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Abstract 

Three surveys of the Ottawa River were ca_rried out 
in May, August and October 1980, in the National Capital 
Region-, to determine ambient levels of hexachlorobenzene, 
organochlorine pesticides and total PCBs (polychlorinated 
biphenyls) -in water. Ouantifiable residues were most 
frequently found during the May survey. Methoxychlor, 
heptachlor epoxide, dieldrin and total PCBs showed indica- 
tions of having temporal variation. Contaminants were 
found more frequently at stations affected by point source 
discharges and at sites located on tributaries of the Ottawa 
River. Ontario Ministry of the Environment aquatic life 

objectives for dieldrin and total PCBs were exceeded at 
least 10% of the time, suggesting that further investigation 
is warranted. 

Résumé 

Trois campagnes d’-échantillonnages ont été effectuées 
dans la riviere des Outaouais dans la région de la Capitale 
nationale en mai, aout et octobre 1980 afin_ de déterminer 
les concentrations d’hexachlorobenzene, de pesticides 
organochlorés et de biphényles polychlorés (-BPC) dans 
l’eau. Les concentrations mesurables de résidus ont été 
obten_ues Ie plus souvent en rnai. Les concentrations d-u 
méthoxychlore, de |’époxy-heptachlore, de la dieldrine et 
des BPC totaux semblent varier dans le temps. Les c_on- 
taminants ont été décelés plus fréquemment aux stations 
d'échanti||onnage touchées par des sources de rejet locales 
ou par des sources situées sur- les tributaires de la riviére 
des Outaouais. Dans 10% des cas, les concentrations de 
dieldrine et des BPC totaux dépassaient les concentrations 
fixées comme objectifs pour la vie aquatique par le 
ministére de l’Environnement de l’On’tario. Une étude plus 
approfondie serait donc justifiée.
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Trace Organic Contaminants in the Ottawa River, 
National Capital Region, 1980 

J.C. Merriman and R.C. Mccrea 

INTRODUCTION 

Little information exists on orga_nochlorine contami- 
nants in the Ottawa River. Pesticide residues in fish were 
reported by Hurtig (1972) for five watersheds in Ontario, 
including the Ottawa River basin. Dieldrin and DDT were 
found to be present in all watersheds, the Ottawa River 
having the lowest concentrations. Contaminant data from 
fish monitoring programs conducted by the Ontario 
Ministry of the Environment (MOE) have confirmed the 
presence of PCBs (polychlorinated biphenyls) and DDT 
residues in carp (Cyprinus carpio) and yellow perch (Perca 
f/avescens) in the study area (Contaminants Task Force, 
1980). The MOE data for total PCB concentrations in fish 
filet show that in the vicinity of upper and lower Duck 
islands, this contaminant was much higher in carp than in 
yellow perch. Three of the nine carp collected in 1978 
exceeded the -MOE guideline of 2 /.19/g. The mean concen- 
tration of PCBs in carp was 1.4 pg/g in comparison with 
0.02 pg/g for yellow perch (MOE unpublished data). Water 
samples collected in 1977 and analyzed by the Water 
Quality Branch (WOB-), Ontario Region, confirmed the 
presence of PCBs, oz-BHC, lindane (7-BHC), dieldrin and 
methoxychlor in the Ottawa River at Hiawatha Park 
downstream from Ottawa. 

Previous work carried out by the Water Quality 
Branch in the National Capital Region has shown water 
quality of the tributaries to differ significantly from the 
Ottawa River (Merriman and McCrea, 1982). Significant 
spatial variations in quality of the Ottawa River were also 
found for nutrient and bacteriological parameters. As 
sources of different anthropogenic pollutants can be 
the same, these findings suggested there may be spatial 
variations for organic contaminants as well. 

The purpose of the study was to determine the 
distribution and level_s of organochlorine pesticides and 
PCBs in surface waters of the Ottawa River and its 
tributaries in the National Capital Region. Differences 
between the surveys are discussed, as are differences be- 
tween stations. Data are compared with previous results" 

from the study area obtained in the 1970s and exceedences 
of provincial water quality objectives for the parameters 
under investigation are reported. 

METHODOLOGY 
Three contaminant surveys were completed in May, 

August and October 1980, by the Water Quality Branch, 
Ontario Region. Sixteen stations were sampled (Fig. 1) 
for organochlorine pesticides and total PCBs in water. 
Sampling sites were selected to represent nearshore and 
midstream conditions in the river as well as tributary, 
municipal and industrial inputs. At each sampling location 
a grab sample was collected at a depth of 1 m, using a 
stainless steel sampler containing two glass 1-L bottles. 

Analysis of samples was carried _out according to 
standard methods at the Water Quality Branch laboratory 
in Burlington using XAD resin extraction and HPLC clean- 
up. The samples were passed through XAD-2 resin columns 
and eluted with diethyl ether. After concentration, the 
extracts were cleaned -and separated into four fractions 
using a high-pressure liquid chromatograph. These were 
then quantified by gas liquid chromatography (Environment 
Canada, 1979). 

Analytical results by survey are presented in Tables 1, 
2 and 3. The results fall into three categories: 

(1) Results confirmed and quantified at or above the 
detection limit. For all parameters excluding total 
PCBs this limit was 0.5 ng/L. The detection limit for 
total PCBs was 10‘ng/L. 

(2) Results reported with a "W" code. This code signifies 
that the residue was confirmed to be present but 
could not be reported quantitatively with confidence. 
It is only an estimate of the concentration. ' 

(3) Results reported as "L” indicate that no instrument 
response was recorded.



°° 

0 1' 2 3 Km~
~ Transect 

~~

~

O 9 Transect‘ 
17'? 

0?’ C-IP 9. 
"'5

A .' 0 O . 

. 

oc &® 
A W A Disposal» 

1' ‘ DIRECTION or FLOW pm"
0 

Get/nea“. R‘ GRA 

Figure 1. Ottawa River sampling sites.



RESULTS AND DISCUSSION 
Of the 19 parameters analyzed, oz-BHC and lindane 

were the two most frequent_ly detected residues. The mean 
concentration i_n the study area for or-BHC was 3.3 ng/L 
and for lindane, 1.8 ng/L. Alpha-BHC and lindane were 
detected regularly each survey. Eighty-eight percent of 
the samples collected had qua_nt_ifiable concentrations of 
ct-‘BHC, whereas 73% of the samples had quantifiable 
concentrations of lindane. Both a-BHC and lindane have 
been found to be widespread in the aquatic environment 
(Gummer, 1979). Solubilities in water range from 1.2 
ppm for the alpha isomer to 7.8 ppm for lindane (U.S. 
Environmental Protection Agency, 1979). Although |i_ndane 
is more highly soluble in water tha_n oz-BHC, it is found 
in lower concent_rations. Previous studies have shown 
that biotransformation can be important. Benezet and 
Matsumura (1973) have found that lindane will chemically 
and biologically transform to the more stable alpha isomer. 

A high percentage of quantifiable detections of 
methoxychlor occurred during the ‘May survey (63%) 
compared with the August (6%) and October (19%) sur- 
veys (Table 4). The highest recorded concentration was 
4.0 ng/L, well below the MOE objective of 40 ng/L (Ontario 
Ministry of the Environment, 1978). 

Heptachlor epoxide was quantified on an average of 
25% of the time over the three su_rveys. It was found more 
frequently during the August survey when half of the 
samples were at or above the detection limit, in comparison 
with the May and October surveys which showed the 
residue to be above the detection limit 12.5% of the time 
(Table 4)-. The recommended MOE objective of 1 ng/L for 
heptachlor and heptachlor epoxide was exceeded on two 
occasions (Table 5). 

Die|_drin residues were confirmed and quantified in 
nine of the 48 samples collected. There was an indication 
of a temporal trend with eight of the nine detections 
occurring in the May survey. The highest con_c_entration’s 
were found in Brewery Creek: 3.8 ng/L in May and 3.9 
ng/L in October. Five exceedences of the MOE recom- 
mended objective of 1 ng/L for dieldrin and aldrin residues 
occurred during the sampling period. 

Concentrations of total PCBs indicated a similar 
temporal pattern as did dieldrin and methoxychlor. Over 
43% of the May samples were quantifiable compared with 
only 6% in August and none in October (Table 4)._ In 
addition, PCBs were confirmed but not quantifiable in 
almost 4.0% of the samples.‘Since the quantifiable limit was 
10 ng/L and "W" code concentration estimates were 
reported down to 1 ng/L-,— all quantifiable PCB concentra- 

tions and probably most non-quantifia_b|e concentrations 
exceeded the MOE objective of 1 ng/L. 

During the May survey, all the quantifiable concentra- 
tions of PCBs were. found between station 9.-9 and transect 
17.7. Polychlorinated biphenyls were not quantified at the 
two upstream stations nor in the tributaries. Although 
these occurrences are in a specific reach of the river, there 
does not seem to be any particular distribution or pattern 
within that area.>Concentrations of total PCBs are lower in 
the Ottawa River in comparison with the Niagara River at 
Niagara-on-the-Lake. The mean PCB concentration found 
in the Ottawa River study area over the three surveys was 
4.9 ng/L in comparison with a 1980 annual mean of 12.8 
ng/ L at Niagara-on-the-Lake. Higher concentrations are 
found in the Niagara River because it is impacted by 
several chemical waste dumps and municipal and industrial 
effluents. 

Other environmental data collected in the study area 
by the WOB confirm the presence of PCBs. Total PCB 
concentrations in water were found to be lower at transect 
17.7 when compared with results from 1977. In 1977, 
reported values of 116 ng/L were found at 17.7A, 57 ng/L 
at 17.7B, and 27 ng/L at 17.7C. The only quantifiable 
concentration reported for the 1980 WOB surveys was 
27 ng/L at 17.7B ‘in May. Three other samples had con- 
firmed, but not quantifiable, concentrations, whereas the 
remaining five samples showed no instrument response. 
Although total PCB concentrations at the downstream 
transect were found to be lower in comparison with con- 
centrations found there in 1977, it cannot be stated that a 
definite decrease h_as occurred due to the variability of the 
parameter and the lack of a continuous data set. 

Twelve parameters were either not confirmed in 
any of the three surveys or were confirmed in five or 
fewer samples. Heptachlor, aldrin and mirex were not 
detected in any of the samples, whereas p,p'-TDE was con- 
firmed to be present in one of 48 samples analyzed. Hexa- 
chlorobenzene, 7—ch|ordane, oz-chlordane, oz-endos’ulfa'n, 
p,p'~DDE, o,p-DDT, p,p'-DDT and end_rin were each 
quantified‘ in five or fewer samples over the three surveys. 
The MOE (objective of 3 ng/L for DDT plus metabolites 
was exceeded at station 11.5C, when a concentration 
of 3.1 ng/L was recorded (1.7 ng/L o,p-DDT; 1.4 ng/L 
p,p'—DDT). The endrin objective of 2 ng/L was exceeded 
once at station 9.9 when a concentration of 2.3 ng/L'w‘as 
found (‘Table 5). 

For" some residues, there were numerous instances 
when the parameter was detected but not quantifiable. 
For example, hexachlorobenzene was confirmed and 
quantified in only 2% of the samples but was confirmed at



non~quantifiab|e concentrations almost 40% of the time. 
Both 7—ch|ordane and oz-chlordane had non-quantifiable 
instrument responses. Over 40% of the samples fell 

into this category, whereas confirmed and quantifiable 
concentrations accounted for 7% of the samples. 

The May survey showed considera_bly more 
quantifiable detections for all parameters than the August 
or October surveys. The frequency of confirmed and 
quantifiable results for May was almost 24% compared 
with 15% in August and 10% in October (Table 6). More 
frequent‘ detections in May could b_e the result of a pulse 
effect from spring runoff, when residues have accumulated 
through the winter months and then are washed into the 
system. 

Stations selected because of their proximity to point 
source discharges — such as Brewery Creek (untreated 
municipal discharges), station 9.9 (pulp and_paper mill 

discharges) and station 14.1 (sewage treatment plant dis- 
charge) —- were ranked in the top five stations with the 
highest frequency of quantifiable detections. The frequency 
of confirmations ("W” codes) was most prevalent for the 
tributary stations and sites influenced by point source 
discharges (Table 6). 

CONCLUSIONS AND RECOMMENDATIONS 

Qu_antif_iable residues found most frequently included 
oz-BHC, lindane, methoxychlor, heptachlor epoxide, diel- 
drin and total PCBs. Stations affected by point source dis- 
charges and sites located on tributaries showed the highest 
frequency of quantifiable detections and confirmations. 

The frequency of quantifiable detections for all 

parameters was higher during the May survey (24%), 
compared with the August (15%) and October (10%) 
surveys. There were indications of temporal variation for 
heptachlor epoxide, dieldrin, methoxychlor and total 

PCBs. Only three surveys, however, were carried out 
between May and October, and a more frequent sampling 
program would have to _be initiated to evaluate these 
suspected temporal trends. 

There were at least 17 exceedences of MOE objectives 
over the three surveys. The total PCB objective was ex- 
ceeded 16.6% of the time (not i_nc|udi_ng "W" codes), 
while dieldrin concentrations were above the MOE objec- 
tive 10.4% of the time. If ”W" codes are included, the total 
PCB objective was exceeded 50% of the time. Although 
most residues are below objective levels, total PCBs and 
dieldrin may be of concern. Further investigation in the 
study area is required in the form of an ongoing monitoring 
program. This program should include determining trace 
organic contaminants in both the sediment and aqueous 
phases. 
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TABLE 1. CONCENTRATION OF ORGANIC CONTAMINANTS, MAY 1980 (ng/L) 
PARAMETER 1.8 3.6 9.9 11.5A 11.58 11.50 14.1 17.711 17.78 17.70 17.70 110 1111 GM GRB cc 

s-<.-1111c 1.6 4.2 1.1 6.4 5.4 2.0 3.4 2.3 L 4.4 6.2 3.9 2.9 L 3.2 3.6 
LINDANE . 1.3 6.3 5.0 4.2 5.0 -8.0 8.3 2.7 L 3.9 5.5 5.3 1.1 0.211 1.7 2.2 HEPTACNLOR L L L L L L L . L L L L L L L L HEPTACHLOR EPOx101-: L L L L » 1..0 L L L L 1.1 L L L L -L L ALDRIN L L L L L L L L L L L L L L L L 
0111011111 L L L 0.411 0.5 1.3 ‘1.3 2.1 L 0.5 0.5 3.8 0.311 0.5 0.411 0.311 
511011111 L L 2.3 L L L L L L L L 0.411 L L L L X-CHLORDANE 0.211 0.411 0.311 0.311 0.411 1.0 1.3 L L L 0.311 0.411 0.411 L 1.3 0.211 ac-CHLORDANE 0.111 L L L 0.411 0.411 0.311 L L L 0.311 0.411 L L 1.1 0.111 
-=<~ENDOSULl-TAN L L L L 0.6 L 0.411 L 0.9 0.5 L L L L -L L 3‘-ENDOSULFAN L L 8.6 L ‘L 0.7 L L L L L 0.8 L L L L p,p'-DDT L L L L L 1.7 0.6 L L L 0.311 L L L L L 
6.1: -001 L L L L L 1.4 L L L L’ L L L L L L 
11.11‘-001: L L L L 1.1 L L L 1.6 L L 0.6 L L L L 
11.11‘-10E L L L L L L. L L L L L L L L L L 
2001+11£1A80L111:s L L L L 1 .1 3.1 0.6 L 1 .6 L. L L L L L L 
11£1110x11c11L011 1.3 2.7 L 2.8 3.1 4.0 3.0 L L 2.8 3.0 1.9 L L L 0.5 MIREX L. L L L L L L L L L L L L L L L 
TOTAL PCB 2.11 8.11 24. 17. 33. 12. 14. L 27. 5.11 12. 7._11 1.11 L 2.11 

- 

4.11 
111:xAc11L011081:11z1-:111: 0.111 L 0.111 L 0.111 L 0.111 L 0.111 L 0.111 0.111 0.111 L L L 

11 - c0111=11111£0 111111 ESTIMATED CONCEMTRATON 
L - 110 11151110115111 RESPONSE 

TABLE 2. CONCENTRATION OF ORGANIC CONTAMINANTS, AUGUST 1980 (ng/L) 
PARAMETER 1.8 3.6 9.9 11.51 11.58 11.50 14.1 17.711 17.711 17.70 17.70 110 1111 01111 GRB ac 
°<-BHC 3.7 3.8 0.411 3.9 6.3 11.1 3.5 3.3 5.5 2.2 1.7 1.2 3.4 0.8 6.4 1.7 
LINDANE 0.9 0.8 0.5 L 1.1 1.5 1.1 0.7 1.5 0.7 0.7 0.5 0.6 L 0.9 0.411 
111-:1>1Ac11L011_ L L L L L L L L L L L L L L L L 
HEPTACHLOR 1:1>0x1111-: 2.0 0.7 0.6 L L 0.5 L L L L L 0.6 0.8 0.111 1.0 0.6 
AL011111 L L L L L L L L L L L L L L L L 
DIEL-DRIN L L L L L L L L L L L L L 0.111 0.111 0.1111 
1511011111 L L L ‘L L L L, L L L L L L L L L 
X-.CHLORDA_NE L L 0.211 L L L «L L L L L 0.7 L L L L oc-CHLORDANE L L L L L L L L L L L L L L L L 
of-ENDOSULFAN L L L L 

, 
L L L L L L L L L L L L 

3-E110osuL1-‘A11 L L L L L 
A 

L L L L L L -L L L 0.211 0.111 
. p,p'-DDT L L 0.7 L L L L L L L L L L L L 0.111 
o,p -001 1.8 L L L L L L L L L L 0.6 L L L L p,p'-DDE L L -0.111 L L A L L L L L L 0.9 L 0.111 0.111 0.111 p,p'-TDE L L L L L L L L L L L L L L 0.111 L 
z001+11£1A80L11Es 1 .8 L 0.8 L L L L L L L 1._ 1.5 L 0.111 0.211 0.211 
METHOXYCHLOR L L 1.0 L L L L L L L L L L L L L 
11111611 L L L L L L L L L L L L L L L L’ 
TOTAL PCB 

1 L L 8.11 L _L L L L L L L 16. L 5.11 4.11 3.11 
HEXACHLOROBENZENE L L 0.6 L L L L L ' 

L L L 0.311 L 0.311 0.311 0.311 

N - CONFIRMED WITH ESTIMATED CONCENTRATON 
L - N0 INSTRUMENT RESPONSE



TABLE 3. CONCENTRATION OF ORGANIC CONTAMINANTS, OCTOBER 1980 (ng/L) 
PARAMETER 1.8 3.6 9.9 11.511 11.58 11.50 14.1 17.711 17.78 17.70 17.70 BC 1111 01111 

°<-BHC 7.8 3.1 1.4 3.6 1.8 1.6 2.7 3.2 3.8 L L 5.4 4.4 4.3 
LINDANE 1.6 0.411 0.111 0.411 0.5 0.5 2.0 0.8 L L 0.6 3.2 0.411 0.411 
HEPTACHLOR L L L L L L L L L L L L L L 
HEPTACHLOR EPOXIDE 0.5 0.211 L L L 0.211 0.8 0.311 L L L L L 0.211 ~ 

AL011111 L L L L L L L L L L L L L L ' 

DIELDRIN A 0.211 L L L L L 0.211 L L L L 3.9 0.111 L 
ENDRIN L L L 0.5 L L L L L L L L L L 
x-c11L0R0A111: -» 0.311 0.211 ‘0.111; 0.211 0.211 0.111 0.211 0.2111 L L 0.5 0.311 0.311 0.211 
cc-CHLORDANE . 0.111 0.111 L L 0.111 0.111 0.111 0.311 L L 0.8 L 0.111 0.411 
0‘-ENDOSULFAN 

; 

0.111 L L 0.111 0.411 L 0.111 0.7 L L 0.111 L 0.111 0.111 . 

6’-ENDOS ULFAN L 1 .9 L L L L L L L L L L L L L L 
p.'p'-DDT L L L L L L L L L L L L L L L L 
0.11 -001 L L L L L L L L L L L L L L L L 
p.p'-DDE 0.211 L L L L 0.211 L L L L L L 0.311 L L L 
p,p'-TDE L L L L L L L L L L L L L L L L 
2001+11E1A80L11Es 0.211 L L L L 0.211 L L. L L L L 0.311 L L L 
METHOXYCHLOR 0.411 L L L L L L 1 . 5 L L L 1 .2 L L L 0. 
11111£x L L L L L L L L L 

V 

L L L L L L L 
TOTAL ‘PCB 4.11 1.11 2.11 L L L L 4.11 4.11 L L 1.11 5.11 L 5. L 
NEXACHLOROBENZENE 0.111 L . 0.311 L L . L 0.111 L L L L 0.111 0.311 L 0. L 

11 - CONFIRMED 111111 ESTIMATED ‘c011c£11111A1011 
L - 110 11151110115111 RESPONSE 

TABLE 4. FREOUEN‘C)_( _o'1= DETECTIONS FOR ALL STATIONS BY SURVEY 1%) 
MAY AUGUST OCTOBER ALL SURVEYS 

PARAMETER 
0 11 0 11 L 0 11 L 0 11 -L 

«-8116 88 12 0 94 6 0 81 0 1.9 88 6 6 
L 1111111111: 88 6 6 81 6 13 50 38 112 73 . 17 10 
HEPTACHLOR 0 0 100 0 0 100 0 0 100 0 0 100 
11£1>TA1:11L011 EPOXIDE 12 .0 88 so 6 44 13 31 56 25 12 «63 
ALDRIN 0 0 .100 0 0 100 0 0 100 0 0 100 
011-:L011111 50 25 25 0 19 81 6 25 69 119 22 58 
ENDRIN 6 6 88 0 0 100 6 0 94 4 2 94 
)1-CHLORDANE, 19 56 25 6 6 88 6 81 13 10 48 42 
.1-c11L01111A111: 

_ 

6 44 50 0 0 100 6 63 31 4 35 61 
_o<-ENDOSULFAN 19 6 75 0 -0 100 6 56 38 8 21 71 
15-ENDOSULFAN 19 0 81 0 12 88 6 0 94 8 4 88 
p,p'-001 13_ 6 81 6 6 88 0 0 100 6 4 90 
0,1) -001 1 6 0 94 12 0 88 0 0 100 6 0 94 
p,p'-DDE 19 0 81 6 25 69 o 1.9 81 8 15 77 
11.1: ‘-101: K 

0 0 100 0 6 94 0 0 100 0 2 98 . 

2001 +HETABOLI=TES 2 9 2 89 6' 10 84 0 5 95 5 5 90 
METHOXYCHLOR 63 0 37 6 0 94 19 6 75 29 2 69 
111111=.x 0 0 100 0 0 100 0 0 1.00 0 0 100 
TOTAL PCB 44 44 12 6 25 69» 0 so 50 17 39 44 
11ExAc11L01108E11z1~:111:. 0 50 50 6 25 69 0 37 63 :2 37 _ 61 

D - ‘CONFIRMED AND DUANTIFIED 
H - CONFIRMED NITH ESTIMATED CONCENTRATION 
L ND INSTRUMENT RESPONSE



TABLE 5. FREQUENCY OF MOE OBJECTIVE EXCEEDENCES BY STAT|ON* 
1978 1105 _ 

PARAMETER AQUATICVLIFE 1.8 3.16 9.9 11.511 11.53 11.5c 14.1 17.711 17.73 17.c 17.7.11 Be an GRA ens cc 
oaascnvss ‘ 

Ing/LI 

ALDRI-N/DIELDRIN 1 1.111) HM) 1111) zmo) 
LINDANE 10 
If and ac-CHLORDANE 60 

£11111 & MEIABOLITES 3_ H141 
ENDOSULFAN 3 
ENDRIN 2 1m) 
HEPTACHLOR AND 
I-IEPTACHLDR EPOXIDE 1 HA) . 1111) 
METHOXYCHLOR 40

I 

max 1 

TOTAL PCB ‘I NM) NM) NM) NM) NM) NM) NM) HA) 
*NUMBER OF EXCEEDENCES ARE BASED ON THE MAY, AUGUST AND OCTOBER SURVEYS 
NOTE: LETTERS IN PARENTHESES INDICATE THE MONTHS IN WHICH EXCEEDENCES OCCURRED. 

,/ TABLE 6. FREQUENCY OF DETECTIONS FOR ALL PARAMETERS BY STATION 
MAY AUGUST OCTOBER ALL SURVEYS 

STATION D W L D W L D W L D W L 
1.8 3 4 13 5 0 1:5 3 9 8 11. 13 36 
3.6 3 2 115 3 O 17 2 ,5 13 8 7 45 
9.9 5 2 113 6 4 10 '1 4 15 12 10 38 
11.5A 4 2 14 1 0- 19 2 3‘ 15 7 5 48 
11.58 9 3‘ *8 2 0 18 2 3 15 1.3 6 41 
11.5C 10 1 9 3 0 17 2 5 13 1-5 6 39 
14.1 8 3 9 2 0 18 3 5 12 13 8 39 
1=7.7A 3 0 17 2 0 18 4 4 12 9 4 47 
17.7B 4 1 15 2 0 18 1 1 18- 7 2 51 
1-7.7C 6 1 13 2 0 18 0 0 20 8 1 51 
1‘7.7D -5 4 1'1 2 0 18 3 1 16 10 5 45 
BC 6 5 9 8 1 11 4 3 13 18 9 33 
RR 2 4 14 3 0 17 1 9 10 6 13 41 GRA 1’ 1 18 1 6 13 1 5 14 3 1'2 45 
GRB 4‘ 2 14 3 7 10 0 6 14 7 15 38 
GC 3 4 13 2 '8 10 3 5 12 8 17 35 
TOTAL 76 39 205 47 26 247 32 68 220 155 133 672 

D — CONFIRMED AND QUANTIFIED W — CONFIRMED WITH ESTIMATED CONCENTRATION 
L —- NO INSTRUMENT RESPONSE
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