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The dispersion of persistent organochlorine contaminants 
from the Niagara River into Lake mtario was measured in 1982. 
This preliminary stuiy indicated that a major pp;-@191; of ghege 

are away fircm the rivennouthbyaplune 
which varies in direction. Chlorobenzenes were chosen as the 
rmstsuitabledaanicalnarkersoftheplimefiarfirturestudies. 

This study extends other studies which have examined the 
sources of these contaminants and their loadings into Lake 
Ontario. - 

En 1982, on a étudié la dispersion dans le lac Ontario 
des polluants organochlorés persistants provenant de la riviére Niagara. 
Cette étude préliminaire a indiqué qu'une partie importante de ces 
polluants est emportée, 5 partir de 1'embouchure de la riviere, par 
un panache dont la direction est variable. Des ¢h10f0benZ5H€S Ont été 
choisis comme étant les indicateurs chimiques les plus appropriés du panache; ils seront 
utilisés 5 cette fin au cours des prochaines études. 

Ce document fait suite a d'autres_études qui portaient sur 
les sources de ces polluants et sur leurs Charges di-111$ 16 
lac Ontario. '
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The dispersion of organochlorine contaminants into Lake 
ontario by the Niagara River plume was examined on seven 
occasions in 1982. Water samples for organic contaminant 

analysis were collected from within a 12 x 42 km retangular 
sampling area at a depth of lm. Simultaneous measurements of 

tanperature, specific conductance and % light transnissim were 
made. Of the seven most prominent organochlorines detected», 

l,2,3,4-tetrachlorobenzene and 1,3,4-trichlorobenzene were 

suitable chemical markers of the plume. This was confirmed by 
conparing the spatial distribution of 1,2,_3,4»-tetrachlorobrenzaze 

with the physical measurenents. The plume direction was found to 

vary but most cmmonly was directed easterly from the rivermouth 
along the shore. On several occasions, concentrations of 

l,2,3,4-tet.r‘achlorobenzene in the plume were found to be higher 

than in the river. It is suggested that fluctuations in 

concentration occur in the river due to the diversions of river 

water for hydroelectric plants.
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- I TRANSPORT DE CERTAINS POLLUANTS OKGANOCHLORES 
DANS LE PANACHE DE LA RIVIERE NIAGARA ‘ 

M.E. Fox et J.H. Carey 
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En 1982, on a étudié 5 sept reprises la dispersion dang 
1e lac Ontario des polluants organochlorés du panache 
de la riviere Niagara. Des échantillons d'eau ont été 
prélefiés 5 one profondeur de 1 m dans one zone d'echanti11onnage 
rectangulaire de 12 x 40 km, en vue dactzagp les polluants organiques. 
On a relevé simulcanément 1a temperature, 1a conductivité etle Z fie 
vtransmission lumineuse. Parmi Ies sept principaux composés organo— 
chlorés, ce sont le 1,2,3,4—tétrach1orobeniene et le 1,3,4-trich1oro— 
benzene qui sont 1es indicateurs chimiques les plus appropriés, ce qui 

Onfifmé par comparaison de la répartition spatiale du 1,Z;3,4—tétra-N Nv I‘? (M O 
chlorobenzene avec les mesures physiques. On a constaté que 1e panache 
flvait "Be diIe¢ti°fl Vafiablea mflis que, 1e plus souvent, i1 était orienté 
vers 1'est 5 partir de 1'embouchure et longeait 1e rivage. A plusieurs 
occasions, la concentration de 1,2,3,4-tétrachlorobenzene était plus 
élevée dans le panache que dans la riviere. On avance que les 
variations diurnes de concentration dans la riviere sont dues 5 Ia 
dérivation de 1'eau de 1a riviere vers les usines hydro—é1ectriques. 
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The Niagara River Tbxics (NRTC) has recently shown 

that the Niagara River contributes a_ sign_i_ficant l0a<_3 of 

synthetic organic contaminants to Lake mtario (NRDC, 1983). 

There is considerable public over the presence of these 

and their possible effects a1 and the 

Lake Cntario ecosystan. Although many of these oanpounds are 

km fran Labo, 

' ratory tests to be toxic, determining" 
' their actual 

effects is difficult because of the lack of site-specific 

knowledge of their pathways of transport, accumulation and 

degradation in the lake. 

We have previously reported a_1 the 

distribution of organochlorine contaminants fran the Niagara 

River western Lake Ten chlorobenzenes, 

hexachlorobutadiene and PCBs were measured in Niagara River water 

and suspended solids, and in western lake Cntario sediments and 

fauna. Surficial interface water, and 

fish were collected fran five sites in Lake Cntario near the 

Niagara River and a site in the westem 
The contaminants analysed were either undetectable or present at 

very low levels in water and Susperlded solids Eran Erie 

that the sources of these oanpounds were in the 

Niagara watershed. These results have been described in detail 

(Fbx et 1983).
y 

A study of. the transport and fate of Niagara River 

fran the river into Lake Cntario was begm in 1982.

2 
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It was intended that the results of this studybe 
results of concurrent studies of the factors controlling the 
direction and nagnitude of the Niagara River plune and the extent 
of its interaction with Lake mtario carried out by physical 

limnologists in the Aquatic Physics and Systens Division (APSD) . 

The consolidation of these two studies will provide aj unique 

description cf dynamics in this area.» 

Prior to corxductmgv‘ detailed studies of t dynamJ.' ‘cs 

in the Niagara River mouth area, it was necessary to determine 

which contaminants were suitable as markers of Niagara River 

water in the lake and suitable methods of and 

water in the Niagara River plune. ‘me results of this 

feasibility study are reported here.
\ W 

3
4 

__’_--—-i— 

jar-ii



Pnocizwnas 

The study area was enclosed by a rectangle approximately 46 
kmeasttowestandRlcrnnorthtosouthalongthesouthshoreof 
lake mtario with the mouth of the Niagara River approximately at 
the centre point. A network of sampling sites along six - north- 

south transects ms established within this rectangle. Sites 

were located at 2 km intervals along each ‘transect as shown in 

Fig. 1. The network was biased towards the east sinC€ Previous 
studies had shown that the Niagara River plume nost often flowed 
in that direction ( um-any et al, 1969). 
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Figl. Mapofthe studyarea showing sampling locations,
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In 1982, the network was sampled in April, May, June,- July, 

August, October and November. m each occasion, sampling was 

begm a1 the westernmost transect while up to 15 simple sail 

drogues were simultaneously deployed near Niagara-cm-the—Lake, 

just off the river rrouth. 'I‘he drogues could not be released in 

the river of shallow sand bars in the river nouth area. 

These drogue studies were part of a concurrent investigation of 

the interactions . of the Niagara River inflow and the waters of 

Lake mtario in the coastal zone by staff of the Aquatic Physics 

and systems Division (APSD) of ( Mirthy et al., 1984). 

At each site, 1 litre mater samples were taken at ]m depth 

in precleaned glass bottles and 16 ml of. hexane (Caledon 

Laboratories, DIG) were 'I"ne bottles were sealed with
o 

teflon-lined caps stored at 4 C in the dark until 

a_na1ysi_s. The storage was four Cbncurrent 

temperature and light transparency (%'I‘) profiles and nxeasurements 

of surface conductivity were obtained as noted in Table 1. when 

Table 1. Sampling Schedule 

Date River %'I'ran§ . - Temp. Qmd . 

sample V 

111: r_, 3 
April 1-5/16 - 
May 12 + 
June 2_2/23 - 

- July 5/6 
August 10 
October 5 
November 9 

++++ 

+
+ 

++++ 

+++++++ +++++++ 

4* 

- indicates operation not performed
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operational conditions permitted, a sample of Niagara River water 

collected 6.5’ lqn 
' the river 

ccmpletion of the '1'ne overall sampling procedure 

usually ‘required. 12- lrpurfs to 0Gmplete- . - 

In the laboratory, a teflon coated stir bar was added to 

each bottle and the samples were stirred vigorously for 30 min. 

The hexane layer‘ waspthen trans 
" sfer-red to a .15 ml tube 

_
0 

and evaporated at 25 C to 2-3 ml. A further of hexanelwas 

added to the extracted water and the extraction procedure 

repeated, the extracts. The extracts were 

9V3P°Iated to a_ fiinal volune of 1.6 ml after the Oi 2 ml 

isooctane (‘ Galedon laboratories DIG) as a keeper. 

_'1he samples were by gas can a Hewlett 

Packard 5880 gas d1IQI.'Bt°9IaPh with a model. 7672A auto- 

sampler’ and a 2_5m x 0.26 mn i. d. fused silica column coated with 
» o o 

0-[33 um CW-1. _-me was programmed from 90 C to 26$ C at 4 

degrees per minute. injector was operated in the split mode 
\ Q 63 

( 10=1 split ratio ) at 250 c-.' A Ni electron capture detector 
» 

Y o . 

was operated at 356 C. Contaminant concentrations were 

the 27 qrganochlorine compounds listed in Table 2.

_
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'I‘ab1e 2. (Imposition of external standard. 

-(Impound concentration (1-19/L) 

1 , 3-dichlorobenzene * 
1 , 4»-dichlorobenzene 
1 , 2’-dichlorobenzene 
hexachloroethane 
L , 3 , 5-trichlorobenzene 
1 

,_ 
2 , 4-trichlorobenzene 

1 , 2 , 3-trichlorobenzene 
hexachlorobutadiene 
1 , 2, 3, 51-tetrachlorobenzene * 
1, 2 , 4| 5-tetrachlorobenzene 
1 , 2 , 3,4-tetrachlorobenzene 
pentachlorobenzene 
0. -EHC4 
hexachlorobenzene 
1-indane 
heptachlor 
aldrin 
heptachlor epoxide 
Y -chlordane 
q -mdosulfan - 

<1 -chlordane 
dieldrin 
vp, p‘ -DDE 

3- aaqdosulfan 
p, p ' -DDE 
imrex 

264-B 

13% 
23 

134 
146 
182 
33 

154 

sss2a$s§ss£ 

42 
56 
5.1 

45 
55 
98 
66 

* these pairs were not resolved in this study

"



RESULTS AND DISQJSSIQW 

In order to study the transport of organochlorine 

contaminants in the Niagara River plume, it was necessary to 

identify contaminants that couJ.d be used as markers of Niagara 

River water. Figure 2 shows electron captures chranatograms 

of extracts of surface water for a site the p_].LIt_E‘ (vide 

infra) and a second site well outside of theplume fior the April 

cruise. similar pairs of chrcmatograms for the renaming‘ 
" six 

cruises are shown in Fiqures 3 to 8 ( 1 ). An 

examination of these chrcmatograms reveals that seven of the 

peaks corresponded to peaks in the standard. '1hese peaks, 

mzrbered 1 to 7 cn the Figures, and their corresponding 

identities were;
_ 

p 
ichlorobenzene 

5- and 1,2,4,5-tetrachlorobenzene 
3,4»-tetrachlorobenzene ‘ 

4. pentachlorobenzene 

6 . hexachlorobenzene 
7, ‘1~in1dane( -BHC) ' 

-

Y 

‘QM’-‘ 

I

I

I 

0-‘I-'i-' 

QQQ 
IOIOIO 

§§§ 

5*’? 

cbncentrations of these ccmpounds in unfiltered surface 

water at each site for the seven cruises are listed in Tables 3 

to9 (Agpendix 2). Since thetwofiimiscmerswereoftenpresent 
at significant levels througlnut the study area, they were not 

useful as plune_markers. '1herenaining canpounds were all 

Of H1853; l]2'!3|'5-( 1|2|4|5-| 

hexa- dmloro iscmers were presamt at levels too low to he of use. 

Either of the two compounds-, 1,2,4»-trichlcrobenzene and 

1,2,3,4'-tetrachlorobenzene, could be used as plume markers, since 

7___i_._- 

’_______,____§ 

2-.f?1i‘ 

?<”“_“_" 

.-:\-——i—" 
\. 

________Z 

_:__.________ 

_,__..._-ii,... 

_.___..__,,, 

they were present at significant levels mly in the plume.

8
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In to the collection of samples for dnenical 

analyses, measurenents of tanperature, SPeC.ifi€ conductance and 

light transmission were made at each site dz the sampling 

network. These measurenents were made to provide information aim 

the location of the Niagara River plune independent of t.he 

analyses. It was assumed that Lakes Brie and mtario 
wou1.d differ in at least one of these parameters ad any me 
occasion. ‘me results of these measurements are listed in Tables 

12: to 12 (Ajpendix 2) and presented in Figures 9 to 15 along 

with data cn the distribution of 1,2-,3,4-'I'1‘CB for 

PUIII)S€S - . 

During the first sampling ca ‘ "se in April, water 

tenperatures were very low with a difference of less than 2 C 

between the highest and lowest values. Floating ice in the river 

mouth made water the river impossible. Light winds 

frqn. the northwest pushed the plune to the east along the south 

shore as seen in the plotted data in Figure 9. The l,2,3,4-TeCB 

in the plune was nore than one order of magnitude higher than the 

lake background level to the west of the plume and exhibited a 

two"-fold increase fran 26 ng/L near the river mouth to greater 

than 40 ng/L on the easterrrnost transect. ‘me light transmission 

isopleths showed. noderately turbid (less than 40% T) Niagara 

River water flowing east along the south shore and with 

high transparency ( >302; T) Lake mtario . 

During the May cruise, meteorological conditions were 

similar to those experienced in The isopleths for all 

four parameters in Fig. 10 showed profiles that the

9 
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light westerly winds were t.he plune once nore in an 

easterly (J1 this occasion, the 1,2,3,-4-'I‘e<B 

frtxn the rivermouth high of 125 Ir;/L ( > lflx the lake background 

level) to “' 56 ng/L on the easterrmost The Niagara 

River water, at less than 1 
O 

C, was colder by several degrees 

and somewhat mre turbid than t_‘ne receiving 

Cbnditions were somewhat different for the June cruise. 

Winds frdn the south (11 the Zlst of June and the southwest on the 

22nd and 23111 resulted in a diffuse plune alnost straight 

offshore during the vater sampling <11 June 22nd and 23rd. 

'1'ransmission was not measured on this cruise. Isopleths for the 

parameters are sham in Figure ll and suggest a residxnl 

easterly plane with a mre recent northerly 
Similar behaviour was observed on the next cruise in July. 

North-easterly winds m the 4th and 5th gave way to southerly 

winds early on the 6th. The effect of these variable 

meteorological conditions on the plune are best seen in the 

1.2.3.4-'1‘eCB isopleth in Figure l2 in which we areas of high 

concentration, one to the west andcnetothe east of the 

rivennouth, can be observed. The specific condmtance and 

tenperature isop' leths also exh.\b' it this‘ duality. The situation 

was further canplicated by the suall differences lake 

water and river water for all four parameters which resulted in 

the plane being less well defined than m previous occasions. 
In August, strong northwesterly winds prodmed an easterly 

flowing plune along the south shore. All four parameters showed 

this pattern (Fig. 13). Concentrations of l,2,3,4-‘Ram in the 

plune were greater than 20x the background cnncentration and 

10 
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by l.5x- between the river and the easterrnnost transect. 
Temperature was the least on this occasion

o 
because of the shall difference ( <- 2 ) between the river and 

1'12 lake. ' 

'Ih_e northerly flowing pllme profile observed am the 

cruise (Fig. 14) was prodmed by strong southeasterly winds. The 

isopleth are weak for all parameters measured, although 

the ooncerxtration of l,2,3,4-'I‘e(B in the plune is >lGx the 

background level of “'1 ng/L’. ' 

The Last set of plune samples were collected on November 

9th. A strongly defined easterly plume was (Fig. 15) . 

This was prodmed by at least three days of strong northwesterly 
“me isopleths of all four parameters are strikingly 

sim.1';lar. The levels of l,2,3,4»-'DeC’B in the plune zkmpediately 

offshore frcm the rivemouth were nearly double those in the 

river. .

» 

(I1 the occasions that the Niagara River plune was 

sampled fior this study, the nost ocnmon orientation was in an 

easterly direction, usually close to the south shore. 

This agrees with the observations of Murthy (1969) and 
y 

is a 

consequence of the nost ocmnon wind direction (generally 

westerly) and the semipermanent easterly flowing currents anlong 
the south shore oflakemtario (Simons et al, XXXX). 'I!h_is 

orientation also produced the most coherent plunes. 

As discussed above, l,2,4~'1CB and 1,2,3,4-'I\eCB were found to 

be the best tracersof Niagara River water t'he 

lake. However, interpretation of ooncentartion patterns was 

11 
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made difficult by the fact that an five of the seven occasions, 

the of l,2,3,4-'I\eCJ5 at a location in the plu_ne‘va_s 

approximately two times higher tlmn those in the river. It is 

currently believed that these. effects are due to the daily 

fluctuations in water diversions from the upper Niagara River by 
U. S. and Canadian power authorities. As required by the Niagara 
River Treaty, the minimum flow over the Falls during the daylight 

hours is 2830 cms while the night-time minimun is 1410’ cms. 

Thus, a constant contaminant discharge the diversion 

structure and the hydroelectric plants would result in diurnal 

variations of concentration in the river. Unfortunately, this 

behaviour mas unanticipated and therefore the sampling design did 

not take it into account. For all seven in 1982, the 

lake samples were obtained grior to sampling the river. This 

sampling tends to maximise these differences and 

gives the appearance of patches of higher in the 

lake. _ 

The above results lead to the following conclusions 

regarding further studies of" contaminant transport in the Niagara 

River plume;
I 

i) The strategy should take into account the 

possibility of diurnal fluctuations in concentration. 

For example, a sound strategy would be to follow contaminant 

transport and fate in a ‘p1ug' of water frqn the river into the 

lake. 

ii) '1‘hetwochlorobenzenes, 1,2,_3,4-'DeCB and 1,2,4-‘PCB, 

appear to be suitable as contaminant tracers of Niagara River 

water. However, their are closeto detection 

i 
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limits near the boundaries of the grid giving rise. 
_ 
to ——~ 

analyt-.i¢a~l ill1'Q'ecisia1. The importance of problem could be »/-— 

reduced by sampling larger v'olu'nes and using a suitable .--—-- 

standard. A 

’l3
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Table 3- 0Qn¢eHtration of 1,2,4—tridhlorobenzene 
in unfiltered 1 n\samples. 

(H9/L) 

Smdm M H #3 
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Table 5. CbncentratiOn Of 1,2,4,5-tetradhlorobenzene (ng/L) 
in unfiltered 1 m samples. 

wwm1 H H M l%2&fi% M % H 
2% Ml ZR 
2% 2% 
2% 
2% 
2U 
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2% 
2% 
E1 
$2 2% 2% 2% 2% 
E7 
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Table 6. Osncentration of pentachlorobenzene (pg/L) 
in unfiltered 1 m samples. 

Station #2 
1982 Cruise 

#4 #5 #6 

240 
241 
242 
243 
244 

- 245 
246 
247 
248 
249 
255 
251 
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254 

' 255 
256 
257 
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. 
26$ 
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Table 7. Oonoeni-_ratiOn of a-BHC (ng/L) in unfiltered mwmfla. 
mmmm H H #3 #4 #5 % W 
2% zu M2 
M3 2M 
2% 25 
M7 
2% 2w 2w 
M1 M2 
M3 2M -Ms 
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2m 2% 
zw 2w 2m 
M2 
2Q Mm‘ Ms Me 
%7 an 2w 2m M1 M2 
M3 M4 Ms we
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Table 8. Ooncentration of hexachlorobenzene (ng/L) 
in unfiltered 1 m samples 

#2 
1982 Cruise 

#4 . 

245 
241 
242 
243 
244 
245 
=46 
247 
248 
249 
255 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
-262 
263 
264

. 

265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 

<1 
<1 
<1 
<1
1 

<1 
<1 
<1 
<1 
<1 
<1 
<1 
NS
1 

<1
8 
<1
2 
<1 
<1 
<1 
<1
1 
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A
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<1 
<1 
<1 
<1 
<1‘ 
<1 
<1 
<1 
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Table 10. Specific conductance (mlns) in unfiltered 1m samples. 

Stat:|.on‘ #2 #3 
1982 Cruise 

#4 #5 #6 #7 

240 
241 
242 
243 
244 
245 
246 - 

247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264

_ 

265 
266 
267 
263 
269 
272 
271 
272 
273 
27.4 
275 
276 

364 
322 
310 
321 
325 
331 
321 
324 
335 
329 
323 
327 
312 
263 
2621 
276 
321 
313 
-333 
276 
279 
277 
266 
309 
283 
281 
281 
321 
329 
338 
340 
336 
340 
327 
280 
284 
282 

3.34 
344 
297 
345 
336 
319 
319 
318 
316 
324 
299 
312 
294 
294 
298 
300 
296 
318 
319 
310 
298 
299 
296 
297 
395 
299 
322 
318 
322 
322 
329 
328 
39¢ 
327 
335 
314 
293 

317 
319 
316 
315 
319 
317 
294 

A 

295 
296 
304 
319 
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394 
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295 
29s 
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295 
296 
Z99 
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31.5 
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6306 
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292 
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322 
31-9 
321 
322 
322 
317 
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311 
315 
319 
324 
296 
294 
294 
3.00 
317 
312 
312 
317 
29.9 
301 
298 
299 
298 
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31.-1 
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319 
316 
313 
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296 
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348 
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360 
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333 
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346 
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319 
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312 
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299 
313 
311 
310 
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311 
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Z93 
298
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Table 1.2. Light transmission at Jm (3), 

mm£m »n #3 
-1982 Cruise 

#4 #5 % 
2m % 
241 72 
242 
243 
244 

246 
247 
248 
249 72 
Z50 69 
251 61 
252 35 
253 36 
254 '51 
255 81 
256 82 
257 85 
258 84 
259 84 
260 82 
261

Mmm 
25 Mmm 

Am 

$$$888883$$$$$ 

x2 xa 
2m_ 
265 
266 
267 
268 
269 
27$ 
271 
272 
273 
274 
275 41 
276 . EM 

EEQEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE 

313 
42 
53 
52 
53 
62 
59 
58 
53 
53 
55 
57Q 
49 
47 
47 
47 
46 6 
46 
48 
48 

' 53 
62 
60 
52 
56 
51 
53 
51 
55 
56% 
$88 

35 
38 
46 
42 
36 
42 
29 
35 
.32 
39 
38 
43 
54 
48Q 
47 
31 
3B 
33 
34 

$B$$&$S8£8$8$B£8$ 

25 
25M 
29 
43 
44 
42 
41 
38 
37 
38 

££££8 

43 
43 
43 
44 
43 
38 

$$$GB888fi8$G££$ 

NM = not measured
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Pig ‘2. Electron capture for extracts of surface 
water from (a) site 245' and’(b) site 264, sampled 
April 15/16. 1982.
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Fig 3. ' Electron capture for extracts of surface 
water from (a) s1te 245 and (b) site 251, sampled 
May 12, 1982.
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Fig 4. Electrbn captue dhnummggnas fbr extracts of surface 
water from (a) site 244 and (b) site 263, sampled 
June 22/23, 1982.
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Fig 5. Electron capture ehrdratograrns for eiztracts of surface water frdm (a) site 245 and (b) site 259, sampled July 5/6, .1982. V
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Fig 6. Electron capture chrcmatograms for extracts of surface water from (a) site 244 and (b) site 263, sampled 
August 1.0, 1982.
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Fiq 7. Electron capture chranatograms for extracts of surface water from (a) site 242 and (b) site 256, sampled October 5, 1982.
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Pig 8. Electrcn capture chranatograrns "fior extracts of surface water from (a) site 245 and (b) site 253, sampled 
Novenber 9, 1982.



43 

___°hWW____2__~‘_“ 

“__m____ 

cw 

gut 

9___:__g___o___ 

A0 

:_'______°V 

8'_3U______8 

2:03” 

2 
:__L___m__v 

’3______'___n__N__ 

A‘ 

V 

_gm_ 

2 
__:_< 

’_2_=_r_ 

___°>_¢ 

“L052 

G 
_‘m‘__“_

O 
,__

I

O 

O

O 

3

O 

O

I

Q 

O

I

I 

I

O

O 

O

O 

I

I

I 

I

O 

__ 

O‘ 

O

’

O 

O 

I

I

3 
O

I 

mlln

I 

}__

Q 

NH 

Q 

I 
_ 

‘_ 

I 

I 

Q‘

/

,

_

I 

_

O 

O

O 

. 

>

O 

_

‘ 

_

V

I 

Q

O

O

Q

I 

O 

I 

I

I 
Y 

C

O

I 

Q 

\

\

_ 

O 

\\ 

I 

O

I 

O 

_\

I 

I 

__ 

__ 

8

I

O

I

O 

I

_

O 

I

I

O

I 

I 
’ 

O

O

'

. 

SQ

D 
0%

.

m 

_

1

\ 

(\ 

/dl‘\ 

_ 

_) 

‘L’



$3 

__°_:____gm__u 

gm: 

cu 

9___=__U_____0___ 

Au 

:_'_____°v 

8__3g_v___8

3 
:_'____m5 

3______-___m__N__ 

A‘ 

80/ 

“\ 

?J[ 

__

_

# 

_gm_ 

2 
_€____ 

_2___Z___ 

__g___ 

2322 

S 
at

I

H.

’ 

O

5

O 

O

_ 

V

I 

I. 

_

I

O

O 

O 

\

O 

2" 

\

O 

O

O

O 

O

G

Q

O 

G
‘

P

H

I

H

_ 

D 

H 
H

O

N Q

/

k 
_

. 

/—
v 

___ 

/\~ 

/at 

__‘ 

_‘_



| 

;"‘.‘“‘L|ikhf2'!."I"v">| 

'13‘-

‘

u 

o____:__”_____o__ 

AU 

:_._____3 

8__3g____8 

U_“__O2_m 

2 
“A 

-___m__V 

3t_____n_N__ 

an 

gs 

2'3 

o______ 

_”_________ 

__g_~_ 

_w__o3___ 

:_m_____ 

_‘

O 

5‘

' 

/_\_ 

’

.

9 

\_

H

1

m



Afiv 

C°_DM_EMC@E“ 

uzmwd 

A‘ 

“Au'V 

okfiwfikonsok 

AU 

uA_ 

Ezmv 

0uCU“O:‘C°U 

°_$_uUam 

AA 

“A 

A_mCv 

u°Ph':EnyN‘_ 

Aw 

_

' 

_ 
-

_ 

_ 

_

V 

!Nma_ 

Q-“ 

>_=3_ 

_UE=_t 

L”>_¢ 

QLUmU_z 

NH!m_k

_

_

‘

O

:

O

O 

‘I9 

O 

1‘

2

I 

YO

Q 

I 

O 

_._

O

. 

O 

O

_

.

Q

I 

O

I

I

. 

I

_ 

O_ 

O 

_ 

_O 

I

O

O

I

I 

G 

.- 

0 

es. 

O 

Q

_
O

O 

g

I

_ 

C 
__ 

4.‘. 

ll}

2

G I

I
‘

E 

‘

O 

‘-

‘

O 

‘ 

IV 

O
_ 

_

I 

O

> 

__ 

=: 

O

O 

O_

_

O 

O 

O

I

O 

Q

I 

.0

I

2 

I

Y

I 

O

_

I 

O

O

I 

U 

O 

9 

I

O 

O

I

_ 

ah.

W 

_!_"8‘\___H 

_ 

_t‘V\



‘A5 

___°__M2___2__Q___u 

:_m___ 

A‘ 

"Gov 

O__3_____g___£_

3 
:_-_____°V 

8__:U______8 

U_:"U2_m

3 
:_ 

3_r__'___n_N__

G 

_ 

A

_ 

‘N5 

2 
_:__g< 

_“____________o>__”_ 

~___wm”_4__ 

2__a_“_ 

O_

.

3
’

O 

._=

C

O

Q

=

I

I 

O

_

_ 

__

U 

_O

I

O

I

W 

._

.
I 

‘

_

.

_ 

___H

O

_

Q 

/__\_ 

’(_



I 

*8 

__°__3____2_2u 

Em: 

A‘ 

__8___V 

2__u~__oaEo_H_ 

Au 

;_ 

‘_____°V 

8F__2D___v__8 

"__“:8n_m

3 
I 
J65 

3____F 

‘___Nn_~__

§

O 

___

O 

- 

__ 

I

O 

O’

O

O 

I 

U

_

O

O

O
‘

O 

__

_

I 

:

_ 

I 

_.

_ 

___

U

I

O

I

_ 

_ 

an 

E: 

Q8 

BOG

_ 

.

Q 

8' 

:
>

w

_ 

I“ 

‘ 

‘_ 

l_\

m

V 

Q:

8

b

. 

,3

.

F

P

_

.
_ 

0
_

W

O

_

_ 

_NQm_ 

m 
L338 

_°_________ 

‘_g___ 

____an___ 

3 
6:.

I 

__\
O .. 

“_'&



\ 

‘~ 

2‘ 

kw

Q 

_

I 

8‘

O

O 

I

2

O

I 

_A”v 

A‘ 

“Au_V 

ok1“uLunEuh_Aw~“A_'E£Jv_vucfluuautou 

uH$_UoQm 

an 
“A_ 

J;m{V 

°uhk':_m'N" 

as

V

A 

>

> 

A

_

” 
_’~_ 

__Nmm_

m 

+wAEv>°zfl\_o£:*l_Lo>_¢A‘k~mflizmH_m~m 

HO 

U 

COG 

In 

W
M 

§

.

°

' 

_I

I 

O

C

O 

O

I 

I 

Q

O

O 

O

O

I 

O

O 

O 

I

O

O

I 

U 

.

_ 

I 

-:

O 

__ 

A 

Q 

_ 

__

‘

w


