

_H50nHMm 

HmGGH 

wxOQm 

QmMHHH> 

WHO 

U>OU 

®U=M#mGOU 

CH 

m©GfiHWH 

mfigmCH 

MO 

£¥HOG’%Mm 

Hwmaflfim 

CH 

wUOGUflOm 

CMUOO 

MO 

Up5#HHmCH 

pd 

“HMS; 

“MO 

_wCMHwH 

H@>DOUCm> 

*“mHiH 

£DfiGMMm 

VUGMHMH 

H0>BOOSM> 

_u0HGH 

£UHGMMm 

©CMHmH 

HU>5OOCd> 

_MGHHM2 

£OHCMmm 

£uHOz 

gw 

¥OQm 

GOUMUm 

HM

6 
“adv 

ggonumm 

HHV 

Msonumfl 

Amy 

H5OnHmm 

Amv 

HDOnHMm 

“fig 

H5OQHMm 

AQQ 

H50nHMm 

Amy 

HDOnHQm 

Aqv 

H50nHMm 

Amy 

HSOQHME 

ANV 

HDOQHME 

Adv 

Hponhmm 

HQ>5OOCM> HQ>5OUCM> HQ>5OUGM> H0>5OOGM> HU>SOUCM> H0>5OUGM> H®>5OOCM> H0>5OUGM> H®>§OOG@> H0>5OUGM> H$>5OUGM> 

ANV 

HDOQHME 

MfiHO#UH> 

“AV 

HSOQHME 

MHHO#UH> 

ANV 

H50nHMm 

_HV 

H5OnHMm 

pfifleflflwmm 

Hfldafiflwmm 

>Mm 

MHOMHUMQ 

0>OU 

QQUQ 

H5OQHMm 

Cflswma

N 

H50nHdm 

OEMMGMZ

H 

4Hm2DQOUflEmHBHmm 

__~_ 

U960 

E 

_£HmQQ 

mfiflflgwa 

GOMHMOOQ 

poz 

,MflOHuNUOA 

mifldgaflm 

MO 

MHMMDUD 

.Xfi@GQmm¢



Om"©H\©N\®\W®®H ON"wH\ON\w\¢m@H OH"@H\ON\®\W®@H m¢"mH\ON\m\#@®H O¢"mH\ON\Q\Wm@H 

OH\Qw®H OH\Qw®H 

mNfimH\ON\®\W®@H OO“mH\ON\m\W®mH Ofi“WH\ON\w\@w®H ONfiWH\ON\w\¢wmd 

OH\¢QmH 

OO“¢H\ON\®\WwmH OOhmH\ON\w\fiQmH Om“NH\ON\w\fi@mH 

mq"NH\ON\m\W®@H 

OW"NH\ON\m\¢®mH mW"NH\oN\w\¢wmH ON"NH\ON\Q\Wm®H QH“NH\oN\®\¢w@H OO”NH\ON\®\¢QmH Om"HH\ON\@\Q®®H 

1 

OH\QmmH 

m}FB PH maMWMN ON m_mQMQ QH OM NH ON mdW WN HHON 

QHO£m 

EON“

E 
ow 

_©HM>mH£m 

mCOH£OG02 

_m_g 

0HO£m 

EOHM

E 
om 

fiwhflwmfinm 

mCQH£OGOE 

_m_§

/ 

_U:m 

HmHm>_UHw°m 

mH:OQHmm 

HMCOHQMZ >EH®uCM> 

wHQqHfi5nmHsw_®GHHMs 

_U_m 

mH®©HH5nmH£mAQGHHM2 

_Ujm 

mwHM>mH£w 

mflflflhwgm 

muflmamfism 

mflfifihwgm 

MuHMHuw 

3OB>fim 

_@pq 

mUHfl%mH£mHOpOE5mpmz 

WH0@HH5Qmfl£m 

wwflfiafi 

m@Hm>mH£m_UMHm;HUm 

m©HM>mH£m 

UHH4 

Hflm 

Ehwwflflag 

mfimgfiguwg 

WHMCHEHUB mflmcfiaflwa MHMGHEHOB 

Qflgpmflz 

Ywflfiumwz 

wG5pg®z_ 

>0G5pmmz 

’mMOU _mHOu _mHOU _mHOU 

_©uq 

QHOQWGNHH 

MMmm_QuH£3 

,m3OHHmwM©HMHH5m vW3OHHfiM_©HMHH:m _m3OHHMw’UHMHHDm 

m3OHHMN4©HMHHSm 

_vmV fimmv émmv AHMV Aomv Amflv Ammv Abmv fimmv Ammv AQNV hmmv ANNV AHNV fiomv Amfiv Amfiv AFHV Awflv fimflv éwfiv _mHV émav 

H5OnH@m H50nHMm HDOnHfim HDOQHMm H50nHMm HDOQHNE H5OnHmn HDOnHMm MDOnHflm HSOQHNE H5OQHdm H50nHMm HQOQHME H5OQHmm HDOQHMm HSOQHMI H5OQHfim H50nHMm H5OQHMm H50gHMm H50nHfim H50nHMm H50gHMm 

H0>5OUGfi> M¢>5OUGd> HU>5OOGM> H0>5OUCM> HQ>dOUGM> H0>5OUCM> H0>5OOGM> H@>§OOCM> HU>5OOflM> HQ>5OOGM> HQ>DOUCM> H®>5OUGM> H@>5OOGM> H0>5OOCM> HU>5OOGM> HU>5OOCM> 

VH¢>5OOflM> 

HU>lOUGd> HQ>5OOGd> HU>§OUGM> 

HU>5OOCM>v 

'H0>5OUGM> 

Hw$dOOnd> 

Nfi HQ Ow mm mm Fm Wm mm ¢m Mm NM QM Om GN QN §N QN mm ¢N mN NN HN ON 

UHMQ 

E 

_£#fiwO 

mfififiuwn 

Gowumooq 

OZ 

w_uGOO 

Nfiqflflmmé



Omym€\NN\m\Qw@H m¢”mH\NN\®\¢®mH mH“W€\NN\®\WmmH 

OH\V®mH 

OO"mfi\NN\®\W®mH 

OH\V@mH OH\V®®H 

m@"®O\mN\®\VQmfl mm”mO\mN\®\¢m®H 

OH\Wm®d 

OH9OH\mN\@\VmmH 

OH\q®@H 

QN"OH\mN\®\W®@H mN”OH\MN\Q\QwOH 

_ 

OH\Q®®H 

OO“HH\mN\Q\WmmH 

OH\Vm@d 

mNqHH\mN\w\Q®GH 

OH\Ww@d OH\V®mH OH\W®mH OH\VwmH 

OQqWH\ON\®\W®mfi 

m 

_mH®UHH5m 

#MomH@HO£m__m_m 

_HQGGfl£U

0 

_@Hfi>mfl£w 

£mDOHOQmG00§a 

kfiwflflfiflo 

M 

Hfiflmmm 

GQHQMOMHQMM 

0GHHM2>‘HQGCM£U 

N 

pflmfim 

HGQEpM®Hp_UmM3wm 

HMO 

_H®GflMnU 

wfiUMCqm 
mfiOfiGG4 WHUMGG4 mHUMG:€ 

m 

mflflfifiehwa 

HmMOUvOHMHOMm 

“HO 

Hwmflm 

u¥OUm 

HMO 

_UCMHmH 

HMHQOQ 

MO 

£pHOE

m 

UMQm 

0GH>m 

HMO 

Q 

NQHM 

x00“ 

CH 

§UHM%mfi£w 

UM: 

EOE 

m 

H0>HH 

Ou 

QUCMHHGO_uM 

_UHM>mfi:w 

Ufiz_EOH

Q 

qhdwmfisw 

OM: 

EOE 

HMO 

m 

m§OHU 

UGMHMS 

HQwMHm

Q 

UHM>mH£m 

“H26: 

GnOh

m 

UHM%mfl£m 

%HCM2 

G505

w 

Uhfixmflsm 

“H562 

C£Ofi

m 

HQQUW 

MHQMQQ 

“MO 

_”CMHWH 

HHU£Upfiz 

MO 

£p5Om 

m_¢ 

fi:HHfl2A0HMUQN0®%m 

w 

Um©HHm 

mflfiflq 

Hflspflm 

“O 

Em®H“mG3OU

E 

OOH 

¢

_ 

HMO 

Q 

M©HM>mfi£m 

Uflhflwu 

HMO 

W 

ywGGHmH 

MCOH 

“M 

HGMHQ 

aflwspmwhu 

Qmflgww 

“MO 

¢ 

UmUHHm 

GHMHHDM 

MO 

}EHm 55H“ _EM¢ 

~_EM¢ 

flan‘ _EM< ‘EH4 _EH< _EM4 _Ehm _Eum _EH< _E“€ _EM€ _Eu4 “M60 

sfluoz £8802 £PHoZ :U“oZ SUHOZ SUHOZ 
ISPHOZ 

£PHoZ sfiuoz £#H0Z £HH°Z SUHOZ SUMOZ JPMOZ 
gflgoz

E 
CON 

F 

UCMHWH 

CMEUMQO 

WHO 

mwmflfin 

@CHHOwMm 

Ommm 

“EM 

MHSU 

CUUSDQQ 

m’ 

0HO£m 

EOHM

E 

OOH 

_wHfi>mH£w 

mGOH£DCQz__m_3 

“GNU Amfiv Awfiv A§HV AQHV Amgv Aqflv AMHQ ANHQ Aflfly AOHV Amv Amv Abv Amy Amy Avv _mv fimv Adv 

‘m 

HowMHh 

mo 

im 

H0wMHm 

Q0 

‘M 

Hwmflflm 

mw 

‘M 

HUmMHm 

Nw 

_m 

HmmMHm 

Ho 

_m 

Hflmflflh 

‘Gm 

_m 

H0wUHm 

mm 

_m 

HQWMHM 

_mm 

_m 

“®mMHm 

hm 

_m 

Hwwfihm 

mm 

_m 

Mwmflhm 

mm 

_m 

HQMMHM 

qm 

_m 

HWWMHM 

mm 

_m 

HUmfiHm 

Nm 

_mvH0mMMm 

Hm 

_m 

Hmmfluh 

om 

_m 

H®mMHm 

mq 

_m 

HUmMHm 

mv 

_m 

Hfimmflm 

fiq 

_m 

HQwfiHm 

mw 

x®0“U_UmHMm 

mq 

Ammv 

H50nHmm 

H@>5OUflM> 

vq 

Ammv 

H50nHm:_H0>$bOGM> 

mq 

mflmfl 

E 

_£pm@Q 

mfififipwo 

GOfi%MUOg 

_Oz 

UiuGOU 

Nfi©GUmm<



OH\W®@H 
m\M@®H 

_ 

Ofi\V®@H ¢fi\Qm@H OH\W®®H 

@m"OH\NN\®\WQmH O@“OH\NN\®\wQ®H mH@OH\NN\w\Q®mH 

OH\V®®H 

ON“HH\NN\®\WQmH 

Od\v@@H 

O¢"HH\NN\m\VmmH 

OH\Q@mH 

mM“QH\NN\m\¢@mH Om"VH\NN\w\$m@H ON_NH\NN\Q\¢®mH 

_Nv 

GO>UQ 

HM 

>vH 

@m©fiHQ 

ow 

‘*3: 

“M 

_m 

Cd3Q£UgM¥mMm_£pH°z 

Hm 

%H£ 

CO>0Q 

“M 

QOUHHQ 

ow 

_>3E_“m 

_M 

cmswgofimgmmm 

£uuoZ 

ow

V 

GHMNQH4 

COuUHQGOm 

A 

mpD:UOHm 

“mUHOh 

©OO3CUUHw 

“M 

“M 

_m 

Gflmflflfixo 

G5 

COuUHpCQm

M 

¥HMQ 

WUfiwH0>Hm_wmO 

W 

ommm 

MMO 

_Hwg=m£U 

>Hw:cdU 

ANMV AHMV Aomv 

Q 

wH0xHME_H@CGM£U_fl003pQn 

_mQHHH@h 

,U_m 

_£UMOm 

©Hfl3@OO3 

w 

HQCGM:O 

HO 

OHQUHE 

_mQHHHOm 

_U_m 

_£OMQm 

©HM3@O03 

UHO£m 

Q 

EON“

E 
on 

_£HHUQ 

UH@wfiE’_mUfiHH0m 

_U,m 

_£UMQm 

UHM3©OO3 

_N 

MGHHME 

QM 

_wCMHMH_mfimQ 

MO 

£Q50w 

HGNV _@Nv A§Nv _©NV 

HH 

AMNV

¢ 

swgofiw 

cmmhwwcjw 

_H0=:w£U”mHHH>mHg=4 

6@NV 

HH 

ANN“ 

mfi Hv 

Hfifimwm 

#MOm‘GHUHm 

Op 

Ewpw 

MO 

xUO© 

QM 

§H0flGm£U 

MHOGGGQ 

Q 

®HO£m_EOHM 

EVON 

_wM0wHH5m 

HMOQ 

“Mm 

umwz 

s£UMQm 

©GQm0>MHw 

M 

whflqfififim 

gflOm 

awn 

Hm®3__£UmUm 

©C0m0>flHU 

wiflwflfiflnmflgm 

OpH> 

_:OM@m 

apfiu 

xUOQ 

%QHH5m 

_HUGGM£U 

UHHH>UHGGm 

HMGHEMQB 

QCMHMZVMHUMCGG 

~HOGGfl£U 

UHHH>@HGC4 

UM 

_q 

Gfimfiflflxo 

ANNV 

_m 

AHNY 

_m_mmmmHh 

®§ FF QB mfi 

‘m 

Hmwfiflh 

‘m 

Hwwflhh 

‘M 

HQMMHM 

_m _m 

u®mMHm 

v§ ME N§ HP OF mm 

_m 

Hmmmhh 

mm BO Ww 

Hwmflhm 

_m 

H@mMHh

V 

‘M 

HUmMHm 

_m 

H0mMHm 

_m 

Hwmfiflm Hwmflhh 

Qgmfl 

E 

_£UmwD 

mHHmPwD 

GOWHMOOQ 

‘Oz 

U_pGOU 

Xfluflwmmfi\



Ofi\¢mmH OH\Ww@H OH\Qw®H 
©\mm®H w\MmmH ®\mw@H 

OH\¢w@H 
®\mwmH 

OH\¢w®H OH\¢wmH OH\Wm®H 

H 

Qmwflhn 

NN 

_>3m 

MO 

EM@HHmG30©

E 
oom 

>H@mHMU 

3OHUQ,_m 

30m

H 

wCmHWH 

m_QOCHHm 

3DHUn 

whflmflfiu 

“M 

_m 

30m

H 

xhflm 

mmUG3Om 

MO 

EMQHQMQD 

xflwpflflfimsfifi 

>HflmHfiU 

0>Ond 

_m 

30m 

_HNN 

Umcm 

w@zm%_U=m 

Vmm

a 

UMOm 

mH£mC3OB 

MO 

GOH“OQmHUpGH 

Op 

QwOHU 

_EMUHuM¢3OU 

Ex

M 

HQQHUW 

SHQHH 

Um

H 

Uwwuflm 

SHGHH 

Um 

H 

0m©flHQ 

mm 

‘ham 

pm 

H 

gwwhpm 

suom 

“MO 

_H@>HH 

M°_0UHm 

SUQOW 

0>H5UH<_HMOG 

GM3U£UuMxmMw 

;HHOz 

E¢CH>:,NMOG 

CM3wsOHMxmMm_£uHOz 

Gmgfim 

um 

GM3Q£U“MxmMm 

£pHOz 

GM3U£UpM¥mMm 

uHOh 

3OH0n 

CM3@:UuM¥mMm 

g“HOz 

ANV 

QM3Q:UuMxwMm 

“Hob 

gm 

‘M 

=M3w£UpM¥wMw 

:uHOz 

AHV 

GM3U£O#M¥mMm 

“HOQ 

UM 

CM3U£OpM¥mMm 

SHHOZ 

G630£OufixmMw 

uHOm 

@>OQM 

CM3@sUgfi¥wMmv£pHOz G0pCQEqm 

pm 

CM3w£Opfigwmw_£pMOz 

‘UQMD 

E 

_£UmUQ 

MHMGQOQ

_ 
coflumuoq 

U_uCOU 

XHQG

mm



mWuNH\¢H\Hfi\V®mH 
OO“NH\mH\Ofi\¢®mH mH“OH\QH\Hfi\WmaH OO“mH\O@\OH\¢wmH mH"®H\Om\OH\Ww@H mW“OH\Om\OH\fiw@H 

@\mQ®H Q\mw@H 

Om 
_“ 

:\g\S\gg 

Q\Mmmfl 
OH\V®@H 

vOH\W®mH 

QUUHHQ 

OH 

_>3$ 

Um 

mGHmmOHU 

>HHwM 

gm“ 

_>3i 

PM 

QUQHHQ 

u0¢Hpm 

GCNQ 

MO 

Edwhummfl 

QmUHHn 

>fi3HMMH 

GEM 

Qmqfihn 

N 
_>3= 

MO 

Efiflflpmmfi 

HGMHQ 

pC@EuMUHg 

Qwflzwm 

Mifiwwm 

MO 

EM¢H“mc30© 

Mfifimwm 

UM 

_HU 

MCMOmN3 

Qmwflhn 

Cow 

_>3: 

UM 

kgflwg 

H005 

_m 

0HHQmm€_5a 

QHHmmm<_sa 

UHOM 

Um 

‘M 

wfiHwmm4_:a 

GOOgMxmMm_3OH0n 

_m 

GM3U£OpMxwMm 

:p5Om 

GOOpMxmMw 

ufl 

‘m 

Gd3UnOpw¥mMm 

:g50w 

ANV 

Hhwnfié 

QUCHHQ 

QM 

_®mUflHn 

wflsflflfih 

Q26 

Qm©HHn 

N 
‘>3: 

MO 

EMQHuwm5 

_m_Cd30£UpMxMMw>£uHOz 

“Hy 

uH®QH¢ 

QOGMHQ 

“M 

_m 

CM30£OgflxmMw_£pHOz 

CUUHOQ 

HMUG 

_m 

Gd3w£UuMxmMm 

£“HOz 

Amy 

UHOMOHUUMQ 

SUHOZ 

H 

mmufigfi 

QH 

_>3G 

Um 

Um 

_M 

cdsmgofiwxmmw 

SUHOZ 

AHVAUgoMwHU#mfl 

:PuoZ 

0mwHHn 

QH 

_>32 

“M 

pm 

_m 

GM30£UuMxwflm 

g“HOz 

VOH “OH NOH AOH OOH mm Wm Nw QM mm 

Z€3mEUB4Mm<m 

ufim 

UCHUHUUZ 

gm 

H 

0m©HHg 

H 
_>3m 

HO 

Emwflpwmfl 

_m 

Cd30£UpMxwMm_£u50w 

Wm 

H 

Umwflfln 

660m 

HHUHB 

mD|mOO£3 

pm 

Qmwfiflnzuwq 

gm 

_m;¢mEUHo 

mm 

wfimfl 

E 

_£umQQ 

mfififlgwa 

GQWUMUOA 

_Oz 

u_pCOO 

Nfigflmmmg



F\Nw@H §\N®mH §\N®®H F\N®@H F\N®mH §\NQmH 
VN\N®mH 

§\N®mH h\NQ@H §\NQ@H

_ 

F\NQmH 
OH\Wm@H 

OO”mH\OH\OH\Q®mH OO"NH\wH\OH\Wm@H mH"mH\QH\OH\Q@®H mQ”mH\mN\OH\W®®H mN"@O\mH\OH\¢w®H 

®\mwmH 

I

‘ 

N_ 

£p5OE 

H0>HH 

‘m 

mfisqufipmflflfifix

M 

Kflflm 

GOIWWWHS 

MO 

EHOC 

Ex

H

H 
_ 

_OU_Hwmdm 

finflgfinfi 

pm 

mwwn 

GOMHMHHHMM 

WHO

E 
om 

N 

_OU 

mHU>H0m0Hm 

@003 

GHU:pHOz 

EOHm_UHO£WHuO

E 
on 

m 

WHHMM 

_m 

GO>flMU 

“M 

_q~>MHU 

HO 

EM0HpmG3OU

m 

EH0 

£uMQG

Q 

Qfiwwfig 

N 

‘Q 

>mHU 

O“ 

QUGMHQGU 

Q 

_QmvfiHg 

mofi 

_>3m 

“M 

%m€ %N€ %Hy lmg ANY %H€

M 

Um©HHn 

MMO 

flxdpfiflflfiz 

UM

Q 

HHHE 

Mn__U5UOHm 

U_MOHO_m 

_m9_m_H 

Q6090 

MO 

_EdUHU_wC30mv

E

H 

Qmwflhn 

mm 

lika 

“M 

N 

Um©fiHn 

£u5Ow 

Hwpwsfihflm 

Hod 

‘>31 

“M 

H 

_mmuHHQ 

£guOG 

HUpQEHMQm 

HOH 

_>gm 

“M

H 

Qm©HHQ 

WON 

_>3m 

ufi

H 

Qmwfifln 

HWN 

_%3m_#M 

H 

UDUHHQ 

>M3HHMH 

wCd_Qm©HHQ 

OH 

_>3m 

HO 

E60HpmG3Ow 

cwqwufl 

pm 

“Mm 

Hflwifisa 

“Mm 

Hwwflflgp 

“Mm 

Hwqflflga 

_N_ 

Gsgfig 

5 
___H 

>20 

AH? 

_A 

“GHQ 

_M 

flOOmfin$3 

_M 

GOOmHnM3 

_M‘GOOmfinM3 

_M 

GOOUHQMS 

NNH HNH ONH QHH wflfi PHH Wfifi @HH ¢HH MHH NHH 

OHM<BZO 

VGOMHUEN 

pm 

‘m 

mam 

mwmfiflflflz 

3OH@n 

_m 

wmm 

UUQHCCHS 

Q>OnM 

_m 

_v0m 

xHflgHQm 

gm 

_m 

U0“ 

_ 

HUuH5OU 

pm 

_m 

mfiH5Om 

mfim

’ 

0% 

“M 

‘NH 

§3@£U“MxwMm 

HHH Ofifl QOH mOH “OH ®OH 

€mOBHZ€S 

Cfigfimflz 

UM 

_m 

qdawflngfixwfim 

mod 

_0uwD 

E 

_£pmUQ 

mfiflfluwo

_ 

GOHQMUOQ 

’°z

Q _ 

“COO 

NHmvG®mm¢



§\Nw@H F\Nm0H F\N@mH B\N®®H F\NQGH F\N®®H §\Nw®fi F\N@@fi F\Nw@H §\N®@H fi\N®®H F\N®mH F\N®mH §\Nw@H F\N®@H §\N@@H §\Nm@H P\Nm@H §\N®@H 

F 

Qxfifi 

MO 

UHUUHE 

_>H5Q©Dm 

MO 

¥M@3£pDOm 

Q 

_UxMH 

wO 

Qfifiwfia 

_%HgnU5m 

HO 

QwQ3£pDOm 

Qm©MHn 

>M3HHMH 

EON“

E 
Om 

HUGflM£U 

HH 

mfifimmfigm 

CH 

\©CMHmH 

GHHSOQHGMS 

_gG®HH5U_UHpUfig 

um

M 

0 
_>3m 

GO 

QwgHHn 

£pMUCOg__MHOGMmmm 

“M 

OH 

QHGQHE 

M 

_@gA 

HMQHUDZ 

OQMHOQ 

Hm 

MO 

WQQHQ 

piwfifiwuw 

MO 

EMQH“mC3oc 

mfificfififln 

m0OH50mQm

m 

HMH5uMz 

MO 

xhgmfiflfiz 

OHHMQCO 

EOHH 

QHO;wHMO

E 
CON 

m 

QHHM 

_mHOU 

Hwwpm 

MEOmHm 

OH 

QOCfiHgC0 

pm 

m 

_pm 

COMO“ 

HO 

EflUHgmG30w

E 
OOH 

H5560 

HQ30m 

CH 

Q 

UHGUHE 

QH 

QHGGHE 

Q 

UHUUHE 

OH 

®H@@fiE 

NH 

m_H§___ 

E 

_OU 

GNU 

GMOHHQE4 

gm 

“H633 

HMO

E 
OH 

Q 

‘GU 

EMU 

SMOHH®E< 

MO 

QCQUHMHU 

cfi 

N 

_OU 

GNU 

G@DHH®E€ 

MO 

gflwflfimmw 

CH

H 

HHHE 

Hwmmm 

mid 

amflm 

EOHM 

mGfi3OHM 

uflwflflumw 

SH 

HH 

HHME 

“Ham 

mo 

pG0§HmM0_CH__gOQm 

um“ 

HO 

EmQHumC3oU 

Ex

H 

Amv 

fifismm 

Um ANQ AH“ 

UHSMW 

Um 

_g 

>UHHQ¥ 

‘A 

COEHw 

“Mm 

GGHWHOQU 

_m 

Smflflfimm 

“A~pOfiHHm 

‘m 

Uflfifim 

UMHME 

_0gm 

_m 

m>Hfls 

_uw 

QHHME 

Fwum 

_m 

m>HMz 

_uw 

UHHME 

gflum 

_m 

W>HMZ 

_Uw 

_mV 

_fl 

%wMu5B 

Avv 

_Q 

%wM“5B 

Amv 

_H 

>mMHDB 

ANV 

_g 

%m¥HgB 

AHQ 

_Q 

%@Mu:F 

Amy 

COgpMH@z 

ANViGO£pMHME 

Adv 

GO£uMHMS 

>Mm 

@UMHHwB 

_m 

Gwmflmflz 

HQH OWH @mH QMH FMH Wmfi MMH qmfi mmfi NMH HMH OMH GNH QNH §NH @NH MNH VNH mNH 

oflmn 

E 

_sUm0Q 

mHHm“wQ 

GOflgMUOq 

‘OZ 

w_#GOO 

Xflwflwmmm



P\Nm®H F\Nw®H B\Nw@H F\N®@H F\Nm®H §\Nm®H F\N®md §\N®®H N\Nw@H F\Nm@H §\N®®H F\Nm®H fi\NQGfl F\NwmH fi\N®@H F\NQmH §\Nm@H h\N®@H h\Nmmfi B\NQ®H h\N®@H F\NQmH 

m 

_©pg 

_WCOm 

Q 

Hwxfifia 

EMHHE 

U6 

_®HmH 

Ofifiwm 

MO 

EMwHuwGgO© 

AHV 

_m 

gfiOHpQQ 

m_m 
_N

_ 

xfim 

HHU£OpHE 

CH 

MGHHME 

Amy 

£#DOE 

‘m 

wwsflsa 

HMMHU 

yum 

_A 

mH 

_m 

Hflmfiu 

‘um 

CH 

HQCGMSU 

mflfimmflsm 

O“ 

QUGMHPGQ 

NWO 

AN“ 

HflflHU 

‘um 

_q

H 

wCMHWH 

>M3fi®m 

Mo 

£P50m_ 

Adv 

HflMHU_,“m 

‘A 

mfl 

qgwm 

Ummmsugow 

pm 

Hogcmso 

cpdom 

Amy 

_pm

m 

UGmfiwH 

wcwwflflm 

um 

HQCCMSO 

£ugOw 

fivv 

_M 

Hfiflflu 

_uw 

'mvHMmHU 

M 

‘gm 

Hflfim 

“Mo

E 
CON 

§M:G§HOU 

PM 

Amy 

_m 

Hflmdovygm 

N 

_mgOU 

H>£pm 

MO 

SOHMUUO 

H502 

_flflC5MOU 

Q>Ond 

“NV 

_m 

HHMHU 

_gw 

m 

_©uq 

m@pMmUHmmm 

Ufiflm 

MO 

EM0HuwQ3O@ 

Ex 

H 

,MHCHMm_GM 

Adv 

_m 

HHMHU 

_Hm 

Q 

_m 

HHMHU 

tum 

no 

“M0:

_ 

Amy 

GOH5m 

‘A

M 

gGHOm 

mMHmDOD 

gfl 

UHOQ 

flu 

Qfiflm 

UM 

Adv 

GOHSE 

‘A 

_m 

_m 

Emsflmnxw 

MO 

£8505 

H5OnHMm’UG5Ow_C®3o 

w 

HEOQHMS 

MO 

Uflqufia 

H5OQHMm 

©OO3mGHHHOU 

m_h 

®w50:u:@HH 

pGHOm 

“mm 

mflm 

“MO

E 
com 

_>Mm 

pfiwmflmmswm 

_0HHHMm 

UM 

QOOEHW 

_q 

>flm_UHOmHfiE 

wO_UdU@HE 

CH_UQUU®HHOU 

ON 

pGQEH©Qm 

_#flHOm 

wwwflflwm 

“HO

E 
OOH 

uUpUOHHOO_HmpM3 

_MxO¥M5z 

_q

_

_ 

“Mm 

m_m m 

EHM 

“WU; 

MO 

@HU©HE__>H5Qw5m 

MO 

HWMQ£uHOG 

_A 

Hadmfixdz 

“H033 

Ufifififlm 

“MO

E 
OOH 

_:#HOz 

gfl 

mCHmwfimfiz_‘q 

w 

EH0 

GHmuW03 

0EQH#X$ 

_>H5nU5m 

mo 

uWMQ£pHOG 

_q 

Hadmfismm 

Q 

_0£fiH 

MO_0Hw©HE 

_>H5n©5m 

MO 

Qmm@£p50w> 

_g 

Hwmflgwmwz 

m 

_UxMH 

MO 

Qdvwfis 

_>H§nw5m 

MO 

#mM0£#5Ow 

_g 

3OnHm 

ma 

©CdHwH 

COU£mDUzO: 

MO 

uMMOsuHOC 

~>H5n@5m 

CM 

_H_%0wEMm 

MQH NQH Hwfi OWH @mH mmfi BWH @mH mmfi Qmfl mmfi Nmfi fimfi OWH GQH QQH EWH QQH mfifi W¢H mWH N¢H 

UUMD 

E 

_£pm0a 

wfifimuma 

GOW“MUOA 

'02 

©_“GOO 

XfluG0mm¢



§\Nw®H F\Nm@H §\N®mH Q\mQ@H F\Nm®H F\N®®H §\N®@H F\N®@H h\N®®H F\Nw®H fi\NQmH §\N®@H §\N@®H fi\NmmH §\N®mH §\Nm®H F\N®@H 

}@pq 

UHQHh’wOO3 

AGOwnfiw 

_A 

MO 

>MMpUQHHp

M 
wfi 

£UH£3vW£UgH© 

B 
g0OH 

MO 

EMOHpwm9_E 

om 

UCHOQHOU 

“HOm_GH 

HMCMO 

Op 

H®>M0m 

HNQG 

wmmflfiflhu 

CH 

_uHOHO£a 

UM 

0UCMQuGw 

pm 

Ufiwwfia QHGQHE 

UHO£w 

Ofihfiuflo 

“SM 

GGMHWH 

>>Mz 

flU03UUQ 

QWUHHQ 

0OM0m 

MO 

EMUHpmmi

E 
com 

pfiflfim 

gUNfiHfluH®u 

MO 

EMUHpmG30©

E 
Dov 

_wGMHuHM: 

gHOm 

pm 

HQ>flH 

MO 

SUSOE 

’HUG0£UpHM 

UM 

Qwflgwm 

MO 

Eflflfigmflgow

E 
ON 

HOGU£Oufi¥ 

pm 

UCMHQ 

HCUEuMOHp 

Umflgwm 

CH 

GOOmMH 

H®umMOCMq 

pm 

Qmufihn 

“M 

UGMHQ 

Ofluam 

OHHNgGo 

“HO 

E>om 

H50nHfi£ 

Op 

UUGMHgCQ 

pm 

_Qm50su£mHH_MMO

E 
mfi 

H0pM3xMQHn 

Qwflmflfi 

_=n= 

UGDN 

HO 

Qflwwfig 

Gfimmn 

CHQPMMQ 

%O 

QHUGHE 

gflwfln 

GH@”w®3_uO 

Ofimwfig 

QCMHMH 

>@¥H5B 

MO 

£pHOG 

_©GMHwH 

mflfiusmfim 

Mo 

gmmw 

ANV

_ 

AHV _Nv 

|mHmmmHz 

AHV 

VMHMWMHZ 

£p5Ow>UHQHO£B 

HMGMU 

GGMHHQS 

HMCMU 

QGMHHOS 

wxMg'0£u|GO 

QM 

‘M 

MHWmMHz 

WxMqlU£u|CO 

HM 

_m 

Mhflmmfiz 

Hwflflfiso 

Msflmmfisu 

__m 

MHMmMfiz 

wfiHm 

pHOh 

“M 

_m 

MHMUMHZ 

Aqv 

_g 

®CMHw 

Amy 

_m 

Uddfiw 

5 
_~_ 

gahw 

_: 

_m 

U56 

"UgOOfigGMz 

HU>oQ 

“QOQ 

xwfiflflpw 

HMO“ 

Amy 

UHHW 

_Q 

AHV“QHHm__q 

ANV 

_m 

pHOHuUa 

OQH 05H QFH N§H WFH MFH ¢§fi M§H >N§H H§H Oflfi mwfi Q©H fi®H QWH mwfi WQH 

QHMQ 

E 

_SumUQ 

WHMMHUQ

_ 
coH“MOOg 

©_gGOU 

XHuC0mm¢ 

‘Oz



F\NW@H F\N®®H P\NQ@H §\N®@H B\N®mfl §\Nw@H F\N®mfi F\N®mH F\N®®H B\NQmH F\Nw®fi F\Nwmfi F\N®®H §\N®@H F\NwmH F\N®mH P\N®mH F\N®@H §\Nw®H

_ 

ANV 

UQMHUHME 

N 

afim 

£QH5£U 

Qflfim 

MO 

Qawwfifi 

um 

_m_QUCUH3Mq 

_pm 

Adv 

©cmHUHm: 

N 

Umfim 

uflwflfimufl 

_Upq 

pGOm5Q 

MO 

EMUHumfl3OU 

“M 

_m 

0OGUH3Mq 

‘pm 

m 

Umwfifln 

N 
‘>3= 

MO 

EMOHpmC30©

E 
OOH 

__m 

Hflwfififiufiu 

MO 

gg5OE 

H5OQHMm 

Coummflfim 

¢ 

‘m 

MHHO2 

MO 

£g5OE 

QHHH>UHH@m 

_m 

MHHO: 

M 

“Mm 

Cmm 

MO 

QHUUHE 

m 

G‘_H_wmfi 

GHQQWQ3 

MO 

HQHVCUU 

‘Q 

vflhfios

w 

n5HUvp:UM* 

UHSOQOU 

MO 

QMMU

E 
OOH 

_H50nHG£_cH 

mH5OnOU 

min 

_©uq 

HMQHUDZ 

OQMHOQ 

Hm 

MO 

£“5Ow 

__m 

Mxwmhfiifio 

QmOm 

“HOQ 

h 

EH6“ 

gflflp 

OUMXQB 

“MO

E 
OH 

_:n= 

MUHM 

CH 

ANV 

%nUHS3

M 

xfiflm 

H605 

QUHU 

u£UM> 

>nu%£3 

“MO 

Adv 

anufiss 

m_oH 

HOCCM£U 

mflfimmfinm 

Chmgmfifi 

HO 

Qfiwqfis 

Amy 

H50nHM: 

OuCOHDB 

F

_ 

£“5OE 

_m 

GOD 

OH 

UGMH 

>HHOm 

UGMHmH 

wfluflmo 

ANV 

HDOnHfim 

OpGOHOB 

NH 

mflw 

CHWQWUS 

MO 

Ufiuufis 

Adv 

H5OQHMm 

O$GOHOB 

m_H 

£a5OE 

_m 

Hwnsflm 

m;H 

£u5oE 

_m 

HHUUHU 

m_oH 

MQHL 

x00” 

“MU 

MO 

QHUUME 

HQHHQ3 

uHOm 

xfigflflfimm 

h 

HMGMU 

@GGHH®z 

“Ho 

©CM_gQ@HU 

QHHZ 

U>HQ3B 

MO 

UOGUDHMCOO 

ANVvW®CfiHfi£uMU 

_pw 

_Um 

QHMUGQHU 

“GM

I 

m 

_pm 

pHHHH$z 

MO 

HUGHOU 

H602 

xflsfiflfimw 

HMGMU 

wflfififiwg 

“Ho 

AH“ 

mwifiufisgmu 

_pm 

GQH QQH Fwd QGH mmfl ¢mH MGH NQH HGH OGH QQH QQH §QH QQH mwfl VQH MGM NQH HQH 

Qgmn 

E 

_£pm®D 

mdflmuwo 

GOm“MOOq

5 

oz

_ 

”_UCOU 

Xfluflflmmfi



®\M®®H ©\mmmH ©\mm@H §\NQ@H 
QH\q®mH 

h\Nw@H F\Nw®H B\Nm®H P\N®mfi F\Nw@H 
oH\¢®mH OH\¢mmH 

b\N®®fl fi\Nw®H 

m_m 

HMGMU 

UHHH 

MO 

£pDOE 

QM 

_HOCGM:U 

MUCM3fiCOH 

“H 

sauce 

HH 

900 

HUUHW 

E®£UH£uQmAM%O

E 
mfi 

w 

_OU 

uiwawu 

MWSQQZ 

“HO

E 
om 

_0HmH 

QHHUQ 

MO 

EMUHUMCEOG 

_Hv 

_m 

MHN 

_m 

Ofiflwuflm 

NHN 

HOQMME 

Odflumsm» 

HHN 

“MD 

_MBmHw 

MMON 

BN2 

_m 

Hfiouflmfi 

OHN 

gwDA_Z4UHflHz 

DMUUCOHQ 

m_H

O 

“H053 

Ofiflgum 

HMO 

M 

Ugfls 

“M 

_m 

M3MHQo_ 

mom 

M 

Wfiflflm 

QHQHUDMSU 

MO 

EMOH#wG3OU

E 

Com 

_HU>fiH 

MO 

Qfiuufla 

_ 

U3figpo 

gm 

_x 

Mgfiapo 

mom 

m.m 

UHO:m 

EON“

E 
ON 

_.m 

Mgmfizfiufiz 

“O 

£u5OE 

“O 

EMOQumC3OU 

Ex 

N 

HOMHmCH< 

um 

‘M 

Mzfipgc 

BON 

mHO£m 

HMO 

m_m

E 
ma 

__©pA 

Mwfiflflo 

MO 

awhwflm 

OHEOp¢ 

MO 

EMQHUMCBOQ

E 
om 

H0>Hm 

xflflsu 

“M 

_m 

M3Muuo 

mom 

m_O 

mUGOm 

Wmflfifififlg 

“MO 

E_m 

_pHMAOU_uM 

_g 

Mmfiflfimfimflm 

moN 

FH 

UOO3>Hm 

>M3xUm 

“O 

£“5Om

E 
CON 

_>H5n>@HHMm_pfi 

m_N 

HHM3QHOU 

0“ 

U>HpMHOmO|OU 

MCHHM2_#fl

N 

UGMHmH 

HHMBCHOU 

MO 

zuflom 
0m©HHm 

miN 

HMGOHUMGHUQCH 

aflsflwm 

Mo 

EMQHHmC30w

E 
om 

_HU>HH 

MO 

QHQUHE 

m_N 

uflwsfluww 

_Ugq 

AHU 

M6>Em®HumG3ou

E 
Com 

miflfidxwfiafia 

_g 

vow 

Aqv 

HHM3CHOU 

M 

QUCOH3Mg 

_pm 

mam 

Amy 

HHMSGHOU 

M 

QUGQHBMQ 

_£w_ 

NON 

ANV 

HHMSCHOU 

m 

0UGUH3Mq 

‘gm 

HON 

AH“ 

HHMSCHOU 

_m 

UOC0H3wA 

_#w 

CON 

>0gMQ 

E 

_£um0o 

Wflflmuwa 

CO%uMUOq 

_Oz 

©_pGOU 

XHUCQMM4



F\N®mH fi\Nm®H F\Nw@H 

HN\®\W®®fi HN\m\V®mH HN\®\WQ@H ON\®\Q®mH QN\m\¢®@H ON\Q\§QmH ON\®\Q®®H ON\®\Qw@H 

B\N®mH §\N®md h\NQ@H B\N®®d ©\mwmH @\m@mH

_ 

®\M®®H 

AHV 

HQQHUCOS 

m 

QHOsw 

m%O

E 
OH 

_aHdMH5D 

QHH 

vim 

WEHMM 

£56“ 

HMO 

Gwwgpwn 

‘#6 

‘m 

QOCQHSMA 

_¥w 

Hfl5U5wCOq

m 

ngHU 

¥£Om> 

Hfiswflwfloq 

UM 

UM 

_m 

QUGQHSMQ 

_um 

QH 

0m©%Hm 

MHHOpOH> 

MO 

EMUHuWG3O©

E 
cow 

wfim 

Q>Hm 

NH 

Q” 

Hfiflmu 

m.m 

0m©HHmvMfiHO#OH>_uO 

EMQHUWCSQQ 

ANV 

xOOH 

aHUnEMA|uCHMm

m 

M 
_Oz 

®w@HHn 

MO 

EMUHHWQU 

AHV 

xUOH 

uHUnEMg|“GHMw 

m_q 

GHMMQ 

mcfiflhflp 

N 

!Oz_wCM 

¥OOH 

Gwwggwn 

xOOH‘@CHMQ£pMU|@QGHMm 

Q 

UCH£UMq 

_WHO5vOHH 

MGHHMS 

um 

M 

mH5OA|_uw 

_>Hm 

MO 

£pDOE 

MO 

umflw 

Ex 

m.o

A 

Nfimm 

m_ 

NH 

Wu 

MQHH 

MO 

“W03 

Ex 

m_o__mfi5Qq1_pm 

_>flm 

MO 

gpflofl 

Ex

N

Q 

“OOH 

MO 

Emwhummd 

_Ua>0HHQm|0©|0flG€|0uSHMw 

“M 

mfifloqlgflflfiw 

Uflq 

WH50q|uGflflw 

Ufig 

wH50g|gGHGw 

UMQ 

MMDOQIHGHMMYUMQ 

M 

m@CmMpCO2 

N§UnV0DwHuDMz>n5HU 

HMO 

_Hfi5QHU5M>_®U,wmC¢ 

CH 

WQGmMpCOz 

Xfiwa 

WU“ 

Ufiq

H 

MO 

£p5OE 

“M 

“Mn 

CH 

OHHUn0pGOz 

“M 

_m 

Msfipgo 

v 

UHOSM 

“MO

E 
OH 

_xOO©_>HH@M 

MO 

EMQHHMQD

E 
Dom 

OMHDSB 

“M 

_m 

M3Mupo

M 

£pDOE 

m 

QCHOSB 

Op 

Umwfihn 

MO 

EMQMpmC30q 

Ex

H 

mym 

QHO£w 

WHO

E 
Om 

_£“5QE 

¥00HU 

Hfifiw/SOHQQ

E 
OOH 

H 

_w_z 

_mHHMm 

Mkfimflflz 

_xQUHO 

MO 

:uDOE 

_ 

QHO£m 

WHO

E 
OH 

_mE5u 

_gw 

UENOH 

MM 

Hwflfidso 

QUGMSHGOB 

_m 

Cd>nUw 

mCHEdOmHEOB 

HM 

_m_M3Mp“o 

HmN OMN QNN QNN §NN WNW mNN ¢NN MNN NNN HNN ONN OHN MHN FHN 

UWNWDG 

Amy 

xwwhu 

HHHU 

Amy 

_m 

wmfimufiz 

®fiN MHN ¢HN 

mflmfl 

E 

_£pmQQ 

Mdfldgwc 

CO¢“MOOq 

.02 

©i#flOU 

Xflwflwmmfi



OM\®\¢®@H Om\®\WQ@H 

mN\OH\Q®®H 

OO 

HH\mN\OH\QQ@H 

®H\®\W®mH mN\Q\¢m@H mN\Q\Qw@H mN\m\W®mH mN\@\V®mH mN\®\VQ®H 

F\N®@H 

HN\m\V®®H HN\m\Qw@H 

fi\N®®H 

ANVAOOAQQO 

m_m 

Mhflsg 

m_C®Q5Q 

am 

am 

_M 

0UGUH3Mq 

!“m 

AHV 

OUQUDQ 

_w 

mH®xcMB 

QUGQHSMQ 

_Um 

HMUG 

MGHHME 

MO 

QHUUHE 

_pM 

_m 

UOGUH3Mq 

_Hw 

m_¢ 

£“5OE 

‘um 

%OMMB|0U 

m 

_©¥q 

m0HHpmD©GH_UCflHM: 

gfl 

|wHHH> 

pd 

_m 

DUHHQSUMM 

0HHH>H®nH_U 

CMUU 

Q 

0m©HHQ 

mm 

_%3m 

MO 

EMUHHmm5 

l_um 

#5 

_m 

DUfiHU£UHm 

m 

mgUOU 

mGfiuflOHN 

Fqpg 

WHU¥UH> 

HO 

ufiw 

gfl 

Amy 

H50nHMm 

HMUHHGOS 

mjmfl 

M 
_Oz 

>H“Uh 

HO 

“G0 

“M 

Amv 

H5OQHMm 

Hfl@HuGO2 

_m_m 

’ 

Cfimflm 

H0xHME 

MO 

Uflwwfia 

Aqv 

HDOQHMm 

HMQHpGO2 

A 

Hwflm 

HQHpHMU|w®5wDMh 

“CM 

Hwfim 

©HM3©m 

mflfim 

G®03g0Q_HH 

_Oz 

flflflw 

MO 

Qfimvfie 

Amy 

H50nHflm 

HMUHuCO2 

HUHm 

MH©GdXQfi< 

USN 

MA 

uCQ>

M 

GHHDOS 

5“ 

0#GfiOm 

iwwgufin 

N 

_Oz_HM5v 

MO 

QHUUHE 

ANV 

H50nHMm 

HMOHuCOs 

OH 

UHQ£m 

“HO

E 
ma 

_uCQ> 

M 

GHHSOS 

p©_0pGMOm

¥ 

AH_ 

H5OQHMm 

HMUHHGOE 

Rwy 

HM®H“GOs 

m_H 

UCMHMH 

HG®HgGOz 

MO 

QGQ 

“WWO 

_GHOUDmUm 

C696 

MGHHMS 

UM 

um 

‘m 

UUCUfl3Mq 

_Hm 

_ 

WUHQEQHB 

any 

HfiQHuGOz 

m 

|x5Ml0¥cHOm 

_‘U>Hm 

Qgmfipmmmlflfiwwligm 

MO 

“SQ 

HM 

“HMS; 

gm 

UM 

_m 

UOGQHSMQ 

‘gm

L 

_N_ 

HMQHHCOZ 

M 

UHOsM_MHO

E 
OH 

_uH5dw5Q 

UHH 

U56 

WEHMM 

gflfiu 

HMO_G®®3#wn 

gm 

_m 

UUC®H;fiq 

_”m 

MQN V¢N MWN NQN HQN O€N QMN ®@N §mN QMN MMN ¢@N MMN N@N 

UQMQ 

E 

_gpm0Q> 

wfiflfigwo 

GOmuMUOq 

‘oz 

U_“COU 

XHUGQMM4



m\H@®H ®\HQmH 

Om"HH\F\N\m®®H 

®\H@@H w\HQ®H 

OO"@H\m\N\mQ®H OO“mH\m\N\m®@H

4 

®\H®®H 

mN\w\HmGH 

OQ“@H\@\N\mm®H Om“NH\®\N\m®mH OOhQH\¢\N\mw®H OmfiHH\¢\N\m®@H 

H 

;___OH\W@mH 

OH\¢®®H 

Om\m\Qw@H 

m_N m_NN m_N m‘N 
VG 

@_Owm m_H OH NH 
m.FHQH m_m 

_0H5mOHUGU 

Mhmgg 

Qwfimflfi

E 
om 

0H5mOHU5®_mHMn3_mO 

“@HpDO_Cfi 

QHSWOHUCU 

HHN£3 

uC®EcH0>OU 

oufimflfi 

HQHEMOHUCQ 

MHm£3 

QUMMCM

E 
om 

QHDWOHUGQ 

MHM£3 

Uufimflfi

E 
OOH 

“H033 

uCQEGH®>ou 

“MO 

_xGMQHHfi: 

“M 

0m@HHQ 

HH 

'%3m 

Q>OnM_Ex 

h_H 

_C30umMHmDOa 

“M 

U>OU 

EH 

UHDMOHUGU 

“H653 

%HH®£uDOm 

0©fimCH_E 

mfi 

VQHSWOHUGQ 

MHM£3 

UHO 

Op 

“OHGM 

H002

_ 

umhfisgmm 

“m0; 

Cfi 

QSHO 

p£Uw>_wCM 

>fl3Uw5MU 

H0>fim 

QHUQHZ 

GUUBHUQ 

mflfisg 

H0mfimJHmSOHgMCHO#GH 

xOH3WC§Hm 

SQZ 

MO 

“GU 

UM 

,UHO£m 

EOHM

E 
OH 

_HMcflEHOH 

>QHmm5m 

wflm 

HUfim’pHOmwGflHB 

MO 

whgmficfiz 

CQOSQQQ 

ifis 

ufiflg 

_m 

SWHQMOOSO 

0“0flE§q_mMU 

HQOQHMQ 

OpU5£H£UHm 

Gfimflm 

uCHOm 

HDOnHM:‘UM=ME5Umu 

ANV 

0“ 

Hsoflemuflz 

AHV 

‘M 

fi£UHEmHH2 

H5OQHMm 

Cflmwmmfigm 

HDOQHMEVQDWQEGQ 

HDOpHMm 

uwhflzgfim 

H50nHMm 

UHm50£HfiQ 

H5OQHGm:C£OhfluGHfim

_ 

SUHOHGQM 

_¥Ofi£“

E 
H 
UUH 

!0>OU 

£pHOHG@m 

MO 

:pHOC 

Ex 

H 

HG 

“Mm 

mHmMUOQUGG®M 

UGMHmH 

OpUOEOHo 

30HQQ 

Ex

H 

Qfimfi 

UUCMHU 

Mg 

U>Ond 

Ex 

m_o 

0HHH>M0m5flS 

“M 

_m 

G£Oh’pGHmw 

WHQMWHDU 

QM 

_m 

GSOWAUGMMW 

MUHSWZDGN 

Uflvwfle 

DQQQEQ 

HM 

GHmMm¢wmH:Oq 

H@N OQN OWN QWN §mN ©mN mmN WmN mmN NmN HMN OMN mwN QVN NVN EH2 WWN 

_®uMo 

_£“mUQ 

mfiflflpma 

flOWuMOOg 

Hw_pGOO 

Xfiwflwmmfi 

_oZ



HH\Wm®H HH\¢®@H HH\@®®H HH\W®mH HH\Q®mH 

OO"mH\©N\HH\¢®mH OO“¢H\hN\HH\QwQfi OO"HH\®N\HH\Q®@H OO"mH\wN\dH\VQmH 

OH\QQmH 
®\Hwmfi Q\HQ®H Q\H®@H 

Omfi®H\§\N\m®OH OO“WH\F\N\mw®H 

Q\HwmH 

HH 

N 
HQHQ 

pd 

QDHU 

p£UM> 

HHMmmOB 

mfi 

MO 

£UHOG 

_©GMHmH‘0HH0m 

GO 

UCOQ 

WCOQ 

MO 

Qflqufls 

N 

@>OU 

HQQOOU 

U26 

0>OU 

wqflfim 

Gwmgpwn 

MGHHME 

um 

m 

afim 

m_QmHOUw 

_uw 

EON“ 

©GOm 

O“ 

®UCMHpG®_Q@HMCH 

M

_ 

Qflflmfififlm 

#CfiOm 

U56 

uCHOm 

m#uOOm 

Gwwggmn 

“M3 

mHM£ 

OH 

UGHOQ 

Hflgmm 

“MO 

_0mMmwflm 

SHUHWfim 

MO 

UHQUHE 

QH 

QGHOQ 

Qflmflflgm 

MO 

£pHOG 

_H0CCM£O 

MO 

UHQUHE 

m 

HSOQHMS 

MO 

£p5OE 

ma 

gGflOm_>H0u“Mm 

USU 

gGHOm 

G:OB'GQw3#mn

m 

HMGHEHQB 

Qflfihwz 

gHOmmGMHB 

“O 

UGUEHHMQQQ 

HMO

_ 

HUGHOU 

V 

umM0£uHOG 

EON“

E 
om 

_UH5mOHUCO 

=MHM£3 

m_GMEHOsmflh= 

um 

m'H N 

gUHQ5O 

EOHM 

E_om 

_QHDmOHUGQ 

MHM£3 

5$QuHn<_fl 

HHMHgm 

©GMHHQnE5£uHOz 

Op 

QUHQDO 

pm 

mHM£3 

gm 

m_m 

MHMS3 

MO 

U©Hm_£QDOw 

EON“

E 
om 

_UG@:U|§©|0pGHOm 

um 

H 

wxflflg 

HHO 

mflH>HH 

Qg 

QMOHO 

>Mn_HHMEm 

CH

N 

“HMS; 

MO 

QCU 

EOHM

E 
om 

_H5OQHM£_@©fiWGfi 

H5OQHM= 

m_GsOb 

_pm 

>flm 

COfigm0UCOU 

H50nHMm 

MH#fl0mH< 

uGOm_UHHH>cQ£m0Qm 

HDOnHMm 

m0D@wMm|X5M|uHOm 

FFN QbN m§N WFN @FN 

QZQQQZDOMBNZ 

H5OQHMm 

Xduflflflm 

H50nHMm 

xwfluxw 

MSOQHNE 

>H5nm0x3Mm 

uHOm 

H5OnHfim’5OpUfim 

N5“ fiFN OBN NQN 

€HBOOm 

<>OZ 

HSOnHflm_G30p®a“OHHM:U 

QQN 

DZ<QmH 

DM<BOW_NUZHM& 

UGHuCUEHOB 

Qmfiu 

HQCHOU 

>flHH5: 

GHQ“ 

Q60 

xmm 

Ufifiwwgm 

H50nHMm 

®£U50pO5m 

pflwx 

U“ 

Uhfiflowm 

‘gm 

NW“ WWN m®N WQN MQN NON 

Ugfin 

E 

_£pmQQ 

MHHMQQQ 

flmH¥MOOq 

‘oz 

w_UGOU 

Xfiuflwmfim


